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Summary

We have previously reported on the identification of a cDNA clone encoding a novel human growth factor,
named "CRIPTO," that is abundantly expressed in undifferentiated human NTERA-2 clone D1 (NT2/D1)
and mouse (F9) teratocarcinoma cells. We now report the organization and nucleotide sequence of two related
genomic sequences. One (CR-1) corresponds to the structural gene encoding the human CRIPTO protein
expressed in the undifferentiated human teratocarcinoma cells, and the other (CR-3) corresponds to a complete
copy of the mRNA containing seven base substitutions in the coding region representing both silent and
replacement substitutions. The 440 bp 5' to the CAP site of CR-1 are preserved in CR-3. CR-1 maps to
chromosome 3, and CR-3 maps to Xq2l-q22. Southern blot analysis reveals that multiple CRIPTO-related
DNA sequences are present in the human as well as in the mouse genome.

Introduction

Polypeptide growth factors play a role in stimulating
cell proliferation, and their genes are expressed in the
developing embryo, in normal adult tissues, and in
tumor cells (for review, see Devel 1987; Sporn and
Roberts 1987; Whitman and Melton 1989). Charac-
terization of these factors and sequencing of their
genes have permitted their grouping into a relatively
small number of families on the basis of sequence simi-
larities (Mercola and Stiles 1988). One of these is the
epidermal growth factor (EGF) family. EGF (Savage
et al. 1972), transforming growth factor a (TGFa)
(Derynck et al. 1984), and amphiregulin (AR) (Plow-
man et al. 1990) share structural similarities including
the conservation of six cysteins of the "EGF motif,"
which in EGF are involved in three disulfide bonds
defining the tertiary structure. The presence of the
EGF motif also in developmental genes, such as Notch
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in Drosophila (Kidd et al. 1986) and lin-12 in C. ele-
gans (Greenwald 1985), may imply a novel role for
the growth factors of the "EGF family." It has been
suggested that they may exert their action on the cell
surface during development, to mediate cell-cell inter-
actions by recognizing a complementary receptor on
another cell.

Elsewhere we have described the isolation of a hu-
man cDNA, referred to as "CRIPTO" (Ciccodicola et
al. 1989), encoding a protein of 188 amino acids.
The central portion of this protein shares structural
similarities with the human TGFa (Derynck et al.
1984), human AR (Plowman et al. 1990), and human
EGF (Savage et al. 1972). Northern blot analysis of a
wide variety oftumor and normal cell lines and tissues
(e.g., choriocarcinoma, fibroblast, neuroblastoma,
HeLa, placenta, and testis) has shown that CRIPTO
transcripts are detected only in undifferentiated hu-
man NTERA-2 clone D1 (NT2/D1) and mouse (F9)
teratocarcinoma cells and that these disappear after
cell differentiation induced by retinoic acid treatment
(Ciccodicola et al. 1989). In the present paper we de-
scribe the isolation and characterization oftwo human
genomic CRIPTO-encoding sequences, one mapping
to chromosome 3 and the other, possibly a functional
pseudogene, mapping to the Xq21-22 region.
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Material and Methods

Southern Blot Analysis and Chromosomal Mapping Panels

All the hybrid cell lines were hamster x human,
obtained by following a published protocol (Davidson
1976). The hybrid clones were characterized for their
human chromosome content (Rocchi et al. 1986).
DNA preparation from human peripheral blood

lymphocytes and cell lines, restriction-enzyme diges-
tion, electrophoresis, and Southern blotting were per-

formed using standard techniques (Maniatis et al.
1982). In general, 10 jg DNA was digested with 40
units enzyme. Electrophoresis of DNA digests was

carried out in agarose gel (0.8%) in TEB buffer (89
mM Tris, 2 mM EDTA, 89 mM boric acid). DNAs
were transferred by Southern capillary blot onto nylon
membranes (ZETABIND; AMF Cuno, Meriden,
CT), were fixed byUV cross-linking, and were hybrid-
ized to 107 dpm DNA probes labeled by nick transla-
tion (Rigby et al. 1977) to a specific activity of about
2 x 108 dpm/ jg. Washing was carried out at 650C
in 2 x SSC, 0.2% SDS and subsequently in 0.2 x

SSC, 0.2% SDS at 650C.

