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CHAPTER 1 

 

Introduction 

 

 

Some elements and ideas described in this chapter were published as Wells et al. (2012) in 

Genetics Research International as “Finding a Balance: How Diverse Dosage Compensation 

Strategies Modify Histone H4 to Regulate Transcription.” Volume 2012, Article ID 795069. Laura 

Custer and I equally split the writing of this article. For that publication, I created the diagrams in 

Figures 2 and 3, and completed the imaging shown in Figure 4.  Laura constructed Figure 1. 

Figure 1.9 in this introduction was taken from that article (Figure 2). 

 

 

Complex genetic programs govern the viability, development, and fitness of an organism 

 Living organisms are the result of complex genetic programs which govern numerous 

important processes.  From development, to metabolism, to reproduction and beyond, there 

are many occurrences of signaling pathway usage that determine how well an organism can 

cope with stress. Molecular signaling is an extension of the foundational principle of the Central 

Dogma [1-6], the notion of a linear pathway from DNA to mRNA to protein effectors. 

 Signaling pathways often require finely-tuned responses that involve diffusible 

molecules (chemical compounds, peptides, and proteins) in order to achieve the proper cellular 

response to a stimulus [1,3,7]. A stimulus could be a developmental cue, an environmental 

stress, a mating display, or any number of other signals. However, recent studies have 

highlighted the stochastic nature of gene expression and single molecule studies have 

demonstrated the tenuous nature of regulating such a complex set of interactions [1,3]. Gene 
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expression can only truly be measured on a single molecule basis, and the individual number of 

copies of any given mRNA varies from cell to cell [1]. Coordinating multiple signaling pathways 

to achieve a common goal, e.g. completing the proper developmental program, is a truly 

complex affair. Numerous additional complexities in molecular biology have been identified 

over the past 40+ years that expand the ideas of the Central Dogma, including: DNA repair, 

regulatory RNAs, RNA editing, and epigenetics/chromatin regulation [2,8,9]. Further, proteins 

can also affect DNA structure and subsequent transcription, as illustrated by the following 

example of the immune system. Research such as this highlights the need to consider and 

incorporate the true complexity of molecular biology into the Central Dogma. 

 One particularly poignant example of the complexity of molecular biology beyond the 

Central Dogma is antibody production. Antibody production is the creation of a new gene 

product to specifically interact with an antigen. This process requires a clear distinction between 

native and foreign molecules. This distinction mechanism is achieved by protein-directed nucleic 

acid processing [10-12] and selection from a variety of candidate molecules. The immature 

lymphocytes contain several hundred short immunogenic genes [12]. These genes, which 

encode the variable domains of the two heavy or two light chains of immunoglobulins, are 

rearranged in lymphocytes, being highly susceptible to recombination and mutation [13]. These 

genes are represented on the lymphocyte cell surface as mobile and variable receptor proteins 

[14]. The native arrangements of these variable domain genes are fully compatible with the 

molecules that invade the lymphocyte’s environment [13,14].  

 In summary, when an antigen arrives, it will cause rearrangement of the domains of the 

lymphocyte receptors, which in turn will rearrange the domains of the variable and constant 

genes to tailor the immune response to specific foreign antigens [15,16]. Interestingly, several 

studies have identified roles for cohesin and condensin in proper T cell differentiation in 

2



response to antigens [17-20].  Cohesin and condensin participate in chromosome condensation 

and sister chromosome cohesion during mitosis and meiosis [21-23], so it is not obvious why 

they would also play such an important role in immunity.  These studies have shown that proper 

differentiation of naïve T cells involves regional chromosomal condensation and long-range 

enhancer-promoter interactions to promote proper gene expression [17-20]. This paradigm 

turns out to be directly relevant when considering the role of condensin in C. elegans dosage 

compensation, the process central to my thesis work, as discussed later in this chapter and 

beyond. 

 Proper gene expression is critical for the success of complex genetic circuits.  Because of 

this, gene expression is controlled at many critical points by multiple sets of both positive and 

negative regulators.  Their coordinated action promotes optimal levels of gene expression 

locally and globally and increased fitness for the organism [24,25].  Mutations in DNA may affect 

the activity of the expressed gene product or the efficiency of the process of transcription in cis 

[26,27], or transcription/translation efficiency through effects in trans, further complicating the 

overall picture of gene regulation within each individual of a species. 

 Chromosome copy number and regulation of gene expression are two critical molecular 

determinants of gene dose [28-30]. Most differences in chromosome number, or aneuploidies, 

cannot be tolerated, and result in inviability [31-33].  Few changes in the copy number of 

chromosomes or large portions of chromosomes are viable, but these result in harmful and 

lasting effects on development and fitness.  One example of this scenario in humans is trisomy 

21, or possessing three copies of chromosome 21; this causes aberrant expression of 

chromosome 21 gene products contributing to the Down syndrome phenotype [31,34-37].  

Down syndrome is characterized, in part, by decreased cognitive and reproductive function 

[31,35].  
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The implications of a chromosome-based method of sex determination 

 Organisms employ a variety of sex determination mechanisms.  Several reptiles, such as 

turtles and crocodiles, use a temperature-based sex determination system [38,39]. In birds, sex 

determination is executed by the dosage of a DNA methyltransferase (DMRT1) and an 

unidentified cell autonomous factor [39]. Some species’ gender can be affected both by genetic 

and environmental signals [39,40]. Certain species of reef fish display a highly flexible sex 

determination system that can act either in juvenile stages or adulthood; the driving force 

behind gender in these fish species are social interactions that affect hormone production [41].  

 For many species, there is a difference in chromosome copy number which must be 

tolerated.  Species that utilize a chromosome-based method of sex determination require a 

difference in sex chromosome number as the underpinnings of female versus male 

development. There are two ways sex chromosomes can be used to determine sex:  either 

chromosomes are counted, or there is a sex determining gene on the sex chromosome which 

exists in only one gender. Under these systems, there is a homogametic (XX or ZZ) and a 

heterogametic (XY or ZW) gender [40,42]. In XY systems, males are heterogametic, while in ZW 

systems, females are heterogametic [42]. Mammals, medaka fish, insects, worms, some reptiles, 

and some amphibians use an XY or XY-like system [38,39,43-48], while other reptiles, other 

amphibians, and birds use a ZW system [38,39,49,50]. Other species have highly unique and odd 

chromosome-based methods of sex determination [38,40,51,52]. Within an individual, there are 

chromosome counting methods that sense copy number based on one or more sex 

chromosome signal elements [39,53-55].  Furthermore, some species use the ratio of X 

chromosomes to autosomes based on signal element counting to determine sex [53-55].  In 

mammals, it is the presence or absence of a Y chromosome, specifically sry expression, that 

commits an individual to the male determination pathway [56-59]. 
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 It was noticed very early on in chromosome research that sex chromosome gene 

expression must not only be equalized between genders, but also to the autosomal expression 

within an individual (Fig. 1.1); this is Ohno’s hypothesis [28,60].  It was proposed that 

upregulation of X in the heteromorphic sex corrects the apparent monosomy [28].  However, 

this would lead to X-linked hyperexpression in the homomorphic sex if the mechanism of 

upregulation was not gender-specific.  Thus, a second active mechanism is thought to be 

required to ensure that both sexes remain viable and fit.  This mechanism is known as dosage 

compensation (DC) [61-65].  By definition, dosage compensation is the process by which X-

linked (or Z-linked) gene expression is equalized between the sexes [61-65].  These chromosome 

dosage effects, the combination of homomorphic and/or heteromorphic X upregulation and 

homomorphic downregulation, are equilibrated using a variety of strategies across different 

organisms (Fig. 1.2) in response to selective pressures against X-linked gene loss in the 

heterogametic sex over evolutionary time. 

 In flies, dosage compensation occurs in the heteromorphic male sex as a two-fold 

upregulation of expression from the single X chromosome (Fig. 1.2b) [65-89].  This accomplishes 

both goals of chromosome dosage equalization: X chromosome dose is “two” in both males and 

females, and X and autosome dose are both “two” within males and females. In mammals and 

worms, X upregulation is thought to occur in both sexes early in development, balancing X:A 

expression in males, but leading to hyperexpression of X in females/hermaphrodites (Fig. 1.2a, 

c) [60,75,90].  Then, in a second step, dosage compensation acts in the female/hermaphrodite 

to halve overall X-linked expression, fulfilling both levels of chromosome dosage equalization 

(Fig. 1.2a, c)[64].  It is not known whether X upregulation and dosage compensation happen 

simultaneously or sequentially in mammals and worms. 
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 Some organisms, such as the chicken, the platypus, and marsupials, do not require 

chromosome-wide dosage compensation [91-96].  Balance in these cases is thought to be 

achieved at a local level for particularly important genes.  For example, the platypus has either 

ten copies of the X chromosome or five copies of X and five copies of Y (Fig. 1.2e) [91,93]. These 

chromosomes chain together, and recent work has shown that gene expression from X is 

controlled locally, and loci are either stochastically monoallelic or biallelic and not compensated 

[91]. 

 Recent publications have debated the existence of X upregulation and dosage 

compensation in mammals and worms through ChIP-chip and RNA-seq studies [60,75,97].  Data 

analysis has proven critical in this instance, as different sources of error have required 

clarification in order to resolve these disputes.  The prevailing view in the field favors the 

existence of dosage compensation and X upregulation in both mammals and worms [60].  

Because there is no biological necessity to fine-tune expression levels of non-expressed genes, I 

also favor this view. It is imperative to filter out the non-expressed genes to uncover 

chromosome dosage equalization, and in worms it is also necessary to consider the contribution 

of the non-dosage compensated germline tissue to sample preparations in expression analyses 

[60]. 

 
Mechanisms of dosage compensation vary across species 

 To enact the diverse strategies of dosage compensation present across species, 

organisms have also developed, or sometimes co-opted, distinctive dosage compensation 

machineries.  In mammals, dosage compensation is achieved by the long non-coding RNA Xist, 

which binds one of the two X chromosomes in female nuclei and silences it (X inactivation; Fig. 

1.2a), with the help of downstream effector proteins recruited by Xist [90,98-109]. Xist is initially 

expressed from the Xic region (X inactivation center that includes Xist and its nearby regulatory 
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elements) of both X chromosomes [94,95,102,110-113]. In mice, Tsix is a non-coding RNA that is 

anti-sense to, and encompasses, Xist that is known to help establish X inactivation by limiting 

Xist expression to only one X [95,98,111,112,114-119]. Evidence suggests that human Tsix lacks 

functional elements required for it to act in the same manner as its mouse homolog [95,111]. 

 X inactivation in mammals is thought to occur differently through two stages in 

development.  In mice, imprinting leads to the silencing of the paternal X in extraembryonic 

tissue and stochastic silencing of either allele occurs within embryonic cells. Inactivation is 

thought to happen randomly between either copy of X in humans [95]. Loading of Xist and its 

effectors culminates in a series of structural changes to the chromatin, DNA and associated 

proteins important for packaging into higher order conformations, of the inactivated X [98,99]. 

RNA Pol II is excluded from the inactive X, and Polycomb group and other chromatin modifiers 

(including the DNA methyltransferase Dnmt1) are recruited to the inactive X for stable 

repression [90,95,98,99,120-124].  The chromatin regulation associated with X inactivation is 

maintained throughout the remainder of an individual’s lifespan.  Once established, the inactive 

state on X can be maintained in the absence of the Xist RNA, suggesting that X inactivation is an 

epigenetic process [125]. The DNA methyltransferase Dnmt1, as well as Xist and histone 

deacetylation, play a vital role in the maintenance of this inactive X state [108]. 

 There is quite a range of mechanistic differences among X inactivation strategies, 

elements, and timing across mammals (Fig. 1.3a) [93-95,102,120].  Xist is conserved among 

placental mammals [94,120].   However, Xist structure, Xist functional onset, and X chromosome 

structure have diverged among placental mammals [94,102,111]. Similar to Xist, DNA 

methylation is not seen in monotremes or marsupials [120]. Chromatin modifications indicative 

of constitutive heterochromatin are co-enriched with Polycomb silencing in marsupials, whereas 
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they show a mutually exclusive pattern in human cells [120,126]. A model [120] summarizing 

the features of X inactivation is shown in Fig. 1.3a.  

 Fly dosage compensation is achieved by the male-specific lethal (MSL) complex (Fig. 1.4) 

[127], which binds the single male X chromosome and upregulates X-linked transcription two-

fold [65-88].  This increased activation is mediated by the chromatin modifier and activator 

males absent on the first, or MOF [68,128-131].  MSL complex assembly is thought to occur in 

two stages.  First, MSL-1 and MSL-2 bind to so-called high-affinity, or chromatin entry, sites 

dictated by a DNA sequence element (GAGAGAGA) and enrichment of a particular histone 

modification, H3K36me3 [69,72,74,84,132-136].  Once bound, these two proteins are capable of 

recruiting the remainder of the MSL complex: MSL-3, MOF, MLE (maleless), and one of two non-

coding roX RNAs [127].  MOF acetylation of MSL-3 then acts to ratchet the complex along 

nucleosomes to accomplish spreading of the complex to many more sites along X [137]. Further 

data suggests that MSL-3 contributes to MSL complex localization by binding H4K20me1 

[133,134]. Known biochemical functions and distinguishing properties of the MSL complex 

members are listed in [127]. 

 Lively debate over the true function of the MSL proteins in regulation of MOF is 

ongoing.  While it is clear that MOF activity leads to transcriptional hyper-activation of the single 

male X chromosome [66,138], whether the other MSL components aid or restrict MOF function 

remains a topic of debate [65,82,128]. Results from the Becker lab show that when MOF is 

tethered to a reporter in females, transgene expression is high, but activation is restricted to 2-

fold in males, where MOF and the rest of the MSL complex are recruited [128]. Adding further 

complexity to MOF action is the finding that MOF acts in another transcriptional activator 

complex called nonspecific lethal (or NSL) complex with relaxed lysine acetylation specificity and 

genome-wide binding distinct from the MSL complex [76,139,140]. The Birchler group has put 

8



forth the idea that in flies, similar to the X upregulation proposed for mammals and worms, 

there is an inverse dosage effect that modulates gene expression from X or autosomes 

proportionally to copy number [65].   

 Interestingly, the MSL complex is thought to be active in both sexes early in 

development, around the blastoderm stage or perhaps earlier [141-144].  In females, this action 

may promote expression of sex-lethal, the transcriptional regulator responsible for preventing 

further transcription of MSL-2 [45,143,145-155], the component of the MSL complex that is not 

zygotically transcribed in females, preventing future MSL complex formation in females for the 

remainder of their lifespan in order to maintain proper X chromosome dose [141]. 

 The mechanism of Caenorhabditis elegans (worm) dosage compensation involves two-

fold downregulation of both hermaphrodite X chromosomes (Fig. 1.2c) by the dosage 

compensation complex, or DCC [53,156].  The DCC (Fig. 1.5a) is composed of a five-subunit 

condensin-like complex (Condensin IDC), a recruitment complex composed of three SDC (sex 

determination and dosage compensation) proteins, and two associated proteins: DPY-21 and 

DPY-30 [53,156-165].  Across all organisms, condensin is composed of two SMC proteins and 

three CAP proteins. Most organisms have two condensins which act during meiosis and mitosis, 

while C. elegans has an additional condensin, Condensin IDC, which acts on X during interphase 

[157,166]. The SMC (structural maintenance of chromosomes)-4 homolog DPY-27 is specific to 

the DCC, and the SMC-2 homolog in the DCC is MIX-1 [162,167]; the CAP (chromosome-

associated polypeptide) subunits are CAPG-1, DPY-26, and DPY-28 [157,160,165].  The members 

of condensin IDC were identified through a combination of forward genetic screens and 

biochemical approaches [162,165,167,168]. 

 DCC loading and spreading is thought to be achieved via a two-step model. sdc-2 is the 

only member of the DCC not maternally loaded into the oocyte [169,170]. Around the 30-cell 
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stage, hermaphrodite-specific sdc-2 transcription initiates assembly of the DCC at a set of ~75 

primary binding sites (or rex, recruitment element on X, sites), partially defined by a DNA 

sequence element known as mex (Fig. 1.5b), or motif enriched on X, and able to recruit the DCC 

as multi-copy transgenic arrays outside of the context of the X chromosomes [171,172].  

Subsequently, the DCC spreads to many more dox (dependent on X) sites, which are unable to 

recruit the DCC outside their native chromosomal context, across the X chromosomes in a 

transcription-dependent manner [171,172].  It is possible that at least a subset of DCC binding 

targets are thought to change during the course of development (data not shown), and DCC 

binding is not indicative of dosage compensation status (Fig. 2.4) [171,173,174].  Data from the 

Csankovszki lab further suggests that not all rex sites are equal. Some sites are able to recruit 

the DCC to an extra locus present as a small or large X chromosome region duplication, while 

others (termed waystations) are not [175].   

 Through the use of two temperature sensitive alleles, dpy-27(y57) and dpy-28(y1), it has 

been demonstrated that the DCC is required for viability between five and nine hours post 

fertilization, during mid-embryogenesis [165].  Nothing is known about the necessity of the DCC 

outside of this time window. However, the DCC is visibly localized to the X chromosomes in 

hermaphrodite somatic tissues from around the 30-50-cell stage on, through the entire life of 

the animal  [176].  Because of the homology of Condensin IDC to condensin, the mitotic and 

meiotic regulator of chromosome structure, it is thought that C. elegans dosage compensation 

involves changes in X chromosome structure [53,158,167,177].  The molecular mechanism of 

worm dosage compensation, however, has remained largely a mystery.  Recent work has 

suggested that dosage compensation modulates and spreads with RNA polymerase II on X, 

arguing in favor of a role in transcriptional regulation, but no further details were uncovered 

[172,173]. 
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Condensin function and the actions of other DCC subunits 

 C. elegans is special in that it contains three condensin complexes, whereas other 

organisms studied have only one or two, which are involved in meiosis and mitosis [21-23,178-

182].  The biochemical function of purified condensin complexes has been well studied in yeast 

[183], Xenopus [166,184,185], C. elegans [186], and humans [187].  Condensin can positively 

supercoil naked DNA in an ATP-dependent manner in vitro and can compact single DNA 

molecules [188]. Other data suggests that condensin action requires looping around chromatin 

as well as electrostatic bonds formed with the DNA it surrounds [189]. How this activity 

contributes to meiosis and mitosis, or C. elegans dosage compensation, is not understood.  

Depletion of condensin subunits leads to chromosome condensation defects in some systems 

[183,190-192]. DCC function in dosage compensation is known to be ATP-dependent. The ATP-

binding domains of DPY-27 and SDC-3 are necessary for her-1 repression [193,194]. Also, 

mutation of either the DPY-27 or MIX-1 ATP-binding domain results in loss of dosage 

compensation function [162,167].  It is not known whether condensin IDC is capable of the same 

structural modifications to DNA as condensin. 

 Within the recruitment complex, the hermaphrodite- and DCC-specific SDC-2 is very 

large (344 kDa), and the only known features are a predicted phosphorylation site and several 

N-coil domains [170]. Because SDC -2 is capable of binding to X in the absence of other complex 

members and is required for optimal binding of the complete complex, it is thought that SDC-2 

is one anchor for the DCC to chromatin [170]. SDC-3 may also interact directly with DNA, 

through its zinc finger domains, and SDC-3 contributes to subsequent recruitment of the other 

DCC components [172,193]. sdc -2 and sdc-3 mutations result in failure of DCC localization; all 

nuclear DCC signal is then lost as development proceeds [169,170,172,193,195]. SDC-1 is also 

required for dosage compensation, but it is not required for X chromosome binding of the DCC 
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[173].  SDC-1 contains two N-terminal C2H2 zinc fingers, suggesting a function in DNA binding 

[196]. 

 Two other proteins are considered members of the DCC: DPY-21 and DPY-30.  DPY-30 is 

expressed in both males and hermaphrodites, and its localization appears to be diffuse nuclear, 

not strictly X-specific, suggesting a genome-wide regulatory role [177,197].  Unlike in sdc-2 and 

sdc-3 mutants, mislocalized DCC signal persists into adulthood in dpy-30 mutants [198].  DPY-30 

has been shown to interact with SDC-2 and SDC-3 [172], but its stable expression is not 

dependent on other members of the DCC [199]. DPY-30 proteins have a conserved functional 

role in H3K4 methyltransferase complexes [172,198,200-203]. However, participation of DPY-30 

in COMPASS complex action has not been linked to dosage compensation [172,198].  DPY-21, 

like DPY-30, is expressed in both males and hermaphrodites [159,197,199,204,205], and it has 

been shown to be important for sensing X chromosome dosage and executing the proper sex 

determination pathway [159,204,205].  DPY-21 is only loosely associated with other members of 

the DCC, and loss of DPY-21 does not perturb localization of the rest of the DCC [159]. DPY-21 

has a proline rich N-terminus, which has been postulated to serve as a docking site for other 

proteins [159]. 

  

Worm DC is linked at multiple points to sex determination 

 In mammals, the master regulator of sex determination is the presence or absence of 

SRY, which is located on the male Y chromosome [57-59,206,207].  Flies and worms use a 

different mechanism of sex determination. The decision of gender and associated signaling is set 

into motion by the X:A ratio, as determined by the expression of X and autosomal signal 

elements, or XSEs and ASEs [146,208-210]. In worms and flies, the processes of dosage 

compensation and sex determination are linked (Fig. 1.6)[208].  
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 In flies (Fig. 1.6a), the X:A signal, determined by expression of signal element genes, 

controls expression of the Sxl gene through an elaborate RNA splicing mechanism 

[145,147,148,154,155,211-213]. Autoregulation of Sxl is established in XX female, but not XY 

male embryos [147]. The Sxl autoregulatory feedback loop limits protein levels throughout the 

rest of the fly lifespan. Sxl limits expression of the female-required Tra genes and allows for Msl-

2 transcription in males. Vice versa, Sxl allows for TRA protein production and limits MSL-2 in 

females [147,213].  The TRA proteins regulate somatic sex determination, while Msl-2 triggers 

dosage compensation [147,213]. 

 Sex determination in C. elegans follows a similar scheme (Fig. 1.6b). Several XSEs and 

ASEs are known in C. elegans, including: sex-1, fox-1, ceh-39, and fox-2 on X, and sea-1 and sea-2 

on autosomes [47,53,210].  In XX worms, the X:A ratio is high.  This induces both dosage 

compensation and sex determination through SDC protein activation, and perhaps an XSE-

independent function of SEX-1, by blocking the expression of the master regulator her-1, which 

encodes a secreted protein [47,53,170,214].  HER-1 deficiency in XX animals results in activation 

of TRA-2, the Patched-like transmembrane protein [214-219], which antagonizes the proteins 

FEM-1 (novel), FEM-2 (protein phosphatase), and FEM-3 (ankryin repeat-containing protein) 

[220-222]. Low FEM activity results in the activation of TRA-1 (zinc finger protein) 

[217,220,223,224].  High TRA-1 activity promotes hermaphrodite somatic development.  In XO 

animals, the X:A ratio is low, which blocks dosage compensation and induces her-1 expression. 

HER-1 inhibits TRA-2 activity, allowing high FEM activity, resulting in low TRA-1 activity. Low 

TRA-1 activity is insufficient to promote hermaphrodite development, so XO animals develop 

into males [220].  TRA-1 activity then feeds back onto XOL-1 to reinforce repression [223]. 

Further work has demonstrated that TRA-4 (zinc finger protein) acts in a pathway parallel to 

TRA-1 to repress male development through chromatin regulation [220], and other chromatin 
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regulators are also important for effecting sex determination.  Loss of these chromatin 

regulators, also known as synMuv (synthetic Multivulva) mutants, play a well-studied role in 

larval hermaphrodite reproductive development [220,225,226]. 

 
Germline silencing of X in C. elegans is independent of dosage compensation 

 Because there is no homolog for the single male X to pair with during meiosis, it is 

protected by adopting a particularly compact chromatin conformation, similar to 

heterochromatin [227,228]. This mechanism is needed to prevent loss of male X chromosome 

DNA from recombination without a repair template [228]. The result is loss of most X-linked 

transcription during these portions of meiosis, leading to an explanation for the relative scarcity 

of genes important for early development on X [229]. This process involves enrichment of 

repressive histone modifications, particularly H3K9me2/3 and H3K27me3, as well as loss of 

activating marks, including H4K16ac, during late stages of meiosis in the germline(s) of both 

sexes [228]. Even though this mechanism should only be essential for X preservation during 

male meiosis, the hermaphrodite germline X chromosomes also undergo this process [228].  

 Germline silencing is mediated by the maternal effect sterile (MES) proteins [230-233]. 

MES-2, MES-3, and MES-6 form a complex homologous to Polycomb, specifically PRC2, found in 

other organisms [231], which enriches H3K27me3 on the germline X. The MES complex exists in 

balance with an activator, MES-4, which localizes to autosomes and is important for germline 

transcriptional memory transmission [230,234]. MES-4 is an H3K36 histone methyltransferase 

(HMT), a modification linked to transcriptional elongation through repression of aberrant 

transcription [235], prominently active in the germline and early embryo until ~40 cell-stage 

[230]. MRG-1 functions similarly to, but independently of, MES-4 to silence X-linked genes and 

protect germline immortality. MRG-1 may also be associated with H4K16ac through TIP60 

complex recruitment or function [236]. MRG-1 (a Drosophila DCC subunit MSL-3 homolog) 
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contains a chromodomain that binds H3K36me3 [236]. The interdependent relationship among 

MES effects is quite complex. MES-4 action does not require transcription [230,237], and some 

evidence suggests that MES-4 has both activating and repressive effects [230]. Further, MES-2, -

3, -6 may function to focus repression by MES-4 and the chromatin remodeler NuRD to preserve 

proper gene expression in the germline and prevent germline gene expression in the soma 

[230,236]. Loss of MES-4 causes aberrant RNA Pol II activation and degeneration of the 

primordial germ cells [237], suggesting a role in transmission of the germ cell program to the 

offspring [234].  At high temperatures, the soma of synMuv B mutants gains a germline-like 

gene expression pattern, dependent on global chromatin modifiers such as NuRD, the MES 

proteins, and ISWI, through a failure to antagonize an inherited chromatin state, leading to early 

larval arrest [238]. 

 
Transcriptional regulation begins with chromatin regulation at the level of the nucleosome 

 One way that gene expression can be regulated is at the level of transcription.  It has 

been shown that transcriptional regulation plays key roles in mammalian, fly, and in lesser detail 

in worm, dosage compensation [66,98,121,172].  It has been further demonstrated in flies and 

mammals that the regulation of transcription by dosage compensation is executed by changes in 

chromatin [71,90,93,98,120,132,133,136,138], which is the DNA and the histone proteins with 

which DNA is packaged.  The fundamental unit of chromatin is the nucleosome (Fig. 1.7), which 

is composed of 147bp (1.6 turns) of DNA wrapped around an octamer of histone proteins [239-

241].  Each nucleosome contains two copies of histones H2A, H2B, H3, and H4. However, each 

histone may be encoded by multiple genes, and each histone protein may be substituted out for 

a histone variant protein [241,242]. 

 The strength of the interaction between DNA and the histones is greatly influenced by 

the complement of post-translational modifications present on their N- and/or C-terminal tail 
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domains (summarized in Fig. 1.8) [243-246]. As of November 2011, 160+ histone modifications 

have been identified [247], but new modifications continue to be identified. Principally, there 

are 9 functional groups known to be used to modify histone protein tails: acetylation, ADP-

ribosylation, citrullination, crotonylation, methylation, O-GlcNAcylation, phosphorylation, 

sumoylation, and ubiquitination [241,244,245,247,248]. Together, these modifications and 

histone variants represent the “letters” in what is thought of as the “histone language” [249-

252]. Rather than a simple, input-predicts-output-style, a 1:1 relation between these 

modifications and effects on transcription, or other processes, as would be expected of a 

“histone code,” it is believed that chromatin modifications represent a complex, multivariate, 

combinatorial determinant of chromatin meaning [249,251,252]. 

 Although there is no steadfast rule, certain chromatin modifications (e.g. H4K16ac) are 

thought to be activating, while others (e.g. H3K9me3) are associated with repression [241,244-

246]. Chromatin in an active, open conformation is known as euchromatin, while repressive, 

closed chromatin is heterochromatin [241]. Heterochromatin can either be facultative 

(switchable to an active state) or constitutive (maintained as highly repressive) [253]. Further, 

there is considerable evidence that at least certain modifications, perhaps the majority, achieve 

different outcomes depending upon the absence or presence of other nearby modifications.  

One example of this is the recruitment of chromatin modifiers, the “readers” and “writers” of 

the “histone language” [249,251], to sites of action.  The majority of reader interactions with 

chromatin are achieved through several known domains, including: 14-3-3 (H3S10ph, H3S28ph), 

chromo (H3K9me2/3, H3K27me2/3), bromo (lysine acetylation), MBT (lysine mono- or 

dimethylation), PHD finger (H3K4me0, H3K4me3, H3K9me3, H3K36me3), and tudor (arginine 

dimethylation) [254,255]. Recent work has demonstrated additional complexity in recognition 
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through combinatorial modification substrate recognition by chromatin enzymes 

[245,254,256,257]. 

 A series of techniques based on chromatin conformation capture, 3C [258], have been 

used to interrogate the higher order structure and organization of the genomes [259,260] of 

several organisms [110,261-263]. Application of allele-specific 4C, analyzing the interactions of 

one locus with the rest of the genome either using microarrays or next generation sequencing, 

to mammalian X inactivation demonstrated that active X genes in mouse tend to interact even 

over long physical distances, whereas inactive genes do not [110]. Inactive genes are located 

randomly within the inactive X territory, and escapers of X inactivation tend to cluster to the 

periphery of the Xist domain and, similar to active X genes, show more interactions with regions 

of other chromosomes [110]. Similar observations were made in Drosophila [262]. Inactive 

domains occupy condensed, restricted territories, while active domains are far-reaching and 

participate in many more long-range interchromosomal associations [262]. 

 In summary, chromatin modifications contribute to the long-range interactions between 

regions of DNA both within and across chromosomes, directly and indirectly (through 

recruitment of chromatin modifying enzymes and transcription factors), as well as the definition 

of territories of active and repressed gene expression.  Chromatin and transcription adaptively 

regulate nuclear architecture to suit the genetic program of a cell throughout the development 

and lifespan of an organism. 

 
H4K16ac regulates chromatin structure 

 Histone H4 modifications are important for transcription and the dosage compensation 

strategies in many organisms, so we decided to focus our studies in worms on these sites. 

Histone H4 can be acetylated on lysines 5, 8, 12, and 16 in animals, and additionally on lysine 20 

in plants [264,265]. Studies employing site-specific antibodies have indicated that H4K16ac is 
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most prevalent as the singly acetylated form of the H4 tail [266,267]. In newly produced histone 

tails, H4K5 and K12 are acetylated first [268]. In contrast, the order of acetylation of lysines 

following K16 on pre-existing H4 tails occurs in a C- to N-terminal fashion: from K12 toward K5 

[269]. This acetylation pattern on the H4 tail is conserved among humans, mice, yeast, and 

Tetrahymena, highlighting the fundamental importance and conservation of the H4 acetylation 

mechanism [270].  

 Regulation of K16 acetylation is unique among H4 lysines [264], due to the mechanistic 

importance of this modification. Regulation of H4K16ac is achieved by the balance between 

MYST domain histone acetyltransferase (HAT) and class I and III histone deacetylase (RPD3 and 

Sir2 family HDAc) activities [271]. However, recent evidence suggests that this 

acetylation/deacetylation balance is quite complex. In humans, SIRT1 (a Sir2 homolog) activity is 

needed to limit hMOF (MYST HAT) auto-acetylation to promote hMOF binding to DNA [272]. 

This work also suggested that direct regulation of MYST HAT activity by HDAC proteins is 

conserved across species, including additional mammalian systems, C. elegans , and D. 

melanogaster [272]. This mechanism indicates that both direct and indirect methods are used 

by the deacetylase SIRT1 to regulate histone acetylation. 

 H4K16ac plays a unique and critical role in modulating chromatin structure (Fig. 1.9a). 

This modification directly affects the structure of the chromatin fiber. H4K16ac negates the 

positive charge of the histone H4 tail, destabilizes its native α-helical conformation, and disrupts 

the interaction of the H4 tail with the H2A/H2B dimer surface acidic patch [239,273]. H4K16ac 

thus triggers chromatin unfolding by disrupting the interactions between nearby nucleosomes. 

Sedimentation assays, which evaluate the degree of nucleosome array folding as a proxy for the 

30nm fiber, have demonstrated that H4K16ac inhibits intra-association of nucleosomes 

[274,275]. Tetra-acetylated H4 does inhibit intra-array folding more than H4K16ac alone, 
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suggesting that additional acetylation of the H4 tail further disrupts nucleosome folding 

[274,275]. Acetylation of K16 also perturbs the self-aggregation of nucleosome arrays, indicative 

of higher-order folding [274,275]. Mutation of K16 to glutamine, an acetyl-lysine mimic, does 

not lead to nucleosome array decompaction, indicating that the lysine at position 16 is critical 

for decompaction [276]. Array self-aggregation is further prevented using histone H4 tail forms 

carrying multiple acetylations [274].  

 
H4K20me1 antagonizes H4K16ac and is an intermediary in heterochromatin formation 

 Histone H4 lysine 20 can be mono-, di-, or trimethylated [277]. H4K20me1 is catalyzed 

by PR-SET7/Set8 [278,279], and Ash1 in Drosophila [280], while H4K20me2/3 are the action of 

SUV4-20 [281,282]. Evidence suggests that Suv4-20h can di- and tri-methylate H4K20 in the 

absence of PR-SET7 action, at least in the context of heterochromatin [281,283]. However, the 

relationship between these two marks is complex. H4K20 methylation antagonizes H4K16ac in 

vitro and in vivo [279,284]. Thus, H4K20 methylation is regarded an important regulator of gene 

expression [279,284-286]. Other work suggests that H4K20me1 and H4K16ac significantly 

overlap at the β-globin locus, indicating that these marks coexist in certain contexts [287].  

 The effect of H4K20me1 on chromatin also varies with context. H4K20me1 is associated 

with active genes in some cases [288-291] and with transcriptional repression in other instances 

[292-295]. H4K20me1 is known to induce chromatin compaction through recruitment of MBT 

domain proteins (Fig. 1.9b) [296,297]. This modification is found in the same domain as other 

repressive marks in many systems, and H4K20me1 is thought to regulate facultative 

heterochromatin packaging and promote a transition to H4K20me3 enrichment typical of 

constitutive heterochromatin [244,292,293,298-301]. In some contexts, however, H4K20me3 

and heterochromatin are thought to form in an H3K9me3-, HP1-depedent, H4K20me1-

independent manner, and no increase in H4K20me1 was seen with knockdown of the H4K20 di- 
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and trimethylase Suv4-20h [281]. From these results, H4K20me1 dependence or independence 

could be indicative of varying degrees of heterochromatinization or the potential for reversion 

to a more euchromatic state. Depletion of PR-Set7 results in decondensed chromosomes, 

consistent with a role for this protein in chromatin compaction [302]. H4K20me1 is required for 

binding of malignant brain tumor (MBT) domain-containing proteins implicated in chromatin 

compaction. This mechanism is not fully understood, but it may involve MBT protein binding to 

multiple nucleosomes, DNA bending, or bridging of neighboring nucleosomes through MBT 

domain dimerization [297,303,304].   

 
Dosage compensation regulates chromatin modifications across organisms 

 In mammals, Xist action recruits chromatin modifying enzymes to the inactive X, and 

their action enriches repressive chromatin modifications (including H3K27me3) and depletes 

activating modifications (such as H4 acetylation) on that chromosome. A full list of the 

chromatin modification differences between mammalian female X chromosomes is located in 

Fig. 1.3b [95,98,105]. See Suganuma and Workman, 2011 for a full account of known 

modifications, their functions, modifying enzymes, and domain associations to many known 

chromatin modifications [255]. Subtle differences in level or onset of chromatin changes across 

all mammals have been noted for certain species [102,120,305].  

 Recent studies have focused on uncovering the characteristics and importance of genes 

found to escape X inactivation [94,306-313].  These genes have a chromatin profile similar to 

genes on the active X [312], suggesting bi-allelic expression of these genes is either critical or not 

harmful to the organism. Interestingly, X inactivation escapees also loop out, away from the Xist 

domain, perhaps making them more accessible to the transcription machinery [312]. 

 In flies, MSL complex association with chromatin depends in large part on specific 

histone modifications. The chromodomain of MSL-3 interacts with H3K36me3 and H4K20me1, 
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and these interactions, along with direct DNA binding, stabilize MSL complex association to the 

X chromosomes [72,74,132-134]. It is interesting to note that H4K20me1 is important for 

localization of the MSL complex, given that this mark antagonizes H4K16ac, the modification 

enriched on X by MOF action. This link likely contributes to the model of ratcheted MSL complex 

spreading proposed by Akhtar and others [133,134,314]. In this model: 1) the MSL complex 

binds H3K36me3, DNA [314], and H4K20me1 [133,134]; 2) MOF acetylates H4K16 and MSL-3 

[314]; 3) MSL-3 is deacetylated to facilitate binding to a nearby site for the process to repeat 

[314]. 

 Chromatin modification by the MSL complex is also essential to its action. H4K16ac is 

enriched on the X chromosomes by MOF and the rest of the MSL complex. H4K16ac is known to 

both open chromatin and, along with H3S10ph, increase transcriptional elongation and 

overcome RNA polymerase II stalling [129,138,315-317]. 

 Dosage compensation in birds is mechanistically similar to that of flies [92]. H4K16ac is 

increased at an important locus that must only be transcribed in females, male hypermethylated 

(MHM), which is thought to produce a gene product that deactivates a DNA methylase 

important for execution of additional dosage compensation between the sexes in males 

[92,318]. This compensatory effect appears to occur on a gene-by-gene basis, not on a Z 

chromosome-wide level. 

 Work from our lab and another has highlighted the role of the H2A variant, H2A.Z/HTZ-1 

in DCC regulation in C. elegans [319,320]. HTZ-1 demonstrates a bias toward the 5’ end of genes 

across species, but it is associated with both activation and repression in a context-dependent 

manner [289,320-326]. HTZ-1 is depleted on X in hermaphrodite soma and germline [319]. DPY-

30 functions in the COMPASS complex, which travels with RNA polymerase II to reinforce active 
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transcription by placing the chromatin modification H3K4me3 [327-332], a role thought to be 

distinct from participation of DPY-30 in dosage compensation [198]. 

 Recent work published by the modENCODE consortium surveyed many histone 

modifications by ChIP-chip and ChIP-seq methodologies [333,334]. In this work, numerous 

differences between the X chromosomes and autosomes at two developmental time points 

(early-biased embryonic and larval stage 3 samples) were documented [333,334] , but not 

investigated in further detail. These authors, and my work, found that levels of H4K20me1 are 

highly enriched on X at both time points and that many modifications, including H4K16ac and 

others associated with activation, are present at reduced levels on X compared to autosomes 

[64,333,334]. Chapter 2 of this thesis focuses on our work describing the role the DCC plays in 

regulating the balance between H4K16ac and H4K20me1 on the X chromosomes, facilitating a 

more repressive chromatin environment [335]. Further, in Chapter 3, I will present our work 

elaborating on these studies to examine levels of histone modifications and other features at 

dosage compensated and non-dosage compensated genes.  

 
The RNA polymerase II transcription cycle 

 The sequence of events leading to transcription by RNA polymerase II (Fig. 1.10) has 

been well characterized [336-341]. Environmental or developmental cues stimulate general 

transcription factor and chromatin remodeler binding to target loci [337]. The histone 

acetyltransferase CBP-1 is known to play a vital role in opening the chromatin for general 

transcription factor binding at target loci through Polycomb antagonism by acetylation of H3K27 

[342]. General transcription factor binding leads to recruitment of additional activators and the 

chromatin remodeler SWI/SNF [343] that prepares the promoter for Pol II recruitment. General 

transcription factors (GTFs) and Mediator work together to recruit RNA polymerase II (RNA Pol 

II) to the DNA, completing formation of the preinitiation complex, or PIC [344,345]. RNA Pol II is 
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phosphorylated by CDK7, the catalytic subunit of TFIIH, at the serine 5 residues of the c-terminal 

domain (CTD) heptad repeat (PSer5) [346-349]. This signals the first stage of polymerase 

initiation, allowing it to release from the PIC [336,337,350].  However, TFIIH action is not 

required for transcription in Saccharomyces cerevisiae [347]. Some of the GTFs remain with RNA 

Pol II as it transcribes, while others remain at the promoter [336,337].  

 The RNA Pol II CTD is composed of a number of heptad amino acid repeats (YSPTSPS), 

which varies in length across species from 26 in yeast, to 45 in Drosophila, and 52 in mammals 

[351]. The C. elegans RNA Pol II (AMA-1) CTD contains 42 heptad repeats [352]. The gene name, 

AMA-1, refers to the α-amanatin drug sensitivity, which stops transcription by acting on RNA Pol 

II itself [353]. 

 In most systems, the upstream portion of the CTD conforms well to the consensus 

repeat sequence (YSPTSPS), while the downstream portion includes minimal to moderate 

degeneracy (Fig. 1.11a) [354]. In more removed phyla, there is a tendency away from the 

consensus CTD repeat structure, but the length of 7 amino acids per repeat remains consistent 

(Fig. 1.11a) [354]. In C. elegans, this is not exactly the case. Instead, there is degeneracy, 

especially at the 4 and 7 positions throughout the CTD (Fig. 1.11b - Figure 11 from Bird and 

Riddle 1989), such that these two residues deviate from consensus approximately half of the 

time (Fig. 1.11c - Figure 11 from Bird and Riddle 1989) [352]. Selective mutational analyses of 

the AMA-1 CTD identified residues critical for susceptibility to transcription inhibitor drug 

treatment [352,355-357]. It is possible, but not established, that the greater deviation from a 

consensus CTD confers specific benefits to C. elegans RNA Pol II or affects transcription. One 

possibility is that these deviations somehow impede the fidelity of transcriptional elongation in 

such a way that compensates for the loss of the stalling factor NELF, which has not been 

identified in Caenorhabditis species [358]. 
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 RNA polymerase II initiation proceeds in three steps.  First, the partially initiated 

polymerase scans the promoter for the transcription start site. Abortive initiation, or promoter 

proofreading, occurs if less than 5 nucleotides can be transcribed, which depends on the 

strength of contacts between Pol II and DNA as well as transcription factor occupancy [359]. In 

further steps, the length of the nascent transcript increases to 10 nucleotides, which disrupts 

connections to TFIIB, favors promoter escape, and greatly increases likelihood of elongation; 

then, nascent transcripts that reach 25 nucleotides reach a third state, the stable elongation 

complex [359].  Initiated RNA Pol II recruits, via CTD serine 5 phosphorylation, the stalling and 

elongation factor DRB-induced sensitivity factor (DSIF), so named because treatment with DRB 

(5,6 dichloro-beta-D-ribofuranosylbenzimidazole) causes inhibition of transcription elongation 

by blocking TFIIH action in a manner dependent upon this protein complex [360-362] . DSIF is a 

heterogeneous protein complex composed of SPT-4 (a small regulator subunit) and SPT-5 (the 

large catalytic subunit) [358,360,363]. At some proportion of genes, RNA Pol II stalls, meaning 

that transcription elongation ceases, either in a reversible or an irreversible manner [364], 

around 70bp downstream of the transcription start site [336,337]. It is thought that stalling is a 

rate-limiting step in transcription for ~20% of genes in mammals and as much as 50% of genes in 

flies [365-372]. However, mounting evidence suggests that the process of stalling is a general 

feature of transcription, perhaps occurring at all loci, but happening in a transient manner at the 

remainder of genes [336,365,366,370,371]. Reversible stalling of RNA Pol II is also referred to as 

pausing [364,372]. Pausing occurs in a DSIF and NELF (negative elongation factor)-dependent 

manner and is overcome by sufficient recruitment of the positive elongation factor-b complex, 

P-TEFb [336,337,358,373-380]. Recent evidence has shown that cohesin is selectively recruited 

to paused genes, and that cohesin function is critical for pausing [381].  
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 Irreversible stalling of RNA Pol II is also referred to as arrest [364,382-388]. Arrest can be 

triggered by the base pair sequence in the DNA, variation in RNA-DNA hybrid length, 

nucleosome positioning, and local chromatin composition [389-398]. Arrest occurs when the 

RNA Pol II molecule encounters a physical barrier, causing loss of alignment of the nascent 

transcript to the polymerase holoenzyme, and resulting in unproductive elongation and 

transient backtracking along a short region of DNA [389-398]. If the barrier to elongation is a 

nucleosome, a collision from a second polymerase molecule can push the first RNA Pol II 

through the barrier [399]. In many cases, however, realignment of the nascent transcript to the 

RNA Pol II active site is necessary.  This is accomplished through nascent transcript cleavage by 

TFIIS [383,390,400]. TFIIS is necessary for viability in some, but not all organisms, and some work 

has suggested that 18 nucleotide transcripts cleaved by TFIIS participate in transcriptional 

activation [401-404]. Serine 5 phosphorylation and DSIF recruitment are required for 

recruitment of the 5’ capping enzyme and capping, which are necessary for mRNA stability [405-

409]. 

 After arrest or to overcome pausing, DSIF and the local chromatin recruit PTEF-b away 

from a 7SK RNA-containing sequestration complex in an elaborate mechanism that involves 

activators including BRD4 or c-myc [315,365,376,410]. P-TEFb then phosphorylates both DSIF 

(on the SPT-5 subunit) and the serine 2 residues of the RNA Pol II CTD, signaling the transition to 

productive transcriptional elongation [336,337,373-375,379]. In systems other than C. elegans, 

phosphorylation by P-TEFb also causes NELF dissociation from DSIF and RNA Pol II 

[361,380,411]. Once productive, RNA Pol II elongates through the gene body with less resistance 

due to chromatin modifications made cotranscriptionally by a suite of modifiers recruited by the 

productive complex, including FACT, COMPASS, SPT-6, and TIP60 [361,412-418], which reinforce 

features of active chromatin to promote subsequent rounds of transcription [418,419]. 
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 Mediator is an essential regulator of eukaryotic gene expression across species 

[420,421]. The complex is composed of up to 30 subunits that cluster into head, middle, and tail 

groups (Fig. 1.12a) [420], and 28 subunits are conserved in C. elegans (Fig. 1.12b) [420,421]. 

Mediator is critical for bridging interactions between RNA Pol II and transcription factors bound 

to regulatory DNA regions (Fig. 1.12c) [420,421]. RNA Pol II CTD phosphorylation promotes 

dissociation of Mediator binding during transcriptional elongation (Fig. 1.12c) [421-423]. 

Functional interplay between Mediator and DSIF has also been noted [424]. In C. elegans, 

Mediator is required for embryonic asymmetric cell divisions [425]. Interestingly, the DCC 

component-encoding dpy-21 interacts with dpy-22, a mediator component, in a genetic assay 

for dosage compensation effects [204], and DPY-21 is thought to be a critical sensor of 

transcription for both sex determination and dosage compensation [205]. 

 Dot1 is a histone methyltransferase with catalytic activity toward histone H3 lysine 79 

[426,427].  Work from the Gerstein lab identified the histone modifications most closely 

associated with gene expression [428]. H3K79me2 and H3K79me3 (along with H3K4me2, 

comprised the top three [428], making these modifications good readouts for dosage 

compensation status. This enzyme, and its known homologs, are able to place one, two, or three 

methyl groups at this residue in any (not just a sequential) order [426,427]. Multiple Dot1 

paralogs have been identified in C. elegans, and Y39G10AR.18 is the closest homolog 

[426,429,430]. Dot1 is thought to be recruited through ubiquitination of histone H2B at lysine 

123, and it has been proposed that the COMPASS complex bridges this interaction [426,427].  

Work using recent ChIP-chip datasets created by the modENCODE consortium has concluded 

that three histone modifications show a higher correlation with gene expression than RNA Pol II 

occupancy: H3K4me2, as well as H3K79me2, and H3K79me3 (Fig. 1.13) [428]. Surprisingly, 

H3K36me3, which has previously been well correlated with transcriptional elongation [431-433], 
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but has recently been linked to heterochromatin and repression [434], does not show a similarly 

strong trend (Fig. 1.13) [428]. Dot1 action contributes to yeast telomeric silencing, but across 

organisms, this modification correlates best with active transcription [426,427].  Dot1 is not 

found in the superelongation complex nor AEP, but it is found in two other large complexes 

associated with transcriptional elongation, EAP and DotCom [427]. Dot1 occupancy and action 

has been characterized by ChIP-chip in C. elegans [333,334], and its relationship to dosage 

compensation will be examined further in Chapter 3. 

  The events of the transcription cycle occur countless times through the course of the 

life of any given organism and are critical to viability and fitness. Detailed experiments have 

shown that single molecule transcription occurs in a uniform kinetic manner on the order of 10-

15nt/s of elongation, about 13 seconds between pauses, and pauses which last 1-5 seconds in 

vitro using E. coli transcription components [341,435,436]. 

 Studying heat shock gene expression regulation offers a unique opportunity to dissect 

the mechanisms regulating inducible genes and the proteins that interact with RNA Pol II 

[437,438]. Heat shock factor is recruited to target genes to facilitate rapid changes in 

transcription in part through a sequence motif and an active chromatin state [439]. Heat shock 

factor facilitates nucleosome loss by redirecting poly(ADP-ribose) polymerase, or PARP, action 

from promoter restriction to a wave through target gene bodies [440,441]. PARP is known to 

interact with Condensin I at sites of DNA damage [442], and heat shock factor 2 facilitates 

condensin dephosphorylation by protein phosphatase 2A (PP2A) to ensure an open chromatin 

structure over hsp70i during mitosis [443].  Together, these data suggest a possible mechanism 

whereby heat shock factor antagonizes condensin action in mitosis to ensure heat shock gene 

inducibility, using the same machinery that functions in heat shock gene induction (PARP). 
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Enhancer function and regulation alter chromatin conformation and modulate gene 

expression 

 Enhancer elements (Figure 1.14A) are DNA sequences across the genome which can be 

bound by activator proteins, such as histone acetyltransferases. Upon activator binding and 

Mediator complex recruitment, these regions are capable of interacting with formed pre-

initiation complexes (PICs) to form chromatin loops [444].  These loops are stabilized by cohesin 

action and may represent adjacent or physically distant DNA interactions [444]. Loops are 

broken apart to accommodate mitosis, but are reestablished in the next interphase [445] (Figure 

1.14B). Enhancer loops play a critical role in transcription initiation, through Mediator 

recruitment, and downstream processes such as reformation of the PIC (Figure 1.14A). Enhancer 

activity state is often categorized by the complement of histone modifications and variants 

present at enhancer sites [446] (Figure 1.14C). While enhancers in general contain H3K4me1, 

active enhancers also possess H3K27ac, other active modifications, and marks associated with 

transcriptional elongation (Figure 1.14C). Conversely, off enhancers (for the purpose of this 

thesis) will be defined as those which lack these additional active modifications. Finally, poised 

enhancers, those which are ready for activation at a future time, tend to lack H3K27me3 at the 

gene promoter, but possess marks of activity at the enhancer site (Figure 1.14C). In sum, 

enhancers represent a crucial regulatory point for RNA Pol II recruitment and transcription 

initiation. In Chapter 3, I explore the possibility of enhancer regulation by C. elegans dosage 

compensation. 

 
Regulation of transcription by chromatin modifiers 

 Yeast Set Complexes - H3K4 and H3K36 methylation are used to create an elaborate 

system of regulation of transcriptional elongation, which has been well described in yeast (Fig. 

1.15) [447]. At promoter-proximal nucleosomes, H3K4me3 by the COMPASS complex (Set1) and 
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interactions with transcriptional activators target NuA3 and NuA4 (TIP60) HAT complexes [448-

450]. H3K4me3 can also interact with the Rpd3L HDAc complex to modulate acetylation levels 

near transcription start sites [451]. Just downstream, H3K4me2 targets the dual deacetylation 

activities (one Sir2-like and one Rpd3-like) of Set3C to the 5′ half of transcribed regions [452]. In 

the 3′ half of transcribed regions, H3K36 di- and trimethylation are necessary to target Rpd3S 

HDAc complex activity [453]. The combined outcome is greater promoter region accessibility 

due to acetylated nucleosomes that undergo rapid remodeling. In contrast, histones at 

downstream transcribed regions are more stably associated with the DNA due to higher 

methylation and lower acetylation levels [454]. Other work has shown that DSIF action is a chief 

antagonist of the slower transcription through the gene body induced by high methylation and 

low acteylation [455]. It remains unclear to what degree this signaling is conserved across 

species. 

 ISWI - H4K16ac disturbs the interactions of particular chromatin-associated proteins 

with the nucleosome, including the nuclear remodeler ISWI. ISWI is a member of the family of 

chromatin remodeling ATPases that promotes regularity of nucleosome spacing and chromatin 

folding [456-458]. The founding member of this family was the nucleosome remodeling factor 

NURF [458]. ISWI complexes bind the histone H4 N-terminal tail at amino acids 17–19, 

stimulating ISWI activity [459-461]. Acetylation of the nearby H4 lysines 12 and 16 impairs the 

ability of ISWI to recognize its target binding site, compact chromatin, and slide nucleosomes 

along DNA [275,459,461]. ISWI has been shown to function in Polycomb eviction [462] and is 

associated with HDAc activity [456]. The nucleosome remodeler SPT-6, which is recruited by the 

RNA Pol II stalling and elongation factor DSIF, cooperates with ISWI and TFIIS during 

transcription [463]. Paradoxically, ISWI action antagonizes action of the DSIF component SPT-4 

[464]. 
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 SWI/SNF - SWI/SNF is a protein complex with nucleosome remodeling activity that 

promotes irregular nuclear spacing and assists in transcriptional activation [465-471]. Although, 

in some contexts, SWI/SNF is both an activator and a repressor of transcription [466,472,473]. 

SWI/SNF is just one of many similar remodeling complexes, such as NuRD [474]. SWI/SNF 

antagonizes ISWI function [475], and it is important for the heat shock response and RNA Pol II 

stalling [465,467,476].  SWI/SNF also contributes to incorporation of the histone H2A variant, 

H2A.Z [477-479]. 

 RPD-3 - RPD-3 is an integral part of the numerous NURD (nucleosome remodeling and 

deacetylation) complexes [474]. Some RPD-3 complexes repress expression of germline genes in 

the soma [480]. Further, these complexes are recruited by Pol II P-CTD and DSIF [481] or H3K36-

Me2 [482] and oppose aberrant transcription [455] by enforcing promoter and gene body 

transcriptional directionality [235,481,483]. Similarly, the FACT complex facilitates nucleosome 

remodeling that represses cryptic transcription [415,484-487]. RPD-3 also functions as a 

downstream PcG silencing effector complex [488], and shows an antagonistic genetic interaction 

with the Polycomb antagonist CBP-1 [489]. RPD-3 complexes are required for yeast heat-shock 

response [490]. Further, they inhibit recruitment of several RNA Pol II transcription activators 

and/or initiators [491] and cooperate with Sir2 in control of lifespan [492] and regulation of 

condensed, non-constitutive heterochromatin gene expression [493]. Interestingly, MuD-PIT 

experiments conducted in our lab identified several possible interactions between RPD-3 

complex components and C. elegans DCC member proteins (Karishma Collette & Gyorgyi 

Csankovszki, unpublished data). 

 SIR-2.1 - Sirtuins are a conserved family of protein deacetylases [494]. Sir2/SirT1/Sir-2.1 

is important for insulin signaling and the aging response [495]. Sir2 activity is directed toward 

histone H4 lysine 16, while other sirtuins are thought primarily to deacetylate non-histone 
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proteins [496]. Sir2 is known to regulate transcription from the yeast mating type loci at a stage 

after Pol II recruitment [497]. Condensin has been previously shown to regulate Sir2 localization 

and Sir2-mediated rDNA silencing in budding yeast [498]. 

 
Transcriptional regulation by dosage compensation across species 

  RNA Pol II exclusion from the majority of genes on the inactive X chromosomes occurs 

relatively early in the X inactivation process [121]. Interestingly, this is before transcription from 

the inactive X has entirely stopped [121].  Genes that continue to be transcribed as escapers 

from dosage compensation are always found on the X periphery, associated with the 

transcription machinery, and away from Xist coverage [95,121]. 

 In fly dosage compensation, the molecular mechanism of upregulation of the single 

male X chromosome is well understood. H4K16ac is enriched on X by MOF, a component of the 

MSL complex [129,499]. H3S10ph and H4K16ac cooperate to help RNA Pol II overcome 

transcriptional stalling [315,316]. GRO-seq analysis has shown that MSL complex action 

(H4K16ac) correlates well with an increase in transcriptional elongation on X [66]. 

 In C. elegans, evidence suggests that dosage compensation acts primarily at the 

transcriptional level [172,173]. DPY-21 is thought to be both a dosage sensor and a regulator of 

transcription [204,205]. dpy-21 is also known to interact with the Mediator component dpy-22 

[204]. More recent work has suggested that the DCC spreading involves transcription [173] and 

that the DCC regulates RNA Pol II occupancy [172], but further details are lacking. One 

interesting possibility to consider is that the function of DPY-30 in dosage compensation is 

linked to an evolutionarily conserved role in H3K4 methylation, but so far evidence contradicts 

this idea [172,198]. My work seeks, in part (see Chapter 4 and Further Directions), to address 

the mechanism of DCC-dependent gene regulation in greater detail. 
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Condensin regulates chromatin and transcriptional repression by an unknown mechanism 

 Condensin was first identified as a critical component of chromosome structure, with 

strong binding to DNA, in Xenopus [166,179,182,187]. The role of condensin in chromatin 

supercoiling has been thoroughly investigated [166]; however, multiple studies have indicated a 

role for condensin in the regulation of gene expression [17,18,53,156,498]; chief among them 

are studies of C. elegans dosage compensation [53,156]. Several clues have suggested a role for 

condensin in transcriptional control [172,173,381], but details as to its molecular contribution to 

gene expression are lacking.  

 My work seeks to address this question within the context of C. elegans dosage 

compensation at three levels: 1) How does the DCC contribute to repression on X through 

chromatin regulation? 2) How does DCC action affect RNA Pol II on the hermaphrodite X 

chromosomes? 3) What effects do chromatin and RNA Pol II regulators have on the DCC and its 

function? Chapter 2 focuses on the role of dosage compensation in controlling chromatin 

activity through regulation of the balance between H4K16ac and H4K20me1 and their regulator 

proteins. Chapter 3 details our studies of high-resolution chromatin datasets looking for the 

distinguishing features of dosage compensated and non-dosage compensated genes across 

development; also, I assess the contributions of HAT and HDAc protein-containing complexes to 

DCC localization and function. Chapter 4 explores the role of the DCC in control of RNA Pol II 

transcriptional elongation on X. Chapter 5 expands my research by putting forth our unresolved 

questions drawn from our overall conclusions and preliminary data for further interpretation 

and possible lines of further investigation. Finally, additional methods and experiments are 

listed in Appendix A. Within the Appendix, I discuss, among other topics, the molecular function 

of the poorly characterized DCC protein DPY-21. Collectively, this work uncovers novel 
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molecular insights into the process by which the C. elegans dosage compensation machinery 

regulates chromatin and transcription to affect changes in gene expression.  
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Figure 1.1. Chromosome dosage equalization theory. Male flies upregulate X-linked gene 
expression two-fold, leading to both X:XX equalization between the sexes and X:A equalization 
within each individual. In mammals and worms, however, the case is different.  Shown here, it 
has been hypothesized by Ohno and others that X upregulation is non-sex specific in mammals 
(and others have suggested this may also be the case in worms). This leads to equalization of 
X:A within males, but causes X overexpression in females/hermaphrodites. Then, what we 
regard as dosage compensation restricts X-linked gene expression in the female/ 
hermaphrodite, resulting in X:XX equalization between the sexes. 
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Figure 1.2. Known methods of dosage compensation. Shown are summary diagrams illustrating 
the major known methods of X-linked expression equalization by dosage compensation among 
species. A) In mammals, one X chromosome in females is transcriptionally inactivated (X 
inactivation). B) In flies, the single male X chromosome is transcriptionally upregulated two-fold. 
C) In worms such as Caenorhabditis elegans, expression from both hermaphrodite X 
chromosomes is halved. D) In chickens, important female loci are upregulated two-fold. Dosage 
compensation is not chromosome-wide, and females are the heterogametic sex. E) In platypuses, 
important genes are stochastically non-expressed, or expressed mono- or biallelically. Again, 
there is no chromosome-wide mechanism of dosage compensation in this species. 
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Figure 1.3. The evolution of and molecular mechanism of mammalian X inactivation. Diagrams 
were taken from: Chaumeil et al., 2011, PubMed ID: 21541345 (A); Heard and Disteche, 2006, 
PubMed ID: 16847345 (B). (A) illustrates the evolution of X inactivation. In (B), Xa is the active X 
and Xi is the inactive X.  Shown are modifications enriched on either  Xa or Xi compared to the 
other X chromosome. 
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Figure 1.4. Known interactions between MSL complex members. Diagram taken from: 
Prabhakaran and Kelley, 2010, PubMed ID: 20537125. Notice the striking similarities between 
MSL complex and condensin structure (compare 1.4 and 1.5A). One interesting possibility is that 
this structure assists the MSL complex in promoting an open chromatin state, whereas worm DCC 
function leads to a more repressive chromatin state.  This complex structure may be uniquely 
suited to the needs of chromatin modifying complexes that affect changes in transcriptional 
output. 
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Figure 1.5. Worm Dosage Compensation Complex (DCC) composition and the identified 
sequence which contributes to DCC binding. Shown are: (A) a schematic diagram depicting the 
10 protein DCC, which is composed of Condensin IDC (CAPG-1, DPY-26, DPY-27, DPY-28, and MIX-
1), a recruitment complex (SDC-1, SDC-2, and SDC-3), and two associated proteins with less well-
characterized contributions to DCC function, DPY-21 and DPY-30; (B) The MEX motif [171] is 
mildly enriched on the X chromosomes and correlates well with DCC binding peaks. 
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Figure 1.6. Molecular linkages between sex determination and dosage compensation in flies 
and worms. Shown are diagrams of sex determination and dosage compensation in flies and 
worms.  These processes must be coupled in these species due to the chromosome counting 
methods of sex determination that each employs. The fly diagram (A) is taken from Bashaw and 
Baker, 1995, PubMed ID: 7588059, and the worm diagram (B) is a composite of information 
gathered from: Grote and Conradt, 2006, PubMed ID: 17011494, Gladden et al., 2007, PubMed 
ID: 17947428, and MW unpublished observations. All interactions are published, except for the 
following: the placement of dpy-21, dpy-21 interactions with a TRA-4-containing complex,  and 
placement and interactions of mys-4 and cbp-1, as well as the function of mys-1, ssl-1, mys-4, and 
chp-1 in hermaphrodites via dosage compensation. 
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Figure 1.7. Nucleosome composition. Shown is a schematic diagram of nucleosome 
composition. Each nucleosome is made up of DNA interacting with 8 histone proteins, two copies 
each of histones H2A, H2B, H3, and H4 (or their respective variants). The H3-H4 tetramer is 
thought to form first, followed by H2A-H2B dimer interaction. Inset: Approximately 147bp of DNA 
(grey track) wraps twice around each histone octamer to form a nucleosome. 
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Figure 1.8. A selection of post-translational histone modifications. Shown is a schematic 
diagram of the N-terminal tail domains of each of the four major histones depicting sites and 
common types of known chemical modifications. This is not an exhaustive list. 
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Figure 1.9. Effect of Histone H4 modification on chromatin state. Shown are schematic diagrams 
showing open H4K16ac-associated chromatin and closed H4K20me1-associated chromatin from 
Wells et al., 2012, PubMed ID: 22567401. 

42



Figure 1.10. Steps in the RNA polymerase II transcription cycle. Shown are schematic diagrams 
depicting the stages in eukaryotic RNA Pol II transcription from Nechaev and Adelman, 2011, 
PubMed ID: 21081187. 
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Figure 1.11. Conservation of the RNA Pol II C-terminal domain across species. Shown are: (A) a 
schematic diagram across phyla of RNA Pol II structural C-terminal domain from Liu et al., 2010, 
PubMed ID: 20558594; (B) Amino acid composition of the C-terminal domain repeats in C. 
elegans AMA-1, and (C) The C. elegans RNA Pol II CTD repeat consensus sequence. (B & C) are 
taken from Bird and Riddle, 1989, PubMed ID: 2586513. 
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Figure 1.12. Mediator composition, conservation, and function in transcription initiation. 
Shown are schematic diagrams of human Mediator complex composition (A), conservation of 
Mediator components across species (B), and a schematic diagram of Mediator function to 
connect enhancer elements to the PIC for transcription initiation (C). (A & C) are taken from Malik 
and Roeder, 2010. (B) is taken from Bourbon, 2008, PubMed ID: 18515835. 
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Figure 1.13. Correlation of histone modifications with transcriptional output. Shown is a graph 
depicting the strength of correlation (T-SCORE) between transcription (RNA-seq) and various 
histone modifications in C. elegans. This graph was taken from Cheng et al., 2011, PubMed ID: 
21324173. 
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Figure 1.14. Enhancer element function. Shown are diagrams depicting basic enhancer-mediated 
looping (A), enhancer activity during mitosis (B), and the regulation of enhancers to control 
transcription (C). (A) is taken from Borggreefe and Yue, 2011, PubMed ID: 21839847. (B) is taken 
from Deng and Blobel, 2010, PubMed ID: 20598523. (C) is taken from Ong and Corces, 2011, 
PubMed ID: 22491032. 
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Figure 1.15. Cooperation by co-transcriptional histone methylations. Shown is a schematic 
diagram summarizing work indicating that co-transcriptional histone methylations are repressive 
in nature and help to distinguish active from repressed gene promoters. The diagram is taken 
from Buratowski and Kim, 2010, PubMed ID: 21447819. 
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CHAPTER 2 

 

Caenorhabditis elegans Dosage Compensation Regulates Histone H4 Chromatin State on  

X Chromosomes 

 

This Chapter was published as Wells et al. (2012) in Molecular and 

Cellular Biology as “Caenorhabditis elegans Dosage Compensation 

Regulates Histone H4 Chromatin State on X Chromosomes.” I conducted 

the experiments and image analysis for data shown in all figures, with 

two exceptions.  The images shown in Figure 2.2B were acquired by M. 

Snyder, and the Western blots shown in Figure 2.6B were conducted by 

L. Custer. Figures 2.8 (Martha Snyder) and 2.9 (Laura Custer) were 

generated to address reviewer comments and concerns. Figure 2.10 was 

generated by me to confirm that the genetically rescued male worms 

were, in fact, males. 

 

ABSTRACT 

 

 Dosage compensation equalizes X-linked gene expression between the sexes. This 

process is achieved in Caenorhabditis elegans by hermaphrodite-specific, dosage compensation 

complex (DCC)-mediated, two-fold X-downregulation. How the DCC downregulates gene 

expression is not known. By analyzing the distribution of histone modifications in nuclei using 

quantitative fluorescence microscopy, we found that H4K16ac is underrepresented and 

H4K20me1 is enriched on hermaphrodite X chromosomes in a DCC-dependent manner. 

Depletion of H4K16ac also requires the conserved histone deacetylase SIR-2.1, while enrichment 

of H4K20me1 requires the activities of the histone methyltransferases SET-1 and SET-4. Our data 

suggests that the mechanism of dosage compensation in C. elegans involves redistribution of 

chromatin modifying activities leading to a depletion of H4K16ac and an enrichment of 

H4K20me1 on the X chromosome. These results support conserved roles for histone H4 
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chromatin modification in worm dosage compensation analogous to that of flies, using similar 

elements and opposing strategies to achieve differential two-fold changes in X-linked gene 

expression. 

 
Introduction  

 Higher eukaryotes require a balanced karyotype. Most aneuploidies are not tolerated, 

and those that are have detrimental phenotypic consequences. However, a difference in sex 

chromosome dose is well tolerated in many species due to dosage compensation. Dosage 

compensation equalizes both sex chromosome-linked gene expression to autosomes and sex-

linked gene expression between the sexes [1]. In the fly Drosophila melanogaster, XY males 

upregulate the single X chromosome two-fold, a mechanism which results in each sex having the 

functional equivalent of two X chromosomes and two sets of autosomes and therefore a 

balance of gene expression [2,3]. X upregulation is thought to occur in both sexes in mammals 

and worms [4-6], resulting in the need to prevent X-linked hyperexpression in 

females/hermaphrodites. To achieve that, in mammals, XX females inactivate one of the two X 

chromosomes [7-9], while in the worm C. elegans, XX hermaphrodites downregulate both X 

chromosomes two-fold [10,11].  

 Dosage compensation mechanisms in mammals and flies involve changes in chromatin. 

Mammalian X-inactivation is initiated by the Xist non-coding RNA and is accomplished by 

spreading facultative heterochromatin over the entire inactive X (Xi) [7-9]. The active X (Xa) and 

the Xi can be distinguished by unique sets of activating and repressive epigenetic marks, 

respectively. The Xi is depleted of H3K4me2/3, acetylation of H3K9, H4K5, K8, K12 and K16, 

H3R17me2, and H3R26me, but is enriched for H3K9me2/3, H3K27me3, H4R3me2, H4K20me1, 

H2AK119ub1, and macroH2A, relative to the active X and autosomes [7-9]. To achieve 

upregulation of the X chromosome in flies, the male-specific lethal (MSL) complex loads across 
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the single X chromosome in males, dependent on msl-2 expression [12]. The histone 

acetyltransferase activity of MOF (a subunit of the MSL complex) leads to hyperacetylation of 

histone H4 lysine 16, a chromatin mark widely associated with gene activation [13-15]. Another 

histone mark, phosphorylation of histone H3 serine 10 by JIL-1 kinase, also contributes to fly 

dosage compensation [16-18]. 

 In worms, the dosage compensation complex (DCC) binds to both X chromosomes in 

hermaphrodites to downregulate gene expression. The DCC consists of condensin IDC, which 

contains two SMC (structural maintenance of chromosomes) proteins (DPY-27 and MIX-1) and 

three CAP (chromosome-associated polypeptide) proteins (DPY-26, DPY-28, and CAPG-1), and a 

recruitment complex, composed of SDC-1, SDC-2, SDC-3 and the associated proteins DPY-30 and 

DPY-21 [10,11,19-24]. The DCC is thought to load across X in a two-part manner: binding to a 

group of high-affinity recruitment sites (rex) and spreading in a transcription-dependent, DNA 

sequence-independent manner to sites unable to recruit on their own (dox) [25,26].  Some rex 

sites are only able to recruit as extrachromosomal arrays, but not as part of a duplication of a 

small region of X (waystations) [27]. Condensin IDC is homologous to condensin, the highly 

conserved mitotic chromosome organization and segregation machinery, suggesting that dosage 

compensation in the worm is achieved by partial condensation of the X chromosomes. Whether 

this is accompanied by DCC-mediated changes in chromatin structure at the level of the 

nucleosome, analogous to those documented in mammals and flies, is not known. 

 Previous studies reported a decrease in HTZ-1 (histone H2A variant) occupancy [28,29] 

and decreased levels of H3K4me3 on dosage compensated X chromosomes [30]. Other work has 

shown an increase in nucleosome occupancy at X-linked gene promoters that is sequence-, and 

not DCC-, dependent [31]. Genome-wide mapping of chromatin marks by the modEncode 

project revealed a small decrease in activating marks and a small increase in repressive marks on 
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the X, as well as a large increase in the repressive mark H4K20me1 [32,33]. Whether these 

chromatin changes are a result of DCC action in worms remains unknown. 

 In this study, we present evidence that the mechanism of dosage compensation in C. 

elegans involves genome-wide redistribution of chromatin marks, including depletion of 

H4K16ac and enrichment of H4K20me1 on the X as compared to autosomes. These results 

suggest that regulation of H4K16ac is a conserved feature of Drosophila and C. elegans dosage 

compensation, both of which involve a two-fold regulation of transcript levels from the dosage 

compensated chromosome. In addition, H4K20me1 enrichment, indicative of transcriptional 

repression, is conserved in dosage compensation between mammals and C. elegans, despite the 

difference in the degree of transcriptional repression during these processes.  

 
Results 

 Dosage compensation-dependent changes in chromatin 

 To look for evidence for the involvement of histone modifications in rebalancing 

chromosome dosage effects in C. elegans, we used immunofluorescence (IF) to assay levels of 

various histone modifications. To mark the X chromosome territory, we used either IF with 

antibodies to DCC components (CAPG-1 or DPY-27) or fluorescence in situ hybridization with X 

chromosome probes (Xpaint). We chose this method because IF offers a rapid method to test 

many antibodies/modifications with relative ease at single cell resolution (so that we can focus 

on the dosage compensated soma). Microscopy can also be used on the limited amount of 

starting material obtained from mutants where chromatin immunoprecipiation (ChIP) analysis 

would not be possible. We analyzed intestinal nuclei, which are 32-ploid, facilitating easier 

visualization and quantification of antibody staining. We quantified the ratio of average histone 

modification staining on X versus the entire nucleus using intensity-based masks (see Methods), 

similar to methods used previously in other systems [34-36]. Because dosage compensation in C. 
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elegans involves a downregulation of gene expression on both hermaphrodite X chromosomes, 

we expected some activating histone modifications to be underrepresented, some repressive 

modifications to be enriched, or a combination of both. 

We observed significant depletion of H4K16ac and confirmed enrichment of H4K20me1 

on hermaphrodite X chromosomes (Fig. 2.1) [32,33]. H4K5ac, H4K8ac, H4K12ac, H3K9ac, and 

H3K27me3 staining is not statistically different on the hermaphrodite X (Fig. 2.1, data not 

shown). We observed similar depletion of H4K16ac and enrichment of H4K20me1 whether we 

used DCC antibodies or X paint FISH to mark the X chromosome (Figs. 2.1A-B), indicating that 

the harsh fixation conditions involved in FISH did not affect our quantification. Since the 

H4K16ac and H4K20me1 modifications lie very close to each other on the histone tail, we 

performed peptide blocking IF experiments to ensure that binding to one modification was not 

inhibited by the presence of the other (Fig. 2.8). Signal from the H4K16ac antibody was blocked 

by both a K16ac acetylated peptide and a peptide modified on both residues, but not by a 

K20me1 peptide, indicating that the antibody is able to bind a K16 acetylated histone tail, 

whether or not K20 is monomethylated. Similarly, signal from the H4K20me1 antibody was 

blocked by both a K20me1 peptide and dimodified peptide, but not a K16ac peptide (Fig. 2.8). 

We next asked whether the observed depletion of H4K16ac on hermaphrodite X 

chromosomes were dependent on the hermaphrodite-specific activity of the DCC by analyzing 

wild type male worms and hermaphrodites carrying mutations in DCC subunits (see Materials 

and Methods). In both males (Fig. 2.1C) and DCC mutant hermaphrodites (Fig. 2.2), H4K16ac was 

no longer depleted on the X.  In fact, it was enriched on the Xs of DCC mutant hermaphrodites. 

Similar results were obtained when we used IF to mark the X chromosomes in sdc-1 or dpy-21 

animals (DCC function is compromised in these strains, but the DCC still loads onto the X 

chromosomes) (Fig. 2.2A), as well as when we used Xpaint FISH in all mutants analyzed (Figs. 
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2.2B-C). H4K16ac levels are enriched on the X in dosage compensation mutant hermaphrodites, 

but not on the X in wild type males (Fig. 2.1C), suggesting the existence of additional sex-specific 

differences in X chromatin regulatory mechanisms beyond DCC function.  

Mutations in DCC subunits either reduced or eliminated H4K20me1 enrichment (Fig. 

2.3). Interestingly, in dosage compensation mutants, H4K20me1 signal intensity appeared to 

increase on autosomes. This is consistent with the idea that in these mutants X chromosome 

expression increases while autosomal expression decreases [25]. These data indicate that DCC 

function is necessary both for reduction of H4K16ac and enrichment of H4K20me1 on 

hermaphrodite X chromosomes. 

To gain further insight into how DCC activity may relate to these chromatin changes, we 

also made use of publically available ChIP-chip datasets produced by the modEncode 

consortium (http://www.modencode.org) [32,33] for high-resolution analysis of H4K16ac, 

H4K20me1, and DPY-27 occupancy across the genome. Using Cistrome [37], a web-based 

platform for high-throughput data analysis, we constructed metagene profiles (Fig. 2.4) for each 

feature at two time-points, early-biased mixed embryonic stages and larval stage L3 or L4. No 

larval dataset is currently available for H4K16ac. We compared average ChIP signal profiles of all 

2,778 X-linked genes and 17,143 autosomal genes identified in genome build ce4 (WS170). We 

also compared profiles of X-linked genes subjected to dosage compensation (DC genes) and X-

linked genes whose expression is not influenced by the DCC (non-DC genes). DC genes are 

defined as the 365 genes whose expression is elevated at least 1.5-fold in dosage compensation 

mutant embryos, and non-DC genes are defined as the 287 genes whose expression does not 

change significantly in these samples [25]. The ChIP-chip data confirms that H4K16ac is 

underrepresented and H4K20me1 and DPY-27 are enriched on X-linked genes compared to 

autosomes (Fig. 2.4). Unexpectedly, there is not a substantial difference between the 
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distribution of DPY-27 and H4K20me1 on DC versus non-DC genes (Fig. 2.4). This is consistent 

with previous observations that DPY-27 occupancy is not predictive of dosage compensation 

status [25]. However, H4K16ac levels are considerably higher on non-DC genes than DC genes 

(Fig. 2.4, row 1), both at the promoter and throughout the gene body, suggesting that lower 

levels of this mark may be a distinguishing feature of dosage compensation.  

 

SIR-2.1, SET-1 and SET-4 mediate changes on the dosage compensated X chromosomes 

 We next set out to determine which histone modifying activity is responsible for the 

reduction of H4K16ac levels on the X chromosomes. Budding yeast Sir2 and its homologs in 

other organisms are conserved H4K16 deacetylases [38]. Depletion or mutation of sir-2.1, a C. 

elegans Sir2 homolog [39], led to the loss of the H4K16ac depletion seen in control vector RNAi-

treated worms (Fig. 2.5). Depletion of the other HDACs [sir-2.2, sir-2.3, sir-2.4, hda-1 (RPD3 

homolog), hda-2, hda-3, hda-4, hda-5, hda-6, hda-10, or hda-11] did not show a similar increase 

in H4K16ac levels on the X chromosomes. We conclude that SIR-2.1 is responsible, at least in 

part, for the reduction in H4K16ac observed on dosage compensated X chromosomes.  

However, we cannot rule out the possibility that additional factors, including decreased histone 

acetyltransferase activity on X, also contribute to the depletion of H4K16ac. 

Next we wanted to determine which histone methyltransferase is responsible for the 

enrichment of H4K20me1 on the X. We tested two candidates: SET-1, the C. elegans gene most 

closely related to PR-SET-7, the enzyme which monomethylates H4K20 [40]; and SET-4, the gene 

annotated as the C. elegans homolog of SUV4-20, the methyltransferase which mediates di- and 

tri-methylation of H4K20 (Wormbase, [http://www.wormbase.org], release WS222). By IF and 

western blot analysis, H4K20me1 levels were eliminated in set-1 mutants or after set-1 RNAi 

(Fig. 2.6), consistent with SET-1 depositing this mark. In set-4(n4600) mutants [41], or after set-4 
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RNAi, overall H4K20me1 levels increased, and the signal was evenly distributed across the 

nucleus (Fig. 2.6), suggesting that SET-4 may antagonize H4K20 monomethylation on 

autosomes. This finding is consistent with the observed increase in H4K20me1 levels in flies 

carrying a mutation in the set-4 homolog Suv4-20 [42]. Western blot analysis also revealed that 

SET-4 activity is needed for wild type levels of H4K20me3 (Fig. 2.6B). Confirmation of Western 

blot results was done using quantitative Western blot analysis (Fig. 2.9). IF experiments using 

antibodies specific to H4K20me2 and H4K20me3 only produced low level nuclear staining which 

was not dependent on the presence of SET-4 (data not shown), possibly due to cross-reactivity 

with another protein. This finding prevented us from assessing the spatial distribution of 

H4K20me3 in the nucleus. The X enrichment of H4K20me1 was reduced or eliminated in both 

set-1 or set-4 mutant/depleted worms, indicating that X enrichment of this marks requires the 

activities of both SET-1 and SET-4. 

