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Essentials

*C57BL/6JtPA-deficient mice are widely use study tssue plasminogen activator
(tPA) function.

*Congenien, C57BL/6IPA-deficient mice harbor large 1z2ferived chromosomal
segments

*The 129derived chromosomal segments contain gene mutations that may confound data
interpretation

*Passenger mutatiefiee isogenic tPAleficient mice were generatéor study of tPA

functions

Summary

Backgreund: The ability to generate defined null mutationsmice revolutionizedhe
analysis of gene function mammals However genedeficient mice generated by using
129-derived embryonic stentells may carry large segments of 129 DINAven when
extensivelyysbackcrossed to reference strains, such as C57Bhtbdhismay confound
interpretation of experiments performéd these mice Tissue plasminogen activator
(tPA), lencoded by thd’LAT gene, is a fibrinolytic serine protease that is widely
expressed In the brain. A number of neurological abnormalities have been reported in
tPA-deficient mice.Objectives: To study gengc contamination of tPAleficient mice.
Materials.and methods: Whole genome expression array analysis, RNAseq expression
profilingsslow- and highdensity SNP analysis, bioinformatics, and genome editiag
usedto analyze gene expression in tdéficient mouse brag Results and conclusions:
Genes differentially expresséul the brain ofPlat” mice from two independent colonies
highly backcrossednto the C57BL/6XtrainclusterednearPlat on chromosome &SNP
analysisattributedthis anomalyto about 20 Mbp oDNA flanking Plat being of 129
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origin in both strains Bioinformatic analysisof these 129lerived chromosomal
segmentsdentified a significant number of mutations in genessegregating withthe
targetedPlat allele, including severgbotentialnull mutations Using zinc fingernuclease
technalogywe generatediovel“passenger mutatidrfree isogenic C57BL/6Jlat” and
FVB/NJPlat” mouse straindy introducing a 11 bp deletion inthe exon encodinthe
signal peptideThesenovel mouse straiswill be a usefucommunity resourcéor further

exploration of tPA function in physiological and pathological processes.
Key Wor ds: brain,congenic micegene targeting, mutationssueplasminogen activator

I ntroduetion

The development of methods to selectively disrupt genes in mice by homologous
recombination in embryonic ste(&S) cells provided a potent new tool for analysis of
gene function in mammals that has been of immeasurathle vo a wide range of
researehyfieldgl]. Because germ lineompetentES cells were most successfully derived
from various substrains of the 129 moustrain the large majority of gene disruptions
initially=were made in this strairDue to thepoor breeding charactstics, neurological

and neuroanatomicabnormalities, and high tumor incidence of 129 mice, gene targeted
mice made using 128S cells typically were backcrossed tmbred reference strains,
such asgC57BL/6J. However, due to the low probability rakiotic crossover occurring
close torthe, targeted gerselarge region of DNA is likely to remain of 129 origin, even
in “congenic” mice backcrossed fod0 generations(p = 0.91 for more tharl
centiMorgan of 129erived DNA flanking each side of the targeted geffd.
Importantlyin this respegta recentdirect comparison of the 129 and C57BL/6J genome
sequences.uncoverehat the two strains differ byo less than 1395 deletions, insertions
or nucleotide substitutions in protein coding regions, which resulted in 188 lost or gained
stop codons, 875 frame shift variants, and 332 splice donor or accepantsf2]. This
finding led,the authorsf the above studyo conclu@ that essentially attonstitutively
genetargeted mouse strains generated using-de2ved ES cells carry “passenger
mutations”that confound data interpretatidg]. Indeed, several exangd of erroneous
attribution of observed phenotypes in géameted mice genated using 12@lerived ES
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cells have emerged recentlf2-4]. As regards extracellular proteaseke treported
resistance of matrix metalloproteinaseMM)-13-deficient miceand, most likelyMMP-
7-deficientand MMR8-deficient miceto LPSinduced lethality was demomatednot to
bea consequence of the loss of the MMP. Rather, it was caysadull mutation in the
neighboringCaspll gene, which is present in 129 mice, but not in C57BL/6J [@icé&\
second,. issue witimany ES cell-generated gene disrupted mice relates touses of
homologous recombination to generate the null mutation. This stratiegynvolves the
deletion"of“large segments of DNW&ithin the targeted gene that could result ie th
deletion of cis-acting regulatory elements and microRNA#hile the insertion ofa
powerlul neomycin selection cassetteuld similarly modulatéhe expression of genes
flanking-the'targeted locus.

