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The map position of Oct-4 on mouse chromosome 17 is between Q and T regions in the Major Histocompatibility 
Complex (MHC), and it is physically located within 35 kb of a class I gene. Several Oct-4-related genes are present 
in the murine genome; one of them maps to chromosome 9. The genomic structure and sequence of Oct-4 
determined in t-haplotypes reveals five exons, and shows no significant changes in the t t2 mutant haplotype making 
it unlikely that Oct-4 and the t 12 early embryonic lethal are the same gene. By in situ hybridization, detectable 
onset of zygotic Oct-4 expression does not occur until compaction begins at 8-ceils, suggesting that there might be 
other regulatory factors responsible for initiating Oct-4 expression. 

Oct-4; t-complex; Mouse embryology 

Introduction 

The POU family has recently been defined as a 
group of related transcription factors containing a bi- 
partite DNA-binding domain of 81 and 60 conserved 
amino acids which are separated by a poorly conserved 
linker sequence (reviewed in Sch61er, 1991). With the 
exception of these two regions, the proteins of this 
family are highly divergent. The POU family is defined 
by the sequence homology of three mammalian tran- 
scription factors (Pit-l, Oct-l, and Oct-2) and one 
nematode regulatory protein (unc-86) (Herr et al., 
1988). The POU homeodomain appears to be sufficient 
for low affinity binding to AT-rich DNA sequences; 
however, the addition of the POU-specific domain 
increases both DNA-binding affinity and specificity 
(lngraham et al., 1990). Several POU proteins bind to 
the octamer sequence ATGCAAAT (Sch61er et al., 
1989b), a regulatory element required for both ubiqui- 
tous and tissue-specific gene expression (reviewed in 
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Kemler and Schaffner, 1990). Both, the POU-specific 
domain and the POU homeodomain are also involved 
in protein-protein interactions. Members of the POU 
family show distinct expression patterns during embry- 
onic development (He et al., 1989; Sch61er et al., 
1989a). Octamer-binding transcription factor 4 ( O c t - 4 )  

is a recently described POU transcription factor that is 
expressed early in the preimplantation embryo, and 
thus may regulate initial events of murine development 
(Sch61er et al., 1989a; Okamoto et al., 1990; Rosner et 
al., 1990). The identification of O c t - 4  generated con- 
siderable interest because its message is expressed 
almost exclusively in germ cells and the uncommitted 
cells of the early embryo. 

O c t - 4  maps to the t-complex on mouse chromosome 
17 and was shown to be inseparable from the Major 
Histocompatibility Complex (MHC) using BXD recom- 
binant inbred strains (Sch61er et al., 1990a). Its genetic 
localization to the MHC and its expression pattern 
made O c t - 4  a candidate for one of two embryonic 
t-lethal mutations, tc l - t  12 or tc l - t  w5 (referred to below 
as t 12 o r  tw5). Like O c t - 4 ,  both of these genes function 
in the early embryo; t 12 homozygotes fail to compact 
and form blastocysts at day 3 of development and t w5 

mutants die shortly after 5.5 days when the embryonic 
ectoderm of the egg cylinder degenerates. These two 
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t-lethal mutations also map in the MHC; t ~5 is geneti- 
cally inseparable from H-2K (Artzt et al., 1988), and 
t 12 resides in the T region or the uncloned gap be- 
tween the Q and T regions (Shin et al., 1984; and 
unpublished). 

Here we show by physical mapping and detailed 
structural analysis of Oct-4 from the t 12 haplotype that 
it is unlikely to be either t-lethal. Oct-4 maps between 
Q and T in the MHC, is located within 35 kb of a class 
I gene, and represents the first cloned gene in the 
uncloned "gap" between Q and T. In situ analysis of 
early preimplantation embryos reveals that Oct-4 is 
expressed both maternally and zygotically. Surprisingly, 
zygotic expression is not detectable until the 8-cell 
stage when compaction begins. In addition to Oct-4, 
several Oct-4-related genes are present in the mouse 
genome, one of them maps to chromosome 9 tightly 
linked to the Apoa-1 locus. 