Previous studies suggested that H4K20me1 antagonizes H4K16ac [43]. Consistent with 

this model, knockdown of set-1 or mutation of set-4 abrogated both the enrichment of 

H4K20me1 and the H4K16ac reduction on the X chromosomes (Figs. 2.5, 2.6A). Conversely, 

mutation in sir-2.1 only affected depletion of H4K16ac and did not alter H4K20me1 enrichment 

on the X chromosomes (Figs. 2.5, 2.6), suggesting that SIR-2.1 may act downstream of SET-1 and 

SET-4 (see discussion). 

  

Genetic requirements for dosage compensation 

We further asked whether set-1, set-4, and sir-2.1 are genetically required for dosage 

compensation. In the him-8(e1489); xol-1(y9) sex-1(y263) strain, males die due to inappropriate 

activation of the DCC, but can be rescued by RNAi depletion of factors necessary for dosage 

compensation [28]. Significant male rescue was observed after knockdown of the DCC subunit 
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DPY-27 or consecutive depletion of set-4 and set-1 (Fig. 7A). We further analyzed set-4 set-1 

treated worms usng immunoFISH (Fig. 2.10). The DCC bound X chromosomes in both sexes, 

consistent with the genotype of the strain (Fig. 2.10, rows 1-2). We confirmed the maleness of 

rescued male worms through identification of the characteristic lagging X chromosome 

phenotype in male spermatid anaphase I (Fig. 2.10, row 3). Finally, we hypothesized that male 

rescue was a consequence of X chromosome de-repression.  In line with this hypothesis, levels 

of H4K20me1 were low and similar across the nucleus in both set-4 set-1 RNAi-treated males 

and hermaphrodites (Fig. 2.10, rows 4 & 5). Depletion of set-4 alone led to less, but still 

significant rescue (Fig. 2.7A), indicating a genetic requirement for these factors in dosage 

compensation. However, SIR-2.1 rescued males at levels similar to vector RNAi (0.78%; Fig. 

2.7A), indicating that SIR-2.1 depletion is not sufficient to disrupt dosage compensation. Since 

these chromatin factors affect histone modifications globally, and are not specific to dosage 

compensation, low levels of male rescue should not be interpreted as lack of a dosage 

compensation role. set-1 RNAi singly caused 95% lethality among progeny; however, male 

rescue of 3.6% was seen using a shortened RNAi treatment beginning with L4 stage worms (data 

not shown). 

 
Discussion 

 In this study, we searched for evidence of X chromosome histone modification 

differences in C. elegans. We established that levels of H4K16ac levels are reduced, but 

H4K20me1 levels are enriched, on the dosage compensated X chromosomes in C. elegans 

hermaphrodites (Fig. 2.1). These changes depend both on DCC function and the function of the 

chromatin modifiers SET-1, SET-4 and SIR-2.1 (Fig. 2.5). 

 

 DCC-mediated chromatin changes 
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Sex chromosome dosage compensation in worms is thought to involve two mechanisms. 

First, X chromosome expression is upregulated in both sexes compared to autosomes by an 

unknown mechanism [4,5], followed by hermaphrodite-specific downregulation of both Xs  

[10,11]. Our data indicates that in the absence of DCC activity, H4K16ac is enriched on 

hermaphrodite X chromosomes, suggesting that this mark may be involved in the X upregulation 

process. However, our data in males shows no X enrichment of H4K16ac, indicating that this 

mark is not responsible for general X upregulation. These observations suggest that other sex-

specific, but not DCC-mediated, mechanisms may regulate the X:A gene dosage balance in 

worms. These additional processes may involve feedback mechanisms between sex 

determination and chromosome dosage regulatory mechanisms reported previously [44-47]. 

Indeed, males carrying mutations in DCC genes have X chromosomes similar to wild type males 

(not enriched for H4K16ac), while karyotypically male (XO) animals transformed into 

hermaphrodites by a genetic mutation and carrying mutations in DCC genes [dpy-28(s939); xol-

1(y9) and her-1(e1520); sdc-3(y126) xol-1(y9)] had X chromosomes enriched for H4K16ac, similar 

to DCC mutant hermaphrodites (data not shown).   

A mechanistically better understood aspect of the regulation of chromosome dosage 

effects is the two-fold down-regulation of the X chromosomes in hermaphrodites. Extensive 

genetic studies demonstrated that the DCC is essential for this process [10,19-24]. Mutations in 

genes encoding DCC subunits lead to an increase in mRNA levels from the X chromosomes 

[25,48]. How the DCC regulates transcription is not known, but our results show that the 

mechanism of transcriptional downregulation by the DCC likely involves the decreased levels of 

H4K16ac and increased levels of H4K20me1 observed on X. Based on our data, we propose the 

following model (Fig. 2.7B).  First, DCC activity via the function of SET-1 and SET-4 leads to an 

enrichment of H4K20me1 on the X chromosome. How the DCC influences SET-1 and SET-4 
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function is unclear. One possibility is that DCC activity leads to an enrichment of the SET-1 

protein on X, leading to increased levels of H4K20me1.  Alternatively, or in addition, DCC activity 

(directly or indirectly) may lead to enrichment of SET-4 on autosomes, causing reduced levels of 

H4K20me1 on autosomes. SET-1 and SET-4 may act in the same pathway and/or in parallel 

pathways to regulate H4K20me1 levels. Second, DCC activity, via the function of SIR-2.1, leads to 

a depletion of H4K16ac levels on X. Our results suggest that H4K20me1 regulation is upstream 

of H4K16ac regulation (Figs. 2.5-2.6), indicating that H4K20me1 may antagonizes H4K16ac. 

Previous work suggested that H4K20me1 and H4K16ac are mutually antagonistic [43], but other 

studies find that this may not always be the case [49,50]. Our data suggests a similar dichotomy. 

In hermaphrodites, H4K20me1 antagonizes H4K16ac on X, because we see loss of H4K16ac 

depletion when H4K20me1 is no longer X-enriched (Fig. 2.5). In males (Fig. 2.1) and in set-4 

mutant hermaphrodites (Fig. 2.6), however, both marks coexist across the entire nucleus, 

suggesting that H4K16ac does not antagonize H4K20me1 in our system, at least at the level of 

whole chromosomes. Furthermore, H4K16ac is distributed uniformly in the nucleus both in the 

absence (set-1 mutants) and the presence of uniformly high levels of H4K20me1 (set-4 mutants), 

indicating a more complex relationship.  The possibility remains that additional parallel 

chromatin pathways regulate H4K16ac and H4K20me1, perhaps through regulation of H4K16 

acetyltransferase(s). 

It is worth noting that loss of DPY-21 had the greatest effect on both H4K16ac and 

H4K20me1 levels on hermaphrodite X chromosomes (Figs. 2.2, 2.3A).  To date, the mechanistic 

contribution of DPY-21 to dosage compensation in C. elegans has not been well characterized. 

Previous studies indicated that DPY-21 is enriched on X in a DCC-dependent manner and 

regulates gene expression both inside and outside the context of the DCC [24,51,52]. However, 

severe loss-of-function mutations in dpy-21 do not lead to hermaphrodite-specific lethality, 
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while mutations in most other DCC components do [24,52]. Taken together, these observations 

suggest that other mechanisms beyond modulation of H4K20me1 and H4K16ac levels contribute 

to C. elegans dosage compensation. It will be interesting to determine whether these or other 

histone modifications contribute to gene expression changes on the X chromosomes. 

 Our results indicate that modulation of H4K16ac is a conserved feature of fly and worm 

dosage compensation. Enrichment of H4K16ac on the X chromosome in male flies leads to 

increased transcriptional output [13-15,53], while depletion of H4K16ac on the X chromosomes 

in hermaphrodite worms leads to a chromatin environment repressive to transcription. H4K16ac 

can inhibit formation of the 30nm fiber without recruiting accessory chromatin proteins [54], 

and perhaps this feature makes it well suited for two-fold modulation of gene expression. Both 

the fly and the worm dosage compensation chromatin regulation mechanisms appear largely 

different than the chromatin profile associated with X inactivation in mammals. While fly and 

worm dosage compensation leads to a two-fold adjustment in gene expression levels, X 

inactivation leads to complete silencing of many genes on the affected chromosome(s). The 

inactive mammalian X chromosome is enriched for many repressive histone marks and is 

depleted of many activating histone marks [9]. In contrast, activating chromatin marks are still 

present on each of the two dosage compensated X chromosomes in worms, and the repressive 

modification H3K27me3 is not enriched on the dosage compensated X chromosomes (data not 

shown). This work demonstrates that a similar, but opposite, mechanism than is observed in the 

fly for transcriptional control during dosage compensation is at work in C. elegans and that 

modulation of histone H4 chromatin state is uniquely well-suited for schemes of two-fold gene 

regulation. 

 

Transcriptional regulation 
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Changes in chromatin structure may affect RNA production to achieve dosage 

compensation in several ways, including different stages of transcription as well as co- and post-

transcriptional processing. During mammalian X-inactivation, RNA polymerase II (Pol II) is almost 

completely excluded from the inactive X chromosome territory early in the X inactivation 

process leading to transcriptional silencing [55,56]. In Drosophila, upregulation of male X is 

thought to be achieved by increased transcriptional elongation facilitated by H4K16ac enriched 

in gene bodies [57-63]. The most compelling evidence for increased elongation comes from a 

recent study gathered using global run-on sequencing to map active transcription across the 

Drosophila genome [60]. The results support a model in which the MSL complex facilitates 

transcriptional elongation through gene bodies. 

Studies in other systems have revealed a link between H4K16ac and regulation of 

transcriptional elongation by RNA polymerase II. H4K16ac, together with H3S10ph, creates a 

binding site for the bromodomain protein BRD4, which in turn leads to recruitment of P-TEFb 

and productive elongation [53,63]. Consistent with this, SIR silencing at the yeast mating type 

loci has been linked to H4K16 deacetylation and Pol II stalling [64,65]. It is tempting to speculate 

that regulation of transcription elongation may be involved in C. elegans dosage compensation 

as well. H4K20me1 has been correlated with transcriptional repression in other contexts [66-

68]. 

Comparison of high-resolution chromatin profiles of X-linked and autosomal genes (Fig. 

2.4) [32] provide additional insight into potential dosage compensation mechanisms. H4K16ac 

levels on X-linked genes peak near the transcription start site (TSS) and are very low around the 

transcription termination site (TTS). In contrast, autosomal genes have higher H4K16ac levels 

across the TSS and much higher H4K16ac levels near the TTS [32], consistent with increased 

elongation on autosomes as compared to the X. However, the greatest H4K16ac signal is near 
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the TSS, which is different from the gene body enrichment that has been observed in flies 

[61,69]. In addition the greatest difference in H4K16ac between DC and non-DC genes is in the 

promoter region suggesting that regulation of transcription initiation is another possibility.  

It is important to acknowledge the strengths and weaknesses of the assays we 

employed in this study. The often low standard deviations seen in our fluorescence intensity 

quantification suggest that the technique and our raw data are quite reproducible, and the large 

changes in X:nucleus signal ratio (0.76 to 1.29 comparing H4K16ac in WT and dpy-21 mutants, 

Fig. 2A) indicates the power of this assay to detect differences.  However, due to the nature of 

the technique, this quantification method is best suited to making relative comparisons, not 

absolute quantification of protein or modification occupancy. 

 

Condensin and chromatin regulation 

The exact mechanism of how DCC function leads to the observed chromatin changes 

remains unknown. We did not observe a physical interaction between the DCC subunits and SIR-

2.1, SET-1, or SET-4 by proteomics approaches [19]. However, the interaction may be weak and 

need not be direct. DPY-21 interacts only weakly with other members of the DCC [24], but may 

represent a link between SET-1, SET-4, SIR-2.1 and the DCC. It is also possible that other linker 

proteins are involved, or that DCC action influences SET-1, SET-4, and SIR-2.1 localization or 

activity indirectly by modulating the higher order structure of the X chromosomes. Condensin is 

thought to influence higher-order chromosome architecture, and it is possible that condensin-

mediated changes in the folding path of the chromatin fiber affect the binding or the activity of 

other chromosomal proteins. It is worth noting that condensin II recognizes H4K20me1 for 

chromosomal binding during mitosis in HeLa cells [70], suggesting a connection between 

condensin and this chromatin modification. 
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Condensin regulation of Sir2 and transcription has been previously documented in other 

systems. Condensin regulates Sir2 localization and Sir2-mediated rDNA silencing in budding 

yeast [71]. Outside of worms, condensin has been implicated in transcriptional regulation in 

budding yeast and Drosophila [72,73]. Therefore, our studies of C. elegans condensin IDC 

function may shed further light on the mechanism of gene repression by condensin in other 

organisms, as well. 

  
Materials and Methods  

 Strains 

 Animals were maintained on NG agar plates using standard methods. The following 

strains were used in this study: 

MT14911 set-4(n4600) II 

SS1075 set-1(tm1821) III/ hT2g 

TY0420 dpy-27(y57) III 

TY1140 sdc-2(y46) X 

TY1724 sdc-3(y129) V 

TY1936 dpy-30(y228) V/ nt1 [unc-? (n754) let-?] (IV; V) 

TY2386 wild type (N2) 

TY4381 dpy-28(s939) III/qC1 III 

TY3936 dpy-21(e428) 

TY4161 sdc-1(y415) X 

TY4341 dpy-26(n199) unc-30(e191) IV/nT1 [qIs51] (III;IV) 

TY4403 him-8(e1489) IV; xol-1(y9) sex-1(y263) X 

VC199 sir-2.1(ok434) IV 
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 Strains defective in dosage compensation 

 We analyzed worms homozygous for strong loss-of-function alleles descended from 

heterozygous mothers (m+z-, dpy-26(n199), dpy-28(s939), dpy-30(y228)); worms homozygous 

for weaker loss-of-function alleles, in which the function of the gene was further depleted by 

RNAi (sdc-2(y46, RNAi); dpy-27(y57, RNAi)); worms homozygous for a weak loss-of-function 

allele in sdc-3(y129), and worms homozygous for strong loss-of-function alleles in the two 

exceptional dosage compensation genes which do not lead to hermaphrodite lethality (dpy-

21(e428), sdc-1(y415)). 

 

 RNA Interference 

 RNA interference by feeding was performed with the Ahringer lab RNAi feeding library 

[74]. Concentrated RNAi (dpy-27(y57) on dpy-27 RNAi, WT on set-1 RNAi) was performed as 

follows: 100mL of LB was inoculated with the RNAi construct-containing bacteria from the 

Ahringer library in the presence of ampicillin and tetracycline and grown 16 hours at 37°C. IPTG 

(20% v/w) was added at a dilution of 1:1000 and incubation continued for 2 hours at 37°C. The 

culture was spun down at 4000rpm for 10 minutes and resuspended in 700 uL of LB. 100uL was 

plated onto NGM plates containing ampicillin and IPTG and used for RNAi beginning the 

following day. One generation feeding RNAi [sdc-2(y46) grown on sdc-2 RNAi] was performed as 

follows: L1-stage larvae were placed on plates seeded with RNAi bacteria and grown to 

adulthood. Three generation feeding RNAi (WT on concentrated set-1 RNAi) was performed as 

follows: P0 adults from above were transferred to fresh RNAi plates and allowed to lay eggs; L4-

stage larvae from this F1 generation were transferred to a third set of new RNAi plates, allowed 

to lay embryos, and these worms (the “F2” generation) were grown to adulthood and examined. 

Two generation feeding RNAi (all other analyses) was performed as follows: P0 adults from 1 
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generation feeding RNAi were transferred to fresh RNAi plates and allowed to lay eggs, and 

these progeny (‘‘F1’’ generation) were grown to adulthood and examined. Multiple RNAi 

knockouts (Fig. 2.6) were performed sequentially [similar to [75]]. P0 adults grown from L1-stage 

larvae on plates spotted with RNAi against the first factor were moved to plates seeded with 

RNAi against the second factor and allowed to lay eggs. The progeny (“F1” generation) were 

grown to adulthood and examined. RNAi was conducted in the order shown in the data row 

label. 

 

 Antibodies 

 Antibodies specific to DPY-27 and CAPG-1 were described previously (Csankovszki et al., 

2009). Commercial antibodies used for IF analysis were: H3K9ac (1:100, rabbit, Abcam ab4441); 

H4K16ac (1:500, rabbit, Millipore 07-329); H4K20me1 (1:100, rabbit, Abcam ab9051); 

H4K20me2 (1:100, rabbit, Millipore 07-367); H4K20me3 (1:100, rabbit, Abcam ab9053); 

H3K27me3 (1:100, rabbit, Millipore 07-449). Secondary antibodies were purchased from Jackson 

ImmunoResearch. Antibody specificity was tested using the following peptides: H4K20me1 

(Abcam ab17043), H4K16ac (Millipore 12-346). The dimodified H4K16acK20me1 peptide with 

sequence KGGAK(ac)RHRK(me1)VLRDNIQ was synthesized by Biomatik.  

 

 Microscopy 

 Antibody staining of dissected adults, immunoFISH, and detergent extraction, were 

performed as described previously [28,76]. Images were captured with a Hamamatsu ORCA-

ERGA CCD camera mounted on an Olympus BX61 motorized Z-drive microscope using a 60x APO 

oil immersion objective.  These images are projections of optical sections with a Z spacing of 0.2 

microns. Scale bars were added using ImageJ (available at http://rsb.info.nih.gov/ij; developed 
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by Wayne Rasband, National Institutes of Health, Bethesda, MD) and a template image created 

in Slidebook. 

  

 Image Analysis 

 3D image stacks were collected for each nucleus analyzed at 0.2 micrometer Z-spacing. 

Fluorescence intensity quantification for histone modifications staining was completed in 

Slidebook, similarly to methods used previously by other groups in a variety of experimental 

systems [34-36]. Images were collected by setting exposure times such that the fluorescence 

intensity for each channel fell within the dynamic range of detection, approximately 2/3 of the 

maximal intensity for the sample. 

 For each image, masks were set using the “mask -> segment” function. The mask is 

established by a user-defined intensity threshold value applied over an image in order to 

distinguish real signal from background signal and autofluorescence. The same standard of 

background signal exclusion was applied to all nuclei from the same worm, based upon the 

levels of background signal and autofluorescence observed. Average signal intensity within a 

mask, calculated in three dimensions and for each channel individually, is measured by 

Slidebook calculating the intensity value of each pixel within a masked volume and averaging all 

values within this mask. This is done for each channel of an image, and histone modification 

staining average intensity values were recorded for both the “X chromosome(s)” mask and the 

“histone modification (whole nucleus)” mask. The “whole nucleus” mask was calculated from 

the histone modification signal, not the DAPI signal. For each histone modification, the ratio of 

“average X chromosome(s) histone modification intensity” to “whole nucleus histone 

modification intensity” was then calculated for each nucleus within an experimental set. This 

ratio was then averaged over all nuclei within an experimental set to calculate the final 
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“X:nucleus” mean histone modification intensity values shown on each graph. Descriptive 

statistics (standard deviation and sample size) were also calculated. Sample sizes are listed in 

each figure. Values shown are means +/- 1 standard deviation of the mean. Fluorescence 

intensity differences were evaluated by Student’s T-test using MINITAB 12 Student Release.  

 

 High-resolution ChIP-chip Metagene Analysis 

 Chromatin and DCC ChIP-chip datasets (H4K16ac EE: DCC id 3182; H4K20me1 EE: DCC id 

2765; H4K20me1 L3: DCC id 2784; DPY-27 EE: DCC id 3435; DPY-27 L4: DCC id 630) were 

downloaded from modMine 25 (modEncode; intermine.modencode.org). EE refers to early-

biased embryo samples composed of roughly 50% dosage compensated and 50% non-dosage 

compensated tissue [77]. The unzipped raw data and annotation files were then uploaded to the 

Cistrome/Galaxy server [37], referenced to the ce4 (WS170) genome, for analysis. First, we ran 

each experiment using MA2C [78] and default settings to call peak regions of signal.  Then, the 

MA2C output files were used in CEAS [79] analysis. We ran CEAS using default settings, but with 

the addition of four gene lists to the analysis (DC genes, non-DC genes, Autosomes, and X 

Chromosome). The “All” gene list includes both the expressed and non-expressed genes 

included in WS170. The DC and non-DC gene lists were constructed from the lists of 373 dosage 

compensated and 290 non-dosage compensated genes defined previously [25]. The autosomal 

and X chromosome gene lists were compiled from a WS226 genome download from WormMart 

(http://caprica.caltech.edu:9002/biomart/martview/). Cistrome recognizes all 17,143 genes on 

autosomes and all 2,778 genes on X in the WS170 genome build from these autosome and X 

gene lists. The “Average Gene Profiles” were extracted from each CEAS output report. The X axis 

(shown in bp) marks the 3kb-scaled metagene body and 1kb upstream and downstream of the 
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transcript start and stop sites. The Y axis represents the average normalized signal from two 

replicate ChIP-chip experiments (4 replicates for DPY-27 L4 data). 

 

 Western blot analysis 

Embryos were collected from mutant or RNAi-treated gravid adults. Lysates 

were prepared by sonicating embryos for ten 15-s bursts in homogenization buffer (50 mM 

HEPES pH 7.6, 1 mM EDTA, 140 mM KCl, 0.5% NP-40, 10% glycerol, and protease inhibitor 

cocktail [Calbiochem]). Cellular debris was pelleted by centrifugation at 5000g at 4° C for 15 min. 

Equal amounts of each sample (7.5 μg) were loaded into 15% acrylamide gels for SDS-PAGE. 

Proteins were transferred to nitrocellulose and blotted with the following antibodies: 

H4K20me1 (Abcam ab9051) at 1:10,000 or H4K20me3 (Abcam ab9053) at 1:1000 and α-tubulin 

(Sigma T6199) at 1:1000. 
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Figure 2.1. Histone modification differences on hermaphrodite X chromosomes. Representative 
IF images of intestinal nuclei from WT hermaphrodites or males stained with antibodies against 
H3K9ac, H4K16ac, or H4K20me1 (green) and DCC subunit CAPG-1 (A, red) or probed with Xpaint 
fluorescent in situ hybridization probes (FISH, B-C, red) to mark the X chromosomes. DNA (DAPI) 
is shown in blue. Scale bars = 5 microns. (right) Fluorescence intensity quantification for (A-C). 
Average green intensity was determined in both the green and red channels. The ratio of “histone 
modification staining in X chromosome channel” to “histone modification staining in histone 
modification channel” was determined and averaged over many nuclei. Mean values +/- 1 
standard deviation and sample size (n) are indicated. Asterisks indicate results statistically 
significant at p < 0.001 as compared to males. H4K16ac was reduced by about 25% and 
H4K20me1 was enriched by 40% on the WT hermaphrodite X chromosomes compared to whole 
nucleus average. 
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Figure 2.2. H4K16ac depletion is lost in dosage compensation mutants. (A) (left) Representative 
images of intestinal nuclei from WT hermaphrodite and dosage compensation mutant worms 
stained with antibodies against H4K16ac (green). The X chromosomes (red) are marked either 
with antibodies against CAPG-1 (A) or Xpaint FISH (B). DNA, DAPI is shown in blue. Scale bar = 5 
microns. (C) Fluorescence intensity quantification for additional DC mutant strains analyzed by 
H4K16ac IF and Xpaint FISH; images not shown. Asterisks in all panels indicate results statistically 
significant at p < 0.001 as compared to control WT hermaphrodites. Fluorescence intensity 
quantification (right) shows enrichment of H4K16ac on the X chromosome in all DCC mutants 
tested. dpy-21(e428) shows the greatest degree of enrichment. 
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Figure 2.3. H4K20me1 enrichment is lost in dosage compensation mutants. (left) Representative 
images of intestinal nuclei from WT hermaphrodite and dosage compensation mutant worms 
stained with antibodies against H4K20me1 (green); the X chromosomes (red) are marked by anti-
CAPG-1 (A) or Xpaint FISH (B). DNA, DAPI is shown in blue. Scale bar = 5 microns. Asterisks 
indicate results statistically significant at p < 0.001 as compared to control WT hermaphrodites 
(one asterisk) or both WT and sdc-1(y415) hermaphrodites (two asterisks). Fluorescence intensity 
quantification (right) shows that the enrichment of H4K20me1 on the X chromosome is reduced 
in DCC mutants, except in dpy-21(e428) where no enrichment is seen. 
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Figure 2.4. High-resolution analysis of chromatin regulation during development. Metagene 
profiles illustrating H4K16ac, H4K20me1, and DPY-27 ChIP-chip analysis, obtained from 
modEncode.org or NCBI GEO, conducted on either WT early-biased (EE) embryos (left column) 
and L3 or L4 stage WT larval tissue (right column). The X axis consists of a 3kb scaled gene body 
with 1kb upstream and downstream of the transcribed region. The Y axis shows the average ChIP-
chip profile values. “All”, X-linked, and autosomal genes includes both expressed and not 
expressed genes from genome build ce4 (WS170), while DC and non-DC genes only include 
expressed X-linked genes. X to A comparison confirms our IF results concerning H4K16ac and 
H4K20me1. Further, these results suggest that H4K16ac, but not H4K20me1 or DPY-27 
occupancy, may be a predictor of dosage compensation status on X. 99
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Figure 2.5. The activities of SIR-2, SET-1, and SET-4 are needed for the depletion of H4K16ac on 
the X chromosomes. (left) Representative immunofluorescence images of intestinal nuclei from 
worms treated with control vector, sir-2.1 or set-1 RNAi, as well as WT, sir-2.1(ok434), and set-
4(n4600) worms stained with antibodies against CAPG-1 (red) and H4K16ac (green). DNA (DAPI) 
is shown in blue. Scale bars = 5 microns. (right) Fluorescence intensity quantification. Asterisks 
indicate results statistically significant at p < 0.001 as compared to control WT or vector RNAi-
treated hermaphrodites (one asterisk) or both WT and sir-2.1(ok434) (two asterisks). sir-2.1 and 
set-1 RNAi and/or mutation abolishes the partial H4K16ac depletion; while set-4 mutation may 
lead to enrichment of H4K16ac on the X chromosomes similar to most DCC mutants. 
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Figure 2.6. Enrichment of H4K20me1 on dosage compensated X chromosomes requires the 
function of SET-1 and SET-4, but not SIR-2.1. (A, left) Representative immunofluorescence 
images of intestinal nuclei from worms treated with control vector, sir-2.1 or set-1 RNAi, as well 
as WT, sir-2.1(ok434), and set-4(n4600) worms stained with antibodies against CAPG-1 (red) and 
H4K20me1 (green). DNA (DAPI) is shown in blue. Scale bars = 5 microns. (right) Fluorescence 
intensity quantification. Asterisks indicate results statistically significant at p < 0.001 as compared 
to control WT or vector RNAi controls. set-1 and set-4 RNAi and/or mutation abolishes the 
enrichment of H4K20me1 on the X chromosomes, but a mutation in sir-2.1 does not. (B) Western 
blot analysis of H4K20me1 (left) and me3 (right) levels. Shown are embryonic extracts derived 
from vector, set-1, set-4, or set-8 (a methyltransferase not involved in H4K20 methylation) RNAi-
treated WT worms or set-4(n4600) or sir-2.1(ok434) strains probed with anti-H4K20me1, 
H4K20me3, and anti-tubulin antibodies. Whereas set-4 RNAi and mutation increase H4K20me1 
as compared to vector controls, set-1 RNAi abrogated H4K20me1 and sir-2.1 mutation did not 
significantly affect H4K20me1. Tubulin is shown as a loading control. H4K20me3 levels diminish 
after set-1 RNAi, and are undetectable after set-4 RNAi or in set-4(n4600). Note that the 
H4K20me3 specific antibody cross-reacts with a higher molecular weight protein (marked by *). 
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Figure 2.7. Chromatin regulators function in dosage compensation. (A) Male rescue assay for 
dosage compensation function. Knockdown of the DCC component dpy-27 rescued 54% of the 
expected number of male progeny. Sequential RNAi against set-4 and set-1 rescued about 21%, 
and set-4 RNAi singly rescued 4.5%, of expected males. Sample sizes are listed at the bottom of 
each bar in the graph and represent a combination of the total embryos laid from three 
independent trials conducted simultaneously. (B) Proposed model of chromatin regulation of 
transcription during C. elegans dosage compensation. Graphical cartoon illustrating DCC, SET-1, 
SET-4, and SIR-2.1 effects on X-linked transcription in hermaphrodites. DCC function, through SET-
1 and SET-4, leads to an enrichment of H4K20me1 on the X chromosome, which in turn, through 
SIR-2.1 function, reduces H4K16ac and creates an environment repressive to transcription. 
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Figure 2.8. Test of antibody specificity. Intestinal nuclei were stained with either H4K16ac 
specific antibodies (left), or H4K20me1 specific antibodies (right). Prior to staining, the antibody 
was pre-incubated with excess peptide corresponding to the H4 N terminal tail with various 
modifications.  The K16ac and the K16acK20me1 peptides effectively competed out the H4K16ac 
signal, indicating that the antibody is able to bind a K16-acetylated tail regardless of the 
methylation status of K20. Similarly, the K20me1 and the K16acK20me1 peptides competed out 
the H4K20me1 signal, indicating that the antibody is able bind K20me1 tail, regardless of the 
acetylation status of the K16. All images with the same antibody were taken using identical 
exposure times, Z stacks were collected and projected into a single plane, but further 
manipulations (such as deconvolution or contrast enhancement) were not performed. 
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Figure 2.9. A Western blot similar to Figure 2.6B. Embryonic extracts from various genetic 
background or RNAi-treated worms were analyzed for H4K20me1 levels. Tubulin was used as 
loading control. H4K20me1 was undetectable in set-1 RNAi, increased after set-4 RNAi or in set-4 
mutants, but was comparable to vector control levels in sir-2.1 mutants. Note that the set-
8(RNAi) lane is under-loaded. set-8 encodes an unrelated histone methyltransferase. 
Quantification of H4K20me1 levels actually showed a slight increase in the sir-2.1 background. 

104



Merge DAPI DPY-27 

Merge DAPI Xpaint H4K20me1 

him-8; xol-1 sex-1 
on set-4 set-1 RNAi 

 

 

 

 

him-8; xol-1 sex-1 
on set-4 set-1 RNAi 

him-8; xol-1 sex-1 
on set-4 set-1 RNAi 

him-8; xol-1 sex-1 
on set-4 set-1 RNAi 

him-8; xol-1 sex-1 
on set-4 set-1 RNAi  

Xpaint 

Figure 2.10. Validation of the maleness of RNAi-rescued male worms. Shown are representative 
Xpaint (red), anti-DPY-27/anti-H4K20me1 (green) immunoFISH images from him-8; xol-1 sex-1 
hermaphrodite or rescued male worms following treatment with set-4 set-1 sequential RNAi. 
DAPI (DNA) is shown in blue. Results show moderate levels of DPY-27 bound to the X 
chromosomes in hermaphrodites and rescued males (lines 1-2), consistent with no role for SET-1 
and SET-4 in DCC localization. Rescued males were males, as determined by the characteristic 
lagging X chromosome in male sperm meiosis I (line 3). Also, H4K20me1 levels are very low and 
similar across the nucleus in both hermaphrodites and rescued males (lines 4-5), consistent with 
loss of DCC-directed repression downstream of DCC loading. 
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CHAPTER 3 

 

Cataloguing of Histone Modification and Protein Occupancy Relationships Reveals a Role for 

Histone Acetyltransferases in Proper DCC Localization via Action at Enhancer-like Recruitment 

Sites 

 

 

Abstract 

 Recent work in Caenorhabditis elegans has focused on realizing a greater understanding 

of the transcriptome and epigenome through high-throughput, high-resolution studies. The 

datasets generated are now becoming available to the broader research community for further 

application to particular research interests. Dosage compensation in C. elegans is achieved by 

the DCC, which downregulates transcription from both hermaphrodite X chromosomes by half. 

The mechanism(s) of action, as well as the upstream and downstream DCC interactors, are not 

known. The current work defines a more accurate set of dosage compensated and non-dosage 

compensated genes on the X chromosomes, active genes on all chromosomes in embryos, and 

seeks to relate an ever-growing database of chromatin modification and transcription factor 

ChIP-chip and ChIP-seq datasets with each other and with C. elegans dosage compensation 

occupancy and function. We made use of Cistrome, a user-friendly web-based platform, to 

perform these analyses across more than 35 embryonic datasets. Most strikingly, we have 

uncovered an enhancer-like chromatin signature representative of DCC binding elements (rex 

sites, dox sites, and waystations) and defined over 300 additional candidate rex/dox sites. We 

also characterize numerous novel protein and chromatin differences between dosage 

compensated and non-dosage compensated genes on X, as well as at active genes on X and 

autosomes. We go on to correlate across all pairs of datasets, across the genome, by dosage 
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compensation status, or by DCC binding element characteristics, to give a true picture of the 

relationship each mark has to the others and to the process of dosage compensation. H3K27ac, 

H4K16ac, and CBP-1 occupancy suggested that HAT proteins may play a role in DCC binding, and 

this is indeed the case.  DCC mislocalization to autosomes, PSer2 accumulation on X, and loss of 

DCC-mediated chromatin repression were seen with HAT RNAi or mutation.  These revelations 

lead to a model by which the DCC functions, dependent upon HAT protein action, to regulate 

enhancer function, RNA Pol II recruitment, and perhaps downstream RNA Pol II elongation. Our 

compendium serves both as a reference for researchers interested in chromatin state 

organization in C. elegans and as a hypothesis generating tool for further research into the 

mechanisms of transcription and signaling, chromatin regulation, and dosage compensation in 

the worm. 

 

Introduction 

 Dosage compensation is the mechanism that equalizes X-linked gene expression 

between the sexes of many species [1-7]. This process is accomplished using different 

mechanisms across species [2,3,6,7], but two common themes have emerged: evidence from 

the three primary model systems in which dosage compensation is studied (flies, mammals, and 

worms) indicates that dosage compensation-directed gene regulation is achieved by chromatin 

and transcriptional regulation [2,3,8-10]. 

 Fly dosage compensation is achieved by two-fold transcriptional upregulation of the 

single male X chromosome [11-21], driven by MSL complex-mediated H4K16 hyperacetylation 

[22-24]. Mammalian dosage compensation involves transcriptional inactivation of one of the 

two X chromosomes in females by the non-coding RNA Xist and the repressive co-factors it 

recruits (including Polycomb-mediated H3K27me3) [25-28]. Finally, in worms, expression from 

both hermaphrodite X chromosomes is halved by the action of a dosage compensation complex 
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(DCC) [6,7,29-37], which contains a Condensin-like complex (Condensin IDC) [38]. Elucidation of 

the molecular mechanism of C. elegans dosage compensation is only now beginning. Our 

previous work indicates that the DCC establishes a repressive chromatin environment on X 

through modulation of histone H4 chromatin modifications [39], and other work has indicated 

that the DCC regulates levels of RNA polymerase II on DNA [40]. However, the general 

mechanism of condensin regulation of interphase gene expression [41-45] remains to be 

characterized. 

 An important question in C. elegans dosage compensation subject to ongoing studies 

has been targeting of the complex to hermaphrodite X chromosomes. Establishment of X 

inactivation in mammals [1,3-5] and MSL complex assembly on the single male X in flies [46-55] 

have been well characterized. In worms, it is thought that a sequence element known as the 

MEX motif [56], which is mildly enriched on X and at DCC-recruitment elements, is involved in 

DCC targeting. Other studies have shown that RNA Pol II transcription is important for the 

spreading of the complex across the X chromosomes [57]. However, these factors alone are not 

sufficient to fully explain DCC targeting. It has been hypothesized that chromatin may contribute 

to DCC recruitment, and it is known that the histone variant HTZ-1 acts as a barrier element to 

DCC loading on autosomes [58,59], but further roles for chromatin in DCC localization have not 

yet been revealed. 

 Recent work from various groups [40,60,61], has produced high-resolution, genome-

wide ChIP-chip, ChIP-seq, and RNA-seq datasets interrogating C. elegans histone modification 

levels, protein occupancy, or transcript production at various developmental stages. We saw the 

release of this data as an opportunity to learn more about the chromatin and protein occupancy 

“character” of the hermaphrodite X chromosomes, dosage compensated, and non-dosage 

compensated genes. We made use of publicly-available online tools (MEME Suite [62-64] and 
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Cistrome [65]) to conduct our analysis. The aims of this study are: 1) to refine DC and non-DC 

gene lists; 2) to define an active gene list for embryos from RNA-seq data; 3) to investigate DCC 

binding elements for a distinct chromatin signature; 4) to determine histone modification levels 

and protein occupancy states at dosage compensated and non-dosage compensated genes; 5) 

to determine the relationships between histone modifications or proteins across the genome 

and at sites of interest; and 6) to address whether histone acetyltransferases and/or acetylation 

are important for DC loading. 

 

Results 

 We began this study with two goals, to define updated lists of dosage compensated and 

non-dosage compensated genes and to define a list of all genes active in late embryo samples. 

Using Cistrome [65] and the microarray datasets used for the initial classifications [56], we 

reanalyzed this data using statistical methods that account for mismatch probe bias, global 

hybridization trends, and the effects of multiple t-testing (See Methods). The results (Figure 3.1; 

Tables 3.2, 3.3) showed both significant overlap and divergence between the two sets of lists. 

Further, while the previous lists contained questionable entries (declassified and non-expressed 

genes), our revised lists do not. We are confident that these identified genes represent more 

accurate sets of dosage compensated and non-dosage compensated genes. Again using 

Cistrome, we cross-referenced values from a late embryo RNA-seq wiggle file with the ce6 

refseq gene list to determine which genes are expressed (Table 3.1). Results show that over 90% 

of all genes are expressed at this stage. 

 We next asked whether DCC recruitment elements possess a distinct chromatin 

signature. Genome browser visualization of available histone modification and protein ChIP-chip 

datasets [60,61] indeed revealed such a distinct profile at all known DCC recruitment elements. 

We found that all 38 rex sites [42], all 49 dox sites [42], and the four known waystations [66] are 
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enriched for H3K4me1, H3K27ac, H4K16ac, and CBP-1, and depleted of H3K27me3 (Figure 3.2) 

as compared to sites without DPY-27 peaks (Figure 3.9). Defined in previous work, rex sites are 

capable of recruiting the DCC as multi-copy transgenic arrays, dox sites are unable to recruit as 

multi-copy transgenic arrays, and waystations are DPY-27 peaks unable to recruit as single copy 

duplications [42,66]. These features suggest that DCC binding elements possess enhancer-like 

chromatin, and might be enhancers. H3K4me1 at these sites had one of two shapes, 

monomodal or bimodal, suggesting a poised and an active enhancer state, respectively [67,68]. 

Figures 3.2B-D depict the proportions of rex sites, dox sites, and waystations with active 

enhancer, poised enhancer, or off (no activating marks accompanying H3K4me1 enrichment) 

enhancer characteristics. We extended this analysis using feature-centric analysis (SitePro) 

within Cistrome, which identified differences between active and poised DCC binding elements 

and rex and dox sites for SDC-2, SDC-3, CBP-1, and HCP-3, but not DPY-27 (Figure 3.3). This 

analysis suggests that many features, but not Condensin IDC, are found at distinctly different 

levels which serve to distinguish disparate categories of DCC binding elements. 

 We next asked whether DNA sequence, histone modifications, and protein occupancy 

analysis could be used to define novel DCC recruitment elements. Using 39 rex site DNA 

sequences and MEME-ChIP [63] running with settings to find 12nt sequences, we were able to 

identify 13 instances of a motif (Figure 3.4A) that matches up well with the published rex site 

MEX motif [56]. The low number of hits is consistent with the severe degeneracy of the MEX 

motif. Using FIMO [62], running at a significance value of less than 1*10-5, we identified 3,555 

instances of this MEX motif genome-wide. Using Cistrome, we selected among these MEX motifs 

or a list of all called DPY-27 ChIP-seq peaks from http://www.modencode.org by selecting for 

positive H3K4me1, H3K27ac, H4K16ac, and SDC-2. We found that a frame of reference (MEX 

sites or DPY-27 peaks), as well as an SDC-2 selection step, were both necessary to obtain high 
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quality results lists of candidate DCC recruitment elements possessing enhancer-like chromatin 

(data not shown). As compared to the profiles of these histone modifications and SDC-2 at 

known DCC recruitment sites (Figures 3.4B-C), levels at our more than 300 candidate sites were 

quite similar (Figures 3.4D-E), reinforcing the quality of these candidates. Although none of 

these candidates were tested for DCC recruitment ability, we see no differences between our 

candidate sites and the known recruitment sites. Table 3.4 contains the signal values for each 

selection feature at each candidate DCC recruitment site identified. It is tempting to speculate 

that DCC function at different classes of sites (rex vs. dox, candidate MEX-containing vs. 

candidate non-MEX-containing) could represent two sides of the same 3D interaction 

(recruitment at distal enhancer/rex sites vs. binding in a loop that encompasses promoter dox 

sites or intronic regions), given that the chromatin signal is maintained, but dox sites are unable 

to recruit the DCC on their own. 

 We next sought to create a compendium illustrating the inter-relationships between 

histone modifications or protein occupancy across the genome, at DCC recruitment elements, or 

at HTZ-1 peaks on X. Figure 3.7 shows histone modification or protein cross-correlation tables 

created in Cistrome across the entire genome at 20kb resolution. Figures 3.8-3.16 show cross-

correlation tables and SitePro analysis based on DCC recruitment site type, DCC recruitment site 

enhancer character, or control sites. Figure 3.17 shows cross-correlation tables and SitePro 

analysis at all HTZ-1 peaks on X. HTZ-1 has been previously shown to play an important role in 

restricting DCC binding to the X chromosomes [59].  

 The second half of our compendium is focused on the use of metagene analysis in 

Cistrome to plot levels of histone modifications and protein occupancy for comparison between 

dosage compensated (DC) and non-dosage compensated (non-DC), active X-linked and active 

autosomal genes, or DC and non-DC genes based on expression level divisions (low, medium, or 
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high). The results of this extensive analysis are shown in Table 3.5, and the metagenes are found 

in Figures 3.18 through 3.62. In these figures, parts A and B are metagenes, parts C and D are 

concatenated exon profiles, parts A and C compare DC, non-DC, active X, and active autosomal 

genes, and parts B and D compare DC and non-DC genes binned by expression level. In total, this 

compendium of histone modification and protein occupancy emphasizing C. elegans dosage 

compensation has revealed numerous differences between gene groups and underscores the 

effectiveness of Cistrome as a user-friendly tool to categorize regions of interest. 

 During creation of our compendium, this analysis generated many testable hypotheses. 

The most striking of which we chose to follow-up on in great detail. Shown in Figure 3.5, at DCC 

recruitment elements, the DCC colocalizes, and positively correlates, with H3K27ac, H4K16ac, 

and the histone acetyltransferase CBP-1 (Figures 3.5A-D). This association, and previous reports 

[69], suggested that histone acetylation and acetyltransferases may be important for proper 

DCC loading or localization. Using immunoFISH microscopy and quantification, we asked 

whether HAT gene RNAi alters DCC localization confinement to the X chromosomes (Figure 

3.5E). As compared to control vector or sir-2.1 RNAi, in which DCC correlation with Xpaint is 

high, knockdown of cbp-1, mys-1, and mys-4 individually led to decreased DCC to Xpaint 

correlation values. Furthermore, sequential RNAi against any two of these HAT gene transcripts 

led to a further decrease in correlation between the DCC and Xpaint. Also, hda-1 knockdown led 

to severe X chromosome structure changes and very poor DCC to Xpaint colocalization. Other 

data suggests that in C. elegans, hda-1, a known histone deacetylase [70], is acting as a positive 

regulator of H4K16ac (Figure 3.65), possibly through promoting HAT protein function [71,72]. 

We confirmed the importance of HAT protein function for DCC localization using DPY-27, Xpaint 

immunoFISH microscopy in mys-1 or one of two cbp-1 mutants with or without HAT gene 

transcript RNAi of the same type (Figure 3.6). Results show that HAT gene mutation leads to 
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defects in X chromosome structure and DCC mislocalization, especially in cbp-1(ok1491). 

Addition of RNAi against the HAT gene in the mutant strain led to greater DCC mislocalization 

from X than mutation. 

 We further investigated effects of HAT RNAi on histone modifications and RNA Pol II 

activity (Figures 3.63-3.67). PSer2 marks elongating RNA Pol II, while 4H8 marks hypo-

phosphorylated (recruited and initiated) RNA Pol II. H3K36me3 is a mark commonly associated 

with transcriptional elongation [73], H4 acetylation is associated with active chromatin, and 

H4K20me1 is a mark of repressive chromatin. MYS-1 and MYS-4 contribute to H4K16ac (Figures 

3.66-3.67). H4K20me1 (marking DCC-mediated repression on X [39]) and H3K36me3 were 

largely unchanged (Figures 3.63-3.67). Strikingly, though, PSer2 levels were punctate and 

enriched on X compared to vector RNAi in cbp-1, hda-1, mys-1, and mys-4 RNAi. These data 

strongly indicate that HAT proteins promote proper RNA Pol II elongation, which is necessary for 

proper DCC localization and perhaps contributes to X chromosome structure. 

 

Discussion 

 This study seeks to thoroughly understand the chromatin and protein occupancy profile 

of dosage compensated X chromosomes in C. elegans, primarily through the use of an online 

portal for high-resolution data analysis, Cistrome [65] and publically-available datasets 

[40,56,60,61]. Using publically available RNA-seq data, we constructed a list of all genes in C. 

elegans active in a late embryo stage-biased sample (Table 3.1). We have also created a more 

accurate list of dosage compensated and non-dosage compensated genes on X (Tables 3.2, 3.3) 

by using up-to-date statistical methodology (MAT) that avoids mismatch probe bias and corrects 

for multiple testing [74]. Our revised DC and non-DC gene lists do not contain any 

decommissioned or non-expressed genes found in the lists from the previous study [42] and 
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have both substantial overlap and divergence from the previous study’s classifications (Figure 

3.1; Tables 3.2, 3.3). 

 Genome browsing using publically available datasets detailing chromatin modification 

and protein occupancy across the genome [40,60,75] revealed that dosage compensation 

complex recruitment and binding elements (known as rex sites, dox sites, and waystations) 

possess an enhancer-like chromatin signature (Figure 3.2A): enrichment of H3K4me1 and 

H3K27ac, and depletion of H3K27me3. We noticed that these enhancers were a mixture (Figure 

3.2B) of active (bimodal H3K4me1), poised (monomodal H3K4me1), and off (no activating 

marks, such as H3K27ac or H4K16ac, accompanying H3K4me1 enrichment) [67,68]. 

 Using Cistrome [65], we first determined protein occupancy that could differentiate 

between rex and dox sites (Figure 3.3). Our results indicate that SDC-2, SDC-3, CBP-1, and HCP-3 

(C. elegans histone H3 variant CENP-A homolog), but not DPY-27, binding could distinguish these 

classes of sites. Using MEME [63,64] and FIMO [62], we identified all occurrences of the MEX 

motif, thought to partially distinguish rex from dox sites, across the genome. We then refined 

this list and a list of all DPY-27 ChIP-seq peak calls using H3K4me1, H3K27ac, H4K16ac, and SDC-

2. With these refinements, we have discovered more than 300 additional candidate DCC binding 

elements, greatly expanding upon the known list of about 90 sites (Table 3.4). 

 We also employed Cistrome to create a genome-wide compendium of histone 

modification and protein occupancy inter-relationships and correlations to control “no peak” 

regions, DPY-27 binding peaks, DCC binding peak categories, or enhancer status. The genome 

wide cross-correlation tables are shown in Figure 3.7, while the tables and feature-centric 

(SitePro) analyses are shown in Figures 3.8 - 3.16. Correlations and SitePro analysis within all 

HTZ-1 peaks on X are shown in Figure 3.17. Expanding this study, we categorized histone 

modification and protein occupancy with respect to dosage compensation status, X versus 
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autosomal location, or transcriptional output. The results of this metagene analysis, shown in 

Figures 3.18-3.62, are summarized in Table 3.5. This work greatly contributes to our knowledge 

of the chromatin and protein complement associated with dosage compensation and X 

chromosome status and has identified numerous novel differences between DC and non-DC 

genes as well as X chromosomes versus autosomes. This epigenomic and proteomic “character 

profile” of the X chromosomes stands as an essential manual for future experimental 

approaches to further dissecting DCC function. 

 A unique co-binding of the DCC, histone acetylation, and CBP-1 suggests that HAT 

proteins may play a role in proper DCC recruitment or localization (Figures 3.5A-D). The role and 

importance of HAT proteins in worm dosage compensation has been a topic of open and 

unresolved debate for some time [69]. RNA interference against the histone acetyltransferase-

encoding genes cbp-1, mys-1, and mys-4 each resulted in diminished colocalization of the DCC 

with X and spreading of the DCC to autosomes (Figure 3.5E). Further, knockdown of any two of 

these resulted in increased mislocalization of the DCC away from X (Figure 3.5E). Intriguingly, 

knockdown of the histone deacetylase hda-1, which we characterize as having an overall net 

positive effect on H4K16ac levels (but not the H4K16 deacetylase-encoding sir-2.1), also leads to 

severe loss of DCC to X chromosome colocalization (Figure 3.5E). Further analysis revealed that 

similar DCC localization and X chromosome structure defects were seen when visualizing HAT 

mutant worms, and DCC spreading to autosomes was seen primarily when these mutants were 

additionally treated with RNAi to the mutated gene (Figure 3.6). Staining for histone 

modifications and RNA Pol II activity (Figures 3.63-3.67) showed that PSer2 (RNA Pol II 

elongation) is enriched on the X chromosomes with HAT or hda-1 knockdown, but marks of DCC-

mediated repression and other features of elongation appear un- or inconsistently perturbed. 

Given the known role for RNA Pol II transcriptional elongation in proper DCC localization [57], 
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these results suggest that HAT proteins and HDA-1 contribute to proper DCC localization and X 

chromosome structure and allow for proper RNA Pol II elongation, which has been shown to be 

important for DCC localization [57]. 

 These results further highlight enhancer elements [76-80] and HAT proteins [81-86] as 

critical regulators of gene expression. Our study suggests that enhancers represent a critical 

regulatory point for C. elegans dosage compensation, allowing perhaps for regulation of RNA Pol 

II loading/re-loading, initiation, and/or early elongation. 

 Another unanswered question in C. elegans dosage compensation is the meaning of the 

MEX motif [56], thought to contribute to DCC loading on X. The MEX motif is highly degenerate. 

In fact, MEME retrieved only 13 instances from 39 rex sites defined previously to each have 

multiple occurrences, and no instances of the most highly-represented consensus sequence 

(TCGCGCAGGGAG) can be found by BLAST search (data not shown). In order to begin to address 

the significance of the MEX motif, we hypothesized that it is a combination of two half sites 

(TCGCG) and (CAGGG). Literature searching identified TCGCG as indicative of binding to the 

minor groove of the DNA backbone [87,88]. Further investigation suggested that CAGGG is a 

sequence element (G4 motif) important for complex DNA hairpin loop [89-91]. Loops of this 

type are known to regulate transcription in humans through promoter-proximal RNA Pol II 

pausing [92-94]. We hypothesize that the DCC may stabilize DNA hairpin loops, along with 

auxiliary binding to the minor groove of the DNA backbone, to contribute to RNA Pol II 

transcription regulation. 

 This work stands as a case study of data analysis refinement and a prime example of 

what additional knowledge can be gained from interrogation of public data with powerful, user-

friendly online tools.  We sincerely hope that support for this type of work, as a means of 

hypothesis generation and confirmation of prior results, will continue to grow in the future. 
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Methods 

 Strains 

 MH2430 cbp-1(ku258) III 

 MT13172 mys-1(n4075) V/nT1[qIs51] (IV;V) 

 TY2386 wild type (WT) (N2) 

 VC1006 cbp-1(ok1491) III/ht2[bli-4(e937) let-?(q782) qIs48] (I; III) 

 

 Nematode strains used in this work were provided by the Caenorhabditis Genetics 

Center, which is funded by the NIH National Center for Research Resources. 

 

 RNAi Treatment 

 RNAi treatment was performed over two generations as described previously [39]. 

 Public Datasets 

 Downloaded from http://www.modencode.org or (http://www.ncbi.nlm.nih.gov/geo/). 

 Format: Dataset ID (GSE denotes NCBI GEO), Description (Stage), Array (if applicable) 

  3432, AMA-1 ME, 080922 

  334, DPY-26 ME, 7685 

  3435, DPY-27 EE, 080922 

  578, DPY-27 ME, 7685 

  644, DPY-28 ME, 080922 

  GSE25834, DPY-30 ME, 8134 

  GSE25834, MIX-1 ME, 8134 

  645, SDC-2 ME, 080922 

  553 & 575, SDC-3 ME, 7685 
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  2767, CBP-1 ME, 080922 

  3438, HPL-2 LE, 080922 

  3439, LIN-15B LE, 080922 

  911, MES-4 EE, 080922 

  897, MRG-1 EE, 080922 

  2738, NPP-13 ME, 080922 

  2969, ZFP-1 ME, 080922 

  3206, H3 EE, 080922 

  2726, H3K4me1 EE, 080922 

  GSE22741, H3K4me2 EE, 080922 

  GSE22721, H3K4me3 EE, 080922 

  2646, H3K9me1 EE, 080922 

  2444, H3K9me2 EE, 080922 

  982, H3K9me3 EE, 080922 

  2727, H3K27ac EE, 080922 

  3179, H3K27me1 EE, 080922 

  3171, H3K27me3 EE, 080922 

  2604, H3K36me1 EE, 080922 

  909, H3K36me2 EE, 080922 

  973, H3K36me3 EE, 080922 

  2410, H3K79me1 EE, 080922 

  2442, H3K79me2 EE, 080922 

  2443, H3K79me3 EE, 080922 

  3181, H4K8ac EE, 080922 
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  3182, H4K16ac EE, 080922 

  2765, H4K20me1 EE, 080922 

  2766, H4tetraAc EE, 080922 

  GSE25834, RNA Pol II (8WG16 on vector or sdc-2 RNAi), 8134 

  2436, AMA-1::GFP LE ChIP-seq 

  2416, DPY-27 ME ChIP-seq 

  3977, WT EE RNA-seq 

  3978, WT LE RNA-seq 

  43, HTZ-1 ME, direct wiggle file download 

 Notes: 1) Many experiments have dyeswaps, which are not always properly annotated 

on modencode.org. 2) Number of replicates varies from one to four. 3) Inconsistent or poor 

quality replicates were discarded. 

 Cistrome Analysis 

 Cistrome [65] can be accessed at: http://cistrome.org/ap/root. 

  Definition of DC and non-DC genes 

  Using the microarray datasets from [42] loaded into Cistrome, statistically 

significant changes in gene expression were determined by comparing WT to: A) dpy-27(y57), B) 

sdc-2(y93), or C) her-1(hv1y101); xol-1(y9) sdc-2(y74) unc-9(e101) samples using MAT with 

default settings and “calculate differential expression” using default settings, except a 

Benjamini-Hochberg FDR Type II error control at a maximum p-value of 0.05 and a minimum 

fold-change of 1.5. Qualifications for dosage compensated and non-dosage compensated gene 

status were the same as in [42]. Dosage compensated genes will change expression in (A) and 

(B), but not (C) as compared to WT, and non-dosage compensated genes will change expression 

in (C), but not (A) or (B) as compared to WT. 
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  Definition of active X, A genes 

  Early (modENCODE_3977; mis-coded as late on modencode.org dataset 

browser, correct on FTP site) or late (modENCODE_3978) embryo sample FASTQ read files were 

used as input for TopHat alignment to ce6, followed by transcript discovery by Cufflinks and 

BAM file creation with SAMtools (Rich McEachin, University of Michigan). The BAM file was 

uploaded to Galaxy (https://main.g2.bx.psu.edu/) and used to generate a pileup file (“Generate 

pileup” function), then an interval file (“Pileup-to-Interval” function). The interval file was 

downloaded and uploaded to a different instance of Galaxy (http://bifx-core.bio.ed.ac.uk:8080 

/root?tool_id=int2wig). The interval file was used to generate a wiggle file (“Int2Wig” function). 

This wiggle file was then uploaded to Cistrome and compared to output obtained with wiggle 

files downloaded from the modENCODE FTP site for each dataset.  Results showed the wiggle 

files to be virtually identical, so the modENCODE wiggle files were used in downstream analysis. 

RNA-seq wiggle file overlap with the ce6 refseq gene table was found (“Intersect” function). 

Common gene names, and their genomic coordinates, with RNA-seq reads were copied and 

used to assemble active (<0 RPKM) X chromosome and autosome gene lists for the WT early and 

late embryo stages. 

  Wiggle file creation and metagene profiles 

  All .wig files were created with respect to the ce6 genome build. For ChIP-chip 

datasets, raw pair, ndf, and pos files were downloaded from modencode.org or NCBI Accession 

#GSE25834. These files were uploaded and used as input for MA2C normalization in Cistrome 

using default settings. This results in creation of a .wig file, which was used for metagene 

profiling. For RNA-seq metagenes, the generated wiggle file detailed above was used for 

metagene profiling. Wiggle files and gene lists [MW dosage compensated, MW non-dosage 

compensated, active X (late embryo), active A (late embryo), low RPKM (1-49.5) MW DC or non-
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DC, mid RPKM (50-149) MW DC or non-DC, and high RPKM (150 to max) MW DC or non-DC] 

were used as input for metagene profiling (“CEAS: Enrichment on chromosome and annotation” 

function) using the appropriate profiling resolution (either 50bp or 86bp, depending on the 

array design).  

  BED file creation 

  BED files representing rex sites, dox sites, waystations, these three site types 

combined, all DPY-27 ChIP-seq peaks, no DPY-27 peak control sites from [66], active enhancer 

(bimodal H3K4me1) rex and dox sites, poised enhancer (monomodal H3K4me1) rex and dox 

sites, off (no H4K16ac signal) enhancer rex and dox sites, or HTZ-1 peaks on X) were generated 

by hand in Microsoft Excel 2007 or download as modencode.org peak call files. 

  Cross-correlation plots 

  Wiggle files were used as input to generate cross-correlation tables in Cistrome 

relating any two datasets (“Multiple wiggle files correlation” or “Multiple wiggle files correlation 

in given regions” function) either at 20kb resolution or within specified bed files.  

  Ordering of the samples along the diagonal within cross-correlation tables is as 

follows (from upper left to lower right):  

  Histone modifications: H4K16ac EE, H3K4me2 EE, H3K27ac EE, H4K20me1 EE, 

H3K4me1 EE, H3 EE, H3K4me3 EE, H3K9me2 EE, H3K9me3 EE, H3K27me1 EE, H3K36me1 EE, 

H3K36me2 EE, H3K36me3 EE, H3K79me1 EE, H3K79me2 EE, H3K79me3 EE, H4K8ac EE, 

H4tetraAc EE, H3K9me1 EE, H3K27me3 EE. Protein occupancy: 8WG16 EE, AMA-1 ME, CBP-1, 

ME, DPY-27 EE, DPY-28 ME, HPL-2 LE, LEM-2 EE, LIN-15B LE, MES-4 EE, NPP-13 ME, DOT-1 ME, 

ZFP-1 ME, HCP-3 EE, MRG-1 EE. Pferdehirt et al., 2011: WT 8WG16 ME, sdc-2 8WG16 ME, ASH-2 

ME, Bentley RNA Pol II ME, DPY-27 ME, DPY-30 ME, SMC-4 ME. 

  SitePro analysis 
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  Wiggle files and bed files explained above were used as input for SitePro 

(feature-centric) analysis using a span of 1000bp and the appropriate profiling resolution (either 

50bp or 86bp, depending on the array design). 

 Venn Diagram, Pie Charts, and Tables 

 Venn diagram, pie charts, and tables were created using Microsoft Excel 2007. 

 Browser Screenshots 

 The applicable WIG (wiggle) public dataset tracks were loaded into the Integrated 

Genome Viewer (IGV; Broad Institute). Screenshots were taken of regions of interest using the 

“print screen” and “paste” functions in Windows 7 and Microsoft PowerPoint 2007. rex and dox 

sites were labeled as referenced in [42]. 

 Motif Construction (MEME) and Genome Occurrences (FIMO) 

 FASTA sequences corresponding to all 39 rex sites were obtained from Cistrome (“fetch 

sequences” feature). The resulting FASTA file was used as input for MEME-ChIP 

(http://meme.sdsc.edu/meme/cgi-bin/meme-chip.cgi) with the following settings: any number 

of repetitions per FASTA sequence, MOTIF width of 12 positions. 39 instances of a MEX-like 

motif comparable to that found previously [42] were identified. The resulting MEX-like motif 

was used as input for FIMO (http://meme.nbcr.net/meme/cgi-bin/fimo.cgi), which identified 

3,555 instances of this motif across the genome at a significance of p< 1*10-5. This level was 

chosen because it was the most significant level to include all 39 identified instances of the MEX 

motif used as input. 

 ImmunoFISH and Immunofluorescence Microscopy 

 FISH, immunostaining, and imaging were conducted as described previously [39]. 

Quantification was performed as previously described [39], with the following change: 1) 
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Pearson correlation coefficients were determined between FITC (DCC) mask overlap with CY3 

(Xpaint) signal masks.  
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Figure 3.1. Overlap between Jans et al., 2009 and the updated lists of dosage compensated and 
non-dosage compensated genes. Shown are Venn diagrams comparing the DC and non-DC gene 
lists from Jans et al., 2009 to the same lists derived in this work. Results demonstrate substantial 
overlap and divergence between called gene lists. The current study uses the same classification 
strategy employed in the previous study, but employ refined statistical methods that account for 
multiple testing and mismatch probe bias to derive a more accurate list of true gene expression 
changes from WT within each comparison (See Methods). 
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All genes (ce6) 

Autosomes 17,144 

X chromosomes 2,779 

Active genes (greater than 0 RPKM) 

Hermaphrodite late embryo RNA-seq 

Autosomes 15,547 (90.7%) 

X chromosomes 2,622 (94.4%) 

Table 3.1. X and autosomal gene activity using late embryo RNA-seq data. 
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MBW DC genes
gene name chromosome tx start tx end
R04A9.5 chrX 384382 388797
ugt-46 chrX 525933 530177
F28C10.3 chrX 531885 535750
mrp-2 chrX 563724 572702
mrp-1 chrX 576318 587483
F13C5.1 chrX 601574 604922
ncam-1 chrX 695065 702537
aex-3 chrX 752710 759731
T04G9.1 chrX 788351 796141
daf-3 chrX 817925 823840
mab-7 chrX 892239 898068
stau-1 chrX 1027669 1035241
F55A4.8 chrX 1038540 1044378
K03E6.7 chrX 1084223 1088147
F49E7.2 chrX 1095543 1097010
tsp-9 chrX 1246011 1247494
zfp-3 chrX 1440367 1446571
T26C11.4 chrX 1840560 1845531
ceh-41 chrX 1846670 1848669
ceh-39 chrX 1853926 1856166
F52D2.7 chrX 1962566 1966164
Y102A11A.3 chrX 2019164 2025731
Y102A11A.2 chrX 2026646 2031004
acl-4 chrX 2066547 2070435
lsy-2 chrX 2089659 2093240
AH9.1 chrX 2243594 2247001
T10H10.2 chrX 2294742 2298144
F47G3.3 chrX 2375990 2378646
C43H6.7 chrX 2398805 2402045
C43H6.4 chrX 2404017 2407352
C43H6.3 chrX 2407460 2409558
fox-1 chrX 2445492 2450501
syg-1 chrX 2509329 2515310
tbc-12 chrX 2525206 2532430
F52H2.5 chrX 2557980 2559553
F54G2.1 chrX 2621287 2629680
T14G11.1 chrX 2688985 2691989
T02C5.1 chrX 2694914 2698083
igcm-3 chrX 2698253 2705850
cgef-1 chrX 2793928 2799236
C14A11.9 chrX 2807909 2809624
F53B3.5 chrX 2872800 2879612
Y71H10A.2 chrX 2933351 2937731
Y41G9A.5 chrX 2946841 2948940
osm-5 chrX 2984268 2991366
M02F4.3 chrX 3036423 3040723
F52E4.5 chrX 3085885 3087330
K10B3.6 chrX 3109923 3111332
mai-1 chrX 3113429 3116587
rgl-1 chrX 3210966 3220282
ddr-2 chrX 3315309 3323952
clc-3 chrX 3373234 3374728
T27A10.2 chrX 3585943 3586853
R11G1.6 chrX 3639490 3644493
sax-1 chrX 3646310 3650137
F35A5.1 chrX 3807448 3816392
ceh-18 chrX 3844764 3857777
R02E12.4 chrX 4003508 4007611
R02E4.1 chrX 4103420 4104495
ZK470.2 chrX 4135106 4147801
nck-1 chrX 4148630 4153417
ZK470.1 chrX 4163620 4169764
mrp-6 chrX 4177880 4186421
rab-37 chrX 4228501 4231346
coel-1 chrX 4265856 4270523
cka-2 chrX 4287546 4291335
F14H12.3 chrX 4344224 4345609
lst-2 chrX 4378002 4383339
dpy-23 chrX 4389337 4393768
dop-1 chrX 4411563 4413898
ncr-1 chrX 4472256 4480049
dgk-2 chrX 4496298 4504360
spr-3 chrX 4514068 4516862
ham-2 chrX 4554662 4558827
C05E11.3 chrX 4579476 4581627
C46C11.1 chrX 4637410 4643273
K02G10.5 chrX 4687757 4691286
lon-2 chrX 4738931 4749051
mig-13 chrX 4796420 4799590
R08E3.3 chrX 4818566 4821676
tsp-14 chrX 4867079 4871028
ZC8.6 chrX 4972567 4997565
lfi-1 chrX 4984044 4992822
ZC449.3 chrX 5018361 5020624
ZC449.2 chrX 5021181 5024223
ZC449.5 chrX 5034994 5037742
C24H10.1 chrX 5072003 5074198
tbc-7 chrX 5138957 5146253
pqn-62 chrX 5197749 5204207
Y34B4A.4 chrX 5264294 5271753
C26B9.1 chrX 5344830 5347927
jkk-1 chrX 5368430 5372019
C25F6.7 chrX 5445033 5447554
dlg-1 chrX 5479663 5484671
C25F6.1 chrX 5486459 5488063
mec-2 chrX 5582568 5584618
unc-97 chrX 5593091 5594924
T22B7.4 chrX 5638539 5641321
set-19 chrX 5675203 5680183
set-20 chrX 5680306 5684699
W01C8.5 chrX 5694432 5696216
cyp-43A1 chrX 5714236 5717535
tag-294 chrX 5760253 5763334
sft-4 chrX 5778834 5780704
hbl-1 chrX 5823025 5826319
puf-9 chrX 5841549 5845925
W06B11.1 chrX 5849061 5851858
ctbp-1 chrX 5862714 5873278
flp-7 chrX 5885822 5886781
F49E10.2 chrX 5890363 5894715
tbc-16 chrX 5897348 5902095
mig-23 chrX 5945778 5948827
C45B2.6 chrX 6053057 6057300
gln-1 chrX 6058211 6060187
C45B2.2 chrX 6084696 6085146
C45B2.8 chrX 6087942 6088321
C15H9.11 chrX 6102838 6103390
tag-275 chrX 6142450 6150499
W05H9.4 chrX 6263604 6266866
W05H9.2 chrX 6267005 6271008
mom-1 chrX 6293082 6298151
gar-1 chrX 6479592 6484765
cdf-1 chrX 6499891 6504557
glr-8 chrX 6506838 6509837
ets-4 chrX 6519061 6522603
ilys-5 chrX 6535478 6536755
T14E8.1 chrX 6553242 6559368
T14E8.4 chrX 6559524 6562226
T28B4.1 chrX 6588754 6596088
T28B4.4 chrX 6597872 6598821
F38B6.6 chrX 6684416 6690038
F38B6.1 chrX 6700263 6700778
nas-11 chrX 6713529 6716275
abts-4 chrX 6747315 6761691
sgca-1 chrX 6787208 6789505
M03A8.3 chrX 6800640 6803658
F41B4.1 chrX 6823846 6825790
C53B7.3 chrX 6844706 6845852
rig-3 chrX 6853569 6860867
unc-6 chrX 6889640 6897087
otpl-3 chrX 6921618 6924403
F14B8.5 chrX 6924768 6928655
tsp-16 chrX 6994733 6996742
tyra-2 chrX 6996809 7001937
ist-1 chrX 7132155 7139599
alh-10 chrX 7140454 7143591
lam-2 chrX 7143867 7151090
syd-9 chrX 7218275 7226766
F46H5.2 chrX 7265600 7267829
unc-10 chrX 7272283 7280267
clc-2 chrX 7431416 7433481
C01C10.2 chrX 7435583 7437899
acl-12 chrX 7439356 7442523
sox-2 chrX 7458962 7463682
F48E3.2 chrX 7490360 7493066
F48E3.8 chrX 7507829 7517639
adt-2 chrX 7586052 7593757
F27D9.2 chrX 7672932 7676221
stn-2 chrX 7676470 7680569
C53C9.2 chrX 7686585 7689159
K09F5.6 chrX 7719211 7725457
ZK154.6 chrX 7790395 7792197
R03G5.7 chrX 7805622 7806750
sek-1 chrX 7816673 7820983
C39D10.6 chrX 7896234 7897691
zig-4 chrX 7925379 7926462
zig-3 chrX 7930680 7931747
tnt-3 chrX 7937580 7944991
C18A11.2 chrX 8067627 8067963
C17H11.1 chrX 8173849 8180805
M60.4 chrX 8232294 8236253
kqt-2 chrX 8243074 8246308
M60.6 chrX 8248145 8252397
cutl-29 chrX 8262378 8270960
ksr-1 chrX 8275095 8283238
R09F10.3 chrX 8294562 8296602
tbc-18 chrX 8378494 8382638
wrk-1 chrX 8387901 8392520
tth-1 chrX 8422416 8423671
F16F9.1 chrX 8447211 8450344
flp-5 chrX 8528187 8530971
nlp-7 chrX 8593133 8593750
rig-1 chrX 8669229 8671294
F53A9.8 chrX 8718503 8718846
tag-130 chrX 8792097 8795728
R04E5.8 chrX 8802507 8803123
R04E5.9 chrX 8806053 8810973
sec-15 chrX 8831684 8835653
C06E2.1 chrX 8872871 8874572
twk-18 chrX 8988072 8991897
tsp-11 chrX 9163097 9165903
C35B8.3 chrX 9213913 9216788
vav-1 chrX 9217390 9232003
gpa-12 chrX 9246937 9248848
gly-13 chrX 9293605 9296553
B0416.7 chrX 9296966 9297863
B0416.1 chrX 9303654 9310362
oga-1 chrX 9343674 9347309
pkc-2 chrX 9376201 9385657
ZK899.1 chrX 9446594 9447543
F49E2.2 chrX 9567228 9573656
F34H10.3 chrX 9633229 9634979
T14B1.1 chrX 9664434 9668688
rrc-1 chrX 9823712 9831181
F47A4.5 chrX 9833311 9837971
R07B1.8 chrX 9870817 9872531
C17G1.5 chrX 9941561 9944705
F19C6.2 chrX 10000870 10004831
mkk-4 chrX 10027787 10030061
ZC373.4 chrX 10062400 10069715
unc-58 chrX 10105029 10109799
unc-115 chrX 10147175 10153071
erd-2 chrX 10156788 10160369
R07E3.4 chrX 10330647 10331803
rme-4 chrX 10373169 10374768
acr-8 chrX 10412692 10416560
syd-2 chrX 10549050 10555167
nhx-5 chrX 10576887 10580982
sdn-1 chrX 10589707 10593262
flp-19 chrX 10604737 10605755
abl-1 chrX 10606125 10624112
daf-12 chrX 10664332 10665408
F13E6.2 chrX 10668206 10674220
F13E6.5 chrX 10695233 10697762
R07A4.2 chrX 10744281 10746413
sma-9 chrX 10769212 10781815
plc-1 chrX 10794795 10812459
F47B10.8 chrX 10905172 10906505
T21B6.3 chrX 10945077 10948894
lge-1 chrX 10966568 10969704
ver-3 chrX 10992433 10997753
F59F3.4 chrX 11004914 11008105
ttr-31 chrX 11008189 11008994
clc-1 chrX 11047444 11049156
F13D2.1 chrX 11163881 11175072
hst-2 chrX 11204072 11207016
C34F6.6 chrX 11207412 11208049
C34F6.7 chrX 11210040 11215395
C03A3.1 chrX 11257444 11260150
F38B2.2 chrX 11278617 11279293
F08G12.1 chrX 11301999 11305799
ttyh-1 chrX 11368644 11374272
F08B12.1 chrX 11385040 11392705
slo-2 chrX 11394531 11401473
C35C5.9 chrX 11536490 11537045
C35C5.3 chrX 11545332 11547486
mig-2 chrX 11548530 11550107
lev-8 chrX 11560837 11563620
frm-3 chrX 11576177 11581649
F52D10.2 chrX 11589641 11591641
T04F8.6 chrX 11667080 11672223
rsd-3 chrX 11798423 11803576
C34E11.2 chrX 11805283 11811386
tag-241 chrX 11826637 11836037
F55G7.2 chrX 11929820 11931568
set-6 chrX 11969951 11974598
tsp-20 chrX 12031519 12033945
W03G11.3 chrX 12100125 12103723
F57G12.1 chrX 12169020 12171605
cab-1 chrX 12199485 12212971
C23H4.6 chrX 12235542 12240703
E01G6.3 chrX 12241637 12244559
nekl-3 chrX 12389553 12391394
F17E5.2 chrX 12394186 12399412
lin-2 chrX 12399439 12413947
atf-6 chrX 12480869 12484809
R09A8.5 chrX 12638413 12640409
nhr-17 chrX 12663762 12667772
rgs-2 chrX 12712571 12727533
pgp-14 chrX 12744641 12749500
gei-3 chrX 12796229 12797508
bcat-1 chrX 12877399 12880248
gpc-1 chrX 12881509 12884909
pqn-18 chrX 12907751 12919458
nhr-25 chrX 13008413 13013134
F17H10.2 chrX 13114085 13115989
nlp-3 chrX 13177774 13178375
skr-19 chrX 13223537 13224629
C29F7.6 chrX 13436375 13441805
srd-51 chrX 13482569 13484690
sad-1 chrX 13489374 13500472
cdk-4 chrX 13515970 13517674
pab-2 chrX 13522189 13525743
F18H3.4 chrX 13529007 13531952
unc-84 chrX 13584694 13589710
nlg-1 chrX 13625353 13631015
C04A11.1 chrX 13660438 13662883
pix-1 chrX 13727218 13734270
obr-3 chrX 13798560 13803493
dyc-1 chrX 14049455 14063776
lgc-21 chrX 14064354 14067598
C33G3.6 chrX 14080310 14084246
F28H6.6 chrX 14117008 14125795
akt-2 chrX 14147620 14151990
ceh-37 chrX 14197356 14209074
K06G5.1 chrX 14214893 14218966
K04C1.3 chrX 14241492 14243318
tag-172 chrX 14284755 14291230
T14C1.1 chrX 14406096 14411101
M163.1 chrX 14502416 14503760
H01A20.2 chrX 14568795 14570343
C44H4.1 chrX 14572638 14576028
F54E4.3 chrX 14632012 14636327
C26G2.2 chrX 14665303 14671220
epn-1 chrX 14816544 14818426
flp-8 chrX 14881337 14881986
daf-6 chrX 14888413 14894179
nac-1 chrX 14895063 14898371
mrp-5 chrX 14938859 14946235
C18B12.4 chrX 15036614 15040520
Y15E3A.4 chrX 15330882 15333869
C33A11.1 chrX 15355156 15363782
C02C6.3 chrX 15546688 15547342
ent-2 chrX 15600984 15603683
rab-14 chrX 15604685 15606555
nipi-3 chrX 15607888 15611731
F59D12.1 chrX 15666680 15672283
F59F4.3 chrX 15842344 15847508
csb-1 chrX 15861278 15865831
F53H4.4 chrX 15866329 15868616
ZK1073.1 chrX 16123863 16128782
sgk-1 chrX 16254928 16261966
ace-1 chrX 16367144 16373698
ztf-19 chrX 16536749 16540111
K08B5.1 chrX 16558358 16562224
F59C12.3 chrX 16603300 16609439
tag-343 chrX 16665350 16672518
C10E2.6 chrX 16767094 16770415
T01C8.2 chrX 16786358 16787535
fbxb-114 chrX 16921767 16922776
F35B3.4 chrX 17019537 17020720
C33E10.1 chrX 17305259 17306220
osm-11 chrX 17420134 17421380
C36E6.2 chrX 17452304 17455769
nhr-1 chrX 17518356 17524658
F31A3.5 chrX 17554915 17561376
C16H3.3 chrX 17601887 17604523
T23E7.2 chrX 17670939 17680687

