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We have isolated and characterized a previously unknown
member of the murine homeo box family. The new locus,
m31, is located on chromosome 15 and is more homologous
to sequences contained in the Drosophila homeotic gene, Antp,
than to any other known murine homeo box. We show that
this gene encodes a 2.7 kb mRNA which is expressed during
mouse embryogenesis and during differentiation of F9 terato-
carcinoma cells into parietal endoderm cells. The transcript
appears late in this differentiation process and is most abun-
dant at a time when the F9 cells begin to express tissue-specific
markers and the expression of another murine homeo box
gene, m6, has decreased.
Key words: Murine homeo box/mouse embryogenesis/F9 terato-
carcinoma cells

Introduction
Understanding the regulation of cellular differentiation, that is,
the changes that a precursor, embryonic cell must undergo in
order to produce a particular tissue-specific cell type, requires
the identification of the genes involved. Although various genes
which are expressed during murine embryogenesis have been
isolated, many encode proteins (e.g. alpha-fetoprotein, collagen
IV, laminin) which are expressed abundantly in determined cell
types (Law et al., 1980; Kurkinen et al., 1983; Wang and Gudas,
1983). In addition, genetic analyses of the mouse have led to
the identification of genes which when mutated (Green, 1981;
Gluecksohn-Waelsch, 1983) result in formational defects
(Woychik et al., 1985) or embryonic death (Schnieke et al., 1983;
Frischauf, 1985). However, due to the complexity of the mouse
genome and the length of its life cycle, a systematic genetic
dissection of its developmental genes, as that performed in
Drosophila, has not been possible.

Characterization of the homeotic and homeotic-like genes of
Drosophila melanogaster has lent to biologists studying other
organisms a tool for isolating potentially important developmental
genes. On the basis ofDNA hybridization, it was initially found
that three loci, Antennapedia (Antp), fushi tarazu (ftz) and
Ultrabithorax (Ubx), share a short DNA element called a homeo
box (McGinnis et al., 1984a). This sequence was subsequently
found to be conserved in at least another seven loci in the
Drosophila genome and in the DNA from a wide variety of
animals (McGinnis et al., 1984b; Gehring, 1985; Mlodzik et al.,
1985). The polypeptides encoded by homeo box sequences are
characteristically highly basic and presumably bind DNA. This
© IRL Press Limited, Oxford, England

suggestion has gained support from homology with the ap-
propriate regions of known DNA binding proteins (Laughon and
Scott, 1984; Shepherd et al., 1984), localization of homeo box
proteins, Ubx, ftz and engrailed (en), in the nuclei of embryonic
cells (White and Wilcox, 1985; Carroll and Scott, 1985; DiNar-
do et al., 1985) and, more directly, by binding of fusion pep-
tides containing homeo box residues to en DNA (Desplan et al.,
1985).
The murine homeo-box-containing genes which have been

cloned share with the corresponding Drosophila DNA several
properties; namely, sequence homology, structural similarity
(clustering), presence on different chromosomes and differential
expression during embryogenesis (McGinnis et al., 1984c;
Colberg-Poley et al., 1985a,b; Jackson et al., 1985; Hart et al.,
1985; Hauser et al., 1985; Joyner et al., 1985b). Four regions
of murine DNA (Hox-l, Hox-2, m6 and Mo-en.]), containing
at least 9 homeo boxes, have been isolated and characterized.
At least another box, Mo-en.2, is known to exist in the murine
genome (Joyner et al., 1985b). Both Hox-l and the m6 cluster
map on chromosome 6 (Bucan et al., in preparation); however,
they share less homology with each other than they do with the
fruitfly probes used to isolate them (Colberg-Poley et al.,
1985a,b; McGinnis et al., 1985c). Two genes in the m6cluster,
m6 and mS, are known to be expressed in differentiating em-
bryonal carcinoma (EC) cells, during embryogenesis and in cer-
tain tissues of adult mice (Colberg-Poley et al., 1985a,b). The
Hox-2 cluster, which contains at least four boxes, has been map-
ped onto chromosome 11, hybridizes extensively to human DNA
located on chromosome 17, and is transcribed during em-
bryogenesis (Joyner et al., 1985a; Jackson et al., 1985; Hart et
al., 1985). Finally, one of the two regions containing homology
with the Drosophila en gene, Mo-en. 1, is located on chromosome
1 and is also expressed during murine embryogenesis (Joyner
et al., 1985b). It has been suggested that the genes containing
homeo box sequences may play a role during embryogenesis and
that their conservation might have resulted from selective pressure
to retain such a function (McGinnis et al., 1984b; Jackson et
al., 1985). Whether this is actually the case remains to be
determined.
We report here the isolation of a homeo box-containing region