Results and Discussion 

OCt-4 is located in the MHC between Q and T 

Oct-4 was mapped using a 350 bp fragment span- 
ning the 5' region of the cDNA. The probe covers the 
distal half of exon 1 and about 20 bp of exon 2 of the 
Oct-4 gene (see below). It includes 30 bp of the POU- 

A 

specific box, but has only a low sequence homology to 
other members of the POU family. After digestion with 
PstI, a restriction fragment length polymorphism 
(RFLP) was identified in C57BL/6 (B6) versus AKR 
and A/J .  This allowed use of the congenic chromo- 
somes listed in Fig. 1A (Flaherty et al., 1990). Whereas, 
the B6.K1 and B6.K3 recombinants place Oct-4 distal 
to H-2D; B6-Tla a, B6.K2, and B6.K3 position it proxi- 
mal to T. In addition, B10.M which is deleted for the 
Q region (O'Neill et al., 1986) has normal genomic 
Oct-4 fragments resembling the AKR and A / J  type 
(Fig. 1B). These data place Oct-4 between Q and T, 
excluding its allelism with t wS, but leaving the possibil- 
ity of allelism with t zz. When it became clear that 
Oct-4 resided between Q and T, a region of unknown 
physical size, the distance from the nearest class I gene 
was approximated using pulsed field gel electrophore- 
sis (PFGE). Since three recombinants occurred be- 
tween Oct-4 and T, and none between Oct-4 and Q 
(Fig. 1A), it seems reasonable to presume Oct-4 is 
closer to the Q region. C3H/DiSn (C3H), and con- 
genic + / t  and t / t  spleen DNA plugs were digested 
with four restriction enzymes and analyzed by PFGE 
(Fig. 2). In three cases Oct-4 hybridized with a single 
band in each haplotype: NruI gave 330 kb, Not l  gave 
460 kb, and MluI revealed a polymorphism of 335 kb 
for wild-type and 360 kb for the t-type indicating that 
the bands must represent Oct-4 on chromosome 17. In 
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Strain K I S D Q Oct-4 T 

B6 B B B B B B B 

AKR K K K K K K K 

A/J A A A A A A A 
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B6.K2 B B B B B B * K 

B6.K3 K K K K * B B * A 
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/ 
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B10.M M M M M - M M 

Fig. 1. A, Haplotypes used for mapping Oct-4. Asterisks indicate the recombinant breakpoints. B, Southern blots of their DNAs  digested with 
Pst I and probed with Oct-4. 



contrast, BssHII revealed two fragments of 340 and 35 
kb. It is unclear what the larger fragment represents 
because there is no BssHI1 site in the gene. However, 
there is a BssHII site in a cosmid containing Oct-4 
(see below). The same pulsed field gel was then probed 
with pH2IIa, a generic probe for class I genes (Stein- 
metz et al., 1981). Although predictably this probe 
hybridizes to many bands, the common fragments were: 
the MluI polymorphism, the NotI fragment, and the 
smaller BssHII fragment. This smaller fragment was 
confirmed to hybridize with Oct-4 and pH2IIa in stan- 
dard Southern blots of BssHII-digested genomic DNA 
(data not shown). Thus, the 35 kb BssHII fragment 
defines the maximum distance between Oct-4 and the 
nearest class I gene. Since the cosmid containing Oct-4 
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does not hybridize with pH2IIa, the minimum distance 
is the 18 kb flanking the BssHII site on the cosmid. 

Oct-4 is one of the first genes mapped to the region 
between Q and T and will be an extremely useful 
marker for this uncloned region. It is noteworthy that 
there are at least three interesting, very early embry- 
onic genes in this general region: t 12, Oct-4, and 
Preimplantation-embryo-development (Ped), a gene 
which influences the rate of cleavage of preimplanta- 
tion mouse embryos (Warner et al., 1987). 

