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Abstract. Autosomal loci have long been thouht to have 
a role in sex determination of mice. We studied the localiza- 
tion of GATA/GACA repeats on chromosome 17 in regard 
to the possibility of their involvement in sex determination. 
We performed in situ hybridizations on chromosome 17s 
carrying the Hairpain tail (T hp) deletion of the T locus 
since this deletion has been associated with sex reversal 
and hermaphroditism. We did not detect a significant de- 
crease in the amount of hybridization of GATA/GACA 
repeats to the T hp deletion. In addition, three Bkm-positive 
cosmids from proximal chromosome 17 did not contain 
sequences deleted in T hp o r  T ~  and a fetal testes cDNA 
probe did not hybridize to the cosmid sequences. Although 
we confirmed the localization of Bkm-related sequences on 
chromosome 17, we were not able to relate GATA/GACA 
sequences on chromosome 17 to sex determination in mice. 

Introduction 

There has been great interest in the possible role of chromo- 
some 17 loci in sex determination of mice for several rea- 
sons. Firstly, two deletions of proximal chromosome 17 
have been found to cause problems with sex determination. 
Hairpin tail (T hp) is an allele at the brachyury (T) locus 
(Johnson 1974). When T h P / - }  - males are repeatedly back- 
crossed to C57BL/6J females, many hermaphrodites as well 
as sex-reversed animals are produced (Eicher and Wash- 
burn 1986). Another deletion of a brachyury allele, T-Or- 
leans (T ~ also causes sex reversal when T~ females 
are repeatedly backcrossed to C57BL/6J males with a Y 
chromosome of Mus musculus domesticus (yDOM) origin 
(Eicher and Washburn 1986). In addition to the association 
of the T region of mouse chromosome 17 with sex determi- 
nation, other genes with effects on the male gonad are 
found on the same chromosome. The quaking (qk) muta- 
tion disrupts normal germ cell differentiation (Bennett et al. 
1971) whereas the Hst-1 locus causes male sterility in hy- 
brids from certain laboratory and wild mouse strains (For- 
ejt and Ivanyi 1975). In addition, the Histocompatibility 
Y-expression (Hye) gene controlling amounts of transplan- 
tation H-Y antigen (Kralo,)a and Lengero+a 1979) and 
serological H-Y antigen (male specific antigen, MSA; Sha- 
piro and Erickson 1984) map near T. Three sterility loci 
have also been mapped to chromosome 17 (Lyon and Ma- 

Offprint requests to : R. Erickson 

son 1977; Hammerberg 1982). Finally chromosome 17 is 
of interest because of a regional localization of Bkm se- 
quences in the proximal region (Kiel-Metzger and Erickson 
1984). Bkm sequences contain many GATA tetranucleotide 
repeats as well as some GACA repeats (Epplen et al. 1982). 
These sequences have been thought by some authors to 
be involved in sex determination although their role, if any, 
has not been proven conclusively. 

We have found three Bkm-positive cosmid clones from 
the proximal region of chromosome 17. We herein charac- 
terize these cosmid clones in terms of Bkm and non-Bkm 
sequences and test if they contain sequences from chromo- 
some 17 associated with sex determination in mice. We have 
also used the T hp deletion to see if Bkm sequences are lost. 
If, in fact, they are, one might argue that Bkm-related se- 
quences are involved in some aspect of sex determination. 
We did not find an effect of the two deletions (T hf and 
T ~ on Bkm sequences, either by in situ hybridization or 
in regards to the cosmids, but we confirmed the localization 
of Bkm sequences to proximal chromosome 17. 

Materials and methods 

T h e  T hp and T ~ mice used in this study were obtained 
from the laboratory of Dr. Vernon Bode. The Rb(1,17) 
lem mice maintained in this laboratory were originally ob- 
tained from Dr. J. Forejt, Czechoslovakian Academy of 
Sciences, Prague, Czechoslovakia. 

Clones. Three Bkm-positive cosmid clones were obtained 
from the proximal part of chromosome 17 of the mouse. 
Cosmids T459/A and W459/A were recovered from 129 
and t w5 libraries by in vivo recombination using sequences 
derived by microdissection of chromosome 17 (R6hme et al. 
1984). Cosmid C81 was derived from a cell-line library con- 
structed from MDMD (B) BI (David Housman) which car- 
ries mouse chromosome 17 on an MDCK background. 