which is expressed during embryogenesis and has not been
previously identified. The inserts in two recombinant phage span
some 22 kb of genomic DNA from chromosome 15 where the
newly identified locus lies. The expression of these sequences
was established by Northern analyses of cellular RNA from dif-
ferentiating F9 cells and of RNA from embryonic tissue. The
induction of this gene (m31) is later than that of m6 homeo box
gene and occurs at a time when the amount ofm6RNA decreases.
The implications of this finding are discussed.

Results
Isolation of murine homeo box genes
A mouse genomic library (Frischauf et al., 1983) was screened
by hybridization at low stringency with Antp probe from
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Fig. 1. Southern blot analysis of cloned murine DNA and restriction mapping of the m3J locus. (a) Recombinant phage DNAs containing mouse genomic
DNA inserts (Xm31, Xm32) digested with several restriction enzymes, were fractionated on an agarose gel and transferred to a Gene Screen Plus membrane
filter. The blot was hybridized to the 32P-labelled BamHI-KpnI fragment of p903G which contains almost exclusively homeo box sequences of the
Drosophila Antp gene. Hybridization was performed under reduced stringency conditions as described in Materials and methods. The solid box represents the
homeo box sequences. (b) Restriction mapping of murine DNA contained in the partially overlapping inserts of Xm3I and Xm32. The 3.2 kb EcoRI-Sacl
fragment which hybridizes strongly to the Antp probe was subcloned into pSP65 to give pm3l-1. Finer mapping localized the region of homology to a 330 bp
PstI-AvaI subfragment, 31-le. The thick line represents the homeo box, the arrow below shows the orientation of the box as determined by sequence
analysis. The sequencing strategy is indicated by the arrows above the box.

Drosophila DNA (Colberg-Poley et al., 1985a). This paper con-
cerns the characterization of two recombinant phage, Xm3 1 and
32, containing a 22 kb region of murine DNA. Southern blots
of the Xm DNAs cleaved with several restriction enzymes were
hybridized with a BamHI - KpnI fragment from p903G (Figure
la). This probe contains almost exclusively the homeo box se-

quences from the Drosophila Antp gene. Figure la shows the
hybridization of Xm3 1 and 32 with the Antp probe. The murine
DNAs contained in these phage overlap partially and share a
1.4 kb EcoRI- Sail fragment which hybridized to the Antp probe.
This fragment is contained in a 3.2 kb EcoRI - SacI fragment.
The additional band seen in this cleavage ofXm3 1 DNA is a par-

tial digestion product. The restriction enzyme map of the murine
DNA, constructed by partial digestion of the oligolabelled Xm
DNAs (Rackwitz et al., 1984) is shown on Figure lb.
The 3.2 kb EcoRI- SacI fragment from this region was

subcloned into the pSP65 vector and the resulting clone, pm3l-1,
was analyzed further. Hybridization located the region of
homology to a 330 bp PstI-AvaI fragment which was then se-
quenced.

Sequence analysis of the m31 homeo box
The strategy to determine the nucleotide sequence of the murine
homeo box using the chain termination technique (Sanger et al.,
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Murine homeo box gene expression

a -30
m31 GAG CCC CCA CCC AGA CAT AAC CAG ACT GGG GTT CTG TTC TGT TCA GCT CCT GGG
m6 TGC TTG T-T GTT TTG TC- -T- T-T -TG TCC AAA T-T C-G -TC CT- -GA --C -AC

Mo-10 GGA CCG CC- GGG CAG O-C TCO
Antp A-T -A- -TG GA- C-A AA-AA

1 Sal I 30
m31 CGG CGC AGC GGT CGA CAA ACT TAC AGC CGG TAT CAG ACC TTG GAA CTA GAG AAG
m6 A-- AAG C-G --A --C --G -C--- -CG --C --C- --G C-- --- --G -