A family of Oct-4-related genes 

Although the probe spanning the 5' region of the 
Oct-4 cDNA is clearly derived from chromosome 17, it 

A B 

Nrul Mlul Notl BssHII Nrul Mlul Notl BssHII 

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12 

Fig. 2. Physical location of Oct-4 with respect to class I genes. PFGE of C3H ( + / + ) ,  lanes 1, 4, 7, and 10; C 3 H . + / t  wS, lanes 2, 5, 8, and 11; 
and C 3 H . t w s g / t  wSg, lanes 3, 6, 9, and 12. t Wsg is a viable revertant of t w5 (unpublished). A is hybridized with Oct-4, and B is the same blot 

hybridized with pH2IIa. The common bands are indicated by brackets. 
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Fig. 3. An example of the TaqI polymorphism between C57BL/6 
and AKR used to map an Oct-4-related gene on chromosome 9 in 
AKXD RI strains. C57BL/6 gives the same pattern as DBA/2J. 

Washing was done twice for 45 min in 2 x SSC at 65°C. 

also detects cross-hybridizing bands.  To de te rmine  their  
chromosomal  location, DNAs  from addi t ional  inbred  
strains were screened for a polymorphism using the 
350 bp probe. A TaqI-digest revealed a polymorphism 
between A K R  versus C 5 7 B L / 6 J  and  D B A / 2 J .  A total 
of five different  bands  were detected with only one of 
them polymorphic be tween  these strains (Fig. 3). 
Whereas ,  in C 5 7 B L / 6  and D B A / 2 J  bands  of 9.0, 4.9, 
4.3, 3.0, and 2.3 kb were seen, in A K R  D N A  a 5.7 kb 

B 
POU-specific domain POU-homeodomain 

Fig. 4. Genomic structure of Oct-4. A, Restriction map of an Oct-4 
cosmid derived from the t wS~ complete t-haplotype. The position of 
the transcription unit is indicated with a horizontal arrow running 5' 
to 3'. The position of the BamHI site missing in wild-type (C3H) and 
responsible for the RFLP between t and wild-type is marked with an 
asterisk. Except for this difference, the restriction maps are identical. 
A vertical arrow indicates a BssHII site; Notl, Nrul and Mlu! sites 
were absent. B, Exon/intron organization of the Oct-4 transcription 

unit. 

f ragment  could be detected instead of the 4.9 kb band.  
This TaqI polymorphism be tween  D B A / 2 J  and A K R  

could be used to screen the A K X D  RI strains to map 
this band.  Unexpectedly,  analysis of the strain distribu- 
t ion pa t t e rn  in the A K X D  RI  set showed tight l inkage 

to the Apoa-1 locus on chromosome 9 and not  to 
chromosome 17 (data not  shown). No recombinants  
were found out  of 21 A K X D  RI strains analyzed, 
arguing that  the polymorphic  Taql  band  reflects an 
Oct-4-related gene located on chromosome 9. Some of 
the other  bands  might represen t  Oct-4-related genes, 
a l though their chromosomal  location remains  to be 
de termined.  Evidence for the existence of Oct-4-re- 

lated genes on different  chromosomes has also been  
obta ined  by ano ther  laboratory,  a l though none  so far 
have been  located on chromosome 9 (Siracusa et al., 
1991). 

Since there seems to be a family of Oct-4 genes in 
the mouse related at their 5 '  end,  we used the same 
probe to examine the evolut ionary conservat ion of the 
N- terminal  domain.  A n  interspecies hybridizat ion anal- 
ysis revealed that, unl ike the P O U  domains,  the Oct- 

4-specific N- te rmina l  nucleot ide  sequence is only con- 
served in mammals .  Rat, cat, mink,  and h u m a n  had 
cross-hybridizing fragments,  but  other  ver tebrates  such 

Fig. 5. Nucleotide sequence of the genomic Oct-4 transcription unit from the t 12 haplotype. Exon sequences are shown in capital letters, introns 
and 3' and 5' flanking DNA are in lower case. Numbers indicate nucleotide positions in exons, lntrons 1 and 3 were only partially sequenced. 
Shown in bold type and underlined are: the cap site located about 550 bp upstream of the first exon (position 1) which was determined by primer 
extension analysis, and the start and stop codons at positions 164 and 1220 respectively. The consensus "GT---AG'" splice sequences at 
exon/intron junctions, and the polyadenylation signal are underlined. Arrowed sequences indicate oligonucleotides used for PCR reactions (see 
Experimental procedures). Comparison of this genomic sequence to the cDNA sequence shows that the poly(A) + tail must be added at position 

1441. The nucleotide "T" at position 1308 (bolded and underlined) is "C" in wild-type (F9 ceils) and the t "5' haplotype. 