Tissueplasminogen activator (tPA) is a fibrinolytic sex proteasd5] that is widely
expressedn the brain6-10] where it is involved in a diverse array m@fysiological and
pathophysiological processes unrelatediboirfolysis thatwere identified in large part
throughrtheranalysis of tPéeficient micg11-25].

Duringa transcriptomic profiling of genes differentially expressed in thadbi tPA
deficient, mi@ extensivelybackcrossed tdhe C57BL/6J strain we noted ahighly
signifieantoverrepresentation of differentially expressed gehestaring around thElat
gene, encoding tPAyn chromosome 8A similar anomalous clustering of differentially
expressed genes was observed when we analysedond colony dPA-deficient mice
independently highly backcrossedto the C57BL/6J strain Single nucleotide
polymorphiSm(SNP analysisprovided evidencéhat at least22 Mbp of DNA flanking
Plat remained ofL29 origin in eactC57BL/6J-Plat” strain Furthermore, iminformatic
analysis identified several mutatigmscludingpotential null mutationgn protein coding
genes located on this chromosomal segment.

Using zinc finger nucleas@fn) technology, we engineered a null mutation in fthat
geneof G57BL/6Jand FVB/Nmice Wedemonstrat¢hatisogenicC57BL/6JPlat” mice,
free of 229 DNA,do not show anomalous clustering of differentially expressed genes
proximity to the targetedlat gene. Thee novel isogenid®lat’ mouse strais constitute
a valuable community resource florther exploration of tPA functions in the brain and
other tissues.
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Materialsand Methods
Mice

Mice were housed in standard barrier faciliti@sler approved protocols.

Expression array analysis

12 to 14*weekold male“Melbourne” C57BL/6JPlat” and agematchedC57BL/6Jmice
(Jackson“Laboratoyywere transcardially transfused with Hceld PBS(8 per genotype)
Thehippocampus was dissected out and plagéBNA later”. RNA was extracted using
the “RNeasy Lipid Tissue” kiQiagen) according to manufacturer’s instructidrRBlA
was then pooled from pairs of mice to give 4 samples from each genotype for subsequent
analysis.The extracted RNA was quality doolled, hybridized to Illumina microarray
chips and analyzed by the SRC MicroRNA facilityniversity of Queensland, Australia)
using MouseW@ v2.0 Expression BeadCh{fatalog ID: BD201-0202) Genes were
consideredy differentially expressed if the adjusted p value was less thanTRe)5.
original® high-throughput microarray datais available through the following

links: https://cloudstor.aarnet.edu.au/plus/index.php/s/PYxAHTIkijH4zYy and

https://eloudstor.aarnet.edu.au/plus/index.php/s/jPAXctPNeil XKvQ.

RNAse
Six-weekold “Michigar’ C57BL/6JPlat” and ‘Bethesda C57BL/6JPlat’ littermates

(four mieesper genotype), and agmtched wildtype C57BL/6dontrol mice(four mice

per genotype) were euthanized by £@halation. The brains were dissected out, the
olfactory bulb and cerebellumemoved,and the brains snap frozen in liquid nitrogen
cDNA library preparation and lllumina high throughput sequencing was performed by
The University of Michigan's DNA Sequencing Core. Biommhatic analysis of these
datawassconducted by the University of Michigan Bioinformatics Cédédata from
these studies has been deposited inGhre Expression Omnibus (GE@gtabase with
accession numberGSE76093. Genes were considered differentially expressed if

presenting with an adjusted p valuev@ue) of0.050010r less and foldlifferencein
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expression of more than 0.@enes located on thé chromosome were excluded from
theanalysis because the analyzed mice included both males and females.