Isolation of CRIPTO Genomic Clones

Genomic clones were isolated from two different
human genomic libraries, one obtained by partial
MboI digestion of genomic DNA cloned in the BamHI
site of the pcos2EMBL Cosmid Vector (Poustka et al.
1984) and the other obtained by partial MboI diges-
tion of genomic DNA that had been flush ended and
cloned into the flush-ended XhoI site of Lambda Fix
Vector (Stratagene). Cosmids (5 x 105) and 106
phages were screened using the CRIPTO cDNA frag-
ment 2B3 (see fig. 1C) by standard techniques (of
Grunstein and Hogness [1975] and Benton and Davis
[1977], respectively). The positive clones were ana-

lyzed by restriction mapping, and the genomic frag-
ments hybridizing to the human cDNA were sub-
cloned in pUC1 8 Vector (Yanisch-Perron et al. 1985)
or in pGEM-1 Vector (Promega). DNA sequencing
of the genomic subclones was carried out using the
modified dideoxynucleotide chain-termination proce-
dure (Hattori et al. 1985). An oligonucleotide walking
strategy was performed using synthetic 17-mer oligo-
nucleotides (Applied Biosystems) deduced from the
genomic sequence previously determined.

SI Nuclease Mapping

Total RNA from undifferentiated teratocarcinoma
cells NT2/D1 (Andrews et al. 1984) was isolated by

cell lysis in 4 M guanidine thiocyanate and sedimenta-
tion through 5.7 M CsCl (Chirgwin et al. 1979).
Poly(A) + RNA was selected by chromatography on
oligo(dT) cellulose (Aviv and Leder 1972). Either 5 jg
poly(A) + RNA or 40 jg total RNA was hybridized
with the 320-bp Sau96 fragment of CR-1-73-H (fig.
3), 32P 5'-end labeled, in 20 Il 40 mM Pipes pH 7,
0.4 M NaCl, 1 mM EDTA pH 7, 80% formamide for
16 h at 50C. Following hybridization, the reaction
was diluted 10-fold with S1 nuclease buffer (0.28 M
NaCl, 0.05 M sodium acetate pH 4.5, 4.5 mM
ZnSO4, 20 jig single-strand DNA/ml). S1 nuclease
(1,200 units) was added, and the reaction mixture was
incubated for 2 h at 371C. The reaction was termi-
nated by the addition of 44 RI termination buffer
(2.5 M ammonium acetate, 50 mM EDTA); the
DNA:RNA hybrids were extracted with phenol, pre-
cipitated with ethanol, resuspended in sequencing dye,
heated to 90°C, and resolved on a 6% acrylamide,
7 M urea sequencing gel.

Primer Extension

For primer extension analysis, a 30-bp synthetic
oligonucleotide, ol GP2 (3'-CCCGGTAGAAGGA-
CGTCAGGTATCGAAATTGTTAA-5') correspond-
ing to basepairs - 9 to + 21 of the first exon was end
labeled using T4 polynucleotide kinase to a specific
activity of 108 cpm/ jg. End-labeled primer (106 cpm)
was annealed with 10 jg poly(A) + mRNA from
NT2/D1 cells (Andrews et al. 1984) in a 40-jil vol
containing 10 mM Pipes pH 6.4, 0.4 M NaCl, 1 mM
EDTA, by heating the reaction mixture for 3 min at
900C and for 2 min at 75°C and by gradual cooling
to 420C. After 14 h at 420C the resulting DNA:RNA
hybrids were ethanol precipitated and dissolved in re-
verse transcription buffer (50 mM Tris HCl pH 8,
0.1 M KCl, 10 mM MgCl2) in the presence of 500 jM
deoxynucleotide and 20 units reverse transcriptase.
After 1 h at 420C the DNA:RNA hybrids were phenol
extracted, ethanol precipitated, dissolved in sequenc-
ing dye, heated to 900C, and resolved on a 6% acryl-
amide, 7 M urea sequencing gel.