E x o n l  

1 a a g q q t t q t c  c t q t c c a q a c  q t c c c c a a c c  tccqtctqqa aqacacaqqc a q , t a q c q ( ~ T  CGCCTCAGTT 

13 TCTCCCACCC CCACAGCTCT GCTCCTCCAC CACCCAGGGG GCGGGGCCAG AGGTCAAGGC TAGAGGGTGG 

83 GATTGGGGAG GGAGAGGTGA AACCGTCCCT AGGTGAGCCG TCTTTCCACC AGGCCCCCGG CTCGGGGTGC 

153 CCACCTTCCC C~GCTGGA CACCTGGCTT CAGACTTCGC CTTCTCACCC CCACCAGGTG GGGGTGATGG 

223 GTCAGCAGGG CTGGAGCCGG GCTGGGTGGA TCCTCGAACC TGGCTAAGCT TCCAAGGGCC TCCAGGTGGG 

293 CCTGGAATCG GACCAGGCTC AGAGGTATTG GGGATCTCCC CATGTCCGCC CGCATACGAG TTCTGCGGAG 

363 GGATGGCATA CTGTGGACCT CAGGTTGGAC TGGGCCTAGT CCCCCAAGTT GGCGTGGAGA CTTTGCAGCC 

433 TGAGGGCCAG GCAGGAGCAC GAGTGGAAAG CAACTCAGAG GGAACCTCCT CTGAGCCCTG TGCCGACCGC 

503 CCCAATGCCG TGAAGTTGGA GAAGGTGGAA CCAACTCCCG AGGAG ~a,qtqaaq qqac----------- 

- - - ( l i t  l n t r o n ;  -2430bp t o t a l ) N - q t t c q t c t q q  t c a a t t c t a c  a q c c t t a a , a  ¢ t t c t t c a q a  

ataqqqtqa¢ a t t t t q t c c t  caqtqqqqcq q t t t t qaq ta  atctqtqaqq aqataqqaac t tqctqqqqt  

a c t q c a c a q a  actctqqqta q tq tqqtac t  qtaq&tqqct aqqttctqqq qqqq,saqaq c c a t c t a t q t  

cacctaqqaa taqaqtqaat  a a c a t t t a t a  taatcaqacc aqcccttqaq qaqqctqaq~ t c t t t t c a t q  

Exon2 
54| qqqcacccta qqqtcacaqt c c c a q c t q q t  q t q a c t c t c a  caaqtctqcc t t t c t c a c t a  c lu;  TCCCAG 

< 

554 GACATGAAAG CCCTGCAGAA GGAGCTAGAA CAGTTTGCCA AGCTGCTGAA GCAGAAGAGG ATCACCTTGG 

624 GGTACACCCA GGCCGACGTG GGGCTCACCC TGGGCGTTCT CTTTG ~.qq qtctccccca q c a t q t t c t q  

atctcacqqc t c t t t a t q t a  qqcqcaaqqq qqtqqqecat t t taqqaqc t  qc t tc tccac aqqtaaqqqa 

qqat taqac l  c t t q t , q c t t  q l a c t q t c l g  aqqtqqqqct tqqqctccct  t c t t q c t q c c  t c a c t c a c t q  

Exon3 
669 g t t t q a t c q q  c c t t t c j ~  G AAAGGTGTTC AGCCAGACCA CCATCTGTCG CTTCGAGGCC TTGCAGCTCA 