Table 3.2 MW revised dosage compensated gene list. 
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MBW DC genes
gene name chromosome tx start tx end
R04A9.5 chrX 384382 388797
ugt-46 chrX 525933 530177
F28C10.3 chrX 531885 535750
mrp-2 chrX 563724 572702
mrp-1 chrX 576318 587483
F13C5.1 chrX 601574 604922
ncam-1 chrX 695065 702537
aex-3 chrX 752710 759731
T04G9.1 chrX 788351 796141
daf-3 chrX 817925 823840
mab-7 chrX 892239 898068
stau-1 chrX 1027669 1035241
F55A4.8 chrX 1038540 1044378
K03E6.7 chrX 1084223 1088147
F49E7.2 chrX 1095543 1097010
tsp-9 chrX 1246011 1247494
zfp-3 chrX 1440367 1446571
T26C11.4 chrX 1840560 1845531
ceh-41 chrX 1846670 1848669
ceh-39 chrX 1853926 1856166
F52D2.7 chrX 1962566 1966164
Y102A11A.3 chrX 2019164 2025731
Y102A11A.2 chrX 2026646 2031004
acl-4 chrX 2066547 2070435
lsy-2 chrX 2089659 2093240
AH9.1 chrX 2243594 2247001
T10H10.2 chrX 2294742 2298144
F47G3.3 chrX 2375990 2378646
C43H6.7 chrX 2398805 2402045
C43H6.4 chrX 2404017 2407352
C43H6.3 chrX 2407460 2409558
fox-1 chrX 2445492 2450501
syg-1 chrX 2509329 2515310
tbc-12 chrX 2525206 2532430
F52H2.5 chrX 2557980 2559553
F54G2.1 chrX 2621287 2629680
T14G11.1 chrX 2688985 2691989
T02C5.1 chrX 2694914 2698083
igcm-3 chrX 2698253 2705850
cgef-1 chrX 2793928 2799236
C14A11.9 chrX 2807909 2809624
F53B3.5 chrX 2872800 2879612
Y71H10A.2 chrX 2933351 2937731
Y41G9A.5 chrX 2946841 2948940
osm-5 chrX 2984268 2991366
M02F4.3 chrX 3036423 3040723
F52E4.5 chrX 3085885 3087330
K10B3.6 chrX 3109923 3111332
mai-1 chrX 3113429 3116587
rgl-1 chrX 3210966 3220282
ddr-2 chrX 3315309 3323952
clc-3 chrX 3373234 3374728
T27A10.2 chrX 3585943 3586853
R11G1.6 chrX 3639490 3644493
sax-1 chrX 3646310 3650137
F35A5.1 chrX 3807448 3816392
ceh-18 chrX 3844764 3857777
R02E12.4 chrX 4003508 4007611
R02E4.1 chrX 4103420 4104495
ZK470.2 chrX 4135106 4147801
nck-1 chrX 4148630 4153417
ZK470.1 chrX 4163620 4169764
mrp-6 chrX 4177880 4186421
rab-37 chrX 4228501 4231346
coel-1 chrX 4265856 4270523
cka-2 chrX 4287546 4291335
F14H12.3 chrX 4344224 4345609
lst-2 chrX 4378002 4383339
dpy-23 chrX 4389337 4393768
dop-1 chrX 4411563 4413898
ncr-1 chrX 4472256 4480049
dgk-2 chrX 4496298 4504360
spr-3 chrX 4514068 4516862
ham-2 chrX 4554662 4558827
C05E11.3 chrX 4579476 4581627
C46C11.1 chrX 4637410 4643273
K02G10.5 chrX 4687757 4691286
lon-2 chrX 4738931 4749051
mig-13 chrX 4796420 4799590
R08E3.3 chrX 4818566 4821676
tsp-14 chrX 4867079 4871028
ZC8.6 chrX 4972567 4997565
lfi-1 chrX 4984044 4992822
ZC449.3 chrX 5018361 5020624
ZC449.2 chrX 5021181 5024223
ZC449.5 chrX 5034994 5037742
C24H10.1 chrX 5072003 5074198
tbc-7 chrX 5138957 5146253
pqn-62 chrX 5197749 5204207
Y34B4A.4 chrX 5264294 5271753
C26B9.1 chrX 5344830 5347927
jkk-1 chrX 5368430 5372019
C25F6.7 chrX 5445033 5447554
dlg-1 chrX 5479663 5484671
C25F6.1 chrX 5486459 5488063
mec-2 chrX 5582568 5584618
unc-97 chrX 5593091 5594924
T22B7.4 chrX 5638539 5641321
set-19 chrX 5675203 5680183
set-20 chrX 5680306 5684699
W01C8.5 chrX 5694432 5696216
cyp-43A1 chrX 5714236 5717535
tag-294 chrX 5760253 5763334
sft-4 chrX 5778834 5780704
hbl-1 chrX 5823025 5826319
puf-9 chrX 5841549 5845925
W06B11.1 chrX 5849061 5851858
ctbp-1 chrX 5862714 5873278
flp-7 chrX 5885822 5886781
F49E10.2 chrX 5890363 5894715
tbc-16 chrX 5897348 5902095
mig-23 chrX 5945778 5948827
C45B2.6 chrX 6053057 6057300
gln-1 chrX 6058211 6060187
C45B2.2 chrX 6084696 6085146
C45B2.8 chrX 6087942 6088321
C15H9.11 chrX 6102838 6103390
tag-275 chrX 6142450 6150499
W05H9.4 chrX 6263604 6266866
W05H9.2 chrX 6267005 6271008
mom-1 chrX 6293082 6298151
gar-1 chrX 6479592 6484765
cdf-1 chrX 6499891 6504557
glr-8 chrX 6506838 6509837
ets-4 chrX 6519061 6522603
ilys-5 chrX 6535478 6536755
T14E8.1 chrX 6553242 6559368
T14E8.4 chrX 6559524 6562226
T28B4.1 chrX 6588754 6596088
T28B4.4 chrX 6597872 6598821
F38B6.6 chrX 6684416 6690038
F38B6.1 chrX 6700263 6700778
nas-11 chrX 6713529 6716275
abts-4 chrX 6747315 6761691
sgca-1 chrX 6787208 6789505
M03A8.3 chrX 6800640 6803658
F41B4.1 chrX 6823846 6825790
C53B7.3 chrX 6844706 6845852
rig-3 chrX 6853569 6860867
unc-6 chrX 6889640 6897087
otpl-3 chrX 6921618 6924403
F14B8.5 chrX 6924768 6928655
tsp-16 chrX 6994733 6996742
tyra-2 chrX 6996809 7001937
ist-1 chrX 7132155 7139599
alh-10 chrX 7140454 7143591
lam-2 chrX 7143867 7151090
syd-9 chrX 7218275 7226766
F46H5.2 chrX 7265600 7267829
unc-10 chrX 7272283 7280267
clc-2 chrX 7431416 7433481
C01C10.2 chrX 7435583 7437899
acl-12 chrX 7439356 7442523
sox-2 chrX 7458962 7463682
F48E3.2 chrX 7490360 7493066
F48E3.8 chrX 7507829 7517639
adt-2 chrX 7586052 7593757
F27D9.2 chrX 7672932 7676221
stn-2 chrX 7676470 7680569
C53C9.2 chrX 7686585 7689159
K09F5.6 chrX 7719211 7725457
ZK154.6 chrX 7790395 7792197
R03G5.7 chrX 7805622 7806750
sek-1 chrX 7816673 7820983
C39D10.6 chrX 7896234 7897691
zig-4 chrX 7925379 7926462
zig-3 chrX 7930680 7931747
tnt-3 chrX 7937580 7944991
C18A11.2 chrX 8067627 8067963
C17H11.1 chrX 8173849 8180805
M60.4 chrX 8232294 8236253
kqt-2 chrX 8243074 8246308
M60.6 chrX 8248145 8252397
cutl-29 chrX 8262378 8270960
ksr-1 chrX 8275095 8283238
R09F10.3 chrX 8294562 8296602
tbc-18 chrX 8378494 8382638
wrk-1 chrX 8387901 8392520
tth-1 chrX 8422416 8423671
F16F9.1 chrX 8447211 8450344
flp-5 chrX 8528187 8530971
nlp-7 chrX 8593133 8593750
rig-1 chrX 8669229 8671294
F53A9.8 chrX 8718503 8718846
tag-130 chrX 8792097 8795728
R04E5.8 chrX 8802507 8803123
R04E5.9 chrX 8806053 8810973
sec-15 chrX 8831684 8835653
C06E2.1 chrX 8872871 8874572
twk-18 chrX 8988072 8991897
tsp-11 chrX 9163097 9165903
C35B8.3 chrX 9213913 9216788
vav-1 chrX 9217390 9232003
gpa-12 chrX 9246937 9248848
gly-13 chrX 9293605 9296553
B0416.7 chrX 9296966 9297863
B0416.1 chrX 9303654 9310362
oga-1 chrX 9343674 9347309
pkc-2 chrX 9376201 9385657
ZK899.1 chrX 9446594 9447543
F49E2.2 chrX 9567228 9573656
F34H10.3 chrX 9633229 9634979
T14B1.1 chrX 9664434 9668688
rrc-1 chrX 9823712 9831181
F47A4.5 chrX 9833311 9837971
R07B1.8 chrX 9870817 9872531
C17G1.5 chrX 9941561 9944705
F19C6.2 chrX 10000870 10004831
mkk-4 chrX 10027787 10030061
ZC373.4 chrX 10062400 10069715
unc-58 chrX 10105029 10109799
unc-115 chrX 10147175 10153071
erd-2 chrX 10156788 10160369
R07E3.4 chrX 10330647 10331803
rme-4 chrX 10373169 10374768
acr-8 chrX 10412692 10416560
syd-2 chrX 10549050 10555167
nhx-5 chrX 10576887 10580982
sdn-1 chrX 10589707 10593262
flp-19 chrX 10604737 10605755
abl-1 chrX 10606125 10624112
daf-12 chrX 10664332 10665408
F13E6.2 chrX 10668206 10674220
F13E6.5 chrX 10695233 10697762
R07A4.2 chrX 10744281 10746413
sma-9 chrX 10769212 10781815
plc-1 chrX 10794795 10812459
F47B10.8 chrX 10905172 10906505
T21B6.3 chrX 10945077 10948894
lge-1 chrX 10966568 10969704
ver-3 chrX 10992433 10997753
F59F3.4 chrX 11004914 11008105
ttr-31 chrX 11008189 11008994
clc-1 chrX 11047444 11049156
F13D2.1 chrX 11163881 11175072
hst-2 chrX 11204072 11207016
C34F6.6 chrX 11207412 11208049
C34F6.7 chrX 11210040 11215395
C03A3.1 chrX 11257444 11260150
F38B2.2 chrX 11278617 11279293
F08G12.1 chrX 11301999 11305799
ttyh-1 chrX 11368644 11374272
F08B12.1 chrX 11385040 11392705
slo-2 chrX 11394531 11401473
C35C5.9 chrX 11536490 11537045
C35C5.3 chrX 11545332 11547486
mig-2 chrX 11548530 11550107
lev-8 chrX 11560837 11563620
frm-3 chrX 11576177 11581649
F52D10.2 chrX 11589641 11591641
T04F8.6 chrX 11667080 11672223
rsd-3 chrX 11798423 11803576
C34E11.2 chrX 11805283 11811386
tag-241 chrX 11826637 11836037
F55G7.2 chrX 11929820 11931568
set-6 chrX 11969951 11974598
tsp-20 chrX 12031519 12033945
W03G11.3 chrX 12100125 12103723
F57G12.1 chrX 12169020 12171605
cab-1 chrX 12199485 12212971
C23H4.6 chrX 12235542 12240703
E01G6.3 chrX 12241637 12244559
nekl-3 chrX 12389553 12391394
F17E5.2 chrX 12394186 12399412
lin-2 chrX 12399439 12413947
atf-6 chrX 12480869 12484809
R09A8.5 chrX 12638413 12640409
nhr-17 chrX 12663762 12667772
rgs-2 chrX 12712571 12727533
pgp-14 chrX 12744641 12749500
gei-3 chrX 12796229 12797508
bcat-1 chrX 12877399 12880248
gpc-1 chrX 12881509 12884909
pqn-18 chrX 12907751 12919458
nhr-25 chrX 13008413 13013134
F17H10.2 chrX 13114085 13115989
nlp-3 chrX 13177774 13178375
skr-19 chrX 13223537 13224629
C29F7.6 chrX 13436375 13441805
srd-51 chrX 13482569 13484690
sad-1 chrX 13489374 13500472
cdk-4 chrX 13515970 13517674
pab-2 chrX 13522189 13525743
F18H3.4 chrX 13529007 13531952
unc-84 chrX 13584694 13589710
nlg-1 chrX 13625353 13631015
C04A11.1 chrX 13660438 13662883
pix-1 chrX 13727218 13734270
obr-3 chrX 13798560 13803493
dyc-1 chrX 14049455 14063776
lgc-21 chrX 14064354 14067598
C33G3.6 chrX 14080310 14084246
F28H6.6 chrX 14117008 14125795
akt-2 chrX 14147620 14151990
ceh-37 chrX 14197356 14209074
K06G5.1 chrX 14214893 14218966
K04C1.3 chrX 14241492 14243318
tag-172 chrX 14284755 14291230
T14C1.1 chrX 14406096 14411101
M163.1 chrX 14502416 14503760
H01A20.2 chrX 14568795 14570343
C44H4.1 chrX 14572638 14576028
F54E4.3 chrX 14632012 14636327
C26G2.2 chrX 14665303 14671220
epn-1 chrX 14816544 14818426
flp-8 chrX 14881337 14881986
daf-6 chrX 14888413 14894179
nac-1 chrX 14895063 14898371
mrp-5 chrX 14938859 14946235
C18B12.4 chrX 15036614 15040520
Y15E3A.4 chrX 15330882 15333869
C33A11.1 chrX 15355156 15363782
C02C6.3 chrX 15546688 15547342
ent-2 chrX 15600984 15603683
rab-14 chrX 15604685 15606555
nipi-3 chrX 15607888 15611731
F59D12.1 chrX 15666680 15672283
F59F4.3 chrX 15842344 15847508
csb-1 chrX 15861278 15865831
F53H4.4 chrX 15866329 15868616
ZK1073.1 chrX 16123863 16128782
sgk-1 chrX 16254928 16261966
ace-1 chrX 16367144 16373698
ztf-19 chrX 16536749 16540111
K08B5.1 chrX 16558358 16562224
F59C12.3 chrX 16603300 16609439
tag-343 chrX 16665350 16672518
C10E2.6 chrX 16767094 16770415
T01C8.2 chrX 16786358 16787535
fbxb-114 chrX 16921767 16922776
F35B3.4 chrX 17019537 17020720
C33E10.1 chrX 17305259 17306220
osm-11 chrX 17420134 17421380
C36E6.2 chrX 17452304 17455769
nhr-1 chrX 17518356 17524658
F31A3.5 chrX 17554915 17561376
C16H3.3 chrX 17601887 17604523
T23E7.2 chrX 17670939 17680687
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MBW DC genes
gene name chromosome tx start tx end
R04A9.5 chrX 384382 388797
ugt-46 chrX 525933 530177
F28C10.3 chrX 531885 535750
mrp-2 chrX 563724 572702
mrp-1 chrX 576318 587483
F13C5.1 chrX 601574 604922
ncam-1 chrX 695065 702537
aex-3 chrX 752710 759731
T04G9.1 chrX 788351 796141
daf-3 chrX 817925 823840
mab-7 chrX 892239 898068
stau-1 chrX 1027669 1035241
F55A4.8 chrX 1038540 1044378
K03E6.7 chrX 1084223 1088147
F49E7.2 chrX 1095543 1097010
tsp-9 chrX 1246011 1247494
zfp-3 chrX 1440367 1446571
T26C11.4 chrX 1840560 1845531
ceh-41 chrX 1846670 1848669
ceh-39 chrX 1853926 1856166
F52D2.7 chrX 1962566 1966164
Y102A11A.3 chrX 2019164 2025731
Y102A11A.2 chrX 2026646 2031004
acl-4 chrX 2066547 2070435
lsy-2 chrX 2089659 2093240
AH9.1 chrX 2243594 2247001
T10H10.2 chrX 2294742 2298144
F47G3.3 chrX 2375990 2378646
C43H6.7 chrX 2398805 2402045
C43H6.4 chrX 2404017 2407352
C43H6.3 chrX 2407460 2409558
fox-1 chrX 2445492 2450501
syg-1 chrX 2509329 2515310
tbc-12 chrX 2525206 2532430
F52H2.5 chrX 2557980 2559553
F54G2.1 chrX 2621287 2629680
T14G11.1 chrX 2688985 2691989
T02C5.1 chrX 2694914 2698083
igcm-3 chrX 2698253 2705850
cgef-1 chrX 2793928 2799236
C14A11.9 chrX 2807909 2809624
F53B3.5 chrX 2872800 2879612
Y71H10A.2 chrX 2933351 2937731
Y41G9A.5 chrX 2946841 2948940
osm-5 chrX 2984268 2991366
M02F4.3 chrX 3036423 3040723
F52E4.5 chrX 3085885 3087330
K10B3.6 chrX 3109923 3111332
mai-1 chrX 3113429 3116587
rgl-1 chrX 3210966 3220282
ddr-2 chrX 3315309 3323952
clc-3 chrX 3373234 3374728
T27A10.2 chrX 3585943 3586853
R11G1.6 chrX 3639490 3644493
sax-1 chrX 3646310 3650137
F35A5.1 chrX 3807448 3816392
ceh-18 chrX 3844764 3857777
R02E12.4 chrX 4003508 4007611
R02E4.1 chrX 4103420 4104495
ZK470.2 chrX 4135106 4147801
nck-1 chrX 4148630 4153417
ZK470.1 chrX 4163620 4169764
mrp-6 chrX 4177880 4186421
rab-37 chrX 4228501 4231346
coel-1 chrX 4265856 4270523
cka-2 chrX 4287546 4291335
F14H12.3 chrX 4344224 4345609
lst-2 chrX 4378002 4383339
dpy-23 chrX 4389337 4393768
dop-1 chrX 4411563 4413898
ncr-1 chrX 4472256 4480049
dgk-2 chrX 4496298 4504360
spr-3 chrX 4514068 4516862
ham-2 chrX 4554662 4558827
C05E11.3 chrX 4579476 4581627
C46C11.1 chrX 4637410 4643273
K02G10.5 chrX 4687757 4691286
lon-2 chrX 4738931 4749051
mig-13 chrX 4796420 4799590
R08E3.3 chrX 4818566 4821676
tsp-14 chrX 4867079 4871028
ZC8.6 chrX 4972567 4997565
lfi-1 chrX 4984044 4992822
ZC449.3 chrX 5018361 5020624
ZC449.2 chrX 5021181 5024223
ZC449.5 chrX 5034994 5037742
C24H10.1 chrX 5072003 5074198
tbc-7 chrX 5138957 5146253
pqn-62 chrX 5197749 5204207
Y34B4A.4 chrX 5264294 5271753
C26B9.1 chrX 5344830 5347927
jkk-1 chrX 5368430 5372019
C25F6.7 chrX 5445033 5447554
dlg-1 chrX 5479663 5484671
C25F6.1 chrX 5486459 5488063
mec-2 chrX 5582568 5584618
unc-97 chrX 5593091 5594924
T22B7.4 chrX 5638539 5641321
set-19 chrX 5675203 5680183
set-20 chrX 5680306 5684699
W01C8.5 chrX 5694432 5696216
cyp-43A1 chrX 5714236 5717535
tag-294 chrX 5760253 5763334
sft-4 chrX 5778834 5780704
hbl-1 chrX 5823025 5826319
puf-9 chrX 5841549 5845925
W06B11.1 chrX 5849061 5851858
ctbp-1 chrX 5862714 5873278
flp-7 chrX 5885822 5886781
F49E10.2 chrX 5890363 5894715
tbc-16 chrX 5897348 5902095
mig-23 chrX 5945778 5948827
C45B2.6 chrX 6053057 6057300
gln-1 chrX 6058211 6060187
C45B2.2 chrX 6084696 6085146
C45B2.8 chrX 6087942 6088321
C15H9.11 chrX 6102838 6103390
tag-275 chrX 6142450 6150499
W05H9.4 chrX 6263604 6266866
W05H9.2 chrX 6267005 6271008
mom-1 chrX 6293082 6298151
gar-1 chrX 6479592 6484765
cdf-1 chrX 6499891 6504557
glr-8 chrX 6506838 6509837
ets-4 chrX 6519061 6522603
ilys-5 chrX 6535478 6536755
T14E8.1 chrX 6553242 6559368
T14E8.4 chrX 6559524 6562226
T28B4.1 chrX 6588754 6596088
T28B4.4 chrX 6597872 6598821
F38B6.6 chrX 6684416 6690038
F38B6.1 chrX 6700263 6700778
nas-11 chrX 6713529 6716275
abts-4 chrX 6747315 6761691
sgca-1 chrX 6787208 6789505
M03A8.3 chrX 6800640 6803658
F41B4.1 chrX 6823846 6825790
C53B7.3 chrX 6844706 6845852
rig-3 chrX 6853569 6860867
unc-6 chrX 6889640 6897087
otpl-3 chrX 6921618 6924403
F14B8.5 chrX 6924768 6928655
tsp-16 chrX 6994733 6996742
tyra-2 chrX 6996809 7001937
ist-1 chrX 7132155 7139599
alh-10 chrX 7140454 7143591
lam-2 chrX 7143867 7151090
syd-9 chrX 7218275 7226766
F46H5.2 chrX 7265600 7267829
unc-10 chrX 7272283 7280267
clc-2 chrX 7431416 7433481
C01C10.2 chrX 7435583 7437899
acl-12 chrX 7439356 7442523
sox-2 chrX 7458962 7463682
F48E3.2 chrX 7490360 7493066
F48E3.8 chrX 7507829 7517639
adt-2 chrX 7586052 7593757
F27D9.2 chrX 7672932 7676221
stn-2 chrX 7676470 7680569
C53C9.2 chrX 7686585 7689159
K09F5.6 chrX 7719211 7725457
ZK154.6 chrX 7790395 7792197
R03G5.7 chrX 7805622 7806750
sek-1 chrX 7816673 7820983
C39D10.6 chrX 7896234 7897691
zig-4 chrX 7925379 7926462
zig-3 chrX 7930680 7931747
tnt-3 chrX 7937580 7944991
C18A11.2 chrX 8067627 8067963
C17H11.1 chrX 8173849 8180805
M60.4 chrX 8232294 8236253
kqt-2 chrX 8243074 8246308
M60.6 chrX 8248145 8252397
cutl-29 chrX 8262378 8270960
ksr-1 chrX 8275095 8283238
R09F10.3 chrX 8294562 8296602
tbc-18 chrX 8378494 8382638
wrk-1 chrX 8387901 8392520
tth-1 chrX 8422416 8423671
F16F9.1 chrX 8447211 8450344
flp-5 chrX 8528187 8530971
nlp-7 chrX 8593133 8593750
rig-1 chrX 8669229 8671294
F53A9.8 chrX 8718503 8718846
tag-130 chrX 8792097 8795728
R04E5.8 chrX 8802507 8803123
R04E5.9 chrX 8806053 8810973
sec-15 chrX 8831684 8835653
C06E2.1 chrX 8872871 8874572
twk-18 chrX 8988072 8991897
tsp-11 chrX 9163097 9165903
C35B8.3 chrX 9213913 9216788
vav-1 chrX 9217390 9232003
gpa-12 chrX 9246937 9248848
gly-13 chrX 9293605 9296553
B0416.7 chrX 9296966 9297863
B0416.1 chrX 9303654 9310362
oga-1 chrX 9343674 9347309
pkc-2 chrX 9376201 9385657
ZK899.1 chrX 9446594 9447543
F49E2.2 chrX 9567228 9573656
F34H10.3 chrX 9633229 9634979
T14B1.1 chrX 9664434 9668688
rrc-1 chrX 9823712 9831181
F47A4.5 chrX 9833311 9837971
R07B1.8 chrX 9870817 9872531
C17G1.5 chrX 9941561 9944705
F19C6.2 chrX 10000870 10004831
mkk-4 chrX 10027787 10030061
ZC373.4 chrX 10062400 10069715
unc-58 chrX 10105029 10109799
unc-115 chrX 10147175 10153071
erd-2 chrX 10156788 10160369
R07E3.4 chrX 10330647 10331803
rme-4 chrX 10373169 10374768
acr-8 chrX 10412692 10416560
syd-2 chrX 10549050 10555167
nhx-5 chrX 10576887 10580982
sdn-1 chrX 10589707 10593262
flp-19 chrX 10604737 10605755
abl-1 chrX 10606125 10624112
daf-12 chrX 10664332 10665408
F13E6.2 chrX 10668206 10674220
F13E6.5 chrX 10695233 10697762
R07A4.2 chrX 10744281 10746413
sma-9 chrX 10769212 10781815
plc-1 chrX 10794795 10812459
F47B10.8 chrX 10905172 10906505
T21B6.3 chrX 10945077 10948894
lge-1 chrX 10966568 10969704
ver-3 chrX 10992433 10997753
F59F3.4 chrX 11004914 11008105
ttr-31 chrX 11008189 11008994
clc-1 chrX 11047444 11049156
F13D2.1 chrX 11163881 11175072
hst-2 chrX 11204072 11207016
C34F6.6 chrX 11207412 11208049
C34F6.7 chrX 11210040 11215395
C03A3.1 chrX 11257444 11260150
F38B2.2 chrX 11278617 11279293
F08G12.1 chrX 11301999 11305799
ttyh-1 chrX 11368644 11374272
F08B12.1 chrX 11385040 11392705
slo-2 chrX 11394531 11401473
C35C5.9 chrX 11536490 11537045
C35C5.3 chrX 11545332 11547486
mig-2 chrX 11548530 11550107
lev-8 chrX 11560837 11563620
frm-3 chrX 11576177 11581649
F52D10.2 chrX 11589641 11591641
T04F8.6 chrX 11667080 11672223
rsd-3 chrX 11798423 11803576
C34E11.2 chrX 11805283 11811386
tag-241 chrX 11826637 11836037
F55G7.2 chrX 11929820 11931568
set-6 chrX 11969951 11974598
tsp-20 chrX 12031519 12033945
W03G11.3 chrX 12100125 12103723
F57G12.1 chrX 12169020 12171605
cab-1 chrX 12199485 12212971
C23H4.6 chrX 12235542 12240703
E01G6.3 chrX 12241637 12244559
nekl-3 chrX 12389553 12391394
F17E5.2 chrX 12394186 12399412
lin-2 chrX 12399439 12413947
atf-6 chrX 12480869 12484809
R09A8.5 chrX 12638413 12640409
nhr-17 chrX 12663762 12667772
rgs-2 chrX 12712571 12727533
pgp-14 chrX 12744641 12749500
gei-3 chrX 12796229 12797508
bcat-1 chrX 12877399 12880248
gpc-1 chrX 12881509 12884909
pqn-18 chrX 12907751 12919458
nhr-25 chrX 13008413 13013134
F17H10.2 chrX 13114085 13115989
nlp-3 chrX 13177774 13178375
skr-19 chrX 13223537 13224629
C29F7.6 chrX 13436375 13441805
srd-51 chrX 13482569 13484690
sad-1 chrX 13489374 13500472
cdk-4 chrX 13515970 13517674
pab-2 chrX 13522189 13525743
F18H3.4 chrX 13529007 13531952
unc-84 chrX 13584694 13589710
nlg-1 chrX 13625353 13631015
C04A11.1 chrX 13660438 13662883
pix-1 chrX 13727218 13734270
obr-3 chrX 13798560 13803493
dyc-1 chrX 14049455 14063776
lgc-21 chrX 14064354 14067598
C33G3.6 chrX 14080310 14084246
F28H6.6 chrX 14117008 14125795
akt-2 chrX 14147620 14151990
ceh-37 chrX 14197356 14209074
K06G5.1 chrX 14214893 14218966
K04C1.3 chrX 14241492 14243318
tag-172 chrX 14284755 14291230
T14C1.1 chrX 14406096 14411101
M163.1 chrX 14502416 14503760
H01A20.2 chrX 14568795 14570343
C44H4.1 chrX 14572638 14576028
F54E4.3 chrX 14632012 14636327
C26G2.2 chrX 14665303 14671220
epn-1 chrX 14816544 14818426
flp-8 chrX 14881337 14881986
daf-6 chrX 14888413 14894179
nac-1 chrX 14895063 14898371
mrp-5 chrX 14938859 14946235
C18B12.4 chrX 15036614 15040520
Y15E3A.4 chrX 15330882 15333869
C33A11.1 chrX 15355156 15363782
C02C6.3 chrX 15546688 15547342
ent-2 chrX 15600984 15603683
rab-14 chrX 15604685 15606555
nipi-3 chrX 15607888 15611731
F59D12.1 chrX 15666680 15672283
F59F4.3 chrX 15842344 15847508
csb-1 chrX 15861278 15865831
F53H4.4 chrX 15866329 15868616
ZK1073.1 chrX 16123863 16128782
sgk-1 chrX 16254928 16261966
ace-1 chrX 16367144 16373698
ztf-19 chrX 16536749 16540111
K08B5.1 chrX 16558358 16562224
F59C12.3 chrX 16603300 16609439
tag-343 chrX 16665350 16672518
C10E2.6 chrX 16767094 16770415
T01C8.2 chrX 16786358 16787535
fbxb-114 chrX 16921767 16922776
F35B3.4 chrX 17019537 17020720
C33E10.1 chrX 17305259 17306220
osm-11 chrX 17420134 17421380
C36E6.2 chrX 17452304 17455769
nhr-1 chrX 17518356 17524658
F31A3.5 chrX 17554915 17561376
C16H3.3 chrX 17601887 17604523
T23E7.2 chrX 17670939 17680687
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MBW DC genes
gene name chromosome tx start tx end
R04A9.5 chrX 384382 388797
ugt-46 chrX 525933 530177
F28C10.3 chrX 531885 535750
mrp-2 chrX 563724 572702
mrp-1 chrX 576318 587483
F13C5.1 chrX 601574 604922
ncam-1 chrX 695065 702537
aex-3 chrX 752710 759731
T04G9.1 chrX 788351 796141
daf-3 chrX 817925 823840
mab-7 chrX 892239 898068
stau-1 chrX 1027669 1035241
F55A4.8 chrX 1038540 1044378
K03E6.7 chrX 1084223 1088147
F49E7.2 chrX 1095543 1097010
tsp-9 chrX 1246011 1247494
zfp-3 chrX 1440367 1446571
T26C11.4 chrX 1840560 1845531
ceh-41 chrX 1846670 1848669
ceh-39 chrX 1853926 1856166
F52D2.7 chrX 1962566 1966164
Y102A11A.3 chrX 2019164 2025731
Y102A11A.2 chrX 2026646 2031004
acl-4 chrX 2066547 2070435
lsy-2 chrX 2089659 2093240
AH9.1 chrX 2243594 2247001
T10H10.2 chrX 2294742 2298144
F47G3.3 chrX 2375990 2378646
C43H6.7 chrX 2398805 2402045
C43H6.4 chrX 2404017 2407352
C43H6.3 chrX 2407460 2409558
fox-1 chrX 2445492 2450501
syg-1 chrX 2509329 2515310
tbc-12 chrX 2525206 2532430
F52H2.5 chrX 2557980 2559553
F54G2.1 chrX 2621287 2629680
T14G11.1 chrX 2688985 2691989
T02C5.1 chrX 2694914 2698083
igcm-3 chrX 2698253 2705850
cgef-1 chrX 2793928 2799236
C14A11.9 chrX 2807909 2809624
F53B3.5 chrX 2872800 2879612
Y71H10A.2 chrX 2933351 2937731
Y41G9A.5 chrX 2946841 2948940
osm-5 chrX 2984268 2991366
M02F4.3 chrX 3036423 3040723
F52E4.5 chrX 3085885 3087330
K10B3.6 chrX 3109923 3111332
mai-1 chrX 3113429 3116587
rgl-1 chrX 3210966 3220282
ddr-2 chrX 3315309 3323952
clc-3 chrX 3373234 3374728
T27A10.2 chrX 3585943 3586853
R11G1.6 chrX 3639490 3644493
sax-1 chrX 3646310 3650137
F35A5.1 chrX 3807448 3816392
ceh-18 chrX 3844764 3857777
R02E12.4 chrX 4003508 4007611
R02E4.1 chrX 4103420 4104495
ZK470.2 chrX 4135106 4147801
nck-1 chrX 4148630 4153417
ZK470.1 chrX 4163620 4169764
mrp-6 chrX 4177880 4186421
rab-37 chrX 4228501 4231346
coel-1 chrX 4265856 4270523
cka-2 chrX 4287546 4291335
F14H12.3 chrX 4344224 4345609
lst-2 chrX 4378002 4383339
dpy-23 chrX 4389337 4393768
dop-1 chrX 4411563 4413898
ncr-1 chrX 4472256 4480049
dgk-2 chrX 4496298 4504360
spr-3 chrX 4514068 4516862
ham-2 chrX 4554662 4558827
C05E11.3 chrX 4579476 4581627
C46C11.1 chrX 4637410 4643273
K02G10.5 chrX 4687757 4691286
lon-2 chrX 4738931 4749051
mig-13 chrX 4796420 4799590
R08E3.3 chrX 4818566 4821676
tsp-14 chrX 4867079 4871028
ZC8.6 chrX 4972567 4997565
lfi-1 chrX 4984044 4992822
ZC449.3 chrX 5018361 5020624
ZC449.2 chrX 5021181 5024223
ZC449.5 chrX 5034994 5037742
C24H10.1 chrX 5072003 5074198
tbc-7 chrX 5138957 5146253
pqn-62 chrX 5197749 5204207
Y34B4A.4 chrX 5264294 5271753
C26B9.1 chrX 5344830 5347927
jkk-1 chrX 5368430 5372019
C25F6.7 chrX 5445033 5447554
dlg-1 chrX 5479663 5484671
C25F6.1 chrX 5486459 5488063
mec-2 chrX 5582568 5584618
unc-97 chrX 5593091 5594924
T22B7.4 chrX 5638539 5641321
set-19 chrX 5675203 5680183
set-20 chrX 5680306 5684699
W01C8.5 chrX 5694432 5696216
cyp-43A1 chrX 5714236 5717535
tag-294 chrX 5760253 5763334
sft-4 chrX 5778834 5780704
hbl-1 chrX 5823025 5826319
puf-9 chrX 5841549 5845925
W06B11.1 chrX 5849061 5851858
ctbp-1 chrX 5862714 5873278
flp-7 chrX 5885822 5886781
F49E10.2 chrX 5890363 5894715
tbc-16 chrX 5897348 5902095
mig-23 chrX 5945778 5948827
C45B2.6 chrX 6053057 6057300
gln-1 chrX 6058211 6060187
C45B2.2 chrX 6084696 6085146
C45B2.8 chrX 6087942 6088321
C15H9.11 chrX 6102838 6103390
tag-275 chrX 6142450 6150499
W05H9.4 chrX 6263604 6266866
W05H9.2 chrX 6267005 6271008
mom-1 chrX 6293082 6298151
gar-1 chrX 6479592 6484765
cdf-1 chrX 6499891 6504557
glr-8 chrX 6506838 6509837
ets-4 chrX 6519061 6522603
ilys-5 chrX 6535478 6536755
T14E8.1 chrX 6553242 6559368
T14E8.4 chrX 6559524 6562226
T28B4.1 chrX 6588754 6596088
T28B4.4 chrX 6597872 6598821
F38B6.6 chrX 6684416 6690038
F38B6.1 chrX 6700263 6700778
nas-11 chrX 6713529 6716275
abts-4 chrX 6747315 6761691
sgca-1 chrX 6787208 6789505
M03A8.3 chrX 6800640 6803658
F41B4.1 chrX 6823846 6825790
C53B7.3 chrX 6844706 6845852
rig-3 chrX 6853569 6860867
unc-6 chrX 6889640 6897087
otpl-3 chrX 6921618 6924403
F14B8.5 chrX 6924768 6928655
tsp-16 chrX 6994733 6996742
tyra-2 chrX 6996809 7001937
ist-1 chrX 7132155 7139599
alh-10 chrX 7140454 7143591
lam-2 chrX 7143867 7151090
syd-9 chrX 7218275 7226766
F46H5.2 chrX 7265600 7267829
unc-10 chrX 7272283 7280267
clc-2 chrX 7431416 7433481
C01C10.2 chrX 7435583 7437899
acl-12 chrX 7439356 7442523
sox-2 chrX 7458962 7463682
F48E3.2 chrX 7490360 7493066
F48E3.8 chrX 7507829 7517639
adt-2 chrX 7586052 7593757
F27D9.2 chrX 7672932 7676221
stn-2 chrX 7676470 7680569
C53C9.2 chrX 7686585 7689159
K09F5.6 chrX 7719211 7725457
ZK154.6 chrX 7790395 7792197
R03G5.7 chrX 7805622 7806750
sek-1 chrX 7816673 7820983
C39D10.6 chrX 7896234 7897691
zig-4 chrX 7925379 7926462
zig-3 chrX 7930680 7931747
tnt-3 chrX 7937580 7944991
C18A11.2 chrX 8067627 8067963
C17H11.1 chrX 8173849 8180805
M60.4 chrX 8232294 8236253
kqt-2 chrX 8243074 8246308
M60.6 chrX 8248145 8252397
cutl-29 chrX 8262378 8270960
ksr-1 chrX 8275095 8283238
R09F10.3 chrX 8294562 8296602
tbc-18 chrX 8378494 8382638
wrk-1 chrX 8387901 8392520
tth-1 chrX 8422416 8423671
F16F9.1 chrX 8447211 8450344
flp-5 chrX 8528187 8530971
nlp-7 chrX 8593133 8593750
rig-1 chrX 8669229 8671294
F53A9.8 chrX 8718503 8718846
tag-130 chrX 8792097 8795728
R04E5.8 chrX 8802507 8803123
R04E5.9 chrX 8806053 8810973
sec-15 chrX 8831684 8835653
C06E2.1 chrX 8872871 8874572
twk-18 chrX 8988072 8991897
tsp-11 chrX 9163097 9165903
C35B8.3 chrX 9213913 9216788
vav-1 chrX 9217390 9232003
gpa-12 chrX 9246937 9248848
gly-13 chrX 9293605 9296553
B0416.7 chrX 9296966 9297863
B0416.1 chrX 9303654 9310362
oga-1 chrX 9343674 9347309
pkc-2 chrX 9376201 9385657
ZK899.1 chrX 9446594 9447543
F49E2.2 chrX 9567228 9573656
F34H10.3 chrX 9633229 9634979
T14B1.1 chrX 9664434 9668688
rrc-1 chrX 9823712 9831181
F47A4.5 chrX 9833311 9837971
R07B1.8 chrX 9870817 9872531
C17G1.5 chrX 9941561 9944705
F19C6.2 chrX 10000870 10004831
mkk-4 chrX 10027787 10030061
ZC373.4 chrX 10062400 10069715
unc-58 chrX 10105029 10109799
unc-115 chrX 10147175 10153071
erd-2 chrX 10156788 10160369
R07E3.4 chrX 10330647 10331803
rme-4 chrX 10373169 10374768
acr-8 chrX 10412692 10416560
syd-2 chrX 10549050 10555167
nhx-5 chrX 10576887 10580982
sdn-1 chrX 10589707 10593262
flp-19 chrX 10604737 10605755
abl-1 chrX 10606125 10624112
daf-12 chrX 10664332 10665408
F13E6.2 chrX 10668206 10674220
F13E6.5 chrX 10695233 10697762
R07A4.2 chrX 10744281 10746413
sma-9 chrX 10769212 10781815
plc-1 chrX 10794795 10812459
F47B10.8 chrX 10905172 10906505
T21B6.3 chrX 10945077 10948894
lge-1 chrX 10966568 10969704
ver-3 chrX 10992433 10997753
F59F3.4 chrX 11004914 11008105
ttr-31 chrX 11008189 11008994
clc-1 chrX 11047444 11049156
F13D2.1 chrX 11163881 11175072
hst-2 chrX 11204072 11207016
C34F6.6 chrX 11207412 11208049
C34F6.7 chrX 11210040 11215395
C03A3.1 chrX 11257444 11260150
F38B2.2 chrX 11278617 11279293
F08G12.1 chrX 11301999 11305799
ttyh-1 chrX 11368644 11374272
F08B12.1 chrX 11385040 11392705
slo-2 chrX 11394531 11401473
C35C5.9 chrX 11536490 11537045
C35C5.3 chrX 11545332 11547486
mig-2 chrX 11548530 11550107
lev-8 chrX 11560837 11563620
frm-3 chrX 11576177 11581649
F52D10.2 chrX 11589641 11591641
T04F8.6 chrX 11667080 11672223
rsd-3 chrX 11798423 11803576
C34E11.2 chrX 11805283 11811386
tag-241 chrX 11826637 11836037
F55G7.2 chrX 11929820 11931568
set-6 chrX 11969951 11974598
tsp-20 chrX 12031519 12033945
W03G11.3 chrX 12100125 12103723
F57G12.1 chrX 12169020 12171605
cab-1 chrX 12199485 12212971
C23H4.6 chrX 12235542 12240703
E01G6.3 chrX 12241637 12244559
nekl-3 chrX 12389553 12391394
F17E5.2 chrX 12394186 12399412
lin-2 chrX 12399439 12413947
atf-6 chrX 12480869 12484809
R09A8.5 chrX 12638413 12640409
nhr-17 chrX 12663762 12667772
rgs-2 chrX 12712571 12727533
pgp-14 chrX 12744641 12749500
gei-3 chrX 12796229 12797508
bcat-1 chrX 12877399 12880248
gpc-1 chrX 12881509 12884909
pqn-18 chrX 12907751 12919458
nhr-25 chrX 13008413 13013134
F17H10.2 chrX 13114085 13115989
nlp-3 chrX 13177774 13178375
skr-19 chrX 13223537 13224629
C29F7.6 chrX 13436375 13441805
srd-51 chrX 13482569 13484690
sad-1 chrX 13489374 13500472
cdk-4 chrX 13515970 13517674
pab-2 chrX 13522189 13525743
F18H3.4 chrX 13529007 13531952
unc-84 chrX 13584694 13589710
nlg-1 chrX 13625353 13631015
C04A11.1 chrX 13660438 13662883
pix-1 chrX 13727218 13734270
obr-3 chrX 13798560 13803493
dyc-1 chrX 14049455 14063776
lgc-21 chrX 14064354 14067598
C33G3.6 chrX 14080310 14084246
F28H6.6 chrX 14117008 14125795
akt-2 chrX 14147620 14151990
ceh-37 chrX 14197356 14209074
K06G5.1 chrX 14214893 14218966
K04C1.3 chrX 14241492 14243318
tag-172 chrX 14284755 14291230
T14C1.1 chrX 14406096 14411101
M163.1 chrX 14502416 14503760
H01A20.2 chrX 14568795 14570343
C44H4.1 chrX 14572638 14576028
F54E4.3 chrX 14632012 14636327
C26G2.2 chrX 14665303 14671220
epn-1 chrX 14816544 14818426
flp-8 chrX 14881337 14881986
daf-6 chrX 14888413 14894179
nac-1 chrX 14895063 14898371
mrp-5 chrX 14938859 14946235
C18B12.4 chrX 15036614 15040520
Y15E3A.4 chrX 15330882 15333869
C33A11.1 chrX 15355156 15363782
C02C6.3 chrX 15546688 15547342
ent-2 chrX 15600984 15603683
rab-14 chrX 15604685 15606555
nipi-3 chrX 15607888 15611731
F59D12.1 chrX 15666680 15672283
F59F4.3 chrX 15842344 15847508
csb-1 chrX 15861278 15865831
F53H4.4 chrX 15866329 15868616
ZK1073.1 chrX 16123863 16128782
sgk-1 chrX 16254928 16261966
ace-1 chrX 16367144 16373698
ztf-19 chrX 16536749 16540111
K08B5.1 chrX 16558358 16562224
F59C12.3 chrX 16603300 16609439
tag-343 chrX 16665350 16672518
C10E2.6 chrX 16767094 16770415
T01C8.2 chrX 16786358 16787535
fbxb-114 chrX 16921767 16922776
F35B3.4 chrX 17019537 17020720
C33E10.1 chrX 17305259 17306220
osm-11 chrX 17420134 17421380
C36E6.2 chrX 17452304 17455769
nhr-1 chrX 17518356 17524658
F31A3.5 chrX 17554915 17561376
C16H3.3 chrX 17601887 17604523
T23E7.2 chrX 17670939 17680687
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MBW DC genes
gene name chromosome tx start tx end
R04A9.5 chrX 384382 388797
ugt-46 chrX 525933 530177
F28C10.3 chrX 531885 535750
mrp-2 chrX 563724 572702
mrp-1 chrX 576318 587483
F13C5.1 chrX 601574 604922
ncam-1 chrX 695065 702537
aex-3 chrX 752710 759731
T04G9.1 chrX 788351 796141
daf-3 chrX 817925 823840
mab-7 chrX 892239 898068
stau-1 chrX 1027669 1035241
F55A4.8 chrX 1038540 1044378
K03E6.7 chrX 1084223 1088147
F49E7.2 chrX 1095543 1097010
tsp-9 chrX 1246011 1247494
zfp-3 chrX 1440367 1446571
T26C11.4 chrX 1840560 1845531
ceh-41 chrX 1846670 1848669
ceh-39 chrX 1853926 1856166
F52D2.7 chrX 1962566 1966164
Y102A11A.3 chrX 2019164 2025731
Y102A11A.2 chrX 2026646 2031004
acl-4 chrX 2066547 2070435
lsy-2 chrX 2089659 2093240
AH9.1 chrX 2243594 2247001
T10H10.2 chrX 2294742 2298144
F47G3.3 chrX 2375990 2378646
C43H6.7 chrX 2398805 2402045
C43H6.4 chrX 2404017 2407352
C43H6.3 chrX 2407460 2409558
fox-1 chrX 2445492 2450501
syg-1 chrX 2509329 2515310
tbc-12 chrX 2525206 2532430
F52H2.5 chrX 2557980 2559553
F54G2.1 chrX 2621287 2629680
T14G11.1 chrX 2688985 2691989
T02C5.1 chrX 2694914 2698083
igcm-3 chrX 2698253 2705850
cgef-1 chrX 2793928 2799236
C14A11.9 chrX 2807909 2809624
F53B3.5 chrX 2872800 2879612
Y71H10A.2 chrX 2933351 2937731
Y41G9A.5 chrX 2946841 2948940
osm-5 chrX 2984268 2991366
M02F4.3 chrX 3036423 3040723
F52E4.5 chrX 3085885 3087330
K10B3.6 chrX 3109923 3111332
mai-1 chrX 3113429 3116587
rgl-1 chrX 3210966 3220282
ddr-2 chrX 3315309 3323952
clc-3 chrX 3373234 3374728
T27A10.2 chrX 3585943 3586853
R11G1.6 chrX 3639490 3644493
sax-1 chrX 3646310 3650137
F35A5.1 chrX 3807448 3816392
ceh-18 chrX 3844764 3857777
R02E12.4 chrX 4003508 4007611
R02E4.1 chrX 4103420 4104495
ZK470.2 chrX 4135106 4147801
nck-1 chrX 4148630 4153417
ZK470.1 chrX 4163620 4169764
mrp-6 chrX 4177880 4186421
rab-37 chrX 4228501 4231346
coel-1 chrX 4265856 4270523
cka-2 chrX 4287546 4291335
F14H12.3 chrX 4344224 4345609
lst-2 chrX 4378002 4383339
dpy-23 chrX 4389337 4393768
dop-1 chrX 4411563 4413898
ncr-1 chrX 4472256 4480049
dgk-2 chrX 4496298 4504360
spr-3 chrX 4514068 4516862
ham-2 chrX 4554662 4558827
C05E11.3 chrX 4579476 4581627
C46C11.1 chrX 4637410 4643273
K02G10.5 chrX 4687757 4691286
lon-2 chrX 4738931 4749051
mig-13 chrX 4796420 4799590
R08E3.3 chrX 4818566 4821676
tsp-14 chrX 4867079 4871028
ZC8.6 chrX 4972567 4997565
lfi-1 chrX 4984044 4992822
ZC449.3 chrX 5018361 5020624
ZC449.2 chrX 5021181 5024223
ZC449.5 chrX 5034994 5037742
C24H10.1 chrX 5072003 5074198
tbc-7 chrX 5138957 5146253
pqn-62 chrX 5197749 5204207
Y34B4A.4 chrX 5264294 5271753
C26B9.1 chrX 5344830 5347927
jkk-1 chrX 5368430 5372019
C25F6.7 chrX 5445033 5447554
dlg-1 chrX 5479663 5484671
C25F6.1 chrX 5486459 5488063
mec-2 chrX 5582568 5584618
unc-97 chrX 5593091 5594924
T22B7.4 chrX 5638539 5641321
set-19 chrX 5675203 5680183
set-20 chrX 5680306 5684699
W01C8.5 chrX 5694432 5696216
cyp-43A1 chrX 5714236 5717535
tag-294 chrX 5760253 5763334
sft-4 chrX 5778834 5780704
hbl-1 chrX 5823025 5826319
puf-9 chrX 5841549 5845925
W06B11.1 chrX 5849061 5851858
ctbp-1 chrX 5862714 5873278
flp-7 chrX 5885822 5886781
F49E10.2 chrX 5890363 5894715
tbc-16 chrX 5897348 5902095
mig-23 chrX 5945778 5948827
C45B2.6 chrX 6053057 6057300
gln-1 chrX 6058211 6060187
C45B2.2 chrX 6084696 6085146
C45B2.8 chrX 6087942 6088321
C15H9.11 chrX 6102838 6103390
tag-275 chrX 6142450 6150499
W05H9.4 chrX 6263604 6266866
W05H9.2 chrX 6267005 6271008
mom-1 chrX 6293082 6298151
gar-1 chrX 6479592 6484765
cdf-1 chrX 6499891 6504557
glr-8 chrX 6506838 6509837
ets-4 chrX 6519061 6522603
ilys-5 chrX 6535478 6536755
T14E8.1 chrX 6553242 6559368
T14E8.4 chrX 6559524 6562226
T28B4.1 chrX 6588754 6596088
T28B4.4 chrX 6597872 6598821
F38B6.6 chrX 6684416 6690038
F38B6.1 chrX 6700263 6700778
nas-11 chrX 6713529 6716275
abts-4 chrX 6747315 6761691
sgca-1 chrX 6787208 6789505
M03A8.3 chrX 6800640 6803658
F41B4.1 chrX 6823846 6825790
C53B7.3 chrX 6844706 6845852
rig-3 chrX 6853569 6860867
unc-6 chrX 6889640 6897087
otpl-3 chrX 6921618 6924403
F14B8.5 chrX 6924768 6928655
tsp-16 chrX 6994733 6996742
tyra-2 chrX 6996809 7001937
ist-1 chrX 7132155 7139599
alh-10 chrX 7140454 7143591
lam-2 chrX 7143867 7151090
syd-9 chrX 7218275 7226766
F46H5.2 chrX 7265600 7267829
unc-10 chrX 7272283 7280267
clc-2 chrX 7431416 7433481
C01C10.2 chrX 7435583 7437899
acl-12 chrX 7439356 7442523
sox-2 chrX 7458962 7463682
F48E3.2 chrX 7490360 7493066
F48E3.8 chrX 7507829 7517639
adt-2 chrX 7586052 7593757
F27D9.2 chrX 7672932 7676221
stn-2 chrX 7676470 7680569
C53C9.2 chrX 7686585 7689159
K09F5.6 chrX 7719211 7725457
ZK154.6 chrX 7790395 7792197
R03G5.7 chrX 7805622 7806750
sek-1 chrX 7816673 7820983
C39D10.6 chrX 7896234 7897691
zig-4 chrX 7925379 7926462
zig-3 chrX 7930680 7931747
tnt-3 chrX 7937580 7944991
C18A11.2 chrX 8067627 8067963
C17H11.1 chrX 8173849 8180805
M60.4 chrX 8232294 8236253
kqt-2 chrX 8243074 8246308
M60.6 chrX 8248145 8252397
cutl-29 chrX 8262378 8270960
ksr-1 chrX 8275095 8283238
R09F10.3 chrX 8294562 8296602
tbc-18 chrX 8378494 8382638
wrk-1 chrX 8387901 8392520
tth-1 chrX 8422416 8423671
F16F9.1 chrX 8447211 8450344
flp-5 chrX 8528187 8530971
nlp-7 chrX 8593133 8593750
rig-1 chrX 8669229 8671294
F53A9.8 chrX 8718503 8718846
tag-130 chrX 8792097 8795728
R04E5.8 chrX 8802507 8803123
R04E5.9 chrX 8806053 8810973
sec-15 chrX 8831684 8835653
C06E2.1 chrX 8872871 8874572
twk-18 chrX 8988072 8991897
tsp-11 chrX 9163097 9165903
C35B8.3 chrX 9213913 9216788
vav-1 chrX 9217390 9232003
gpa-12 chrX 9246937 9248848
gly-13 chrX 9293605 9296553
B0416.7 chrX 9296966 9297863
B0416.1 chrX 9303654 9310362
oga-1 chrX 9343674 9347309
pkc-2 chrX 9376201 9385657
ZK899.1 chrX 9446594 9447543
F49E2.2 chrX 9567228 9573656
F34H10.3 chrX 9633229 9634979
T14B1.1 chrX 9664434 9668688
rrc-1 chrX 9823712 9831181
F47A4.5 chrX 9833311 9837971
R07B1.8 chrX 9870817 9872531
C17G1.5 chrX 9941561 9944705
F19C6.2 chrX 10000870 10004831
mkk-4 chrX 10027787 10030061
ZC373.4 chrX 10062400 10069715
unc-58 chrX 10105029 10109799
unc-115 chrX 10147175 10153071
erd-2 chrX 10156788 10160369
R07E3.4 chrX 10330647 10331803
rme-4 chrX 10373169 10374768
acr-8 chrX 10412692 10416560
syd-2 chrX 10549050 10555167
nhx-5 chrX 10576887 10580982
sdn-1 chrX 10589707 10593262
flp-19 chrX 10604737 10605755
abl-1 chrX 10606125 10624112
daf-12 chrX 10664332 10665408
F13E6.2 chrX 10668206 10674220
F13E6.5 chrX 10695233 10697762
R07A4.2 chrX 10744281 10746413
sma-9 chrX 10769212 10781815
plc-1 chrX 10794795 10812459
F47B10.8 chrX 10905172 10906505
T21B6.3 chrX 10945077 10948894
lge-1 chrX 10966568 10969704
ver-3 chrX 10992433 10997753
F59F3.4 chrX 11004914 11008105
ttr-31 chrX 11008189 11008994
clc-1 chrX 11047444 11049156
F13D2.1 chrX 11163881 11175072
hst-2 chrX 11204072 11207016
C34F6.6 chrX 11207412 11208049
C34F6.7 chrX 11210040 11215395
C03A3.1 chrX 11257444 11260150
F38B2.2 chrX 11278617 11279293
F08G12.1 chrX 11301999 11305799
ttyh-1 chrX 11368644 11374272
F08B12.1 chrX 11385040 11392705
slo-2 chrX 11394531 11401473
C35C5.9 chrX 11536490 11537045
C35C5.3 chrX 11545332 11547486
mig-2 chrX 11548530 11550107
lev-8 chrX 11560837 11563620
frm-3 chrX 11576177 11581649
F52D10.2 chrX 11589641 11591641
T04F8.6 chrX 11667080 11672223
rsd-3 chrX 11798423 11803576
C34E11.2 chrX 11805283 11811386
tag-241 chrX 11826637 11836037
F55G7.2 chrX 11929820 11931568
set-6 chrX 11969951 11974598
tsp-20 chrX 12031519 12033945
W03G11.3 chrX 12100125 12103723
F57G12.1 chrX 12169020 12171605
cab-1 chrX 12199485 12212971
C23H4.6 chrX 12235542 12240703
E01G6.3 chrX 12241637 12244559
nekl-3 chrX 12389553 12391394
F17E5.2 chrX 12394186 12399412
lin-2 chrX 12399439 12413947
atf-6 chrX 12480869 12484809
R09A8.5 chrX 12638413 12640409
nhr-17 chrX 12663762 12667772
rgs-2 chrX 12712571 12727533
pgp-14 chrX 12744641 12749500
gei-3 chrX 12796229 12797508
bcat-1 chrX 12877399 12880248
gpc-1 chrX 12881509 12884909
pqn-18 chrX 12907751 12919458
nhr-25 chrX 13008413 13013134
F17H10.2 chrX 13114085 13115989
nlp-3 chrX 13177774 13178375
skr-19 chrX 13223537 13224629
C29F7.6 chrX 13436375 13441805
srd-51 chrX 13482569 13484690
sad-1 chrX 13489374 13500472
cdk-4 chrX 13515970 13517674
pab-2 chrX 13522189 13525743
F18H3.4 chrX 13529007 13531952
unc-84 chrX 13584694 13589710
nlg-1 chrX 13625353 13631015
C04A11.1 chrX 13660438 13662883
pix-1 chrX 13727218 13734270
obr-3 chrX 13798560 13803493
dyc-1 chrX 14049455 14063776
lgc-21 chrX 14064354 14067598
C33G3.6 chrX 14080310 14084246
F28H6.6 chrX 14117008 14125795
akt-2 chrX 14147620 14151990
ceh-37 chrX 14197356 14209074
K06G5.1 chrX 14214893 14218966
K04C1.3 chrX 14241492 14243318
tag-172 chrX 14284755 14291230
T14C1.1 chrX 14406096 14411101
M163.1 chrX 14502416 14503760
H01A20.2 chrX 14568795 14570343
C44H4.1 chrX 14572638 14576028
F54E4.3 chrX 14632012 14636327
C26G2.2 chrX 14665303 14671220
epn-1 chrX 14816544 14818426
flp-8 chrX 14881337 14881986
daf-6 chrX 14888413 14894179
nac-1 chrX 14895063 14898371
mrp-5 chrX 14938859 14946235
C18B12.4 chrX 15036614 15040520
Y15E3A.4 chrX 15330882 15333869
C33A11.1 chrX 15355156 15363782
C02C6.3 chrX 15546688 15547342
ent-2 chrX 15600984 15603683
rab-14 chrX 15604685 15606555
nipi-3 chrX 15607888 15611731
F59D12.1 chrX 15666680 15672283
F59F4.3 chrX 15842344 15847508
csb-1 chrX 15861278 15865831
F53H4.4 chrX 15866329 15868616
ZK1073.1 chrX 16123863 16128782
sgk-1 chrX 16254928 16261966
ace-1 chrX 16367144 16373698
ztf-19 chrX 16536749 16540111
K08B5.1 chrX 16558358 16562224
F59C12.3 chrX 16603300 16609439
tag-343 chrX 16665350 16672518
C10E2.6 chrX 16767094 16770415
T01C8.2 chrX 16786358 16787535
fbxb-114 chrX 16921767 16922776
F35B3.4 chrX 17019537 17020720
C33E10.1 chrX 17305259 17306220
osm-11 chrX 17420134 17421380
C36E6.2 chrX 17452304 17455769
nhr-1 chrX 17518356 17524658
F31A3.5 chrX 17554915 17561376
C16H3.3 chrX 17601887 17604523
T23E7.2 chrX 17670939 17680687
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MBW DC genes
gene name chromosome tx start tx end
R04A9.5 chrX 384382 388797
ugt-46 chrX 525933 530177
F28C10.3 chrX 531885 535750
mrp-2 chrX 563724 572702
mrp-1 chrX 576318 587483
F13C5.1 chrX 601574 604922
ncam-1 chrX 695065 702537
aex-3 chrX 752710 759731
T04G9.1 chrX 788351 796141
daf-3 chrX 817925 823840
mab-7 chrX 892239 898068
stau-1 chrX 1027669 1035241
F55A4.8 chrX 1038540 1044378
K03E6.7 chrX 1084223 1088147
F49E7.2 chrX 1095543 1097010
tsp-9 chrX 1246011 1247494
zfp-3 chrX 1440367 1446571
T26C11.4 chrX 1840560 1845531
ceh-41 chrX 1846670 1848669
ceh-39 chrX 1853926 1856166
F52D2.7 chrX 1962566 1966164
Y102A11A.3 chrX 2019164 2025731
Y102A11A.2 chrX 2026646 2031004
acl-4 chrX 2066547 2070435
lsy-2 chrX 2089659 2093240
AH9.1 chrX 2243594 2247001
T10H10.2 chrX 2294742 2298144
F47G3.3 chrX 2375990 2378646
C43H6.7 chrX 2398805 2402045
C43H6.4 chrX 2404017 2407352
C43H6.3 chrX 2407460 2409558
fox-1 chrX 2445492 2450501
syg-1 chrX 2509329 2515310
tbc-12 chrX 2525206 2532430
F52H2.5 chrX 2557980 2559553
F54G2.1 chrX 2621287 2629680
T14G11.1 chrX 2688985 2691989
T02C5.1 chrX 2694914 2698083
igcm-3 chrX 2698253 2705850
cgef-1 chrX 2793928 2799236
C14A11.9 chrX 2807909 2809624
F53B3.5 chrX 2872800 2879612
Y71H10A.2 chrX 2933351 2937731
Y41G9A.5 chrX 2946841 2948940
osm-5 chrX 2984268 2991366
M02F4.3 chrX 3036423 3040723
F52E4.5 chrX 3085885 3087330
K10B3.6 chrX 3109923 3111332
mai-1 chrX 3113429 3116587
rgl-1 chrX 3210966 3220282
ddr-2 chrX 3315309 3323952
clc-3 chrX 3373234 3374728
T27A10.2 chrX 3585943 3586853
R11G1.6 chrX 3639490 3644493
sax-1 chrX 3646310 3650137
F35A5.1 chrX 3807448 3816392
ceh-18 chrX 3844764 3857777
R02E12.4 chrX 4003508 4007611
R02E4.1 chrX 4103420 4104495
ZK470.2 chrX 4135106 4147801
nck-1 chrX 4148630 4153417
ZK470.1 chrX 4163620 4169764
mrp-6 chrX 4177880 4186421
rab-37 chrX 4228501 4231346
coel-1 chrX 4265856 4270523
cka-2 chrX 4287546 4291335
F14H12.3 chrX 4344224 4345609
lst-2 chrX 4378002 4383339
dpy-23 chrX 4389337 4393768
dop-1 chrX 4411563 4413898
ncr-1 chrX 4472256 4480049
dgk-2 chrX 4496298 4504360
spr-3 chrX 4514068 4516862
ham-2 chrX 4554662 4558827
C05E11.3 chrX 4579476 4581627
C46C11.1 chrX 4637410 4643273
K02G10.5 chrX 4687757 4691286
lon-2 chrX 4738931 4749051
mig-13 chrX 4796420 4799590
R08E3.3 chrX 4818566 4821676
tsp-14 chrX 4867079 4871028
ZC8.6 chrX 4972567 4997565
lfi-1 chrX 4984044 4992822
ZC449.3 chrX 5018361 5020624
ZC449.2 chrX 5021181 5024223
ZC449.5 chrX 5034994 5037742
C24H10.1 chrX 5072003 5074198
tbc-7 chrX 5138957 5146253
pqn-62 chrX 5197749 5204207
Y34B4A.4 chrX 5264294 5271753
C26B9.1 chrX 5344830 5347927
jkk-1 chrX 5368430 5372019
C25F6.7 chrX 5445033 5447554
dlg-1 chrX 5479663 5484671
C25F6.1 chrX 5486459 5488063
mec-2 chrX 5582568 5584618
unc-97 chrX 5593091 5594924
T22B7.4 chrX 5638539 5641321
set-19 chrX 5675203 5680183
set-20 chrX 5680306 5684699
W01C8.5 chrX 5694432 5696216
cyp-43A1 chrX 5714236 5717535
tag-294 chrX 5760253 5763334
sft-4 chrX 5778834 5780704
hbl-1 chrX 5823025 5826319
puf-9 chrX 5841549 5845925
W06B11.1 chrX 5849061 5851858
ctbp-1 chrX 5862714 5873278
flp-7 chrX 5885822 5886781
F49E10.2 chrX 5890363 5894715
tbc-16 chrX 5897348 5902095
mig-23 chrX 5945778 5948827
C45B2.6 chrX 6053057 6057300
gln-1 chrX 6058211 6060187
C45B2.2 chrX 6084696 6085146
C45B2.8 chrX 6087942 6088321
C15H9.11 chrX 6102838 6103390
tag-275 chrX 6142450 6150499
W05H9.4 chrX 6263604 6266866
W05H9.2 chrX 6267005 6271008
mom-1 chrX 6293082 6298151
gar-1 chrX 6479592 6484765
cdf-1 chrX 6499891 6504557
glr-8 chrX 6506838 6509837
ets-4 chrX 6519061 6522603
ilys-5 chrX 6535478 6536755
T14E8.1 chrX 6553242 6559368
T14E8.4 chrX 6559524 6562226
T28B4.1 chrX 6588754 6596088
T28B4.4 chrX 6597872 6598821
F38B6.6 chrX 6684416 6690038
F38B6.1 chrX 6700263 6700778
nas-11 chrX 6713529 6716275
abts-4 chrX 6747315 6761691
sgca-1 chrX 6787208 6789505
M03A8.3 chrX 6800640 6803658
F41B4.1 chrX 6823846 6825790
C53B7.3 chrX 6844706 6845852
rig-3 chrX 6853569 6860867
unc-6 chrX 6889640 6897087
otpl-3 chrX 6921618 6924403
F14B8.5 chrX 6924768 6928655
tsp-16 chrX 6994733 6996742
tyra-2 chrX 6996809 7001937
ist-1 chrX 7132155 7139599
alh-10 chrX 7140454 7143591
lam-2 chrX 7143867 7151090
syd-9 chrX 7218275 7226766
F46H5.2 chrX 7265600 7267829
unc-10 chrX 7272283 7280267
clc-2 chrX 7431416 7433481
C01C10.2 chrX 7435583 7437899
acl-12 chrX 7439356 7442523
sox-2 chrX 7458962 7463682
F48E3.2 chrX 7490360 7493066
F48E3.8 chrX 7507829 7517639
adt-2 chrX 7586052 7593757
F27D9.2 chrX 7672932 7676221
stn-2 chrX 7676470 7680569
C53C9.2 chrX 7686585 7689159
K09F5.6 chrX 7719211 7725457
ZK154.6 chrX 7790395 7792197
R03G5.7 chrX 7805622 7806750
sek-1 chrX 7816673 7820983
C39D10.6 chrX 7896234 7897691
zig-4 chrX 7925379 7926462
zig-3 chrX 7930680 7931747
tnt-3 chrX 7937580 7944991
C18A11.2 chrX 8067627 8067963
C17H11.1 chrX 8173849 8180805
M60.4 chrX 8232294 8236253
kqt-2 chrX 8243074 8246308
M60.6 chrX 8248145 8252397
cutl-29 chrX 8262378 8270960
ksr-1 chrX 8275095 8283238
R09F10.3 chrX 8294562 8296602
tbc-18 chrX 8378494 8382638
wrk-1 chrX 8387901 8392520
tth-1 chrX 8422416 8423671
F16F9.1 chrX 8447211 8450344
flp-5 chrX 8528187 8530971
nlp-7 chrX 8593133 8593750
rig-1 chrX 8669229 8671294
F53A9.8 chrX 8718503 8718846
tag-130 chrX 8792097 8795728
R04E5.8 chrX 8802507 8803123
R04E5.9 chrX 8806053 8810973
sec-15 chrX 8831684 8835653
C06E2.1 chrX 8872871 8874572
twk-18 chrX 8988072 8991897
tsp-11 chrX 9163097 9165903
C35B8.3 chrX 9213913 9216788
vav-1 chrX 9217390 9232003
gpa-12 chrX 9246937 9248848
gly-13 chrX 9293605 9296553
B0416.7 chrX 9296966 9297863
B0416.1 chrX 9303654 9310362
oga-1 chrX 9343674 9347309
pkc-2 chrX 9376201 9385657
ZK899.1 chrX 9446594 9447543
F49E2.2 chrX 9567228 9573656
F34H10.3 chrX 9633229 9634979
T14B1.1 chrX 9664434 9668688
rrc-1 chrX 9823712 9831181
F47A4.5 chrX 9833311 9837971
R07B1.8 chrX 9870817 9872531
C17G1.5 chrX 9941561 9944705
F19C6.2 chrX 10000870 10004831
mkk-4 chrX 10027787 10030061
ZC373.4 chrX 10062400 10069715
unc-58 chrX 10105029 10109799
unc-115 chrX 10147175 10153071
erd-2 chrX 10156788 10160369
R07E3.4 chrX 10330647 10331803
rme-4 chrX 10373169 10374768
acr-8 chrX 10412692 10416560
syd-2 chrX 10549050 10555167
nhx-5 chrX 10576887 10580982
sdn-1 chrX 10589707 10593262
flp-19 chrX 10604737 10605755
abl-1 chrX 10606125 10624112
daf-12 chrX 10664332 10665408
F13E6.2 chrX 10668206 10674220
F13E6.5 chrX 10695233 10697762
R07A4.2 chrX 10744281 10746413
sma-9 chrX 10769212 10781815
plc-1 chrX 10794795 10812459
F47B10.8 chrX 10905172 10906505
T21B6.3 chrX 10945077 10948894
lge-1 chrX 10966568 10969704
ver-3 chrX 10992433 10997753
F59F3.4 chrX 11004914 11008105
ttr-31 chrX 11008189 11008994
clc-1 chrX 11047444 11049156
F13D2.1 chrX 11163881 11175072
hst-2 chrX 11204072 11207016
C34F6.6 chrX 11207412 11208049
C34F6.7 chrX 11210040 11215395
C03A3.1 chrX 11257444 11260150
F38B2.2 chrX 11278617 11279293
F08G12.1 chrX 11301999 11305799
ttyh-1 chrX 11368644 11374272
F08B12.1 chrX 11385040 11392705
slo-2 chrX 11394531 11401473
C35C5.9 chrX 11536490 11537045
C35C5.3 chrX 11545332 11547486
mig-2 chrX 11548530 11550107
lev-8 chrX 11560837 11563620
frm-3 chrX 11576177 11581649
F52D10.2 chrX 11589641 11591641
T04F8.6 chrX 11667080 11672223
rsd-3 chrX 11798423 11803576
C34E11.2 chrX 11805283 11811386
tag-241 chrX 11826637 11836037
F55G7.2 chrX 11929820 11931568
set-6 chrX 11969951 11974598
tsp-20 chrX 12031519 12033945
W03G11.3 chrX 12100125 12103723
F57G12.1 chrX 12169020 12171605
cab-1 chrX 12199485 12212971
C23H4.6 chrX 12235542 12240703
E01G6.3 chrX 12241637 12244559
nekl-3 chrX 12389553 12391394
F17E5.2 chrX 12394186 12399412
lin-2 chrX 12399439 12413947
atf-6 chrX 12480869 12484809
R09A8.5 chrX 12638413 12640409
nhr-17 chrX 12663762 12667772
rgs-2 chrX 12712571 12727533
pgp-14 chrX 12744641 12749500
gei-3 chrX 12796229 12797508
bcat-1 chrX 12877399 12880248
gpc-1 chrX 12881509 12884909
pqn-18 chrX 12907751 12919458
nhr-25 chrX 13008413 13013134
F17H10.2 chrX 13114085 13115989
nlp-3 chrX 13177774 13178375
skr-19 chrX 13223537 13224629
C29F7.6 chrX 13436375 13441805
srd-51 chrX 13482569 13484690
sad-1 chrX 13489374 13500472
cdk-4 chrX 13515970 13517674
pab-2 chrX 13522189 13525743
F18H3.4 chrX 13529007 13531952
unc-84 chrX 13584694 13589710
nlg-1 chrX 13625353 13631015
C04A11.1 chrX 13660438 13662883
pix-1 chrX 13727218 13734270
obr-3 chrX 13798560 13803493
dyc-1 chrX 14049455 14063776
lgc-21 chrX 14064354 14067598
C33G3.6 chrX 14080310 14084246
F28H6.6 chrX 14117008 14125795
akt-2 chrX 14147620 14151990
ceh-37 chrX 14197356 14209074
K06G5.1 chrX 14214893 14218966
K04C1.3 chrX 14241492 14243318
tag-172 chrX 14284755 14291230
T14C1.1 chrX 14406096 14411101
M163.1 chrX 14502416 14503760
H01A20.2 chrX 14568795 14570343
C44H4.1 chrX 14572638 14576028
F54E4.3 chrX 14632012 14636327
C26G2.2 chrX 14665303 14671220
epn-1 chrX 14816544 14818426
flp-8 chrX 14881337 14881986
daf-6 chrX 14888413 14894179
nac-1 chrX 14895063 14898371
mrp-5 chrX 14938859 14946235
C18B12.4 chrX 15036614 15040520
Y15E3A.4 chrX 15330882 15333869
C33A11.1 chrX 15355156 15363782
C02C6.3 chrX 15546688 15547342
ent-2 chrX 15600984 15603683
rab-14 chrX 15604685 15606555
nipi-3 chrX 15607888 15611731
F59D12.1 chrX 15666680 15672283
F59F4.3 chrX 15842344 15847508
csb-1 chrX 15861278 15865831
F53H4.4 chrX 15866329 15868616
ZK1073.1 chrX 16123863 16128782
sgk-1 chrX 16254928 16261966
ace-1 chrX 16367144 16373698
ztf-19 chrX 16536749 16540111
K08B5.1 chrX 16558358 16562224
F59C12.3 chrX 16603300 16609439
tag-343 chrX 16665350 16672518
C10E2.6 chrX 16767094 16770415
T01C8.2 chrX 16786358 16787535
fbxb-114 chrX 16921767 16922776
F35B3.4 chrX 17019537 17020720
C33E10.1 chrX 17305259 17306220
osm-11 chrX 17420134 17421380
C36E6.2 chrX 17452304 17455769
nhr-1 chrX 17518356 17524658
F31A3.5 chrX 17554915 17561376
C16H3.3 chrX 17601887 17604523
T23E7.2 chrX 17670939 17680687
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MBW DC genes
gene name chromosome tx start tx end
R04A9.5 chrX 384382 388797
ugt-46 chrX 525933 530177
F28C10.3 chrX 531885 535750
mrp-2 chrX 563724 572702
mrp-1 chrX 576318 587483
F13C5.1 chrX 601574 604922
ncam-1 chrX 695065 702537
aex-3 chrX 752710 759731
T04G9.1 chrX 788351 796141
daf-3 chrX 817925 823840
mab-7 chrX 892239 898068
stau-1 chrX 1027669 1035241
F55A4.8 chrX 1038540 1044378
K03E6.7 chrX 1084223 1088147
F49E7.2 chrX 1095543 1097010
tsp-9 chrX 1246011 1247494
zfp-3 chrX 1440367 1446571
T26C11.4 chrX 1840560 1845531
ceh-41 chrX 1846670 1848669
ceh-39 chrX 1853926 1856166
F52D2.7 chrX 1962566 1966164
Y102A11A.3 chrX 2019164 2025731
Y102A11A.2 chrX 2026646 2031004
acl-4 chrX 2066547 2070435
lsy-2 chrX 2089659 2093240
AH9.1 chrX 2243594 2247001
T10H10.2 chrX 2294742 2298144
F47G3.3 chrX 2375990 2378646
C43H6.7 chrX 2398805 2402045
C43H6.4 chrX 2404017 2407352
C43H6.3 chrX 2407460 2409558
fox-1 chrX 2445492 2450501
syg-1 chrX 2509329 2515310
tbc-12 chrX 2525206 2532430
F52H2.5 chrX 2557980 2559553
F54G2.1 chrX 2621287 2629680
T14G11.1 chrX 2688985 2691989
T02C5.1 chrX 2694914 2698083
igcm-3 chrX 2698253 2705850
cgef-1 chrX 2793928 2799236
C14A11.9 chrX 2807909 2809624
F53B3.5 chrX 2872800 2879612
Y71H10A.2 chrX 2933351 2937731
Y41G9A.5 chrX 2946841 2948940
osm-5 chrX 2984268 2991366
M02F4.3 chrX 3036423 3040723
F52E4.5 chrX 3085885 3087330
K10B3.6 chrX 3109923 3111332
mai-1 chrX 3113429 3116587
rgl-1 chrX 3210966 3220282
ddr-2 chrX 3315309 3323952
clc-3 chrX 3373234 3374728
T27A10.2 chrX 3585943 3586853
R11G1.6 chrX 3639490 3644493
sax-1 chrX 3646310 3650137
F35A5.1 chrX 3807448 3816392
ceh-18 chrX 3844764 3857777
R02E12.4 chrX 4003508 4007611
R02E4.1 chrX 4103420 4104495
ZK470.2 chrX 4135106 4147801
nck-1 chrX 4148630 4153417
ZK470.1 chrX 4163620 4169764
mrp-6 chrX 4177880 4186421
rab-37 chrX 4228501 4231346
coel-1 chrX 4265856 4270523
cka-2 chrX 4287546 4291335
F14H12.3 chrX 4344224 4345609
lst-2 chrX 4378002 4383339
dpy-23 chrX 4389337 4393768
dop-1 chrX 4411563 4413898
ncr-1 chrX 4472256 4480049
dgk-2 chrX 4496298 4504360
spr-3 chrX 4514068 4516862
ham-2 chrX 4554662 4558827
C05E11.3 chrX 4579476 4581627
C46C11.1 chrX 4637410 4643273
K02G10.5 chrX 4687757 4691286
lon-2 chrX 4738931 4749051
mig-13 chrX 4796420 4799590
R08E3.3 chrX 4818566 4821676
tsp-14 chrX 4867079 4871028
ZC8.6 chrX 4972567 4997565
lfi-1 chrX 4984044 4992822
ZC449.3 chrX 5018361 5020624
ZC449.2 chrX 5021181 5024223
ZC449.5 chrX 5034994 5037742
C24H10.1 chrX 5072003 5074198
tbc-7 chrX 5138957 5146253
pqn-62 chrX 5197749 5204207
Y34B4A.4 chrX 5264294 5271753
C26B9.1 chrX 5344830 5347927
jkk-1 chrX 5368430 5372019
C25F6.7 chrX 5445033 5447554
dlg-1 chrX 5479663 5484671
C25F6.1 chrX 5486459 5488063
mec-2 chrX 5582568 5584618
unc-97 chrX 5593091 5594924
T22B7.4 chrX 5638539 5641321
set-19 chrX 5675203 5680183
set-20 chrX 5680306 5684699
W01C8.5 chrX 5694432 5696216
cyp-43A1 chrX 5714236 5717535
tag-294 chrX 5760253 5763334
sft-4 chrX 5778834 5780704
hbl-1 chrX 5823025 5826319
puf-9 chrX 5841549 5845925
W06B11.1 chrX 5849061 5851858
ctbp-1 chrX 5862714 5873278
flp-7 chrX 5885822 5886781
F49E10.2 chrX 5890363 5894715
tbc-16 chrX 5897348 5902095
mig-23 chrX 5945778 5948827
C45B2.6 chrX 6053057 6057300
gln-1 chrX 6058211 6060187
C45B2.2 chrX 6084696 6085146
C45B2.8 chrX 6087942 6088321
C15H9.11 chrX 6102838 6103390
tag-275 chrX 6142450 6150499
W05H9.4 chrX 6263604 6266866
W05H9.2 chrX 6267005 6271008
mom-1 chrX 6293082 6298151
gar-1 chrX 6479592 6484765
cdf-1 chrX 6499891 6504557
glr-8 chrX 6506838 6509837
ets-4 chrX 6519061 6522603
ilys-5 chrX 6535478 6536755
T14E8.1 chrX 6553242 6559368
T14E8.4 chrX 6559524 6562226
T28B4.1 chrX 6588754 6596088
T28B4.4 chrX 6597872 6598821
F38B6.6 chrX 6684416 6690038
F38B6.1 chrX 6700263 6700778
nas-11 chrX 6713529 6716275
abts-4 chrX 6747315 6761691
sgca-1 chrX 6787208 6789505
M03A8.3 chrX 6800640 6803658
F41B4.1 chrX 6823846 6825790
C53B7.3 chrX 6844706 6845852
rig-3 chrX 6853569 6860867
unc-6 chrX 6889640 6897087
otpl-3 chrX 6921618 6924403
F14B8.5 chrX 6924768 6928655
tsp-16 chrX 6994733 6996742
tyra-2 chrX 6996809 7001937
ist-1 chrX 7132155 7139599
alh-10 chrX 7140454 7143591
lam-2 chrX 7143867 7151090
syd-9 chrX 7218275 7226766
F46H5.2 chrX 7265600 7267829
unc-10 chrX 7272283 7280267
clc-2 chrX 7431416 7433481
C01C10.2 chrX 7435583 7437899
acl-12 chrX 7439356 7442523
sox-2 chrX 7458962 7463682
F48E3.2 chrX 7490360 7493066
F48E3.8 chrX 7507829 7517639
adt-2 chrX 7586052 7593757
F27D9.2 chrX 7672932 7676221
stn-2 chrX 7676470 7680569
C53C9.2 chrX 7686585 7689159
K09F5.6 chrX 7719211 7725457
ZK154.6 chrX 7790395 7792197
R03G5.7 chrX 7805622 7806750
sek-1 chrX 7816673 7820983
C39D10.6 chrX 7896234 7897691
zig-4 chrX 7925379 7926462
zig-3 chrX 7930680 7931747
tnt-3 chrX 7937580 7944991
C18A11.2 chrX 8067627 8067963
C17H11.1 chrX 8173849 8180805
M60.4 chrX 8232294 8236253
kqt-2 chrX 8243074 8246308
M60.6 chrX 8248145 8252397
cutl-29 chrX 8262378 8270960
ksr-1 chrX 8275095 8283238
R09F10.3 chrX 8294562 8296602
tbc-18 chrX 8378494 8382638
wrk-1 chrX 8387901 8392520
tth-1 chrX 8422416 8423671
F16F9.1 chrX 8447211 8450344
flp-5 chrX 8528187 8530971
nlp-7 chrX 8593133 8593750
rig-1 chrX 8669229 8671294
F53A9.8 chrX 8718503 8718846
tag-130 chrX 8792097 8795728
R04E5.8 chrX 8802507 8803123
R04E5.9 chrX 8806053 8810973
sec-15 chrX 8831684 8835653
C06E2.1 chrX 8872871 8874572
twk-18 chrX 8988072 8991897
tsp-11 chrX 9163097 9165903
C35B8.3 chrX 9213913 9216788
vav-1 chrX 9217390 9232003
gpa-12 chrX 9246937 9248848
gly-13 chrX 9293605 9296553
B0416.7 chrX 9296966 9297863
B0416.1 chrX 9303654 9310362
oga-1 chrX 9343674 9347309
pkc-2 chrX 9376201 9385657
ZK899.1 chrX 9446594 9447543
F49E2.2 chrX 9567228 9573656
F34H10.3 chrX 9633229 9634979
T14B1.1 chrX 9664434 9668688
rrc-1 chrX 9823712 9831181
F47A4.5 chrX 9833311 9837971
R07B1.8 chrX 9870817 9872531
C17G1.5 chrX 9941561 9944705
F19C6.2 chrX 10000870 10004831
mkk-4 chrX 10027787 10030061
ZC373.4 chrX 10062400 10069715
unc-58 chrX 10105029 10109799
unc-115 chrX 10147175 10153071
erd-2 chrX 10156788 10160369
R07E3.4 chrX 10330647 10331803
rme-4 chrX 10373169 10374768
acr-8 chrX 10412692 10416560
syd-2 chrX 10549050 10555167
nhx-5 chrX 10576887 10580982
sdn-1 chrX 10589707 10593262
flp-19 chrX 10604737 10605755
abl-1 chrX 10606125 10624112
daf-12 chrX 10664332 10665408
F13E6.2 chrX 10668206 10674220
F13E6.5 chrX 10695233 10697762
R07A4.2 chrX 10744281 10746413
sma-9 chrX 10769212 10781815
plc-1 chrX 10794795 10812459
F47B10.8 chrX 10905172 10906505
T21B6.3 chrX 10945077 10948894
lge-1 chrX 10966568 10969704
ver-3 chrX 10992433 10997753
F59F3.4 chrX 11004914 11008105
ttr-31 chrX 11008189 11008994
clc-1 chrX 11047444 11049156
F13D2.1 chrX 11163881 11175072
hst-2 chrX 11204072 11207016
C34F6.6 chrX 11207412 11208049
C34F6.7 chrX 11210040 11215395
C03A3.1 chrX 11257444 11260150
F38B2.2 chrX 11278617 11279293
F08G12.1 chrX 11301999 11305799
ttyh-1 chrX 11368644 11374272
F08B12.1 chrX 11385040 11392705
slo-2 chrX 11394531 11401473
C35C5.9 chrX 11536490 11537045
C35C5.3 chrX 11545332 11547486
mig-2 chrX 11548530 11550107
lev-8 chrX 11560837 11563620
frm-3 chrX 11576177 11581649
F52D10.2 chrX 11589641 11591641
T04F8.6 chrX 11667080 11672223
rsd-3 chrX 11798423 11803576
C34E11.2 chrX 11805283 11811386
tag-241 chrX 11826637 11836037
F55G7.2 chrX 11929820 11931568
set-6 chrX 11969951 11974598
tsp-20 chrX 12031519 12033945
W03G11.3 chrX 12100125 12103723
F57G12.1 chrX 12169020 12171605
cab-1 chrX 12199485 12212971
C23H4.6 chrX 12235542 12240703
E01G6.3 chrX 12241637 12244559
nekl-3 chrX 12389553 12391394
F17E5.2 chrX 12394186 12399412
lin-2 chrX 12399439 12413947
atf-6 chrX 12480869 12484809
R09A8.5 chrX 12638413 12640409
nhr-17 chrX 12663762 12667772
rgs-2 chrX 12712571 12727533
pgp-14 chrX 12744641 12749500
gei-3 chrX 12796229 12797508
bcat-1 chrX 12877399 12880248
gpc-1 chrX 12881509 12884909
pqn-18 chrX 12907751 12919458
nhr-25 chrX 13008413 13013134
F17H10.2 chrX 13114085 13115989
nlp-3 chrX 13177774 13178375
skr-19 chrX 13223537 13224629
C29F7.6 chrX 13436375 13441805
srd-51 chrX 13482569 13484690
sad-1 chrX 13489374 13500472
cdk-4 chrX 13515970 13517674
pab-2 chrX 13522189 13525743
F18H3.4 chrX 13529007 13531952
unc-84 chrX 13584694 13589710
nlg-1 chrX 13625353 13631015
C04A11.1 chrX 13660438 13662883
pix-1 chrX 13727218 13734270
obr-3 chrX 13798560 13803493
dyc-1 chrX 14049455 14063776
lgc-21 chrX 14064354 14067598
C33G3.6 chrX 14080310 14084246
F28H6.6 chrX 14117008 14125795
akt-2 chrX 14147620 14151990
ceh-37 chrX 14197356 14209074
K06G5.1 chrX 14214893 14218966
K04C1.3 chrX 14241492 14243318
tag-172 chrX 14284755 14291230
T14C1.1 chrX 14406096 14411101
M163.1 chrX 14502416 14503760
H01A20.2 chrX 14568795 14570343
C44H4.1 chrX 14572638 14576028
F54E4.3 chrX 14632012 14636327
C26G2.2 chrX 14665303 14671220
epn-1 chrX 14816544 14818426
flp-8 chrX 14881337 14881986
daf-6 chrX 14888413 14894179
nac-1 chrX 14895063 14898371
mrp-5 chrX 14938859 14946235
C18B12.4 chrX 15036614 15040520
Y15E3A.4 chrX 15330882 15333869
C33A11.1 chrX 15355156 15363782
C02C6.3 chrX 15546688 15547342
ent-2 chrX 15600984 15603683
rab-14 chrX 15604685 15606555
nipi-3 chrX 15607888 15611731
F59D12.1 chrX 15666680 15672283
F59F4.3 chrX 15842344 15847508
csb-1 chrX 15861278 15865831
F53H4.4 chrX 15866329 15868616
ZK1073.1 chrX 16123863 16128782
sgk-1 chrX 16254928 16261966
ace-1 chrX 16367144 16373698
ztf-19 chrX 16536749 16540111
K08B5.1 chrX 16558358 16562224
F59C12.3 chrX 16603300 16609439
tag-343 chrX 16665350 16672518
C10E2.6 chrX 16767094 16770415
T01C8.2 chrX 16786358 16787535
fbxb-114 chrX 16921767 16922776
F35B3.4 chrX 17019537 17020720
C33E10.1 chrX 17305259 17306220
osm-11 chrX 17420134 17421380
C36E6.2 chrX 17452304 17455769
nhr-1 chrX 17518356 17524658
F31A3.5 chrX 17554915 17561376
C16H3.3 chrX 17601887 17604523
T23E7.2 chrX 17670939 17680687
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MBW DC genes
gene name chromosome tx start tx end
R04A9.5 chrX 384382 388797
ugt-46 chrX 525933 530177
F28C10.3 chrX 531885 535750
mrp-2 chrX 563724 572702
mrp-1 chrX 576318 587483
F13C5.1 chrX 601574 604922
ncam-1 chrX 695065 702537
aex-3 chrX 752710 759731
T04G9.1 chrX 788351 796141
daf-3 chrX 817925 823840
mab-7 chrX 892239 898068
stau-1 chrX 1027669 1035241
F55A4.8 chrX 1038540 1044378
K03E6.7 chrX 1084223 1088147
F49E7.2 chrX 1095543 1097010
tsp-9 chrX 1246011 1247494
zfp-3 chrX 1440367 1446571
T26C11.4 chrX 1840560 1845531
ceh-41 chrX 1846670 1848669
ceh-39 chrX 1853926 1856166
F52D2.7 chrX 1962566 1966164
Y102A11A.3 chrX 2019164 2025731
Y102A11A.2 chrX 2026646 2031004
acl-4 chrX 2066547 2070435
lsy-2 chrX 2089659 2093240
AH9.1 chrX 2243594 2247001
T10H10.2 chrX 2294742 2298144
F47G3.3 chrX 2375990 2378646
C43H6.7 chrX 2398805 2402045
C43H6.4 chrX 2404017 2407352
C43H6.3 chrX 2407460 2409558
fox-1 chrX 2445492 2450501
syg-1 chrX 2509329 2515310
tbc-12 chrX 2525206 2532430
F52H2.5 chrX 2557980 2559553
F54G2.1 chrX 2621287 2629680
T14G11.1 chrX 2688985 2691989
T02C5.1 chrX 2694914 2698083
igcm-3 chrX 2698253 2705850
cgef-1 chrX 2793928 2799236
C14A11.9 chrX 2807909 2809624
F53B3.5 chrX 2872800 2879612
Y71H10A.2 chrX 2933351 2937731
Y41G9A.5 chrX 2946841 2948940
osm-5 chrX 2984268 2991366
M02F4.3 chrX 3036423 3040723
F52E4.5 chrX 3085885 3087330
K10B3.6 chrX 3109923 3111332
mai-1 chrX 3113429 3116587
rgl-1 chrX 3210966 3220282
ddr-2 chrX 3315309 3323952
clc-3 chrX 3373234 3374728
T27A10.2 chrX 3585943 3586853
R11G1.6 chrX 3639490 3644493
sax-1 chrX 3646310 3650137
F35A5.1 chrX 3807448 3816392
ceh-18 chrX 3844764 3857777
R02E12.4 chrX 4003508 4007611
R02E4.1 chrX 4103420 4104495
ZK470.2 chrX 4135106 4147801
nck-1 chrX 4148630 4153417
ZK470.1 chrX 4163620 4169764
mrp-6 chrX 4177880 4186421
rab-37 chrX 4228501 4231346
coel-1 chrX 4265856 4270523
cka-2 chrX 4287546 4291335
F14H12.3 chrX 4344224 4345609
lst-2 chrX 4378002 4383339
dpy-23 chrX 4389337 4393768
dop-1 chrX 4411563 4413898
ncr-1 chrX 4472256 4480049
dgk-2 chrX 4496298 4504360
spr-3 chrX 4514068 4516862
ham-2 chrX 4554662 4558827
C05E11.3 chrX 4579476 4581627
C46C11.1 chrX 4637410 4643273
K02G10.5 chrX 4687757 4691286
lon-2 chrX 4738931 4749051
mig-13 chrX 4796420 4799590
R08E3.3 chrX 4818566 4821676
tsp-14 chrX 4867079 4871028
ZC8.6 chrX 4972567 4997565
lfi-1 chrX 4984044 4992822
ZC449.3 chrX 5018361 5020624
ZC449.2 chrX 5021181 5024223
ZC449.5 chrX 5034994 5037742
C24H10.1 chrX 5072003 5074198
tbc-7 chrX 5138957 5146253
pqn-62 chrX 5197749 5204207
Y34B4A.4 chrX 5264294 5271753
C26B9.1 chrX 5344830 5347927
jkk-1 chrX 5368430 5372019
C25F6.7 chrX 5445033 5447554
dlg-1 chrX 5479663 5484671
C25F6.1 chrX 5486459 5488063
mec-2 chrX 5582568 5584618
unc-97 chrX 5593091 5594924
T22B7.4 chrX 5638539 5641321
set-19 chrX 5675203 5680183
set-20 chrX 5680306 5684699
W01C8.5 chrX 5694432 5696216
cyp-43A1 chrX 5714236 5717535
tag-294 chrX 5760253 5763334
sft-4 chrX 5778834 5780704
hbl-1 chrX 5823025 5826319
puf-9 chrX 5841549 5845925
W06B11.1 chrX 5849061 5851858
ctbp-1 chrX 5862714 5873278
flp-7 chrX 5885822 5886781
F49E10.2 chrX 5890363 5894715
tbc-16 chrX 5897348 5902095
mig-23 chrX 5945778 5948827
C45B2.6 chrX 6053057 6057300
gln-1 chrX 6058211 6060187
C45B2.2 chrX 6084696 6085146
C45B2.8 chrX 6087942 6088321
C15H9.11 chrX 6102838 6103390
tag-275 chrX 6142450 6150499
W05H9.4 chrX 6263604 6266866
W05H9.2 chrX 6267005 6271008
mom-1 chrX 6293082 6298151
gar-1 chrX 6479592 6484765
cdf-1 chrX 6499891 6504557
glr-8 chrX 6506838 6509837
ets-4 chrX 6519061 6522603
ilys-5 chrX 6535478 6536755
T14E8.1 chrX 6553242 6559368
T14E8.4 chrX 6559524 6562226
T28B4.1 chrX 6588754 6596088
T28B4.4 chrX 6597872 6598821
F38B6.6 chrX 6684416 6690038
F38B6.1 chrX 6700263 6700778
nas-11 chrX 6713529 6716275
abts-4 chrX 6747315 6761691
sgca-1 chrX 6787208 6789505
M03A8.3 chrX 6800640 6803658
F41B4.1 chrX 6823846 6825790
C53B7.3 chrX 6844706 6845852
rig-3 chrX 6853569 6860867
unc-6 chrX 6889640 6897087
otpl-3 chrX 6921618 6924403
F14B8.5 chrX 6924768 6928655
tsp-16 chrX 6994733 6996742
tyra-2 chrX 6996809 7001937
ist-1 chrX 7132155 7139599
alh-10 chrX 7140454 7143591
lam-2 chrX 7143867 7151090
syd-9 chrX 7218275 7226766
F46H5.2 chrX 7265600 7267829
unc-10 chrX 7272283 7280267
clc-2 chrX 7431416 7433481
C01C10.2 chrX 7435583 7437899
acl-12 chrX 7439356 7442523
sox-2 chrX 7458962 7463682
F48E3.2 chrX 7490360 7493066
F48E3.8 chrX 7507829 7517639
adt-2 chrX 7586052 7593757
F27D9.2 chrX 7672932 7676221
stn-2 chrX 7676470 7680569
C53C9.2 chrX 7686585 7689159
K09F5.6 chrX 7719211 7725457
ZK154.6 chrX 7790395 7792197
R03G5.7 chrX 7805622 7806750
sek-1 chrX 7816673 7820983
C39D10.6 chrX 7896234 7897691
zig-4 chrX 7925379 7926462
zig-3 chrX 7930680 7931747
tnt-3 chrX 7937580 7944991
C18A11.2 chrX 8067627 8067963
C17H11.1 chrX 8173849 8180805
M60.4 chrX 8232294 8236253
kqt-2 chrX 8243074 8246308
M60.6 chrX 8248145 8252397
cutl-29 chrX 8262378 8270960
ksr-1 chrX 8275095 8283238
R09F10.3 chrX 8294562 8296602
tbc-18 chrX 8378494 8382638
wrk-1 chrX 8387901 8392520
tth-1 chrX 8422416 8423671
F16F9.1 chrX 8447211 8450344
flp-5 chrX 8528187 8530971
nlp-7 chrX 8593133 8593750
rig-1 chrX 8669229 8671294
F53A9.8 chrX 8718503 8718846
tag-130 chrX 8792097 8795728
R04E5.8 chrX 8802507 8803123
R04E5.9 chrX 8806053 8810973
sec-15 chrX 8831684 8835653
C06E2.1 chrX 8872871 8874572
twk-18 chrX 8988072 8991897
tsp-11 chrX 9163097 9165903
C35B8.3 chrX 9213913 9216788
vav-1 chrX 9217390 9232003
gpa-12 chrX 9246937 9248848
gly-13 chrX 9293605 9296553
B0416.7 chrX 9296966 9297863
B0416.1 chrX 9303654 9310362
oga-1 chrX 9343674 9347309
pkc-2 chrX 9376201 9385657
ZK899.1 chrX 9446594 9447543
F49E2.2 chrX 9567228 9573656
F34H10.3 chrX 9633229 9634979
T14B1.1 chrX 9664434 9668688
rrc-1 chrX 9823712 9831181
F47A4.5 chrX 9833311 9837971
R07B1.8 chrX 9870817 9872531
C17G1.5 chrX 9941561 9944705
F19C6.2 chrX 10000870 10004831
mkk-4 chrX 10027787 10030061
ZC373.4 chrX 10062400 10069715
unc-58 chrX 10105029 10109799
unc-115 chrX 10147175 10153071
erd-2 chrX 10156788 10160369
R07E3.4 chrX 10330647 10331803
rme-4 chrX 10373169 10374768
acr-8 chrX 10412692 10416560
syd-2 chrX 10549050 10555167
nhx-5 chrX 10576887 10580982
sdn-1 chrX 10589707 10593262
flp-19 chrX 10604737 10605755
abl-1 chrX 10606125 10624112
daf-12 chrX 10664332 10665408
F13E6.2 chrX 10668206 10674220
F13E6.5 chrX 10695233 10697762
R07A4.2 chrX 10744281 10746413
sma-9 chrX 10769212 10781815
plc-1 chrX 10794795 10812459
F47B10.8 chrX 10905172 10906505
T21B6.3 chrX 10945077 10948894
lge-1 chrX 10966568 10969704
ver-3 chrX 10992433 10997753
F59F3.4 chrX 11004914 11008105
ttr-31 chrX 11008189 11008994
clc-1 chrX 11047444 11049156
F13D2.1 chrX 11163881 11175072
hst-2 chrX 11204072 11207016
C34F6.6 chrX 11207412 11208049
C34F6.7 chrX 11210040 11215395
C03A3.1 chrX 11257444 11260150
F38B2.2 chrX 11278617 11279293
F08G12.1 chrX 11301999 11305799
ttyh-1 chrX 11368644 11374272
F08B12.1 chrX 11385040 11392705
slo-2 chrX 11394531 11401473
C35C5.9 chrX 11536490 11537045
C35C5.3 chrX 11545332 11547486
mig-2 chrX 11548530 11550107
lev-8 chrX 11560837 11563620
frm-3 chrX 11576177 11581649
F52D10.2 chrX 11589641 11591641
T04F8.6 chrX 11667080 11672223
rsd-3 chrX 11798423 11803576
C34E11.2 chrX 11805283 11811386
tag-241 chrX 11826637 11836037
F55G7.2 chrX 11929820 11931568
set-6 chrX 11969951 11974598
tsp-20 chrX 12031519 12033945
W03G11.3 chrX 12100125 12103723
F57G12.1 chrX 12169020 12171605
cab-1 chrX 12199485 12212971
C23H4.6 chrX 12235542 12240703
E01G6.3 chrX 12241637 12244559
nekl-3 chrX 12389553 12391394
F17E5.2 chrX 12394186 12399412
lin-2 chrX 12399439 12413947
atf-6 chrX 12480869 12484809
R09A8.5 chrX 12638413 12640409
nhr-17 chrX 12663762 12667772
rgs-2 chrX 12712571 12727533
pgp-14 chrX 12744641 12749500
gei-3 chrX 12796229 12797508
bcat-1 chrX 12877399 12880248
gpc-1 chrX 12881509 12884909
pqn-18 chrX 12907751 12919458
nhr-25 chrX 13008413 13013134
F17H10.2 chrX 13114085 13115989
nlp-3 chrX 13177774 13178375
skr-19 chrX 13223537 13224629
C29F7.6 chrX 13436375 13441805
srd-51 chrX 13482569 13484690
sad-1 chrX 13489374 13500472
cdk-4 chrX 13515970 13517674
pab-2 chrX 13522189 13525743
F18H3.4 chrX 13529007 13531952
unc-84 chrX 13584694 13589710
nlg-1 chrX 13625353 13631015
C04A11.1 chrX 13660438 13662883
pix-1 chrX 13727218 13734270
obr-3 chrX 13798560 13803493
dyc-1 chrX 14049455 14063776
lgc-21 chrX 14064354 14067598
C33G3.6 chrX 14080310 14084246
F28H6.6 chrX 14117008 14125795
akt-2 chrX 14147620 14151990
ceh-37 chrX 14197356 14209074
K06G5.1 chrX 14214893 14218966
K04C1.3 chrX 14241492 14243318
tag-172 chrX 14284755 14291230
T14C1.1 chrX 14406096 14411101
M163.1 chrX 14502416 14503760
H01A20.2 chrX 14568795 14570343
C44H4.1 chrX 14572638 14576028
F54E4.3 chrX 14632012 14636327
C26G2.2 chrX 14665303 14671220
epn-1 chrX 14816544 14818426
flp-8 chrX 14881337 14881986
daf-6 chrX 14888413 14894179
nac-1 chrX 14895063 14898371
mrp-5 chrX 14938859 14946235
C18B12.4 chrX 15036614 15040520
Y15E3A.4 chrX 15330882 15333869
C33A11.1 chrX 15355156 15363782
C02C6.3 chrX 15546688 15547342
ent-2 chrX 15600984 15603683
rab-14 chrX 15604685 15606555
nipi-3 chrX 15607888 15611731
F59D12.1 chrX 15666680 15672283
F59F4.3 chrX 15842344 15847508
csb-1 chrX 15861278 15865831
F53H4.4 chrX 15866329 15868616
ZK1073.1 chrX 16123863 16128782
sgk-1 chrX 16254928 16261966
ace-1 chrX 16367144 16373698
ztf-19 chrX 16536749 16540111
K08B5.1 chrX 16558358 16562224
F59C12.3 chrX 16603300 16609439
tag-343 chrX 16665350 16672518
C10E2.6 chrX 16767094 16770415
T01C8.2 chrX 16786358 16787535
fbxb-114 chrX 16921767 16922776
F35B3.4 chrX 17019537 17020720
C33E10.1 chrX 17305259 17306220
osm-11 chrX 17420134 17421380
C36E6.2 chrX 17452304 17455769
nhr-1 chrX 17518356 17524658
F31A3.5 chrX 17554915 17561376
C16H3.3 chrX 17601887 17604523
T23E7.2 chrX 17670939 17680687