Results

Genomic Complexity of CRIPTO Gene-Related
Sequences in Human Chromosomes

The 2020-bp-long CRIPTO cDNA, described else-
where (Ciccodicola et al. 1989), contains an open
reading frame of 564 bp, a 245-bp-long 5' untrans-
lated region, and a 1 ,209-bp-long 3' untranslated re-
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CRIPTO-related Sequence Mapping

gion that includes an Alu sequence element. As a first
approach to characterize the genomic organization of
the gene encoding the CRIPTO protein, Southern blot
analyses were carried out. The two cDNA fragments,
2B3 and G2 (fig. 1C), used as probes, hybridized to
several genomic restriction fragments (fig. 1A). The
2B3 probe, used to analyze by Southern blot the geno-
mic DNA of mouse and chicken, hybridized to several
bands in the lanes containing mouse DNA (fig. 1B,
first three lanes), whereas no hybridization was seen
with chicken DNA (fig. 1B, fourth and fifth lanes).

Isolation and Characterization of CRIPTO
Human Genomic Clones

To better understand the nature of the CRIPTO
gene-related sequences, a human genomic library
(Poustka et al. 1984) was screened (see Material and
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Methods) using CRIPTO fragment 2B3 as a probe,
and 34 positive cosmid clones were isolated. EcoRI
restriction analysis of 10 of the isolated clones revealed
only three different restriction patterns in the inserts.
The isolated clones were hybridized to a synthetic

oligonucleotide (Gi) corresponding to nucleotides
- 91 to - 110 of the 5' noncoding region of CRIPTO
cDNA (Ciccodicola et al. 1989; and fig. 2), with the
intention of isolating the complete gene and discarding
possible incomplete pseudogenes. A positive 800-bp
PstI/EcoRI fragment (CR-1-P7) was identified in the
CR-1 cosmid clone (fig. 3, top).

CRIPTO Gene

DNA sequencing analysis revealed that clone CR-1
includes an intact structural gene encoding the entire
human CRIPTO protein. The CRIPTO coding se-
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Figure I CRIPTO-related sequences in human and mouse DNA. A, Genomic DNA (10 gg) digested with EcoRI (lanes E), PstI (lanes
P), and EcoRI + PstI (lanes E/P) and size fractionated by agarose gel electrophoresis. Hybridization probes are 32P-nick-translated 2B3 and
G2 segments. The molecular-weight markers included are HindIII/EcoRI-digested lambda DNA. B, DNA (10 gg) of mouse (first three lanes
from left) and chicken (fourth and fifth lanes), digested with PstI (P), BamHI (B), and EcoRI (E). The hybridization probe is a 32P-nick-
translated 2B3 segment. Electrophoresis, transfer, and hybridization were as described in Material and Methods, except for washing
conditions (2 x SSC at 600C). C, Schematic representation of human CRIPTO cDNA. The coding region is indicated by the blackened
box; AAAA = poly(A) tail. cDNA regions corresponding to 2B3 and G2 probes are indicated.
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Figure 3 Maps summarizing information obtained from DNA sequencing and restriction mapping of isolated CRIPTO homologous
recombinant clones. Top, Physical map of CR-1. Numbered exons are indicated by blackened boxes, for coding region, and by unblackened
boxes, for noncoding regions. The hatched box represents the 440 bp upstream of the most common transcription start, present also in
CR-3. Restriction sites indicated are EcoRI (E), BamHI (B), and PstI (P). Thick lines above the map denote genomic subclones used as
probes. Bottom, Physical map of CR-3. Below are represented the genomic region isolated, as well as EcoRI (E), HindIII (H), and PstI
(P) restriction sites. CR-3 contains all the exons and a polyA tail (AAAA).

quence is encoded by six exons spanning a 4.8-kb-long
DNA interval (fig. 3, top) The nucleotide sequences at
the exon-intron boundaries were established by DNA
sequence comparison of cDNA and genomic sub-
clones. The 5' donor and 3' acceptor splice sites in
each of the five introns conform to the GT .... AG
rule and agree with the consensus sequence compiled
for the exon-intron boundaries (Mount 1982), except
for the acceptor sequence of the second and third in-
trons (fig. 2). Exon 1 is 281 bp in length and contains
the initiator methionine. The other exons range in size
from 52 to 1,329 bp. The 3'-most exon, 1,329 bp in
length, contains 118 bp of coding sequence and all of
the 3' untranslated region (3' UT), which is 1,209
nucleotides long (fig. 2). The EGF-like domain exhib-

ited by the CRIPTO protein (Ciccodicola et al. 1989)
is encoded by exon 4.