Mo 10 TCC AAG C-- --C --C ACG GCG ---CG A-- CCG- CTG G-A --G --G --- ---

Antp --C AA C-- --A A-G -G --A ---L --- --C - --T C-A --G --- --- ---

60 90
m31 GAG TTT CTC mTT MT CCT TAT TTG ACC AGA AAG CGC CGG ATT GAA GTC TCT CAC
m6 --A --C -AT --C --C -GC --C C-- --G C-G CGC --- --C --C --G A-- G-- ---

Mo 10 -- C -A- --C --C -GC --C C-A -TG C-G CC- --- --- G-G --G A-G G-C A--
Antp --- --- A- --C --- -GC --C --- --- C-T CG- --A A-- --C --G A- G-C ---

120 150
m31 GCC CTG GGA CTG ACA GM AGA CM GTG AAG ATT TGG TTC CAG AAT CGA AGG ATG
m6 --G --C T-C --C --T --G C-C --G A-C --- --C --- --- --- G C-C ---

Mo 10 CTG --- AAC --C --C --G C-C --G A-C --- --C --- --T --- --C --G C-C ---

Antp --- --- T-C --C --G --G C-C --G A-A --- --- --- --- --- --- G C-C ---

180 Ava I
m31 AAG TGG AAA AAG GAG AAC AAC AAG GAT AAA CTG CCT GGG CCC GAG
m6 --- --- --G --A --- C-T --A G-T --G -GC -A- G-- CCC A-T -CA

Mo 10 --- -AC --G --A --C C-G --G GGC A-A GGC A-- -TG ACC
Antp --- --- --G --- --- --- -GC- A-G GGC GA- --G -AT

b -10m30 GLU PRO PRO PRO ARG HIS ASN GLN THR GLY VAL LEU PHE CYS SER ALA PRO GLY
m6 CYS LEU SER VAL LEU SER ILE TYR MET SER LYS PHE LEU PHE LEU GLY - ASP

Mo 10 GLY PRO PRO GLY GLN ALA SER
Antp ILE TYR LEO GLU PRO THR GLU

1
m31 ARG ARG SER GLY
m6 - LYS ARG -

Mo 10 SER LYS ARG -

Antp - LYS ARG -

10
ARG GLN THR TYR SER ARG TYR GLN THR LEU GLU LEU GLU LYS
- - - - THR - - - - - - - - -
- THR ALA - THR - PR - LEU VAL - - - -

- - - - THR - - - - - - - - -

20 30
m31 GLU PHE LEU PHE ASN PRO TYR LEU THR AlG LYS MRG ARG ILE GLU VAL SER HIS
m6 - - HIS - - ARG - - - - ARG - - - - ILE ALA -

MO 10 - - HIS - - ARG - - MET - PRO - - VAL - MET ALA ASN
Antp - - HIS - - AF-G - G - - - ILE ALA -

40 50
m31 ALA LEU GLY LEU THR GLU AMG GLN VAL LYS ILE TRP PHE GLN ASN ARG ARG MET
n6 - - CYS - - - - - ILE - - - - - - - - -

Mo 10 LEU - ASN - - - - - ILE - - - - - - - - -
Antp - - CYS - - - - - ILE - - - - - - - - -

60
m31 LYS TRP LYS LYS GLU ASN ASN LYS ASP LYS LEU PRO GLY PRO GLU
m6 - - - - - HIS LYS ASP GLU SER GLN ALA PRO THR ALA

Mo 10 - TYR - - ASP GLN LYS GLY LYS GLY MET LEU THR
Antp - - - - LYS THR LYS GLY GLU - ASP

Fig. 2. (a) Nucleotide sequence of the m31 homeo box DNA aligned 5' to
3' with homeo box sequences of mouse, m6 (Colberg-Poley et al., 1985a),
Mo-10 (McGinnis et al., 1984c) and Drosophila, Antp (McGinnis et al.,
1984b). Only different nucleotides are indicated, as identical nucleotides are
indicated by hyphens. The sequence of m6 has been corrected at nucleotides
91 -94. (b) Conceptual translation of the conserved homeo box region of
m31 and comparison to the amino acid sequence of other homeo boxes.