SN\P analysis

Low-density SNP analysis of the entire mouse genome was performtuak Bgickso
Laboratoryusing the “JAX 150 SNP Pariepolymorphic betweerC57BL/6Jand 129
(SupportingtableS1). The panel consist of 154 SNPs that cover the 19 autosomes and the
X chromoesome with a density of ~P® Mbp'SNP. High density SNP analysis of mouse
chromosome 8 was performed the Jackson Laboratgrusing a chromosome $pecific

panel of 34, SNRPgolymorphic betweelC57BL/6Jand 129 covering the length of the
chromosome with a density of ~3.5 Mbp/SNP (SufipgtableS?2).

Generation of Plat-/- mice using Zfns

A pair ‘of Zinc fingerFokl fragmentfusion proteins (Zfns) binding, respectively'-
GACTGGETTTCCCAT3 (nucleotides 9399413 of thePlat gene, NC_000074.6) and
5-GACCAGGTGGGT'3 (nucleotides 9419430 of thePlat gene) were generated by
Sigma=mRNA encoding the Zfn pair was generatedirbwitro transcription and
microinjected into the male pronucleus@7BL/6J and=VB/NJ zygotes, which were
implanted into pseudopregnant mice. The ensuing founderssaerenedy PCR using
the primer par B5AAGAGTCATTGCTGGATGGG3  (forward) and 5
GATCACTCCTGGGAACGTGT3 (reverse), which amplifies th825 bp fragment
constituting nt. 922-B545 ofthePlat gene. Founders positive for mutations in the signal
peptideencoding exon 2 oPlat were further characterized by DNA sequencing and

screened for, germ line transmission by breeding to C57BL/BYBINJ.

tPA Western/blot analysis

Non-reduced and nehoiled protein lysates from brainsere separated by SDBAGE

and transferred to PVDF membranes. The membranes were blocked with 5&b dign
milk for 1 h. The blot was incubated with@)/ml rabbit antthuman tPA (Molecular

Innovation, ASHTPAGF) —for 1 h atroom temperature. Bound antibody was visualized
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by incubation for 1 h witldonkey antirabbitHRP (Jackson Immuno Research, -0B6-
152) 1:5000.

Plasminogen-casein zymography
Plasminegercasein zymography was performed as descri@éfl Lysis zones wre
visualized by staining of gels with Coomassie brilliant blue.

tPA activity'assay
Activel tPA /'was determined using a commercial sandwich tPA capture ELISA kit

(Molecularsinnovations, NTBIOCPARBs recommended by the manufacturer

Satistical analysis

Distribution_of differentially expressed genes/er all chromosoms: We used a chi
squarestatistic with a reference distribution calculated using simulation (since many of
the expectedhit counts are very smallSpecifically, the expected number “dfits’ per
chromosomge assuming uniform distributionwas calculated and compared to the
observechumber of hits per chromosorighis comparison utilized ehi-squarestatistic
(but_net™achi-squarereference distribution To obtain a reference distribution we
generated Poisson courftem 100,000 randomizations with mean values equal to the
expected number of hits per chromosome under uniformity, accounting for thendifferi
lengthssofithe chromosomes.

Positionssefifferentially expressed genea chromosom&: To assess thgrobability of

the observedits on chromosome Being randomwe divided the chromosome into 1
Mbp intervals and counted the number of hits per intehi& then used a clsiquare
statistic.to.compare this distribution of hit positionsmoat would be expected under a
uniform_distribution in which the hits were equally likely to occuraay point along
chromosome 8. The reference distribution was calculated using simulation, using a
uniformdistribution to define random positions for hits along the length of csome

8.