720 GCCTTAAGAA CATGTGTAAG CTGCGGCCCC TGCTGGAGAA GTGGGTGGAG GAAGCCGACA ACAATGAGAA 

790 CCTTCAGGAG otqaqqaqtq qcaqqatqtq t q c a , t q t c t  qccaqqcaca q t c c c t t c t c  c t q c t t c c a t  

t c c t q q c t t q  aaactcctcc c t c t c c , s c c  . . . .  (3rd l n t r o n :  -450bp t o t a l )  . . . .  t t c c a q a q c c  

c c t t t c a q t a  a c c c c t q q c t  ctqqqqccac a t c c a q t c l l  t q c t c c c t t a  q c a c a l t c c c  t t a q c q q t t t  

q t t c t t c a q t  c c c a t c t c a a  qqtqqqqctq t tqccaaqcc aaatac taaa q t t q c t c t t q  t cqccccca t  

Exon4 
$00 CttCccctq¢ cr.Jul ATATG CAAATCGGAG ACCCTGGTGC AGGCCCGGAA GAGAAAGCGA ACTAGCATTG 

855 AGAACCGTGT GAGGTGGAGT CTGGAGACCA TGTTTCTGAA GTGCCCGAAG CCCTCCCTAC AGCAGATCAC 
<- 

925 TCACATCGCC AATCAGCTTG GGCTAGAGAA GGAT ~ q a q  t q c c a s q a t c  ctq~cctqtq qtacctqqat 

q t t t c c c t q t  t c c c a t t c c c  c l c c c c c c c t  caccccccac cqccactqct q lc tqc ,qca t c ccaqaqc t  

Exon5 
959 tatqatctqa tqtccatctc tqtqcccatc ctAa GTGGT TCGAGTATGG TTCTGT)~ACC GGCGCCAGAA 

994 GGGCAAAAGA TCAAGTATTG AGTATTCCCA ACGAGAAGAG TATGAGGCTA CAGGGACACC TTTCCCAGGG 

1064 GGGGCTGTAT CCTTTCCTCT GCCCCCAGGT CCCCACTTTG GCACCCCAGG CTATGGAAGC CCCCACTTCA 

1134 CCACACTCTA CTCAGTCCCT TTTCCTGAGG GCGAGGCCTT TCCCTCTGTT CCCGTCACTG CTCTGGGCTC 

1204 TCCCATGCAT TCAAAC~G GCACCAGCCC TCCCTGGGGA TGCTGTGAGC CAAGGCAAGG GAGGTAGACA 

1274 AGAGAACCTG GAGCTTTGGG GTTAAATTCT TTT~TGAGG AGGGATTAAA AGCACAACAG GGGTGGGGGG 

1344 TGGGATGGGG AAAGAAGCTC AGTGATGCTG TTGATCAGGA GCCTGGCCTG TCTGTCACTC ATCATTTTGT 

1414 TCTTJ~%ATAAAGACTGGGAC ACACAGTaqa tagctgaatc tccttttcct tcaqttccta qagagcctgc 

qttggagaaa qccaqtaltq qattctcaaa ccccaqqtga tcttcaaa&c aqqccccatt qaaaccatt~ 

qagttcccac aaaatqccag qgatagttqq qqttqqaqcc ca&cctataq aqqaaqqcat tqcatattcq 

ccatcctaqa qqcggtaagt ctctqctaqc tqatqqacat cacctcataq ccattqtct9 qcaq 
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as chicken, frog, and fish were negative, as were all 
invertebrates tested (data not shown). 