The actin probe, pAl, a 2.0 kb PstI insert in pGEM-4 
(Promega), was constructed by Dr. Bevilacqua of this labo- 
ratory. The mouse LDH-X cDNA clone, pPM459 (Fuji- 
moto et al. 1984; Tanaka and Fujimoto 1984) is from our 
laboratory, whereas the pancreatic amylase cDNA (Gumu- 
cio et al. 1985) was obtained from Dr. M. Meisler. The Dro- 
sophila Bkm probe, pCS 316, was the gift of Dr. K. Jones. 

Hybridization. Conditions similar to those of Schafer et al. 
(1986) were used for hybridization with the synthetic oli- 
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gonucleotide (GATA)5 except that the temperature was 
42 ~ C. This probe was end-labeled with T4 polynucleotide 
kinase and [7-32P] ATP (Maniatis et al. 1982). Hybridiza- 
tion with pCS316, total mouse, or cosmid DNA was carried 
out at 65 ~ C for 16~0 h in a solution containing 1 M NaC1, 
1% SDS, and 100gg/ml sheared salmon sperm DNA. 
These DNA probes were labeled to high specific activity 
using [~-32P]-CTP and random priming (Feinberg and Vo- 
gelstein 1984). 

In order to identify unique sequence portions of the 
mouse chromosome 17 cosmids that contained Bkm-hy- 
bridizing sequences, cosmids C81, T459/A and W459/A 
were digested with EcoRI and electrophoresed on a 0.8% 
agarose gel (Maniatis et al. 1982). DNA transfer was per- 
formed with Hybond-N (Amersham) and hybridization was 
carried out as above using the (GATA)5 oligonucleotide. 
The filter was stripped in 0.4 M NaOH and rehybridized 
to total mouse DNA. Fragments of each cosmid which 
did not hybridize to either probe were eluted from a 1% 
agarose gel. Each fragment was used to probe slot blots 
containing various mouse DNAs. The mouse DNA filters 
were stripped as before in 0.4 M NaOH and rehybridized 
to pCS316 (a Bkm-related repetitive sequence) in the same 
way. The autoradiograms were scanned with the Zeineh 
Soft Laser Scanning Densitometer with the densitometry 
program by Biomed. The amount of hybridization was 
compared between the different DNAs to see if a decrease 
in hybridization of any of the fragments was observed in 
T hp or T ~ In addition samples of T hv, T ~ C57B16/J 
and random-bred mouse DNA were digested with EcoRI 
and TaqI, run on a 0.9 % agarose gel (Maniatis et al. 1982) 
and transferred top Hybond-N. Each of the cosmid frag- 
ments from before was hybridized as above to the filter. 
The autoradiograms were scaned as above. 

Fetal testes cDNA studies. Total cellular RNA was isolated 
from the testes of 14 day post-coitum fetuses by the guani- 
dinium isothiocyanata-cesium chloride method (Chirgwin 
et al. 1979). Poly(A) + RNA was prepared using oligo(dT) 
cellulose column chromatography (Maniatis et al. 1982). A 
radiolabeled cDNA first strand probe was synthesized with 
reverse transcriptase (Kraus et al. 1986). This cDNA probe 
was used to hybridize to the chromosome 17 cosmids di- 
gested with EcoRI (see above). 

In situ hybridization. Metaphase chromosome spreads were 
prepared from short-tail and normal-tail progeny at the 
age of 6 weeks from the cross of Rbl,17 X + / T  hp. The nor- 
mal-tail offspring were the control. Slides were treated with 
RNase, heat denatured and hybridized according to the 
protocol of Kiel-Metzger and Erickson (1984) modified 
from Harper and Saunders (1981). The Drosophila Bkm 
insert, pCS316, was nick-translated with [3H]dATP, dCTP, 
dTTP to a specific activity of 1 x 10 7 cpm/gg DNA. After 
16 h of hybridization at 37 ~ C, slides were initially washed 
in 2 X SSC, 50% formamide at 39 ~ C followed by less strin- 
gent washes and passage through an ethanol series (Harper 
and Saunders 1981). (1 X SSC is 0.15 M NaC1, 0.015 M 
sodium in rate.) Autoradiography was carried out accord- 
ing to Harper and Saunders (1981) with staining in 0.25% 
Wrights stain diluted 1:3 with 0.06 M phosphate buffer 
(Chandler and Yunis 1978); the method was modified to 
include destaining in 95% ethanol, 1% HC1 for 15 s, and 
absolute methanol for 15 s and restaining (Kiel-Metzger 