Bioinformatic analysis
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Bioinformatic analysis of “passenger mutations™segregating with the targetdtat
allele were identified using the Sanger “Mouse Genomes Pref@cery SNPs, indels or

SVs' website fttp://www.sanger.ac.uk/sanger/Mouse_SnpViewer/rel-1LE1” 28].

Results

Transcriptomic profiling of brains of two independently generated strains of congenic
C57BL/63Plat” mice reveals anomalous clustering of differentially expressed genes
aroundPlat'on chromosome 8

C57BLI6J-Plat™M'9 mice [29] were housed in thaustralian Centre for Blood Diseases,
Monash Universityhereafter termetlelbourne C57BL/6Flat” mice) In 2009, when
the expressiomanalysis wagarried outthese mice werestimated to béackcrossed to
C57BL/6J mice for 13 generations. RNA was isolated from the braindviefbourne
C57BL/6JPlat” mice andfrom cohabitatingage and sexmatched C57BL/6J mice and
hybridized to whole genome expression arrays. Quadruplicate analysis was performed
with each=sample representing poolsRMA from two mice. Overall, only 13 genes
reporting “in’ the array were identified as differentiabblxpressed in the brain of
C57BLi6JPlat” mice when compared tahe C57BL/6Jcontrol mice (Bble 1).
Surprisingly, 11 of thesel3 genes 85 %) were located on chromosome 8, whaiko
harbors thePlat gene(P<0.000001, see materials and methods for details on statistics).
Furthermore all of these 11genes clustered around tRéat gene,on a chromosomal
segment spanningpproximately 19bp upstream to 81bp downstream oPlat (Fig.
1A). Thisselustering of differentially expressed genes within thi¢®p segments also
highly lanomalougP<0.000001)considering theéotal length ofmousechromosome 8 is
approximately 129 Mbgand the total length of the mouse genome is ntloam 2600
Mbp.

We next set out texamineif the abnormal distribution of differentially expressed genes
in Melbeufhie C57BL/6Rlat” mice was also observed in other congenic colonies of
tPA-deficient mice. Specifically, we analyz&b7BL/6IPlat™ 9 mice housed at the
University of Michigan (hereafter termadichigan C57BL/6JPlat” mice), estimated to

be backcrossed forl0 generations to C57BL/6& 2015 when the analysis was carried
out Brains offour Michigan C57BL/63Plat” mice andfour wildtype C57BL/6Jmice
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from JacksorLaboratorieswere subjected to transcriptomic profiling by RNAs¥¢e

again observed an abnormally high frequency of differentially expressed genes (8 of 32,
25%) located on chromosome 8 (P<0.00Bble 2). Furthermoregll eight genesvere
locatedapproximately 18 Mbp upstream to Sopldownstream of PlgiP<0.000001)Kig.

1B).

Evidence for' 129 origin of differentially expressed genes on chromosome 8 of tPA-
deficient mice