Genomic organization and sequence o f  the Oct-4 gene 

f rom t- and wild-type 

We were unable to map the chromosome 17 copy of 
Oct-4 using recombinants derived from t 12 because 29 
restriction enzymes failed to identify a RFLP between 
the relevant parental t-haplotypes. This lack of poly- 
morphism was not unexpected because all t-haplotypes 
are generally believed to be descended from a single 
ancestral chromosome. Another approach to examine 
the relationship between Oct-4 and t 12 is to analyze 
the genomic structure and sequence of Oct-4 from the 
t 12 haplotype. A t w5 homozygous revertant ( t  w5g un- 
published)  cosmid library was screened with the same 
Oct-4 probe to exclude trivial differences between the 
t- and wild-type sequences. A cosmid that mapped to 
chromosome 17 was identified using a B a m H I  RFLP 
between t- (4.73 kb) and wild-type (6.2 kb) and South- 
ern blots of several t-haplotypes congenic on C3H 
(data not shown). The entire cDNA of the Juhachi 
clone of Oct-4 (Sch61er et al., 1990b) is contained on 
the 4.73 kb t-derived B a m H I  fragment (Fig. 4A). Based 
on the published cDNA sequence of the wild-type 
Oct-4, primers were synthesized and used to sequence 
the t "Sg genomic copy of Oct-4. The Oct-4 gene con- 
sists of five exons and four introns (Fig. 4B). The size 
of both short introns, 2 and 4, was accurately assess- 
able by DNA sequencing, whereas the size of introns 1 
and 3 was approximated by PCR analysis of the cloned 
t wSg genomic Oct-4 DNA. The exon/ in t ron junction 
sequences are shown in Fig. 5. C3H (wild-type), t 12, 
and t w5g showed no apparent differences in the size 
and organization of exons and introns. It is noteworthy 
that both the POU-specific and POU-homeodomains 
are encoded by two or three split exons. The POU-do- 
mains of unc-86, Oct-2, and Pit-1 are also scattered 
over several exons (Finney et al., 1988; Hatzopoulos et 
al., 1990; Li et al., 1990). The cap site of the Oct-4 
transcript was determined by primer extension using 
total RNA from t w S / t  w5 ES cells. It is located 163 bp 
upstream of the start codon (data not shown). 

To obtain a t 12 genomic copy for sequencing, liver 
DNA from a C3H. t  12 mouse was digested with E c o R I  

and a minilibrary of gel purified 11.7 kb E c o R I  frag- 
ments was prepared in EMBL 4 because both the 
wild-type and t-specific B a m H I  fragments reside in- 
side a nonpolymorphic 11.7 kb E c o R I  fragment. After 
screening with Oct-4, a plaque containing the t12-de- 
rived 4.73 kb B a m H I  fragment was selected for sub- 
cloning and subsequent sequencing. 

The sequences of the t-derived copies of Oct-4 are 
remarkably similar to wild-type considering t-haplo- 
types and wild-type have evolved independently for 

approximately 1-2 Myr. In 1280 bp of coding sequence 
compared, the only difference in wild-type, t wSg, and 
t 12 was a C to T transition in t 12 in the 3' untranslated 
region 110 bp 5' to the polyadenylation signal. Since 
the POU-specific and POU-homeodomains of t 12 were 
identical to wild-type it is unlikely that t12 is Oct-4, 
although a promoter or enhancer defect cannot be 
excluded. However, using polymorphic dinucleotide re- 
peats and t 12 recombinant chromosomes from the 
Austin laboratory, Hiroshi Uehara found t 12 and Oct-4 

are genetically separable (Uehara, 1991). 

Maternal and zygotic expression o f  the Oct-4 gene 

The embryonic expression of Oct-4 has been stud- 
ied by in situ hybridization in zygotes and early em- 
bryos from the 16- to 32-cell stage onward (Rosner et 
al., 1990; Sch61er et al., 1990a). Since it is expressed in 
primordial germ cells of both sexes and certainly repre- 
sents a maternal message in mature oocytes, it seemed 
pertinent to examine its temporal expression between 
the stages of zygote and 16-cells to determine if expres- 
sion is continuous or not. A 462 bp probe covering the 
POU-homeodomain and part of the POU-specific-do- 
main was used for in situ hybridization to embryos 
serially sectioned inside the oviduct. Every sixth section 
was stained without hybridization for morphological 
staging of the embryos, and sections of the ovary were 
included on the same slide as a control for signal level. 
At the 4-cell stage, the Oct-4 message level is compara- 
ble to the background seen in the oviductal epithelium, 
and negative when compared to ovarian oocytes pro- 
cessed together. At the 8-cell stage, all embryos are 
expressing Oct-4 at message levels equivalent to that in 
growing oocytes, and by the 16-cell stage, the embryos 
are intensely labeled (Fig. 6). Although the sensitivity 
of in situ hybridization might not allow detection of 
low levels of message earlier than 8-cells, zygotic ex- 
pression does not achieve peak abundance until 16- 
cells. Thus, the Oct-4 maternal message diminishes or 
disappears sometime after fertilization and zygotic ex- 
pression is detectable at 8-cells rising rapidly there- 
after. 