Note: red gene names were similarly classified in Jans et al., 2009. 
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MBW nonDC genes

gene name chromosome tx start tx end
R57.2 chrX 297247 299177
R57.1 chrX 301831 308231
sor-3 chrX 353619 357933
pqn-40 chrX 450463 457545
B0310.2 chrX 501965 506943
ifd-2 chrX 813850 815928
igcm-1 chrX 845729 851506
ZC13.3 chrX 882964 888392
F53H8.3 chrX 938512 942605
F55A4.4 chrX 1024642 1026173
H42K12.3 chrX 1311595 1316625
W05H7.1 chrX 1450762 1452233
D1005.1 chrX 1479536 1484393
Y75D11A.3 chrX 1745262 1746212
Y102A11A.8 chrX 2039415 2046340
F49H12.5 chrX 2074441 2075936
F53B1.2 chrX 2108975 2111714
F53B1.6 chrX 2114622 2118251
T24C12.3 chrX 2196517 2203887
hex-1 chrX 2223475 2226612
rpl-11.2 chrX 2241748 2242613
crn-4 chrX 2256082 2258074
T01B6.1 chrX 2335676 2348615
R04B3.1 chrX 2467343 2470284
aat-3 chrX 2554224 2557708
tra-4 chrX 2853688 2857596
nmy-1 chrX 2909546 2918027
wrt-2 chrX 3092385 3094363
sec-3 chrX 3095438 3099828
spc-1 chrX 3117431 3127064
K10B3.1 chrX 3135483 3136636
C15C7.7 chrX 3165786 3167570
F28B4.3 chrX 3227494 3235397
F40F4.7 chrX 3243891 3245969
lbp-3 chrX 3257439 3258052
fbxb-71 chrX 3262922 3264150
K09C4.10 chrX 3276041 3280188
F11D5.1 chrX 3344678 3347012
C12D12.1 chrX 3501154 3505224
T27A10.6 chrX 3588843 3596447
C18B2.5 chrX 3606726 3611079
tag-18 chrX 3731904 3733443
F35A5.4 chrX 3789741 3792799
sup-12 chrX 3904569 3907650
T22B2.1 chrX 3926083 3929470
lin-18 chrX 3958474 3961884
vha-12 chrX 4191065 4193111
hpk-1 chrX 4210556 4217264
taf-11.1 chrX 4255143 4256781
col-165 chrX 4353590 4354784
F02E8.4 chrX 4454100 4457271
C07A12.7 chrX 4517868 4521019
pqn-65 chrX 4617498 4620394
F16H11.3 chrX 4647496 4649165
glit-1 chrX 4712247 4715047
rpl-25.1 chrX 4715144 4715767
M03F4.6 chrX 4964054 4969326
ZC449.1 chrX 5024386 5028105
C31H2.4 chrX 5155130 5159628
T03G11.6 chrX 5177492 5179163
H28G03.2 chrX 5213802 5215523
Y34B4A.5 chrX 5257263 5258351
Y34B4A.8 chrX 5271807 5275247
C26B9.5 chrX 5329419 5332302
C26B9.2 chrX 5340303 5341974
pfn-2 chrX 5353067 5354109
chtl-1 chrX 5355861 5363757
ddr-1 chrX 5461220 5466027
hog-1 chrX 5851991 5853327
R07E4.5 chrX 5949500 5953132
R07E4.1 chrX 5963358 5969896
inx-3 chrX 5996113 5998201
F22F4.1 chrX 6004440 6007001
C09B8.4 chrX 6018438 6019894
hsp-25 chrX 6034432 6039454
hsp-3 chrX 6088972 6092082
C14F11.1 chrX 6240911 6242663
C03B1.13 chrX 6335297 6337711
C03B1.7 chrX 6342111 6345601
T22E5.3 chrX 6385439 6387818
nhr-173 chrX 6655501 6659705
asg-2 chrX 6841209 6842034
C16E9.2 chrX 6938361 6938769
F46H5.4 chrX 7245025 7254510
atg-11 chrX 7334748 7340134
C07D8.6 chrX 7341454 7342722
mek-1 chrX 7479193 7480258
F46C8.3 chrX 7525517 7527198
F46C8.8 chrX 7551208 7554371
sto-1 chrX 7562780 7564749
apy-1 chrX 7568087 7569666
F26A10.2 chrX 7632033 7637028
pcca-1 chrX 7657477 7660926
ref-2 chrX 7744178 7749907
mec-7 chrX 7774798 7776622
ZK154.5 chrX 7783130 7787875
sfxn-2 chrX 7956161 7958246
C34D10.1 chrX 8029440 8031396
dim-1 chrX 8050417 8052623
C46F2.1 chrX 8077685 8079827
vem-1 chrX 8087675 8089619
cdd-1 chrX 8208715 8211088
F13B9.1 chrX 8287198 8294055
R09F10.8 chrX 8325071 8326391
H03E18.1 chrX 8507813 8514064
tag-233 chrX 8554068 8555834
tag-279 chrX 8570987 8574975
F18E9.3 chrX 8586104 8589950
K09E2.3 chrX 8676565 8677869
F53A9.3 chrX 8708303 8709309
F53A9.9 chrX 8720253 8720697
tnt-2 chrX 8721702 8723491
ifd-1 chrX 8820663 8824386
C28G1.5 chrX 8826733 8828425
cyn-8 chrX 8911322 8913771
tmbi-4 chrX 9150627 9160580
B0416.4 chrX 9278892 9279774
tbb-4 chrX 9434400 9436824
nuc-1 chrX 9539837 9542363
ifp-1 chrX 9675775 9680101
him-4 chrX 9717557 9753501
F36G3.2 chrX 9792333 9794205
mrp-4 chrX 9884254 9889636
C17G1.7 chrX 9952512 9954472
ZC373.1 chrX 10054212 10057456
W07E11.1 chrX 10083936 10103994
F21A10.2 chrX 10181740 10194307
nucb-1 chrX 10197635 10200286
R07E3.6 chrX 10317651 10321772
cut-5 chrX 10333945 10338119
C39B10.1 chrX 10460475 10463510
F13E6.3 chrX 10680554 10682683
R07A4.4 chrX 10751691 10754704
F47B10.1 chrX 10897602 10900041
pbo-4 chrX 10954057 10958153
pxn-2 chrX 10972109 10979189
lpr-4 chrX 11065056 11066732
C03A3.2 chrX 11262770 11266237
pgp-4 chrX 11359093 11363965
pek-1 chrX 11410108 11414737
sdc-2 chrX 11522635 11533373
hnd-1 chrX 11684649 11685568
col-180 chrX 11711299 11712202
F54F7.6 chrX 11865463 11866749
sams-1 chrX 11965902 11969706
C49F5.3 chrX 11982712 11983821
F57G12.2 chrX 12156392 12159961
C04B4.2 chrX 12283242 12285201
W06D11.3 chrX 12298612 12299941
F19H6.4 chrX 12365609 12367037
T18D3.1 chrX 12454666 12457866
tag-147 chrX 12624592 12634276
col-182 chrX 12636074 12636533
chd-3 chrX 12846352 12852521
C34E7.4 chrX 12932158 12934897
F11C1.5 chrX 12991395 12999492
K03A11.1 chrX 13051716 13055257
R04D3.3 chrX 13288916 13290549
C49F8.3 chrX 13386074 13387469
C29F7.2 chrX 13415999 13418137
R01E6.2 chrX 13565536 13566357
R01E6.7 chrX 13567360 13569874
aakb-1 chrX 13755693 13758858
M03B6.2 chrX 13852827 13857246
M03B6.3 chrX 13861211 13864214
meg-1 chrX 13926963 13929553
pqn-39 chrX 13965657 13969489
C04C11.1 chrX 14020706 14022330
ceh-36 chrX 14183369 14185518
K04C1.2 chrX 14238628 14241265
E02H4.6 chrX 14250641 14252057
sel-7 chrX 14332713 14340401
F23D12.2 chrX 14416198 14421392
F23D12.4 chrX 14444921 14446044
gfi-3 chrX 14480491 14484576
D1025.2 chrX 14514111 14514991
sym-1 chrX 14581575 14584290
F40E10.5 chrX 14701709 14703601
F40E10.6 chrX 14703623 14706776
C05G5.1 chrX 14734388 14740007
C05G5.4 chrX 14753944 14756378
Y16B4A.2 chrX 14761884 14771770
rgs-11 chrX 14964500 14965851
F20D1.1 chrX 14968821 14970191
tbc-1 chrX 14970668 14974681
F20D1.3 chrX 14976034 14978630
F20D1.9 chrX 15002013 15003750
H40L08.1 chrX 15080699 15084004
dhhc-1 chrX 15097984 15100323
mlt-9 chrX 15101704 15107885
ucr-2.2 chrX 15173821 15178040
T10B10.4 chrX 15190040 15192985
tag-97 chrX 15369916 15377604
pqn-36 chrX 15409095 15413304
R03A10.1 chrX 15429929 15431034
nkat-3 chrX 15441649 15443412
eat-20 chrX 15516574 15523859
dyn-1 chrX 15568835 15573613
K09A9.6 chrX 15580519 15586668
gas-1 chrX 15586733 15590317
erv-46 chrX 15613724 15616441
F59D12.2 chrX 15672767 15675642
F53H4.5 chrX 15882018 15885062
R11.1 chrX 16189779 16194913
R11.4 chrX 16210218 16210566
F23A7.1 chrX 16217307 16217582
sdc-1 chrX 16275683 16282351
F59C12.4 chrX 16602359 16602632
C06G1.1 chrX 16633277 16637548
F22H10.4 chrX 16684328 16685622
F41G4.1 chrX 16841019 16842833
T20F7.1 chrX 16872840 16878202
F39F10.4 chrX 16902305 16904247
F52G3.1 chrX 16963783 16972726
F52G3.5 chrX 16973208 16976045
C08A9.6 chrX 17094217 17096451
cnp-3 chrX 17135923 17138026
mdt-1.2 chrX 17151435 17154461
B0302.5 chrX 17193214 17195032
F10D7.5 chrX 17388185 17391527
C36E6.1 chrX 17434358 17436282
H18N23.2 chrX 17623726 17640654

Table 3.3 MW revised non-dosage compensated gene list. 
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MBW nonDC genes

gene name chromosome tx start tx end
R57.2 chrX 297247 299177
R57.1 chrX 301831 308231
sor-3 chrX 353619 357933
pqn-40 chrX 450463 457545
B0310.2 chrX 501965 506943
ifd-2 chrX 813850 815928
igcm-1 chrX 845729 851506
ZC13.3 chrX 882964 888392
F53H8.3 chrX 938512 942605
F55A4.4 chrX 1024642 1026173
H42K12.3 chrX 1311595 1316625
W05H7.1 chrX 1450762 1452233
D1005.1 chrX 1479536 1484393
Y75D11A.3 chrX 1745262 1746212
Y102A11A.8 chrX 2039415 2046340
F49H12.5 chrX 2074441 2075936
F53B1.2 chrX 2108975 2111714
F53B1.6 chrX 2114622 2118251
T24C12.3 chrX 2196517 2203887
hex-1 chrX 2223475 2226612
rpl-11.2 chrX 2241748 2242613
crn-4 chrX 2256082 2258074
T01B6.1 chrX 2335676 2348615
R04B3.1 chrX 2467343 2470284
aat-3 chrX 2554224 2557708
tra-4 chrX 2853688 2857596
nmy-1 chrX 2909546 2918027
wrt-2 chrX 3092385 3094363
sec-3 chrX 3095438 3099828
spc-1 chrX 3117431 3127064
K10B3.1 chrX 3135483 3136636
C15C7.7 chrX 3165786 3167570
F28B4.3 chrX 3227494 3235397
F40F4.7 chrX 3243891 3245969
lbp-3 chrX 3257439 3258052
fbxb-71 chrX 3262922 3264150
K09C4.10 chrX 3276041 3280188
F11D5.1 chrX 3344678 3347012
C12D12.1 chrX 3501154 3505224
T27A10.6 chrX 3588843 3596447
C18B2.5 chrX 3606726 3611079
tag-18 chrX 3731904 3733443
F35A5.4 chrX 3789741 3792799
sup-12 chrX 3904569 3907650
T22B2.1 chrX 3926083 3929470
lin-18 chrX 3958474 3961884
vha-12 chrX 4191065 4193111
hpk-1 chrX 4210556 4217264
taf-11.1 chrX 4255143 4256781
col-165 chrX 4353590 4354784
F02E8.4 chrX 4454100 4457271
C07A12.7 chrX 4517868 4521019
pqn-65 chrX 4617498 4620394
F16H11.3 chrX 4647496 4649165
glit-1 chrX 4712247 4715047
rpl-25.1 chrX 4715144 4715767
M03F4.6 chrX 4964054 4969326
ZC449.1 chrX 5024386 5028105
C31H2.4 chrX 5155130 5159628
T03G11.6 chrX 5177492 5179163
H28G03.2 chrX 5213802 5215523
Y34B4A.5 chrX 5257263 5258351
Y34B4A.8 chrX 5271807 5275247
C26B9.5 chrX 5329419 5332302
C26B9.2 chrX 5340303 5341974
pfn-2 chrX 5353067 5354109
chtl-1 chrX 5355861 5363757
ddr-1 chrX 5461220 5466027
hog-1 chrX 5851991 5853327
R07E4.5 chrX 5949500 5953132
R07E4.1 chrX 5963358 5969896
inx-3 chrX 5996113 5998201
F22F4.1 chrX 6004440 6007001
C09B8.4 chrX 6018438 6019894
hsp-25 chrX 6034432 6039454
hsp-3 chrX 6088972 6092082
C14F11.1 chrX 6240911 6242663
C03B1.13 chrX 6335297 6337711
C03B1.7 chrX 6342111 6345601
T22E5.3 chrX 6385439 6387818
nhr-173 chrX 6655501 6659705
asg-2 chrX 6841209 6842034
C16E9.2 chrX 6938361 6938769
F46H5.4 chrX 7245025 7254510
atg-11 chrX 7334748 7340134
C07D8.6 chrX 7341454 7342722
mek-1 chrX 7479193 7480258
F46C8.3 chrX 7525517 7527198
F46C8.8 chrX 7551208 7554371
sto-1 chrX 7562780 7564749
apy-1 chrX 7568087 7569666
F26A10.2 chrX 7632033 7637028
pcca-1 chrX 7657477 7660926
ref-2 chrX 7744178 7749907
mec-7 chrX 7774798 7776622
ZK154.5 chrX 7783130 7787875
sfxn-2 chrX 7956161 7958246
C34D10.1 chrX 8029440 8031396
dim-1 chrX 8050417 8052623
C46F2.1 chrX 8077685 8079827
vem-1 chrX 8087675 8089619
cdd-1 chrX 8208715 8211088
F13B9.1 chrX 8287198 8294055
R09F10.8 chrX 8325071 8326391
H03E18.1 chrX 8507813 8514064
tag-233 chrX 8554068 8555834
tag-279 chrX 8570987 8574975
F18E9.3 chrX 8586104 8589950
K09E2.3 chrX 8676565 8677869
F53A9.3 chrX 8708303 8709309
F53A9.9 chrX 8720253 8720697
tnt-2 chrX 8721702 8723491
ifd-1 chrX 8820663 8824386
C28G1.5 chrX 8826733 8828425
cyn-8 chrX 8911322 8913771
tmbi-4 chrX 9150627 9160580
B0416.4 chrX 9278892 9279774
tbb-4 chrX 9434400 9436824
nuc-1 chrX 9539837 9542363
ifp-1 chrX 9675775 9680101
him-4 chrX 9717557 9753501
F36G3.2 chrX 9792333 9794205
mrp-4 chrX 9884254 9889636
C17G1.7 chrX 9952512 9954472
ZC373.1 chrX 10054212 10057456
W07E11.1 chrX 10083936 10103994
F21A10.2 chrX 10181740 10194307
nucb-1 chrX 10197635 10200286
R07E3.6 chrX 10317651 10321772
cut-5 chrX 10333945 10338119
C39B10.1 chrX 10460475 10463510
F13E6.3 chrX 10680554 10682683
R07A4.4 chrX 10751691 10754704
F47B10.1 chrX 10897602 10900041
pbo-4 chrX 10954057 10958153
pxn-2 chrX 10972109 10979189
lpr-4 chrX 11065056 11066732
C03A3.2 chrX 11262770 11266237
pgp-4 chrX 11359093 11363965
pek-1 chrX 11410108 11414737
sdc-2 chrX 11522635 11533373
hnd-1 chrX 11684649 11685568
col-180 chrX 11711299 11712202
F54F7.6 chrX 11865463 11866749
sams-1 chrX 11965902 11969706
C49F5.3 chrX 11982712 11983821
F57G12.2 chrX 12156392 12159961
C04B4.2 chrX 12283242 12285201
W06D11.3 chrX 12298612 12299941
F19H6.4 chrX 12365609 12367037
T18D3.1 chrX 12454666 12457866
tag-147 chrX 12624592 12634276
col-182 chrX 12636074 12636533
chd-3 chrX 12846352 12852521
C34E7.4 chrX 12932158 12934897
F11C1.5 chrX 12991395 12999492
K03A11.1 chrX 13051716 13055257
R04D3.3 chrX 13288916 13290549
C49F8.3 chrX 13386074 13387469
C29F7.2 chrX 13415999 13418137
R01E6.2 chrX 13565536 13566357
R01E6.7 chrX 13567360 13569874
aakb-1 chrX 13755693 13758858
M03B6.2 chrX 13852827 13857246
M03B6.3 chrX 13861211 13864214
meg-1 chrX 13926963 13929553
pqn-39 chrX 13965657 13969489
C04C11.1 chrX 14020706 14022330
ceh-36 chrX 14183369 14185518
K04C1.2 chrX 14238628 14241265
E02H4.6 chrX 14250641 14252057
sel-7 chrX 14332713 14340401
F23D12.2 chrX 14416198 14421392
F23D12.4 chrX 14444921 14446044
gfi-3 chrX 14480491 14484576
D1025.2 chrX 14514111 14514991
sym-1 chrX 14581575 14584290
F40E10.5 chrX 14701709 14703601
F40E10.6 chrX 14703623 14706776
C05G5.1 chrX 14734388 14740007
C05G5.4 chrX 14753944 14756378
Y16B4A.2 chrX 14761884 14771770
rgs-11 chrX 14964500 14965851
F20D1.1 chrX 14968821 14970191
tbc-1 chrX 14970668 14974681
F20D1.3 chrX 14976034 14978630
F20D1.9 chrX 15002013 15003750
H40L08.1 chrX 15080699 15084004
dhhc-1 chrX 15097984 15100323
mlt-9 chrX 15101704 15107885
ucr-2.2 chrX 15173821 15178040
T10B10.4 chrX 15190040 15192985
tag-97 chrX 15369916 15377604
pqn-36 chrX 15409095 15413304
R03A10.1 chrX 15429929 15431034
nkat-3 chrX 15441649 15443412
eat-20 chrX 15516574 15523859
dyn-1 chrX 15568835 15573613
K09A9.6 chrX 15580519 15586668
gas-1 chrX 15586733 15590317
erv-46 chrX 15613724 15616441
F59D12.2 chrX 15672767 15675642
F53H4.5 chrX 15882018 15885062
R11.1 chrX 16189779 16194913
R11.4 chrX 16210218 16210566
F23A7.1 chrX 16217307 16217582
sdc-1 chrX 16275683 16282351
F59C12.4 chrX 16602359 16602632
C06G1.1 chrX 16633277 16637548
F22H10.4 chrX 16684328 16685622
F41G4.1 chrX 16841019 16842833
T20F7.1 chrX 16872840 16878202
F39F10.4 chrX 16902305 16904247
F52G3.1 chrX 16963783 16972726
F52G3.5 chrX 16973208 16976045
C08A9.6 chrX 17094217 17096451
cnp-3 chrX 17135923 17138026
mdt-1.2 chrX 17151435 17154461
B0302.5 chrX 17193214 17195032
F10D7.5 chrX 17388185 17391527
C36E6.1 chrX 17434358 17436282
H18N23.2 chrX 17623726 17640654
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MBW nonDC genes

gene name chromosome tx start tx end
R57.2 chrX 297247 299177
R57.1 chrX 301831 308231
sor-3 chrX 353619 357933
pqn-40 chrX 450463 457545
B0310.2 chrX 501965 506943
ifd-2 chrX 813850 815928
igcm-1 chrX 845729 851506
ZC13.3 chrX 882964 888392
F53H8.3 chrX 938512 942605
F55A4.4 chrX 1024642 1026173
H42K12.3 chrX 1311595 1316625
W05H7.1 chrX 1450762 1452233
D1005.1 chrX 1479536 1484393
Y75D11A.3 chrX 1745262 1746212
Y102A11A.8 chrX 2039415 2046340
F49H12.5 chrX 2074441 2075936
F53B1.2 chrX 2108975 2111714
F53B1.6 chrX 2114622 2118251
T24C12.3 chrX 2196517 2203887
hex-1 chrX 2223475 2226612
rpl-11.2 chrX 2241748 2242613
crn-4 chrX 2256082 2258074
T01B6.1 chrX 2335676 2348615
R04B3.1 chrX 2467343 2470284
aat-3 chrX 2554224 2557708
tra-4 chrX 2853688 2857596
nmy-1 chrX 2909546 2918027
wrt-2 chrX 3092385 3094363
sec-3 chrX 3095438 3099828
spc-1 chrX 3117431 3127064
K10B3.1 chrX 3135483 3136636
C15C7.7 chrX 3165786 3167570
F28B4.3 chrX 3227494 3235397
F40F4.7 chrX 3243891 3245969
lbp-3 chrX 3257439 3258052
fbxb-71 chrX 3262922 3264150
K09C4.10 chrX 3276041 3280188
F11D5.1 chrX 3344678 3347012
C12D12.1 chrX 3501154 3505224
T27A10.6 chrX 3588843 3596447
C18B2.5 chrX 3606726 3611079
tag-18 chrX 3731904 3733443
F35A5.4 chrX 3789741 3792799
sup-12 chrX 3904569 3907650
T22B2.1 chrX 3926083 3929470
lin-18 chrX 3958474 3961884
vha-12 chrX 4191065 4193111
hpk-1 chrX 4210556 4217264
taf-11.1 chrX 4255143 4256781
col-165 chrX 4353590 4354784
F02E8.4 chrX 4454100 4457271
C07A12.7 chrX 4517868 4521019
pqn-65 chrX 4617498 4620394
F16H11.3 chrX 4647496 4649165
glit-1 chrX 4712247 4715047
rpl-25.1 chrX 4715144 4715767
M03F4.6 chrX 4964054 4969326
ZC449.1 chrX 5024386 5028105
C31H2.4 chrX 5155130 5159628
T03G11.6 chrX 5177492 5179163
H28G03.2 chrX 5213802 5215523
Y34B4A.5 chrX 5257263 5258351
Y34B4A.8 chrX 5271807 5275247
C26B9.5 chrX 5329419 5332302
C26B9.2 chrX 5340303 5341974
pfn-2 chrX 5353067 5354109
chtl-1 chrX 5355861 5363757
ddr-1 chrX 5461220 5466027
hog-1 chrX 5851991 5853327
R07E4.5 chrX 5949500 5953132
R07E4.1 chrX 5963358 5969896
inx-3 chrX 5996113 5998201
F22F4.1 chrX 6004440 6007001
C09B8.4 chrX 6018438 6019894
hsp-25 chrX 6034432 6039454
hsp-3 chrX 6088972 6092082
C14F11.1 chrX 6240911 6242663
C03B1.13 chrX 6335297 6337711
C03B1.7 chrX 6342111 6345601
T22E5.3 chrX 6385439 6387818
nhr-173 chrX 6655501 6659705
asg-2 chrX 6841209 6842034
C16E9.2 chrX 6938361 6938769
F46H5.4 chrX 7245025 7254510
atg-11 chrX 7334748 7340134
C07D8.6 chrX 7341454 7342722
mek-1 chrX 7479193 7480258
F46C8.3 chrX 7525517 7527198
F46C8.8 chrX 7551208 7554371
sto-1 chrX 7562780 7564749
apy-1 chrX 7568087 7569666
F26A10.2 chrX 7632033 7637028
pcca-1 chrX 7657477 7660926
ref-2 chrX 7744178 7749907
mec-7 chrX 7774798 7776622
ZK154.5 chrX 7783130 7787875
sfxn-2 chrX 7956161 7958246
C34D10.1 chrX 8029440 8031396
dim-1 chrX 8050417 8052623
C46F2.1 chrX 8077685 8079827
vem-1 chrX 8087675 8089619
cdd-1 chrX 8208715 8211088
F13B9.1 chrX 8287198 8294055
R09F10.8 chrX 8325071 8326391
H03E18.1 chrX 8507813 8514064
tag-233 chrX 8554068 8555834
tag-279 chrX 8570987 8574975
F18E9.3 chrX 8586104 8589950
K09E2.3 chrX 8676565 8677869
F53A9.3 chrX 8708303 8709309
F53A9.9 chrX 8720253 8720697
tnt-2 chrX 8721702 8723491
ifd-1 chrX 8820663 8824386
C28G1.5 chrX 8826733 8828425
cyn-8 chrX 8911322 8913771
tmbi-4 chrX 9150627 9160580
B0416.4 chrX 9278892 9279774
tbb-4 chrX 9434400 9436824
nuc-1 chrX 9539837 9542363
ifp-1 chrX 9675775 9680101
him-4 chrX 9717557 9753501
F36G3.2 chrX 9792333 9794205
mrp-4 chrX 9884254 9889636
C17G1.7 chrX 9952512 9954472
ZC373.1 chrX 10054212 10057456
W07E11.1 chrX 10083936 10103994
F21A10.2 chrX 10181740 10194307
nucb-1 chrX 10197635 10200286
R07E3.6 chrX 10317651 10321772
cut-5 chrX 10333945 10338119
C39B10.1 chrX 10460475 10463510
F13E6.3 chrX 10680554 10682683
R07A4.4 chrX 10751691 10754704
F47B10.1 chrX 10897602 10900041
pbo-4 chrX 10954057 10958153
pxn-2 chrX 10972109 10979189
lpr-4 chrX 11065056 11066732
C03A3.2 chrX 11262770 11266237
pgp-4 chrX 11359093 11363965
pek-1 chrX 11410108 11414737
sdc-2 chrX 11522635 11533373
hnd-1 chrX 11684649 11685568
col-180 chrX 11711299 11712202
F54F7.6 chrX 11865463 11866749
sams-1 chrX 11965902 11969706
C49F5.3 chrX 11982712 11983821
F57G12.2 chrX 12156392 12159961
C04B4.2 chrX 12283242 12285201
W06D11.3 chrX 12298612 12299941
F19H6.4 chrX 12365609 12367037
T18D3.1 chrX 12454666 12457866
tag-147 chrX 12624592 12634276
col-182 chrX 12636074 12636533
chd-3 chrX 12846352 12852521
C34E7.4 chrX 12932158 12934897
F11C1.5 chrX 12991395 12999492
K03A11.1 chrX 13051716 13055257
R04D3.3 chrX 13288916 13290549
C49F8.3 chrX 13386074 13387469
C29F7.2 chrX 13415999 13418137
R01E6.2 chrX 13565536 13566357
R01E6.7 chrX 13567360 13569874
aakb-1 chrX 13755693 13758858
M03B6.2 chrX 13852827 13857246
M03B6.3 chrX 13861211 13864214
meg-1 chrX 13926963 13929553
pqn-39 chrX 13965657 13969489
C04C11.1 chrX 14020706 14022330
ceh-36 chrX 14183369 14185518
K04C1.2 chrX 14238628 14241265
E02H4.6 chrX 14250641 14252057
sel-7 chrX 14332713 14340401
F23D12.2 chrX 14416198 14421392
F23D12.4 chrX 14444921 14446044
gfi-3 chrX 14480491 14484576
D1025.2 chrX 14514111 14514991
sym-1 chrX 14581575 14584290
F40E10.5 chrX 14701709 14703601
F40E10.6 chrX 14703623 14706776
C05G5.1 chrX 14734388 14740007
C05G5.4 chrX 14753944 14756378
Y16B4A.2 chrX 14761884 14771770
rgs-11 chrX 14964500 14965851
F20D1.1 chrX 14968821 14970191
tbc-1 chrX 14970668 14974681
F20D1.3 chrX 14976034 14978630
F20D1.9 chrX 15002013 15003750
H40L08.1 chrX 15080699 15084004
dhhc-1 chrX 15097984 15100323
mlt-9 chrX 15101704 15107885
ucr-2.2 chrX 15173821 15178040
T10B10.4 chrX 15190040 15192985
tag-97 chrX 15369916 15377604
pqn-36 chrX 15409095 15413304
R03A10.1 chrX 15429929 15431034
nkat-3 chrX 15441649 15443412
eat-20 chrX 15516574 15523859
dyn-1 chrX 15568835 15573613
K09A9.6 chrX 15580519 15586668
gas-1 chrX 15586733 15590317
erv-46 chrX 15613724 15616441
F59D12.2 chrX 15672767 15675642
F53H4.5 chrX 15882018 15885062
R11.1 chrX 16189779 16194913
R11.4 chrX 16210218 16210566
F23A7.1 chrX 16217307 16217582
sdc-1 chrX 16275683 16282351
F59C12.4 chrX 16602359 16602632
C06G1.1 chrX 16633277 16637548
F22H10.4 chrX 16684328 16685622
F41G4.1 chrX 16841019 16842833
T20F7.1 chrX 16872840 16878202
F39F10.4 chrX 16902305 16904247
F52G3.1 chrX 16963783 16972726
F52G3.5 chrX 16973208 16976045
C08A9.6 chrX 17094217 17096451
cnp-3 chrX 17135923 17138026
mdt-1.2 chrX 17151435 17154461
B0302.5 chrX 17193214 17195032
F10D7.5 chrX 17388185 17391527
C36E6.1 chrX 17434358 17436282
H18N23.2 chrX 17623726 17640654
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MBW nonDC genes

gene name chromosome tx start tx end
R57.2 chrX 297247 299177
R57.1 chrX 301831 308231
sor-3 chrX 353619 357933
pqn-40 chrX 450463 457545
B0310.2 chrX 501965 506943
ifd-2 chrX 813850 815928
igcm-1 chrX 845729 851506
ZC13.3 chrX 882964 888392
F53H8.3 chrX 938512 942605
F55A4.4 chrX 1024642 1026173
H42K12.3 chrX 1311595 1316625
W05H7.1 chrX 1450762 1452233
D1005.1 chrX 1479536 1484393
Y75D11A.3 chrX 1745262 1746212
Y102A11A.8 chrX 2039415 2046340
F49H12.5 chrX 2074441 2075936
F53B1.2 chrX 2108975 2111714
F53B1.6 chrX 2114622 2118251
T24C12.3 chrX 2196517 2203887
hex-1 chrX 2223475 2226612
rpl-11.2 chrX 2241748 2242613
crn-4 chrX 2256082 2258074
T01B6.1 chrX 2335676 2348615
R04B3.1 chrX 2467343 2470284
aat-3 chrX 2554224 2557708
tra-4 chrX 2853688 2857596
nmy-1 chrX 2909546 2918027
wrt-2 chrX 3092385 3094363
sec-3 chrX 3095438 3099828
spc-1 chrX 3117431 3127064
K10B3.1 chrX 3135483 3136636
C15C7.7 chrX 3165786 3167570
F28B4.3 chrX 3227494 3235397
F40F4.7 chrX 3243891 3245969
lbp-3 chrX 3257439 3258052
fbxb-71 chrX 3262922 3264150
K09C4.10 chrX 3276041 3280188
F11D5.1 chrX 3344678 3347012
C12D12.1 chrX 3501154 3505224
T27A10.6 chrX 3588843 3596447
C18B2.5 chrX 3606726 3611079
tag-18 chrX 3731904 3733443
F35A5.4 chrX 3789741 3792799
sup-12 chrX 3904569 3907650
T22B2.1 chrX 3926083 3929470
lin-18 chrX 3958474 3961884
vha-12 chrX 4191065 4193111
hpk-1 chrX 4210556 4217264
taf-11.1 chrX 4255143 4256781
col-165 chrX 4353590 4354784
F02E8.4 chrX 4454100 4457271
C07A12.7 chrX 4517868 4521019
pqn-65 chrX 4617498 4620394
F16H11.3 chrX 4647496 4649165
glit-1 chrX 4712247 4715047
rpl-25.1 chrX 4715144 4715767
M03F4.6 chrX 4964054 4969326
ZC449.1 chrX 5024386 5028105
C31H2.4 chrX 5155130 5159628
T03G11.6 chrX 5177492 5179163
H28G03.2 chrX 5213802 5215523
Y34B4A.5 chrX 5257263 5258351
Y34B4A.8 chrX 5271807 5275247
C26B9.5 chrX 5329419 5332302
C26B9.2 chrX 5340303 5341974
pfn-2 chrX 5353067 5354109
chtl-1 chrX 5355861 5363757
ddr-1 chrX 5461220 5466027
hog-1 chrX 5851991 5853327
R07E4.5 chrX 5949500 5953132
R07E4.1 chrX 5963358 5969896
inx-3 chrX 5996113 5998201
F22F4.1 chrX 6004440 6007001
C09B8.4 chrX 6018438 6019894
hsp-25 chrX 6034432 6039454
hsp-3 chrX 6088972 6092082
C14F11.1 chrX 6240911 6242663
C03B1.13 chrX 6335297 6337711
C03B1.7 chrX 6342111 6345601
T22E5.3 chrX 6385439 6387818
nhr-173 chrX 6655501 6659705
asg-2 chrX 6841209 6842034
C16E9.2 chrX 6938361 6938769
F46H5.4 chrX 7245025 7254510
atg-11 chrX 7334748 7340134
C07D8.6 chrX 7341454 7342722
mek-1 chrX 7479193 7480258
F46C8.3 chrX 7525517 7527198
F46C8.8 chrX 7551208 7554371
sto-1 chrX 7562780 7564749
apy-1 chrX 7568087 7569666
F26A10.2 chrX 7632033 7637028
pcca-1 chrX 7657477 7660926
ref-2 chrX 7744178 7749907
mec-7 chrX 7774798 7776622
ZK154.5 chrX 7783130 7787875
sfxn-2 chrX 7956161 7958246
C34D10.1 chrX 8029440 8031396
dim-1 chrX 8050417 8052623
C46F2.1 chrX 8077685 8079827
vem-1 chrX 8087675 8089619
cdd-1 chrX 8208715 8211088
F13B9.1 chrX 8287198 8294055
R09F10.8 chrX 8325071 8326391
H03E18.1 chrX 8507813 8514064
tag-233 chrX 8554068 8555834
tag-279 chrX 8570987 8574975
F18E9.3 chrX 8586104 8589950
K09E2.3 chrX 8676565 8677869
F53A9.3 chrX 8708303 8709309
F53A9.9 chrX 8720253 8720697
tnt-2 chrX 8721702 8723491
ifd-1 chrX 8820663 8824386
C28G1.5 chrX 8826733 8828425
cyn-8 chrX 8911322 8913771
tmbi-4 chrX 9150627 9160580
B0416.4 chrX 9278892 9279774
tbb-4 chrX 9434400 9436824
nuc-1 chrX 9539837 9542363
ifp-1 chrX 9675775 9680101
him-4 chrX 9717557 9753501
F36G3.2 chrX 9792333 9794205
mrp-4 chrX 9884254 9889636
C17G1.7 chrX 9952512 9954472
ZC373.1 chrX 10054212 10057456
W07E11.1 chrX 10083936 10103994
F21A10.2 chrX 10181740 10194307
nucb-1 chrX 10197635 10200286
R07E3.6 chrX 10317651 10321772
cut-5 chrX 10333945 10338119
C39B10.1 chrX 10460475 10463510
F13E6.3 chrX 10680554 10682683
R07A4.4 chrX 10751691 10754704
F47B10.1 chrX 10897602 10900041
pbo-4 chrX 10954057 10958153
pxn-2 chrX 10972109 10979189
lpr-4 chrX 11065056 11066732
C03A3.2 chrX 11262770 11266237
pgp-4 chrX 11359093 11363965
pek-1 chrX 11410108 11414737
sdc-2 chrX 11522635 11533373
hnd-1 chrX 11684649 11685568
col-180 chrX 11711299 11712202
F54F7.6 chrX 11865463 11866749
sams-1 chrX 11965902 11969706
C49F5.3 chrX 11982712 11983821
F57G12.2 chrX 12156392 12159961
C04B4.2 chrX 12283242 12285201
W06D11.3 chrX 12298612 12299941
F19H6.4 chrX 12365609 12367037
T18D3.1 chrX 12454666 12457866
tag-147 chrX 12624592 12634276
col-182 chrX 12636074 12636533
chd-3 chrX 12846352 12852521
C34E7.4 chrX 12932158 12934897
F11C1.5 chrX 12991395 12999492
K03A11.1 chrX 13051716 13055257
R04D3.3 chrX 13288916 13290549
C49F8.3 chrX 13386074 13387469
C29F7.2 chrX 13415999 13418137
R01E6.2 chrX 13565536 13566357
R01E6.7 chrX 13567360 13569874
aakb-1 chrX 13755693 13758858
M03B6.2 chrX 13852827 13857246
M03B6.3 chrX 13861211 13864214
meg-1 chrX 13926963 13929553
pqn-39 chrX 13965657 13969489
C04C11.1 chrX 14020706 14022330
ceh-36 chrX 14183369 14185518
K04C1.2 chrX 14238628 14241265
E02H4.6 chrX 14250641 14252057
sel-7 chrX 14332713 14340401
F23D12.2 chrX 14416198 14421392
F23D12.4 chrX 14444921 14446044
gfi-3 chrX 14480491 14484576
D1025.2 chrX 14514111 14514991
sym-1 chrX 14581575 14584290
F40E10.5 chrX 14701709 14703601
F40E10.6 chrX 14703623 14706776
C05G5.1 chrX 14734388 14740007
C05G5.4 chrX 14753944 14756378
Y16B4A.2 chrX 14761884 14771770
rgs-11 chrX 14964500 14965851
F20D1.1 chrX 14968821 14970191
tbc-1 chrX 14970668 14974681
F20D1.3 chrX 14976034 14978630
F20D1.9 chrX 15002013 15003750
H40L08.1 chrX 15080699 15084004
dhhc-1 chrX 15097984 15100323
mlt-9 chrX 15101704 15107885
ucr-2.2 chrX 15173821 15178040
T10B10.4 chrX 15190040 15192985
tag-97 chrX 15369916 15377604
pqn-36 chrX 15409095 15413304
R03A10.1 chrX 15429929 15431034
nkat-3 chrX 15441649 15443412
eat-20 chrX 15516574 15523859
dyn-1 chrX 15568835 15573613
K09A9.6 chrX 15580519 15586668
gas-1 chrX 15586733 15590317
erv-46 chrX 15613724 15616441
F59D12.2 chrX 15672767 15675642
F53H4.5 chrX 15882018 15885062
R11.1 chrX 16189779 16194913
R11.4 chrX 16210218 16210566
F23A7.1 chrX 16217307 16217582
sdc-1 chrX 16275683 16282351
F59C12.4 chrX 16602359 16602632
C06G1.1 chrX 16633277 16637548
F22H10.4 chrX 16684328 16685622
F41G4.1 chrX 16841019 16842833
T20F7.1 chrX 16872840 16878202
F39F10.4 chrX 16902305 16904247
F52G3.1 chrX 16963783 16972726
F52G3.5 chrX 16973208 16976045
C08A9.6 chrX 17094217 17096451
cnp-3 chrX 17135923 17138026
mdt-1.2 chrX 17151435 17154461
B0302.5 chrX 17193214 17195032
F10D7.5 chrX 17388185 17391527
C36E6.1 chrX 17434358 17436282
H18N23.2 chrX 17623726 17640654
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MBW nonDC genes

gene name chromosome tx start tx end
R57.2 chrX 297247 299177
R57.1 chrX 301831 308231
sor-3 chrX 353619 357933
pqn-40 chrX 450463 457545
B0310.2 chrX 501965 506943
ifd-2 chrX 813850 815928
igcm-1 chrX 845729 851506
ZC13.3 chrX 882964 888392
F53H8.3 chrX 938512 942605
F55A4.4 chrX 1024642 1026173
H42K12.3 chrX 1311595 1316625
W05H7.1 chrX 1450762 1452233
D1005.1 chrX 1479536 1484393
Y75D11A.3 chrX 1745262 1746212
Y102A11A.8 chrX 2039415 2046340
F49H12.5 chrX 2074441 2075936
F53B1.2 chrX 2108975 2111714
F53B1.6 chrX 2114622 2118251
T24C12.3 chrX 2196517 2203887
hex-1 chrX 2223475 2226612
rpl-11.2 chrX 2241748 2242613
crn-4 chrX 2256082 2258074
T01B6.1 chrX 2335676 2348615
R04B3.1 chrX 2467343 2470284
aat-3 chrX 2554224 2557708
tra-4 chrX 2853688 2857596
nmy-1 chrX 2909546 2918027
wrt-2 chrX 3092385 3094363
sec-3 chrX 3095438 3099828
spc-1 chrX 3117431 3127064
K10B3.1 chrX 3135483 3136636
C15C7.7 chrX 3165786 3167570
F28B4.3 chrX 3227494 3235397
F40F4.7 chrX 3243891 3245969
lbp-3 chrX 3257439 3258052
fbxb-71 chrX 3262922 3264150
K09C4.10 chrX 3276041 3280188
F11D5.1 chrX 3344678 3347012
C12D12.1 chrX 3501154 3505224
T27A10.6 chrX 3588843 3596447
C18B2.5 chrX 3606726 3611079
tag-18 chrX 3731904 3733443
F35A5.4 chrX 3789741 3792799
sup-12 chrX 3904569 3907650
T22B2.1 chrX 3926083 3929470
lin-18 chrX 3958474 3961884
vha-12 chrX 4191065 4193111
hpk-1 chrX 4210556 4217264
taf-11.1 chrX 4255143 4256781
col-165 chrX 4353590 4354784
F02E8.4 chrX 4454100 4457271
C07A12.7 chrX 4517868 4521019
pqn-65 chrX 4617498 4620394
F16H11.3 chrX 4647496 4649165
glit-1 chrX 4712247 4715047
rpl-25.1 chrX 4715144 4715767
M03F4.6 chrX 4964054 4969326
ZC449.1 chrX 5024386 5028105
C31H2.4 chrX 5155130 5159628
T03G11.6 chrX 5177492 5179163
H28G03.2 chrX 5213802 5215523
Y34B4A.5 chrX 5257263 5258351
Y34B4A.8 chrX 5271807 5275247
C26B9.5 chrX 5329419 5332302
C26B9.2 chrX 5340303 5341974
pfn-2 chrX 5353067 5354109
chtl-1 chrX 5355861 5363757
ddr-1 chrX 5461220 5466027
hog-1 chrX 5851991 5853327
R07E4.5 chrX 5949500 5953132
R07E4.1 chrX 5963358 5969896
inx-3 chrX 5996113 5998201
F22F4.1 chrX 6004440 6007001
C09B8.4 chrX 6018438 6019894
hsp-25 chrX 6034432 6039454
hsp-3 chrX 6088972 6092082
C14F11.1 chrX 6240911 6242663
C03B1.13 chrX 6335297 6337711
C03B1.7 chrX 6342111 6345601
T22E5.3 chrX 6385439 6387818
nhr-173 chrX 6655501 6659705
asg-2 chrX 6841209 6842034
C16E9.2 chrX 6938361 6938769
F46H5.4 chrX 7245025 7254510
atg-11 chrX 7334748 7340134
C07D8.6 chrX 7341454 7342722
mek-1 chrX 7479193 7480258
F46C8.3 chrX 7525517 7527198
F46C8.8 chrX 7551208 7554371
sto-1 chrX 7562780 7564749
apy-1 chrX 7568087 7569666
F26A10.2 chrX 7632033 7637028
pcca-1 chrX 7657477 7660926
ref-2 chrX 7744178 7749907
mec-7 chrX 7774798 7776622
ZK154.5 chrX 7783130 7787875
sfxn-2 chrX 7956161 7958246
C34D10.1 chrX 8029440 8031396
dim-1 chrX 8050417 8052623
C46F2.1 chrX 8077685 8079827
vem-1 chrX 8087675 8089619
cdd-1 chrX 8208715 8211088
F13B9.1 chrX 8287198 8294055
R09F10.8 chrX 8325071 8326391
H03E18.1 chrX 8507813 8514064
tag-233 chrX 8554068 8555834
tag-279 chrX 8570987 8574975
F18E9.3 chrX 8586104 8589950
K09E2.3 chrX 8676565 8677869
F53A9.3 chrX 8708303 8709309
F53A9.9 chrX 8720253 8720697
tnt-2 chrX 8721702 8723491
ifd-1 chrX 8820663 8824386
C28G1.5 chrX 8826733 8828425
cyn-8 chrX 8911322 8913771
tmbi-4 chrX 9150627 9160580
B0416.4 chrX 9278892 9279774
tbb-4 chrX 9434400 9436824
nuc-1 chrX 9539837 9542363
ifp-1 chrX 9675775 9680101
him-4 chrX 9717557 9753501
F36G3.2 chrX 9792333 9794205
mrp-4 chrX 9884254 9889636
C17G1.7 chrX 9952512 9954472
ZC373.1 chrX 10054212 10057456
W07E11.1 chrX 10083936 10103994
F21A10.2 chrX 10181740 10194307
nucb-1 chrX 10197635 10200286
R07E3.6 chrX 10317651 10321772
cut-5 chrX 10333945 10338119
C39B10.1 chrX 10460475 10463510
F13E6.3 chrX 10680554 10682683
R07A4.4 chrX 10751691 10754704
F47B10.1 chrX 10897602 10900041
pbo-4 chrX 10954057 10958153
pxn-2 chrX 10972109 10979189
lpr-4 chrX 11065056 11066732
C03A3.2 chrX 11262770 11266237
pgp-4 chrX 11359093 11363965
pek-1 chrX 11410108 11414737
sdc-2 chrX 11522635 11533373
hnd-1 chrX 11684649 11685568
col-180 chrX 11711299 11712202
F54F7.6 chrX 11865463 11866749
sams-1 chrX 11965902 11969706
C49F5.3 chrX 11982712 11983821
F57G12.2 chrX 12156392 12159961
C04B4.2 chrX 12283242 12285201
W06D11.3 chrX 12298612 12299941
F19H6.4 chrX 12365609 12367037
T18D3.1 chrX 12454666 12457866
tag-147 chrX 12624592 12634276
col-182 chrX 12636074 12636533
chd-3 chrX 12846352 12852521
C34E7.4 chrX 12932158 12934897
F11C1.5 chrX 12991395 12999492
K03A11.1 chrX 13051716 13055257
R04D3.3 chrX 13288916 13290549
C49F8.3 chrX 13386074 13387469
C29F7.2 chrX 13415999 13418137
R01E6.2 chrX 13565536 13566357
R01E6.7 chrX 13567360 13569874
aakb-1 chrX 13755693 13758858
M03B6.2 chrX 13852827 13857246
M03B6.3 chrX 13861211 13864214
meg-1 chrX 13926963 13929553
pqn-39 chrX 13965657 13969489
C04C11.1 chrX 14020706 14022330
ceh-36 chrX 14183369 14185518
K04C1.2 chrX 14238628 14241265
E02H4.6 chrX 14250641 14252057
sel-7 chrX 14332713 14340401
F23D12.2 chrX 14416198 14421392
F23D12.4 chrX 14444921 14446044
gfi-3 chrX 14480491 14484576
D1025.2 chrX 14514111 14514991
sym-1 chrX 14581575 14584290
F40E10.5 chrX 14701709 14703601
F40E10.6 chrX 14703623 14706776
C05G5.1 chrX 14734388 14740007
C05G5.4 chrX 14753944 14756378
Y16B4A.2 chrX 14761884 14771770
rgs-11 chrX 14964500 14965851
F20D1.1 chrX 14968821 14970191
tbc-1 chrX 14970668 14974681
F20D1.3 chrX 14976034 14978630
F20D1.9 chrX 15002013 15003750
H40L08.1 chrX 15080699 15084004
dhhc-1 chrX 15097984 15100323
mlt-9 chrX 15101704 15107885
ucr-2.2 chrX 15173821 15178040
T10B10.4 chrX 15190040 15192985
tag-97 chrX 15369916 15377604
pqn-36 chrX 15409095 15413304
R03A10.1 chrX 15429929 15431034
nkat-3 chrX 15441649 15443412
eat-20 chrX 15516574 15523859
dyn-1 chrX 15568835 15573613
K09A9.6 chrX 15580519 15586668
gas-1 chrX 15586733 15590317
erv-46 chrX 15613724 15616441
F59D12.2 chrX 15672767 15675642
F53H4.5 chrX 15882018 15885062
R11.1 chrX 16189779 16194913
R11.4 chrX 16210218 16210566
F23A7.1 chrX 16217307 16217582
sdc-1 chrX 16275683 16282351
F59C12.4 chrX 16602359 16602632
C06G1.1 chrX 16633277 16637548
F22H10.4 chrX 16684328 16685622
F41G4.1 chrX 16841019 16842833
T20F7.1 chrX 16872840 16878202
F39F10.4 chrX 16902305 16904247
F52G3.1 chrX 16963783 16972726
F52G3.5 chrX 16973208 16976045
C08A9.6 chrX 17094217 17096451
cnp-3 chrX 17135923 17138026
mdt-1.2 chrX 17151435 17154461
B0302.5 chrX 17193214 17195032
F10D7.5 chrX 17388185 17391527
C36E6.1 chrX 17434358 17436282
H18N23.2 chrX 17623726 17640654

Note: red gene names were similarly classified in Jans et al., 2009. 
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Figure 3.2. DCC binding and recruitment elements possess enhancer-like chromatin. Shown are 
a genome browser screenshot of two representative DCC binding elements (A) and pie charts 
summarizing the distribution of enhancer state among three classes of DCC binding elements (B-
D). Results demonstrate: A) that defined DCC recruitment (rex) and binding (dox) sites possess 
enhancer-like chromatin modifications. B-D) rex sites (n=38), dox sites (n=49), and waystations 
(n=4) show different proportions of active, poised, and off enhancer activity. All known DCC 
binding elements (rex sites, dox sites, and waystations) possess the enhancer-like chromatin 
signature, so all are included in this analysis. 
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Figure 3.3. Indicators of rex site over dox site classification. SitePro analysis of five 
representative enriched proteins at DCC binding elements. All but DPY-27 (C) [including SDC-2 
(A), SDC-3 (B), and HCP-3 (E)] show a clear enrichment at rex sites over dox sites. (D) CBP-1 shows 
an enrichment at dox sites over rex sites. 
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Figure 3.4. Chromatin signature across all known and predicted DCC binding elements. Shown 
are: (A) MEME-derived MEX motif from rex sites; SitePro analysis of DCC and enhancer chromatin 
occupancy at known rex sites (B), known dox sites (C), FIMO-derived MEX occurrences filtered in 
Cistrome by enhancer chromatin enrichment (D), or DPY-27 ChIP-seq peaks filtered in CIstrome 
by enhancer chromatin enrichment (E). Results show that the enhancer-like chromatin state is 
across known DCC binding elements and extends to over 300 additional sites. This suggests that 
the true number of DCC binding elements is much larger than currently defined. 
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Table 3.4A. Additional enhancer-like DCC binding elements identified from MEX motif instances. 