To explore thébasis of the anomalous clustering of differentially expressed genes around
the Platsgene in the two independently backcrosserdgenicstrains ofC57BL/6JPlat”
mice, we nextcontracted Jackson Laboratories to perf@MP analysisof Michigan
C57BL/6JPlat”™ mice and Melbourne C57BL/6Btat”™ mice. We first employeda JAX
150 SNP_Panel polymorphic betwe@b7BL/6Jand 129, whicltovers thel9 autosomes
and the X chromosome with a density of -2A®5Mbp. Strikingly, of 154 SNPs analyzed
in Michigan/C57BL/6J-Plat’ mice, only one was found to b&29-specific (rs3701395
SupprtingtableS1) and this SNP was locatd®.7 Mop upstream oflat, just upstream
of a cluster of five differentially expressed gen€his SNP was also 12§ecific in
Melbourfié C57BL/6Flat” mice, as was the adjacent SNB3(701395 and rs3684251,
Supprting table S1). Melbourne C57BL/6Jat” mice were also heterozygote fone
chromesome 1 SNRY3697376 Supprting tableS1). Remarkablythis SNP was located
very clesetdoth the chromosomelicated genes differentially expressed in Melbourne
C57BL/63Plat” mice  chromosome locationbp, rs3697376 65042402
C430010P07Rik: 66719248-6681756Mtap2: 66175273-66442583).Based on these
findings, we next performea high-densitySNP analysisof chromosome 8, employing
34 SNPs polymorphic betweel57BL/6Jand 129(Fig. 2A and B and Supgpting table
S2). In Michigan C57BL/6JPlat” mice,a continuous cluster of SNPs analyzed, located
19-0.3_Mbp upstreamof Plat were identified as beingl29specific (Fig. 2A). The
identicalcluster of 12@lerived SNPs were founid Melbourne C57BL/6JRlat’ mice,
which also displayed two additionh29 SNPslocated just downstream Bfat (Fig. 2B).
Notably, thechromosomal segemtsidentified in the SNP analysasbeing 129-derived
in the two mouse strainkarbored most of the genes differentially expresead
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chromosome 8 of the Michigan C57BL/Blatf” mice and all of the identified genes
differentially expressedh the MelbourneC57BL/63Plat™ mice (Fig. 2A and B, and
Supprting table S).

Bioinformatic analysis identifies multiple passenger mutations in congenic C57BL/6J-
Plat’ mice

Havingrlocated the specific regions of 1@@rived DNA inMichigan C57BL/6JPlat”
and Melbourne C57BL/6Btat” mice allowed for the direct bioinformatic identification
of “passenger mutationgo-segregating with the target&tht allele by using the Sanger
“Mouse: #Genomes Project - Query SNPs, indels or SVs website
(http://wwwisanger.ac.uk/sanger/Mouse_SnpViewer/rel-1L 508 28] Interestingly, he
129-derived region®f both Michigan C57BL/6JPlat” mice and Melbourne C57BL/6J-
Plat” mice_harboredfive proteincoding genes(Cd209a, Cd209b, Ccl25, Defb34,
Defb46), predicted to be null in 129 mice and wildtype in C57BLf6de orvice versa, as

evidenced=by the presence of in frame stop codons, framerghifing insertions and
deletions(Fable 5. An additional 8 genes(Arhgefl8, Cd209e, BC068157, Gm560,
Tubgeps;, Mcf2l, Myom2, and Mchpl) harboredone or moremutations causingion-
conservative amino acid substitutio@wing to additional 12%@lerived regions upstream
of Plat, Melbourne C57BL/6Jat” micealso displayed mutations Adam3.

C57BL/63=Plat”” mice, generated by zinc finger nuclease targeting of C57BL/6J mice, do
not showsanomal ous clustering of differentially expressed genes around Plat

We next used cstom-designed zinc finger nucleas€Zins) to generate tPAleficient
mice de novo. A Zfn was engineered to introduce mutations into the sigeakide-
encoding.exon 2 oPlat (Fig. 3). mRNA encoding the Zfn was microinjected into
fertilized C57BL/6J and FVB/NJ embryos that were implanted into psepcgnant
femalessAnalysis ofdrn offspring identified a number of miegth mutations inexon 2
of Plat."This includedC57BL/6Jand FVB/NJoffspringwith an identical 11 bp deletion
in signal peptidecodingexon 2 which wereselectedor further analysis. This deletion
removes nuclaaes 5262 of thePlat open reading framand introduces a frameshift
mutation afteiProl7 of thePA signal peptide and a premature stop sigha. 3A). This
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gaverise to a null allele, as confirmed by plasminogeasein zymographyFig. 3B),
Westernblot (Fig. 3C), and tPA activity assay$ig. 3D) of brain tissue from mice bred
to homozygosity for the targeted alleled their wildtype littermates. Thesevel mouse
strains_hereafter are termed respectively, BethesdaC57BL/6JPlat” and Bethesda
FVB/NJPlat”. As expected,dw denity SNP analysisof BethesdaC57BL/6JPlat”
mice showed all SNPs to I6257BL/6J-derived (Suppting tableS1). High density SNP
analysisof*chromosome 8 of Bethes@67BL/6JPlat’ mice (Supprting table S2 and
Fig. 2)"'showed all SNPs, but one, to ®87BL/6Jspecific. The single 129pecific SNP
(rs3709624 Supmrting table S2, indicated by red asterisk Fig. 2) also genotyped as
129specifie,in twoC57BL/6J control mice purchased from Jackson Laboratoites
wereineluded in the analysis (“Control”, columns L and M in Soipimg table S2), and
we currentlyshave no explanation for this finding.