Although these data indicate that Oct-4 is an early 
embryonic message, it is not among the earliest mes- 
sages expressed. In the mouse, zygotic expression is 
detectable at 2-cells, and all classes of RNA are syn- 
thesized from the 4-cell stage onwards (Johnson, 1981). 
Since there is temporal separation or diminution be- 
tween maternal and zygote expression, it is reasonable 
to speculate that there are earlier acting factors re- 
sponsible for the onset of zygotic message. Morpholog- 
ical examination of the embryos revealed that the 
zygotic expression of Oct-4 appears to be coincident 
with compaction. This is precisely the morphological 
transition at which t 12 homozygous mutant embryos 
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Fig. 6. Maternal  and zygotic expression of the Oct-4 gene. In situ hybridization of the Oct-4 probe to 4-cell embryos, a and b; 8-cell embryos, c 
and d; and 16-cell embryos, e. f is an oocyte from the mother  of c and d shown for comparison of signal intensity. The bar indicates 30/xm. 
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fail. Although there is good evidence that t 12 and 
Oct-4 are not the same gene, in situ hybridization to 
t 12 embryos indicates that there might be an interest- 
ing biological relationship. A proportion of 8-celled 
embryos from t 12 heterozygous matings, consistent with 
the expected number of homozygotes, appears to have 
very little or no Oct-4 message (data not shown). 
However, although the apparently negative embryos 
are still morphologically normal, it is difficult to prove 
they are zygotically transcriptionally active or not phys- 
iologically retarded. Further studies might determine if 
there is a relationship between Oct-4 and t 12. Since 
Oct-4 appears to require regulatory factors which are 
present before Oct-4 is zygotically expressed, perhaps 
the as yet unidentified t 12 product is acting upstream 
of Oct-4. 

Experimental Procedures 

Mice 

All C3H/DiSn (C3H) and C3H.t mice were bred at 
the University of Texas at Austin colony, t w5g is a 
viable revertant that arose in the C3H.t ~5 stock (un- 
published). It is a complete haplotype identical in all 
respects to t w5 except it no longer carries the t w5 
lethal, t wSg homozygotes are a convenient source of 
tw5/ t  ~5 DNA if the region of the lethal gene is not 
under consideration. Other inbred or RI strains were 
obtained from the Jackson Laboratory except the B6.K 
recombinants and B10.M which were a gift from I_~r- 
raine Flaherty. Embryos for in situ hybridization were 
obtained from random-bred CF1 mice maintained in 
Austin. 

Southern hybridization analys& 

Southern blot analysis was done essentially as de- 
scribed (Uehara et al., 1987) using Hybond N mem- 
brane (Amersham) except that the final wash was in 
0.1 x SSC/0.1% SDS at 65°C for 10 min unless other- 
wise noted. Probes were radiolabeled by random prim- 
ing (Feinberg and Vogelstein, 1983) or nick translation 
(Rigby et al., 1977). 

Pulsed field gel electrophoresis (PFGE) 

DNA plugs were made as described (Smith et al., 
1986) from spleen cells aiming to have 5/xg of DNA in 
a 70 /xi block of 0.5% low-melting-point agarose. The 
plugs were digested overnight using three units of 
restriction enzyme//zg DNA. DNA was size- 
fractionated in 1.2% agarose gels (20 X 20 cm) in 0.25 
× TBE (22 mM Tris base/22 mM boric acid/0.5 mM 
EDTA) using a hexagonal gel box designed by Chu et 

al. (1986). Running conditions were a 45 s pulse time at 
3 V/cm for 16 h, followed by a 35 s pulse time at 5 
V /cm for 43 h at 4 ~ 6 ° C. 