chromosome start  stop known? ele type H3K27me3 status H3K4me1 max H3K27ac max H4K16ac min SDC-2 max DPY-27 min

chrI 7500592 7500603 ~ active suppressed 0.235827 3.220791 0.962293 3.220791 2.341042

chrI 12065532 12065543 ~ active suppressed 1.253599 3.486584 2.164847 3.486584 1.823387

chrII 2220078 2220089 ~ active suppressed 1.827783 3.953937 3.042383 3.953937 1.845122

chrII 12551082 12551093 ~ poised suppressed 1.61408 1.359033 0.400069 4.193869 1.810697

chrII 14804580 14804591 ~ active suppressed 1.050795 2.715515 1.188403 2.715515 2.02639

chrIII 4281021 4281032 ~ active suppressed 0.802852 3.213548 1.213034 3.213548 2.067004

chrIII 9176083 9176094 ~ poised suppressed 1.279208 3.24921 1.242661 3.24921 1.700373

chrIII 10460830 10460841 ~ poised suppressed 1.194172 3.937715 3.103079 3.937715 2.158347

chrIV 3233017 3233028 ~ active suppressed 0.814955 3.388084 1.673222 3.582584 2.268637

chrIV 4277886 4277897 ~ poised suppressed 2.272632 2.238716 1.539009 2.238716 1.734795

chrX 373783 373794 ~ poised suppressed 1.420112 0.620456 0.022709 0.765682 1.950051

chrX 382950 382961 ~ active suppressed 2.005524 3.449735 2.773189 3.449735 3.499937

chrX 647226 647237 ~ poised 0.500331 0.676114 0.060592 1.005102 1.710105

chrX 678938 678949 ~ poised 2.89077 2.015134 0.964325 2.015134 2.234935

chrX 900566 900577 ~ poised suppressed 0.534033 0.015029 0.034387 0.542774 1.993424

chrX 954906 954917 ~ active suppressed 0.805811 3.223496 2.264749 3.223496 3.179078

chrX 1223907 1223918 ~ active suppressed 2.319075 3.136947 0.673972 3.136947 3.180429

chrX 1682742 1682753 rex poised suppressed 1.336883 0.605274 0.27879 2.024613 3.632825

chrX 1962054 1962065 ~ active suppressed 2.272538 1.542396 0.362245 3.842289 3.183019

chrX 1962108 1962119 ~ nes 2.272538 1.35896 0.304795 3.659776 3.106035

chrX 1977824 1977835 ~ poised suppressed 1.807083 1.569598 1.337203 1.569598 3.267088

chrX 2045241 2045252 ~ nes 1.124892 3.221759 1.41899 3.221759 2.717643

chrX 2211842 2211853 ~ poised 2.705833 1.42103 0.500221 1.42103 2.058081

chrX 2522849 2522860 ~ poised 3.112784 1.398901 0.256624 1.398901 2.049625

chrX 2543698 2543709 ~ poised suppressed 1.72808 0.735982 0.121192 1.098437 1.703149

chrX 2590905 2590916 ~ poised suppressed 1.741708 1.553894 0.631365 1.553894 1.81221

chrX 2668052 2668063 ~ poised suppressed 1.610486 2.140347 1.212372 2.140347 2.38784

chrX 2791567 2791578 ~ poised suppressed 2.475801 1.494962 0.73525 1.494962 2.396333

chrX 2852293 2852304 ~ poised suppressed 3.087223 2.627376 1.890881 3.629713 3.229354

chrX 3067145 3067156 ~ poised suppressed 2.978484 1.468195 0.296841 1.468195 2.549525

chrX 3200843 3200854 rex poised suppressed 2.823021 1.430822 0.015404 1.430822 2.3592

chrX 3332561 3332572 ~ poised suppressed 2.195613 1.479566 0.384396 1.479566 2.067197

chrX 3456673 3456684 ~ poised 2.449955 1.278648 0.070337 1.27905 2.990137

chrX 3466457 3466468 ~ poised suppressed 2.251779 2.872315 1.132987 2.872315 2.608318

chrX 3575190 3575201 ~ poised suppressed 0.903022 1.373397 0.300107 1.373397 1.761407

chrX 3698312 3698323 ~ poised 1.381047 0.565278 0.63527 1.174284 1.797736

chrX 3791106 3791117 ~ poised suppressed 2.653921 0.793208 0.330912 0.793208 2.057771

chrX 3898931 3898942 ~ poised 1.864114 1.992557 0.88136 1.992557 2.40553

chrX 4010695 4010706 rex poised suppressed 2.106272 2.615016 1.719063 2.615016 2.778086

chrX 4152113 4152124 ~ poised suppressed 1.985417 2.416741 1.485077 2.416741 2.519274

chrX 4219297 4219308 ~ poised suppressed 2.188487 1.632598 0.317645 1.632598 2.569818

chrX 4512786 4512797 ~ active suppressed 1.707252 3.201525 2.143272 3.201525 2.374888

chrX 4520050 4520061 ~ poised 1.77858 1.425551 0.87575 1.425551 2.316138

chrX 4699842 4699853 ~ active suppressed 1.162912 3.159537 1.86269 3.159537 3.498756

chrX 4699848 4699859 ~ active suppressed 1.162912 3.159537 1.86269 3.159537 3.498756

chrX 4744201 4744212 ~ poised 2.804159 0.974899 0.021653 0.974899 2.016955

chrX 4960921 4960932 ~ poised suppressed 1.685304 3.696536 2.022047 3.696536 4.078779

chrX 4969333 4969344 ~ poised suppressed 1.306836 1.713384 0.573295 1.713384 2.877473

chrX 4978307 4978318 ~ active 2.485848 0.794847 0.28942 0.922047 2.521086

chrX 5060713 5060724 ~ poised 1.261391 1.307994 0.505016 1.307994 2.099073

chrX 5123061 5123072 ~ poised suppressed 2.732014 3.031193 1.773434 3.031193 2.503316

chrX 5208104 5208115 ~ poised suppressed 2.326082 1.573506 0.667292 1.573506 1.807841

chrX 5354154 5354165 ~ poised suppressed 2.485788 2.310325 1.509094 2.57142 2.648913

chrX 5368413 5368424 ~ poised 1.600192 0.255847 0.372539 1.556761 2.205582

chrX 5586465 5586476 ~ poised 1.939646 0.84799 0.089607 0.84799 2.259873

chrX 5764003 5764014 ~ active suppressed 1.219519 2.907707 1.028339 2.907707 2.507041

chrX 6247615 6247626 ~ poised 1.604389 0.709046 0.120054 0.709046 1.633249

chrX 6250272 6250283 ~ poised suppressed 2.129712 1.597067 0.608415 1.597067 2.335869

chrX 6263369 6263380 ~ active suppressed 0.538314 3.080464 1.899727 3.080464 3.974692

chrX 6384356 6384367 ~ poised suppressed 1.471737 0.893852 0.270522 0.893852 1.53155

chrX 6618142 6618153 ~ poised suppressed 1.145021 1.028758 0.048663 1.809976 3.517945

chrX 6742348 6742359 ~ poised suppressed 2.555953 2.598639 1.291936 2.729637 3.430921

chrX 6747433 6747444 ~ poised 1.830712 1.284827 0.961623 1.284827 1.90272

chrX 6778217 6778228 ~ poised suppressed 1.610356 0.917787 0.129691 0.917787 2.047694

chrX 6892151 6892162 ~ poised 3.741837 1.236038 0.395872 1.236038 2.937467

chrX 7152569 7152580 ~ poised suppressed 2.217863 3.577948 2.24049 3.577948 2.778905

chrX 7809728 7809739 ~ active 0.584038 3.214953 1.698967 3.961398 3.31078

chrX 7916260 7916271 ~ poised suppressed 2.421319 3.439317 1.923465 3.439317 2.127095

chrX 7961990 7962001 ~ active suppressed 1.627075 2.944548 1.503346 2.944548 3.008701

chrX 8268335 8268346 ~ poised suppressed 2.090053 2.369846 0.97135 2.369846 2.12418

chrX 8285520 8285531 ~ poised suppressed 1.06598 0.773123 0.585514 0.823613 1.651944

chrX 8298748 8298759 ~ poised suppressed 1.205668 1.774679 0.864945 1.774679 2.216075

chrX 8568425 8568436 ~ poised suppressed 2.40476 3.102159 1.487703 3.102159 2.470585

chrX 8806947 8806958 ~ poised 2.39326 1.235238 0.692784 1.235238 2.240112

chrX 8807051 8807062 ~ poised 2.04571 1.235238 0.60268 1.235238 2.144999

chrX 8811050 8811061 rex active suppressed 1.502965 3.517948 2.127518 3.517948 3.535136

chrX 9089776 9089787 ~ active suppressed 2.215529 2.935254 0.876535 2.935254 2.891005

chrX 9403550 9403561 ~ poised suppressed 1.609024 1.233474 0.724535 1.233474 1.842567

chrX 9404143 9404154 ~ poised suppressed 1.609024 1.233474 0.197636 1.233474 2.181191

chrX 9406332 9406343 ~ poised 1.103274 1.562804 0.349521 1.562804 1.935933

chrX 9410537 9410548 ~ poised suppressed 1.643599 1.827626 0.67649 1.827626 2.326008

chrX 9637417 9637428 ~ active suppressed 1.463253 3.015239 1.595357 3.858602 3.560544

chrX 9667046 9667057 ~ poised suppressed 1.227293 1.170251 0.134364 1.170251 1.969276

chrX 10075054 10075065 ~ poised 2.073145 3.041513 2.061139 3.041513 1.752459

chrX 10201460 10201471 ~ poised 1.374079 1.951503 0.222329 1.951503 2.619253

chrX 10435587 10435598 ~ active suppressed 1.414872 2.719808 0.693739 3.072937 3.119188

chrX 10596701 10596712 ~ poised suppressed 1.0995 3.316604 0.481095 3.316604 3.351424

chrX 10597700 10597711 dox active suppressed 1.49958 3.73109 1.332257 3.73109 3.288671

chrX 10637950 10637961 dox active suppressed 0.979387 0.628135 0.278693 0.980362 1.695915

chrX 10767737 10767748 ~ poised suppressed 2.425783 3.16791 1.183211 3.16791 2.886682

chrX 10990487 10990498 ~ poised suppressed 2.316397 2.62143 0.574143 2.739176 2.794718

chrX 11031964 11031975 ~ active suppressed 2.712011 3.656303 2.921233 3.656303 2.771168

chrX 11509820 11509831 ~ off 0.224001 0.05372 0.072313 0.05372 2.120871

chrX 11546587 11546598 ~ active suppressed 0.226302 3.261203 1.779392 3.261203 2.708459

chrX 11666762 11666773 ~ poised suppressed 1.666657 2.845315 1.754834 2.845315 2.98792

chrX 12407593 12407604 ~ poised suppressed 1.900175 1.358055 0.181917 1.526016 2.259906

chrX 12410255 12410266 ~ poised 1.826355 0.695144 0.085083 0.695144 2.044016

chrX 12474529 12474540 ~ poised 1.202114 0.081845 0.084181 0.935985 1.951849

chrX 12507630 12507641 ~ poised 2.128709 1.855993 0.753446 1.855993 3.010579

chrX 12522731 12522742 ~ poised 0.896498 0.33484 0.060239 1.050999 1.713548

chrX 12721437 12721448 ~ poised 1.522601 0.609211 0.186216 1.560488 2.688336

chrX 12721689 12721700 ~ poised 1.522601 0.609211 0.186216 1.560488 3.09077

chrX 12781387 12781398 ~ poised suppressed 0.914693 0.969541 0.043075 1.305729 1.841977

chrX 12860823 12860834 ~ poised suppressed 0.599757 3.053098 2.082301 3.053098 3.123703

chrX 12932690 12932701 ~ poised 0.792172 0.778242 0.144353 1.483298 2.126059

chrX 13397463 13397474 ~ poised suppressed 1.006226 1.419866 1.014157 1.419866 2.342475

chrX 13526505 13526516 ~ active suppressed 1.252275 3.359606 1.645465 3.359606 3.308986

chrX 13584916 13584927 ~ active suppressed 1.069932 3.500319 1.602051 3.500319 3.672792

chrX 13670331 13670342 ~ poised 1.229576 2.630075 0.853811 2.630075 2.82211

chrX 13712986 13712997 ~ active suppressed 1.125373 0.36747 0.045935 0.449198 2.529454

chrX 13871836 13871847 ~ poised 0.732562 0.754831 0.030165 0.754831 2.635473

chrX 13936975 13936986 ~ poised 1.82462 1.139018 0.24185 1.139018 1.967433

chrX 13968529 13968540 ~ poised suppressed 1.918584 2.382567 0.596996 2.382567 2.05428

chrX 14104451 14104462 ~ poised suppressed 1.978975 1.063956 1.248485 1.063956 2.319194

chrX 14168821 14168832 ~ poised 1.522257 2.425572 0.680112 2.425572 2.431879

chrX 14169266 14169277 ~ poised 1.387873 3.286123 2.335101 3.286123 2.686333

chrX 14495301 14495312 ~ poised 1.049559 0.948992 0.120803 0.948992 1.765383

chrX 14504575 14504586 ~ poised suppressed 3.038366 2.682747 1.437043 2.682747 3.181927

chrX 14515575 14515586 ~ poised suppressed 1.169773 0.634484 0.465111 0.732336 2.243169

chrX 14712163 14712174 ~ poised suppressed 1.28351 2.668783 0.514989 2.668783 2.182399

chrX 14755782 14755793 ~ poised suppressed 1.766077 0.753195 0.381981 0.753195 2.273116

chrX 14852891 14852902 ~ poised suppressed 1.86307 1.931083 1.309749 1.931083 1.784185

chrX 15274921 15274932 ~ poised suppressed 3.201719 2.529284 1.085105 3.883119 3.596562

chrX 15736600 15736611 ~ poised suppressed 1.048162 0.4281 0.005508 7.207876 1.525262

chrX 15795725 15795736 ~ poised 1.246472 0.323881 0.506779 0.92002 1.816724

chrX 15798659 15798670 ~ poised suppressed 1.345576 2.37519 1.920675 2.37519 2.883915

chrX 15866234 15866245 ~ active suppressed 1.431577 2.379932 1.989637 2.379932 3.472413

chrX 16400412 16400423 ~ poised 1.392206 0.642143 0.034257 2.008971 3.054121

chrX 16417034 16417045 ~ poised 1.24845 0.573776 0.254783 0.573776 1.677552

chrX 16527918 16527929 ~ poised suppressed 1.449031 1.085378 0.087237 1.147836 2.003136

chrX 16794982 16794993 ~ poised suppressed 1.558493 0.615907 0.684797 0.849013 1.54424

chrX 16997408 16997419 ~ poised 1.44403 0.674514 0.124551 0.923833 1.88478

chrX 17001580 17001591 ~ poised 1.642475 0.531713 0.205675 0.531713 1.694462

chrX 17105252 17105263 ~ poised suppressed 2.532552 1.630743 1.060014 1.630743 1.863131

chrX 17105674 17105685 ~ poised suppressed 2.028305 0.785896 0.467585 0.915582 1.583835

chrX 17221990 17222001 ~ active suppressed 0.588305 2.851526 1.23865 2.851526 3.220868

chrX 17472959 17472970 ~ poised 1.050639 1.072263 0.36826 1.895188 1.848904

chromosome start  stop known? ele type H3K27me3 status H3K4me1 max H3K27ac max H4K16ac min SDC-2 max DPY-27 min

chrI 7500592 7500603 ~ active suppressed 0.235827 3.220791 0.962293 3.220791 2.341042

chrI 12065532 12065543 ~ active suppressed 1.253599 3.486584 2.164847 3.486584 1.823387

chrII 2220078 2220089 ~ active suppressed 1.827783 3.953937 3.042383 3.953937 1.845122

chrII 12551082 12551093 ~ poised suppressed 1.61408 1.359033 0.400069 4.193869 1.810697

chrII 14804580 14804591 ~ active suppressed 1.050795 2.715515 1.188403 2.715515 2.02639

chrIII 4281021 4281032 ~ active suppressed 0.802852 3.213548 1.213034 3.213548 2.067004

chrIII 9176083 9176094 ~ poised suppressed 1.279208 3.24921 1.242661 3.24921 1.700373

chrIII 10460830 10460841 ~ poised suppressed 1.194172 3.937715 3.103079 3.937715 2.158347

chrIV 3233017 3233028 ~ active suppressed 0.814955 3.388084 1.673222 3.582584 2.268637

chrIV 4277886 4277897 ~ poised suppressed 2.272632 2.238716 1.539009 2.238716 1.734795

chrX 373783 373794 ~ poised suppressed 1.420112 0.620456 0.022709 0.765682 1.950051

chrX 382950 382961 ~ active suppressed 2.005524 3.449735 2.773189 3.449735 3.499937

chrX 647226 647237 ~ poised 0.500331 0.676114 0.060592 1.005102 1.710105

chrX 678938 678949 ~ poised 2.89077 2.015134 0.964325 2.015134 2.234935

chrX 900566 900577 ~ poised suppressed 0.534033 0.015029 0.034387 0.542774 1.993424

chrX 954906 954917 ~ active suppressed 0.805811 3.223496 2.264749 3.223496 3.179078

chrX 1223907 1223918 ~ active suppressed 2.319075 3.136947 0.673972 3.136947 3.180429

chrX 1682742 1682753 rex poised suppressed 1.336883 0.605274 0.27879 2.024613 3.632825

chrX 1962054 1962065 ~ active suppressed 2.272538 1.542396 0.362245 3.842289 3.183019

chrX 1962108 1962119 ~ nes 2.272538 1.35896 0.304795 3.659776 3.106035

chrX 1977824 1977835 ~ poised suppressed 1.807083 1.569598 1.337203 1.569598 3.267088

chrX 2045241 2045252 ~ nes 1.124892 3.221759 1.41899 3.221759 2.717643

chrX 2211842 2211853 ~ poised 2.705833 1.42103 0.500221 1.42103 2.058081

chrX 2522849 2522860 ~ poised 3.112784 1.398901 0.256624 1.398901 2.049625

chrX 2543698 2543709 ~ poised suppressed 1.72808 0.735982 0.121192 1.098437 1.703149

chrX 2590905 2590916 ~ poised suppressed 1.741708 1.553894 0.631365 1.553894 1.81221

chrX 2668052 2668063 ~ poised suppressed 1.610486 2.140347 1.212372 2.140347 2.38784

chrX 2791567 2791578 ~ poised suppressed 2.475801 1.494962 0.73525 1.494962 2.396333

chrX 2852293 2852304 ~ poised suppressed 3.087223 2.627376 1.890881 3.629713 3.229354

chrX 3067145 3067156 ~ poised suppressed 2.978484 1.468195 0.296841 1.468195 2.549525

chrX 3200843 3200854 rex poised suppressed 2.823021 1.430822 0.015404 1.430822 2.3592

chrX 3332561 3332572 ~ poised suppressed 2.195613 1.479566 0.384396 1.479566 2.067197

chrX 3456673 3456684 ~ poised 2.449955 1.278648 0.070337 1.27905 2.990137

chrX 3466457 3466468 ~ poised suppressed 2.251779 2.872315 1.132987 2.872315 2.608318

chrX 3575190 3575201 ~ poised suppressed 0.903022 1.373397 0.300107 1.373397 1.761407

chrX 3698312 3698323 ~ poised 1.381047 0.565278 0.63527 1.174284 1.797736

chrX 3791106 3791117 ~ poised suppressed 2.653921 0.793208 0.330912 0.793208 2.057771

chrX 3898931 3898942 ~ poised 1.864114 1.992557 0.88136 1.992557 2.40553

chrX 4010695 4010706 rex poised suppressed 2.106272 2.615016 1.719063 2.615016 2.778086

chrX 4152113 4152124 ~ poised suppressed 1.985417 2.416741 1.485077 2.416741 2.519274

chrX 4219297 4219308 ~ poised suppressed 2.188487 1.632598 0.317645 1.632598 2.569818

chrX 4512786 4512797 ~ active suppressed 1.707252 3.201525 2.143272 3.201525 2.374888

chrX 4520050 4520061 ~ poised 1.77858 1.425551 0.87575 1.425551 2.316138

chrX 4699842 4699853 ~ active suppressed 1.162912 3.159537 1.86269 3.159537 3.498756

chrX 4699848 4699859 ~ active suppressed 1.162912 3.159537 1.86269 3.159537 3.498756

chrX 4744201 4744212 ~ poised 2.804159 0.974899 0.021653 0.974899 2.016955

chrX 4960921 4960932 ~ poised suppressed 1.685304 3.696536 2.022047 3.696536 4.078779

chrX 4969333 4969344 ~ poised suppressed 1.306836 1.713384 0.573295 1.713384 2.877473

chrX 4978307 4978318 ~ active 2.485848 0.794847 0.28942 0.922047 2.521086

chrX 5060713 5060724 ~ poised 1.261391 1.307994 0.505016 1.307994 2.099073

chrX 5123061 5123072 ~ poised suppressed 2.732014 3.031193 1.773434 3.031193 2.503316

chrX 5208104 5208115 ~ poised suppressed 2.326082 1.573506 0.667292 1.573506 1.807841

chrX 5354154 5354165 ~ poised suppressed 2.485788 2.310325 1.509094 2.57142 2.648913

chrX 5368413 5368424 ~ poised 1.600192 0.255847 0.372539 1.556761 2.205582

chrX 5586465 5586476 ~ poised 1.939646 0.84799 0.089607 0.84799 2.259873

chrX 5764003 5764014 ~ active suppressed 1.219519 2.907707 1.028339 2.907707 2.507041

chrX 6247615 6247626 ~ poised 1.604389 0.709046 0.120054 0.709046 1.633249

chrX 6250272 6250283 ~ poised suppressed 2.129712 1.597067 0.608415 1.597067 2.335869

chrX 6263369 6263380 ~ active suppressed 0.538314 3.080464 1.899727 3.080464 3.974692

chrX 6384356 6384367 ~ poised suppressed 1.471737 0.893852 0.270522 0.893852 1.53155

chrX 6618142 6618153 ~ poised suppressed 1.145021 1.028758 0.048663 1.809976 3.517945

chrX 6742348 6742359 ~ poised suppressed 2.555953 2.598639 1.291936 2.729637 3.430921

chrX 6747433 6747444 ~ poised 1.830712 1.284827 0.961623 1.284827 1.90272

chrX 6778217 6778228 ~ poised suppressed 1.610356 0.917787 0.129691 0.917787 2.047694

chrX 6892151 6892162 ~ poised 3.741837 1.236038 0.395872 1.236038 2.937467

chrX 7152569 7152580 ~ poised suppressed 2.217863 3.577948 2.24049 3.577948 2.778905

chrX 7809728 7809739 ~ active 0.584038 3.214953 1.698967 3.961398 3.31078

chrX 7916260 7916271 ~ poised suppressed 2.421319 3.439317 1.923465 3.439317 2.127095

chrX 7961990 7962001 ~ active suppressed 1.627075 2.944548 1.503346 2.944548 3.008701

chrX 8268335 8268346 ~ poised suppressed 2.090053 2.369846 0.97135 2.369846 2.12418

chrX 8285520 8285531 ~ poised suppressed 1.06598 0.773123 0.585514 0.823613 1.651944

chrX 8298748 8298759 ~ poised suppressed 1.205668 1.774679 0.864945 1.774679 2.216075

chrX 8568425 8568436 ~ poised suppressed 2.40476 3.102159 1.487703 3.102159 2.470585

chrX 8806947 8806958 ~ poised 2.39326 1.235238 0.692784 1.235238 2.240112

chrX 8807051 8807062 ~ poised 2.04571 1.235238 0.60268 1.235238 2.144999

chrX 8811050 8811061 rex active suppressed 1.502965 3.517948 2.127518 3.517948 3.535136

chrX 9089776 9089787 ~ active suppressed 2.215529 2.935254 0.876535 2.935254 2.891005

chrX 9403550 9403561 ~ poised suppressed 1.609024 1.233474 0.724535 1.233474 1.842567

chrX 9404143 9404154 ~ poised suppressed 1.609024 1.233474 0.197636 1.233474 2.181191

chrX 9406332 9406343 ~ poised 1.103274 1.562804 0.349521 1.562804 1.935933

chrX 9410537 9410548 ~ poised suppressed 1.643599 1.827626 0.67649 1.827626 2.326008

chrX 9637417 9637428 ~ active suppressed 1.463253 3.015239 1.595357 3.858602 3.560544

chrX 9667046 9667057 ~ poised suppressed 1.227293 1.170251 0.134364 1.170251 1.969276

chrX 10075054 10075065 ~ poised 2.073145 3.041513 2.061139 3.041513 1.752459

chrX 10201460 10201471 ~ poised 1.374079 1.951503 0.222329 1.951503 2.619253

chrX 10435587 10435598 ~ active suppressed 1.414872 2.719808 0.693739 3.072937 3.119188

chrX 10596701 10596712 ~ poised suppressed 1.0995 3.316604 0.481095 3.316604 3.351424

chrX 10597700 10597711 dox active suppressed 1.49958 3.73109 1.332257 3.73109 3.288671

chrX 10637950 10637961 dox active suppressed 0.979387 0.628135 0.278693 0.980362 1.695915

chrX 10767737 10767748 ~ poised suppressed 2.425783 3.16791 1.183211 3.16791 2.886682

chrX 10990487 10990498 ~ poised suppressed 2.316397 2.62143 0.574143 2.739176 2.794718

chrX 11031964 11031975 ~ active suppressed 2.712011 3.656303 2.921233 3.656303 2.771168

chrX 11509820 11509831 ~ off 0.224001 0.05372 0.072313 0.05372 2.120871

chrX 11546587 11546598 ~ active suppressed 0.226302 3.261203 1.779392 3.261203 2.708459

chrX 11666762 11666773 ~ poised suppressed 1.666657 2.845315 1.754834 2.845315 2.98792

chrX 12407593 12407604 ~ poised suppressed 1.900175 1.358055 0.181917 1.526016 2.259906

chrX 12410255 12410266 ~ poised 1.826355 0.695144 0.085083 0.695144 2.044016

chrX 12474529 12474540 ~ poised 1.202114 0.081845 0.084181 0.935985 1.951849

chrX 12507630 12507641 ~ poised 2.128709 1.855993 0.753446 1.855993 3.010579

chrX 12522731 12522742 ~ poised 0.896498 0.33484 0.060239 1.050999 1.713548

chrX 12721437 12721448 ~ poised 1.522601 0.609211 0.186216 1.560488 2.688336

chrX 12721689 12721700 ~ poised 1.522601 0.609211 0.186216 1.560488 3.09077

chrX 12781387 12781398 ~ poised suppressed 0.914693 0.969541 0.043075 1.305729 1.841977

chrX 12860823 12860834 ~ poised suppressed 0.599757 3.053098 2.082301 3.053098 3.123703

chrX 12932690 12932701 ~ poised 0.792172 0.778242 0.144353 1.483298 2.126059

chrX 13397463 13397474 ~ poised suppressed 1.006226 1.419866 1.014157 1.419866 2.342475

chrX 13526505 13526516 ~ active suppressed 1.252275 3.359606 1.645465 3.359606 3.308986

chrX 13584916 13584927 ~ active suppressed 1.069932 3.500319 1.602051 3.500319 3.672792

chrX 13670331 13670342 ~ poised 1.229576 2.630075 0.853811 2.630075 2.82211

chrX 13712986 13712997 ~ active suppressed 1.125373 0.36747 0.045935 0.449198 2.529454

chrX 13871836 13871847 ~ poised 0.732562 0.754831 0.030165 0.754831 2.635473

chrX 13936975 13936986 ~ poised 1.82462 1.139018 0.24185 1.139018 1.967433

chrX 13968529 13968540 ~ poised suppressed 1.918584 2.382567 0.596996 2.382567 2.05428

chrX 14104451 14104462 ~ poised suppressed 1.978975 1.063956 1.248485 1.063956 2.319194

chrX 14168821 14168832 ~ poised 1.522257 2.425572 0.680112 2.425572 2.431879

chrX 14169266 14169277 ~ poised 1.387873 3.286123 2.335101 3.286123 2.686333

chrX 14495301 14495312 ~ poised 1.049559 0.948992 0.120803 0.948992 1.765383

chrX 14504575 14504586 ~ poised suppressed 3.038366 2.682747 1.437043 2.682747 3.181927

chrX 14515575 14515586 ~ poised suppressed 1.169773 0.634484 0.465111 0.732336 2.243169

chrX 14712163 14712174 ~ poised suppressed 1.28351 2.668783 0.514989 2.668783 2.182399

chrX 14755782 14755793 ~ poised suppressed 1.766077 0.753195 0.381981 0.753195 2.273116

chrX 14852891 14852902 ~ poised suppressed 1.86307 1.931083 1.309749 1.931083 1.784185

chrX 15274921 15274932 ~ poised suppressed 3.201719 2.529284 1.085105 3.883119 3.596562

chrX 15736600 15736611 ~ poised suppressed 1.048162 0.4281 0.005508 7.207876 1.525262

chrX 15795725 15795736 ~ poised 1.246472 0.323881 0.506779 0.92002 1.816724

chrX 15798659 15798670 ~ poised suppressed 1.345576 2.37519 1.920675 2.37519 2.883915

chrX 15866234 15866245 ~ active suppressed 1.431577 2.379932 1.989637 2.379932 3.472413

chrX 16400412 16400423 ~ poised 1.392206 0.642143 0.034257 2.008971 3.054121

chrX 16417034 16417045 ~ poised 1.24845 0.573776 0.254783 0.573776 1.677552

chrX 16527918 16527929 ~ poised suppressed 1.449031 1.085378 0.087237 1.147836 2.003136

chrX 16794982 16794993 ~ poised suppressed 1.558493 0.615907 0.684797 0.849013 1.54424

chrX 16997408 16997419 ~ poised 1.44403 0.674514 0.124551 0.923833 1.88478

chrX 17001580 17001591 ~ poised 1.642475 0.531713 0.205675 0.531713 1.694462

chrX 17105252 17105263 ~ poised suppressed 2.532552 1.630743 1.060014 1.630743 1.863131

chrX 17105674 17105685 ~ poised suppressed 2.028305 0.785896 0.467585 0.915582 1.583835

chrX 17221990 17222001 ~ active suppressed 0.588305 2.851526 1.23865 2.851526 3.220868

chrX 17472959 17472970 ~ poised 1.050639 1.072263 0.36826 1.895188 1.848904
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chrI 7500592 7500603 ~ active suppressed 0.235827 3.220791 0.962293 3.220791 2.341042

chrI 12065532 12065543 ~ active suppressed 1.253599 3.486584 2.164847 3.486584 1.823387

chrII 2220078 2220089 ~ active suppressed 1.827783 3.953937 3.042383 3.953937 1.845122

chrII 12551082 12551093 ~ poised suppressed 1.61408 1.359033 0.400069 4.193869 1.810697

chrII 14804580 14804591 ~ active suppressed 1.050795 2.715515 1.188403 2.715515 2.02639

chrIII 4281021 4281032 ~ active suppressed 0.802852 3.213548 1.213034 3.213548 2.067004

chrIII 9176083 9176094 ~ poised suppressed 1.279208 3.24921 1.242661 3.24921 1.700373

chrIII 10460830 10460841 ~ poised suppressed 1.194172 3.937715 3.103079 3.937715 2.158347

chrIV 3233017 3233028 ~ active suppressed 0.814955 3.388084 1.673222 3.582584 2.268637

chrIV 4277886 4277897 ~ poised suppressed 2.272632 2.238716 1.539009 2.238716 1.734795

chrX 373783 373794 ~ poised suppressed 1.420112 0.620456 0.022709 0.765682 1.950051

chrX 382950 382961 ~ active suppressed 2.005524 3.449735 2.773189 3.449735 3.499937

chrX 647226 647237 ~ poised 0.500331 0.676114 0.060592 1.005102 1.710105

chrX 678938 678949 ~ poised 2.89077 2.015134 0.964325 2.015134 2.234935

chrX 900566 900577 ~ poised suppressed 0.534033 0.015029 0.034387 0.542774 1.993424

chrX 954906 954917 ~ active suppressed 0.805811 3.223496 2.264749 3.223496 3.179078

chrX 1223907 1223918 ~ active suppressed 2.319075 3.136947 0.673972 3.136947 3.180429

chrX 1682742 1682753 rex poised suppressed 1.336883 0.605274 0.27879 2.024613 3.632825

chrX 1962054 1962065 ~ active suppressed 2.272538 1.542396 0.362245 3.842289 3.183019

chrX 1962108 1962119 ~ nes 2.272538 1.35896 0.304795 3.659776 3.106035

chrX 1977824 1977835 ~ poised suppressed 1.807083 1.569598 1.337203 1.569598 3.267088

chrX 2045241 2045252 ~ nes 1.124892 3.221759 1.41899 3.221759 2.717643

chrX 2211842 2211853 ~ poised 2.705833 1.42103 0.500221 1.42103 2.058081

chrX 2522849 2522860 ~ poised 3.112784 1.398901 0.256624 1.398901 2.049625

chrX 2543698 2543709 ~ poised suppressed 1.72808 0.735982 0.121192 1.098437 1.703149

chrX 2590905 2590916 ~ poised suppressed 1.741708 1.553894 0.631365 1.553894 1.81221

chrX 2668052 2668063 ~ poised suppressed 1.610486 2.140347 1.212372 2.140347 2.38784

chrX 2791567 2791578 ~ poised suppressed 2.475801 1.494962 0.73525 1.494962 2.396333

chrX 2852293 2852304 ~ poised suppressed 3.087223 2.627376 1.890881 3.629713 3.229354

chrX 3067145 3067156 ~ poised suppressed 2.978484 1.468195 0.296841 1.468195 2.549525

chrX 3200843 3200854 rex poised suppressed 2.823021 1.430822 0.015404 1.430822 2.3592

chrX 3332561 3332572 ~ poised suppressed 2.195613 1.479566 0.384396 1.479566 2.067197

chrX 3456673 3456684 ~ poised 2.449955 1.278648 0.070337 1.27905 2.990137

chrX 3466457 3466468 ~ poised suppressed 2.251779 2.872315 1.132987 2.872315 2.608318

chrX 3575190 3575201 ~ poised suppressed 0.903022 1.373397 0.300107 1.373397 1.761407

chrX 3698312 3698323 ~ poised 1.381047 0.565278 0.63527 1.174284 1.797736

chrX 3791106 3791117 ~ poised suppressed 2.653921 0.793208 0.330912 0.793208 2.057771

chrX 3898931 3898942 ~ poised 1.864114 1.992557 0.88136 1.992557 2.40553

chrX 4010695 4010706 rex poised suppressed 2.106272 2.615016 1.719063 2.615016 2.778086

chrX 4152113 4152124 ~ poised suppressed 1.985417 2.416741 1.485077 2.416741 2.519274

chrX 4219297 4219308 ~ poised suppressed 2.188487 1.632598 0.317645 1.632598 2.569818

chrX 4512786 4512797 ~ active suppressed 1.707252 3.201525 2.143272 3.201525 2.374888

chrX 4520050 4520061 ~ poised 1.77858 1.425551 0.87575 1.425551 2.316138

chrX 4699842 4699853 ~ active suppressed 1.162912 3.159537 1.86269 3.159537 3.498756

chrX 4699848 4699859 ~ active suppressed 1.162912 3.159537 1.86269 3.159537 3.498756

chrX 4744201 4744212 ~ poised 2.804159 0.974899 0.021653 0.974899 2.016955

chrX 4960921 4960932 ~ poised suppressed 1.685304 3.696536 2.022047 3.696536 4.078779

chrX 4969333 4969344 ~ poised suppressed 1.306836 1.713384 0.573295 1.713384 2.877473

chrX 4978307 4978318 ~ active 2.485848 0.794847 0.28942 0.922047 2.521086

chrX 5060713 5060724 ~ poised 1.261391 1.307994 0.505016 1.307994 2.099073

chrX 5123061 5123072 ~ poised suppressed 2.732014 3.031193 1.773434 3.031193 2.503316

chrX 5208104 5208115 ~ poised suppressed 2.326082 1.573506 0.667292 1.573506 1.807841

chrX 5354154 5354165 ~ poised suppressed 2.485788 2.310325 1.509094 2.57142 2.648913

chrX 5368413 5368424 ~ poised 1.600192 0.255847 0.372539 1.556761 2.205582

chrX 5586465 5586476 ~ poised 1.939646 0.84799 0.089607 0.84799 2.259873

chrX 5764003 5764014 ~ active suppressed 1.219519 2.907707 1.028339 2.907707 2.507041

chrX 6247615 6247626 ~ poised 1.604389 0.709046 0.120054 0.709046 1.633249

chrX 6250272 6250283 ~ poised suppressed 2.129712 1.597067 0.608415 1.597067 2.335869

chrX 6263369 6263380 ~ active suppressed 0.538314 3.080464 1.899727 3.080464 3.974692

chrX 6384356 6384367 ~ poised suppressed 1.471737 0.893852 0.270522 0.893852 1.53155

chrX 6618142 6618153 ~ poised suppressed 1.145021 1.028758 0.048663 1.809976 3.517945

chrX 6742348 6742359 ~ poised suppressed 2.555953 2.598639 1.291936 2.729637 3.430921

chrX 6747433 6747444 ~ poised 1.830712 1.284827 0.961623 1.284827 1.90272

chrX 6778217 6778228 ~ poised suppressed 1.610356 0.917787 0.129691 0.917787 2.047694

chrX 6892151 6892162 ~ poised 3.741837 1.236038 0.395872 1.236038 2.937467

chrX 7152569 7152580 ~ poised suppressed 2.217863 3.577948 2.24049 3.577948 2.778905

chrX 7809728 7809739 ~ active 0.584038 3.214953 1.698967 3.961398 3.31078

chrX 7916260 7916271 ~ poised suppressed 2.421319 3.439317 1.923465 3.439317 2.127095

chrX 7961990 7962001 ~ active suppressed 1.627075 2.944548 1.503346 2.944548 3.008701

chrX 8268335 8268346 ~ poised suppressed 2.090053 2.369846 0.97135 2.369846 2.12418

chrX 8285520 8285531 ~ poised suppressed 1.06598 0.773123 0.585514 0.823613 1.651944

chrX 8298748 8298759 ~ poised suppressed 1.205668 1.774679 0.864945 1.774679 2.216075

chrX 8568425 8568436 ~ poised suppressed 2.40476 3.102159 1.487703 3.102159 2.470585

chrX 8806947 8806958 ~ poised 2.39326 1.235238 0.692784 1.235238 2.240112

chrX 8807051 8807062 ~ poised 2.04571 1.235238 0.60268 1.235238 2.144999

chrX 8811050 8811061 rex active suppressed 1.502965 3.517948 2.127518 3.517948 3.535136

chrX 9089776 9089787 ~ active suppressed 2.215529 2.935254 0.876535 2.935254 2.891005

chrX 9403550 9403561 ~ poised suppressed 1.609024 1.233474 0.724535 1.233474 1.842567

chrX 9404143 9404154 ~ poised suppressed 1.609024 1.233474 0.197636 1.233474 2.181191

chrX 9406332 9406343 ~ poised 1.103274 1.562804 0.349521 1.562804 1.935933

chrX 9410537 9410548 ~ poised suppressed 1.643599 1.827626 0.67649 1.827626 2.326008

chrX 9637417 9637428 ~ active suppressed 1.463253 3.015239 1.595357 3.858602 3.560544

chrX 9667046 9667057 ~ poised suppressed 1.227293 1.170251 0.134364 1.170251 1.969276

chrX 10075054 10075065 ~ poised 2.073145 3.041513 2.061139 3.041513 1.752459

chrX 10201460 10201471 ~ poised 1.374079 1.951503 0.222329 1.951503 2.619253

chrX 10435587 10435598 ~ active suppressed 1.414872 2.719808 0.693739 3.072937 3.119188

chrX 10596701 10596712 ~ poised suppressed 1.0995 3.316604 0.481095 3.316604 3.351424

chrX 10597700 10597711 dox active suppressed 1.49958 3.73109 1.332257 3.73109 3.288671

chrX 10637950 10637961 dox active suppressed 0.979387 0.628135 0.278693 0.980362 1.695915

chrX 10767737 10767748 ~ poised suppressed 2.425783 3.16791 1.183211 3.16791 2.886682

chrX 10990487 10990498 ~ poised suppressed 2.316397 2.62143 0.574143 2.739176 2.794718

chrX 11031964 11031975 ~ active suppressed 2.712011 3.656303 2.921233 3.656303 2.771168

chrX 11509820 11509831 ~ off 0.224001 0.05372 0.072313 0.05372 2.120871

chrX 11546587 11546598 ~ active suppressed 0.226302 3.261203 1.779392 3.261203 2.708459

chrX 11666762 11666773 ~ poised suppressed 1.666657 2.845315 1.754834 2.845315 2.98792

chrX 12407593 12407604 ~ poised suppressed 1.900175 1.358055 0.181917 1.526016 2.259906

chrX 12410255 12410266 ~ poised 1.826355 0.695144 0.085083 0.695144 2.044016

chrX 12474529 12474540 ~ poised 1.202114 0.081845 0.084181 0.935985 1.951849

chrX 12507630 12507641 ~ poised 2.128709 1.855993 0.753446 1.855993 3.010579

chrX 12522731 12522742 ~ poised 0.896498 0.33484 0.060239 1.050999 1.713548

chrX 12721437 12721448 ~ poised 1.522601 0.609211 0.186216 1.560488 2.688336

chrX 12721689 12721700 ~ poised 1.522601 0.609211 0.186216 1.560488 3.09077

chrX 12781387 12781398 ~ poised suppressed 0.914693 0.969541 0.043075 1.305729 1.841977

chrX 12860823 12860834 ~ poised suppressed 0.599757 3.053098 2.082301 3.053098 3.123703

chrX 12932690 12932701 ~ poised 0.792172 0.778242 0.144353 1.483298 2.126059

chrX 13397463 13397474 ~ poised suppressed 1.006226 1.419866 1.014157 1.419866 2.342475

chrX 13526505 13526516 ~ active suppressed 1.252275 3.359606 1.645465 3.359606 3.308986

chrX 13584916 13584927 ~ active suppressed 1.069932 3.500319 1.602051 3.500319 3.672792

chrX 13670331 13670342 ~ poised 1.229576 2.630075 0.853811 2.630075 2.82211

chrX 13712986 13712997 ~ active suppressed 1.125373 0.36747 0.045935 0.449198 2.529454

chrX 13871836 13871847 ~ poised 0.732562 0.754831 0.030165 0.754831 2.635473

chrX 13936975 13936986 ~ poised 1.82462 1.139018 0.24185 1.139018 1.967433

chrX 13968529 13968540 ~ poised suppressed 1.918584 2.382567 0.596996 2.382567 2.05428

chrX 14104451 14104462 ~ poised suppressed 1.978975 1.063956 1.248485 1.063956 2.319194

chrX 14168821 14168832 ~ poised 1.522257 2.425572 0.680112 2.425572 2.431879

chrX 14169266 14169277 ~ poised 1.387873 3.286123 2.335101 3.286123 2.686333

chrX 14495301 14495312 ~ poised 1.049559 0.948992 0.120803 0.948992 1.765383

chrX 14504575 14504586 ~ poised suppressed 3.038366 2.682747 1.437043 2.682747 3.181927

chrX 14515575 14515586 ~ poised suppressed 1.169773 0.634484 0.465111 0.732336 2.243169

chrX 14712163 14712174 ~ poised suppressed 1.28351 2.668783 0.514989 2.668783 2.182399

chrX 14755782 14755793 ~ poised suppressed 1.766077 0.753195 0.381981 0.753195 2.273116

chrX 14852891 14852902 ~ poised suppressed 1.86307 1.931083 1.309749 1.931083 1.784185

chrX 15274921 15274932 ~ poised suppressed 3.201719 2.529284 1.085105 3.883119 3.596562

chrX 15736600 15736611 ~ poised suppressed 1.048162 0.4281 0.005508 7.207876 1.525262

chrX 15795725 15795736 ~ poised 1.246472 0.323881 0.506779 0.92002 1.816724

chrX 15798659 15798670 ~ poised suppressed 1.345576 2.37519 1.920675 2.37519 2.883915

chrX 15866234 15866245 ~ active suppressed 1.431577 2.379932 1.989637 2.379932 3.472413

chrX 16400412 16400423 ~ poised 1.392206 0.642143 0.034257 2.008971 3.054121

chrX 16417034 16417045 ~ poised 1.24845 0.573776 0.254783 0.573776 1.677552

chrX 16527918 16527929 ~ poised suppressed 1.449031 1.085378 0.087237 1.147836 2.003136

chrX 16794982 16794993 ~ poised suppressed 1.558493 0.615907 0.684797 0.849013 1.54424

chrX 16997408 16997419 ~ poised 1.44403 0.674514 0.124551 0.923833 1.88478

chrX 17001580 17001591 ~ poised 1.642475 0.531713 0.205675 0.531713 1.694462

chrX 17105252 17105263 ~ poised suppressed 2.532552 1.630743 1.060014 1.630743 1.863131

chrX 17105674 17105685 ~ poised suppressed 2.028305 0.785896 0.467585 0.915582 1.583835

chrX 17221990 17222001 ~ active suppressed 0.588305 2.851526 1.23865 2.851526 3.220868

chrX 17472959 17472970 ~ poised 1.050639 1.072263 0.36826 1.895188 1.848904

chromosome start  stop known? ele type H3K27me3 status H3K4me1 max H3K27ac max H4K16ac min SDC-2 max DPY-27 min

chrI 7500592 7500603 ~ active suppressed 0.235827 3.220791 0.962293 3.220791 2.341042

chrI 12065532 12065543 ~ active suppressed 1.253599 3.486584 2.164847 3.486584 1.823387

chrII 2220078 2220089 ~ active suppressed 1.827783 3.953937 3.042383 3.953937 1.845122

chrII 12551082 12551093 ~ poised suppressed 1.61408 1.359033 0.400069 4.193869 1.810697

chrII 14804580 14804591 ~ active suppressed 1.050795 2.715515 1.188403 2.715515 2.02639

chrIII 4281021 4281032 ~ active suppressed 0.802852 3.213548 1.213034 3.213548 2.067004

chrIII 9176083 9176094 ~ poised suppressed 1.279208 3.24921 1.242661 3.24921 1.700373

chrIII 10460830 10460841 ~ poised suppressed 1.194172 3.937715 3.103079 3.937715 2.158347

chrIV 3233017 3233028 ~ active suppressed 0.814955 3.388084 1.673222 3.582584 2.268637

chrIV 4277886 4277897 ~ poised suppressed 2.272632 2.238716 1.539009 2.238716 1.734795

chrX 373783 373794 ~ poised suppressed 1.420112 0.620456 0.022709 0.765682 1.950051

chrX 382950 382961 ~ active suppressed 2.005524 3.449735 2.773189 3.449735 3.499937

chrX 647226 647237 ~ poised 0.500331 0.676114 0.060592 1.005102 1.710105

chrX 678938 678949 ~ poised 2.89077 2.015134 0.964325 2.015134 2.234935

chrX 900566 900577 ~ poised suppressed 0.534033 0.015029 0.034387 0.542774 1.993424

chrX 954906 954917 ~ active suppressed 0.805811 3.223496 2.264749 3.223496 3.179078

chrX 1223907 1223918 ~ active suppressed 2.319075 3.136947 0.673972 3.136947 3.180429

chrX 1682742 1682753 rex poised suppressed 1.336883 0.605274 0.27879 2.024613 3.632825

chrX 1962054 1962065 ~ active suppressed 2.272538 1.542396 0.362245 3.842289 3.183019

chrX 1962108 1962119 ~ nes 2.272538 1.35896 0.304795 3.659776 3.106035

chrX 1977824 1977835 ~ poised suppressed 1.807083 1.569598 1.337203 1.569598 3.267088

chrX 2045241 2045252 ~ nes 1.124892 3.221759 1.41899 3.221759 2.717643

chrX 2211842 2211853 ~ poised 2.705833 1.42103 0.500221 1.42103 2.058081

chrX 2522849 2522860 ~ poised 3.112784 1.398901 0.256624 1.398901 2.049625

chrX 2543698 2543709 ~ poised suppressed 1.72808 0.735982 0.121192 1.098437 1.703149

chrX 2590905 2590916 ~ poised suppressed 1.741708 1.553894 0.631365 1.553894 1.81221

chrX 2668052 2668063 ~ poised suppressed 1.610486 2.140347 1.212372 2.140347 2.38784

chrX 2791567 2791578 ~ poised suppressed 2.475801 1.494962 0.73525 1.494962 2.396333

chrX 2852293 2852304 ~ poised suppressed 3.087223 2.627376 1.890881 3.629713 3.229354

chrX 3067145 3067156 ~ poised suppressed 2.978484 1.468195 0.296841 1.468195 2.549525

chrX 3200843 3200854 rex poised suppressed 2.823021 1.430822 0.015404 1.430822 2.3592

chrX 3332561 3332572 ~ poised suppressed 2.195613 1.479566 0.384396 1.479566 2.067197

chrX 3456673 3456684 ~ poised 2.449955 1.278648 0.070337 1.27905 2.990137

chrX 3466457 3466468 ~ poised suppressed 2.251779 2.872315 1.132987 2.872315 2.608318

chrX 3575190 3575201 ~ poised suppressed 0.903022 1.373397 0.300107 1.373397 1.761407

chrX 3698312 3698323 ~ poised 1.381047 0.565278 0.63527 1.174284 1.797736

chrX 3791106 3791117 ~ poised suppressed 2.653921 0.793208 0.330912 0.793208 2.057771

chrX 3898931 3898942 ~ poised 1.864114 1.992557 0.88136 1.992557 2.40553

chrX 4010695 4010706 rex poised suppressed 2.106272 2.615016 1.719063 2.615016 2.778086

chrX 4152113 4152124 ~ poised suppressed 1.985417 2.416741 1.485077 2.416741 2.519274

chrX 4219297 4219308 ~ poised suppressed 2.188487 1.632598 0.317645 1.632598 2.569818

chrX 4512786 4512797 ~ active suppressed 1.707252 3.201525 2.143272 3.201525 2.374888

chrX 4520050 4520061 ~ poised 1.77858 1.425551 0.87575 1.425551 2.316138

chrX 4699842 4699853 ~ active suppressed 1.162912 3.159537 1.86269 3.159537 3.498756

chrX 4699848 4699859 ~ active suppressed 1.162912 3.159537 1.86269 3.159537 3.498756

chrX 4744201 4744212 ~ poised 2.804159 0.974899 0.021653 0.974899 2.016955

chrX 4960921 4960932 ~ poised suppressed 1.685304 3.696536 2.022047 3.696536 4.078779

chrX 4969333 4969344 ~ poised suppressed 1.306836 1.713384 0.573295 1.713384 2.877473

chrX 4978307 4978318 ~ active 2.485848 0.794847 0.28942 0.922047 2.521086

chrX 5060713 5060724 ~ poised 1.261391 1.307994 0.505016 1.307994 2.099073

chrX 5123061 5123072 ~ poised suppressed 2.732014 3.031193 1.773434 3.031193 2.503316

chrX 5208104 5208115 ~ poised suppressed 2.326082 1.573506 0.667292 1.573506 1.807841

chrX 5354154 5354165 ~ poised suppressed 2.485788 2.310325 1.509094 2.57142 2.648913

chrX 5368413 5368424 ~ poised 1.600192 0.255847 0.372539 1.556761 2.205582

chrX 5586465 5586476 ~ poised 1.939646 0.84799 0.089607 0.84799 2.259873

chrX 5764003 5764014 ~ active suppressed 1.219519 2.907707 1.028339 2.907707 2.507041

chrX 6247615 6247626 ~ poised 1.604389 0.709046 0.120054 0.709046 1.633249

chrX 6250272 6250283 ~ poised suppressed 2.129712 1.597067 0.608415 1.597067 2.335869

chrX 6263369 6263380 ~ active suppressed 0.538314 3.080464 1.899727 3.080464 3.974692

chrX 6384356 6384367 ~ poised suppressed 1.471737 0.893852 0.270522 0.893852 1.53155

chrX 6618142 6618153 ~ poised suppressed 1.145021 1.028758 0.048663 1.809976 3.517945

chrX 6742348 6742359 ~ poised suppressed 2.555953 2.598639 1.291936 2.729637 3.430921

chrX 6747433 6747444 ~ poised 1.830712 1.284827 0.961623 1.284827 1.90272

chrX 6778217 6778228 ~ poised suppressed 1.610356 0.917787 0.129691 0.917787 2.047694

chrX 6892151 6892162 ~ poised 3.741837 1.236038 0.395872 1.236038 2.937467

chrX 7152569 7152580 ~ poised suppressed 2.217863 3.577948 2.24049 3.577948 2.778905

chrX 7809728 7809739 ~ active 0.584038 3.214953 1.698967 3.961398 3.31078

chrX 7916260 7916271 ~ poised suppressed 2.421319 3.439317 1.923465 3.439317 2.127095

chrX 7961990 7962001 ~ active suppressed 1.627075 2.944548 1.503346 2.944548 3.008701

chrX 8268335 8268346 ~ poised suppressed 2.090053 2.369846 0.97135 2.369846 2.12418

chrX 8285520 8285531 ~ poised suppressed 1.06598 0.773123 0.585514 0.823613 1.651944

chrX 8298748 8298759 ~ poised suppressed 1.205668 1.774679 0.864945 1.774679 2.216075

chrX 8568425 8568436 ~ poised suppressed 2.40476 3.102159 1.487703 3.102159 2.470585

chrX 8806947 8806958 ~ poised 2.39326 1.235238 0.692784 1.235238 2.240112

chrX 8807051 8807062 ~ poised 2.04571 1.235238 0.60268 1.235238 2.144999

chrX 8811050 8811061 rex active suppressed 1.502965 3.517948 2.127518 3.517948 3.535136

chrX 9089776 9089787 ~ active suppressed 2.215529 2.935254 0.876535 2.935254 2.891005

chrX 9403550 9403561 ~ poised suppressed 1.609024 1.233474 0.724535 1.233474 1.842567

chrX 9404143 9404154 ~ poised suppressed 1.609024 1.233474 0.197636 1.233474 2.181191

chrX 9406332 9406343 ~ poised 1.103274 1.562804 0.349521 1.562804 1.935933

chrX 9410537 9410548 ~ poised suppressed 1.643599 1.827626 0.67649 1.827626 2.326008

chrX 9637417 9637428 ~ active suppressed 1.463253 3.015239 1.595357 3.858602 3.560544

chrX 9667046 9667057 ~ poised suppressed 1.227293 1.170251 0.134364 1.170251 1.969276

chrX 10075054 10075065 ~ poised 2.073145 3.041513 2.061139 3.041513 1.752459

chrX 10201460 10201471 ~ poised 1.374079 1.951503 0.222329 1.951503 2.619253

chrX 10435587 10435598 ~ active suppressed 1.414872 2.719808 0.693739 3.072937 3.119188

chrX 10596701 10596712 ~ poised suppressed 1.0995 3.316604 0.481095 3.316604 3.351424

chrX 10597700 10597711 dox active suppressed 1.49958 3.73109 1.332257 3.73109 3.288671

chrX 10637950 10637961 dox active suppressed 0.979387 0.628135 0.278693 0.980362 1.695915

chrX 10767737 10767748 ~ poised suppressed 2.425783 3.16791 1.183211 3.16791 2.886682

chrX 10990487 10990498 ~ poised suppressed 2.316397 2.62143 0.574143 2.739176 2.794718

chrX 11031964 11031975 ~ active suppressed 2.712011 3.656303 2.921233 3.656303 2.771168

chrX 11509820 11509831 ~ off 0.224001 0.05372 0.072313 0.05372 2.120871

chrX 11546587 11546598 ~ active suppressed 0.226302 3.261203 1.779392 3.261203 2.708459

chrX 11666762 11666773 ~ poised suppressed 1.666657 2.845315 1.754834 2.845315 2.98792

chrX 12407593 12407604 ~ poised suppressed 1.900175 1.358055 0.181917 1.526016 2.259906

chrX 12410255 12410266 ~ poised 1.826355 0.695144 0.085083 0.695144 2.044016

chrX 12474529 12474540 ~ poised 1.202114 0.081845 0.084181 0.935985 1.951849

chrX 12507630 12507641 ~ poised 2.128709 1.855993 0.753446 1.855993 3.010579

chrX 12522731 12522742 ~ poised 0.896498 0.33484 0.060239 1.050999 1.713548

chrX 12721437 12721448 ~ poised 1.522601 0.609211 0.186216 1.560488 2.688336

chrX 12721689 12721700 ~ poised 1.522601 0.609211 0.186216 1.560488 3.09077

chrX 12781387 12781398 ~ poised suppressed 0.914693 0.969541 0.043075 1.305729 1.841977

chrX 12860823 12860834 ~ poised suppressed 0.599757 3.053098 2.082301 3.053098 3.123703

chrX 12932690 12932701 ~ poised 0.792172 0.778242 0.144353 1.483298 2.126059

chrX 13397463 13397474 ~ poised suppressed 1.006226 1.419866 1.014157 1.419866 2.342475

chrX 13526505 13526516 ~ active suppressed 1.252275 3.359606 1.645465 3.359606 3.308986

chrX 13584916 13584927 ~ active suppressed 1.069932 3.500319 1.602051 3.500319 3.672792

chrX 13670331 13670342 ~ poised 1.229576 2.630075 0.853811 2.630075 2.82211

chrX 13712986 13712997 ~ active suppressed 1.125373 0.36747 0.045935 0.449198 2.529454

chrX 13871836 13871847 ~ poised 0.732562 0.754831 0.030165 0.754831 2.635473

chrX 13936975 13936986 ~ poised 1.82462 1.139018 0.24185 1.139018 1.967433

chrX 13968529 13968540 ~ poised suppressed 1.918584 2.382567 0.596996 2.382567 2.05428

chrX 14104451 14104462 ~ poised suppressed 1.978975 1.063956 1.248485 1.063956 2.319194

chrX 14168821 14168832 ~ poised 1.522257 2.425572 0.680112 2.425572 2.431879

chrX 14169266 14169277 ~ poised 1.387873 3.286123 2.335101 3.286123 2.686333

chrX 14495301 14495312 ~ poised 1.049559 0.948992 0.120803 0.948992 1.765383

chrX 14504575 14504586 ~ poised suppressed 3.038366 2.682747 1.437043 2.682747 3.181927

chrX 14515575 14515586 ~ poised suppressed 1.169773 0.634484 0.465111 0.732336 2.243169

chrX 14712163 14712174 ~ poised suppressed 1.28351 2.668783 0.514989 2.668783 2.182399

chrX 14755782 14755793 ~ poised suppressed 1.766077 0.753195 0.381981 0.753195 2.273116

chrX 14852891 14852902 ~ poised suppressed 1.86307 1.931083 1.309749 1.931083 1.784185

chrX 15274921 15274932 ~ poised suppressed 3.201719 2.529284 1.085105 3.883119 3.596562

chrX 15736600 15736611 ~ poised suppressed 1.048162 0.4281 0.005508 7.207876 1.525262

chrX 15795725 15795736 ~ poised 1.246472 0.323881 0.506779 0.92002 1.816724

chrX 15798659 15798670 ~ poised suppressed 1.345576 2.37519 1.920675 2.37519 2.883915

chrX 15866234 15866245 ~ active suppressed 1.431577 2.379932 1.989637 2.379932 3.472413

chrX 16400412 16400423 ~ poised 1.392206 0.642143 0.034257 2.008971 3.054121

chrX 16417034 16417045 ~ poised 1.24845 0.573776 0.254783 0.573776 1.677552

chrX 16527918 16527929 ~ poised suppressed 1.449031 1.085378 0.087237 1.147836 2.003136

chrX 16794982 16794993 ~ poised suppressed 1.558493 0.615907 0.684797 0.849013 1.54424

chrX 16997408 16997419 ~ poised 1.44403 0.674514 0.124551 0.923833 1.88478

chrX 17001580 17001591 ~ poised 1.642475 0.531713 0.205675 0.531713 1.694462

chrX 17105252 17105263 ~ poised suppressed 2.532552 1.630743 1.060014 1.630743 1.863131

chrX 17105674 17105685 ~ poised suppressed 2.028305 0.785896 0.467585 0.915582 1.583835

chrX 17221990 17222001 ~ active suppressed 0.588305 2.851526 1.23865 2.851526 3.220868

chrX 17472959 17472970 ~ poised 1.050639 1.072263 0.36826 1.895188 1.848904
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Table 3.4B Additional enhancer-like DCC binding elements identified from DPY-27 ChIP-seq peaks.  
chromosome start  stop known? ele type H3K27me3 status H3K4me1 max H3K27ac max H4K16ac min SDC-2 min

chrI 7214602 7215407 ~ poised 2.819681 1.461904 0.302246 0.134732

chrII 11884229 11884523 ~ poised suppressed 2.087381 2.632066 1.41277 0.488526

chrII 11960564 11960897 ~ active suppressed 2.086116 1.040199 0.912975 0.944171

chrIII 352284 352494 ~ poised 3.004247 2.8675 2.876318 0.382666

chrIII 11054570 11054943 ~ poised suppressed 1.966063 2.288088 2.117288 0.912572

chrIII 12738010 12738294 ~ poised suppressed 0.469568 0.856544 0.628204 1.078421

chrIII 13673705 13673949 ~ poised 2.770301 1.193975 0.924046 0.606567

chrIV 4405385 4406481 ~ active suppressed 2.798995 3.351641 2.14544 1.548864

chrIV 8252933 8253189 ~ poised suppressed 0.678784 0.534317 -0.084223 0.556021

chrIV 8927033 8927325 ~ poised suppressed 1.242358 2.361955 1.465692 1.197651

chrIV 9191211 9191502 ~ active suppressed 1.210886 0.467869 -0.081898 0.172032

chrIV 11025970 11026386 ~ active suppressed 0.644031 3.352595 1.793109 2.988894

chrIV 11549789 11550042 ~ active suppressed 1.61881 0.217099 0.408148 0.992747

chrIV 16388187 16389266 ~ poised suppressed 3.093372 2.648451 1.358904 1.115477

chrV 4498842 4499800 ~ poised 2.747655 1.76016 -0.451105 1.476704

chrV 6470543 6470742 ~ poised 2.317508 3.602374 2.23528 0.006141

chrV 7774262 7774591 ~ active suppressed 1.488981 1.606126 1.305687 0.554024

chrV 11314022 11314339 ~ active suppressed 1.640637 1.016949 0.321642 1.372545

chrV 12001919 12002297 ~ active suppressed 1.524459 2.202688 0.955671 0.342874

chrV 12303454 12303749 ~ active suppressed 2.113107 0.736565 0.787855 1.179997

chrV 13374528 13374736 ~ poised suppressed 1.903896 2.12433 1.420062 0.723976

chrV 13655332 13655698 ~ poised suppressed 2.005848 2.334083 1.341896 1.389049

chrV 13818865 13819042 ~ active suppressed 1.516765 3.609574 2.794252 0.008566

chrV 18808499 18809067 ~ poised suppressed 1.602114 3.239587 1.56247 0.4858

chrV 19643034 19643322 ~ active suppressed 1.788547 3.401548 0.819302 1.3922

chrX 348210 348480 ~ poised suppressed 1.869188 2.634616 1.897913 0.346379

chrX 353186 353501 ~ poised suppressed 1.706894 2.069905 1.400602 0.883764

chrX 382538 383012 ~ active suppressed 1.4256 3.449735 2.946871 0.8169

chrX 409955 410813 ~ active suppressed 2.024381 1.067771 -0.146031 4.783406

chrX 535798 536180 ~ active suppressed 2.44461 2.653073 1.062727 0.756118

chrX 768082 768397 ~ poised suppressed 1.052283 3.008384 2.029601 1.873768

chrX 788039 788298 ~ poised suppressed 2.042824 2.51968 2.091378 0.756931

chrX 870955 871383 ~ active suppressed 0.711852 3.385614 1.117906 2.32963

chrX 876992 877304 ~ poised suppressed 1.843369 2.94661 1.87398 1.898344

chrX 915459 915816 ~ active suppressed 1.602323 3.015662 2.242317 1.21532

chrX 949470 949860 ~ active suppressed 0.69904 3.596118 1.147253 2.474589

chrX 1093212 1093497 ~ active suppressed 1.987253 2.821031 1.13428 1.851233

chrX 1103710 1104020 ~ active suppressed 2.303023 3.590396 2.141722 0.04011

chrX 1128560 1128817 ~ active suppressed 1.695657 2.811423 1.816804 1.413979

chrX 1302301 1302625 ~ active suppressed 0.974779 1.945934 0.511519 2.185186

chrX 1319804 1320122 ~ poised suppressed 1.949991 2.612837 1.30982 2.464673

chrX 1446792 1447133 ~ active suppressed 0.515337 3.142849 1.636309 2.009531

chrX 1454367 1454775 ~ active suppressed 2.706662 2.380555 1.501362 2.454616

chrX 1524678 1524978 ~ active suppressed 2.655546 2.025685 0.637842 0.287455

chrX 1845573 1845759 ~ poised suppressed 1.90723 2.720684 2.023166 0.696706

chrX 1856219 1856589 ~ active suppressed 1.779669 2.919546 1.428396 2.942744

chrX 1961363 1961609 ~ poised suppressed 2.108049 2.803983 1.165695 4.157329

chrX 2242852 2243109 ~ active suppressed 0.338313 3.469257 1.825462 1.269959

chrX 2368196 2368938 ~ active suppressed 1.703794 3.475068 2.111758 2.469546

chrX 2401946 2402336 ~ active suppressed 0.106127 3.294262 0.873973 1.254493

chrX 2439316 2439550 ~ poised suppressed 2.459086 2.913494 2.215539 0.383663

chrX 2536373 2536783 ~ active suppressed 1.972945 3.158324 1.235022 2.458543

chrX 2667847 2668086 ~ poised suppressed 1.610486 2.140347 1.205337 0.17609

chrX 2687206 2687466 ~ poised suppressed 2.22048 2.842188 1.779424 0.512443

chrX 2688617 2688818 ~ poised suppressed 1.630187 2.812929 2.186549 0.747765

chrX 2802537 2803073 ~ poised 2.245234 2.142573 1.010875 1.626888

chrX 2852379 2852913 ~ poised suppressed 3.048523 2.627376 1.62297 3.15821

chrX 2924365 2924660 ~ poised suppressed 2.892096 1.905057 -0.167492 0.592164

chrX 3090050 3090380 ~ poised suppressed 1.206414 3.749137 2.571859 1.644033

chrX 3099981 3100081 ~ active suppressed 0.812269 2.597856 2.136423 1.114107

chrX 3127560 3128098 ~ active suppressed 0.73302 3.601403 1.537353 2.916403

chrX 3245842 3246077 ~ active suppressed 0.655028 3.26926 2.007245 1.377658

chrX 3605780 3606014 ~ active suppressed 1.057497 3.109058 2.236337 1.488879

chrX 3914159 3914601 ~ active suppressed 1.687278 0.617238 0.319342 0.923754

chrX 3969890 3970213 ~ poised suppressed 1.677181 0.805295 -0.02125 1.746532

chrX 4157882 4158266 ~ active suppressed 2.080136 3.513551 2.003754 0.913519

chrX 4190584 4190913 ~ active suppressed 0.237325 3.603617 2.010495 1.277804

chrX 4214644 4214908 ~ poised suppressed 2.021919 2.865764 0.813905 1.720372

chrX 4222338 4223334 ~ active suppressed 1.17924 3.079835 0.494356 1.720668

chrX 4388818 4389252 dox active suppressed 0.219838 3.11479 1.115749 2.980027

chrX 4444165 4444365 ~ poised suppressed 1.801225 0.590726 0.228917 1.162511

chrX 4469311 4469581 ~ poised suppressed 0.915857 2.237308 1.361035 0.903568

chrX 4523715 4524230 ~ active suppressed 1.559184 3.485678 0.993298 2.534964

chrX 4635722 4635956 ~ active suppressed 2.103706 3.336712 2.920596 1.044291

chrX 4890229 4890449 ~ poised suppressed 1.463169 2.261023 1.97078 0.96069

chrX 4961468 4962586 ~ poised suppressed 1.812909 3.134846 1.945372 3.195109

chrX 5085519 5085855 ~ poised suppressed 1.448188 3.505025 0.443128 2.360008

chrX 5275292 5275555 ~ active suppressed 1.073309 2.766614 2.293241 1.050461

chrX 5319324 5319551 ~ poised suppressed 1.051649 0.433373 -0.096072 0.955461

chrX 5336507 5336841 ~ poised suppressed 1.289398 2.299631 1.047988 1.31299

chrX 5407344 5407574 ~ poised 1.436784 0.376804 -0.002016 1.144599

chrX 5475018 5475587 ~ active suppressed 1.792458 3.117767 0.944253 2.638929

chrX 5686031 5686501 ~ active suppressed 2.392153 3.00086 1.127596 1.369468

chrX 5764764 5765077 ~ active suppressed 2.086235 3.444248 1.491145 2.501161

chrX 5781945 5782385 ~ active suppressed 1.201992 3.603807 2.694052 0.750935

chrX 5812025 5812447 dox active suppressed 2.215749 2.897469 1.257574 2.528112

chrX 5840975 5841422 ~ active suppressed 0.261261 3.296333 1.370223 2.667921

chrX 5984572 5984824 ~ poised suppressed 1.800123 2.424636 1.645709 0.909397

chrX 6097605 6097866 ~ active suppressed 1.843766 2.353614 1.541312 0.793943

chrX 6207617 6207993 ~ active suppressed 1.250192 2.540516 0.783791 1.842231

chrX 6292743 6293050 ~ poised suppressed 1.80701 2.533349 1.310857 1.12405

chrX 6371165 6371466 ~ poised suppressed 2.198479 1.721071 -0.107602 0.213847

chrX 6377988 6378666 ~ poised suppressed 1.027323 3.558023 2.416481 1.417534

chrX 6804963 6805162 ~ poised suppressed 2.364805 1.881327 1.071458 0.867845

chrX 6806492 6806869 ~ poised suppressed 2.276007 3.263169 1.624034 1.390754

chrX 7264700 7265283 ~ active suppressed 0.601503 3.443641 1.013566 2.334396

chrX 7334189 7334660 ~ active suppressed 0.404983 3.585712 1.824064 1.22167

chrX 7475054 7475331 ~ active suppressed 1.71687 3.096373 2.520981 0.474322

chrX 7782369 7782693 ~ active suppressed 1.783221 2.786631 2.456882 0.578734

chrX 7787979 7788314 ~ active suppressed 2.029667 3.104972 2.475638 0.888637

chrX 7823054 7823402 ~ active suppressed 0.885587 3.143859 2.214288 1.398233

chrX 7951494 7951843 ~ active suppressed 1.350679 3.568206 1.41682 2.590145

chrX 8029076 8029346 dox poised suppressed 1.476081 3.044145 1.801895 0.726652

chrX 8103906 8104167 ~ active suppressed 0.735905 3.251555 1.376047 2.305558

chrX 8156034 8156273 ~ active suppressed 1.617134 1.793922 0.889429 1.456125

chrX 8286772 8287077 ~ active suppressed 0.772945 3.519823 2.023153 0.805434

chrX 8565765 8566317 ~ poised suppressed 2.22604 1.976018 1.365066 0.634914

chrX 8646240 8646450 ~ poised suppressed 1.335284 0.731446 -0.131251 0.882325

chrX 8810936 8811448 rex active suppressed 1.961613 3.577046 2.127518 2.695664

chrX 8835564 8836197 ~ active suppressed 0.97643 2.683145 1.277732 1.275724

chrX 8911085 8911391 ~ active suppressed 1.018221 2.645155 1.967001 0.241317

chrX 9271960 9272275 dox active suppressed 1.785994 3.168053 2.869111 1.477656

chrX 9337756 9338087 dox active suppressed 1.258424 3.373678 1.268292 1.425033

chrX 9347546 9347927 ~ active suppressed 1.189585 2.708947 2.556437 0.675253

chrX 9441493 9441777 ~ active suppressed 2.090606 2.935358 2.529424 1.001435

chrX 9637105 9637901 ~ active suppressed 1.494315 3.059324 1.595357 2.486651

chrX 9822620 9822884 ~ active suppressed 1.29361 3.619514 2.059399 1.555403

chrX 9838211 9838373 ~ active suppressed 1.396947 2.721903 1.928522 0.533338

chrX 9899723 9900052 ~ active suppressed 1.511059 3.168925 1.933099 1.187521

chrX 9932290 9932754 ~ active suppressed 1.637177 3.484519 1.383394 2.880893

chrX 9958438 9958902 ~ active suppressed 1.713223 3.376185 2.372735 1.309442

chrX 9999059 10000076 ~ active suppressed 1.055301 3.267287 1.350626 1.730193

chrX 10146591 10146931 ~ active suppressed 1.657117 2.734175 1.475875 2.022212

chrX 10188373 10188765 dox active suppressed 2.027597 3.461523 1.636278 2.313844

chrX 10372690 10372892 ~ active suppressed 1.053079 3.284056 1.0992 1.039698

chrX 10377653 10377955 ~ poised suppressed 1.905907 2.748164 1.914245 0.800666

chrX 10435435 10435976 ~ active suppressed 1.414872 2.376314 0.693739 2.280111

chrX 10963657 10963889 ~ poised suppressed 1.22592 0.583484 0.00406 0.775229

chrX 11030958 11031666 ~ active suppressed 1.892183 3.576705 0.673983 2.997789

chrX 11206951 11207229 dox active suppressed 0.607408 3.100925 2.397525 0.503043

chrX 11299557 11299950 rex/dox active suppressed 1.69712 3.804456 1.769279 1.876426

chrX 11344921 11345200 ~ poised suppressed 1.374812 0.729599 0.001932 1.01961

chrX 11367584 11367840 dox poised 2.660923 2.08367 1.091813 0.447126

chrX 11522032 11522288 ~ active suppressed 0.448145 3.426668 1.154598 2.771406

chrX 11605855 11606142 ~ active suppressed 3.02341 3.204909 1.496469 2.830999

chrX 11798050 11798263 ~ active suppressed 0.68271 3.315638 1.732365 1.9177

chrX 11947092 11947391 ~ poised suppressed 1.705842 3.781678 2.043526 2.167783

chrX 12017923 12018184 ~ poised suppressed 1.698128 2.165641 1.849273 0.781624

chrX 12393724 12394119 dox active suppressed 1.325366 3.254386 2.316629 0.653526

chrX 12480411 12480674 ~ active suppressed 1.305905 2.842531 1.634879 1.526355

chrX 12670333 12670688 ~ active suppressed 2.176203 3.102305 1.416724 2.233707

chrX 13121090 13121443 ~ active suppressed 1.685617 1.753166 1.006356 1.867605

chrX 13264553 13264875 ~ poised suppressed 1.116262 0.182733 0.113178 1.308604

chrX 13396543 13396817 ~ poised suppressed 1.590105 2.297543 1.98508 0.62812

chrX 13419853 13420099 ~ active suppressed 1.917808 3.283223 2.145444 2.018729

chrX 13518998 13519344 ~ active suppressed 0.780042 3.109038 0.857142 2.583441

chrX 13583763 13584274 ~ active suppressed 1.298953 3.612964 1.479251 2.035724

chrX 13596008 13596291 ~ active suppressed 1.908015 3.011012 2.074821 0.803184

chrX 13653579 13653778 ~ active suppressed 1.966362 1.092276 0.19052 0.30695

chrX 13686971 13687386 ~ active suppressed 1.839501 3.352131 2.057392 1.729687

chrX 13726906 13727124 ~ active suppressed 1.455931 2.962776 1.887632 0.594631

chrX 13950511 13951004 ~ active suppressed 1.315867 2.682957 1.071794 2.422613

chrX 13969449 13969872 ~ active suppressed 1.84633 3.32027 1.955647 2.44253

chrX 13977374 13977737 ~ active suppressed 1.169635 3.248529 2.363432 1.173546

chrX 14102016 14102240 ~ active suppressed 1.135466 3.27913 2.567891 2.048147

chrX 14169653 14169981 ~ active suppressed 1.119544 3.14673 2.660182 0.850786

chrX 14243502 14243776 ~ active suppressed 1.811577 3.516181 1.736243 0.228962

chrX 14312365 14312647 ~ active suppressed 0.79547 3.075937 0.545838 1.085939

chrX 14489914 14490304 ~ active suppressed 0.307683 3.531141 1.643213 2.009736

chrX 14602605 14602927 ~ active suppressed 1.111996 3.354193 2.023625 1.932355

chrX 14610386 14610649 ~ active suppressed 1.14646 2.961697 1.377136 1.699395

chrX 14708181 14708467 ~ active suppressed 1.443671 2.897993 2.010907 1.335351

chrX 14753507 14753790 ~ active suppressed 0.964113 3.142158 1.825457 1.095199

chrX 14810712 14810945 ~ poised suppressed 1.972007 2.628335 1.613434 1.33129

chrX 14818587 14819300 ~ active suppressed 1.60943 3.9054 1.328 3.410499

chrX 14853799 14854084 ~ active suppressed 1.56783 2.904047 2.567913 1.280674

chrX 15100570 15100853 ~ active suppressed 0.879023 3.456075 1.792274 1.076703

chrX 15148500 15149048 ~ poised suppressed 2.111159 0.910948 -0.147627 0.599409

chrX 15181391 15181673 ~ active suppressed 1.782425 3.352326 2.022705 1.613637

chrX 15281164 15281463 ~ poised suppressed 2.038363 3.145682 1.703559 1.123498

chrX 15353953 15354213 ~ poised 1.813819 1.662592 1.075459 0.712831

chrX 15515572 15516008 ~ poised 1.939261 0.54805 0.332477 0.337238

chrX 15568016 15568480 ~ active suppressed 1.057203 3.024297 1.767264 2.058808

chrX 15606805 15607225 ~ active suppressed 1.364124 3.17316 1.785637 2.735928

chrX 15689276 15689524 ~ active suppressed 1.002673 3.353056 2.132297 0.143662

chrX 15707194 15707770 ~ active suppressed 1.747407 2.509431 0.450363 1.635117

chrX 15736423 15736752 ~ poised suppressed 1.048162 0.4281 0.005508 3.692006

chrX 15841091 15841370 ~ active suppressed 0.149708 3.437329 1.666278 2.533057

chrX 15849338 15849576 ~ poised suppressed 0.933565 2.304866 1.522655 1.575641

chrX 16147409 16148047 ~ active suppressed 1.174644 3.031233 0.438687 2.01424

chrX 16156854 16157285 ~ poised suppressed 3.060908 1.461969 0.307743 1.494799

chrX 16202167 16202512 ~ active suppressed 1.427687 1.144647 0.201053 3.708138

chrX 16275278 16275509 ~ active suppressed 0.840923 3.087415 1.853289 1.092199

chrX 16445833 16446186 ~ active suppressed 1.003049 2.876611 1.072101 2.055689

chrX 16612172 16612954 ~ active suppressed 0.698964 3.244167 0.705001 2.793402

chrX 16704073 16704398 ~ active suppressed 1.567144 2.894289 1.771888 0.709492

chrX 16726634 16727149 ~ active suppressed 1.481195 2.622764 0.919564 2.36656

chrX 16929432 16930528 ~ active suppressed 0.797144 3.791422 1.964627 3.759633

chrX 16961306 16961663 ~ active suppressed 0.791155 3.409375 1.371887 1.354473

chrX 17151136 17151425 ~ active suppressed 1.060904 3.562175 2.381364 1.237075

chrX 17181164 17181845 ~ poised suppressed 1.663242 1.731197 -0.177587 5.165961

chrX 17184333 17184674 dox active suppressed 2.036549 2.51838 0.880784 1.397085

chrX 17392189 17392416 ~ active suppressed 1.737618 2.982369 2.364773 1.032649

chrX 17451359 17451623 ~ active suppressed 1.069595 3.056188 1.75073 0.621094

chrX 17479827 17480378 ~ active suppressed 2.075798 3.076252 1.189255 2.853988

chrX 17505722 17506130 ~ active suppressed 2.57565 1.792353 1.169087 1.093266

chrX 17513431 17513838 ~ active suppressed 1.525378 3.26968 1.864744 2.042648

chromosome start  stop known? ele type H3K27me3 status H3K4me1 max H3K27ac max H4K16ac min SDC-2 min

chrI 7214602 7215407 ~ poised 2.819681 1.461904 0.302246 0.134732

chrII 11884229 11884523 ~ poised suppressed 2.087381 2.632066 1.41277 0.488526

chrII 11960564 11960897 ~ active suppressed 2.086116 1.040199 0.912975 0.944171

chrIII 352284 352494 ~ poised 3.004247 2.8675 2.876318 0.382666

chrIII 11054570 11054943 ~ poised suppressed 1.966063 2.288088 2.117288 0.912572

chrIII 12738010 12738294 ~ poised suppressed 0.469568 0.856544 0.628204 1.078421

chrIII 13673705 13673949 ~ poised 2.770301 1.193975 0.924046 0.606567

chrIV 4405385 4406481 ~ active suppressed 2.798995 3.351641 2.14544 1.548864

chrIV 8252933 8253189 ~ poised suppressed 0.678784 0.534317 -0.084223 0.556021

chrIV 8927033 8927325 ~ poised suppressed 1.242358 2.361955 1.465692 1.197651

chrIV 9191211 9191502 ~ active suppressed 1.210886 0.467869 -0.081898 0.172032

chrIV 11025970 11026386 ~ active suppressed 0.644031 3.352595 1.793109 2.988894

chrIV 11549789 11550042 ~ active suppressed 1.61881 0.217099 0.408148 0.992747

chrIV 16388187 16389266 ~ poised suppressed 3.093372 2.648451 1.358904 1.115477

chrV 4498842 4499800 ~ poised 2.747655 1.76016 -0.451105 1.476704

chrV 6470543 6470742 ~ poised 2.317508 3.602374 2.23528 0.006141

chrV 7774262 7774591 ~ active suppressed 1.488981 1.606126 1.305687 0.554024

chrV 11314022 11314339 ~ active suppressed 1.640637 1.016949 0.321642 1.372545

chrV 12001919 12002297 ~ active suppressed 1.524459 2.202688 0.955671 0.342874

chrV 12303454 12303749 ~ active suppressed 2.113107 0.736565 0.787855 1.179997

chrV 13374528 13374736 ~ poised suppressed 1.903896 2.12433 1.420062 0.723976

chrV 13655332 13655698 ~ poised suppressed 2.005848 2.334083 1.341896 1.389049

chrV 13818865 13819042 ~ active suppressed 1.516765 3.609574 2.794252 0.008566

chrV 18808499 18809067 ~ poised suppressed 1.602114 3.239587 1.56247 0.4858

chrV 19643034 19643322 ~ active suppressed 1.788547 3.401548 0.819302 1.3922

chrX 348210 348480 ~ poised suppressed 1.869188 2.634616 1.897913 0.346379

chrX 353186 353501 ~ poised suppressed 1.706894 2.069905 1.400602 0.883764

chrX 382538 383012 ~ active suppressed 1.4256 3.449735 2.946871 0.8169

chrX 409955 410813 ~ active suppressed 2.024381 1.067771 -0.146031 4.783406

chrX 535798 536180 ~ active suppressed 2.44461 2.653073 1.062727 0.756118

chrX 768082 768397 ~ poised suppressed 1.052283 3.008384 2.029601 1.873768

chrX 788039 788298 ~ poised suppressed 2.042824 2.51968 2.091378 0.756931

chrX 870955 871383 ~ active suppressed 0.711852 3.385614 1.117906 2.32963

chrX 876992 877304 ~ poised suppressed 1.843369 2.94661 1.87398 1.898344

chrX 915459 915816 ~ active suppressed 1.602323 3.015662 2.242317 1.21532

chrX 949470 949860 ~ active suppressed 0.69904 3.596118 1.147253 2.474589

chrX 1093212 1093497 ~ active suppressed 1.987253 2.821031 1.13428 1.851233

chrX 1103710 1104020 ~ active suppressed 2.303023 3.590396 2.141722 0.04011

chrX 1128560 1128817 ~ active suppressed 1.695657 2.811423 1.816804 1.413979

chrX 1302301 1302625 ~ active suppressed 0.974779 1.945934 0.511519 2.185186

chrX 1319804 1320122 ~ poised suppressed 1.949991 2.612837 1.30982 2.464673

chrX 1446792 1447133 ~ active suppressed 0.515337 3.142849 1.636309 2.009531

chrX 1454367 1454775 ~ active suppressed 2.706662 2.380555 1.501362 2.454616

chrX 1524678 1524978 ~ active suppressed 2.655546 2.025685 0.637842 0.287455

chrX 1845573 1845759 ~ poised suppressed 1.90723 2.720684 2.023166 0.696706

chrX 1856219 1856589 ~ active suppressed 1.779669 2.919546 1.428396 2.942744

chrX 1961363 1961609 ~ poised suppressed 2.108049 2.803983 1.165695 4.157329

chrX 2242852 2243109 ~ active suppressed 0.338313 3.469257 1.825462 1.269959

chrX 2368196 2368938 ~ active suppressed 1.703794 3.475068 2.111758 2.469546

chrX 2401946 2402336 ~ active suppressed 0.106127 3.294262 0.873973 1.254493

chrX 2439316 2439550 ~ poised suppressed 2.459086 2.913494 2.215539 0.383663

chrX 2536373 2536783 ~ active suppressed 1.972945 3.158324 1.235022 2.458543

chrX 2667847 2668086 ~ poised suppressed 1.610486 2.140347 1.205337 0.17609

chrX 2687206 2687466 ~ poised suppressed 2.22048 2.842188 1.779424 0.512443

chrX 2688617 2688818 ~ poised suppressed 1.630187 2.812929 2.186549 0.747765

chrX 2802537 2803073 ~ poised 2.245234 2.142573 1.010875 1.626888

chrX 2852379 2852913 ~ poised suppressed 3.048523 2.627376 1.62297 3.15821

chrX 2924365 2924660 ~ poised suppressed 2.892096 1.905057 -0.167492 0.592164

chrX 3090050 3090380 ~ poised suppressed 1.206414 3.749137 2.571859 1.644033

chrX 3099981 3100081 ~ active suppressed 0.812269 2.597856 2.136423 1.114107

chrX 3127560 3128098 ~ active suppressed 0.73302 3.601403 1.537353 2.916403

chrX 3245842 3246077 ~ active suppressed 0.655028 3.26926 2.007245 1.377658

chrX 3605780 3606014 ~ active suppressed 1.057497 3.109058 2.236337 1.488879

chrX 3914159 3914601 ~ active suppressed 1.687278 0.617238 0.319342 0.923754

chrX 3969890 3970213 ~ poised suppressed 1.677181 0.805295 -0.02125 1.746532

chrX 4157882 4158266 ~ active suppressed 2.080136 3.513551 2.003754 0.913519

chrX 4190584 4190913 ~ active suppressed 0.237325 3.603617 2.010495 1.277804

chrX 4214644 4214908 ~ poised suppressed 2.021919 2.865764 0.813905 1.720372

chrX 4222338 4223334 ~ active suppressed 1.17924 3.079835 0.494356 1.720668

chrX 4388818 4389252 dox active suppressed 0.219838 3.11479 1.115749 2.980027

chrX 4444165 4444365 ~ poised suppressed 1.801225 0.590726 0.228917 1.162511

chrX 4469311 4469581 ~ poised suppressed 0.915857 2.237308 1.361035 0.903568

chrX 4523715 4524230 ~ active suppressed 1.559184 3.485678 0.993298 2.534964

chrX 4635722 4635956 ~ active suppressed 2.103706 3.336712 2.920596 1.044291

chrX 4890229 4890449 ~ poised suppressed 1.463169 2.261023 1.97078 0.96069

chrX 4961468 4962586 ~ poised suppressed 1.812909 3.134846 1.945372 3.195109

chrX 5085519 5085855 ~ poised suppressed 1.448188 3.505025 0.443128 2.360008

chrX 5275292 5275555 ~ active suppressed 1.073309 2.766614 2.293241 1.050461

chrX 5319324 5319551 ~ poised suppressed 1.051649 0.433373 -0.096072 0.955461

chrX 5336507 5336841 ~ poised suppressed 1.289398 2.299631 1.047988 1.31299

chrX 5407344 5407574 ~ poised 1.436784 0.376804 -0.002016 1.144599

chrX 5475018 5475587 ~ active suppressed 1.792458 3.117767 0.944253 2.638929

chrX 5686031 5686501 ~ active suppressed 2.392153 3.00086 1.127596 1.369468

chrX 5764764 5765077 ~ active suppressed 2.086235 3.444248 1.491145 2.501161

chrX 5781945 5782385 ~ active suppressed 1.201992 3.603807 2.694052 0.750935

chrX 5812025 5812447 dox active suppressed 2.215749 2.897469 1.257574 2.528112

chrX 5840975 5841422 ~ active suppressed 0.261261 3.296333 1.370223 2.667921

chrX 5984572 5984824 ~ poised suppressed 1.800123 2.424636 1.645709 0.909397

chrX 6097605 6097866 ~ active suppressed 1.843766 2.353614 1.541312 0.793943

chrX 6207617 6207993 ~ active suppressed 1.250192 2.540516 0.783791 1.842231

chrX 6292743 6293050 ~ poised suppressed 1.80701 2.533349 1.310857 1.12405

chrX 6371165 6371466 ~ poised suppressed 2.198479 1.721071 -0.107602 0.213847

chrX 6377988 6378666 ~ poised suppressed 1.027323 3.558023 2.416481 1.417534

chrX 6804963 6805162 ~ poised suppressed 2.364805 1.881327 1.071458 0.867845

chrX 6806492 6806869 ~ poised suppressed 2.276007 3.263169 1.624034 1.390754

chrX 7264700 7265283 ~ active suppressed 0.601503 3.443641 1.013566 2.334396

chrX 7334189 7334660 ~ active suppressed 0.404983 3.585712 1.824064 1.22167

chrX 7475054 7475331 ~ active suppressed 1.71687 3.096373 2.520981 0.474322

chrX 7782369 7782693 ~ active suppressed 1.783221 2.786631 2.456882 0.578734

chrX 7787979 7788314 ~ active suppressed 2.029667 3.104972 2.475638 0.888637

chrX 7823054 7823402 ~ active suppressed 0.885587 3.143859 2.214288 1.398233

chrX 7951494 7951843 ~ active suppressed 1.350679 3.568206 1.41682 2.590145

chrX 8029076 8029346 dox poised suppressed 1.476081 3.044145 1.801895 0.726652

chrX 8103906 8104167 ~ active suppressed 0.735905 3.251555 1.376047 2.305558

chrX 8156034 8156273 ~ active suppressed 1.617134 1.793922 0.889429 1.456125

chrX 8286772 8287077 ~ active suppressed 0.772945 3.519823 2.023153 0.805434

chrX 8565765 8566317 ~ poised suppressed 2.22604 1.976018 1.365066 0.634914

chrX 8646240 8646450 ~ poised suppressed 1.335284 0.731446 -0.131251 0.882325

chrX 8810936 8811448 rex active suppressed 1.961613 3.577046 2.127518 2.695664

chrX 8835564 8836197 ~ active suppressed 0.97643 2.683145 1.277732 1.275724

chrX 8911085 8911391 ~ active suppressed 1.018221 2.645155 1.967001 0.241317

chrX 9271960 9272275 dox active suppressed 1.785994 3.168053 2.869111 1.477656

chrX 9337756 9338087 dox active suppressed 1.258424 3.373678 1.268292 1.425033

chrX 9347546 9347927 ~ active suppressed 1.189585 2.708947 2.556437 0.675253

chrX 9441493 9441777 ~ active suppressed 2.090606 2.935358 2.529424 1.001435

chrX 9637105 9637901 ~ active suppressed 1.494315 3.059324 1.595357 2.486651

chrX 9822620 9822884 ~ active suppressed 1.29361 3.619514 2.059399 1.555403

chrX 9838211 9838373 ~ active suppressed 1.396947 2.721903 1.928522 0.533338

chrX 9899723 9900052 ~ active suppressed 1.511059 3.168925 1.933099 1.187521

chrX 9932290 9932754 ~ active suppressed 1.637177 3.484519 1.383394 2.880893

chrX 9958438 9958902 ~ active suppressed 1.713223 3.376185 2.372735 1.309442

chrX 9999059 10000076 ~ active suppressed 1.055301 3.267287 1.350626 1.730193

chrX 10146591 10146931 ~ active suppressed 1.657117 2.734175 1.475875 2.022212

chrX 10188373 10188765 dox active suppressed 2.027597 3.461523 1.636278 2.313844

chrX 10372690 10372892 ~ active suppressed 1.053079 3.284056 1.0992 1.039698

chrX 10377653 10377955 ~ poised suppressed 1.905907 2.748164 1.914245 0.800666

chrX 10435435 10435976 ~ active suppressed 1.414872 2.376314 0.693739 2.280111

chrX 10963657 10963889 ~ poised suppressed 1.22592 0.583484 0.00406 0.775229

chrX 11030958 11031666 ~ active suppressed 1.892183 3.576705 0.673983 2.997789

chrX 11206951 11207229 dox active suppressed 0.607408 3.100925 2.397525 0.503043

chrX 11299557 11299950 rex/dox active suppressed 1.69712 3.804456 1.769279 1.876426