We next set out tprovide direcexperimental evidence th#te differential expression of
chromosome 8 genes in brainshélbourne and Michigan C57BL/@3at” mice were
not agconsequence of logd tPA, but ratherdue to retention of a 12%@erived
chromosomal segmenkor this purpose, wmterbredthe newBethesdaC57BL/6JPlat’

" miceswith Michigan C57BL/6JPlat™ mice to generate littermate pairs of Bethesda
C57BLI6IPlat” and MichiganC57BL/63Plat” mice Thesemice, both devoid of tPA,
werethensubjected to transcriptomic profiling by RNAsesing quadruplicate analysis
A conspicuous clusring of genesdifferentially expresseth BethesdaC57BL/6JPlat”
mice amd=MichiganC57BL/6JPlat” littermates around chromosome 8&as again
observed;=with7 of 19 differentially expressed gen€37%) located on chromosome 8
(P<0.05), clusterind9 Mbp upstream t@.9 Mbpdownstream fronPlat (P<0.000001)
(Fig. 1C and Table R In sharp contrast, when the identical RNAseq analysis was
performed.comparindprains from Bethesd&57BL/6JPlat” mice with their wildtype
littermates.no overrepresentatiasf differentially expressed genes on chromosome 8 was
found, withonly 2 of 37 differentially expressed genes%) residing on chromosome 8
(P=N.S)lecated, respectively, 50 and 61 Mbp frehat (Fig. 1D and Table 4jP=N.S.)

Discussion
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This current study provides evidence th#®A-deficient mice highlybackcrossed to
C57BL/6J displaydifferences in gene expression in the brain that are not related to the
absence of tPA, but rather to way tRkat gene was targeted. Two coloniefk highly
backcrossef C57BL/6JPlat” mice, made by targetinglat 129-derivedES cells
showedthe, same anomalowtustering of differentially expressed genes in the vicinity of
Plat, whenindependently analyzed by whole geme array analysis and RNAsén.the

two ‘analysis, respectivelg6 and25 % of all differentially expressed genes were located
within @a"segrnent of chromosome 8 roughly 19 Mbp upstream tdt$ downstreanof

Plat. Considering the length of the mouse genome of more than 60 less han

1.5 % .of differentially expressed genes would be expected to be located on this short
segment of chromosome 8, which constitutes u§t3 % of the mouse genome
Furthermore, an isogeni&57BL/6JPlat’” mouse strain, generated in this study by-Zfn
mediatedgenome editing ilC57BL/6Jmice, did not show this anomalous clustering of
differentially expressed genebligh-density SNP analysishowed that botiMelbourne

and Michigan C57BL/6JPlat” mice contained a surprisingly large contiguolig9-
derived*chranosomal segment, and we providiect experimental evidence thtite
presenee_of this chromosomal segment is respon&bléhe anomalous clustering of
differentially expressed gends C57BL/6JPlat” mice Importantly, the 12%erived
chromosomal segment that-segregatewith the targetedplat allele displayed a number