After electrophoresis, gels were irradiated with uv 
for 2 min/side, treated with 0.5 N NaOH/1 M NaC1 
for 1.5 h, and neutralized in 0.5 M Tris-HC1/3 M 
NaCI, pH 7.5. DNA was transferred to Hybond N 
membrane by vacuum blotting for 5 h at a pressure of 
50 ~ 60 cmH20. The blot was hybridized at 42°C in 
5 X SSC/50% formamide/50 mM sodium phosphate, 
pH 6.5/1 mM EDTA/0.1% SDS/2.5 x Denhardt's so- 
lution/7.5% dextran sulfate, containing 100 ~g /ml  
herring sperm DNA and 2 x 106 cpm/ml of 32p-labeled 
probes, and washed in 2 x SSC/0.1% SDS for 50 min 
at room temperature with one change. 

Cloning and sequencing 

C3H and t 12 copies of the 11.7 kb EcoRI fragment 
containing the Oct-4 transcription unit were cloned as 
follows: 11 ~ 12.5 kb E c o R I  fragments from 
C3H.t12/+ DNA were collected from a preparative 
gel and cloned into EMBL 4 (Stratagene) to make a 
minilibrary which was then screened with Oct-4 DNA 
probe. Positively hybridizing plaques were classified 
into C3H- or t 12-type by the BamHI restriction pattern 
of their inserts. Inserts were subcloned into pBluescript 
II KS (Stratagene). The t w5g copy of the 11.7 kb EcoRI 
fragment was obtained from a shotgun cloning of an 
Oct-4 cosmid into pBluescript II KS. 

These cloned DNAs were used as templates in 
double-strand sequencing by the dideoxynucleotide 
chain termination method (Sanger et al., 1977) using 
Sequenase (USB). 

Primer extension analysb 

A 17 mer oligonucleotide complementary to the 
sequence at position 267 ~ 283 of exon 1 (Fig. 5) was 
synthesized using an ABI DNA synthesizer. Primer 
extension was performed following the procedures of 
Kingston (1990), using 50 /xg of total RNA obtained 
from tw5/ t  w5 ES cells (Magnuson et al., 1982). The 
extension product was analyzed on a 6% polyacryl- 
amide-urea sequencing gel. 

Polymerase chain reaction (PCR) 

Oligonucleotides were synthesized to the positions 
overlined in Fig. 5, and used in PCR reactions to 
determine the size of introns 1 and 3. The template 
was the C3H, t 12 o r  t w5g copy of 11.7 kb EcoRI 
fragment containing the Oct-4 transcription unit cloned 
from either C3H.t12/+ or C3H.twSg/t wSg. PCR was 
carried out in a thermocycler (Coy Laboratory Prod- 
ucts, Inc.), using 10 ng of template DNA and 2.5 units 



of Taq DNA polymerase (Perkin Elmer Cetus) for 
each reaction. Running conditions: for intron 1, 30 
cycles of 94°C (1.8 min), 55°C (1.5 min) and 72°C (5.0 
min); for intron 3, 30 cycles of 94°C (1.5 min), 49°C (1.2 
min) and 72°C (3.5 min). 

Construction and screening of cosmid library 

The cosmid library of C3H.tw5g/t w5g genomic DNA 
was made according to the procedure of Dillela and 
Woo (1985) using the pWE15 (Stratagene) vector. The 
library was screened as described (Uehara et al., 1987). 
The restriction map of clones was determined by the 
terminase-oligomer method (Rackwitz et al., 1985). 

In situ hybridization 

This was performed as in Ha et al. (1991). Briefly, 
35S-labeled RNA was hybridized to paraplast-em- 
bedded tissue sectioned at 6 /zm. Slides were washed 
at high stringency with RNAse treatment. They were 
exposed for 5 days, and then stained with hematoxylin 
and eosin. 
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