1977) is represented on Figure lb. The nucleotide sequence deter-
mined for m31 is shown on Figure 2a. Comparison of this region
with homeo box sequences of the murine (m6, Mo-10) and of
Drosophila (Antp) genomes revealed lower homologies than those
observed previously for the m6 cluster (Figure 2a). Interesting-
ly, the highest degree of nucleotide sequence homology is to Antp
(74%, Table I), whereas, considerably less homology to some
other murine homeo box sequences is noted. Conceptual transla-
tion of m31 homeo box nucleotide sequences is shown in Figure
2b. As previously found, in most cases, the amino acid homology
to other homeo boxes is greater (40-83 %, Table I) than that
of the nucleotide sequences, consistent with the hypothesis that
a functional protein domain is being conserved. Furthermore,
the amino acid sequences putatively encoded by m3J and other
known homeo boxes show the strongest conservation in the lat-
ter portion of the homeo box (amino acid residues 42-59), the
region thought to contain an a-helical domain common to DNA-
binding proteins (Laughon and Scott, 1984; Shepherd et al.,
1984).

Table I. Degree of homology of the m31 homeo box as compared to
homeo boxes from mouse (m6, m5, Mo-10, Mul, H24. 1, Mo-en. 1), human
(Hul, Hu2), Drosophila (Antp, ftz) and Xenopus (MM3)

Homeo boxes Nucleotide Amino acid References
homoloy homology
(%) (%)

Mouse
m6 67 82 Colberg-Poley et al., 1985a,b
m5 71 80
Mo-JO 57 62 McGinnis et al.. 1984c
H24. 1, Mul 65 72 Jackson et al., 1985;

Hauser et al., 1985
Mo-en. 1 46 40 Joyner et al., 1985b

Human
Hul 66 70 Levine et al., 1984
Hu2 72 77

Drosophila
Antp 74 83 McGinnis et al., 1985b
ftz 67 67

Xenopus
MM3 73 82 Muller et al., 1984

Only the nucleotides of positions 1- 180 and the corresponding amino acid
residues 1-60 of the homeo boxes were compared.

Chromosomal mapping
The chromosomal location of this locus was determined using
Southern blot analysis of DNA isolated from 11 mouse x Chinese
hamster somatic cell hybrids probed with the 0.8 kb AvaI 31-lc
fragment (Figure 3). These cell lines together contain the full
complement of mouse chromosomes except for chromosome 11.
The 3 1-lc probe hybridized with a 5.2 kb TaqI fragment in the
mouse genome and to a 3 kb and a 1.7 kb fragment in Chinese
hamster DNA. The pattern of hybridization of cell hybrid DNAs
assigned the probe 31-1c to chromosome 15. There were mul-
tiple cases discordant with location on any chromosome other
than chromosomes X and 15 (Table II). There was no discor-
dant case for chromosome 15 and chromosome X was excluded
by a single discordant hybrid. Therefore, we studied another cell
hybrid, EVI-5 (gift of R.Schafer and K.Willecke), which con-
tained only mouse X; this hybrid DNA was negative for 31-lc
DNA.
Expression ofm3l sequences in mouse embryos and in differen-
tiating F9 cells
To test whether m31 is transcriptionally active during embryo-
genesis, we performed Northern analyses with RNA from F9
cells and from 12-day embryos. Firstly, the 330 bp 31-le frag-
ment was 32P-labelled and hybridized to F9 genomic DNA cleav-
ed with EcoRI, HindIfl and KpnI. The probe detected under
stringent conditions a single 3.6 kb EcoRI fragment (Figure 4a).
This fragment appeared in the DNA contained in Xm32 (see
Figure lb). As the probe detected a single copy DNA, it was
suitable for Northern analyses (Figure 4b). Poly(A)+ RNA from
F9 stem cells and F9 cells treated for various time periods with
retinoic acid (RA) and dibutyryl cyclic AMP (cAMP) were
separated on 0.9% formaldehyde agarose gels and blotted onto
Gene Screen Plus. Poly(A)+ RNAs from 12-day embryos and
extra-embryonal tissues were also examined. A 2.7 kb RNA
which is encoded by m.31 was induced in F9 cells treated for
42 h with RA and cAMP (left panel). The amount of this RNA
increased until 76 h and then decreased thereafter. Although the
m3J transcript was still detectable at day 5, its detection required
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Fig. 3. Hybridization of the 32P-labelled fragment 31-Ic (see Figure lb) to Taql-digested mouse, hamster and mouse x hamster hybrid cell DNAs.