and Erickson 1984). This procedure was repeated until sat- 
isfactory banding was achieved. Chromosomes were ob- 
served with a 100 x oil immersion lens and grains counted 
that were touching at least one chromatid. Over 150 spreads 
were analyzed. 

Results 

The synthetic oligonucleotide (GATA)5 was hybridized to 
EcoRI-digested cosmid DNAs. We found both Bkm and 
non-Bkm sequences in all three cosmids (Fig. 1). The cos- 
mid clone T459/A contained four Bkm-positive fragments 
of approximately 20, 5.6, 3.8 and 3.4 kb. Three Bkm-posi- 
tive fragments of  5.8, 5.4, and 4.8 kb were observed in cos- 
mid clone W459/A whereas C81 had positive fragments 
of approximately 15, 6.6, 5.5, and 5.0 kb. DNA blot hybrid- 
ization with total mouse DNA as a probe gave information 
about other repetitive sequences in the non-Bkm DNA. Re- 
striction fragments which were present in the ethidium bro- 
mide stained gel (Fig. 2) but which were not visible when 
hybridized to either probe were considered to be non-hy- 
bridizing fragments. Cosmid T459/A had one fragment of  
approximately 4.1 kb, W459/A had two fragments of  ap- 
proximately 5.6 and 5.2 kb, and C81 contained four frag- 
ments of approximately 3.5, 2.8, 2.3, and 1.5 kb which hy- 
bridized to neither probe. The largest non-hybridizing frag- 
ment from each cosmid was eluted and used as a low copy 
number probe to see whether that particular sequence was 
deleted in T hp or T ~ mice. Dosage analysis by densito- 
metry for the fragments from C81 and W459/A did not 
show the 50% decrease in hybridization expected if the 
fragments were deleted from the T hp or T ~ chromo- 
some 17 (Table 1). Surprisingly, there was an increase in 
hybridization to T hp DNA with the fragment from T459/A. 

The possibility that any of these cosmid DNA sequences 
was transcribed in fetal testes was studied using a total 
eDNA probe from 14 day post-coitum fetal testes. This 
radiolabeled eDNA was used as a probe for hybridization 
to the EcoRI-digested cosmid DNA. It  failed to hybridize 
to any of the chromosome 17 cosmid sequences even though 
we observed hybridization to LDH-X and amylase DNAs 
(Fig. 2). Thus, these cosmids do not encode any sequences 
expressed at reasonable abundance in fetal testes. 

We looked for a decrease in hybridization of Bkm se- 
quences to chromosome 17 deletions in the T region by 
in situ hybridization. Inasmuch as Bkm sequences have 
been found to be localized to this region of chromosome 17 
(Kiel-Metzger and Erickson 1984), a decrease in the amount 
of hybridization in these heterozygous deletion mice would 
support the hypothesis that these GATA/GACA repeats 
mapped near to loci involved in, or were themselves in- 
volved in, sex determination. Localizations to both the X 
and Y chromosomes as well as to two autosomes were ob- 
served for the ThP/Rb(I,17) and control mice (Fig. 3). Over 
40% of the X chromosomes and 55% of the Y chromo- 
somes showed hybridization to the Bkm probe. This was 
expected since an earlier study reported heavy localization 
of Bkm-related sequences on the sex chromosomes of mice 
(Singh and Jones 1982). Chromosomes 4 and 17 also 
showed an increased amount of hybridization when com- 
pared with the other autosomes. In this study, 16% of chro- 
mosomes 4 were labeled (Fig. 3). These results confirm the 
localization of Bkm-related sequences on chromosomes 4 
and 17 (Kiel-Metzger and Erickson 1984). Although there 
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Fig. 1 a-e. D N A  blot 
hybridization of EcoRI-digested 
cosmid DNAs. 
a Hybridization of (GATA)s with 
a pCS316, b cosmid T459/A, 
e cosmid W459/A. 
b Hybridization of (GATA)5 to: 
a cosmid C81, b pCS316. 
e Hybridization of  total mouse 
genomic DNA to: a pCS316, 
b cosmid C81, c cosmid T459/A, 
d cosmid W459/A 