chrX 11344921 11345200 ~ poised suppressed 1.374812 0.729599 0.001932 1.01961

chrX 11367584 11367840 dox poised 2.660923 2.08367 1.091813 0.447126

chrX 11522032 11522288 ~ active suppressed 0.448145 3.426668 1.154598 2.771406

chrX 11605855 11606142 ~ active suppressed 3.02341 3.204909 1.496469 2.830999

chrX 11798050 11798263 ~ active suppressed 0.68271 3.315638 1.732365 1.9177

chrX 11947092 11947391 ~ poised suppressed 1.705842 3.781678 2.043526 2.167783

chrX 12017923 12018184 ~ poised suppressed 1.698128 2.165641 1.849273 0.781624

chrX 12393724 12394119 dox active suppressed 1.325366 3.254386 2.316629 0.653526

chrX 12480411 12480674 ~ active suppressed 1.305905 2.842531 1.634879 1.526355

chrX 12670333 12670688 ~ active suppressed 2.176203 3.102305 1.416724 2.233707

chrX 13121090 13121443 ~ active suppressed 1.685617 1.753166 1.006356 1.867605

chrX 13264553 13264875 ~ poised suppressed 1.116262 0.182733 0.113178 1.308604

chrX 13396543 13396817 ~ poised suppressed 1.590105 2.297543 1.98508 0.62812

chrX 13419853 13420099 ~ active suppressed 1.917808 3.283223 2.145444 2.018729

chrX 13518998 13519344 ~ active suppressed 0.780042 3.109038 0.857142 2.583441

chrX 13583763 13584274 ~ active suppressed 1.298953 3.612964 1.479251 2.035724

chrX 13596008 13596291 ~ active suppressed 1.908015 3.011012 2.074821 0.803184

chrX 13653579 13653778 ~ active suppressed 1.966362 1.092276 0.19052 0.30695

chrX 13686971 13687386 ~ active suppressed 1.839501 3.352131 2.057392 1.729687

chrX 13726906 13727124 ~ active suppressed 1.455931 2.962776 1.887632 0.594631

chrX 13950511 13951004 ~ active suppressed 1.315867 2.682957 1.071794 2.422613

chrX 13969449 13969872 ~ active suppressed 1.84633 3.32027 1.955647 2.44253

chrX 13977374 13977737 ~ active suppressed 1.169635 3.248529 2.363432 1.173546

chrX 14102016 14102240 ~ active suppressed 1.135466 3.27913 2.567891 2.048147

chrX 14169653 14169981 ~ active suppressed 1.119544 3.14673 2.660182 0.850786

chrX 14243502 14243776 ~ active suppressed 1.811577 3.516181 1.736243 0.228962

chrX 14312365 14312647 ~ active suppressed 0.79547 3.075937 0.545838 1.085939

chrX 14489914 14490304 ~ active suppressed 0.307683 3.531141 1.643213 2.009736

chrX 14602605 14602927 ~ active suppressed 1.111996 3.354193 2.023625 1.932355

chrX 14610386 14610649 ~ active suppressed 1.14646 2.961697 1.377136 1.699395

chrX 14708181 14708467 ~ active suppressed 1.443671 2.897993 2.010907 1.335351

chrX 14753507 14753790 ~ active suppressed 0.964113 3.142158 1.825457 1.095199

chrX 14810712 14810945 ~ poised suppressed 1.972007 2.628335 1.613434 1.33129

chrX 14818587 14819300 ~ active suppressed 1.60943 3.9054 1.328 3.410499

chrX 14853799 14854084 ~ active suppressed 1.56783 2.904047 2.567913 1.280674

chrX 15100570 15100853 ~ active suppressed 0.879023 3.456075 1.792274 1.076703

chrX 15148500 15149048 ~ poised suppressed 2.111159 0.910948 -0.147627 0.599409

chrX 15181391 15181673 ~ active suppressed 1.782425 3.352326 2.022705 1.613637

chrX 15281164 15281463 ~ poised suppressed 2.038363 3.145682 1.703559 1.123498

chrX 15353953 15354213 ~ poised 1.813819 1.662592 1.075459 0.712831

chrX 15515572 15516008 ~ poised 1.939261 0.54805 0.332477 0.337238

chrX 15568016 15568480 ~ active suppressed 1.057203 3.024297 1.767264 2.058808

chrX 15606805 15607225 ~ active suppressed 1.364124 3.17316 1.785637 2.735928

chrX 15689276 15689524 ~ active suppressed 1.002673 3.353056 2.132297 0.143662

chrX 15707194 15707770 ~ active suppressed 1.747407 2.509431 0.450363 1.635117

chrX 15736423 15736752 ~ poised suppressed 1.048162 0.4281 0.005508 3.692006

chrX 15841091 15841370 ~ active suppressed 0.149708 3.437329 1.666278 2.533057

chrX 15849338 15849576 ~ poised suppressed 0.933565 2.304866 1.522655 1.575641

chrX 16147409 16148047 ~ active suppressed 1.174644 3.031233 0.438687 2.01424

chrX 16156854 16157285 ~ poised suppressed 3.060908 1.461969 0.307743 1.494799

chrX 16202167 16202512 ~ active suppressed 1.427687 1.144647 0.201053 3.708138

chrX 16275278 16275509 ~ active suppressed 0.840923 3.087415 1.853289 1.092199

chrX 16445833 16446186 ~ active suppressed 1.003049 2.876611 1.072101 2.055689

chrX 16612172 16612954 ~ active suppressed 0.698964 3.244167 0.705001 2.793402

chrX 16704073 16704398 ~ active suppressed 1.567144 2.894289 1.771888 0.709492

chrX 16726634 16727149 ~ active suppressed 1.481195 2.622764 0.919564 2.36656

chrX 16929432 16930528 ~ active suppressed 0.797144 3.791422 1.964627 3.759633

chrX 16961306 16961663 ~ active suppressed 0.791155 3.409375 1.371887 1.354473

chrX 17151136 17151425 ~ active suppressed 1.060904 3.562175 2.381364 1.237075

chrX 17181164 17181845 ~ poised suppressed 1.663242 1.731197 -0.177587 5.165961

chrX 17184333 17184674 dox active suppressed 2.036549 2.51838 0.880784 1.397085

chrX 17392189 17392416 ~ active suppressed 1.737618 2.982369 2.364773 1.032649

chrX 17451359 17451623 ~ active suppressed 1.069595 3.056188 1.75073 0.621094

chrX 17479827 17480378 ~ active suppressed 2.075798 3.076252 1.189255 2.853988

chrX 17505722 17506130 ~ active suppressed 2.57565 1.792353 1.169087 1.093266

chrX 17513431 17513838 ~ active suppressed 1.525378 3.26968 1.864744 2.042648

chromosome start  stop known? ele type H3K27me3 status H3K4me1 max H3K27ac max H4K16ac min SDC-2 max DPY-27 min

chrI 7500592 7500603 ~ active suppressed 0.235827 3.220791 0.962293 3.220791 2.341042

chrI 12065532 12065543 ~ active suppressed 1.253599 3.486584 2.164847 3.486584 1.823387

chrII 2220078 2220089 ~ active suppressed 1.827783 3.953937 3.042383 3.953937 1.845122

chrII 12551082 12551093 ~ poised suppressed 1.61408 1.359033 0.400069 4.193869 1.810697

chrII 14804580 14804591 ~ active suppressed 1.050795 2.715515 1.188403 2.715515 2.02639

chrIII 4281021 4281032 ~ active suppressed 0.802852 3.213548 1.213034 3.213548 2.067004

chrIII 9176083 9176094 ~ poised suppressed 1.279208 3.24921 1.242661 3.24921 1.700373

chrIII 10460830 10460841 ~ poised suppressed 1.194172 3.937715 3.103079 3.937715 2.158347

chrIV 3233017 3233028 ~ active suppressed 0.814955 3.388084 1.673222 3.582584 2.268637

chrIV 4277886 4277897 ~ poised suppressed 2.272632 2.238716 1.539009 2.238716 1.734795

chrX 373783 373794 ~ poised suppressed 1.420112 0.620456 0.022709 0.765682 1.950051

chrX 382950 382961 ~ active suppressed 2.005524 3.449735 2.773189 3.449735 3.499937

chrX 647226 647237 ~ poised 0.500331 0.676114 0.060592 1.005102 1.710105

chrX 678938 678949 ~ poised 2.89077 2.015134 0.964325 2.015134 2.234935

chrX 900566 900577 ~ poised suppressed 0.534033 0.015029 0.034387 0.542774 1.993424

chrX 954906 954917 ~ active suppressed 0.805811 3.223496 2.264749 3.223496 3.179078

chrX 1223907 1223918 ~ active suppressed 2.319075 3.136947 0.673972 3.136947 3.180429

chrX 1682742 1682753 rex poised suppressed 1.336883 0.605274 0.27879 2.024613 3.632825

chrX 1962054 1962065 ~ active suppressed 2.272538 1.542396 0.362245 3.842289 3.183019

chrX 1962108 1962119 ~ nes 2.272538 1.35896 0.304795 3.659776 3.106035

chrX 1977824 1977835 ~ poised suppressed 1.807083 1.569598 1.337203 1.569598 3.267088

chrX 2045241 2045252 ~ nes 1.124892 3.221759 1.41899 3.221759 2.717643

chrX 2211842 2211853 ~ poised 2.705833 1.42103 0.500221 1.42103 2.058081

chrX 2522849 2522860 ~ poised 3.112784 1.398901 0.256624 1.398901 2.049625

chrX 2543698 2543709 ~ poised suppressed 1.72808 0.735982 0.121192 1.098437 1.703149

chrX 2590905 2590916 ~ poised suppressed 1.741708 1.553894 0.631365 1.553894 1.81221

chrX 2668052 2668063 ~ poised suppressed 1.610486 2.140347 1.212372 2.140347 2.38784

chrX 2791567 2791578 ~ poised suppressed 2.475801 1.494962 0.73525 1.494962 2.396333

chrX 2852293 2852304 ~ poised suppressed 3.087223 2.627376 1.890881 3.629713 3.229354

chrX 3067145 3067156 ~ poised suppressed 2.978484 1.468195 0.296841 1.468195 2.549525

chrX 3200843 3200854 rex poised suppressed 2.823021 1.430822 0.015404 1.430822 2.3592

chrX 3332561 3332572 ~ poised suppressed 2.195613 1.479566 0.384396 1.479566 2.067197

chrX 3456673 3456684 ~ poised 2.449955 1.278648 0.070337 1.27905 2.990137

chrX 3466457 3466468 ~ poised suppressed 2.251779 2.872315 1.132987 2.872315 2.608318

chrX 3575190 3575201 ~ poised suppressed 0.903022 1.373397 0.300107 1.373397 1.761407

chrX 3698312 3698323 ~ poised 1.381047 0.565278 0.63527 1.174284 1.797736

chrX 3791106 3791117 ~ poised suppressed 2.653921 0.793208 0.330912 0.793208 2.057771

chrX 3898931 3898942 ~ poised 1.864114 1.992557 0.88136 1.992557 2.40553

chrX 4010695 4010706 rex poised suppressed 2.106272 2.615016 1.719063 2.615016 2.778086

chrX 4152113 4152124 ~ poised suppressed 1.985417 2.416741 1.485077 2.416741 2.519274

chrX 4219297 4219308 ~ poised suppressed 2.188487 1.632598 0.317645 1.632598 2.569818

chrX 4512786 4512797 ~ active suppressed 1.707252 3.201525 2.143272 3.201525 2.374888

chrX 4520050 4520061 ~ poised 1.77858 1.425551 0.87575 1.425551 2.316138

chrX 4699842 4699853 ~ active suppressed 1.162912 3.159537 1.86269 3.159537 3.498756

chrX 4699848 4699859 ~ active suppressed 1.162912 3.159537 1.86269 3.159537 3.498756

chrX 4744201 4744212 ~ poised 2.804159 0.974899 0.021653 0.974899 2.016955

chrX 4960921 4960932 ~ poised suppressed 1.685304 3.696536 2.022047 3.696536 4.078779

chrX 4969333 4969344 ~ poised suppressed 1.306836 1.713384 0.573295 1.713384 2.877473

chrX 4978307 4978318 ~ active 2.485848 0.794847 0.28942 0.922047 2.521086

chrX 5060713 5060724 ~ poised 1.261391 1.307994 0.505016 1.307994 2.099073

chrX 5123061 5123072 ~ poised suppressed 2.732014 3.031193 1.773434 3.031193 2.503316

chrX 5208104 5208115 ~ poised suppressed 2.326082 1.573506 0.667292 1.573506 1.807841

chrX 5354154 5354165 ~ poised suppressed 2.485788 2.310325 1.509094 2.57142 2.648913

chrX 5368413 5368424 ~ poised 1.600192 0.255847 0.372539 1.556761 2.205582

chrX 5586465 5586476 ~ poised 1.939646 0.84799 0.089607 0.84799 2.259873

chrX 5764003 5764014 ~ active suppressed 1.219519 2.907707 1.028339 2.907707 2.507041

chrX 6247615 6247626 ~ poised 1.604389 0.709046 0.120054 0.709046 1.633249

chrX 6250272 6250283 ~ poised suppressed 2.129712 1.597067 0.608415 1.597067 2.335869

chrX 6263369 6263380 ~ active suppressed 0.538314 3.080464 1.899727 3.080464 3.974692

chrX 6384356 6384367 ~ poised suppressed 1.471737 0.893852 0.270522 0.893852 1.53155

chrX 6618142 6618153 ~ poised suppressed 1.145021 1.028758 0.048663 1.809976 3.517945

chrX 6742348 6742359 ~ poised suppressed 2.555953 2.598639 1.291936 2.729637 3.430921

chrX 6747433 6747444 ~ poised 1.830712 1.284827 0.961623 1.284827 1.90272

chrX 6778217 6778228 ~ poised suppressed 1.610356 0.917787 0.129691 0.917787 2.047694

chrX 6892151 6892162 ~ poised 3.741837 1.236038 0.395872 1.236038 2.937467

chrX 7152569 7152580 ~ poised suppressed 2.217863 3.577948 2.24049 3.577948 2.778905

chrX 7809728 7809739 ~ active 0.584038 3.214953 1.698967 3.961398 3.31078

chrX 7916260 7916271 ~ poised suppressed 2.421319 3.439317 1.923465 3.439317 2.127095

chrX 7961990 7962001 ~ active suppressed 1.627075 2.944548 1.503346 2.944548 3.008701

chrX 8268335 8268346 ~ poised suppressed 2.090053 2.369846 0.97135 2.369846 2.12418

chrX 8285520 8285531 ~ poised suppressed 1.06598 0.773123 0.585514 0.823613 1.651944

chrX 8298748 8298759 ~ poised suppressed 1.205668 1.774679 0.864945 1.774679 2.216075

chrX 8568425 8568436 ~ poised suppressed 2.40476 3.102159 1.487703 3.102159 2.470585

chrX 8806947 8806958 ~ poised 2.39326 1.235238 0.692784 1.235238 2.240112

chrX 8807051 8807062 ~ poised 2.04571 1.235238 0.60268 1.235238 2.144999

chrX 8811050 8811061 rex active suppressed 1.502965 3.517948 2.127518 3.517948 3.535136

chrX 9089776 9089787 ~ active suppressed 2.215529 2.935254 0.876535 2.935254 2.891005

chrX 9403550 9403561 ~ poised suppressed 1.609024 1.233474 0.724535 1.233474 1.842567

chrX 9404143 9404154 ~ poised suppressed 1.609024 1.233474 0.197636 1.233474 2.181191

chrX 9406332 9406343 ~ poised 1.103274 1.562804 0.349521 1.562804 1.935933

chrX 9410537 9410548 ~ poised suppressed 1.643599 1.827626 0.67649 1.827626 2.326008

chrX 9637417 9637428 ~ active suppressed 1.463253 3.015239 1.595357 3.858602 3.560544

chrX 9667046 9667057 ~ poised suppressed 1.227293 1.170251 0.134364 1.170251 1.969276

chrX 10075054 10075065 ~ poised 2.073145 3.041513 2.061139 3.041513 1.752459

chrX 10201460 10201471 ~ poised 1.374079 1.951503 0.222329 1.951503 2.619253

chrX 10435587 10435598 ~ active suppressed 1.414872 2.719808 0.693739 3.072937 3.119188

chrX 10596701 10596712 ~ poised suppressed 1.0995 3.316604 0.481095 3.316604 3.351424

chrX 10597700 10597711 dox active suppressed 1.49958 3.73109 1.332257 3.73109 3.288671

chrX 10637950 10637961 dox active suppressed 0.979387 0.628135 0.278693 0.980362 1.695915

chrX 10767737 10767748 ~ poised suppressed 2.425783 3.16791 1.183211 3.16791 2.886682

chrX 10990487 10990498 ~ poised suppressed 2.316397 2.62143 0.574143 2.739176 2.794718

chrX 11031964 11031975 ~ active suppressed 2.712011 3.656303 2.921233 3.656303 2.771168

chrX 11509820 11509831 ~ off 0.224001 0.05372 0.072313 0.05372 2.120871

chrX 11546587 11546598 ~ active suppressed 0.226302 3.261203 1.779392 3.261203 2.708459

chrX 11666762 11666773 ~ poised suppressed 1.666657 2.845315 1.754834 2.845315 2.98792

chrX 12407593 12407604 ~ poised suppressed 1.900175 1.358055 0.181917 1.526016 2.259906

chrX 12410255 12410266 ~ poised 1.826355 0.695144 0.085083 0.695144 2.044016

chrX 12474529 12474540 ~ poised 1.202114 0.081845 0.084181 0.935985 1.951849

chrX 12507630 12507641 ~ poised 2.128709 1.855993 0.753446 1.855993 3.010579

chrX 12522731 12522742 ~ poised 0.896498 0.33484 0.060239 1.050999 1.713548

chrX 12721437 12721448 ~ poised 1.522601 0.609211 0.186216 1.560488 2.688336

chrX 12721689 12721700 ~ poised 1.522601 0.609211 0.186216 1.560488 3.09077

chrX 12781387 12781398 ~ poised suppressed 0.914693 0.969541 0.043075 1.305729 1.841977

chrX 12860823 12860834 ~ poised suppressed 0.599757 3.053098 2.082301 3.053098 3.123703

chrX 12932690 12932701 ~ poised 0.792172 0.778242 0.144353 1.483298 2.126059

chrX 13397463 13397474 ~ poised suppressed 1.006226 1.419866 1.014157 1.419866 2.342475

chrX 13526505 13526516 ~ active suppressed 1.252275 3.359606 1.645465 3.359606 3.308986

chrX 13584916 13584927 ~ active suppressed 1.069932 3.500319 1.602051 3.500319 3.672792

chrX 13670331 13670342 ~ poised 1.229576 2.630075 0.853811 2.630075 2.82211

chrX 13712986 13712997 ~ active suppressed 1.125373 0.36747 0.045935 0.449198 2.529454

chrX 13871836 13871847 ~ poised 0.732562 0.754831 0.030165 0.754831 2.635473

chrX 13936975 13936986 ~ poised 1.82462 1.139018 0.24185 1.139018 1.967433

chrX 13968529 13968540 ~ poised suppressed 1.918584 2.382567 0.596996 2.382567 2.05428

chrX 14104451 14104462 ~ poised suppressed 1.978975 1.063956 1.248485 1.063956 2.319194

chrX 14168821 14168832 ~ poised 1.522257 2.425572 0.680112 2.425572 2.431879

chrX 14169266 14169277 ~ poised 1.387873 3.286123 2.335101 3.286123 2.686333

chrX 14495301 14495312 ~ poised 1.049559 0.948992 0.120803 0.948992 1.765383

chrX 14504575 14504586 ~ poised suppressed 3.038366 2.682747 1.437043 2.682747 3.181927

chrX 14515575 14515586 ~ poised suppressed 1.169773 0.634484 0.465111 0.732336 2.243169

chrX 14712163 14712174 ~ poised suppressed 1.28351 2.668783 0.514989 2.668783 2.182399

chrX 14755782 14755793 ~ poised suppressed 1.766077 0.753195 0.381981 0.753195 2.273116

chrX 14852891 14852902 ~ poised suppressed 1.86307 1.931083 1.309749 1.931083 1.784185

chrX 15274921 15274932 ~ poised suppressed 3.201719 2.529284 1.085105 3.883119 3.596562

chrX 15736600 15736611 ~ poised suppressed 1.048162 0.4281 0.005508 7.207876 1.525262

chrX 15795725 15795736 ~ poised 1.246472 0.323881 0.506779 0.92002 1.816724

chrX 15798659 15798670 ~ poised suppressed 1.345576 2.37519 1.920675 2.37519 2.883915

chrX 15866234 15866245 ~ active suppressed 1.431577 2.379932 1.989637 2.379932 3.472413

chrX 16400412 16400423 ~ poised 1.392206 0.642143 0.034257 2.008971 3.054121

chrX 16417034 16417045 ~ poised 1.24845 0.573776 0.254783 0.573776 1.677552

chrX 16527918 16527929 ~ poised suppressed 1.449031 1.085378 0.087237 1.147836 2.003136

chrX 16794982 16794993 ~ poised suppressed 1.558493 0.615907 0.684797 0.849013 1.54424

chrX 16997408 16997419 ~ poised 1.44403 0.674514 0.124551 0.923833 1.88478

chrX 17001580 17001591 ~ poised 1.642475 0.531713 0.205675 0.531713 1.694462

chrX 17105252 17105263 ~ poised suppressed 2.532552 1.630743 1.060014 1.630743 1.863131

chrX 17105674 17105685 ~ poised suppressed 2.028305 0.785896 0.467585 0.915582 1.583835

chrX 17221990 17222001 ~ active suppressed 0.588305 2.851526 1.23865 2.851526 3.220868

chrX 17472959 17472970 ~ poised 1.050639 1.072263 0.36826 1.895188 1.848904

chromosome start  stop known? ele type H3K27me3 status H3K4me1 max H3K27ac max H4K16ac min SDC-2 max DPY-27 min

chrI 7500592 7500603 ~ active suppressed 0.235827 3.220791 0.962293 3.220791 2.341042

chrI 12065532 12065543 ~ active suppressed 1.253599 3.486584 2.164847 3.486584 1.823387

chrII 2220078 2220089 ~ active suppressed 1.827783 3.953937 3.042383 3.953937 1.845122

chrII 12551082 12551093 ~ poised suppressed 1.61408 1.359033 0.400069 4.193869 1.810697

chrII 14804580 14804591 ~ active suppressed 1.050795 2.715515 1.188403 2.715515 2.02639

chrIII 4281021 4281032 ~ active suppressed 0.802852 3.213548 1.213034 3.213548 2.067004

chrIII 9176083 9176094 ~ poised suppressed 1.279208 3.24921 1.242661 3.24921 1.700373

chrIII 10460830 10460841 ~ poised suppressed 1.194172 3.937715 3.103079 3.937715 2.158347

chrIV 3233017 3233028 ~ active suppressed 0.814955 3.388084 1.673222 3.582584 2.268637

chrIV 4277886 4277897 ~ poised suppressed 2.272632 2.238716 1.539009 2.238716 1.734795

chrX 373783 373794 ~ poised suppressed 1.420112 0.620456 0.022709 0.765682 1.950051

chrX 382950 382961 ~ active suppressed 2.005524 3.449735 2.773189 3.449735 3.499937

chrX 647226 647237 ~ poised 0.500331 0.676114 0.060592 1.005102 1.710105

chrX 678938 678949 ~ poised 2.89077 2.015134 0.964325 2.015134 2.234935

chrX 900566 900577 ~ poised suppressed 0.534033 0.015029 0.034387 0.542774 1.993424

chrX 954906 954917 ~ active suppressed 0.805811 3.223496 2.264749 3.223496 3.179078

chrX 1223907 1223918 ~ active suppressed 2.319075 3.136947 0.673972 3.136947 3.180429

chrX 1682742 1682753 rex poised suppressed 1.336883 0.605274 0.27879 2.024613 3.632825

chrX 1962054 1962065 ~ active suppressed 2.272538 1.542396 0.362245 3.842289 3.183019

chrX 1962108 1962119 ~ nes 2.272538 1.35896 0.304795 3.659776 3.106035

chrX 1977824 1977835 ~ poised suppressed 1.807083 1.569598 1.337203 1.569598 3.267088

chrX 2045241 2045252 ~ nes 1.124892 3.221759 1.41899 3.221759 2.717643

chrX 2211842 2211853 ~ poised 2.705833 1.42103 0.500221 1.42103 2.058081

chrX 2522849 2522860 ~ poised 3.112784 1.398901 0.256624 1.398901 2.049625

chrX 2543698 2543709 ~ poised suppressed 1.72808 0.735982 0.121192 1.098437 1.703149

chrX 2590905 2590916 ~ poised suppressed 1.741708 1.553894 0.631365 1.553894 1.81221

chrX 2668052 2668063 ~ poised suppressed 1.610486 2.140347 1.212372 2.140347 2.38784

chrX 2791567 2791578 ~ poised suppressed 2.475801 1.494962 0.73525 1.494962 2.396333

chrX 2852293 2852304 ~ poised suppressed 3.087223 2.627376 1.890881 3.629713 3.229354

chrX 3067145 3067156 ~ poised suppressed 2.978484 1.468195 0.296841 1.468195 2.549525

chrX 3200843 3200854 rex poised suppressed 2.823021 1.430822 0.015404 1.430822 2.3592

chrX 3332561 3332572 ~ poised suppressed 2.195613 1.479566 0.384396 1.479566 2.067197

chrX 3456673 3456684 ~ poised 2.449955 1.278648 0.070337 1.27905 2.990137

chrX 3466457 3466468 ~ poised suppressed 2.251779 2.872315 1.132987 2.872315 2.608318

chrX 3575190 3575201 ~ poised suppressed 0.903022 1.373397 0.300107 1.373397 1.761407

chrX 3698312 3698323 ~ poised 1.381047 0.565278 0.63527 1.174284 1.797736

chrX 3791106 3791117 ~ poised suppressed 2.653921 0.793208 0.330912 0.793208 2.057771

chrX 3898931 3898942 ~ poised 1.864114 1.992557 0.88136 1.992557 2.40553

chrX 4010695 4010706 rex poised suppressed 2.106272 2.615016 1.719063 2.615016 2.778086

chrX 4152113 4152124 ~ poised suppressed 1.985417 2.416741 1.485077 2.416741 2.519274

chrX 4219297 4219308 ~ poised suppressed 2.188487 1.632598 0.317645 1.632598 2.569818

chrX 4512786 4512797 ~ active suppressed 1.707252 3.201525 2.143272 3.201525 2.374888

chrX 4520050 4520061 ~ poised 1.77858 1.425551 0.87575 1.425551 2.316138

chrX 4699842 4699853 ~ active suppressed 1.162912 3.159537 1.86269 3.159537 3.498756

chrX 4699848 4699859 ~ active suppressed 1.162912 3.159537 1.86269 3.159537 3.498756

chrX 4744201 4744212 ~ poised 2.804159 0.974899 0.021653 0.974899 2.016955

chrX 4960921 4960932 ~ poised suppressed 1.685304 3.696536 2.022047 3.696536 4.078779

chrX 4969333 4969344 ~ poised suppressed 1.306836 1.713384 0.573295 1.713384 2.877473

chrX 4978307 4978318 ~ active 2.485848 0.794847 0.28942 0.922047 2.521086

chrX 5060713 5060724 ~ poised 1.261391 1.307994 0.505016 1.307994 2.099073

chrX 5123061 5123072 ~ poised suppressed 2.732014 3.031193 1.773434 3.031193 2.503316

chrX 5208104 5208115 ~ poised suppressed 2.326082 1.573506 0.667292 1.573506 1.807841

chrX 5354154 5354165 ~ poised suppressed 2.485788 2.310325 1.509094 2.57142 2.648913

chrX 5368413 5368424 ~ poised 1.600192 0.255847 0.372539 1.556761 2.205582

chrX 5586465 5586476 ~ poised 1.939646 0.84799 0.089607 0.84799 2.259873

chrX 5764003 5764014 ~ active suppressed 1.219519 2.907707 1.028339 2.907707 2.507041

chrX 6247615 6247626 ~ poised 1.604389 0.709046 0.120054 0.709046 1.633249

chrX 6250272 6250283 ~ poised suppressed 2.129712 1.597067 0.608415 1.597067 2.335869

chrX 6263369 6263380 ~ active suppressed 0.538314 3.080464 1.899727 3.080464 3.974692

chrX 6384356 6384367 ~ poised suppressed 1.471737 0.893852 0.270522 0.893852 1.53155

chrX 6618142 6618153 ~ poised suppressed 1.145021 1.028758 0.048663 1.809976 3.517945

chrX 6742348 6742359 ~ poised suppressed 2.555953 2.598639 1.291936 2.729637 3.430921

chrX 6747433 6747444 ~ poised 1.830712 1.284827 0.961623 1.284827 1.90272

chrX 6778217 6778228 ~ poised suppressed 1.610356 0.917787 0.129691 0.917787 2.047694

chrX 6892151 6892162 ~ poised 3.741837 1.236038 0.395872 1.236038 2.937467

chrX 7152569 7152580 ~ poised suppressed 2.217863 3.577948 2.24049 3.577948 2.778905

chrX 7809728 7809739 ~ active 0.584038 3.214953 1.698967 3.961398 3.31078

chrX 7916260 7916271 ~ poised suppressed 2.421319 3.439317 1.923465 3.439317 2.127095

chrX 7961990 7962001 ~ active suppressed 1.627075 2.944548 1.503346 2.944548 3.008701

chrX 8268335 8268346 ~ poised suppressed 2.090053 2.369846 0.97135 2.369846 2.12418

chrX 8285520 8285531 ~ poised suppressed 1.06598 0.773123 0.585514 0.823613 1.651944

chrX 8298748 8298759 ~ poised suppressed 1.205668 1.774679 0.864945 1.774679 2.216075

chrX 8568425 8568436 ~ poised suppressed 2.40476 3.102159 1.487703 3.102159 2.470585

chrX 8806947 8806958 ~ poised 2.39326 1.235238 0.692784 1.235238 2.240112

chrX 8807051 8807062 ~ poised 2.04571 1.235238 0.60268 1.235238 2.144999

chrX 8811050 8811061 rex active suppressed 1.502965 3.517948 2.127518 3.517948 3.535136

chrX 9089776 9089787 ~ active suppressed 2.215529 2.935254 0.876535 2.935254 2.891005

chrX 9403550 9403561 ~ poised suppressed 1.609024 1.233474 0.724535 1.233474 1.842567

chrX 9404143 9404154 ~ poised suppressed 1.609024 1.233474 0.197636 1.233474 2.181191

chrX 9406332 9406343 ~ poised 1.103274 1.562804 0.349521 1.562804 1.935933

chrX 9410537 9410548 ~ poised suppressed 1.643599 1.827626 0.67649 1.827626 2.326008

chrX 9637417 9637428 ~ active suppressed 1.463253 3.015239 1.595357 3.858602 3.560544

chrX 9667046 9667057 ~ poised suppressed 1.227293 1.170251 0.134364 1.170251 1.969276

chrX 10075054 10075065 ~ poised 2.073145 3.041513 2.061139 3.041513 1.752459

chrX 10201460 10201471 ~ poised 1.374079 1.951503 0.222329 1.951503 2.619253

chrX 10435587 10435598 ~ active suppressed 1.414872 2.719808 0.693739 3.072937 3.119188

chrX 10596701 10596712 ~ poised suppressed 1.0995 3.316604 0.481095 3.316604 3.351424

chrX 10597700 10597711 dox active suppressed 1.49958 3.73109 1.332257 3.73109 3.288671

chrX 10637950 10637961 dox active suppressed 0.979387 0.628135 0.278693 0.980362 1.695915

chrX 10767737 10767748 ~ poised suppressed 2.425783 3.16791 1.183211 3.16791 2.886682

chrX 10990487 10990498 ~ poised suppressed 2.316397 2.62143 0.574143 2.739176 2.794718

chrX 11031964 11031975 ~ active suppressed 2.712011 3.656303 2.921233 3.656303 2.771168

chrX 11509820 11509831 ~ off 0.224001 0.05372 0.072313 0.05372 2.120871

chrX 11546587 11546598 ~ active suppressed 0.226302 3.261203 1.779392 3.261203 2.708459

chrX 11666762 11666773 ~ poised suppressed 1.666657 2.845315 1.754834 2.845315 2.98792

chrX 12407593 12407604 ~ poised suppressed 1.900175 1.358055 0.181917 1.526016 2.259906

chrX 12410255 12410266 ~ poised 1.826355 0.695144 0.085083 0.695144 2.044016

chrX 12474529 12474540 ~ poised 1.202114 0.081845 0.084181 0.935985 1.951849

chrX 12507630 12507641 ~ poised 2.128709 1.855993 0.753446 1.855993 3.010579

chrX 12522731 12522742 ~ poised 0.896498 0.33484 0.060239 1.050999 1.713548

chrX 12721437 12721448 ~ poised 1.522601 0.609211 0.186216 1.560488 2.688336

chrX 12721689 12721700 ~ poised 1.522601 0.609211 0.186216 1.560488 3.09077

chrX 12781387 12781398 ~ poised suppressed 0.914693 0.969541 0.043075 1.305729 1.841977

chrX 12860823 12860834 ~ poised suppressed 0.599757 3.053098 2.082301 3.053098 3.123703

chrX 12932690 12932701 ~ poised 0.792172 0.778242 0.144353 1.483298 2.126059

chrX 13397463 13397474 ~ poised suppressed 1.006226 1.419866 1.014157 1.419866 2.342475

chrX 13526505 13526516 ~ active suppressed 1.252275 3.359606 1.645465 3.359606 3.308986

chrX 13584916 13584927 ~ active suppressed 1.069932 3.500319 1.602051 3.500319 3.672792

chrX 13670331 13670342 ~ poised 1.229576 2.630075 0.853811 2.630075 2.82211

chrX 13712986 13712997 ~ active suppressed 1.125373 0.36747 0.045935 0.449198 2.529454

chrX 13871836 13871847 ~ poised 0.732562 0.754831 0.030165 0.754831 2.635473

chrX 13936975 13936986 ~ poised 1.82462 1.139018 0.24185 1.139018 1.967433

chrX 13968529 13968540 ~ poised suppressed 1.918584 2.382567 0.596996 2.382567 2.05428

chrX 14104451 14104462 ~ poised suppressed 1.978975 1.063956 1.248485 1.063956 2.319194

chrX 14168821 14168832 ~ poised 1.522257 2.425572 0.680112 2.425572 2.431879

chrX 14169266 14169277 ~ poised 1.387873 3.286123 2.335101 3.286123 2.686333

chrX 14495301 14495312 ~ poised 1.049559 0.948992 0.120803 0.948992 1.765383

chrX 14504575 14504586 ~ poised suppressed 3.038366 2.682747 1.437043 2.682747 3.181927

chrX 14515575 14515586 ~ poised suppressed 1.169773 0.634484 0.465111 0.732336 2.243169

chrX 14712163 14712174 ~ poised suppressed 1.28351 2.668783 0.514989 2.668783 2.182399

chrX 14755782 14755793 ~ poised suppressed 1.766077 0.753195 0.381981 0.753195 2.273116

chrX 14852891 14852902 ~ poised suppressed 1.86307 1.931083 1.309749 1.931083 1.784185

chrX 15274921 15274932 ~ poised suppressed 3.201719 2.529284 1.085105 3.883119 3.596562

chrX 15736600 15736611 ~ poised suppressed 1.048162 0.4281 0.005508 7.207876 1.525262

chrX 15795725 15795736 ~ poised 1.246472 0.323881 0.506779 0.92002 1.816724

chrX 15798659 15798670 ~ poised suppressed 1.345576 2.37519 1.920675 2.37519 2.883915

chrX 15866234 15866245 ~ active suppressed 1.431577 2.379932 1.989637 2.379932 3.472413

chrX 16400412 16400423 ~ poised 1.392206 0.642143 0.034257 2.008971 3.054121

chrX 16417034 16417045 ~ poised 1.24845 0.573776 0.254783 0.573776 1.677552

chrX 16527918 16527929 ~ poised suppressed 1.449031 1.085378 0.087237 1.147836 2.003136

chrX 16794982 16794993 ~ poised suppressed 1.558493 0.615907 0.684797 0.849013 1.54424

chrX 16997408 16997419 ~ poised 1.44403 0.674514 0.124551 0.923833 1.88478

chrX 17001580 17001591 ~ poised 1.642475 0.531713 0.205675 0.531713 1.694462

chrX 17105252 17105263 ~ poised suppressed 2.532552 1.630743 1.060014 1.630743 1.863131

chrX 17105674 17105685 ~ poised suppressed 2.028305 0.785896 0.467585 0.915582 1.583835

chrX 17221990 17222001 ~ active suppressed 0.588305 2.851526 1.23865 2.851526 3.220868

chrX 17472959 17472970 ~ poised 1.050639 1.072263 0.36826 1.895188 1.848904
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chromosome start  stop known? ele type H3K27me3 status H3K4me1 max H3K27ac max H4K16ac min SDC-2 min

chrI 7214602 7215407 ~ poised 2.819681 1.461904 0.302246 0.134732

chrII 11884229 11884523 ~ poised suppressed 2.087381 2.632066 1.41277 0.488526

chrII 11960564 11960897 ~ active suppressed 2.086116 1.040199 0.912975 0.944171

chrIII 352284 352494 ~ poised 3.004247 2.8675 2.876318 0.382666

chrIII 11054570 11054943 ~ poised suppressed 1.966063 2.288088 2.117288 0.912572

chrIII 12738010 12738294 ~ poised suppressed 0.469568 0.856544 0.628204 1.078421

chrIII 13673705 13673949 ~ poised 2.770301 1.193975 0.924046 0.606567

chrIV 4405385 4406481 ~ active suppressed 2.798995 3.351641 2.14544 1.548864

chrIV 8252933 8253189 ~ poised suppressed 0.678784 0.534317 -0.084223 0.556021

chrIV 8927033 8927325 ~ poised suppressed 1.242358 2.361955 1.465692 1.197651

chrIV 9191211 9191502 ~ active suppressed 1.210886 0.467869 -0.081898 0.172032

chrIV 11025970 11026386 ~ active suppressed 0.644031 3.352595 1.793109 2.988894

chrIV 11549789 11550042 ~ active suppressed 1.61881 0.217099 0.408148 0.992747

chrIV 16388187 16389266 ~ poised suppressed 3.093372 2.648451 1.358904 1.115477

chrV 4498842 4499800 ~ poised 2.747655 1.76016 -0.451105 1.476704

chrV 6470543 6470742 ~ poised 2.317508 3.602374 2.23528 0.006141

chrV 7774262 7774591 ~ active suppressed 1.488981 1.606126 1.305687 0.554024

chrV 11314022 11314339 ~ active suppressed 1.640637 1.016949 0.321642 1.372545

chrV 12001919 12002297 ~ active suppressed 1.524459 2.202688 0.955671 0.342874

chrV 12303454 12303749 ~ active suppressed 2.113107 0.736565 0.787855 1.179997

chrV 13374528 13374736 ~ poised suppressed 1.903896 2.12433 1.420062 0.723976

chrV 13655332 13655698 ~ poised suppressed 2.005848 2.334083 1.341896 1.389049

chrV 13818865 13819042 ~ active suppressed 1.516765 3.609574 2.794252 0.008566

chrV 18808499 18809067 ~ poised suppressed 1.602114 3.239587 1.56247 0.4858

chrV 19643034 19643322 ~ active suppressed 1.788547 3.401548 0.819302 1.3922

chrX 348210 348480 ~ poised suppressed 1.869188 2.634616 1.897913 0.346379

chrX 353186 353501 ~ poised suppressed 1.706894 2.069905 1.400602 0.883764

chrX 382538 383012 ~ active suppressed 1.4256 3.449735 2.946871 0.8169

chrX 409955 410813 ~ active suppressed 2.024381 1.067771 -0.146031 4.783406

chrX 535798 536180 ~ active suppressed 2.44461 2.653073 1.062727 0.756118

chrX 768082 768397 ~ poised suppressed 1.052283 3.008384 2.029601 1.873768

chrX 788039 788298 ~ poised suppressed 2.042824 2.51968 2.091378 0.756931

chrX 870955 871383 ~ active suppressed 0.711852 3.385614 1.117906 2.32963

chrX 876992 877304 ~ poised suppressed 1.843369 2.94661 1.87398 1.898344

chrX 915459 915816 ~ active suppressed 1.602323 3.015662 2.242317 1.21532

chrX 949470 949860 ~ active suppressed 0.69904 3.596118 1.147253 2.474589

chrX 1093212 1093497 ~ active suppressed 1.987253 2.821031 1.13428 1.851233

chrX 1103710 1104020 ~ active suppressed 2.303023 3.590396 2.141722 0.04011

chrX 1128560 1128817 ~ active suppressed 1.695657 2.811423 1.816804 1.413979

chrX 1302301 1302625 ~ active suppressed 0.974779 1.945934 0.511519 2.185186

chrX 1319804 1320122 ~ poised suppressed 1.949991 2.612837 1.30982 2.464673

chrX 1446792 1447133 ~ active suppressed 0.515337 3.142849 1.636309 2.009531

chrX 1454367 1454775 ~ active suppressed 2.706662 2.380555 1.501362 2.454616

chrX 1524678 1524978 ~ active suppressed 2.655546 2.025685 0.637842 0.287455

chrX 1845573 1845759 ~ poised suppressed 1.90723 2.720684 2.023166 0.696706

chrX 1856219 1856589 ~ active suppressed 1.779669 2.919546 1.428396 2.942744

chrX 1961363 1961609 ~ poised suppressed 2.108049 2.803983 1.165695 4.157329

chrX 2242852 2243109 ~ active suppressed 0.338313 3.469257 1.825462 1.269959

chrX 2368196 2368938 ~ active suppressed 1.703794 3.475068 2.111758 2.469546

chrX 2401946 2402336 ~ active suppressed 0.106127 3.294262 0.873973 1.254493

chrX 2439316 2439550 ~ poised suppressed 2.459086 2.913494 2.215539 0.383663

chrX 2536373 2536783 ~ active suppressed 1.972945 3.158324 1.235022 2.458543

chrX 2667847 2668086 ~ poised suppressed 1.610486 2.140347 1.205337 0.17609

chrX 2687206 2687466 ~ poised suppressed 2.22048 2.842188 1.779424 0.512443

chrX 2688617 2688818 ~ poised suppressed 1.630187 2.812929 2.186549 0.747765

chrX 2802537 2803073 ~ poised 2.245234 2.142573 1.010875 1.626888

chrX 2852379 2852913 ~ poised suppressed 3.048523 2.627376 1.62297 3.15821

chrX 2924365 2924660 ~ poised suppressed 2.892096 1.905057 -0.167492 0.592164

chrX 3090050 3090380 ~ poised suppressed 1.206414 3.749137 2.571859 1.644033

chrX 3099981 3100081 ~ active suppressed 0.812269 2.597856 2.136423 1.114107

chrX 3127560 3128098 ~ active suppressed 0.73302 3.601403 1.537353 2.916403

chrX 3245842 3246077 ~ active suppressed 0.655028 3.26926 2.007245 1.377658

chrX 3605780 3606014 ~ active suppressed 1.057497 3.109058 2.236337 1.488879

chrX 3914159 3914601 ~ active suppressed 1.687278 0.617238 0.319342 0.923754

chrX 3969890 3970213 ~ poised suppressed 1.677181 0.805295 -0.02125 1.746532

chrX 4157882 4158266 ~ active suppressed 2.080136 3.513551 2.003754 0.913519

chrX 4190584 4190913 ~ active suppressed 0.237325 3.603617 2.010495 1.277804

chrX 4214644 4214908 ~ poised suppressed 2.021919 2.865764 0.813905 1.720372

chrX 4222338 4223334 ~ active suppressed 1.17924 3.079835 0.494356 1.720668

chrX 4388818 4389252 dox active suppressed 0.219838 3.11479 1.115749 2.980027

chrX 4444165 4444365 ~ poised suppressed 1.801225 0.590726 0.228917 1.162511

chrX 4469311 4469581 ~ poised suppressed 0.915857 2.237308 1.361035 0.903568

chrX 4523715 4524230 ~ active suppressed 1.559184 3.485678 0.993298 2.534964

chrX 4635722 4635956 ~ active suppressed 2.103706 3.336712 2.920596 1.044291

chrX 4890229 4890449 ~ poised suppressed 1.463169 2.261023 1.97078 0.96069

chrX 4961468 4962586 ~ poised suppressed 1.812909 3.134846 1.945372 3.195109

chrX 5085519 5085855 ~ poised suppressed 1.448188 3.505025 0.443128 2.360008

chrX 5275292 5275555 ~ active suppressed 1.073309 2.766614 2.293241 1.050461

chrX 5319324 5319551 ~ poised suppressed 1.051649 0.433373 -0.096072 0.955461

chrX 5336507 5336841 ~ poised suppressed 1.289398 2.299631 1.047988 1.31299

chrX 5407344 5407574 ~ poised 1.436784 0.376804 -0.002016 1.144599

chrX 5475018 5475587 ~ active suppressed 1.792458 3.117767 0.944253 2.638929

chrX 5686031 5686501 ~ active suppressed 2.392153 3.00086 1.127596 1.369468

chrX 5764764 5765077 ~ active suppressed 2.086235 3.444248 1.491145 2.501161

chrX 5781945 5782385 ~ active suppressed 1.201992 3.603807 2.694052 0.750935

chrX 5812025 5812447 dox active suppressed 2.215749 2.897469 1.257574 2.528112

chrX 5840975 5841422 ~ active suppressed 0.261261 3.296333 1.370223 2.667921

chrX 5984572 5984824 ~ poised suppressed 1.800123 2.424636 1.645709 0.909397

chrX 6097605 6097866 ~ active suppressed 1.843766 2.353614 1.541312 0.793943

chrX 6207617 6207993 ~ active suppressed 1.250192 2.540516 0.783791 1.842231

chrX 6292743 6293050 ~ poised suppressed 1.80701 2.533349 1.310857 1.12405

chrX 6371165 6371466 ~ poised suppressed 2.198479 1.721071 -0.107602 0.213847

chrX 6377988 6378666 ~ poised suppressed 1.027323 3.558023 2.416481 1.417534

chrX 6804963 6805162 ~ poised suppressed 2.364805 1.881327 1.071458 0.867845

chrX 6806492 6806869 ~ poised suppressed 2.276007 3.263169 1.624034 1.390754

chrX 7264700 7265283 ~ active suppressed 0.601503 3.443641 1.013566 2.334396

chrX 7334189 7334660 ~ active suppressed 0.404983 3.585712 1.824064 1.22167

chrX 7475054 7475331 ~ active suppressed 1.71687 3.096373 2.520981 0.474322

chrX 7782369 7782693 ~ active suppressed 1.783221 2.786631 2.456882 0.578734

chrX 7787979 7788314 ~ active suppressed 2.029667 3.104972 2.475638 0.888637

chrX 7823054 7823402 ~ active suppressed 0.885587 3.143859 2.214288 1.398233

chrX 7951494 7951843 ~ active suppressed 1.350679 3.568206 1.41682 2.590145

chrX 8029076 8029346 dox poised suppressed 1.476081 3.044145 1.801895 0.726652

chrX 8103906 8104167 ~ active suppressed 0.735905 3.251555 1.376047 2.305558

chrX 8156034 8156273 ~ active suppressed 1.617134 1.793922 0.889429 1.456125

chrX 8286772 8287077 ~ active suppressed 0.772945 3.519823 2.023153 0.805434

chrX 8565765 8566317 ~ poised suppressed 2.22604 1.976018 1.365066 0.634914

chrX 8646240 8646450 ~ poised suppressed 1.335284 0.731446 -0.131251 0.882325

chrX 8810936 8811448 rex active suppressed 1.961613 3.577046 2.127518 2.695664

chrX 8835564 8836197 ~ active suppressed 0.97643 2.683145 1.277732 1.275724

chrX 8911085 8911391 ~ active suppressed 1.018221 2.645155 1.967001 0.241317

chrX 9271960 9272275 dox active suppressed 1.785994 3.168053 2.869111 1.477656

chrX 9337756 9338087 dox active suppressed 1.258424 3.373678 1.268292 1.425033

chrX 9347546 9347927 ~ active suppressed 1.189585 2.708947 2.556437 0.675253

chrX 9441493 9441777 ~ active suppressed 2.090606 2.935358 2.529424 1.001435

chrX 9637105 9637901 ~ active suppressed 1.494315 3.059324 1.595357 2.486651

chrX 9822620 9822884 ~ active suppressed 1.29361 3.619514 2.059399 1.555403

chrX 9838211 9838373 ~ active suppressed 1.396947 2.721903 1.928522 0.533338

chrX 9899723 9900052 ~ active suppressed 1.511059 3.168925 1.933099 1.187521

chrX 9932290 9932754 ~ active suppressed 1.637177 3.484519 1.383394 2.880893

chrX 9958438 9958902 ~ active suppressed 1.713223 3.376185 2.372735 1.309442

chrX 9999059 10000076 ~ active suppressed 1.055301 3.267287 1.350626 1.730193

chrX 10146591 10146931 ~ active suppressed 1.657117 2.734175 1.475875 2.022212

chrX 10188373 10188765 dox active suppressed 2.027597 3.461523 1.636278 2.313844

chrX 10372690 10372892 ~ active suppressed 1.053079 3.284056 1.0992 1.039698

chrX 10377653 10377955 ~ poised suppressed 1.905907 2.748164 1.914245 0.800666

chrX 10435435 10435976 ~ active suppressed 1.414872 2.376314 0.693739 2.280111

chrX 10963657 10963889 ~ poised suppressed 1.22592 0.583484 0.00406 0.775229

chrX 11030958 11031666 ~ active suppressed 1.892183 3.576705 0.673983 2.997789

chrX 11206951 11207229 dox active suppressed 0.607408 3.100925 2.397525 0.503043

chrX 11299557 11299950 rex/dox active suppressed 1.69712 3.804456 1.769279 1.876426

chrX 11344921 11345200 ~ poised suppressed 1.374812 0.729599 0.001932 1.01961

chrX 11367584 11367840 dox poised 2.660923 2.08367 1.091813 0.447126

chrX 11522032 11522288 ~ active suppressed 0.448145 3.426668 1.154598 2.771406

chrX 11605855 11606142 ~ active suppressed 3.02341 3.204909 1.496469 2.830999

chrX 11798050 11798263 ~ active suppressed 0.68271 3.315638 1.732365 1.9177

chrX 11947092 11947391 ~ poised suppressed 1.705842 3.781678 2.043526 2.167783

chrX 12017923 12018184 ~ poised suppressed 1.698128 2.165641 1.849273 0.781624

chrX 12393724 12394119 dox active suppressed 1.325366 3.254386 2.316629 0.653526

chrX 12480411 12480674 ~ active suppressed 1.305905 2.842531 1.634879 1.526355

chrX 12670333 12670688 ~ active suppressed 2.176203 3.102305 1.416724 2.233707

chrX 13121090 13121443 ~ active suppressed 1.685617 1.753166 1.006356 1.867605

chrX 13264553 13264875 ~ poised suppressed 1.116262 0.182733 0.113178 1.308604

chrX 13396543 13396817 ~ poised suppressed 1.590105 2.297543 1.98508 0.62812

chrX 13419853 13420099 ~ active suppressed 1.917808 3.283223 2.145444 2.018729

chrX 13518998 13519344 ~ active suppressed 0.780042 3.109038 0.857142 2.583441

chrX 13583763 13584274 ~ active suppressed 1.298953 3.612964 1.479251 2.035724

chrX 13596008 13596291 ~ active suppressed 1.908015 3.011012 2.074821 0.803184

chrX 13653579 13653778 ~ active suppressed 1.966362 1.092276 0.19052 0.30695

chrX 13686971 13687386 ~ active suppressed 1.839501 3.352131 2.057392 1.729687

chrX 13726906 13727124 ~ active suppressed 1.455931 2.962776 1.887632 0.594631

chrX 13950511 13951004 ~ active suppressed 1.315867 2.682957 1.071794 2.422613

chrX 13969449 13969872 ~ active suppressed 1.84633 3.32027 1.955647 2.44253

chrX 13977374 13977737 ~ active suppressed 1.169635 3.248529 2.363432 1.173546

chrX 14102016 14102240 ~ active suppressed 1.135466 3.27913 2.567891 2.048147

chrX 14169653 14169981 ~ active suppressed 1.119544 3.14673 2.660182 0.850786

chrX 14243502 14243776 ~ active suppressed 1.811577 3.516181 1.736243 0.228962

chrX 14312365 14312647 ~ active suppressed 0.79547 3.075937 0.545838 1.085939

chrX 14489914 14490304 ~ active suppressed 0.307683 3.531141 1.643213 2.009736

chrX 14602605 14602927 ~ active suppressed 1.111996 3.354193 2.023625 1.932355

chrX 14610386 14610649 ~ active suppressed 1.14646 2.961697 1.377136 1.699395

chrX 14708181 14708467 ~ active suppressed 1.443671 2.897993 2.010907 1.335351

chrX 14753507 14753790 ~ active suppressed 0.964113 3.142158 1.825457 1.095199

chrX 14810712 14810945 ~ poised suppressed 1.972007 2.628335 1.613434 1.33129

chrX 14818587 14819300 ~ active suppressed 1.60943 3.9054 1.328 3.410499

chrX 14853799 14854084 ~ active suppressed 1.56783 2.904047 2.567913 1.280674

chrX 15100570 15100853 ~ active suppressed 0.879023 3.456075 1.792274 1.076703

chrX 15148500 15149048 ~ poised suppressed 2.111159 0.910948 -0.147627 0.599409

chrX 15181391 15181673 ~ active suppressed 1.782425 3.352326 2.022705 1.613637

chrX 15281164 15281463 ~ poised suppressed 2.038363 3.145682 1.703559 1.123498

chrX 15353953 15354213 ~ poised 1.813819 1.662592 1.075459 0.712831

chrX 15515572 15516008 ~ poised 1.939261 0.54805 0.332477 0.337238

chrX 15568016 15568480 ~ active suppressed 1.057203 3.024297 1.767264 2.058808

chrX 15606805 15607225 ~ active suppressed 1.364124 3.17316 1.785637 2.735928

chrX 15689276 15689524 ~ active suppressed 1.002673 3.353056 2.132297 0.143662

chrX 15707194 15707770 ~ active suppressed 1.747407 2.509431 0.450363 1.635117

chrX 15736423 15736752 ~ poised suppressed 1.048162 0.4281 0.005508 3.692006

chrX 15841091 15841370 ~ active suppressed 0.149708 3.437329 1.666278 2.533057

chrX 15849338 15849576 ~ poised suppressed 0.933565 2.304866 1.522655 1.575641

chrX 16147409 16148047 ~ active suppressed 1.174644 3.031233 0.438687 2.01424

chrX 16156854 16157285 ~ poised suppressed 3.060908 1.461969 0.307743 1.494799

chrX 16202167 16202512 ~ active suppressed 1.427687 1.144647 0.201053 3.708138

chrX 16275278 16275509 ~ active suppressed 0.840923 3.087415 1.853289 1.092199

chrX 16445833 16446186 ~ active suppressed 1.003049 2.876611 1.072101 2.055689

chrX 16612172 16612954 ~ active suppressed 0.698964 3.244167 0.705001 2.793402

chrX 16704073 16704398 ~ active suppressed 1.567144 2.894289 1.771888 0.709492

chrX 16726634 16727149 ~ active suppressed 1.481195 2.622764 0.919564 2.36656

chrX 16929432 16930528 ~ active suppressed 0.797144 3.791422 1.964627 3.759633

chrX 16961306 16961663 ~ active suppressed 0.791155 3.409375 1.371887 1.354473

chrX 17151136 17151425 ~ active suppressed 1.060904 3.562175 2.381364 1.237075

chrX 17181164 17181845 ~ poised suppressed 1.663242 1.731197 -0.177587 5.165961

chrX 17184333 17184674 dox active suppressed 2.036549 2.51838 0.880784 1.397085

chrX 17392189 17392416 ~ active suppressed 1.737618 2.982369 2.364773 1.032649

chrX 17451359 17451623 ~ active suppressed 1.069595 3.056188 1.75073 0.621094

chrX 17479827 17480378 ~ active suppressed 2.075798 3.076252 1.189255 2.853988

chrX 17505722 17506130 ~ active suppressed 2.57565 1.792353 1.169087 1.093266

chrX 17513431 17513838 ~ active suppressed 1.525378 3.26968 1.864744 2.042648

chromosome start  stop known? ele type H3K27me3 status H3K4me1 max H3K27ac max H4K16ac min SDC-2 min

chrI 7214602 7215407 ~ poised 2.819681 1.461904 0.302246 0.134732

chrII 11884229 11884523 ~ poised suppressed 2.087381 2.632066 1.41277 0.488526

chrII 11960564 11960897 ~ active suppressed 2.086116 1.040199 0.912975 0.944171

chrIII 352284 352494 ~ poised 3.004247 2.8675 2.876318 0.382666

chrIII 11054570 11054943 ~ poised suppressed 1.966063 2.288088 2.117288 0.912572

chrIII 12738010 12738294 ~ poised suppressed 0.469568 0.856544 0.628204 1.078421

chrIII 13673705 13673949 ~ poised 2.770301 1.193975 0.924046 0.606567

chrIV 4405385 4406481 ~ active suppressed 2.798995 3.351641 2.14544 1.548864

chrIV 8252933 8253189 ~ poised suppressed 0.678784 0.534317 -0.084223 0.556021

chrIV 8927033 8927325 ~ poised suppressed 1.242358 2.361955 1.465692 1.197651

chrIV 9191211 9191502 ~ active suppressed 1.210886 0.467869 -0.081898 0.172032

chrIV 11025970 11026386 ~ active suppressed 0.644031 3.352595 1.793109 2.988894

chrIV 11549789 11550042 ~ active suppressed 1.61881 0.217099 0.408148 0.992747

chrIV 16388187 16389266 ~ poised suppressed 3.093372 2.648451 1.358904 1.115477

chrV 4498842 4499800 ~ poised 2.747655 1.76016 -0.451105 1.476704

chrV 6470543 6470742 ~ poised 2.317508 3.602374 2.23528 0.006141

chrV 7774262 7774591 ~ active suppressed 1.488981 1.606126 1.305687 0.554024

chrV 11314022 11314339 ~ active suppressed 1.640637 1.016949 0.321642 1.372545

chrV 12001919 12002297 ~ active suppressed 1.524459 2.202688 0.955671 0.342874

chrV 12303454 12303749 ~ active suppressed 2.113107 0.736565 0.787855 1.179997

chrV 13374528 13374736 ~ poised suppressed 1.903896 2.12433 1.420062 0.723976

chrV 13655332 13655698 ~ poised suppressed 2.005848 2.334083 1.341896 1.389049

chrV 13818865 13819042 ~ active suppressed 1.516765 3.609574 2.794252 0.008566

chrV 18808499 18809067 ~ poised suppressed 1.602114 3.239587 1.56247 0.4858

chrV 19643034 19643322 ~ active suppressed 1.788547 3.401548 0.819302 1.3922

chrX 348210 348480 ~ poised suppressed 1.869188 2.634616 1.897913 0.346379

chrX 353186 353501 ~ poised suppressed 1.706894 2.069905 1.400602 0.883764

chrX 382538 383012 ~ active suppressed 1.4256 3.449735 2.946871 0.8169

chrX 409955 410813 ~ active suppressed 2.024381 1.067771 -0.146031 4.783406

chrX 535798 536180 ~ active suppressed 2.44461 2.653073 1.062727 0.756118

chrX 768082 768397 ~ poised suppressed 1.052283 3.008384 2.029601 1.873768

chrX 788039 788298 ~ poised suppressed 2.042824 2.51968 2.091378 0.756931

chrX 870955 871383 ~ active suppressed 0.711852 3.385614 1.117906 2.32963

chrX 876992 877304 ~ poised suppressed 1.843369 2.94661 1.87398 1.898344

chrX 915459 915816 ~ active suppressed 1.602323 3.015662 2.242317 1.21532

chrX 949470 949860 ~ active suppressed 0.69904 3.596118 1.147253 2.474589

chrX 1093212 1093497 ~ active suppressed 1.987253 2.821031 1.13428 1.851233

chrX 1103710 1104020 ~ active suppressed 2.303023 3.590396 2.141722 0.04011

chrX 1128560 1128817 ~ active suppressed 1.695657 2.811423 1.816804 1.413979

chrX 1302301 1302625 ~ active suppressed 0.974779 1.945934 0.511519 2.185186

chrX 1319804 1320122 ~ poised suppressed 1.949991 2.612837 1.30982 2.464673

chrX 1446792 1447133 ~ active suppressed 0.515337 3.142849 1.636309 2.009531

chrX 1454367 1454775 ~ active suppressed 2.706662 2.380555 1.501362 2.454616

chrX 1524678 1524978 ~ active suppressed 2.655546 2.025685 0.637842 0.287455

chrX 1845573 1845759 ~ poised suppressed 1.90723 2.720684 2.023166 0.696706

chrX 1856219 1856589 ~ active suppressed 1.779669 2.919546 1.428396 2.942744

chrX 1961363 1961609 ~ poised suppressed 2.108049 2.803983 1.165695 4.157329

chrX 2242852 2243109 ~ active suppressed 0.338313 3.469257 1.825462 1.269959

chrX 2368196 2368938 ~ active suppressed 1.703794 3.475068 2.111758 2.469546

chrX 2401946 2402336 ~ active suppressed 0.106127 3.294262 0.873973 1.254493

chrX 2439316 2439550 ~ poised suppressed 2.459086 2.913494 2.215539 0.383663

chrX 2536373 2536783 ~ active suppressed 1.972945 3.158324 1.235022 2.458543

chrX 2667847 2668086 ~ poised suppressed 1.610486 2.140347 1.205337 0.17609

chrX 2687206 2687466 ~ poised suppressed 2.22048 2.842188 1.779424 0.512443

chrX 2688617 2688818 ~ poised suppressed 1.630187 2.812929 2.186549 0.747765

chrX 2802537 2803073 ~ poised 2.245234 2.142573 1.010875 1.626888

chrX 2852379 2852913 ~ poised suppressed 3.048523 2.627376 1.62297 3.15821

chrX 2924365 2924660 ~ poised suppressed 2.892096 1.905057 -0.167492 0.592164

chrX 3090050 3090380 ~ poised suppressed 1.206414 3.749137 2.571859 1.644033

chrX 3099981 3100081 ~ active suppressed 0.812269 2.597856 2.136423 1.114107

chrX 3127560 3128098 ~ active suppressed 0.73302 3.601403 1.537353 2.916403

chrX 3245842 3246077 ~ active suppressed 0.655028 3.26926 2.007245 1.377658

chrX 3605780 3606014 ~ active suppressed 1.057497 3.109058 2.236337 1.488879

chrX 3914159 3914601 ~ active suppressed 1.687278 0.617238 0.319342 0.923754

chrX 3969890 3970213 ~ poised suppressed 1.677181 0.805295 -0.02125 1.746532

chrX 4157882 4158266 ~ active suppressed 2.080136 3.513551 2.003754 0.913519

chrX 4190584 4190913 ~ active suppressed 0.237325 3.603617 2.010495 1.277804

chrX 4214644 4214908 ~ poised suppressed 2.021919 2.865764 0.813905 1.720372

chrX 4222338 4223334 ~ active suppressed 1.17924 3.079835 0.494356 1.720668

chrX 4388818 4389252 dox active suppressed 0.219838 3.11479 1.115749 2.980027

chrX 4444165 4444365 ~ poised suppressed 1.801225 0.590726 0.228917 1.162511

chrX 4469311 4469581 ~ poised suppressed 0.915857 2.237308 1.361035 0.903568

chrX 4523715 4524230 ~ active suppressed 1.559184 3.485678 0.993298 2.534964

chrX 4635722 4635956 ~ active suppressed 2.103706 3.336712 2.920596 1.044291

chrX 4890229 4890449 ~ poised suppressed 1.463169 2.261023 1.97078 0.96069

chrX 4961468 4962586 ~ poised suppressed 1.812909 3.134846 1.945372 3.195109

chrX 5085519 5085855 ~ poised suppressed 1.448188 3.505025 0.443128 2.360008

chrX 5275292 5275555 ~ active suppressed 1.073309 2.766614 2.293241 1.050461

chrX 5319324 5319551 ~ poised suppressed 1.051649 0.433373 -0.096072 0.955461

chrX 5336507 5336841 ~ poised suppressed 1.289398 2.299631 1.047988 1.31299

chrX 5407344 5407574 ~ poised 1.436784 0.376804 -0.002016 1.144599

chrX 5475018 5475587 ~ active suppressed 1.792458 3.117767 0.944253 2.638929

chrX 5686031 5686501 ~ active suppressed 2.392153 3.00086 1.127596 1.369468

chrX 5764764 5765077 ~ active suppressed 2.086235 3.444248 1.491145 2.501161

chrX 5781945 5782385 ~ active suppressed 1.201992 3.603807 2.694052 0.750935

chrX 5812025 5812447 dox active suppressed 2.215749 2.897469 1.257574 2.528112

chrX 5840975 5841422 ~ active suppressed 0.261261 3.296333 1.370223 2.667921

chrX 5984572 5984824 ~ poised suppressed 1.800123 2.424636 1.645709 0.909397

chrX 6097605 6097866 ~ active suppressed 1.843766 2.353614 1.541312 0.793943

chrX 6207617 6207993 ~ active suppressed 1.250192 2.540516 0.783791 1.842231

chrX 6292743 6293050 ~ poised suppressed 1.80701 2.533349 1.310857 1.12405

chrX 6371165 6371466 ~ poised suppressed 2.198479 1.721071 -0.107602 0.213847

chrX 6377988 6378666 ~ poised suppressed 1.027323 3.558023 2.416481 1.417534

chrX 6804963 6805162 ~ poised suppressed 2.364805 1.881327 1.071458 0.867845

chrX 6806492 6806869 ~ poised suppressed 2.276007 3.263169 1.624034 1.390754

chrX 7264700 7265283 ~ active suppressed 0.601503 3.443641 1.013566 2.334396

chrX 7334189 7334660 ~ active suppressed 0.404983 3.585712 1.824064 1.22167

chrX 7475054 7475331 ~ active suppressed 1.71687 3.096373 2.520981 0.474322

chrX 7782369 7782693 ~ active suppressed 1.783221 2.786631 2.456882 0.578734

chrX 7787979 7788314 ~ active suppressed 2.029667 3.104972 2.475638 0.888637

chrX 7823054 7823402 ~ active suppressed 0.885587 3.143859 2.214288 1.398233

chrX 7951494 7951843 ~ active suppressed 1.350679 3.568206 1.41682 2.590145

chrX 8029076 8029346 dox poised suppressed 1.476081 3.044145 1.801895 0.726652

chrX 8103906 8104167 ~ active suppressed 0.735905 3.251555 1.376047 2.305558

chrX 8156034 8156273 ~ active suppressed 1.617134 1.793922 0.889429 1.456125

chrX 8286772 8287077 ~ active suppressed 0.772945 3.519823 2.023153 0.805434

chrX 8565765 8566317 ~ poised suppressed 2.22604 1.976018 1.365066 0.634914

chrX 8646240 8646450 ~ poised suppressed 1.335284 0.731446 -0.131251 0.882325

chrX 8810936 8811448 rex active suppressed 1.961613 3.577046 2.127518 2.695664

chrX 8835564 8836197 ~ active suppressed 0.97643 2.683145 1.277732 1.275724

chrX 8911085 8911391 ~ active suppressed 1.018221 2.645155 1.967001 0.241317

chrX 9271960 9272275 dox active suppressed 1.785994 3.168053 2.869111 1.477656

chrX 9337756 9338087 dox active suppressed 1.258424 3.373678 1.268292 1.425033

chrX 9347546 9347927 ~ active suppressed 1.189585 2.708947 2.556437 0.675253

chrX 9441493 9441777 ~ active suppressed 2.090606 2.935358 2.529424 1.001435

chrX 9637105 9637901 ~ active suppressed 1.494315 3.059324 1.595357 2.486651

chrX 9822620 9822884 ~ active suppressed 1.29361 3.619514 2.059399 1.555403

chrX 9838211 9838373 ~ active suppressed 1.396947 2.721903 1.928522 0.533338

chrX 9899723 9900052 ~ active suppressed 1.511059 3.168925 1.933099 1.187521

chrX 9932290 9932754 ~ active suppressed 1.637177 3.484519 1.383394 2.880893

chrX 9958438 9958902 ~ active suppressed 1.713223 3.376185 2.372735 1.309442

chrX 9999059 10000076 ~ active suppressed 1.055301 3.267287 1.350626 1.730193

chrX 10146591 10146931 ~ active suppressed 1.657117 2.734175 1.475875 2.022212

chrX 10188373 10188765 dox active suppressed 2.027597 3.461523 1.636278 2.313844

chrX 10372690 10372892 ~ active suppressed 1.053079 3.284056 1.0992 1.039698

chrX 10377653 10377955 ~ poised suppressed 1.905907 2.748164 1.914245 0.800666

chrX 10435435 10435976 ~ active suppressed 1.414872 2.376314 0.693739 2.280111

chrX 10963657 10963889 ~ poised suppressed 1.22592 0.583484 0.00406 0.775229

chrX 11030958 11031666 ~ active suppressed 1.892183 3.576705 0.673983 2.997789

chrX 11206951 11207229 dox active suppressed 0.607408 3.100925 2.397525 0.503043

chrX 11299557 11299950 rex/dox active suppressed 1.69712 3.804456 1.769279 1.876426

chrX 11344921 11345200 ~ poised suppressed 1.374812 0.729599 0.001932 1.01961

chrX 11367584 11367840 dox poised 2.660923 2.08367 1.091813 0.447126

chrX 11522032 11522288 ~ active suppressed 0.448145 3.426668 1.154598 2.771406

chrX 11605855 11606142 ~ active suppressed 3.02341 3.204909 1.496469 2.830999

chrX 11798050 11798263 ~ active suppressed 0.68271 3.315638 1.732365 1.9177

chrX 11947092 11947391 ~ poised suppressed 1.705842 3.781678 2.043526 2.167783

chrX 12017923 12018184 ~ poised suppressed 1.698128 2.165641 1.849273 0.781624

chrX 12393724 12394119 dox active suppressed 1.325366 3.254386 2.316629 0.653526

chrX 12480411 12480674 ~ active suppressed 1.305905 2.842531 1.634879 1.526355

chrX 12670333 12670688 ~ active suppressed 2.176203 3.102305 1.416724 2.233707

chrX 13121090 13121443 ~ active suppressed 1.685617 1.753166 1.006356 1.867605

chrX 13264553 13264875 ~ poised suppressed 1.116262 0.182733 0.113178 1.308604

chrX 13396543 13396817 ~ poised suppressed 1.590105 2.297543 1.98508 0.62812

chrX 13419853 13420099 ~ active suppressed 1.917808 3.283223 2.145444 2.018729

chrX 13518998 13519344 ~ active suppressed 0.780042 3.109038 0.857142 2.583441

chrX 13583763 13584274 ~ active suppressed 1.298953 3.612964 1.479251 2.035724

chrX 13596008 13596291 ~ active suppressed 1.908015 3.011012 2.074821 0.803184

chrX 13653579 13653778 ~ active suppressed 1.966362 1.092276 0.19052 0.30695

chrX 13686971 13687386 ~ active suppressed 1.839501 3.352131 2.057392 1.729687

chrX 13726906 13727124 ~ active suppressed 1.455931 2.962776 1.887632 0.594631

chrX 13950511 13951004 ~ active suppressed 1.315867 2.682957 1.071794 2.422613

chrX 13969449 13969872 ~ active suppressed 1.84633 3.32027 1.955647 2.44253

chrX 13977374 13977737 ~ active suppressed 1.169635 3.248529 2.363432 1.173546

chrX 14102016 14102240 ~ active suppressed 1.135466 3.27913 2.567891 2.048147

chrX 14169653 14169981 ~ active suppressed 1.119544 3.14673 2.660182 0.850786

chrX 14243502 14243776 ~ active suppressed 1.811577 3.516181 1.736243 0.228962

chrX 14312365 14312647 ~ active suppressed 0.79547 3.075937 0.545838 1.085939

chrX 14489914 14490304 ~ active suppressed 0.307683 3.531141 1.643213 2.009736

chrX 14602605 14602927 ~ active suppressed 1.111996 3.354193 2.023625 1.932355

chrX 14610386 14610649 ~ active suppressed 1.14646 2.961697 1.377136 1.699395

chrX 14708181 14708467 ~ active suppressed 1.443671 2.897993 2.010907 1.335351

chrX 14753507 14753790 ~ active suppressed 0.964113 3.142158 1.825457 1.095199

chrX 14810712 14810945 ~ poised suppressed 1.972007 2.628335 1.613434 1.33129

chrX 14818587 14819300 ~ active suppressed 1.60943 3.9054 1.328 3.410499

chrX 14853799 14854084 ~ active suppressed 1.56783 2.904047 2.567913 1.280674

chrX 15100570 15100853 ~ active suppressed 0.879023 3.456075 1.792274 1.076703

chrX 15148500 15149048 ~ poised suppressed 2.111159 0.910948 -0.147627 0.599409

chrX 15181391 15181673 ~ active suppressed 1.782425 3.352326 2.022705 1.613637

chrX 15281164 15281463 ~ poised suppressed 2.038363 3.145682 1.703559 1.123498

chrX 15353953 15354213 ~ poised 1.813819 1.662592 1.075459 0.712831

chrX 15515572 15516008 ~ poised 1.939261 0.54805 0.332477 0.337238

chrX 15568016 15568480 ~ active suppressed 1.057203 3.024297 1.767264 2.058808

chrX 15606805 15607225 ~ active suppressed 1.364124 3.17316 1.785637 2.735928

chrX 15689276 15689524 ~ active suppressed 1.002673 3.353056 2.132297 0.143662

chrX 15707194 15707770 ~ active suppressed 1.747407 2.509431 0.450363 1.635117

chrX 15736423 15736752 ~ poised suppressed 1.048162 0.4281 0.005508 3.692006

chrX 15841091 15841370 ~ active suppressed 0.149708 3.437329 1.666278 2.533057

chrX 15849338 15849576 ~ poised suppressed 0.933565 2.304866 1.522655 1.575641

chrX 16147409 16148047 ~ active suppressed 1.174644 3.031233 0.438687 2.01424

chrX 16156854 16157285 ~ poised suppressed 3.060908 1.461969 0.307743 1.494799

chrX 16202167 16202512 ~ active suppressed 1.427687 1.144647 0.201053 3.708138

chrX 16275278 16275509 ~ active suppressed 0.840923 3.087415 1.853289 1.092199

chrX 16445833 16446186 ~ active suppressed 1.003049 2.876611 1.072101 2.055689

chrX 16612172 16612954 ~ active suppressed 0.698964 3.244167 0.705001 2.793402

chrX 16704073 16704398 ~ active suppressed 1.567144 2.894289 1.771888 0.709492

chrX 16726634 16727149 ~ active suppressed 1.481195 2.622764 0.919564 2.36656

chrX 16929432 16930528 ~ active suppressed 0.797144 3.791422 1.964627 3.759633

chrX 16961306 16961663 ~ active suppressed 0.791155 3.409375 1.371887 1.354473

chrX 17151136 17151425 ~ active suppressed 1.060904 3.562175 2.381364 1.237075

chrX 17181164 17181845 ~ poised suppressed 1.663242 1.731197 -0.177587 5.165961

chrX 17184333 17184674 dox active suppressed 2.036549 2.51838 0.880784 1.397085

chrX 17392189 17392416 ~ active suppressed 1.737618 2.982369 2.364773 1.032649

chrX 17451359 17451623 ~ active suppressed 1.069595 3.056188 1.75073 0.621094

chrX 17479827 17480378 ~ active suppressed 2.075798 3.076252 1.189255 2.853988

chrX 17505722 17506130 ~ active suppressed 2.57565 1.792353 1.169087 1.093266

chrX 17513431 17513838 ~ active suppressed 1.525378 3.26968 1.864744 2.042648

150



chromosome start  stop known? ele type H3K27me3 status H3K4me1 max H3K27ac max H4K16ac min SDC-2 min