Table II. Discordancy analysis of the probe 31-Ic with mouse chromosomes in mouse x Chinese hamster hybrid clones

Hybrids Probe Mouse chromosomes

31-Ic 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 x

I-18A HAT + + - + - + - - - + - + - - - + + L + +
I-18A-2a aza + + - L + L - - - + - + - - - - + + +
EAS2 + L + + - - + - + - - + + + - L +
EAS5-2a + + + + + + _ + _ _+ + + + _ + +
EAS54a + + + - +
EAS5-4b + + + + + + + + + . . . . . . + - + + + +
EAS5-Sa +-.---. .+- - - -

EBS4 + - + - + +

EBS1O + L + + + - L + - + + L + + - + - +
EBS I I + . . .. + - - + - + - ++ ++
EZS25 + - + - + - - + + - - - + + - + + + L + +

Discordant hybrids 6 6 5 7 6 6 5 5 6 8 8 6 6 6 0 4 5 6 6 1
Total hybrids 9 11 11 10 11 1 11 1 10 11 11 11 11 10 11 I 1 9 10 11

L = Data for chromosomes present at a frequency of 0. 1 were excluded.

the presence of three times more RNA in the sample (right panel).
To standardize more accurately the amount of poly(A)+ RNA
in each sample, the blot was re-hybridized with f-actin DNA
as a probe (lower panel). The maximal level of m31 expression

seen in differentiating F9 cells was about five times less than
that observed in 12-day embryonic tissues. In 12-day extra-

embryonal tissues, no expression of m31 sequences was detec-
table. Analysis of the F9 poly(A)+ RNA samples by hybridiza-
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Fig. 4. (a) Southern hybridization analysis of F9 DNA samples of F9 teratocarcinoma DNA (8 ,ug/lane) digested with EcoRl, HinduI and KpnI were

separated on an 0.9% agarose gel, transferred to Gene Screen Plus and hybridized to the 32P-labelled PstI-AvaI restriction fragment 31-le containing the
homeo box, as described in Materials and methods. (b) and (c) Northern blot analysis of F9 teratocarcinoma and mouse embryonal RNA. Samples of
poly(A)+ RNA (5-7.5 jg/lane) from F9 stem cells, F9 cells treated for different time periods with RA and cAMP, from 12-day mouse embryos and extra-

embryonal tissues were fractionated on 0.9% formaldehyde-agarose gels and transferred to Gene Screen Plus membrane. The blots were hybridized to the
purified 32P-labelled 31-le DNA fragment (b), to the 187 bp EcoRI-PvuII m6 fragment (c) or to ,B-actin probe (lower panels) as described in Materials and
methods. Exposure times were 6 days (b, left panel) or 10 days (b, right panel) for the m3J hybridizations and 24 h for the m6 and 13-actin hybridizations.

tion with the 187 bp EcoRllPvuII m6 homeo box probe showed
that the 2.4 kb m6 transcript was induced within 24 h (Figure
4c). At this time, the m6 2.4 kb transcript in differentiating F9
cells is about ten times more abundant than the 2.7 kb n31 RNA.
Following 72 h of differentiation, the F9 cells expressed less of
the m6 homeo box transcript. Thus, expression of m31 reached
a maximum 3 days after differentiation of the F9 cells, whereas,
m6 was maximally expressed at 1-2 days (Figure 5).

Discussion
We have isolated, based upon homology to the Antp homeo box,
a new member of the murine homeo box gene family. It shares
with the other members of this family and with the homeo box
genes of Drosophila both a conserved amino acid sequence, sug-
gestive ofDNA binding and, most importantly, expression dur-
ing embryogenesis. m31, however, is distinct from previously
described murine homeo boxes. Analysis of the restriction map
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Fig. 5. Sequential expression of m6 and m3J during F9 cell differentiation.
The amount of RNA was determined by densitometer scanning of the
Northern blots shown in Figure 4b and c and standardized by comparison to
the,B-actin hybridizations. In this representation, the abundance of the
transcripts is related to the maximal expression of m6 (relative amount = 1)
observed during F9 cell differentiation. Note that different scales are used
for m6 and m31 because of the great differences in the abundance of the
transcripts.