Fig. 2a, b. Hybridization of EcoRI-digested cosmid DNAs. a Ethidium bromide stained gel. b Hybridization with radiolabeted cDNA 
from 14 day fetal testes, a Cosmid T459/A, b cosmid W459/A, c cosmid C81, dpCS316, e pBR322, f ac t i n  probe, g LDH-X cDNA, 
h amylase cDNA, i 2 HindIII. Fragment sizes for Z HindIII from top in kb: 23, 9.4, 6.6, 4.4, 2.3, 2.0 
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Table 1. Ratio of hybridization of cosmid DNA to hybridization 
of repetitive DNA for mouse DNAs to determine dosage" 

Cosmid 

Mouse DNA C81 b W459/A c T459/A a 

Control ~ 1.0• f 1.2• 1.6• 
T ~ 1.2• 1.2• 1.8• 
T hp 1.3• 1.4• 2.9• 

" Ratios calculated as area determined by densitometry and stan- 
dardized to 1.0 for the lowest value (control DNA with cosmid 
C81 4.1 kb fragment as probe) 
b 4.1 kb EcoRI fragment 
c 5.6 kb EcoRI fragment 
d 3.5 kb EcoRI fragment 
c Includes + / +  and B1/6 mouse strains 
f Mean +_standard error 

was a t rend toward  a decrease in hybridizat ion to the T hp 
chromosome 17 when compared  with the Rober tsonian  
chromosome 17, this was a decrease of  only 14% for the 
T hp chromosome 17 and it was not  statistically significant 
(P>0 .1) .  

Discuss ion  

The question o f  a function for G A T A / G A C A  simple repeti- 
tive sequences has still not  been answered al though recent 
evidence casts doubt  on their role as the pr imary  sex deter- 
miner in mammals  (Page et al. 1987). The probable  cloning 
of  the mammal ian  testis-determining gene by 'Page  and co- 
workers, while ruling out Y chromosome Bkm sequences 
as the male sex trigger, does not negate the potential  role 
of  Bkm or  other sequences at  other points  in the sex deter- 
minat ion pathway.  In fact, it requires any putat ive role 
of  Bkm to be with autosomal  or  sex-linked loci. F o r  mice 
such autosomal  loci could be on chromosome 17. The local- 
ization of  Bkm sequences in close proximity  to the mouse 

Y sex-determining locus and also on mouse chromosome 
17 near genes potential ly involved in sex determinat ion is 
intriguing. Several potent ial  functions for the Bkm repeats 
have been discussed but  no positive evidence has been found 
(Singh et al. 1984; Chandra  1985). I f  these sequences are 
only nonfunct ional ly associated with the sex-determining 
gene(s) on the chromosome,  their evolut ionary conservation 
might be hard to explain. F o r  the Y chromosomal  se- 
quences, their evolut ionary persistence could be more easily 
explained by non-homologous  pair ing of  the Y chromo-  
some during meiosis such that  these sequences are not  lost 
from the Y as readily as they are from the X or  autosomes 
(Platt and Dewey 1987). These authors  also report  evidence 
for mult iple evolut ionary events leading to the accumula- 
tion o f  Bkm sequences as Levinson et al. (1985) have also 
proposed.  Whatever  the function of  these G A T A / G A C A  
repeats, their associat ion with genes possibly involved in 
sex determinat ion on chromosome 17 (see Int roduct ion)  
led us to characterize cosmid clones containing G A T A /  
G A C A  repeats from chromosome 17 in the hope of  unco- 
vering autosomal  loci involved in sex determination.  