of differences in coding regions, when compared to the corresponding chromosomal
segment'ofc57BL/6Jmice, withat least dur proteincodinggenespotentially beinghull

in the 129mice and wildtype inC57BL/6Jmice or vice versa, and eight additional genes
displaying norconservative amino acid substitutioh®tably, ®me of these genes have
reported roles imumanbrain function:ARHGEF18 is involved in neurite retraion [30]

and wadinked in a genomavide association study to sexual dysfunction in individuals
treatedfor. major depressiof31l]. MCF2L participatesin the formation andtabilization

of glutaminergic synapses of cortical neurgd®], and SNPs iMCF2L andTUBGCP3

were identified as predictive for successful smoking cess§Bi®n Homozygosity for
mutations inMCPH1 causes microcephal$4], while romozygous loss oADAM3A is
associated with pediatric higgrade gliomaiad diffuse intrinsic pontine gliomas [35].
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It should be noted that the 12@rived cesegregating chromosomal segments identified
in the congenicC57BL/6JPlat™ mouse strains have the potential to confound data
interpretation irrespectively of whether the wildtype mice used as controls are littermate
derived or age and sexmatched C57BL/6J mice. Our study, thushighlights the
importanee, of reconstitution experiments in #Asogenic mice, where a wikype
phenotype.can be restored via the introduction of exogenous tPA intefitdentmice
[11]"or"where tPAoverexpressing mice exhibit an opposite phenotypthat of tPA
deficientmice [36]. Similarly, with regards to plasmitependent functions of tPA, one
can eliminatethe confounding effects of @aherited passenger mutaths when tPA
deficient and plasminogetteficientmice exhibit similar phenotypd87]. It is important

to stresshoweverthat the present study provides no evidence, directly or indiyéutly
any of the)publishedohenotypes in tPAleficient mice is caused by 2l2@rived
passenger mutations-atherited with the targeteldlat allele. Nonethelessit is also clear
from the data presented itihe currentstudy that caution mustbe exerted when
interpreting’’phenotypes observed @57BL/6JPlat” mice Related to this, it is
interesting=to note that this region of chromosome 8, widchyntenic with human
chromesome 8, has been suggested to Ipetantial hub forgenes associated with
neuropsychiatric disordeend with cancef38]. Undoubtedly, te C57BL/6JPlat” and
FVB/NJ-Plat”™ mice generated here should provide two novel mouse strains of use for the
research community fdurther exploration of tPAunction thatarefree of caeinherited
passengerumutations inevitable when using-d@%ed ES cellsNeverthelessthe Zfn
technolegy‘used to generate the two mouse strains is relativelyandwthe degree to
which [foff-targeting”of the germ lineoccursis not fully investigated39, 40} Potential
off-target mutationsn the two novel mouse strains, howewequld only constitute a
potentiallong-term problenif located in proximity tdPlat.

It shouldalsobe stressed that in conditally-targeted strainshé potential of passenger
mutations™to confound data interpretation can largely be eliminayethe use of
appropriate_ littermate controls, includinGre-negative littermates that carrytwo
conditionally targeted alleles and,etefore, areexpected to carry the same set of

passenger mutations near the gene of intg2gst
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The plasminogen activation system was among the first proteolytic systems to be
analyzed by gene targeting in mice. Consequently, targetirgeroés encodingnost
componentof the system was done using 1@&ivedES cells. This includes, besides
Plat, Plau[29], Plaur[41, 42] Plg[43, 44] Serpinel[45], SerpinF2[46], andAnnat2[47].