chrI 7214602 7215407 ~ poised 2.819681 1.461904 0.302246 0.134732

chrII 11884229 11884523 ~ poised suppressed 2.087381 2.632066 1.41277 0.488526

chrII 11960564 11960897 ~ active suppressed 2.086116 1.040199 0.912975 0.944171

chrIII 352284 352494 ~ poised 3.004247 2.8675 2.876318 0.382666

chrIII 11054570 11054943 ~ poised suppressed 1.966063 2.288088 2.117288 0.912572

chrIII 12738010 12738294 ~ poised suppressed 0.469568 0.856544 0.628204 1.078421

chrIII 13673705 13673949 ~ poised 2.770301 1.193975 0.924046 0.606567

chrIV 4405385 4406481 ~ active suppressed 2.798995 3.351641 2.14544 1.548864

chrIV 8252933 8253189 ~ poised suppressed 0.678784 0.534317 -0.084223 0.556021

chrIV 8927033 8927325 ~ poised suppressed 1.242358 2.361955 1.465692 1.197651

chrIV 9191211 9191502 ~ active suppressed 1.210886 0.467869 -0.081898 0.172032

chrIV 11025970 11026386 ~ active suppressed 0.644031 3.352595 1.793109 2.988894

chrIV 11549789 11550042 ~ active suppressed 1.61881 0.217099 0.408148 0.992747

chrIV 16388187 16389266 ~ poised suppressed 3.093372 2.648451 1.358904 1.115477

chrV 4498842 4499800 ~ poised 2.747655 1.76016 -0.451105 1.476704

chrV 6470543 6470742 ~ poised 2.317508 3.602374 2.23528 0.006141

chrV 7774262 7774591 ~ active suppressed 1.488981 1.606126 1.305687 0.554024

chrV 11314022 11314339 ~ active suppressed 1.640637 1.016949 0.321642 1.372545

chrV 12001919 12002297 ~ active suppressed 1.524459 2.202688 0.955671 0.342874

chrV 12303454 12303749 ~ active suppressed 2.113107 0.736565 0.787855 1.179997

chrV 13374528 13374736 ~ poised suppressed 1.903896 2.12433 1.420062 0.723976

chrV 13655332 13655698 ~ poised suppressed 2.005848 2.334083 1.341896 1.389049

chrV 13818865 13819042 ~ active suppressed 1.516765 3.609574 2.794252 0.008566

chrV 18808499 18809067 ~ poised suppressed 1.602114 3.239587 1.56247 0.4858

chrV 19643034 19643322 ~ active suppressed 1.788547 3.401548 0.819302 1.3922

chrX 348210 348480 ~ poised suppressed 1.869188 2.634616 1.897913 0.346379

chrX 353186 353501 ~ poised suppressed 1.706894 2.069905 1.400602 0.883764

chrX 382538 383012 ~ active suppressed 1.4256 3.449735 2.946871 0.8169

chrX 409955 410813 ~ active suppressed 2.024381 1.067771 -0.146031 4.783406

chrX 535798 536180 ~ active suppressed 2.44461 2.653073 1.062727 0.756118

chrX 768082 768397 ~ poised suppressed 1.052283 3.008384 2.029601 1.873768

chrX 788039 788298 ~ poised suppressed 2.042824 2.51968 2.091378 0.756931

chrX 870955 871383 ~ active suppressed 0.711852 3.385614 1.117906 2.32963

chrX 876992 877304 ~ poised suppressed 1.843369 2.94661 1.87398 1.898344

chrX 915459 915816 ~ active suppressed 1.602323 3.015662 2.242317 1.21532

chrX 949470 949860 ~ active suppressed 0.69904 3.596118 1.147253 2.474589

chrX 1093212 1093497 ~ active suppressed 1.987253 2.821031 1.13428 1.851233

chrX 1103710 1104020 ~ active suppressed 2.303023 3.590396 2.141722 0.04011

chrX 1128560 1128817 ~ active suppressed 1.695657 2.811423 1.816804 1.413979

chrX 1302301 1302625 ~ active suppressed 0.974779 1.945934 0.511519 2.185186

chrX 1319804 1320122 ~ poised suppressed 1.949991 2.612837 1.30982 2.464673

chrX 1446792 1447133 ~ active suppressed 0.515337 3.142849 1.636309 2.009531

chrX 1454367 1454775 ~ active suppressed 2.706662 2.380555 1.501362 2.454616

chrX 1524678 1524978 ~ active suppressed 2.655546 2.025685 0.637842 0.287455

chrX 1845573 1845759 ~ poised suppressed 1.90723 2.720684 2.023166 0.696706

chrX 1856219 1856589 ~ active suppressed 1.779669 2.919546 1.428396 2.942744

chrX 1961363 1961609 ~ poised suppressed 2.108049 2.803983 1.165695 4.157329

chrX 2242852 2243109 ~ active suppressed 0.338313 3.469257 1.825462 1.269959

chrX 2368196 2368938 ~ active suppressed 1.703794 3.475068 2.111758 2.469546

chrX 2401946 2402336 ~ active suppressed 0.106127 3.294262 0.873973 1.254493

chrX 2439316 2439550 ~ poised suppressed 2.459086 2.913494 2.215539 0.383663

chrX 2536373 2536783 ~ active suppressed 1.972945 3.158324 1.235022 2.458543

chrX 2667847 2668086 ~ poised suppressed 1.610486 2.140347 1.205337 0.17609

chrX 2687206 2687466 ~ poised suppressed 2.22048 2.842188 1.779424 0.512443

chrX 2688617 2688818 ~ poised suppressed 1.630187 2.812929 2.186549 0.747765

chrX 2802537 2803073 ~ poised 2.245234 2.142573 1.010875 1.626888

chrX 2852379 2852913 ~ poised suppressed 3.048523 2.627376 1.62297 3.15821

chrX 2924365 2924660 ~ poised suppressed 2.892096 1.905057 -0.167492 0.592164

chrX 3090050 3090380 ~ poised suppressed 1.206414 3.749137 2.571859 1.644033

chrX 3099981 3100081 ~ active suppressed 0.812269 2.597856 2.136423 1.114107

chrX 3127560 3128098 ~ active suppressed 0.73302 3.601403 1.537353 2.916403

chrX 3245842 3246077 ~ active suppressed 0.655028 3.26926 2.007245 1.377658

chrX 3605780 3606014 ~ active suppressed 1.057497 3.109058 2.236337 1.488879

chrX 3914159 3914601 ~ active suppressed 1.687278 0.617238 0.319342 0.923754

chrX 3969890 3970213 ~ poised suppressed 1.677181 0.805295 -0.02125 1.746532

chrX 4157882 4158266 ~ active suppressed 2.080136 3.513551 2.003754 0.913519

chrX 4190584 4190913 ~ active suppressed 0.237325 3.603617 2.010495 1.277804

chrX 4214644 4214908 ~ poised suppressed 2.021919 2.865764 0.813905 1.720372

chrX 4222338 4223334 ~ active suppressed 1.17924 3.079835 0.494356 1.720668

chrX 4388818 4389252 dox active suppressed 0.219838 3.11479 1.115749 2.980027

chrX 4444165 4444365 ~ poised suppressed 1.801225 0.590726 0.228917 1.162511

chrX 4469311 4469581 ~ poised suppressed 0.915857 2.237308 1.361035 0.903568

chrX 4523715 4524230 ~ active suppressed 1.559184 3.485678 0.993298 2.534964

chrX 4635722 4635956 ~ active suppressed 2.103706 3.336712 2.920596 1.044291

chrX 4890229 4890449 ~ poised suppressed 1.463169 2.261023 1.97078 0.96069

chrX 4961468 4962586 ~ poised suppressed 1.812909 3.134846 1.945372 3.195109

chrX 5085519 5085855 ~ poised suppressed 1.448188 3.505025 0.443128 2.360008

chrX 5275292 5275555 ~ active suppressed 1.073309 2.766614 2.293241 1.050461

chrX 5319324 5319551 ~ poised suppressed 1.051649 0.433373 -0.096072 0.955461

chrX 5336507 5336841 ~ poised suppressed 1.289398 2.299631 1.047988 1.31299

chrX 5407344 5407574 ~ poised 1.436784 0.376804 -0.002016 1.144599

chrX 5475018 5475587 ~ active suppressed 1.792458 3.117767 0.944253 2.638929

chrX 5686031 5686501 ~ active suppressed 2.392153 3.00086 1.127596 1.369468

chrX 5764764 5765077 ~ active suppressed 2.086235 3.444248 1.491145 2.501161

chrX 5781945 5782385 ~ active suppressed 1.201992 3.603807 2.694052 0.750935

chrX 5812025 5812447 dox active suppressed 2.215749 2.897469 1.257574 2.528112

chrX 5840975 5841422 ~ active suppressed 0.261261 3.296333 1.370223 2.667921

chrX 5984572 5984824 ~ poised suppressed 1.800123 2.424636 1.645709 0.909397

chrX 6097605 6097866 ~ active suppressed 1.843766 2.353614 1.541312 0.793943

chrX 6207617 6207993 ~ active suppressed 1.250192 2.540516 0.783791 1.842231

chrX 6292743 6293050 ~ poised suppressed 1.80701 2.533349 1.310857 1.12405

chrX 6371165 6371466 ~ poised suppressed 2.198479 1.721071 -0.107602 0.213847

chrX 6377988 6378666 ~ poised suppressed 1.027323 3.558023 2.416481 1.417534

chrX 6804963 6805162 ~ poised suppressed 2.364805 1.881327 1.071458 0.867845

chrX 6806492 6806869 ~ poised suppressed 2.276007 3.263169 1.624034 1.390754

chrX 7264700 7265283 ~ active suppressed 0.601503 3.443641 1.013566 2.334396

chrX 7334189 7334660 ~ active suppressed 0.404983 3.585712 1.824064 1.22167

chrX 7475054 7475331 ~ active suppressed 1.71687 3.096373 2.520981 0.474322

chrX 7782369 7782693 ~ active suppressed 1.783221 2.786631 2.456882 0.578734

chrX 7787979 7788314 ~ active suppressed 2.029667 3.104972 2.475638 0.888637

chrX 7823054 7823402 ~ active suppressed 0.885587 3.143859 2.214288 1.398233

chrX 7951494 7951843 ~ active suppressed 1.350679 3.568206 1.41682 2.590145

chrX 8029076 8029346 dox poised suppressed 1.476081 3.044145 1.801895 0.726652

chrX 8103906 8104167 ~ active suppressed 0.735905 3.251555 1.376047 2.305558

chrX 8156034 8156273 ~ active suppressed 1.617134 1.793922 0.889429 1.456125

chrX 8286772 8287077 ~ active suppressed 0.772945 3.519823 2.023153 0.805434

chrX 8565765 8566317 ~ poised suppressed 2.22604 1.976018 1.365066 0.634914

chrX 8646240 8646450 ~ poised suppressed 1.335284 0.731446 -0.131251 0.882325

chrX 8810936 8811448 rex active suppressed 1.961613 3.577046 2.127518 2.695664

chrX 8835564 8836197 ~ active suppressed 0.97643 2.683145 1.277732 1.275724

chrX 8911085 8911391 ~ active suppressed 1.018221 2.645155 1.967001 0.241317

chrX 9271960 9272275 dox active suppressed 1.785994 3.168053 2.869111 1.477656

chrX 9337756 9338087 dox active suppressed 1.258424 3.373678 1.268292 1.425033

chrX 9347546 9347927 ~ active suppressed 1.189585 2.708947 2.556437 0.675253

chrX 9441493 9441777 ~ active suppressed 2.090606 2.935358 2.529424 1.001435

chrX 9637105 9637901 ~ active suppressed 1.494315 3.059324 1.595357 2.486651

chrX 9822620 9822884 ~ active suppressed 1.29361 3.619514 2.059399 1.555403

chrX 9838211 9838373 ~ active suppressed 1.396947 2.721903 1.928522 0.533338

chrX 9899723 9900052 ~ active suppressed 1.511059 3.168925 1.933099 1.187521

chrX 9932290 9932754 ~ active suppressed 1.637177 3.484519 1.383394 2.880893

chrX 9958438 9958902 ~ active suppressed 1.713223 3.376185 2.372735 1.309442

chrX 9999059 10000076 ~ active suppressed 1.055301 3.267287 1.350626 1.730193

chrX 10146591 10146931 ~ active suppressed 1.657117 2.734175 1.475875 2.022212

chrX 10188373 10188765 dox active suppressed 2.027597 3.461523 1.636278 2.313844

chrX 10372690 10372892 ~ active suppressed 1.053079 3.284056 1.0992 1.039698

chrX 10377653 10377955 ~ poised suppressed 1.905907 2.748164 1.914245 0.800666

chrX 10435435 10435976 ~ active suppressed 1.414872 2.376314 0.693739 2.280111

chrX 10963657 10963889 ~ poised suppressed 1.22592 0.583484 0.00406 0.775229

chrX 11030958 11031666 ~ active suppressed 1.892183 3.576705 0.673983 2.997789

chrX 11206951 11207229 dox active suppressed 0.607408 3.100925 2.397525 0.503043

chrX 11299557 11299950 rex/dox active suppressed 1.69712 3.804456 1.769279 1.876426

chrX 11344921 11345200 ~ poised suppressed 1.374812 0.729599 0.001932 1.01961

chrX 11367584 11367840 dox poised 2.660923 2.08367 1.091813 0.447126

chrX 11522032 11522288 ~ active suppressed 0.448145 3.426668 1.154598 2.771406

chrX 11605855 11606142 ~ active suppressed 3.02341 3.204909 1.496469 2.830999

chrX 11798050 11798263 ~ active suppressed 0.68271 3.315638 1.732365 1.9177

chrX 11947092 11947391 ~ poised suppressed 1.705842 3.781678 2.043526 2.167783

chrX 12017923 12018184 ~ poised suppressed 1.698128 2.165641 1.849273 0.781624

chrX 12393724 12394119 dox active suppressed 1.325366 3.254386 2.316629 0.653526

chrX 12480411 12480674 ~ active suppressed 1.305905 2.842531 1.634879 1.526355

chrX 12670333 12670688 ~ active suppressed 2.176203 3.102305 1.416724 2.233707

chrX 13121090 13121443 ~ active suppressed 1.685617 1.753166 1.006356 1.867605

chrX 13264553 13264875 ~ poised suppressed 1.116262 0.182733 0.113178 1.308604

chrX 13396543 13396817 ~ poised suppressed 1.590105 2.297543 1.98508 0.62812

chrX 13419853 13420099 ~ active suppressed 1.917808 3.283223 2.145444 2.018729

chrX 13518998 13519344 ~ active suppressed 0.780042 3.109038 0.857142 2.583441

chrX 13583763 13584274 ~ active suppressed 1.298953 3.612964 1.479251 2.035724

chrX 13596008 13596291 ~ active suppressed 1.908015 3.011012 2.074821 0.803184

chrX 13653579 13653778 ~ active suppressed 1.966362 1.092276 0.19052 0.30695

chrX 13686971 13687386 ~ active suppressed 1.839501 3.352131 2.057392 1.729687

chrX 13726906 13727124 ~ active suppressed 1.455931 2.962776 1.887632 0.594631

chrX 13950511 13951004 ~ active suppressed 1.315867 2.682957 1.071794 2.422613

chrX 13969449 13969872 ~ active suppressed 1.84633 3.32027 1.955647 2.44253

chrX 13977374 13977737 ~ active suppressed 1.169635 3.248529 2.363432 1.173546

chrX 14102016 14102240 ~ active suppressed 1.135466 3.27913 2.567891 2.048147

chrX 14169653 14169981 ~ active suppressed 1.119544 3.14673 2.660182 0.850786

chrX 14243502 14243776 ~ active suppressed 1.811577 3.516181 1.736243 0.228962

chrX 14312365 14312647 ~ active suppressed 0.79547 3.075937 0.545838 1.085939

chrX 14489914 14490304 ~ active suppressed 0.307683 3.531141 1.643213 2.009736

chrX 14602605 14602927 ~ active suppressed 1.111996 3.354193 2.023625 1.932355

chrX 14610386 14610649 ~ active suppressed 1.14646 2.961697 1.377136 1.699395

chrX 14708181 14708467 ~ active suppressed 1.443671 2.897993 2.010907 1.335351

chrX 14753507 14753790 ~ active suppressed 0.964113 3.142158 1.825457 1.095199

chrX 14810712 14810945 ~ poised suppressed 1.972007 2.628335 1.613434 1.33129

chrX 14818587 14819300 ~ active suppressed 1.60943 3.9054 1.328 3.410499

chrX 14853799 14854084 ~ active suppressed 1.56783 2.904047 2.567913 1.280674

chrX 15100570 15100853 ~ active suppressed 0.879023 3.456075 1.792274 1.076703

chrX 15148500 15149048 ~ poised suppressed 2.111159 0.910948 -0.147627 0.599409

chrX 15181391 15181673 ~ active suppressed 1.782425 3.352326 2.022705 1.613637

chrX 15281164 15281463 ~ poised suppressed 2.038363 3.145682 1.703559 1.123498

chrX 15353953 15354213 ~ poised 1.813819 1.662592 1.075459 0.712831

chrX 15515572 15516008 ~ poised 1.939261 0.54805 0.332477 0.337238

chrX 15568016 15568480 ~ active suppressed 1.057203 3.024297 1.767264 2.058808

chrX 15606805 15607225 ~ active suppressed 1.364124 3.17316 1.785637 2.735928

chrX 15689276 15689524 ~ active suppressed 1.002673 3.353056 2.132297 0.143662

chrX 15707194 15707770 ~ active suppressed 1.747407 2.509431 0.450363 1.635117

chrX 15736423 15736752 ~ poised suppressed 1.048162 0.4281 0.005508 3.692006

chrX 15841091 15841370 ~ active suppressed 0.149708 3.437329 1.666278 2.533057

chrX 15849338 15849576 ~ poised suppressed 0.933565 2.304866 1.522655 1.575641

chrX 16147409 16148047 ~ active suppressed 1.174644 3.031233 0.438687 2.01424

chrX 16156854 16157285 ~ poised suppressed 3.060908 1.461969 0.307743 1.494799

chrX 16202167 16202512 ~ active suppressed 1.427687 1.144647 0.201053 3.708138

chrX 16275278 16275509 ~ active suppressed 0.840923 3.087415 1.853289 1.092199

chrX 16445833 16446186 ~ active suppressed 1.003049 2.876611 1.072101 2.055689

chrX 16612172 16612954 ~ active suppressed 0.698964 3.244167 0.705001 2.793402

chrX 16704073 16704398 ~ active suppressed 1.567144 2.894289 1.771888 0.709492

chrX 16726634 16727149 ~ active suppressed 1.481195 2.622764 0.919564 2.36656

chrX 16929432 16930528 ~ active suppressed 0.797144 3.791422 1.964627 3.759633

chrX 16961306 16961663 ~ active suppressed 0.791155 3.409375 1.371887 1.354473

chrX 17151136 17151425 ~ active suppressed 1.060904 3.562175 2.381364 1.237075

chrX 17181164 17181845 ~ poised suppressed 1.663242 1.731197 -0.177587 5.165961

chrX 17184333 17184674 dox active suppressed 2.036549 2.51838 0.880784 1.397085

chrX 17392189 17392416 ~ active suppressed 1.737618 2.982369 2.364773 1.032649

chrX 17451359 17451623 ~ active suppressed 1.069595 3.056188 1.75073 0.621094

chrX 17479827 17480378 ~ active suppressed 2.075798 3.076252 1.189255 2.853988

chrX 17505722 17506130 ~ active suppressed 2.57565 1.792353 1.169087 1.093266

chrX 17513431 17513838 ~ active suppressed 1.525378 3.26968 1.864744 2.042648

chromosome start  stop known? ele type H3K27me3 status H3K4me1 max H3K27ac max H4K16ac min SDC-2 min

chrI 7214602 7215407 ~ poised 2.819681 1.461904 0.302246 0.134732

chrII 11884229 11884523 ~ poised suppressed 2.087381 2.632066 1.41277 0.488526

chrII 11960564 11960897 ~ active suppressed 2.086116 1.040199 0.912975 0.944171

chrIII 352284 352494 ~ poised 3.004247 2.8675 2.876318 0.382666

chrIII 11054570 11054943 ~ poised suppressed 1.966063 2.288088 2.117288 0.912572

chrIII 12738010 12738294 ~ poised suppressed 0.469568 0.856544 0.628204 1.078421

chrIII 13673705 13673949 ~ poised 2.770301 1.193975 0.924046 0.606567

chrIV 4405385 4406481 ~ active suppressed 2.798995 3.351641 2.14544 1.548864

chrIV 8252933 8253189 ~ poised suppressed 0.678784 0.534317 -0.084223 0.556021

chrIV 8927033 8927325 ~ poised suppressed 1.242358 2.361955 1.465692 1.197651

chrIV 9191211 9191502 ~ active suppressed 1.210886 0.467869 -0.081898 0.172032

chrIV 11025970 11026386 ~ active suppressed 0.644031 3.352595 1.793109 2.988894

chrIV 11549789 11550042 ~ active suppressed 1.61881 0.217099 0.408148 0.992747

chrIV 16388187 16389266 ~ poised suppressed 3.093372 2.648451 1.358904 1.115477

chrV 4498842 4499800 ~ poised 2.747655 1.76016 -0.451105 1.476704

chrV 6470543 6470742 ~ poised 2.317508 3.602374 2.23528 0.006141

chrV 7774262 7774591 ~ active suppressed 1.488981 1.606126 1.305687 0.554024

chrV 11314022 11314339 ~ active suppressed 1.640637 1.016949 0.321642 1.372545

chrV 12001919 12002297 ~ active suppressed 1.524459 2.202688 0.955671 0.342874

chrV 12303454 12303749 ~ active suppressed 2.113107 0.736565 0.787855 1.179997

chrV 13374528 13374736 ~ poised suppressed 1.903896 2.12433 1.420062 0.723976

chrV 13655332 13655698 ~ poised suppressed 2.005848 2.334083 1.341896 1.389049

chrV 13818865 13819042 ~ active suppressed 1.516765 3.609574 2.794252 0.008566

chrV 18808499 18809067 ~ poised suppressed 1.602114 3.239587 1.56247 0.4858

chrV 19643034 19643322 ~ active suppressed 1.788547 3.401548 0.819302 1.3922

chrX 348210 348480 ~ poised suppressed 1.869188 2.634616 1.897913 0.346379

chrX 353186 353501 ~ poised suppressed 1.706894 2.069905 1.400602 0.883764

chrX 382538 383012 ~ active suppressed 1.4256 3.449735 2.946871 0.8169

chrX 409955 410813 ~ active suppressed 2.024381 1.067771 -0.146031 4.783406

chrX 535798 536180 ~ active suppressed 2.44461 2.653073 1.062727 0.756118

chrX 768082 768397 ~ poised suppressed 1.052283 3.008384 2.029601 1.873768

chrX 788039 788298 ~ poised suppressed 2.042824 2.51968 2.091378 0.756931

chrX 870955 871383 ~ active suppressed 0.711852 3.385614 1.117906 2.32963

chrX 876992 877304 ~ poised suppressed 1.843369 2.94661 1.87398 1.898344

chrX 915459 915816 ~ active suppressed 1.602323 3.015662 2.242317 1.21532

chrX 949470 949860 ~ active suppressed 0.69904 3.596118 1.147253 2.474589

chrX 1093212 1093497 ~ active suppressed 1.987253 2.821031 1.13428 1.851233

chrX 1103710 1104020 ~ active suppressed 2.303023 3.590396 2.141722 0.04011

chrX 1128560 1128817 ~ active suppressed 1.695657 2.811423 1.816804 1.413979

chrX 1302301 1302625 ~ active suppressed 0.974779 1.945934 0.511519 2.185186

chrX 1319804 1320122 ~ poised suppressed 1.949991 2.612837 1.30982 2.464673

chrX 1446792 1447133 ~ active suppressed 0.515337 3.142849 1.636309 2.009531

chrX 1454367 1454775 ~ active suppressed 2.706662 2.380555 1.501362 2.454616

chrX 1524678 1524978 ~ active suppressed 2.655546 2.025685 0.637842 0.287455

chrX 1845573 1845759 ~ poised suppressed 1.90723 2.720684 2.023166 0.696706

chrX 1856219 1856589 ~ active suppressed 1.779669 2.919546 1.428396 2.942744

chrX 1961363 1961609 ~ poised suppressed 2.108049 2.803983 1.165695 4.157329

chrX 2242852 2243109 ~ active suppressed 0.338313 3.469257 1.825462 1.269959

chrX 2368196 2368938 ~ active suppressed 1.703794 3.475068 2.111758 2.469546

chrX 2401946 2402336 ~ active suppressed 0.106127 3.294262 0.873973 1.254493

chrX 2439316 2439550 ~ poised suppressed 2.459086 2.913494 2.215539 0.383663

chrX 2536373 2536783 ~ active suppressed 1.972945 3.158324 1.235022 2.458543

chrX 2667847 2668086 ~ poised suppressed 1.610486 2.140347 1.205337 0.17609

chrX 2687206 2687466 ~ poised suppressed 2.22048 2.842188 1.779424 0.512443

chrX 2688617 2688818 ~ poised suppressed 1.630187 2.812929 2.186549 0.747765

chrX 2802537 2803073 ~ poised 2.245234 2.142573 1.010875 1.626888

chrX 2852379 2852913 ~ poised suppressed 3.048523 2.627376 1.62297 3.15821

chrX 2924365 2924660 ~ poised suppressed 2.892096 1.905057 -0.167492 0.592164

chrX 3090050 3090380 ~ poised suppressed 1.206414 3.749137 2.571859 1.644033

chrX 3099981 3100081 ~ active suppressed 0.812269 2.597856 2.136423 1.114107

chrX 3127560 3128098 ~ active suppressed 0.73302 3.601403 1.537353 2.916403

chrX 3245842 3246077 ~ active suppressed 0.655028 3.26926 2.007245 1.377658

chrX 3605780 3606014 ~ active suppressed 1.057497 3.109058 2.236337 1.488879

chrX 3914159 3914601 ~ active suppressed 1.687278 0.617238 0.319342 0.923754

chrX 3969890 3970213 ~ poised suppressed 1.677181 0.805295 -0.02125 1.746532

chrX 4157882 4158266 ~ active suppressed 2.080136 3.513551 2.003754 0.913519

chrX 4190584 4190913 ~ active suppressed 0.237325 3.603617 2.010495 1.277804

chrX 4214644 4214908 ~ poised suppressed 2.021919 2.865764 0.813905 1.720372

chrX 4222338 4223334 ~ active suppressed 1.17924 3.079835 0.494356 1.720668

chrX 4388818 4389252 dox active suppressed 0.219838 3.11479 1.115749 2.980027

chrX 4444165 4444365 ~ poised suppressed 1.801225 0.590726 0.228917 1.162511

chrX 4469311 4469581 ~ poised suppressed 0.915857 2.237308 1.361035 0.903568

chrX 4523715 4524230 ~ active suppressed 1.559184 3.485678 0.993298 2.534964

chrX 4635722 4635956 ~ active suppressed 2.103706 3.336712 2.920596 1.044291

chrX 4890229 4890449 ~ poised suppressed 1.463169 2.261023 1.97078 0.96069

chrX 4961468 4962586 ~ poised suppressed 1.812909 3.134846 1.945372 3.195109

chrX 5085519 5085855 ~ poised suppressed 1.448188 3.505025 0.443128 2.360008

chrX 5275292 5275555 ~ active suppressed 1.073309 2.766614 2.293241 1.050461

chrX 5319324 5319551 ~ poised suppressed 1.051649 0.433373 -0.096072 0.955461

chrX 5336507 5336841 ~ poised suppressed 1.289398 2.299631 1.047988 1.31299

chrX 5407344 5407574 ~ poised 1.436784 0.376804 -0.002016 1.144599

chrX 5475018 5475587 ~ active suppressed 1.792458 3.117767 0.944253 2.638929

chrX 5686031 5686501 ~ active suppressed 2.392153 3.00086 1.127596 1.369468

chrX 5764764 5765077 ~ active suppressed 2.086235 3.444248 1.491145 2.501161

chrX 5781945 5782385 ~ active suppressed 1.201992 3.603807 2.694052 0.750935

chrX 5812025 5812447 dox active suppressed 2.215749 2.897469 1.257574 2.528112

chrX 5840975 5841422 ~ active suppressed 0.261261 3.296333 1.370223 2.667921

chrX 5984572 5984824 ~ poised suppressed 1.800123 2.424636 1.645709 0.909397

chrX 6097605 6097866 ~ active suppressed 1.843766 2.353614 1.541312 0.793943

chrX 6207617 6207993 ~ active suppressed 1.250192 2.540516 0.783791 1.842231

chrX 6292743 6293050 ~ poised suppressed 1.80701 2.533349 1.310857 1.12405

chrX 6371165 6371466 ~ poised suppressed 2.198479 1.721071 -0.107602 0.213847

chrX 6377988 6378666 ~ poised suppressed 1.027323 3.558023 2.416481 1.417534

chrX 6804963 6805162 ~ poised suppressed 2.364805 1.881327 1.071458 0.867845

chrX 6806492 6806869 ~ poised suppressed 2.276007 3.263169 1.624034 1.390754

chrX 7264700 7265283 ~ active suppressed 0.601503 3.443641 1.013566 2.334396

chrX 7334189 7334660 ~ active suppressed 0.404983 3.585712 1.824064 1.22167

chrX 7475054 7475331 ~ active suppressed 1.71687 3.096373 2.520981 0.474322

chrX 7782369 7782693 ~ active suppressed 1.783221 2.786631 2.456882 0.578734

chrX 7787979 7788314 ~ active suppressed 2.029667 3.104972 2.475638 0.888637

chrX 7823054 7823402 ~ active suppressed 0.885587 3.143859 2.214288 1.398233

chrX 7951494 7951843 ~ active suppressed 1.350679 3.568206 1.41682 2.590145

chrX 8029076 8029346 dox poised suppressed 1.476081 3.044145 1.801895 0.726652

chrX 8103906 8104167 ~ active suppressed 0.735905 3.251555 1.376047 2.305558

chrX 8156034 8156273 ~ active suppressed 1.617134 1.793922 0.889429 1.456125

chrX 8286772 8287077 ~ active suppressed 0.772945 3.519823 2.023153 0.805434

chrX 8565765 8566317 ~ poised suppressed 2.22604 1.976018 1.365066 0.634914

chrX 8646240 8646450 ~ poised suppressed 1.335284 0.731446 -0.131251 0.882325

chrX 8810936 8811448 rex active suppressed 1.961613 3.577046 2.127518 2.695664

chrX 8835564 8836197 ~ active suppressed 0.97643 2.683145 1.277732 1.275724

chrX 8911085 8911391 ~ active suppressed 1.018221 2.645155 1.967001 0.241317

chrX 9271960 9272275 dox active suppressed 1.785994 3.168053 2.869111 1.477656

chrX 9337756 9338087 dox active suppressed 1.258424 3.373678 1.268292 1.425033

chrX 9347546 9347927 ~ active suppressed 1.189585 2.708947 2.556437 0.675253

chrX 9441493 9441777 ~ active suppressed 2.090606 2.935358 2.529424 1.001435

chrX 9637105 9637901 ~ active suppressed 1.494315 3.059324 1.595357 2.486651

chrX 9822620 9822884 ~ active suppressed 1.29361 3.619514 2.059399 1.555403

chrX 9838211 9838373 ~ active suppressed 1.396947 2.721903 1.928522 0.533338

chrX 9899723 9900052 ~ active suppressed 1.511059 3.168925 1.933099 1.187521

chrX 9932290 9932754 ~ active suppressed 1.637177 3.484519 1.383394 2.880893

chrX 9958438 9958902 ~ active suppressed 1.713223 3.376185 2.372735 1.309442

chrX 9999059 10000076 ~ active suppressed 1.055301 3.267287 1.350626 1.730193

chrX 10146591 10146931 ~ active suppressed 1.657117 2.734175 1.475875 2.022212

chrX 10188373 10188765 dox active suppressed 2.027597 3.461523 1.636278 2.313844

chrX 10372690 10372892 ~ active suppressed 1.053079 3.284056 1.0992 1.039698

chrX 10377653 10377955 ~ poised suppressed 1.905907 2.748164 1.914245 0.800666

chrX 10435435 10435976 ~ active suppressed 1.414872 2.376314 0.693739 2.280111

chrX 10963657 10963889 ~ poised suppressed 1.22592 0.583484 0.00406 0.775229

chrX 11030958 11031666 ~ active suppressed 1.892183 3.576705 0.673983 2.997789

chrX 11206951 11207229 dox active suppressed 0.607408 3.100925 2.397525 0.503043

chrX 11299557 11299950 rex/dox active suppressed 1.69712 3.804456 1.769279 1.876426

chrX 11344921 11345200 ~ poised suppressed 1.374812 0.729599 0.001932 1.01961

chrX 11367584 11367840 dox poised 2.660923 2.08367 1.091813 0.447126

chrX 11522032 11522288 ~ active suppressed 0.448145 3.426668 1.154598 2.771406

chrX 11605855 11606142 ~ active suppressed 3.02341 3.204909 1.496469 2.830999

chrX 11798050 11798263 ~ active suppressed 0.68271 3.315638 1.732365 1.9177

chrX 11947092 11947391 ~ poised suppressed 1.705842 3.781678 2.043526 2.167783

chrX 12017923 12018184 ~ poised suppressed 1.698128 2.165641 1.849273 0.781624

chrX 12393724 12394119 dox active suppressed 1.325366 3.254386 2.316629 0.653526

chrX 12480411 12480674 ~ active suppressed 1.305905 2.842531 1.634879 1.526355

chrX 12670333 12670688 ~ active suppressed 2.176203 3.102305 1.416724 2.233707

chrX 13121090 13121443 ~ active suppressed 1.685617 1.753166 1.006356 1.867605

chrX 13264553 13264875 ~ poised suppressed 1.116262 0.182733 0.113178 1.308604

chrX 13396543 13396817 ~ poised suppressed 1.590105 2.297543 1.98508 0.62812

chrX 13419853 13420099 ~ active suppressed 1.917808 3.283223 2.145444 2.018729

chrX 13518998 13519344 ~ active suppressed 0.780042 3.109038 0.857142 2.583441

chrX 13583763 13584274 ~ active suppressed 1.298953 3.612964 1.479251 2.035724

chrX 13596008 13596291 ~ active suppressed 1.908015 3.011012 2.074821 0.803184

chrX 13653579 13653778 ~ active suppressed 1.966362 1.092276 0.19052 0.30695

chrX 13686971 13687386 ~ active suppressed 1.839501 3.352131 2.057392 1.729687

chrX 13726906 13727124 ~ active suppressed 1.455931 2.962776 1.887632 0.594631

chrX 13950511 13951004 ~ active suppressed 1.315867 2.682957 1.071794 2.422613

chrX 13969449 13969872 ~ active suppressed 1.84633 3.32027 1.955647 2.44253

chrX 13977374 13977737 ~ active suppressed 1.169635 3.248529 2.363432 1.173546

chrX 14102016 14102240 ~ active suppressed 1.135466 3.27913 2.567891 2.048147

chrX 14169653 14169981 ~ active suppressed 1.119544 3.14673 2.660182 0.850786

chrX 14243502 14243776 ~ active suppressed 1.811577 3.516181 1.736243 0.228962

chrX 14312365 14312647 ~ active suppressed 0.79547 3.075937 0.545838 1.085939

chrX 14489914 14490304 ~ active suppressed 0.307683 3.531141 1.643213 2.009736

chrX 14602605 14602927 ~ active suppressed 1.111996 3.354193 2.023625 1.932355

chrX 14610386 14610649 ~ active suppressed 1.14646 2.961697 1.377136 1.699395

chrX 14708181 14708467 ~ active suppressed 1.443671 2.897993 2.010907 1.335351

chrX 14753507 14753790 ~ active suppressed 0.964113 3.142158 1.825457 1.095199

chrX 14810712 14810945 ~ poised suppressed 1.972007 2.628335 1.613434 1.33129

chrX 14818587 14819300 ~ active suppressed 1.60943 3.9054 1.328 3.410499

chrX 14853799 14854084 ~ active suppressed 1.56783 2.904047 2.567913 1.280674

chrX 15100570 15100853 ~ active suppressed 0.879023 3.456075 1.792274 1.076703

chrX 15148500 15149048 ~ poised suppressed 2.111159 0.910948 -0.147627 0.599409

chrX 15181391 15181673 ~ active suppressed 1.782425 3.352326 2.022705 1.613637

chrX 15281164 15281463 ~ poised suppressed 2.038363 3.145682 1.703559 1.123498

chrX 15353953 15354213 ~ poised 1.813819 1.662592 1.075459 0.712831

chrX 15515572 15516008 ~ poised 1.939261 0.54805 0.332477 0.337238

chrX 15568016 15568480 ~ active suppressed 1.057203 3.024297 1.767264 2.058808

chrX 15606805 15607225 ~ active suppressed 1.364124 3.17316 1.785637 2.735928

chrX 15689276 15689524 ~ active suppressed 1.002673 3.353056 2.132297 0.143662

chrX 15707194 15707770 ~ active suppressed 1.747407 2.509431 0.450363 1.635117

chrX 15736423 15736752 ~ poised suppressed 1.048162 0.4281 0.005508 3.692006

chrX 15841091 15841370 ~ active suppressed 0.149708 3.437329 1.666278 2.533057

chrX 15849338 15849576 ~ poised suppressed 0.933565 2.304866 1.522655 1.575641

chrX 16147409 16148047 ~ active suppressed 1.174644 3.031233 0.438687 2.01424

chrX 16156854 16157285 ~ poised suppressed 3.060908 1.461969 0.307743 1.494799

chrX 16202167 16202512 ~ active suppressed 1.427687 1.144647 0.201053 3.708138

chrX 16275278 16275509 ~ active suppressed 0.840923 3.087415 1.853289 1.092199

chrX 16445833 16446186 ~ active suppressed 1.003049 2.876611 1.072101 2.055689

chrX 16612172 16612954 ~ active suppressed 0.698964 3.244167 0.705001 2.793402

chrX 16704073 16704398 ~ active suppressed 1.567144 2.894289 1.771888 0.709492

chrX 16726634 16727149 ~ active suppressed 1.481195 2.622764 0.919564 2.36656

chrX 16929432 16930528 ~ active suppressed 0.797144 3.791422 1.964627 3.759633

chrX 16961306 16961663 ~ active suppressed 0.791155 3.409375 1.371887 1.354473

chrX 17151136 17151425 ~ active suppressed 1.060904 3.562175 2.381364 1.237075

chrX 17181164 17181845 ~ poised suppressed 1.663242 1.731197 -0.177587 5.165961

chrX 17184333 17184674 dox active suppressed 2.036549 2.51838 0.880784 1.397085

chrX 17392189 17392416 ~ active suppressed 1.737618 2.982369 2.364773 1.032649

chrX 17451359 17451623 ~ active suppressed 1.069595 3.056188 1.75073 0.621094

chrX 17479827 17480378 ~ active suppressed 2.075798 3.076252 1.189255 2.853988

chrX 17505722 17506130 ~ active suppressed 2.57565 1.792353 1.169087 1.093266

chrX 17513431 17513838 ~ active suppressed 1.525378 3.26968 1.864744 2.042648
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chrI 7214602 7215407 ~ poised 2.819681 1.461904 0.302246 0.134732

chrII 11884229 11884523 ~ poised suppressed 2.087381 2.632066 1.41277 0.488526

chrII 11960564 11960897 ~ active suppressed 2.086116 1.040199 0.912975 0.944171

chrIII 352284 352494 ~ poised 3.004247 2.8675 2.876318 0.382666

chrIII 11054570 11054943 ~ poised suppressed 1.966063 2.288088 2.117288 0.912572

chrIII 12738010 12738294 ~ poised suppressed 0.469568 0.856544 0.628204 1.078421

chrIII 13673705 13673949 ~ poised 2.770301 1.193975 0.924046 0.606567

chrIV 4405385 4406481 ~ active suppressed 2.798995 3.351641 2.14544 1.548864

chrIV 8252933 8253189 ~ poised suppressed 0.678784 0.534317 -0.084223 0.556021

chrIV 8927033 8927325 ~ poised suppressed 1.242358 2.361955 1.465692 1.197651

chrIV 9191211 9191502 ~ active suppressed 1.210886 0.467869 -0.081898 0.172032

chrIV 11025970 11026386 ~ active suppressed 0.644031 3.352595 1.793109 2.988894

chrIV 11549789 11550042 ~ active suppressed 1.61881 0.217099 0.408148 0.992747

chrIV 16388187 16389266 ~ poised suppressed 3.093372 2.648451 1.358904 1.115477

chrV 4498842 4499800 ~ poised 2.747655 1.76016 -0.451105 1.476704

chrV 6470543 6470742 ~ poised 2.317508 3.602374 2.23528 0.006141

chrV 7774262 7774591 ~ active suppressed 1.488981 1.606126 1.305687 0.554024

chrV 11314022 11314339 ~ active suppressed 1.640637 1.016949 0.321642 1.372545

chrV 12001919 12002297 ~ active suppressed 1.524459 2.202688 0.955671 0.342874

chrV 12303454 12303749 ~ active suppressed 2.113107 0.736565 0.787855 1.179997

chrV 13374528 13374736 ~ poised suppressed 1.903896 2.12433 1.420062 0.723976

chrV 13655332 13655698 ~ poised suppressed 2.005848 2.334083 1.341896 1.389049

chrV 13818865 13819042 ~ active suppressed 1.516765 3.609574 2.794252 0.008566

chrV 18808499 18809067 ~ poised suppressed 1.602114 3.239587 1.56247 0.4858

chrV 19643034 19643322 ~ active suppressed 1.788547 3.401548 0.819302 1.3922

chrX 348210 348480 ~ poised suppressed 1.869188 2.634616 1.897913 0.346379

chrX 353186 353501 ~ poised suppressed 1.706894 2.069905 1.400602 0.883764

chrX 382538 383012 ~ active suppressed 1.4256 3.449735 2.946871 0.8169

chrX 409955 410813 ~ active suppressed 2.024381 1.067771 -0.146031 4.783406

chrX 535798 536180 ~ active suppressed 2.44461 2.653073 1.062727 0.756118

chrX 768082 768397 ~ poised suppressed 1.052283 3.008384 2.029601 1.873768

chrX 788039 788298 ~ poised suppressed 2.042824 2.51968 2.091378 0.756931

chrX 870955 871383 ~ active suppressed 0.711852 3.385614 1.117906 2.32963

chrX 876992 877304 ~ poised suppressed 1.843369 2.94661 1.87398 1.898344

chrX 915459 915816 ~ active suppressed 1.602323 3.015662 2.242317 1.21532

chrX 949470 949860 ~ active suppressed 0.69904 3.596118 1.147253 2.474589

chrX 1093212 1093497 ~ active suppressed 1.987253 2.821031 1.13428 1.851233

chrX 1103710 1104020 ~ active suppressed 2.303023 3.590396 2.141722 0.04011

chrX 1128560 1128817 ~ active suppressed 1.695657 2.811423 1.816804 1.413979

chrX 1302301 1302625 ~ active suppressed 0.974779 1.945934 0.511519 2.185186

chrX 1319804 1320122 ~ poised suppressed 1.949991 2.612837 1.30982 2.464673

chrX 1446792 1447133 ~ active suppressed 0.515337 3.142849 1.636309 2.009531

chrX 1454367 1454775 ~ active suppressed 2.706662 2.380555 1.501362 2.454616

chrX 1524678 1524978 ~ active suppressed 2.655546 2.025685 0.637842 0.287455

chrX 1845573 1845759 ~ poised suppressed 1.90723 2.720684 2.023166 0.696706

chrX 1856219 1856589 ~ active suppressed 1.779669 2.919546 1.428396 2.942744

chrX 1961363 1961609 ~ poised suppressed 2.108049 2.803983 1.165695 4.157329

chrX 2242852 2243109 ~ active suppressed 0.338313 3.469257 1.825462 1.269959

chrX 2368196 2368938 ~ active suppressed 1.703794 3.475068 2.111758 2.469546

chrX 2401946 2402336 ~ active suppressed 0.106127 3.294262 0.873973 1.254493

chrX 2439316 2439550 ~ poised suppressed 2.459086 2.913494 2.215539 0.383663

chrX 2536373 2536783 ~ active suppressed 1.972945 3.158324 1.235022 2.458543

chrX 2667847 2668086 ~ poised suppressed 1.610486 2.140347 1.205337 0.17609

chrX 2687206 2687466 ~ poised suppressed 2.22048 2.842188 1.779424 0.512443

chrX 2688617 2688818 ~ poised suppressed 1.630187 2.812929 2.186549 0.747765

chrX 2802537 2803073 ~ poised 2.245234 2.142573 1.010875 1.626888

chrX 2852379 2852913 ~ poised suppressed 3.048523 2.627376 1.62297 3.15821

chrX 2924365 2924660 ~ poised suppressed 2.892096 1.905057 -0.167492 0.592164

chrX 3090050 3090380 ~ poised suppressed 1.206414 3.749137 2.571859 1.644033

chrX 3099981 3100081 ~ active suppressed 0.812269 2.597856 2.136423 1.114107

chrX 3127560 3128098 ~ active suppressed 0.73302 3.601403 1.537353 2.916403

chrX 3245842 3246077 ~ active suppressed 0.655028 3.26926 2.007245 1.377658

chrX 3605780 3606014 ~ active suppressed 1.057497 3.109058 2.236337 1.488879

chrX 3914159 3914601 ~ active suppressed 1.687278 0.617238 0.319342 0.923754

chrX 3969890 3970213 ~ poised suppressed 1.677181 0.805295 -0.02125 1.746532

chrX 4157882 4158266 ~ active suppressed 2.080136 3.513551 2.003754 0.913519

chrX 4190584 4190913 ~ active suppressed 0.237325 3.603617 2.010495 1.277804

chrX 4214644 4214908 ~ poised suppressed 2.021919 2.865764 0.813905 1.720372

chrX 4222338 4223334 ~ active suppressed 1.17924 3.079835 0.494356 1.720668

chrX 4388818 4389252 dox active suppressed 0.219838 3.11479 1.115749 2.980027

chrX 4444165 4444365 ~ poised suppressed 1.801225 0.590726 0.228917 1.162511

chrX 4469311 4469581 ~ poised suppressed 0.915857 2.237308 1.361035 0.903568

chrX 4523715 4524230 ~ active suppressed 1.559184 3.485678 0.993298 2.534964

chrX 4635722 4635956 ~ active suppressed 2.103706 3.336712 2.920596 1.044291

chrX 4890229 4890449 ~ poised suppressed 1.463169 2.261023 1.97078 0.96069

chrX 4961468 4962586 ~ poised suppressed 1.812909 3.134846 1.945372 3.195109

chrX 5085519 5085855 ~ poised suppressed 1.448188 3.505025 0.443128 2.360008

chrX 5275292 5275555 ~ active suppressed 1.073309 2.766614 2.293241 1.050461

chrX 5319324 5319551 ~ poised suppressed 1.051649 0.433373 -0.096072 0.955461

chrX 5336507 5336841 ~ poised suppressed 1.289398 2.299631 1.047988 1.31299

chrX 5407344 5407574 ~ poised 1.436784 0.376804 -0.002016 1.144599

chrX 5475018 5475587 ~ active suppressed 1.792458 3.117767 0.944253 2.638929

chrX 5686031 5686501 ~ active suppressed 2.392153 3.00086 1.127596 1.369468

chrX 5764764 5765077 ~ active suppressed 2.086235 3.444248 1.491145 2.501161

chrX 5781945 5782385 ~ active suppressed 1.201992 3.603807 2.694052 0.750935

chrX 5812025 5812447 dox active suppressed 2.215749 2.897469 1.257574 2.528112

chrX 5840975 5841422 ~ active suppressed 0.261261 3.296333 1.370223 2.667921

chrX 5984572 5984824 ~ poised suppressed 1.800123 2.424636 1.645709 0.909397

chrX 6097605 6097866 ~ active suppressed 1.843766 2.353614 1.541312 0.793943

chrX 6207617 6207993 ~ active suppressed 1.250192 2.540516 0.783791 1.842231

chrX 6292743 6293050 ~ poised suppressed 1.80701 2.533349 1.310857 1.12405

chrX 6371165 6371466 ~ poised suppressed 2.198479 1.721071 -0.107602 0.213847

chrX 6377988 6378666 ~ poised suppressed 1.027323 3.558023 2.416481 1.417534

chrX 6804963 6805162 ~ poised suppressed 2.364805 1.881327 1.071458 0.867845

chrX 6806492 6806869 ~ poised suppressed 2.276007 3.263169 1.624034 1.390754

chrX 7264700 7265283 ~ active suppressed 0.601503 3.443641 1.013566 2.334396

chrX 7334189 7334660 ~ active suppressed 0.404983 3.585712 1.824064 1.22167

chrX 7475054 7475331 ~ active suppressed 1.71687 3.096373 2.520981 0.474322

chrX 7782369 7782693 ~ active suppressed 1.783221 2.786631 2.456882 0.578734

chrX 7787979 7788314 ~ active suppressed 2.029667 3.104972 2.475638 0.888637

chrX 7823054 7823402 ~ active suppressed 0.885587 3.143859 2.214288 1.398233

chrX 7951494 7951843 ~ active suppressed 1.350679 3.568206 1.41682 2.590145

chrX 8029076 8029346 dox poised suppressed 1.476081 3.044145 1.801895 0.726652

chrX 8103906 8104167 ~ active suppressed 0.735905 3.251555 1.376047 2.305558

chrX 8156034 8156273 ~ active suppressed 1.617134 1.793922 0.889429 1.456125

chrX 8286772 8287077 ~ active suppressed 0.772945 3.519823 2.023153 0.805434

chrX 8565765 8566317 ~ poised suppressed 2.22604 1.976018 1.365066 0.634914

chrX 8646240 8646450 ~ poised suppressed 1.335284 0.731446 -0.131251 0.882325

chrX 8810936 8811448 rex active suppressed 1.961613 3.577046 2.127518 2.695664

chrX 8835564 8836197 ~ active suppressed 0.97643 2.683145 1.277732 1.275724

chrX 8911085 8911391 ~ active suppressed 1.018221 2.645155 1.967001 0.241317

chrX 9271960 9272275 dox active suppressed 1.785994 3.168053 2.869111 1.477656

chrX 9337756 9338087 dox active suppressed 1.258424 3.373678 1.268292 1.425033

chrX 9347546 9347927 ~ active suppressed 1.189585 2.708947 2.556437 0.675253

chrX 9441493 9441777 ~ active suppressed 2.090606 2.935358 2.529424 1.001435

chrX 9637105 9637901 ~ active suppressed 1.494315 3.059324 1.595357 2.486651

chrX 9822620 9822884 ~ active suppressed 1.29361 3.619514 2.059399 1.555403

chrX 9838211 9838373 ~ active suppressed 1.396947 2.721903 1.928522 0.533338

chrX 9899723 9900052 ~ active suppressed 1.511059 3.168925 1.933099 1.187521

chrX 9932290 9932754 ~ active suppressed 1.637177 3.484519 1.383394 2.880893

chrX 9958438 9958902 ~ active suppressed 1.713223 3.376185 2.372735 1.309442

chrX 9999059 10000076 ~ active suppressed 1.055301 3.267287 1.350626 1.730193

chrX 10146591 10146931 ~ active suppressed 1.657117 2.734175 1.475875 2.022212

chrX 10188373 10188765 dox active suppressed 2.027597 3.461523 1.636278 2.313844

chrX 10372690 10372892 ~ active suppressed 1.053079 3.284056 1.0992 1.039698

chrX 10377653 10377955 ~ poised suppressed 1.905907 2.748164 1.914245 0.800666

chrX 10435435 10435976 ~ active suppressed 1.414872 2.376314 0.693739 2.280111

chrX 10963657 10963889 ~ poised suppressed 1.22592 0.583484 0.00406 0.775229

chrX 11030958 11031666 ~ active suppressed 1.892183 3.576705 0.673983 2.997789

chrX 11206951 11207229 dox active suppressed 0.607408 3.100925 2.397525 0.503043

chrX 11299557 11299950 rex/dox active suppressed 1.69712 3.804456 1.769279 1.876426

chrX 11344921 11345200 ~ poised suppressed 1.374812 0.729599 0.001932 1.01961

chrX 11367584 11367840 dox poised 2.660923 2.08367 1.091813 0.447126

chrX 11522032 11522288 ~ active suppressed 0.448145 3.426668 1.154598 2.771406

chrX 11605855 11606142 ~ active suppressed 3.02341 3.204909 1.496469 2.830999

chrX 11798050 11798263 ~ active suppressed 0.68271 3.315638 1.732365 1.9177

chrX 11947092 11947391 ~ poised suppressed 1.705842 3.781678 2.043526 2.167783

chrX 12017923 12018184 ~ poised suppressed 1.698128 2.165641 1.849273 0.781624

chrX 12393724 12394119 dox active suppressed 1.325366 3.254386 2.316629 0.653526

chrX 12480411 12480674 ~ active suppressed 1.305905 2.842531 1.634879 1.526355

chrX 12670333 12670688 ~ active suppressed 2.176203 3.102305 1.416724 2.233707

chrX 13121090 13121443 ~ active suppressed 1.685617 1.753166 1.006356 1.867605

chrX 13264553 13264875 ~ poised suppressed 1.116262 0.182733 0.113178 1.308604

chrX 13396543 13396817 ~ poised suppressed 1.590105 2.297543 1.98508 0.62812

chrX 13419853 13420099 ~ active suppressed 1.917808 3.283223 2.145444 2.018729

chrX 13518998 13519344 ~ active suppressed 0.780042 3.109038 0.857142 2.583441

chrX 13583763 13584274 ~ active suppressed 1.298953 3.612964 1.479251 2.035724

chrX 13596008 13596291 ~ active suppressed 1.908015 3.011012 2.074821 0.803184

chrX 13653579 13653778 ~ active suppressed 1.966362 1.092276 0.19052 0.30695

chrX 13686971 13687386 ~ active suppressed 1.839501 3.352131 2.057392 1.729687

chrX 13726906 13727124 ~ active suppressed 1.455931 2.962776 1.887632 0.594631

chrX 13950511 13951004 ~ active suppressed 1.315867 2.682957 1.071794 2.422613

chrX 13969449 13969872 ~ active suppressed 1.84633 3.32027 1.955647 2.44253

chrX 13977374 13977737 ~ active suppressed 1.169635 3.248529 2.363432 1.173546

chrX 14102016 14102240 ~ active suppressed 1.135466 3.27913 2.567891 2.048147

chrX 14169653 14169981 ~ active suppressed 1.119544 3.14673 2.660182 0.850786

chrX 14243502 14243776 ~ active suppressed 1.811577 3.516181 1.736243 0.228962

chrX 14312365 14312647 ~ active suppressed 0.79547 3.075937 0.545838 1.085939

chrX 14489914 14490304 ~ active suppressed 0.307683 3.531141 1.643213 2.009736

chrX 14602605 14602927 ~ active suppressed 1.111996 3.354193 2.023625 1.932355

chrX 14610386 14610649 ~ active suppressed 1.14646 2.961697 1.377136 1.699395

chrX 14708181 14708467 ~ active suppressed 1.443671 2.897993 2.010907 1.335351

chrX 14753507 14753790 ~ active suppressed 0.964113 3.142158 1.825457 1.095199

chrX 14810712 14810945 ~ poised suppressed 1.972007 2.628335 1.613434 1.33129

chrX 14818587 14819300 ~ active suppressed 1.60943 3.9054 1.328 3.410499

chrX 14853799 14854084 ~ active suppressed 1.56783 2.904047 2.567913 1.280674

chrX 15100570 15100853 ~ active suppressed 0.879023 3.456075 1.792274 1.076703

chrX 15148500 15149048 ~ poised suppressed 2.111159 0.910948 -0.147627 0.599409

chrX 15181391 15181673 ~ active suppressed 1.782425 3.352326 2.022705 1.613637

chrX 15281164 15281463 ~ poised suppressed 2.038363 3.145682 1.703559 1.123498

chrX 15353953 15354213 ~ poised 1.813819 1.662592 1.075459 0.712831

chrX 15515572 15516008 ~ poised 1.939261 0.54805 0.332477 0.337238

chrX 15568016 15568480 ~ active suppressed 1.057203 3.024297 1.767264 2.058808

chrX 15606805 15607225 ~ active suppressed 1.364124 3.17316 1.785637 2.735928

chrX 15689276 15689524 ~ active suppressed 1.002673 3.353056 2.132297 0.143662

chrX 15707194 15707770 ~ active suppressed 1.747407 2.509431 0.450363 1.635117

chrX 15736423 15736752 ~ poised suppressed 1.048162 0.4281 0.005508 3.692006

chrX 15841091 15841370 ~ active suppressed 0.149708 3.437329 1.666278 2.533057

chrX 15849338 15849576 ~ poised suppressed 0.933565 2.304866 1.522655 1.575641

chrX 16147409 16148047 ~ active suppressed 1.174644 3.031233 0.438687 2.01424

chrX 16156854 16157285 ~ poised suppressed 3.060908 1.461969 0.307743 1.494799

chrX 16202167 16202512 ~ active suppressed 1.427687 1.144647 0.201053 3.708138

chrX 16275278 16275509 ~ active suppressed 0.840923 3.087415 1.853289 1.092199

chrX 16445833 16446186 ~ active suppressed 1.003049 2.876611 1.072101 2.055689

chrX 16612172 16612954 ~ active suppressed 0.698964 3.244167 0.705001 2.793402

chrX 16704073 16704398 ~ active suppressed 1.567144 2.894289 1.771888 0.709492

chrX 16726634 16727149 ~ active suppressed 1.481195 2.622764 0.919564 2.36656

chrX 16929432 16930528 ~ active suppressed 0.797144 3.791422 1.964627 3.759633

chrX 16961306 16961663 ~ active suppressed 0.791155 3.409375 1.371887 1.354473

chrX 17151136 17151425 ~ active suppressed 1.060904 3.562175 2.381364 1.237075

chrX 17181164 17181845 ~ poised suppressed 1.663242 1.731197 -0.177587 5.165961

chrX 17184333 17184674 dox active suppressed 2.036549 2.51838 0.880784 1.397085

chrX 17392189 17392416 ~ active suppressed 1.737618 2.982369 2.364773 1.032649

chrX 17451359 17451623 ~ active suppressed 1.069595 3.056188 1.75073 0.621094

chrX 17479827 17480378 ~ active suppressed 2.075798 3.076252 1.189255 2.853988

chrX 17505722 17506130 ~ active suppressed 2.57565 1.792353 1.169087 1.093266

chrX 17513431 17513838 ~ active suppressed 1.525378 3.26968 1.864744 2.042648

chromosome start  stop known? ele type H3K27me3 status H3K4me1 max H3K27ac max H4K16ac min SDC-2 min

chrI 7214602 7215407 ~ poised 2.819681 1.461904 0.302246 0.134732

chrII 11884229 11884523 ~ poised suppressed 2.087381 2.632066 1.41277 0.488526

chrII 11960564 11960897 ~ active suppressed 2.086116 1.040199 0.912975 0.944171

chrIII 352284 352494 ~ poised 3.004247 2.8675 2.876318 0.382666

chrIII 11054570 11054943 ~ poised suppressed 1.966063 2.288088 2.117288 0.912572

chrIII 12738010 12738294 ~ poised suppressed 0.469568 0.856544 0.628204 1.078421

chrIII 13673705 13673949 ~ poised 2.770301 1.193975 0.924046 0.606567

chrIV 4405385 4406481 ~ active suppressed 2.798995 3.351641 2.14544 1.548864

chrIV 8252933 8253189 ~ poised suppressed 0.678784 0.534317 -0.084223 0.556021

chrIV 8927033 8927325 ~ poised suppressed 1.242358 2.361955 1.465692 1.197651

chrIV 9191211 9191502 ~ active suppressed 1.210886 0.467869 -0.081898 0.172032

chrIV 11025970 11026386 ~ active suppressed 0.644031 3.352595 1.793109 2.988894

chrIV 11549789 11550042 ~ active suppressed 1.61881 0.217099 0.408148 0.992747

chrIV 16388187 16389266 ~ poised suppressed 3.093372 2.648451 1.358904 1.115477

chrV 4498842 4499800 ~ poised 2.747655 1.76016 -0.451105 1.476704

chrV 6470543 6470742 ~ poised 2.317508 3.602374 2.23528 0.006141

chrV 7774262 7774591 ~ active suppressed 1.488981 1.606126 1.305687 0.554024

chrV 11314022 11314339 ~ active suppressed 1.640637 1.016949 0.321642 1.372545

chrV 12001919 12002297 ~ active suppressed 1.524459 2.202688 0.955671 0.342874

chrV 12303454 12303749 ~ active suppressed 2.113107 0.736565 0.787855 1.179997

chrV 13374528 13374736 ~ poised suppressed 1.903896 2.12433 1.420062 0.723976

chrV 13655332 13655698 ~ poised suppressed 2.005848 2.334083 1.341896 1.389049

chrV 13818865 13819042 ~ active suppressed 1.516765 3.609574 2.794252 0.008566

chrV 18808499 18809067 ~ poised suppressed 1.602114 3.239587 1.56247 0.4858

chrV 19643034 19643322 ~ active suppressed 1.788547 3.401548 0.819302 1.3922

chrX 348210 348480 ~ poised suppressed 1.869188 2.634616 1.897913 0.346379

chrX 353186 353501 ~ poised suppressed 1.706894 2.069905 1.400602 0.883764

chrX 382538 383012 ~ active suppressed 1.4256 3.449735 2.946871 0.8169

chrX 409955 410813 ~ active suppressed 2.024381 1.067771 -0.146031 4.783406

chrX 535798 536180 ~ active suppressed 2.44461 2.653073 1.062727 0.756118

chrX 768082 768397 ~ poised suppressed 1.052283 3.008384 2.029601 1.873768

chrX 788039 788298 ~ poised suppressed 2.042824 2.51968 2.091378 0.756931

chrX 870955 871383 ~ active suppressed 0.711852 3.385614 1.117906 2.32963

chrX 876992 877304 ~ poised suppressed 1.843369 2.94661 1.87398 1.898344

chrX 915459 915816 ~ active suppressed 1.602323 3.015662 2.242317 1.21532

chrX 949470 949860 ~ active suppressed 0.69904 3.596118 1.147253 2.474589

chrX 1093212 1093497 ~ active suppressed 1.987253 2.821031 1.13428 1.851233

chrX 1103710 1104020 ~ active suppressed 2.303023 3.590396 2.141722 0.04011

chrX 1128560 1128817 ~ active suppressed 1.695657 2.811423 1.816804 1.413979

chrX 1302301 1302625 ~ active suppressed 0.974779 1.945934 0.511519 2.185186

chrX 1319804 1320122 ~ poised suppressed 1.949991 2.612837 1.30982 2.464673

chrX 1446792 1447133 ~ active suppressed 0.515337 3.142849 1.636309 2.009531

chrX 1454367 1454775 ~ active suppressed 2.706662 2.380555 1.501362 2.454616

chrX 1524678 1524978 ~ active suppressed 2.655546 2.025685 0.637842 0.287455

chrX 1845573 1845759 ~ poised suppressed 1.90723 2.720684 2.023166 0.696706

chrX 1856219 1856589 ~ active suppressed 1.779669 2.919546 1.428396 2.942744

chrX 1961363 1961609 ~ poised suppressed 2.108049 2.803983 1.165695 4.157329

chrX 2242852 2243109 ~ active suppressed 0.338313 3.469257 1.825462 1.269959

chrX 2368196 2368938 ~ active suppressed 1.703794 3.475068 2.111758 2.469546

chrX 2401946 2402336 ~ active suppressed 0.106127 3.294262 0.873973 1.254493

chrX 2439316 2439550 ~ poised suppressed 2.459086 2.913494 2.215539 0.383663

chrX 2536373 2536783 ~ active suppressed 1.972945 3.158324 1.235022 2.458543

chrX 2667847 2668086 ~ poised suppressed 1.610486 2.140347 1.205337 0.17609

chrX 2687206 2687466 ~ poised suppressed 2.22048 2.842188 1.779424 0.512443

chrX 2688617 2688818 ~ poised suppressed 1.630187 2.812929 2.186549 0.747765

chrX 2802537 2803073 ~ poised 2.245234 2.142573 1.010875 1.626888

chrX 2852379 2852913 ~ poised suppressed 3.048523 2.627376 1.62297 3.15821

chrX 2924365 2924660 ~ poised suppressed 2.892096 1.905057 -0.167492 0.592164

chrX 3090050 3090380 ~ poised suppressed 1.206414 3.749137 2.571859 1.644033

chrX 3099981 3100081 ~ active suppressed 0.812269 2.597856 2.136423 1.114107

chrX 3127560 3128098 ~ active suppressed 0.73302 3.601403 1.537353 2.916403

chrX 3245842 3246077 ~ active suppressed 0.655028 3.26926 2.007245 1.377658

chrX 3605780 3606014 ~ active suppressed 1.057497 3.109058 2.236337 1.488879

chrX 3914159 3914601 ~ active suppressed 1.687278 0.617238 0.319342 0.923754

chrX 3969890 3970213 ~ poised suppressed 1.677181 0.805295 -0.02125 1.746532

chrX 4157882 4158266 ~ active suppressed 2.080136 3.513551 2.003754 0.913519

chrX 4190584 4190913 ~ active suppressed 0.237325 3.603617 2.010495 1.277804

chrX 4214644 4214908 ~ poised suppressed 2.021919 2.865764 0.813905 1.720372

chrX 4222338 4223334 ~ active suppressed 1.17924 3.079835 0.494356 1.720668

chrX 4388818 4389252 dox active suppressed 0.219838 3.11479 1.115749 2.980027

chrX 4444165 4444365 ~ poised suppressed 1.801225 0.590726 0.228917 1.162511

chrX 4469311 4469581 ~ poised suppressed 0.915857 2.237308 1.361035 0.903568

chrX 4523715 4524230 ~ active suppressed 1.559184 3.485678 0.993298 2.534964

chrX 4635722 4635956 ~ active suppressed 2.103706 3.336712 2.920596 1.044291

chrX 4890229 4890449 ~ poised suppressed 1.463169 2.261023 1.97078 0.96069

chrX 4961468 4962586 ~ poised suppressed 1.812909 3.134846 1.945372 3.195109

chrX 5085519 5085855 ~ poised suppressed 1.448188 3.505025 0.443128 2.360008

chrX 5275292 5275555 ~ active suppressed 1.073309 2.766614 2.293241 1.050461

chrX 5319324 5319551 ~ poised suppressed 1.051649 0.433373 -0.096072 0.955461

chrX 5336507 5336841 ~ poised suppressed 1.289398 2.299631 1.047988 1.31299

chrX 5407344 5407574 ~ poised 1.436784 0.376804 -0.002016 1.144599

chrX 5475018 5475587 ~ active suppressed 1.792458 3.117767 0.944253 2.638929

chrX 5686031 5686501 ~ active suppressed 2.392153 3.00086 1.127596 1.369468

chrX 5764764 5765077 ~ active suppressed 2.086235 3.444248 1.491145 2.501161

chrX 5781945 5782385 ~ active suppressed 1.201992 3.603807 2.694052 0.750935

chrX 5812025 5812447 dox active suppressed 2.215749 2.897469 1.257574 2.528112

chrX 5840975 5841422 ~ active suppressed 0.261261 3.296333 1.370223 2.667921

chrX 5984572 5984824 ~ poised suppressed 1.800123 2.424636 1.645709 0.909397

chrX 6097605 6097866 ~ active suppressed 1.843766 2.353614 1.541312 0.793943

chrX 6207617 6207993 ~ active suppressed 1.250192 2.540516 0.783791 1.842231

chrX 6292743 6293050 ~ poised suppressed 1.80701 2.533349 1.310857 1.12405

chrX 6371165 6371466 ~ poised suppressed 2.198479 1.721071 -0.107602 0.213847

chrX 6377988 6378666 ~ poised suppressed 1.027323 3.558023 2.416481 1.417534

chrX 6804963 6805162 ~ poised suppressed 2.364805 1.881327 1.071458 0.867845

chrX 6806492 6806869 ~ poised suppressed 2.276007 3.263169 1.624034 1.390754

chrX 7264700 7265283 ~ active suppressed 0.601503 3.443641 1.013566 2.334396

chrX 7334189 7334660 ~ active suppressed 0.404983 3.585712 1.824064 1.22167

chrX 7475054 7475331 ~ active suppressed 1.71687 3.096373 2.520981 0.474322

chrX 7782369 7782693 ~ active suppressed 1.783221 2.786631 2.456882 0.578734

chrX 7787979 7788314 ~ active suppressed 2.029667 3.104972 2.475638 0.888637

chrX 7823054 7823402 ~ active suppressed 0.885587 3.143859 2.214288 1.398233

chrX 7951494 7951843 ~ active suppressed 1.350679 3.568206 1.41682 2.590145

chrX 8029076 8029346 dox poised suppressed 1.476081 3.044145 1.801895 0.726652

chrX 8103906 8104167 ~ active suppressed 0.735905 3.251555 1.376047 2.305558

chrX 8156034 8156273 ~ active suppressed 1.617134 1.793922 0.889429 1.456125

chrX 8286772 8287077 ~ active suppressed 0.772945 3.519823 2.023153 0.805434

chrX 8565765 8566317 ~ poised suppressed 2.22604 1.976018 1.365066 0.634914

chrX 8646240 8646450 ~ poised suppressed 1.335284 0.731446 -0.131251 0.882325

chrX 8810936 8811448 rex active suppressed 1.961613 3.577046 2.127518 2.695664

chrX 8835564 8836197 ~ active suppressed 0.97643 2.683145 1.277732 1.275724

chrX 8911085 8911391 ~ active suppressed 1.018221 2.645155 1.967001 0.241317

chrX 9271960 9272275 dox active suppressed 1.785994 3.168053 2.869111 1.477656

chrX 9337756 9338087 dox active suppressed 1.258424 3.373678 1.268292 1.425033

chrX 9347546 9347927 ~ active suppressed 1.189585 2.708947 2.556437 0.675253

chrX 9441493 9441777 ~ active suppressed 2.090606 2.935358 2.529424 1.001435

chrX 9637105 9637901 ~ active suppressed 1.494315 3.059324 1.595357 2.486651

chrX 9822620 9822884 ~ active suppressed 1.29361 3.619514 2.059399 1.555403

chrX 9838211 9838373 ~ active suppressed 1.396947 2.721903 1.928522 0.533338

chrX 9899723 9900052 ~ active suppressed 1.511059 3.168925 1.933099 1.187521

chrX 9932290 9932754 ~ active suppressed 1.637177 3.484519 1.383394 2.880893

chrX 9958438 9958902 ~ active suppressed 1.713223 3.376185 2.372735 1.309442

chrX 9999059 10000076 ~ active suppressed 1.055301 3.267287 1.350626 1.730193

chrX 10146591 10146931 ~ active suppressed 1.657117 2.734175 1.475875 2.022212

chrX 10188373 10188765 dox active suppressed 2.027597 3.461523 1.636278 2.313844

chrX 10372690 10372892 ~ active suppressed 1.053079 3.284056 1.0992 1.039698

chrX 10377653 10377955 ~ poised suppressed 1.905907 2.748164 1.914245 0.800666

chrX 10435435 10435976 ~ active suppressed 1.414872 2.376314 0.693739 2.280111

chrX 10963657 10963889 ~ poised suppressed 1.22592 0.583484 0.00406 0.775229

chrX 11030958 11031666 ~ active suppressed 1.892183 3.576705 0.673983 2.997789

chrX 11206951 11207229 dox active suppressed 0.607408 3.100925 2.397525 0.503043

chrX 11299557 11299950 rex/dox active suppressed 1.69712 3.804456 1.769279 1.876426