and the chromosomal location on chromosome 15, as determin-
ed by cell hybrid analysis, led us to analyze these sequences more

closely. The coding information, although clearly homologous
to Antp, shows less homology to other murine boxes establishing
unequivocally the novelty of its identity. To date, nine members
of this family have been characterized. The m6 cluster contain-
ing three homeo box genes (Colberg-Poley et al., 1985b) and
Hox-1 (McGinnis et al., 1984c) have been mapped on

chromosome 6. In the case of Hox-], the gene appears to be
proximal to the Kappa light chain gene of immunoglobulin
(McGinnis et al., 1984c) and the m6 cluster has been recently
determined to lie between the Kappa light chain gene;and the
T cell receptor fl (Bucan et al., in preparation). The cluster of
four homeo boxes known as Hox-2, Hox-2. 1-2.4, (Hart et al.,
1985) and presumably the genes identical to Hox 2.1 but cloned
independently, H24.1 and Mul, is located on chromosome 11

(Rabin et al., 1985; Jackson et al., 1985; Joyner et al., 1985a).
Lastly, Mo-en. 1, one of the two murine genes reported to have
homology with the Drosophila en gene is located on chromosome

(Joyner et al., 1985b). To this, m31 adds a new member on

chromosome 15. It appears that m31 is identical, based upon

restriction analysis, chromosomal location and Northern analyses,
to the recently described Hox-3 homeo box (Awgulewitsch et
al., 1986). However, the nucleotide sequence is different at posi-
tions 8,9 and 97 from that of Hox-3, which may be due to the
different mouse strain used to prepare the genomic library. It
is probable, based upon hybridization with the m6 homeo box
probe, that another not yet characterized homeo box lies some

8 kb upstream fromm31. We are presently sequencing this region
to determine precisely the source of homology.

Differentiation of an EC cell line, F9, by treatment with RA
and cAMP, which results in the production of extra-embryonic
endoderm, induced a 2.7 kb RNA from the m31 locus. The m31
transcript appeared within 42 h of treatment and was similar in
size to a poly(A) + transcript present in 12-day mouse embryos
as well. The temporal expression of m31 in embryos concurs

with the expression previously observed for two other homeo
box transcripts, m6 and mS; however, the results obtained in dif-
ferentiating F9 cells are indeed different. Upon treatment of F9
cells with RA and cAMP, a stable m62.4 kb RNA is detectable
within 6 h (Colberg-Poley et al., 1985a and unpublished results).
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On the other hand, m3J appears at a time when the F9 cells
undergo morphological changes and begin to express proteins
which are specific for certain tissues such as collagen IV
(Kurkinen et al., 1983; Wang and Gudas, 1983; Dony et al.,
1985). This delayed appearance ofmn31 suggests that the presence
of other gene products which are induced earlier during differ-
entiation are required for its expression. One possible candidate
would be the gene product of another homeo box such as m6
which appears quite early during the induction of F9 cell differ-
entiation. This observation is not without precedent: it has been
shown for Drosophila that in absence of normal bithorax func-
tion, 4ntp+ RNAs accumulate (Hafen et al., 1984). Complemen-
tary to this report, it was found that the products of abd-A or
abd-B down-regulate Ubx expression (Struhl and White, 1985).
These results, in conjunction with the DNA binding ability of
homeo box-containing genes (Desplan et al., 1985), strongly
argue in favour of their role in positively or negatively regulating
gene expression. By re-introducing a modified m3J gene into
F9 stem cells we will now be able to address more directly this
question.