In light of.the speedefficiency,andlow cost of current genonediting technologieghe
regeneration of isogenic strains carrying null mutations in these genes should be

considered:

Addendum

A. L. Samsen D. A. Lawrence T. H. Bugge, RL. Medcalf andR. Szabaconceived and
designed experiment®. A. Lawrence andR. Szabo generated and analyZddt” mice.
A. L. Samson T. H. Bugge, RL. Medcalf andR. Szaboperformed array analysis and
analyzed dataA. L. Samson, DA. Lawrence, and T. HBugge grformed RNAseq and
analyzed data: TH. Bugge wrote paper.
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Figurelegends

Fig. 1. The dustering of genes differentially expressed in ksaof congenic tPA
deficient®mice in the vicinity oPlat is unrelated to the loss of tPAA) RNA was
extracted from congenicMelbourne” C57BL/6JPlat” mice and age and gender
matchedC57BL/6J wildtype controls, and wholgenome transcriptome analysis was
performed by using expression arrays. The locationPlet and of differentially
expressed-genes on chromosome 8 are shbWwof 13differentially expressed genes
(excludingPlat) in tPA-deficient brains(85 %) are located within a 27 Mbp interval,
flanking'Plat. (B) RNA was extracted from congenic “Michiga@57BL/6JPlat” mice
andgwildtype littermates and whefggnome transcriptome analysis was performed by
RNAseg. The location d?lat andof differentially expressed genes on chromosome 8 are
shown. Eight of 32 differentially expressed genes (excluBiag in tPA-deficient brains
(25%) are located within a 3@bp interval flankingPlat. (C). RNA was extracted from
“Michigan” C57BL/6JPlat” mice and “Bethesda” C57BL/6Blat” littermates and
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whole-genome transcriptome analysis was performed by RNAseq. The locatiat of

and of differentially expressed genes on chromosome 8 are shown. 7 of 19 differentially
expressed genes (exclugiRlat) (37%) are located within a 2@bp interval flanking

Plat. (D) No anomalous clustering of differentially expressed genes in brains of isogenic
“Bethesdaz C57BL/6Plat” mice aroundPlat on chromosome 8RNA was extracted

from “Bethesda” C57BL/6JPlat” mice and wildtype littermates and whetgnome
transcriptome analysis was performed by RNAseq. The locatiorfPlatf and of

differentially’expressed genes on chromosome 8 are shown.

Fig. 2. s.Congenic tPAdeficient mice contain large contiguous segments ofdezfved

DNA. High“density SNP analysis of congenic “Michigan” C57BLR8at/- mice (A),
congenic “Melbourne” C57BL/6Plat/- mice (B) and isogenic “Bethesda” C57BL/6J
Plat/- mice (C). Position of SNPs specific for strain 129 mice versus C57BL/6J mice are
indicated with red asterisks, and the position of SNPs specific for strain C57Rl0éJ
versussstrain 129 mice are indicated with black circles.

Fig. 3.'Generation of isogenic C57BL/MRat”™ and FVB/NJPlat’” mice. (A) De novo
geneation ofPlat null allele. Schematic structure of the proximal part of the mé&lete
gene.(top), and the sequence of the signal peptideding exon 2 (upper case letters)
and flanking intron sequences (lower case letters) (bottom). The Zfn bindingrsites

bold letters, with the Zfn cleavage site in red. The 11 bp deleted in the C57&81d6J
FVB/NJrstrains carried forward for analysis are underlined. This deletion introduces a
frameshiftresulting in the production of a mMRNA encoding amino kdidof tPA fused

to a19 amino acid nonsense peptide. B. Plasmineggsein zymogiphy. Lanes 4;
purified humantPA. Lanes B3; protein extracts from brains of a litter ©/B/NJ mice
containing.2 wildtype (lanes 5 and 8) andPi2t™ littermates (lanes 6 and 7). C. tPA
Western blot. Lanes 1; pusftl humartPA. Lanes 25; protein extracts from brains of a
litter of mi€e containing 2 wildtype (lanes 2 and 5) arRl&™ littermates (lanes 3 and 4).

D. Active tPA (middle column) anatal tPA (right column) protein extracts from brains

of a litter of mice containing 2 wildtype (top and bottom row) anl&” littermates

(middle rows).
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