chrX 11344921 11345200 ~ poised suppressed 1.374812 0.729599 0.001932 1.01961

chrX 11367584 11367840 dox poised 2.660923 2.08367 1.091813 0.447126

chrX 11522032 11522288 ~ active suppressed 0.448145 3.426668 1.154598 2.771406

chrX 11605855 11606142 ~ active suppressed 3.02341 3.204909 1.496469 2.830999

chrX 11798050 11798263 ~ active suppressed 0.68271 3.315638 1.732365 1.9177

chrX 11947092 11947391 ~ poised suppressed 1.705842 3.781678 2.043526 2.167783

chrX 12017923 12018184 ~ poised suppressed 1.698128 2.165641 1.849273 0.781624

chrX 12393724 12394119 dox active suppressed 1.325366 3.254386 2.316629 0.653526

chrX 12480411 12480674 ~ active suppressed 1.305905 2.842531 1.634879 1.526355

chrX 12670333 12670688 ~ active suppressed 2.176203 3.102305 1.416724 2.233707

chrX 13121090 13121443 ~ active suppressed 1.685617 1.753166 1.006356 1.867605

chrX 13264553 13264875 ~ poised suppressed 1.116262 0.182733 0.113178 1.308604

chrX 13396543 13396817 ~ poised suppressed 1.590105 2.297543 1.98508 0.62812

chrX 13419853 13420099 ~ active suppressed 1.917808 3.283223 2.145444 2.018729

chrX 13518998 13519344 ~ active suppressed 0.780042 3.109038 0.857142 2.583441

chrX 13583763 13584274 ~ active suppressed 1.298953 3.612964 1.479251 2.035724

chrX 13596008 13596291 ~ active suppressed 1.908015 3.011012 2.074821 0.803184

chrX 13653579 13653778 ~ active suppressed 1.966362 1.092276 0.19052 0.30695

chrX 13686971 13687386 ~ active suppressed 1.839501 3.352131 2.057392 1.729687

chrX 13726906 13727124 ~ active suppressed 1.455931 2.962776 1.887632 0.594631

chrX 13950511 13951004 ~ active suppressed 1.315867 2.682957 1.071794 2.422613

chrX 13969449 13969872 ~ active suppressed 1.84633 3.32027 1.955647 2.44253

chrX 13977374 13977737 ~ active suppressed 1.169635 3.248529 2.363432 1.173546

chrX 14102016 14102240 ~ active suppressed 1.135466 3.27913 2.567891 2.048147

chrX 14169653 14169981 ~ active suppressed 1.119544 3.14673 2.660182 0.850786

chrX 14243502 14243776 ~ active suppressed 1.811577 3.516181 1.736243 0.228962

chrX 14312365 14312647 ~ active suppressed 0.79547 3.075937 0.545838 1.085939

chrX 14489914 14490304 ~ active suppressed 0.307683 3.531141 1.643213 2.009736

chrX 14602605 14602927 ~ active suppressed 1.111996 3.354193 2.023625 1.932355

chrX 14610386 14610649 ~ active suppressed 1.14646 2.961697 1.377136 1.699395

chrX 14708181 14708467 ~ active suppressed 1.443671 2.897993 2.010907 1.335351

chrX 14753507 14753790 ~ active suppressed 0.964113 3.142158 1.825457 1.095199

chrX 14810712 14810945 ~ poised suppressed 1.972007 2.628335 1.613434 1.33129

chrX 14818587 14819300 ~ active suppressed 1.60943 3.9054 1.328 3.410499

chrX 14853799 14854084 ~ active suppressed 1.56783 2.904047 2.567913 1.280674

chrX 15100570 15100853 ~ active suppressed 0.879023 3.456075 1.792274 1.076703

chrX 15148500 15149048 ~ poised suppressed 2.111159 0.910948 -0.147627 0.599409

chrX 15181391 15181673 ~ active suppressed 1.782425 3.352326 2.022705 1.613637

chrX 15281164 15281463 ~ poised suppressed 2.038363 3.145682 1.703559 1.123498

chrX 15353953 15354213 ~ poised 1.813819 1.662592 1.075459 0.712831

chrX 15515572 15516008 ~ poised 1.939261 0.54805 0.332477 0.337238

chrX 15568016 15568480 ~ active suppressed 1.057203 3.024297 1.767264 2.058808

chrX 15606805 15607225 ~ active suppressed 1.364124 3.17316 1.785637 2.735928

chrX 15689276 15689524 ~ active suppressed 1.002673 3.353056 2.132297 0.143662

chrX 15707194 15707770 ~ active suppressed 1.747407 2.509431 0.450363 1.635117

chrX 15736423 15736752 ~ poised suppressed 1.048162 0.4281 0.005508 3.692006

chrX 15841091 15841370 ~ active suppressed 0.149708 3.437329 1.666278 2.533057

chrX 15849338 15849576 ~ poised suppressed 0.933565 2.304866 1.522655 1.575641

chrX 16147409 16148047 ~ active suppressed 1.174644 3.031233 0.438687 2.01424

chrX 16156854 16157285 ~ poised suppressed 3.060908 1.461969 0.307743 1.494799

chrX 16202167 16202512 ~ active suppressed 1.427687 1.144647 0.201053 3.708138

chrX 16275278 16275509 ~ active suppressed 0.840923 3.087415 1.853289 1.092199

chrX 16445833 16446186 ~ active suppressed 1.003049 2.876611 1.072101 2.055689

chrX 16612172 16612954 ~ active suppressed 0.698964 3.244167 0.705001 2.793402

chrX 16704073 16704398 ~ active suppressed 1.567144 2.894289 1.771888 0.709492

chrX 16726634 16727149 ~ active suppressed 1.481195 2.622764 0.919564 2.36656

chrX 16929432 16930528 ~ active suppressed 0.797144 3.791422 1.964627 3.759633

chrX 16961306 16961663 ~ active suppressed 0.791155 3.409375 1.371887 1.354473

chrX 17151136 17151425 ~ active suppressed 1.060904 3.562175 2.381364 1.237075

chrX 17181164 17181845 ~ poised suppressed 1.663242 1.731197 -0.177587 5.165961

chrX 17184333 17184674 dox active suppressed 2.036549 2.51838 0.880784 1.397085

chrX 17392189 17392416 ~ active suppressed 1.737618 2.982369 2.364773 1.032649

chrX 17451359 17451623 ~ active suppressed 1.069595 3.056188 1.75073 0.621094

chrX 17479827 17480378 ~ active suppressed 2.075798 3.076252 1.189255 2.853988

chrX 17505722 17506130 ~ active suppressed 2.57565 1.792353 1.169087 1.093266

chrX 17513431 17513838 ~ active suppressed 1.525378 3.26968 1.864744 2.042648
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Figure 3.5. A role for histone acetyltransferases in DCC localization. Shown are: browser 
screenshots demonstrating H4K16ac, H3K27ac, and CBP-1 enrichment at known DCC binding 
elements (A & B); cross-correlation tables of the factors shown in A & B (C); SitePro analysis of 
the factors analyzed in A, B, and C across all known DCC binding elements (D); Pearson 
correlation coefficient averages across WT worms treated with vector, HDAc, HAT, or combination 
RNAi (E). Images in (E) are representative intestinal nuclei from each condition Xpaint FISH probes 
and stained with DPY-27 antibodies. DAPI (DNA) is shown in blue. Results show that H4K16ac (by 
MYS-1, MYS-4; data not shown), H3K27ac (by CBP-1), and CBP-1 are enriched at known DCC 
binding elements (A-D), and that MYS-1, MYS-4, and CBP-1 activity is needed for proper DCC 
localization to the X chromosomes (E). 
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Figure 3.6. Confirmation of changes in X chromosome structure and DCC mislocalization. 
Shown are representative intestinal nucleus images from HAT mutant worms with or without HAT 
RNAi treatment processed with Xpaint and anti-DPY-27 immunoFISH. DAPI (DNA) is shown in 
blue. Results show that stronger loss of HAT protein function leads to disruptions in X 
chromosome structure, while addition of HAT RNAi against the same gene led to spreading of the 
DCC signal away from the X chromosomes. Interestingly, loss of CBP-1 led to drastic changes in X 
chromosome structure. cbp-1(ok1491) shows a unique highly condensed X grouping and a highly 
uncondensed X chromosome grouping. Dissimilarly, all X chromosome groups show severely 
disrupted structure in cbp-1(ku258). 154
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Figure 3.7. Genome-wide correlations of Caenorhabditis elegans embryonic chromatin 
modifications and protein occupancy. Shown are genome-wide cross-correlation tables of the 
data surveyed in this study at 20kb resolution. Results show conservation of known groupings of 
histone modification and protein occupancy. 
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Figure 3.8. Histone modification and protein occupancy at all DPY-27 ChIP-seq peaks. Shown 
are histone modification (A) and protein (B) cross-correlation tables or histone modification (C), 
protein (D), or COMPASS/DCC complex (E) SitePro analysis. Results show histone modification or 
protein cross-correlation tables, DPY-27 mid-peaks are generally at the center of bimodal peaks 
of many histone modifications (C) and DPY-27 peaks with several transcription factors (including 
other DCC components and CBP-1; D & E). 
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Figure 3.9. Histone modification and protein occupancy at control regions lacking DPY-27 
peaks. Shown are histone modification (A) and protein (B) cross-correlation tables or histone 
modification (C), protein (D), or COMPASS/DCC complex (E) SitePro analysis. Results show, as 
expected, no strong general trends among different modifications or proteins (A-D) and no 
enrichment of DCC components, as expected (D &E). 
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Figure 3.10. Histone modification and protein occupancy at all rex sites. Shown are histone 
modification (A) and protein (B) cross-correlation tables or histone modification (C), protein (D), 
or COMPASS/DCC complex (E) SitePro analysis. Results show H3K27me3 depletion and weak 
bimodal distribution of other marks around rex sites (C); DCC and NPP-13 enrichment are also 
seen (D & E). 
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Figure 3.11. Histone modification and protein occupancy at all dox sites. Shown are histone 
modification (A) and protein (B) cross-correlation tables or histone modification (C), protein (D), 
or COMPASS/DCC complex (E) SitePro analysis. Results show H3K27me3 depletion and bimodal 
peaks of many histone modifications, as well as enrichment of many proteins, including CBP-1, 
ZFP-1 (zinc finger transcription factor) and NPP-13 (a member of the nuclear pore complex). 
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Figure 3.12. Histone modification and protein occupancy at all DCC waystations. Shown are 
histone modification (A) and protein (B) cross-correlation tables or histone modification (C), 
protein (D), or COMPASS/DCC complex (E) SitePro analysis. Results show H3K27me3 depletion 
and bimodal distribution of many histone modifications, COMPASS and DCC enrichment, as well 
as CBP-1, NPP-13, and ZFP-1 enrichment. 
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Figure 3.13. Histone modification and protein occupancy at all rex sites, dox sites, and 
waystations. Shown are histone modification (A) and protein (B) cross-correlation tables or 
histone modification (C), protein (D), or COMPASS/DCC complex (E) SitePro analysis. Results show 
H3K27me3 depletion and bimodal distribution of many histone modifications; also, enrichment 
of DCC and CBP-1, NPP-13, and ZFP-1. 
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Figure 3.14. Histone modification and protein occupancy at all active enhancer-like DCC 
binding elements. Shown are histone modification (A) and protein (B) cross-correlation tables or 
histone modification (C), protein (D), or COMPASS/DCC complex (E) SitePro analysis. Results show 
strong H3K27me3 depletion and bimodal distribution of many histone modifications; also, 
COMPASS and DCC enrichment, as well as CBP-1, NPP-13, and ZFP-1 enrichment and LEM-2 (a 
component of the nuclear lamin) reduction. 
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Figure 3.15. Histone modification and protein occupancy at all poised enhancer-like DCC 
binding elements. Shown are histone modification (A) and protein (B) cross-correlation tables or 
histone modification (C), protein (D), or COMPASS/DCC complex (E) SitePro analysis. Results show 
H3K27me3 depletion, many flat histone modification profiles, as well as DCC and NPP-13 
enrichment. 
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Figure 3.16. Histone modification and protein occupancy at all off enhancer-like DCC binding 
elements. Shown are histone modification (A) and protein (B) cross-correlation tables or histone 
modification (C), protein (D), or COMPASS/DCC complex (E) SitePro analysis. Results show DCC 
enrichment only, consistent with the off state of the enhancer-like regions. 
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Figure 3.17. Histone modification and protein occupancy at all HTZ-1 peaks on X. Shown are 
histone modification (A) and protein (B) cross-correlation tables or histone modification (C), 
protein (D), or COMPASS/DCC complex (E) SitePro analysis. Results show broad co-associated 
histone modification peaks (C) and enrichments of several proteins, including: DPY-27, NPP-13, 
and DOT-1 (D & E). 
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Figure 3.18. H4K16ac EE gene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show low levels on DC and X genes compared to non-DC and autosomal genes that positively 
correlate with level of transcription. 167
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Figure 3.19. H3K4me2 EE gene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show higher levels at non-DC genes over DC genes that loosely correlate with transcription level. 
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Figure 3.20. WT ME 8WG16 (hypo-phosphorylated RNA Pol II) gene group and transcription 
level metagene analysis. Shown are metagenes (A & B) or concatenated exon signal profiles (C & 
D) for dosage compensated, non-dosage compensated, active autosomal, or active X-linked 
genes (A & C) or low, medium, and high expression dosage compensated and non-dosage 
compensated gene groups (B & D). Results show lower levels of 8WG16 on X than autosomes 
that correlates loosely with transcription level. 
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Figure 3.21. sdc-2  ME 8WG16 (hypo-phosphorylated RNA Pol II) gene group and transcription 
level metagene analysis. Shown are metagenes (A & B) or concatenated exon signal profiles (C & 
D) for dosage compensated, non-dosage compensated, active autosomal, or active X-linked 
genes (A & C) or low, medium, and high expression dosage compensated and non-dosage 
compensated gene groups (B & D). Results show high levels of 8WG16 on X that correlates well 
with transcription level. 
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Figure 3.22. H3K27ac EE gene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show small increases in signal at non-DC and autosomal genes over DC and X-linked genes that 
loosely correlates with transcriptional level. 171
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Figure 3.23. H4K20me1 EE gene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show enrichment on X over autosomes that correlates well with transcriptional level. 
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Figure 3.24. H3K27me3 EE gene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show similar levels at DC and non-DC genes and higher levels on active X-linked than active 
autosomal genes, in a manner that weakly correlates with transcriptional output. 173
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Figure 3.25. H3K4me1 EE gene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show higher levels on X than autosomes and lower levels at DC tss as compared to non-DC tss. 
Levels correlate well with transcription output. 174
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Figure 3.26. ASH-2, a COMPASS complex component, ME gene group and transcription level 
metagene analysis. Shown are metagenes (A & B) or concatenated exon signal profiles (C & D) for 
dosage compensated, non-dosage compensated, active autosomal, or active X-linked genes (A & 
C) or low, medium, and high expression dosage compensated and non-dosage compensated gene 
groups (B & D). Results show high levels at DC and non-DC upstream regions and a slight 
enrichment at X-linked as compared to autosomal upstream regions. Levels do not correlate well 
with transcription. 175
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Figure 3.27. Bentley RNA Pol II ME gene group and transcription level metagene analysis. 
Shown are metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage 
compensated, non-dosage compensated, active autosomal, or active X-linked genes (A & C) or 
low, medium, and high expression dosage compensated and non-dosage compensated gene 
groups (B & D). Results show this antibody (purported by Pferdehirt et al., 2011 to recognize 
unphosphorylated RNA Pol II) is low on active X genes and slightly enriched on DC and non-DC 
genic upstream regions. Levels correlate well with transcriptional activity. 176
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Figure 3.28. DPY-27, a DCC component, ME gene group and transcription level metagene 
analysis. Shown are metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage 
compensated, non-dosage compensated, active autosomal, or active X-linked genes (A & C) or 
low, medium, and high expression dosage compensated and non-dosage compensated gene 
groups (B & D). Results show high levels on active X-linked, DC, and non-DC genes and levels 
roughly correlate with transcriptional output. 177
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Figure 3.29. DPY-30 ME gene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show enrichment at DC, non-DC, and active X-linked genes that correlates with gene expression. 
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Figure 3.30. SMC-4, a condensin I and II component, ME gene group and transcription level 
metagene analysis. Shown are metagenes (A & B) or concatenated exon signal profiles (C & D) for 
dosage compensated, non-dosage compensated, active autosomal, or active X-linked genes (A & 
C) or low, medium, and high expression dosage compensated and non-dosage compensated gene 
groups (B & D). Results show high levels on active X and low levels on active autosomal genes 
that roughly correlate with transcription. 
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Figure 3.31. DPY-27, a DCC component, EE gene group and transcription level metagene 
analysis. Shown are metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage 
compensated, non-dosage compensated, active autosomal, or active X-linked genes (A & C) or 
low, medium, and high expression dosage compensated and non-dosage compensated gene 
groups (B & D). Results show high levels on active X-linked, DC, and non-DC genes that roughly 
correlate with gene expression. 180
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Figure 3.32. Histone H3 EE gene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show low levels at upstream regions and downstream regions, with levels slightly higher on 
active X, DC, and non-DC gene groups in a way that does not correlate with transcription level. 
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Figure 3.33. H3K4me3 EE gene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show higher levels at active autosomal and non-DC over active X-linked and DC genes in a way 
that roughly correlates with gene expression. 
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Figure 3.34. H3K9me1 EE gene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show lower levels on active X than active autosomal genes, but similar levels at DC and non-DC 
genes in a manner that correlates well with gene expression. 
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Figure 3.35. H3K9me2 EE gene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show low levels on active X, DC, and non-DC genes compared to active autosomal genes that do 
not correlate with gene expression. 184
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Figure 3.36. H3K9me3 EE gene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show lower levels at X-linked, DC, and non-DC genes compared to active autosomal genes in a 
manner not correlated with gene expression. 
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Figure 3.37. H3K27me1 EE gene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show higher levels at DC, non-DC, and active X-linked genes compared to autosomal genes in a 
manner consistent with gene expression levels. 186
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Figure 3.38. H3K36me1 EE gene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show lower levels at active X-linked, DC, and non-DC genes compared to autosomal genes in a 
manner consistent with gene expression. 187
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Figure 3.39. H3K36me2 EE gene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show lower levels at X-linked, DC, and non-DC genes in a manner consistent with gene 
expression. 188
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Figure 3.40. H3K36me3 EE ene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show lower levels at active X-linked, DC, and non-DC genes compared to autosomal genes in a 
manner consistent with gene expression. 189
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Figure 3.41. H3K79me1 EE gene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show similar levels at DC and non-DC genes and lower levels at active X-linked genes compared 
to autosomal genes in a manner that is roughly consistent with high and low gene expression 
levels. 190
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Figure 3.42. H3K79me2 EE gene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show similar levels at active X-linked and autosomal and higher levels at non-DC compared to DC 
genes in a manner consistent with gene expression. 191



A 

B 

C D 

Figure 3.43. H3K79me3 EE gene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show similar levels at X-linked and autosomal genes, but lower levels at DC compared to non-DC 
genes in a manner consistent with gene expression. 192
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Figure 3.44. H4K8ac EE gene group and transcription level metagene analysis. Shown are 
metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage compensated, non-
dosage compensated, active autosomal, or active X-linked genes (A & C) or low, medium, and 
high expression dosage compensated and non-dosage compensated gene groups (B & D). Results 
show lower levels at DC and active X-linked compared to non-DC and autosomal genes in a 
manner somewhat consistent with gene expression. 
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Figure 3.45. Tetra-acetyl histone H4 EE gene group and transcription level metagene analysis. 
Shown are metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage 
compensated, non-dosage compensated, active autosomal, or active X-linked genes (A & C) or 
low, medium, and high expression dosage compensated and non-dosage compensated gene 
groups (B & D). Results show lower levels at DC and active-X-linked compared to non-DC and 
autosomal gens in a manner somewhat consistent with gene expression. 
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Figure 3.46. HCP-3, the C. elegans histone H3 variant CENP-A homolog, EE gene group and 
transcription level metagene analysis. Shown are metagenes (A & B) or concatenated exon signal 
profiles (C & D) for dosage compensated, non-dosage compensated, active autosomal, or active 
X-linked genes (A & C) or low, medium, and high expression dosage compensated and non-
dosage compensated gene groups (B & D). Results show higher levels at DC and active X-linked as 
compared to non-DC and autosomal genes in a manner consistent with low and high gene 
expression levels. 195
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Figure 3.47. HPL-2, a C. elegans heterochromatin protein 1 (HP1) homolog, LE gene group and 
transcription level metagene analysis. Shown are metagenes (A & B) or concatenated exon signal 
profiles (C & D) for dosage compensated, non-dosage compensated, active autosomal, or active 
X-linked genes (A & C) or low, medium, and high expression dosage compensated and non-
dosage compensated gene groups (B & D). Results show lower levels at DC, non-DC, and active X-
linked genes compared to autosomal genes in a manner not consistent with gene expression. 
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Figure 3.48. LEM-2, a nuclear lamin component, EE gene group and transcription level 
metagene analysis. Shown are metagenes (A & B) or concatenated exon signal profiles (C & D) for 
dosage compensated, non-dosage compensated, active autosomal, or active X-linked genes (A & 
C) or low, medium, and high expression dosage compensated and non-dosage compensated gene 
groups (B & D). Results show lower levels at DC, non-DC, and active X-linked genes compared to 
autosomal genes in a manner consistent with gene expression. 197
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Figure 3.49. LIN-15B, a synMuv B gene, LE gene group and transcription level metagene analysis. 
Shown are metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage 
compensated, non-dosage compensated, active autosomal, or active X-linked genes (A & C) or low, 
medium, and high expression dosage compensated and non-dosage compensated gene groups (B 
& D). Results show lower levels at DC, non-DC, and active X-linked genes compared to autosomal 
genes in a manner independent of gene expression. 198
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Figure 3.50. MES-4, an H3K36 methyltransferase, EE gene group and transcription level 
metagene analysis. Shown are metagenes (A & B) or concatenated exon signal profiles (C & D) for 
dosage compensated, non-dosage compensated, active autosomal, or active X-linked genes (A & 
C) or low, medium, and high expression dosage compensated and non-dosage compensated gene 
groups (B & D). Results show low levels at DC, non-DC, and active X-linked genes compared to 
autosomal genes in a manner not consistent with gene expression. 199
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Figure 3.51. MRG-1, a component of both TIP60 and RPD3 complexes, EE gene group and 
transcription level metagene analysis. Shown are metagenes (A & B) or concatenated exon signal 
profiles (C & D) for dosage compensated, non-dosage compensated, active autosomal, or active 
X-linked genes (A & C) or low, medium, and high expression dosage compensated and non-
dosage compensated gene groups (B & D). Results show lower levels at DC, non-DC, and active X-
linked genes compared to autosomal genes in a manner roughly consistent with gene expression. 
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Figure 3.52. NPP-13, a nuclear pore component, ME gene group and transcription level 
metagene analysis. Shown are metagenes (A & B) or concatenated exon signal profiles (C & D) for 
dosage compensated, non-dosage compensated, active autosomal, or active X-linked genes (A & 
C) or low, medium, and high expression dosage compensated and non-dosage compensated gene 
groups (B & D). Results show upstream peaks and slightly higher levels at non-DC gene bodies 
and downstream regions compared to those of DC genes in a manner roughly consistent with 
gene expression. 
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Figure 3.53. Y39G10AR.18, the C. elegans H3K79 methyltransferase Dot1p homolog, ME gene 
group and transcription level metagene analysis. Shown are metagenes (A & B) or concatenated 
exon signal profiles (C & D) for dosage compensated, non-dosage compensated, active 
autosomal, or active X-linked genes (A & C) or low, medium, and high expression dosage 
compensated and non-dosage compensated gene groups (B & D). Results show higher levels at 
active-X-linked upstream regions compared to autosomal counterparts and similar levels 
elsewhere in a manner consistent with gene expression. 202
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Figure 3.54. ZFP-1, a zinc finger-containing transcription factor, ME gene group and 
transcription level metagene analysis. Shown are metagenes (A & B) or concatenated exon signal 
profiles (C & D) for dosage compensated, non-dosage compensated, active autosomal, or active 
X-linked genes (A & C) or low, medium, and high expression dosage compensated and non-
dosage compensated gene groups (B & D). Results show similar levels at DC and non-DC genes as 
well as active X-linked and autosomal genes in a manner not consistent with gene expression. 
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Figure 3.55. AMA-1, RNA polymerase II signal independent of the C-terminal domain, ME gene 
group and transcription level metagene analysis. Shown are metagenes (A & B) or concatenated 
exon signal profiles (C & D) for dosage compensated, non-dosage compensated, active 
autosomal, or active X-linked genes (A & C) or low, medium, and high expression dosage 
compensated and non-dosage compensated gene groups (B & D). Results show similar levels at 
DC and non-DC or active X-linked and autosomal genes in a manner consistent with gene 
expression. 204
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Figure 3.56. CBP-1, the conserved H3K27 and H3K56 acetyltransferase, ME gene group and 
transcription level metagene analysis. Shown are metagenes (A & B) or concatenated exon signal 
profiles (C & D) for dosage compensated, non-dosage compensated, active autosomal, or active 
X-linked genes (A & C) or low, medium, and high expression dosage compensated and non-
dosage compensated gene groups (B & D). Results show similar levels at DC and non-DC genes 
and lower levels at active X-linked compared to autosomal genes in a manner roughly consistent 
with gene expression. 205
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Figure 3.58. DPY-28, a DCC component, ME gene group and transcription level metagene 
analysis. Shown are metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage 
compensated, non-dosage compensated, active autosomal, or active X-linked genes (A & C) or 
low, medium, and high expression dosage compensated and non-dosage compensated gene 
groups (B & D). Results show high levels at DC, non-DC, and active X-linked compared to 
autosomal genes in a manner roughly consistent with gene expression. 
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Figure 3.59. MIX-1, a DCC component, ME gene group and transcription level metagene 
analysis. Shown are metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage 
compensated, non-dosage compensated, active autosomal, or active X-linked genes (A & C) or 
low, medium, and high expression dosage compensated and non-dosage compensated gene 
groups (B & D). Results show high levels at DC, non-DC, and active X-linked compared to 
autosomal genes in a manner only marginally consistent with gene expression. 
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Figure 3.60. SDC-2, a DCC component, ME gene group and transcription level metagene 
analysis. Shown are metagenes x(A & B) or concatenated exon signal profiles (C & D) for dosage 
compensated, non-dosage compensated, active autosomal, or active X-linked genes (A & C) or 
low, medium, and high expression dosage compensated and non-dosage compensated gene 
groups (B & D). Results show high levels at DC, non-DC, and active X-linked compared to 
autosomal genes in a manner roughly consistent with gene expression. 209
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Figure 3.61. SDC-3, a DCC component, ME gene group and transcription level metagene 
analysis. Shown are metagenes (A & B) or concatenated exon signal profiles (C & D) for dosage 
compensated, non-dosage compensated, active autosomal, or active X-linked genes (A & C) or 
low, medium, and high expression dosage compensated and non-dosage compensated gene 
groups (B & D). Results show high levels at DC, non-DC, and active X-linked compared to 
autosomal genes in a manner roughly consistent with gene expression. 
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Figure 3.62. 8WG16, hypo-phosphorylated RNA polymerase II, EE gene group and transcription 
level metagene analysis. Shown are metagenes (A & B) or concatenated exon signal profiles (C & 
D) for dosage compensated, non-dosage compensated, active autosomal, or active X-linked 
genes (A & C) or low, medium, and high expression dosage compensated and non-dosage 
compensated gene groups (B & D). Results show somewhat lower levels at DC and active X-linked 
genes compared to non-DC and autosomal genes in a manner consistent with gene expression. 
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Figure 3.63. HAT effects on chromatin and RNA Pol II screen: vector RNAi controls. Shown are 
representative IF microscopy images from WT hermaphrodites treated with vector RNAi and 
stained with antibodies against RNA Pol II hypo-phosphorylation (4H8) or elongation (PSer2) or 
various histone modifications (as indicated) and antibodies to the DCC component CAPG-1. DAPI 
(DNA) is shown in blue. Results show low RNA Pol II hypo-phosphorylation, similar elongation, 
low or similar histone acetylation, and enriched H4K20me1 on X compared to autosomes. 
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Figure 3.64. HAT effects on chromatin and RNA Pol II screen: cbp-1 RNAi controls. Shown are 
representative IF microscopy images from WT hermaphrodites treated with vector RNAi and 
stained with antibodies against RNA Pol II hypo-phosphorylation (4H8) or elongation (PSer2) or 
various histone modifications (as indicated) and antibodies to the DCC component CAPG-1. DAPI 
(DNA) is shown in blue. Results show enriched PSer2 and minor H4K20me1 enrichment 
perturbation on the X chromosomes; all other markers appear similar to vector RNAi controls. 
Imaging assistance provided by Anna Cacciaglia. 
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Figure 3.65. HAT effects on chromatin and RNA Pol II screen: hda-1 RNAi controls. Shown are 
representative IF microscopy images from WT hermaphrodites treated with vector RNAi and 
stained with antibodies against RNA Pol II hypo-phosphorylation (4H8) or elongation (PSer2) or 
various histone modifications (as indicated) and antibodies to the DCC component CAPG-1. DAPI 
(DNA) is shown in blue. Results show RNA Pol II elongation enrichment on X, low levels of 
H4K16ac across the nucleus and similar levels of other staining compared to vector RNAi controls 
(Figure 3.63). Imaging assistance provided by Anna Cacciaglia. 
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Figure 3.66. HAT effects on chromatin and RNA Pol II screen: mys-1 RNAi controls. Shown are 
representative IF microscopy images from WT hermaphrodites treated with vector RNAi and 
stained with antibodies against RNA Pol II hypo-phosphorylation (4H8) or elongation (PSer2) or 
various histone modifications (as indicated) and antibodies to the DCC component CAPG-1. DAPI 
(DNA) is shown in blue. Results show enriched RNA Pol II elongation (PSer2) on X, reduced 
H4K12ac and H4K16ac across the nucleus, and similar staining of other markers as compared to 
vector RNAi controls (Figure 3.63). 
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Figure 3.67. HAT effects on chromatin and RNA Pol II screen: mys-4 RNAi controls. Shown are 
representative IF microscopy images from WT hermaphrodites treated with vector RNAi and 
stained with antibodies against RNA Pol II hypo-phosphorylation (4H8) or elongation (PSer2) or 
various histone modifications (as indicated) and antibodies to the DCC component CAPG-1. DAPI 
(DNA) is shown in blue. Results show reduced RNA Pol II elongation across the nucleus and loss of 
H4K16ac reduction on X, compared to vector RNAi controls (Figure 3.63). Imaging assistance 
provided by Anna Cacciaglia. 
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CHAPTER 4 

 

The Caenorhabditis elegans DCC Regulates RNA Polymerase II Activity at Multiple Points in the 

Transcription Cycle 

 

Abstract 

 Dosage compensation equalizes X-linked gene expression between the sexes. In 

Caenorhabditis elegans, the dosage compensation complex (DCC) binds both X chromosomes in 

hermaphrodites and downregulates their gene expression by half, to equal X-linked product 

levels in males. Recent work has suggested that the DCC regulates levels of RNA polymerase II 

on the X chromosomes, but no further details of the mechanism of dosage compensation 

regulation of transcription are known. In this study, we demonstrate that DCC function acts on 

RNA Pol II at multiple points in the transcription cycle. Specifically, while the DCC does not 

restrict RNA Pol II loading onto X, we see DCC member-dependent restriction of initiation, the 

transition to elongation, and evidence for additional action on elongating RNA Pol II. Through a 

combination of live-imaging with FRAP (fluorescence recovery after photobleaching) 

microscopy; immunofluorescence and immunoFISH; and analysis of ChIP-chip, ChIP-seq, and 

RNA-seq datasets, we provide significant and substantial insights into the mechanism of 

transcriptional regulation on the X chromosomes by the DCC in C. elegans. 

 

Introduction 

 Maintenance of proper gene expression levels is a complex and essential undertaking. 

One of two major determinants of gene expression levels is chromosome copy number. 

Aberrations in chromosome number are typically lethal [1-3], but those that are less severe still 
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result in detrimental phenotypes for the organism. For example, Down syndrome in humans is 

due to the presence of three copies of chromosome 21 (trisomy 21) per nucleus and is 

characterized by substantial cognitive and developmental defects [1,4-10]. 

 One important difference in chromosome number that must be accommodated in many 

organisms involves the X chromosome. A number of organisms utilize a chromosome-based 

method of sex determination, e.g. males have one X while females have two copies of X. X-

linked gene expression between the sexes must be equalized at a proper level for viability of 

both sexes. This regulation of X is achieved by a process known as dosage compensation [11-25]. 

Dosage compensation is achieved by different mechanisms in various species [12,15,24-34] and 

has been most thoroughly studied in three systems. 

 In flies, the single male X chromosome is upregulated two-fold by the MSL complex 

[18,24,25,35-42]; the MSL complex subunit MOF hyperacetylates histone H4 lysine 16 leading to 

increased transcription [43-45]. H4K16ac is the only histone modification known to single-

handedly change chromatin structure, making chromatin more open by disrupting formation of 

the 30nm fiber [46]. Multiple studies have demonstrated that H4K16 hyperacetylation, along 

with the activity of JIL-1 kinase (H3S10ph), on the male X in flies increases transcriptional output 

[47-50], and a major component of this enhancement is increased transcriptional elongation by 

RNA polymerase II [51]. 

 In mammals, one X chromosome in female cells is transcriptionally silenced by the non-

coding RNA Xist and the co-repressors that it recruits, including the Polycomb group proteins 

[52-55]. The inactivated X is the paternal X in mice and is chosen randomly in humans [56-60]. 

Certain genes escape X inactivation, and their biallelic expression is thought to be important for 

maintaining differences between the sexes [61-69]. The active X is occupied by RNA polymerase 

and a suite of active chromatin modifications, including histone H4 acetylation marks [15,70-80]. 
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In contrast, the inactive X chromosome lacks RNA polymerase II and displays high levels of DNA 

methylation and repressive histone modifications, such as H3K27me3 [15,70-82]. Xist and the 

noncoding RNA Tsix, which is antisense to Xist and prevents Xist expression on the active X, 

reside in the Xic (X inactivation center) [83,84]. Recent work has demonstrated that the Xic and 

other regions of both X chromosomes contain blocks of co-regulated genes that associate in 

three-dimensional space (termed TADs), which possess, but do not require, similar histone 

modification profiles [83]. 

 Finally, in worms such as Caenorhabditis elegans, both X chromosomes in 

hermaphrodite cells are downregulated by half through the action of the dosage compensation 

complex, or DCC [85-87]. The DCC is composed of two parts, a five-subunit condensin-like 

complex (Condensin IDC), which includes: two enzymatic CAP (chromosome-associated 

polypeptide) proteins (MIX-1, DPY-27) and three regulatory SMC proteins (CAPG-1, DPY-26, and 

DPY-28) [88-93], and a recruitment complex composed of: SDC-1, SDC-2, and SDC-3 along with 

two additional proteins, DPY-21 and DPY-30 [94-103]. DCC occupancy on X is thought to be 

achieved in a two-step process: 1) the recruitment complex binds a set of highly attractive foci 

on X, denoted by the presence of a MEX motif, and binds the rest of the DCC [104]; 2) the DCC 

then spreads, dependent upon transcription to many promoters, genic, and downstream sites 

across the X chromosomes [105]. Overall DCC distribution and occupancy, but not recruitment 

site levels, depends on the particular transcriptional program at work in cells during different 

stages of development [105], which is not the case in Drosophila [37]. Condensin IDC homology 

to condensin [106,107], the conserved meiotic and mitotic chromosome organization 

contributor, suggests that dosage compensation occurs in C. elegans through changes in X 

structure. Our prior work uncovered DCC-directed regulation of two histone H4 modifications, 

decreased H4K16ac and increased H4K20me1 [108,109], to maintain a repressive chromatin 
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environment on the X chromosomes [110]. Previous work from our lab and others has identified 

the histone variant HTZ-1 (H2A.Z) as an important contributor to dosage compensation that is 

depleted on X [111-113]. Other work has also demonstrated regulation of overall RNA 

polymerase levels on X by the DCC [114], but no further details were uncovered. 

 A second major contributor to gene expression is transcriptional regulation. 

Transcription by RNA polymerase II occurs in a well-described cycle [115-118]. Activator proteins 

open promoter chromatin for general transcription factors to bind, which then recruit the 

Mediator complex and RNA polymerase II [115-118]. CDK-7 (TFIIH) phosphorylates RNA Pol II at 

the serine 5 residues of its C-terminal domain (CTD) [115-118]. RNA Pol II can now break free of 

the pre-initiation complex and traverse the promoter to the transcription start site, where it 

initiates transcription [115-118]. The early elongation that follows is unstable, or abortive, to a 

high degree, until the nascent transcript reaches 28 nucleotides in length [119-121]. The nascent 

transcript attracts and facilitates binding of the stalling and elongation factor DSIF to RNA Pol II 

[122], and DSIF then recruits the transcriptional repressor NELF complex to RNA Pol II [122]. RNA 

polymerase pausing has been demonstrated in many organisms, occurring around 50 to 100bp 

downstream of the transcription start site [116,123,124]. H4K16ac, H3S10ph (in some systems), 

and BRD proteins, along with DSIF and NELF, facilitate recruitment of the positive elongation 

factor P-TEFb [49,125-127]. CDK-9, a component of P-TEFb, phosphorylates the serine 2 residues 

of the RNA Pol II CTD and DSIF, releasing NELF and signaling the transition to productive 

elongation through the gene [127,128]. Soon after serine 2 phosphorylation begins, serine 5 

phosphorylation is increasingly removed by particular CTD phosphatases. Serine 2 

phosphorylation peaks in the 3’ end of the gene body [115,129]. During elongation, TFIIS 

functions to promote elongation by rescuing RNA Pol II from an arrested state, characterized by 
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transient motion of the polymerase along DNA and misalignment of the nascent transcript to 

the RNA Pol II active site [130]. 

 Transcriptional regulation is a conserved function of dosage compensation. In flies, 

dosage compensation increases RNA Pol II elongation for increased transcription on the male X 

[51]. In mammals, Xist and its cofactors cause RNA Pol II exclusion and the cessation of 

transcription at inactive X genes [81,82]. In worms, it is known that transcription plays a key role 

in the spreading of the DCC [105], and the DCC regulates levels of RNA Pol II on hermaphrodite X 

chromosomes [131]. Our study identifies the stages of X-linked transcription affected by DCC-

mediated repression in worms. 

 
Results 

 The goal of this work was to determine the steps of transcription regulated by DCC 

components. Figure 4.8 is a schematic diagram depicting the steps in transcription investigated. 

We began by examining a strain that expresses AMA-1, the large subunit of RNA polymerase II, 

tagged with GFP (OP34). AMA-1 signal was clearly visible and punctate across the nucleus with 

vector RNAi treatment, while ama-1 RNAi abrogated the RNA Pol II GFP signal, as expected 

(Figure 4.1A). Consistent with prior work concerning RNA Pol II elongation [114], DCC 

localization was severely compromised after ama-1 RNAi treatment (Figure 4.1A). dpy-27 (Figure 

4.1A) and several other DCC and chromatin modifier RNAi treatments (Figure 4.10A) did not 

change GFP fluorescence levels. Surprisingly, given that these worms reach adulthood, sdc-2 

RNAi treatment (Figure 4.10A) led to complete loss of AMA-1::GFP staining. A significant 

increase in AMA-1::GFP signal was seen with sdc-3 or dpy-21 RNAi such that exposure times 

were decreased by half to achieve the same level of maximum signal output. Interestingly, SDC-

3, but not SDC-2, shows a unique enrichment over ama-1 introns (Figure 4.11A), as opposed to 

the typical pattern of a peak of enrichment upstream of nearby genes (e.g. kin-25), and ama-1 
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shows an upstream DCC binding peak (Figure 4.11B). Using live-imaging and FRAP microscopy, 

we observed AMA-1::GFP dynamics across the nucleus. Following photobleaching (marked by 

yellow ROI box), approximately half of all nuclei assayed (16/36) showed a region (marked by a 

red arrow) from which AMA-1::GFP does not redistribute to the rest of the nucleus (Figure 4.1B), 

while the remainder do show complete redistribution of AMA-1::GFP across the nucleus.  This 

implies greatly reduced RNA Pol II dynamics on the X chromosomes. Metagene analysis of ChIP-

chip data acquired using an antibody raised against a part of RNA Pol II outside of the CTD 

(AMA-1 CTD-independent) shows similar occupancy at DC and non-DC or active X and A (Figure 

4.10C), further indicating that DCC function does not restrict RNA Pol II loading at DC genes. 

These data suggest that dosage compensation does not restrict RNA Pol II loading on X and 

suggest that DPY-21, SDC-2, and SDC-3 may play a direct role in AMA-1 regulation. 

 To gain further insight, we sought to manually quantify bulk RNA Pol II at promoters and 

over genes at high-resolution. First, we validated our manual quantification method for ChIP-seq 

data using a DPY-27::GFP mixed embryo dataset. Consistent with our previously published DPY-

27 ChIP-chip metagene analysis [110], DPY-27::GFP occupancy is higher on X than autosomes 

and slightly higher at non-dosage compensated gene upstream regions than dosage 

compensated gene upstream regions (Figure 4.2A; Student’s t-test, p<0.05). We then applied 

this method to the AMA-1::GFP late embryo ChIP-seq dataset. Results showed a significantly 

higher bulk RNA Pol II between 1kb, but not 500bp, upstream of autosomal compared to X-

linked genes (Figure 4.2B; Student’s t-test, p<0.05). These data indicate that RNA Pol II loading 

differences on X is minor, even at high resolution, and no difference between dosage 

compensated and non-dosage compensated genes was observed. 

 We next turned our attention to the 8WG16 antibody, which recognizes hypo-

phosphorylated RNA Pol II (all RNA Pol II except for CTD repeats marked by serine 2 
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phosphorylation), used for ChIP-chip analysis by other groups [131]. A genome browser view of 

DCC recruitment elements shows a strong increase in 8WG16 ChIP-chip [131] signal height, and 

spreading - even in the absence of immediately proximal transcription, with loss of dosage 

compensation function by sdc-2 RNAi (Figure 4.2C). When expanding this view to look at all rex 

sites, dox sites, or all DPY-27 ChIP-seq binding peaks using SitePro analysis, all categories 

showed increased 8WG16, and dox sites showed the greatest increase in signal (Figure 4.2D). 

These data strongly argue that dosage compensation limits RNA Pol II initiation on the X 

chromosomes. 

 To look for effects of dosage compensation on transcript production, we analyzed WT 

early or late embryo and L3 RNA-seq datasets generated by the modENCODE consortium. In late 

embryos, transcript production severely drops just downstream of the transcript start site at DC, 

but not non-DC, active X, or active autosomal genes (Figure 4.3A) or concatenated exons (Figure 

4.3C), and similar differences are seen in the L3 dataset (Figure 4.13). This drop is not seen in 

the early-biased embryo dataset (Figures 4.12A, C), consistent with a smaller proportion of 

dosage compensated tissue and reduced levels of transcription overall. The early elongation 

disruption at dosage compensated genes was also seen across DC and non-DC gene groupings 

by RPKM value in the late-biased embryo (Figures 4.3B, D) and larval stage 3 (Figures 4.13B, D) 

samples, but not an early-biased embryo (Figures 4.12B, D) dataset. These data suggest that 

dosage compensation also restricts early Pol II elongation specifically at dosage compensated 

genes. 

 To further explore this conclusion, we used antibodies against RNA Pol II CTD serine 5 

phosphorylation (PSer5) as a marker of initiated RNA Pol II. Using IF microscopy, we validated 

the specificity of this antibody (Figure 4.14) by RNAi treatment against RNA Pol II and CTD 

kinases. We then found that PSer5 staining was punctate and found across the nucleus in WT 
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animals (Figures, 4.4A, B). To our surprise, loss of function in one DCC component, DPY-21, 

resulted in undetectable PSer5 signal across the nucleus (Figure 4.4A). Because dpy-21(e428) 

mutants are alive, and we observe elongating RNA Pol II signal (Figure 4.16B; discussed below), 

we interpret these data to suggest that DPY-21 regulates PSer5 accessibility, possibly also 

governing the transition from initiated to elongating RNA Pol II genome-wide. Thus, DPY-21 is 

unique among DCC proteins in its seeming control over a slower transition for RNA Pol II to an 

elongation state, and this activity is enriched on the X chromosomes in hermaphrodites by the 

DCC as a whole. 

 Previous work [132] identified three histone modifications (H3K4me2, H3K79me2, and 

H3K79me3) that are tightly correlated with gene expression. We used these marks as a means 

to interrogate RNA Pol II elongation. Metagene analysis indicates that each mark is 1.5-2.5-fold 

enriched at non-DC over DC genes (Figure 4.15). We expanded this analysis of RNA Pol II 

elongation to include DCC and chromatin regulator effects on PSer2 levels. First, we showed that 

the PSer2 antibody is specific (Figures 4.14B, C). We found that PSer2 levels are similar across 

the nucleus in WT animals (Figure 4.16). Using fluorescence intensity quantification, results 

show increased PSer2 staining on X with loss/knockdown of DCC and SIR-2.1, but not SET-1 or 

SET-4 (Figure 4.16). As demonstrated in Figure 4.9, these PSer2 differences on X in DCC mutants 

are consistent with a change in the X:A signal intensity of about two-fold. In sum, these data 

suggest that RNA Pol II elongation is restricted on X by DCC function. 

 To further investigate the connection between the DCC and RNA Pol II elongation, we 

examined regulators of RNA Pol II for effects on DCC localization and dosage compensation-

mediated repression (Figure 4.5). In previous work [110], we demonstrated that the DCC 

maintains a repressive chromatin environment on X through reduction of H4K16ac and 

enrichment of H4K20me1. RNAi of the RNA Pol II stalling and elongation factor DSIF component 
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spt-4 showed a loss of H4K16ac reduction (Figure 4.5A) and a loss of H4K20me1 enrichment 

(Figure 4.5B) on X, while DCC loading on X was normal. In contrast, knockdown of both 

components of DSIF (DSIF RNAi: spt-4 spt-5 RNAi) caused both a similar disruption in histone H4 

chromatin state and DCC mislocalization away from X (Figures 4.5A, B). In line with previous 

work suggesting that DCC function depends on transcriptional elongation, knockdown of the 

kinase responsible for RNA Pol II serine 2 phosphorylation, cdk-9, also led to a disruption of X 

chromatin state and a milder DCC mislocalization phenotype (Figures 4.5A, B). Knockdown of 

CTD phosphatases (rtr-1 and ssup-72) and TFIIS (T24H10.1) caused a modest reduction in 

H4K20me1 on X, but these effects could not be uncoupled from a reduction in transcriptional 

elongation (data not shown). cdk-9 RNAi also showed a substantial effect on Condensin I 

localization during mitotic metaphase and anaphase in developing embryos (Figure 4.5C).  These 

data highlight the strong connections between transcriptional elongation and dosage 

compensation, and suggest the potential for dosage compensation regulation of RNA Pol II 

elongation independent of earlier steps in transcription. 

 To investigate the contribution of RNA Pol II regulators to dosage compensation 

function, we employed a modified xol-1 suppression assay [133]. Specifically, in a strain in which 

male progeny die due to inappropriate dosage compensation [him-8(e1489); xol-1(y9) sex-

1(y263)], treatment with RNAi against factors that are important for DCC function can rescue 

male viability. vector RNAi rescues only ~1%, while dpy-27 (DCC) RNAi rescued ~49% of the 

expected number of males (Figure 4.6A). In all, dpy-21 (DCC), cdk-7, cdk-9, and spt-4 RNAi 

caused significant male rescue (~7%, ~5%, ~16%, and ~21%, respectively; Figure 4.6A). Other 

RNA Pol II regulators, such as: a Mediator subunit, CTD phosphatases, TFIIS, and TLK-1, did not 

show substantial rescue of male viability, compared to control RNAi. spt-5, the second DSIF 

component, and sequential DSIF RNAi led to very low viability (<5%), precluding these analyses. 
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We validated the gender identity of rescue animals by immunoFISH (Figure 4.6B). While 

hermaphrodite him-8; xol-1 sex-1 animals showed two DCC-coated X chromosome regions in 

interphase intestinal nuclei, only one was observed in males (Figure 4.6B). Further, anaphase II 

sperm images confirm the presence of only one X chromosome that is also coated by the DCC. 

These results indicate that DPY-21, DSIF, and P-TEFb genetically interact with the DCC and 

contribute to dosage compensation function. 

 

Discussion 

 Our results demonstrate regulation by dosage compensation at multiple points in the 

transcription cycle, summarized in Figure 4.7. The DCC does not appear to limit RNA Pol II 

recruitment to X (Figure 4.1), but DCC function limits RNA Pol II initiation (Figures 4.2C-E), 

summarized in Figure 4.7A, and early genic elongation (Figures 4.3 and 4.13). PSer5 across the 

genome is stabilized by DPY-21 function (Figure 4.4), perhaps restricting the transition to 

productive elongation, summarized in Figure 4.7B. Marks of elongation are enriched at non-

dosage compensated genes about 2-fold over dosage compensated genes (Figure 4.15), and 

PSer2 is limited by DCC function on X (Figure 4.16). The DSIF component SPT-4 is required for 

DCC-mediated chromatin regulation, while SPT-5 is required for proper DCC localization 

restriction to X (Figure 4.5). Finally, cdk-7, cdk-9, and spt-4 are genetically important for DCC 

function (Figure 4.6). Relative strength of DCC connections to stages of the transcription cycle, 

strongest at the initiation and early elongation stages, are shown in Figure 4.7C. 

 This study builds upon the results of our previous work, which highlighted the particular 

importance of DPY-21 in regulation of H4K20me1 and H4K16ac on X [110]. We now show that 

DPY-21 increases PSer5 perdurance across the nucleus. In total, we have shown that DPY-21 is 

required to maintain a repressive chromatin state on the X chromosomes [110] and delay the 

transition from Ser5 phosphorylation to Ser2 phosphorylation (this work). H4K16ac is known to 
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be important for the transition to productive elongation by RNA Pol II, through P-TEFb 

recruitment [49]. These data, along with previous work showing that DPY-21 is only loosely 

associated with the rest of the DCC [103] and also localizes to autosomes ([103] and MW, 

unpublished results), dpy-21 loss does not disrupt localization of the rest of the DCC [103], and 

genetic assays suggesting that DPY-21 fine-tunes expression in response to changes in gene dose 

[101], indicate that DPY-21 is working downstream and/or in parallel to the action of Condensin 

IDC to affect chromatin and transcription for dosage compensation as well as genome-wide gene 

regulation. 

 Interestingly, our data support the hypothesis that worm dosage compensation involves 

a combination of effects from different pieces of the DCC. Our analyses show that SDC-2, SDC-3, 

and DPY-21, and not other DCC subunits, may regulate AMA-1 levels directly (Figures 4.1A, 

4.10A). Second, we observed changes in the RNA Pol II transition to elongation dependent solely 

on DPY-21 (Figure 4.4). This work has uncovered details of the true degree of complexity 

involved in the mechanism of transcriptional regulation by C. elegans dosage compensation. 

 Our data confirm that worm dosage compensation, like the fly and mammalian 

methods, involves regulation of gene expression at the transcriptional level. In each system, the 

mechanism of dosage compensation is uniquely positioned to affect the desired changes: RNA 

Pol II elongation in flies [51] to upregulate expression, RNA Pol II recruitment in mammals [81] 

to turn off transcription, and RNA Pol II initiation and elongation in worms (current study) to 

downregulate transcription. This suggests that while each strategy developed in response to 

changes in selective pressures on X, transcription is a process uniquely amenable to influences 

from dosage compensation in order to achieve a suitable gene expression balance between the 

sexes and within individuals. 

 

Methods 
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 Strains 

 JH1288 cdk-7(ax224) I 

 MT14911 set-4(n4600) II 

 OP34 unc-119(ed3) III; wgIs34 

 TY2386 wild type (WT) (N2) 

 TY3936 dpy-21(e428) V 

 TY4161 sdc-1(y415) X 

 TY4341 dpy-26(n199) unc-30(e191) IV/nT1 [qIs51] (III;IV) 

 TY4381 dpy-28(s939) III/qC1 III 

 TY1936 dpy-30(y228) V/nT1 [unc-? (n754) let-?] (IV; V) 

 TY1140 sdc-2 (y46) X 

 TY0420 dpy-27(y57) III 

 VC199 sir-2.1(ok434) IV     

 Nematode strains used in this work were provided by the Caenorhabditis Genetics 

Center, which is funded by the NIH National Center for Research Resources. 

 

 RNAi Treatment 

 RNAi treatment was performed as described previously [110]. 

 
 Public Datasets 

 Downloaded from http://www.modencode.org or (http://www.ncbi.nlm.nih.gov/geo/). 

 Format: Dataset ID (GSE denotes NCBI GEO), Description (Stage), Array (if applicable) 

  3432, AMA-1 ME, 080922 

  334, DPY-26 ME, 7685 

  3435, DPY-27 EE, 080922 
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  578, DPY-27 ME, 7685 

  644, DPY-28 ME, 080922 

  GSE25834, DPY-30 ME, 8134 

  GSE25834, MIX-1 ME, 8134 

  645, SDC-2 ME, 080922 

  553 & 575, SDC-3 ME, 7685 

  2767, CBP-1 ME, 080922 

  3438, HPL-2 LE, 080922 

  3439, LIN-15B LE, 080922 

  911, MES-4 EE, 080922 

  897, MRG-1 EE, 080922 

  2738, NPP-13 ME, 080922 

  2969, ZFP-1 ME, 080922 

  3206, H3 EE, 080922 

  2726, H3K4me1 EE, 080922 

  GSE22741, H3K4me2 EE, 080922 

  GSE22721, H3K4me3 EE, 080922 

  2646, H3K9me1 EE, 080922 

  2444, H3K9me2 EE, 080922 

  982, H3K9me3 EE, 080922 

  2727, H3K27ac EE, 080922 

  3179, H3K27me1 EE, 080922 

  3171, H3K27me3 EE, 080922 

  2604, H3K36me1 EE, 080922 
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  909, H3K36me2 EE, 080922 

  973, H3K36me3 EE, 080922 

  2410, H3K79me1 EE, 080922 

  2442, H3K79me2 EE, 080922 

  2443, H3K79me3 EE, 080922 

  3181, H4K8ac EE, 080922 

  3182, H4K16ac EE, 080922 

  2765, H4K20me1 EE, 080922 

  2766, H4tetraAc EE, 080922 

  GSE25834, RNA Pol II (8WG16 on vector or sdc-2 RNAi), 8134 

  3977, WT EE RNA-seq 

  3978, WT LE RNA-seq 

  43, HTZ-1 ME, direct wiggle file download 

  2436, AMA-1::GFP LE ChIP-seq 

  2416, DPY-27 ME ChIP-seq 

 Notes: 1) Many experiments have dyeswaps, which are not always properly annotated 

on modencode.org. 2) Number of replicates varies from one to four. 3) Inconsistent or poor 

quality replicates were discarded. 

 
 Cistrome analysis 

 Cistrome [134] can be accessed at: http://cistrome.org/ap/root. 

 
  Definition of DC and non-DC genes 

  Using the microarray datasets from [104] loaded into Cistrome, statistically 

significant changes in gene expression were determined by comparing WT to: A) dpy-27(y57), B) 
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sdc-2(y93), or C) her-1(hv1y101); xol-1(y9) sdc-2(y74) unc-9(e101) samples using MAT with 

default settings and “calculate differential expression” using default settings, except a 

Benjamini-Hochberg FDR Type II error control at a maximum p-value of 0.05 and a minimum 

fold-change of 1.5. Qualifications for dosage compensated and non-dosage compensated gene 

status were the same as in [104]. Dosage compensated genes will change expression in (A) and 

(B), but not (C) as compared to WT, and non-dosage compensated genes will change expression 

in (C), but not (A) or (B) as compared to WT. 

 
  Wiggle file creation and metagene profiles 

  All .wig files were created with respect to the ce6 genome build. For ChIP-chip 

datasets, raw pair, ndf, and pos files were downloaded from modencode.org or NCBI Accession 

#GSE25834. These files were uploaded and used as input for MA2C normalization in Cistrome 

using default settings. This results in creation of a .wig file, which was used for metagene 

profiling. For RNA-seq metagenes, the generated wiggle file detailed above was used for 

metagene profiling. Wiggle files and gene lists [MW dosage compensated, MW non-dosage 

compensated, active X (late embryo), active A (late embryo), low RPKM (1-49.5) MW DC or non-

DC, mid RPKM (50-149) MW DC or non-DC, and high RPKM (150 to max) MW DC or non-DC] 

were used as input for metagene profiling (“CEAS: Enrichment on chromosome and annotation” 

function) using the appropriate profiling resolution (either 50bp or 86bp, depending on the 

array design).  

 
  BED file creation 

  BED files representing rex sites, dox sites, waystations, these three site types 

combined, all DPY-27 ChIP-seq peaks, no DPY-27 peak control sites from [135], active enhancer 

(bimodal H3K4me1) rex and dox sites, poised enhancer (monomodal H3K4me1) rex and dox 
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sites, off (no H4K16ac signal) enhancer rex and dox sites, or HTZ-1 peaks on X) were generated 

by hand in Microsoft Excel 2007 or download as modencode.org peak call files. 

 
  Cross-correlation plots 

  Wiggle files were used as input to generate cross-correlation tables in Cistrome 

relating any two datasets (“Multiple wiggle files correlation” or “Multiple wiggle files correlation 

in given regions” function) either at 20kb resolution or within specified bed files.  

 
  SitePro analysis 

  Wiggle files and bed files explained above were used as input for SitePro 

(feature-centric) analysis using a span of 1000bp and the appropriate profiling resolution (either 

50bp or 86bp, depending on the array design). 

 
 Browser Screenshots 

 The applicable WIG (wiggle) public dataset tracks were loaded into the Integrated 

Genome Viewer (IGV; Broad Institute). Screenshots were taken of regions of interest using the 

“print screen” and “paste” functions in Windows 7 and Microsoft PowerPoint 2007. rex and dox 

sites were labeled as referenced in [104]. 

 
 ImmunoFISH and Immunofluorescence Microscopy 

 FISH, immunostaining, and imaging were conducted as described previously [110]. 

 
 Live-Imaging and FRAP Microscopy 

 Live imaging was completed using an Olympus/Andor Spinning Disk Confocal 

Microscope setup and iQ software with technical assistance from Gregg Sobocinski. 

 
 ChIP-seq Data Quantification 
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 WIG (wiggle) file value columns were summed over: 1) all genes in the specified gene 

lists (dosage compensated, non-dosage compensated, active autosomes, or active X 

chromosome); 2) a region 500bp upstream of each gene in each list from (1); or 3) a region 1kb 

upstream of each gene in each list from (1). Then, totals for each group were divided by the 

total kilobases included in each entry to normalize for gene and list length. Asterisk indicates a 

difference significant at p<0.05 by Student’s T-test (run in Microsoft Excel 2007). 

 
 Male Rescue Assay 

 Male rescue assay was performed as described previously [110]. 
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Figure 4.1. AMA-1 dynamics and regulation by DCC components. Shown are IF microscopy 
images from OP34 (AMA-1::GFP) worms after various RNAi treatments (A) or still images from 
live imaging with FRAP microscopy of OP34 (AMA-1::GFP) worms (B). DAPI (DNA) is shown in 
blue. A) Results show that AMA-1::GFP signal is specific to ama-1. Additionally, dpy-21 and sdc-3, 
but not dpy-27, RNAi led to increased AMA-1::GFP signal sufficient to reduce the required 
exposure time by half to achieve similar signal. B) In approximately half of all nuclei 
photobleached (16/36), a region of chromatin with AMA-1::GFP signal equivalent to t=-0.4s 
persists. These data suggest that dosage compensation does not restrict RNA Pol II loading onto 
the X chromosomes, but does restrict one or more downstream steps in transcription. 
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Figure 4.2. RNA Pol II loading differs slightly on X versus autosomes, but initiation varies greatly 
with loss of dosage compensation. Shown are: (A) DPY-27 mixed-embryo or (B) AMA-1::GFP late 
embryo ChIP-seq reads per kilobase for dosage compensated, non-dosage compensated, X, 
autosomes, 500bp upstream of each gene, or 1kb upstream of each gene; (C) a browser 
screenshot demonstrating RNA Pol II 8WG16 (CTD is hypo-phosphorylated) signal change with 
loss of dosage compensation; (D) SitePro analysis comparison of RNA Pol II 8WG16 ChIP-chip 
signal at rex, dox, or all DPY-27 ChIP-seq peaks in WT or sdc-2 RNAi-treated samples. Results 
confirm DCC enrichment on X by ChIP-seq and show a significant difference in RNA Pol II ChIP-seq 
occupancy between 500bp and 1kb upstream of X-linked compared to autosomal genes. Also, 
8WG16 signal becomes enriched and spreads, even in the absence of nearby transcription, 
especially at dox sites, with loss of dosage compensation. 

* 
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A 

B 

C D 

Figure 4.3. A defect in early elongation at dosage compensated genes during transcription. 
Shown are metagene profiles (A & B) or concatenated exon profiles (C & D) comparing dosage 
compensated, non-dosage compensated, active X, and active autosome (A & C) or low, medium, 
and highly transcribed dosage compensated or non-dosage compensated (B & D) gene RNA-seq 
transcript levels from WT late-biased embryo stage datasets. Results show a major deficiency in 
transcript levels just downstream of the transcript start site at dosage compensated, but not non-
dosage compensated, genes that is independent of the levels of transcript produced. This 
suggests that early elongation control is important to the mechanism of dosage compensation. 
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WT 

sdc-1(y415) 
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WT 
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Figure 4.4. Regulation of RNA Pol II CTD PSer5 perdurance by DPY-21. Shown are: (A) IF 
microscopy or (B) immunoFISH images from WT or dosage compensation mutant worms stained 
with antibodies against RNA Pol II CTD serine 5 phosphorylation. DAPI (DNA) is shown in blue. 
Results show that DPY-21, and not other DCC components, is responsible for perdurance of PSer5 
signal across the nucleus, suggesting that DPY-21 participates in RNA Pol II elongation control. 
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H4K16ac Merge DAPI CAPG-1 
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Merge DAPI CAPG-1 
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C 

H4K20me1 Merge DAPI CAPG-1 

Figure 4.5. RNA Pol II elongation regulators affect DCC localization and function. Shown are IF 
images from WT hermaphrodites treated with vector, DSIF component (spt-4 or both spt-4 and 
spt-5), or P-TEFb (cdk-9) RNAi stained with antibodies against CAPG-1 and (A) H4K16ac or (B) 
H4K20me1. Part (C) shows CAPG-1 localization in metaphase or anaphase mitotic nuclei from 
~20-cell embryos. Results show substantial spreading of the DCC from X to autosomes with DSIF, 
not just spt-4, RNAi (A & B); H4K16ac is less reduced on X after any of these RNAi treatments, and 
H4K20me1 enrichment on X is either completely (spt-4 or DSIF) or partially (cdk-9) lost. After cdk-
9 RNAi, CAPG-1/Condensin I is mislocalized during metaphase and anaphase in mitotic embryonic 
nuclei. These data suggest that DCC-mediated repression and CAPG-1 localization in mitosis are 
compromised under RNA Pol II elongation regulator RNAi conditions. 
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him-8; xol-1 sex-1 

him-8; xol-1 sex-1 on 
spt-4 RNAi 

him-8; xol-1 sex-1 on 
cdk-9 RNAi 
him-8; xol-1 sex-1 on 
cdk-9 RNAi 

Figure 4.6. RNA Pol II elongation regulators are functionally important for dosage 
compensation. Shown is a graph of him-8(e1489); xol-1(y9) sex-1(y263) male rescue assay results 
(A) and representative immunoFISH images (Xpaint, anti-DPY-27) male and hermaphrodite him-8; 
xol-1 sex-1 animals. DAPI (DNA) is shown in grey. Results indicate that DPY-27 (known), DPY-21 
(known), CDK-7, CDK-9, and SPT-4 are each important for DCC function. Substantial (around 5% 
or more) rescue is indicated by an asterisk. (B) Confirmation of maleness in RNAi-rescued male 
worms. Results show that hermaphrodite somatic nuclei possess two X chromosome regions 
stained by DCC, while males had only one (lines 1, 2, and 4). Further, imaging of mitotic anaphase 
II sperm from males confirms the presence of only one DCC-coated X chromosome. 
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5) Productive Elongation (PSer2) 
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Figure 4.7. Model and summary of DCC-mediated effects on X-linked transcription. A) 
Schematic diagram. The DCC restricts RNA Pol II initiation, but largely not loading, onto the X 
chromosomes. B) Schematic diagram. Our data suggest that DPY-21 restricts the transition from 
initiated to productively elongating RNA Pol II across the genome. Also, P-TEFb (CDK-9) is critical 
for proper CAPG-1 localization in mitosis, suggesting that it may regulate DCC activity both 
directly and indirectly. C) Chart of the strength of DCC-mediated effects on transcription (this 
paper; data not shown) at various stages. Promoter clearance / early elongation, DSIF-mediated 
regulation, and AMA-1::GFP occupancy showed the greatest DCC-mediated restrictions or 
connections to DCC localization. 
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Figure 4.8. Possible stages at which the DCC could act to limit transcription. A schematic 
diagram highlighting points in the RNA Pol II transcription cycle assayed in this study for 
connections to dosage compensation. We hypothesize that DPY-21 may play an overlapping or 
fully distinct role from the rest of the complex. 

246



Xs

Autosomes

A = 5 pairs = 5/6 of N
X = 1 pair = 1/6 of N

N = 6 pairs = 6/6 of N

Xs

Autosomes

Similar across the nucleus
X/N = (5+1)/6 = 1

Xs

Autosomes

Xs

Autosomes

2-fold enrichment on X 
X/N Signal = (2+5)/6 = 1.17

2-fold reduction on X 

X/N Signal = (0.5+5)/6 = 0.915

N

vs. 

Figure 4.9. Explanation of expected conversions logic from X:nucleus to X:A for fluorescence 
intensity quantification (FIQ). Results of FIQ comparisons represent a net effect – potentially a 
combination of changes on X and A. So, we have to look for a whole nucleus-centered ratio that is 
consistent with changes in X:A of two-fold, not a direct change in raw X values (which we cannot 
directly compare across nuclei anyhow). Thus, a change from 6/6 to 7/6 signals per nucleus is a 
close comparison, and a two-fold change between X and A is consistent with a change in the FIQ 
percentage of +17% or -8.5%. A general formula to calculate the expected X:nucleus FIQ value 
given a net fold-change, c, in signal on X vs. autosomes is:  new FIQ = 2[(5+1) + 0.5c]/(2*6). 
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set-1 RNAi 
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sdc-1 RNAi 
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dpy-21(e428) 
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Merge DAPI AMA-1::GFP CAPG-1 
sdc-2 RNAi 

Figure 4.10. Most additional DCC or chromatin regulator RNAi treatments yielded no difference 
in AMA-1::GFP signal. Shown are IF microscopy images from OP34 (AMA-1::GFP) worms after 
various RNAi treatments costained with either DPY-27 (A), WT worms stained with AMA-1 (CTD-
independent) and CAPG-1 antibodies, (B) or metagene analysis of AMA-1 (CTD-independent 
antibody) comparing dosage compensated, non-dosage compensated, active autosome, and 
active X-linked gene signal levels (C). DAPI (DNA; A & B) is shown in blue. A) Results show no 
effect on AMA-1::GFP levels from any of these RNAi treatments. B) Surprisingly, in addition to loss 
of CAPG-1 signal, sdc-2 RNAi led to complete loss of AMA-1::GFP. It is possible that these 
embryos have arrested. C) CTD-independent AMA-1 levels are similar at dosage compensated 
and non-dosage compensated genes as well as between X and autosomes. 
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A 

B 

Figure 4.11. Unique localization of SDC-3 at AMA-1 suggests a direct repressive role. Shown are 
browser screenshots of the genomic regions surrounding either ama-1 (A) or kin-25 (B). Results 
suggest that SDC-3 binding is enriched over ama-1 introns, as opposed to the more typical 
upstream enrichment seen at other DCC binding sites (such as the kin-25 promoter). 
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Figure 4.12. No early elongation defect is seen at dosage compensated genes prior to dosage 
compensation onset. Shown are metagene profiles (A & B) or concatenated exon profiles (C & D) 
comparing dosage compensated, non-dosage compensated, active X, and active autosome (A & 
C) or low, medium, and highly transcribed dosage compensated or non-dosage compensated (B & 
D) gene RNA-seq transcript levels from WT early-biased embryo stage datasets. Results show 
similar transcript production profiles at dosage compensated and non-dosage compensated 
genes, as well as X-linked and autosomal genes in early-biased embryonic samples. These data 
support the view that the early elongation defect at dosage compensated genes seen in late-
biased samples is, in fact, dosage compensation-dependent. 250
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Figure 4.13. The early elongation defect is still seen at dosage compensated genes at the L3 
stage. Shown are metagene profiles (A & B) or concatenated exon profiles (C & D) comparing 
dosage compensated, non-dosage compensated, active X, and active autosome (A & C) or low, 
medium, and highly transcribed dosage compensated or non-dosage compensated (B & D) gene 
RNA-seq transcript levels from WT early-biased embryo stage datasets. Results show decreased 
transcript production profiles at dosage compensated compared to non-dosage compensated 
genes, as well as X-linked and autosomal genes in larval stage 3 (L3) samples. These data suggest 
that dosage compensation-mediated repression of early elongation remains steady, or perhaps 
intensifies, later in worm development (much later than DCC binding and enrichment on the X 
chromosomes). 251
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Figure 4.14. RNA Pol II antibody validation. Shown are IF images from WT or cdk-7(TS) worms 
after various RNAi treatments stained with either: (A & C) CAPG-1 and PSer-5, (B & C) PSer2, or 
antibodies. DAPI (DNA) is shown in blue. Results show that CDK-7 and DSIF, surprisingly, 
contribute to PSer5 staining (A). PSer2 antibody does not cross-react with PSer5 (B). The PSer5 
and PSer2 antibodies are both specific for the RNA Pol II subunit AMA-1 (C). 
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Figure 4.15. Histone marks associated with RNA Pol II elongation at dosage compensated and 
non-dosage compensated genes. Shown are metagene profiles for three histone modifications 
tightly correlated with RNA Pol II elongation [H3K4me2 (A), H3K79me2 (B), and H3K79me3 (C)]. 
Results show 1.5-2.5-fold higher levels of each over non-dosage compensated, as compared to 
dosage compensated, gene bodies. 
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Figure 4.16. Restriction of RNA Pol II CTD PSer2 levels on X by DCC function. Shown are (A) 
immunoFISH or (B) immunofluorescence microscopy images from WT or loss of DCC function 
strains and RNAi treatments stained with antibodies against RNA Pol II CTD PSer2 (elongation). 
DAPI (DNA) is shown in blue. Scale bars are 5 microns in length.  Fluorescence intensity 
quantification values (average PSer2 on X / average nuclear PSer2) with standard deviations and 
sample size (in parentheses) are shown to the right of each image panel. Statistically significant 
differences compared to WT are denoted by an asterisk. Results show that dosage compensation 
and sir-2.1 mutants, but not set-1 or set-4 mutants, show increased PSer2 on X relative to the 
entire nucleus average. 
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CHAPTER 5 

 

Conclusions and Further Directions 

 

 

Conclusions 

 Complex genetic programs designed to achieve proper gene dosage are essential to the 

viability, development, and fitness of all organisms. Two levels of effects integral to proper gene 

dosage are: chromosome copy number and transcriptional regulation. Differences in 

chromosome copy number are typically lethal to the organism [1], and the rare aneuploidies 

that are not lethal result in substantial handicaps toward evolutionary fitness in that individual 

[1,2]. One exception, a difference in X chromosome copy number, must be tolerated across 

many organisms. This difference is the underpinnings of a chromosome-based method of sex 

determination, which is utilized by many species [3-5]. Dosage compensation is thought to have 

evolved in response to the development of this difference in order to equalize X-linked gene 

expression between the sexes [6-8]. 

 Dosage compensation involves different mechanisms across different species [9-21]. In 

mammals, one X chromosome in females is inactivated [22]; in flies, the single male X 

chromosome is transcriptionally upregulated two-fold [23,24]. In the worm Caenorhabditis 

elegans, dosage compensation is achieved by two-fold downregulation of X-linked expression by 

the dosage compensation complex [25,26]. The DCC contains a condensin-like complex, similar 

to the meiotic and mitotic chromosome condensation machinery regulator, suggesting that 

worm dosage compensation occurs through changes in X chromosome structure [27].  To date, 
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the only further detail concerning the molecular mechanism of worm dosage compensation 

known is that the DCC regulates RNA Pol II occupancy [27]. 

 The primary aim of my thesis work was to uncover further mechanistic details of worm 

dosage compensation action. In undertaking this work, we sought to improve general 

understanding of worm dosage compensation and condensin function in gene regulation in 

general.  In other systems, condensin is known to be important for gene expression regulation 

during immune cell differentiation [28,29] and localization of the histone deacetylase Sir2 [30], 

but mechanistic details in these instances are also lacking. 

 My initial experiments centered around an immunofluorescence-based screen of 

histone modifications, looking for differences in staining on the X chromosomes that might be 

indicative of changes in chromatin structure. Several modifications showed X-specific 

differences (see Chapter 2 and Appendix A); we chose to focus on H4K16ac and H4K20me1, due 

to their conserved roles in other dosage compensation paradigms and transcription [31]. 

Through this work, we sought to understand DCC-directed changes in X chromosome structure 

that might be indicative of changes in gene expression. 

 This work uncovered gender-specific and DCC-specific regulation of both modifications 

in worms. DCC action shifts the balance of H4 chromatin to a more repressive state, leading to a 

reduction in H4K16ac and an enrichment of H4K20me1 preserved on X. I identified the enzymes 

which act at these histone tail residues in C. elegans, the hierarchical nature of regulation of 

these marks on X, and functional significance for the H4K20 methyltransferases SET-1 and SET-4 

in dosage compensation [32]. Our study of chromatin modifications associated with dosage 

compensation has led to a new understanding of two structural changes to X chromatin that 

promote a state repressive to transcription, forming the basis for a molecular mechanism of 

dosage compensation in C. elegans. 

263



 Following this study, I was interested in examining recently-released high-resolution 

datasets from the modENCODE consortium [33] for additional differences in histone 

modification and protein occupancy on X and at dosage compensated versus non-dosage 

compensated gene groups. I began by improving upon the lists of known dosage compensated 

(DC) and non-dosage compensated (non-DC) genes using up-to-date statistical methods.  This 

led to a list of genes that did not include questionable candidates such as non-coding transcripts 

and decommissioned genes. With the help of a Bioinformatician on campus, we also identified a 

set of expressed genes from RNA-seq data at multiple developmental stages. With these 

improved boundaries, I set out to construct a compendium of histone modification and protein 

occupancy profiles and cross-correlations associated with X to autosome and  

DC to non-DC gene lists. 

 This work not only highlights the ease and functionality of using Cistrome [34], an online 

toolset for high-resolution dataset analysis, but it also led to several important discoveries 

relating to C. elegans dosage compensation. First, genome browser analysis identified an 

enhancer-like chromatin state surrounding known DCC recruitment and binding elements. 

Cistrome analysis allowed us both to confirm that this pattern was maintained across all rex 

sites, dox sites, and waystations, and to identify over 300 novel candidate enhancer-like DCC 

binding elements on X. Next, H4K16ac and H3K27ac peaks often overlapped with DCC peaks and 

showed a positive correlation value in Cistrome analysis.  This led me to investigate the role of 

histone acetyltransferases in DCC localization. RNAi against CBP-1, MYS-1, and MYS-4, known 

H4K16 and H3K27 acetyltransferases ([35,36], MW unpublished results), led to measurable DCC 

mislocalization by immunoFISH analysis. Knockdown of any two of these HAT proteins led to 

increased DCC mislocalization. Analysis of HAT mutant strains revealed similar results, but more 

severe consequences, for DCC localization and X chromosome structure. In all, these results 
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suggest that HAT proteins play a critical role in DCC localization through dual mechanisms, 

regulation of X chromatin structure and regulation of transcriptional elongation. My results from 

this work highlight the value of public dataset mining, reaffirm previous work examining the role 

of histone acetylation in transcription, and add to the importance of chromatin state for dosage 

compensation function. 

 From here, I sought to uncover and understand regulation of RNA polymerase II itself 

and transcription by dosage compensation function. My studies of RNA polymerase state on X 

and DCC function’s influence on transcription uncovered action on gene expression at multiple 

points in the transcription cycle. First, using Cistrome analysis, immunofluorescence (IF), and 

FRAP microscopy, we demonstrated that RNA Pol II loading is likely not restricted by the DCC. 

Next, I found using Cistrome analysis and IF analysis with antibodies against initiated RNA Pol II 

(anti-PSer5, 8WG16, and 4H8) that the DCC is limiting RNA Pol II initiation, and further, that DPY-

21 in particular gates the transition from initiated to productively elongating RNA Pol II. 

Cistrome analysis of RNA-seq data demonstrates a clear and substantial defect in early genic 

elongation at dosage compensated genes, within both exons and introns, which could represent 

a major contribution to DCC regulation of gene expression. Further, the DCC limits staining on X 

from antibodies against productively elongating RNA Pol II (anti-PSer2), and the molecular 

switch from transcriptional initiation to elongation, DSIF, is crucial for proper DCC localization to 

X. Multiple factors, including RNA Pol II CTD kinases and the DSIF component SPT-4, are 

genetically important for DCC function. This project has uncovered substantial mechanistic 

details explaining the intricate relationship between DCC function and transcriptional regulation 

that leads to the overall gene regulation goals of dosage compensation.  This work also 

contributes novel details to our understanding of condensin regulation of interphase gene 

expression, perhaps shedding light on results from other systems [27,37]. 
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 In total, my thesis work forms a foundation of molecular details linking dosage 

compensation, chromatin state, and transcription that represent a great advancement in our 

knowledge of the C. elegans dosage compensation mechanism. My work has used a variety of 

genome-wide high- and low-resolution methods to explore DCC function at multiple levels, 

forming, in part, a comprehensive picture of chromatin, protein occupancy, and transcription on 

X. I have also uncovered genetic roles for many chromatin and transcription regulators in DCC 

function, again highlighting the connections between the DCC and global regulators. 

 
Proposed Further Directions 

 I will now lay out seven research aims that would greatly extend the conclusions from 

my thesis work and their importance to the fields of dosage compensation and condensin 

function. Aim I involves exploring the possibility of direct DCC regulation of H4K20 

methyltransferases, clarifying the details of chromatin regulation by dosage compensation 

uncovered in Chapter 2. Aim II involves additional RNA-seq analysis to reveal the direct 

contributions of DCC function to transcript production. Aim III involves a strategy for further 

investigation of DPY-21 function, in part, as a follow-up to the specific contribution of DPY-21 to 

limiting RNA Pol II elongation uncovered in Chapter 4. Aim IV suggests a path to deeper 

understanding of the balance between X and autosome gene expression through autosome 

downregulation, not X upregulation, prior to dosage compensation onset. Aim V suggests real-

time investigation of RNA Pol II dynamics on X in live worm nuclei. Aim VI seeks to understand 

the contribution of histone acetyltransferase proteins and acetylation to expression and DCC 

localization in greater detail using high-resolution ChIP-chip or ChIP-seq. Finally, Aim VII offers 

several methods for addressing DCC-mediated suppression of RNA Pol II elongation within gene 

bodies through regulation of the RNA Pol II CTD kinase B0285.1 (the C. elegans CDK12 homolog). 
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Aim I: Investigate H4K20 HMT Proteins for Localization Reliance and Interaction with DCC 

Components. In Chapter 2, I showed that SET-1 and SET-4 (conserved H4K20 mono- and di-/tri- 

methyltransferases, respectively) and DCC function were all critical for H4K20me1 enrichment 

on the X chromosomes. Other work from our lab suggests that the onset of H4K20me1 

enrichment on X does not coincide with DCC enrichment on X in young embryos (Laura Custer, 

unpublished results). To further explore the relationship between these SET proteins and the 

DCC, a LAP tagging strategy [38], should be employed on the SET proteins. This would allow for 

both IF localization of SET-1 and SET-4 with GFP antibodies and purification of each SET to look 

for physical interactions with DCC member proteins. Additionally, SET protein localization could 

be assayed in DC mutants to further explore the influence of dosage compensation on SET 

protein localization. 

 
Aim II: Explore the Role of DCC Member Proteins, Chromatin Modifiers, and Transcription 

Regulators in Transcript Production on X vs. Autosomes or at Dosage Compensated vs. non-

Dosage Compensated Genes. Cistrome analysis of available RNA-seq data suggests that a major 

contributor to transcriptional regulation by the DCC is restriction of early genic RNA Pol II 

elongation. By conducting RNA-seq analysis in dosage compensation, chromatin modifier, or 

transcription regulator mutant or knockdown backgrounds at multiple developmental stages 

would accomplish several goals: 1) allow for a more precise determination of dosage 

compensated and non-dosage compensated genes, 2) uncover the contributions of all genes 

tested to dosage compensation effects on transcription, 3) serve as a resource for other groups 

interested in chromatin influences on transcription, or in the regulation of particular genes or 

gene groups. 
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Aim III: Toward the Determination of DPY-21 Function. Employing a LAP tagging strategy [38] 

on DPY-21, perhaps twice, at either the N- or C-terminus, would allow for further investigation 

and clarification of DPY-21 function. Antibodies against DPY-21 have yielded limited and 

inconsistent results with regards to DPY-21 localization and interaction partners (see Appendix 

A). Further analysis of DPY-21 will shed light onto the role of this loosely-associated DCC 

member and its global regulatory function.  

 
Aim IV: Autosome Downregulation as a Mechanism of Gene Expression Balance Between X 

and Autosomes Within An Individual.  It is not necessary that X upregulation be employed to 

balance X and autosome expression within an individual; another intriguing possibility is that 

autosome expression is downregulated in order to achieve this goal. Preliminary evidence from 

our xol-1 suppression assay suggests that LEM-2 may be a part of this mechanism: addition of 

lem-2 RNAi is able to suppress male rescue seen by DCC component or htz-1 knockdown. 

Further investigation of DCC/LEM-2 physical interactions by IP-Western blot analysis and 

chromatin conformation capture (5C) or DPY-27 ChIA-PET analysis in WT versus lem-2 

knockdown conditions would go a long way to understanding the influence of LEM-2 on 

chromosome dosage effects and the interplay between LEM-2 and dosage compensation. 

 
AIM V: Investigation of RNA Polymerase II Dynamics on X in Live Worms over Time. 

Preliminary work using a strain expressing AMA-1::GFP and FRAP analysis suggests that RNA Pol 

II remains on X-linked loci much longer than autosomal loci (See Chapter 4). Construction of a 

DCC::RFP expressing strain and crossing of this strain with the AMA-1::GFP strain would allow 

for greater exploration of the relationship between dosage compensation and RNA Pol II 

dynamics. Possible experimental tracks include: 1) RNAi treatments on the combined strain to 

assay the contributions of the DCC, chromatin modifiers, and transcription regulators to RNA Pol 
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II and DCC occupancy; 2) exploration of DCC spreading reliance on RNA Pol II elongation through 

elongation factor RNAi; and 3) single molecule particle tracking to explore differences in 

transcription rate on X and autosomes. 

 
AIM VI: Expression and DCC Mislocalization by HAT Knockdown Assayed at High Resolution 

Genome-wide. Results detailed in Chapter 3 suggest that HAT proteins and acetylation are 

important for proper DCC localization through promoting RNA Pol II elongation (Figures 3.5, 3.6, 

3.63-3.67). I propose ChIP-chip or ChIP-seq of DPY-27 following HAT knockdown in order to learn 

where the DCC now binds. In particular, does the DCC now bind autosomal enhancer-like 

elements? Valuable extension of this analysis could involve transcript level comparisons in 

vector, HAT RNAi, and HAT/DCC double RNAi conditions by RNA-seq. In sum, these studies could 

lead to a better understanding of whether suppression of expression affects X and autosomes 

differently, and whether DCC redistribution in HAT RNAi is intended to rebalance genome-wide 

expression. 

 
AIM VI: Does DCC-Mediated Restriction of X-Linked Transcription Involve Exclusion of CDK-12? 

Recent work [39,40] has described CDK12 (in partnership with cyclin K) function as a major RNA 

Pol II CTD serine 2 kinase acting through gene bodies. My analysis of serine 2 phosphorylation 

(Fig. 4.16), RNA-seq data (Figs. 4.3, 4.12, and 4.13), and histone modifications associated with 

RNA Pol II elongation (see Chapter 3) is consistent with the hypothesis that dosage 

compensation acts, in part, to limit the elongation activity of RNA Pol II on X. Several lines of 

experiments could help to clarify whether DCC-mediated elongation control in gene bodies 

through regulation of CDK12 or its activity occurs on the dosage compensated X chromosomes. 

First, the C. elegans Cdk12 homolog (B0285.1) could be tested in the modified xol-1 suppression 

assay for male rescue. Second, it would be important to check B0285.1 RNAi-treated worms for 
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the expected drop in PSer2 levels, as well as changes in DCC, H4K16ac, and H4K20me1 staining. 

Finally, using antibodies or tagging strategies (such as LAP tagging [38]) to visualize B0285.1 

localization and test whether B0285.1 localization changes in response to DCC loss would 

further support a more direct effect of the DCC on RNA Pol II genic elongation. 
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