In our character izat ion of  cosmid clones, three had both  
Bkm and non-Bkm sequences. The amount  of  Bkm present 
in each cosmid varied. However,  we could find no evidence 
that  any of  the fragments from any of  the cosmids was 
deleted in T hp or  T ~ These deletions of  the T region of  
chromosome 17 involve a region of  approximate ly  3-5 cM 
out of  a total  size o f  15-20 cM for the T region (Forej t  
1981). Therefore it seems probable  that  these cosmids are 
not  from the deleted region and as such are uninformative 
a b o u t  T hp and T ~ 

We did not  detect a significant decrease in amount  of  
Bkm on the T hp deletion chromosome ~ 7 by in situ hybrid-  
ization. As ment ioned earlier, T hp is a large deletion which 
spans the T ~ deletion such that  if we could not  find a 
significant decrease in hybridizat ion to T hp, we would not  
expect one for T ~ The deletion in T ~ includes the T 
region markers,  RP17 and TI19, with dupl icat ion o f  Tme 
and Tcp-1 (Rogers 1986) which are also all deleted in the 
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Fig. 3. Histogram of frequencies of 
hybridization of pCS316 DNA to T hp 
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lines) chromosomes 
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T hp m o u s e  (Bennett 1975). As shown by Kiel-Metzger  and 
Erickson (1984) two regions of  chromosome 17 appear  to 
be preferential ly hybridized by the Bkm-related probe 
pCS316. The first region nearest  the centromere in region 
17A3-C could be in the area deleted by T hp and T ~ al- 
though Lyon  et al. (1979) m a p  T hp to 17A2. This would 
make the Bkm sequences more  distal  to the centromere 
and as such our  lack o f  evidence for a decrease in hybridiza-  
t ion of  Bkm to the T hv chromosome 17 could be easily 
explained. The relative resolution of  grains in this technique 
also causes difficulty in assigning the exact band  locat ion 
on chromosome 17. Therefore, since the Bkm-related se- 
quences are most  likely outside the region deleted by either 
T ~ or T hp, they are p robab ly  not  involved in sex determi- 
nat ion related to the Tas locus assigned to chromosome 
17 by Eicher and Washburn  (1986). 

Al though there is s t rong evidence from electron micro-  
scopic and genetic studies for involvement of  chromosome 
17 with the Y chromosome in sex determinat ion  (Erickson 
et al. 1987; Eicher and Washburn  1986) the role of  chromo-  
some 17 loci has not  been proven conclusively. Kasaha ra  
et al. (1987) have reported the r andom cloning of  a testis- 
specific gene from the proximal  por t ion  of  chromosome 17. 
Using mouse testis c D N A  as a probe  they were able to 
find a 2.0 kb transcript  present  only in testes. However  no 
function was repor ted for this gene. Our  cosmids do  not  
appear  to have sequences which code for a testes-specific 
t ranscript  since our a t tempts  to hybridize a radiolabeled 
fetal testes c D N A  to the cosmid D N A  proved negative. 
Again,  perhaps our  cosmids conta in  sequences nearby but  
outside of  the region of  chromosome 17 involved in sex 
determinat ion.  One interesting result of  our study with the 
fetal testes c D N A  as a p robe  involved our  finding of  hybrid-  
ization to L D H - X  and amylase clones. L D H - X  is not  de- 
tected post -nata l ly  until  spermatocytes  are present  (Me- 
istrich et al. 1977) while amylase expression has only pre- 
viously been detected in salivary glands, pancreas,  and, at  
very low levels in liver (Osborn et al. 1987). These c D N A  
clones contain poly(A) which could have hybridized to po- 
ly(T) in the fetal testes c D N A  probe.  One other  possibil i ty 
is that  these genes are expressed for a short  per iod of  time 
in the fetal testes but  we consider this to be unlikely. 

Al though we were able to confirm local izat ion of  Bkm- 
related sequences to proximal  chromosome 17 of  mice, we 
found no evidence that  these autosomal  sequences are in- 
volved in sex determinat ion.  In addit ion,  three Bkm-posi-  
tive cosmids from this chromosomal  region do not  appear  
to contain sequences deleted in either T hp or T ~ mice. 
F r o m  this we conclude that  a l though there is other  evidence 
for ch romosome 17 involvement in some aspects o f  murine 
sex determinat ion,  our  results do not  indicate that  the Bkm- 
related sequences function in this regard. 
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