Materials and methods
Screening of the mouse genomic library
3 x IC5 members of a mouse genomic library prepared in XEMBL 3A (Frischauf
et al., 1983; mouse strain B1O/Br) were screened as described previously (Colberg-
Poley et al., 1985a) under reduced stringency conditions (McGinnis et al., 1984b)
using inserts from both Antp andftz homeo box clones, p903G and pFS2 (Garber
et al., 1983; Kuroiwa et al., 1984, 1985) respectively, as probes. For the subse-
quent screening only the Antp homeo box probe, a BamHI -KpnI fragment from
p903G, was used.
Cells and embryos
F9 cells (Bernstine et al., 1973) were cultured in Dulbecco's modified Eagle's
medium supplemented with 10% fetal calf serum. The cells were induced to dif-
ferentiate into parietal endoderm cells by addition of 5 x 10-7 M RA and
10-3 M cAMP to the medium (Strickland et al., 1980). Under these conditions,
>90% of the differentiated F9 cells expressed the endodermal specific proteins,
laminin and collagen IV, as determined by indirect immunofluorescence stain-
ing, whereas the F9 stem cells showed no reaction. Twelve-day embryos were
prepared from ICR mice as described previously (Colberg-Poley et al., 1985b),
dissected from extra-embryonal tissues (placenta, yolk sac and amnion) and
homogenized in buffer containing guanidinium thiocyanate.
Isolation of RNA and Northern hybridization analysis
RNA was prepared using the guanidinium thiocyanate method (Chirgwin et al.,
1979) and purified by centrifugationthrough a CsCI cushion as described previously
(Colberg-Poley et al., 1985a). Poly(A)+ RNAs were selected by retention on
oligo (dT) cellulose columns. Aliquots of poly(A)+ RNA (5-7.5 tsg/lane) were
fractionated on denaturing 0.9% agarose gels containing 3.7% formaldehyde and
blotted onto a Gene Screen Plus membrane. The filters were hybridized in 50%
formamide, 1 M NaCl, 1% SDS, 200,ug/ml denatured calf thymus DNA and
ng/ml oligo-primed (Feinberg and Vogelstein, 1983) or nick-translated [32P]DNA

probe (5 x 108- 109 c.p.m./,ug). Washes were twice in 2 x SSC at room
temperature, twice in 2 x SSC, 1% SDS at 60°C, and finally twice in 0.1 x
SSC at 480C.
Isolation of DNA and Southern hybridization analysis
F9 cellular DNA was prepared by treatment of the cells with lysis buffer (50 mM
Tris-HCl, 20 mM EDTA, 100 mM NaCl, pH 7.5) and digestion with proteinase
K (50 sg/ml) for 24 h. DNA was further purified by phenol extraction and ethanol
precipitation. DNA digested with EcoRI, HindIl and KpnI was fractionated on
a 0.9% agarose gel and transferred to Gene Screen Plus as described elsewhere
(Chromczynski and Quasba, 1984). The blots were hybridized in 1 M NaCl, 1%
SDS, 200 1tg/ml denatured calf thymus DNA and 1 ng/ml oligo-primed [32P]DNA
(specific activity 5 x 108- 109 c.p.m./4g) at 65°C. Washes were twice in 2 x
SSC at room temperature, twice in 2 x SSC at 60°C and twice in 0.1 x SSC
at 480C.

Digested phage DNA was separated on 0.9% agarose gels and blotted to Gene
Screen Plus. Hybridization and washes were under reduced stringency condi-
tions as described by McGinnis et al. (1984b) except that SDS concentration was
raised to 0.6%. The probe used for hybridization was the BamHI-KpnI frag-
ment of the Antp cDNA insertion in p903G.
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DNA sequence analysis
The 3.2 kb EcoRI-Sacl fragment, m31-1, was subcloned into pSP65 to give
pm31-1. The 330 bp PstI -Aval subfragment 3 1-le, was isolated and cloned into
the M 13 mplO and mpl 1 vector DNAs digested with Pstl and SmaIl. Further-
more, the 1.4 kb SalI-EcoRI and 1.8 kb SaIl-Sacl lower fragments of pm31 -1
were isolated and cloned into M13 mp 10 DNA cut with the appropriate restric-
tion enzymes. Single-stranded templates were prepared and sequenced using the
dideoxy chain termination method of Sanger et al. (1977). The sequence was
determined along both strands. Part of the sequence was, in addition, confirmed
along one strand using different overlapping clones.
Chromosome mapping
Total cellular DNAs were isolated from mouse liver, Chinese hamster cell line
V79/380 and various mouse x Chinese hamster hybrid cell lines (Francke et
al., 1977; Francke and Taggart, 1979). DNA samples (10 itg) were digested with
TaqI, electrophoresed in an 0.7% agarose gel and transferred to Gene Screen
Plus membrane in denaturation solution as previously described by Herrmann
et al. (1986). The filter was exposed to u.v. light and hybridized according to
Church and Gilbert (1984), using 2 x 106 c.p.m./ml of oligonucleotide-primed
32P-labelled 31-lc insert DNA.
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