CR-I Gene Transcripts

A combination of S1 nuclease mapping and primer
extension analyses was used to characterize the CR-1
transcription products. Since we found the CRIPTO
gene to be expressed in an undifferentiated human
teratocarcinoma cell line (NT2/D1) (Ciccodicola et
al. 1989), we used pply(A) + RNA isolated from cul-
tured NT2/D1 cells. The probe used for S1 nuclease
mapping was a double-strand DNA fragment encom-
passing nucleotides - 302 to + 18 of the genomic se-
quence and was labeled with 32P at the 5' end (fig. 4C).
Five major S1 nuclease-protected fragments (fig. 4A)

Figure 4 Determination of CR-1 transcription initiation sites. A, S1 nuclease mapping analysis. Lanes 1 and 2, Products of S1
nuclease digestion in presence of 5 gg NT2/D1 poly(A) + RNA and 40 gg NT2/D1 total RNA, respectively. Protected fragments are
indicated on the right by horizontal arrows. Total yeast RNA (40 gg; lane 3) was used as a negative control. Lane M, Molecular-weight
marker. The sizes of the fragments (in bp) are indicated on the left. Lanes G, to A, T, and C, Dideoxynucleotide-derived sequencing ladders
obtained by priming recombinant pUC18 subclone of CR-1, CR-1-73 (fig. 3, top), with ol GP2 primer (described in fig. 4C). B, Reverse
transcriptase analysis. Lanes M, G, A, T, C are as in panel A. Lanes 1 and 2, Results of primer extension in presence of 10 gg NT2/D1
poly(A) + mRNA and total yeast RNA (as control), respectively, and reverse transcriptase (Boehringer). Extended fragments are indicated
on the right by horizontal arrows. C, Schematic representation of probes used. The genomic DNA fragment Sau96 (S)-Sau96 (S), used
for S1 analysis, and the oligonucleotide primer ol GP2, utilized for the primer extension reaction, are indicated. Arrows indicate major
transcription initiation sites.
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mapping between positions - 180 to - 253 of the ge-

nomic sequence were observed (fig. 4C).
The primer extension assay, performed with ol GP2

(see Material and Methods and fig. 4C), confirmed the
five major products corresponding in length to the
transcripts predicted by S1 analysis (fig. 4B). It should
be noted that other bands are seen in primer extension
experiments, probably because of both minor RNA
species and early termination of the reverse tran-

scriptase reaction. No further investigation was un-

dertaken by us to study the origin of these minor
bands.

Chromosome Mapping with Somatic Cell Hybrid Panel

A chromosome mapping panel was used to assign
the CR-1 gene to human chromosomes. A 1 .5-kb-long

PstI fragment derived from CR-1 (CR-1-P3; fig. 3,
top) was used to probe a Southern blot of TaqI-
digested genomic DNAs prepared from 23 hamster
human somatic cell hybrids (table 1). Under condi-
tions of high stringency one human-specific genomic
fragment of 4.5 kb hybridized to the probe. The pres-

ence of the 4.5-kb fragment could be clearly distin-
guished in the DNA of the hybrid cell lines containing
chromosome 3 (table 1).
When the EcoRI-PstI fragment (CR-1-P7) con-

taining 800 bp upstream of the translation initiation
(see fig. 3, top) was used to probe the same Southern
blot described previously and shown in figure 1, hy-
bridization to two fragments was seen (e.g., in the lane
containing human DNA digested with EcoRI and PstI
[fig. SA], the 0.8-kb band corresponds to the genomic

Table I

Segregation of CRIPTO-related Sequences in Human/Hamster Hybrids

Cell Line Chromosome(s) Present CR-1a CR-3a

Hy.19.16T3D .......................... Xq-, 10, 12-15, 18, and 20 - -
HY.22AZA1 .......................... t(X;X),b 5, 12, 14, and 17-19 - +
HY.31.24E .......................... X, S, 8, 11, 12, 14, and 21 - +
HY.36.1 .......................... X, 8, 11, and 19 - +
HY.60A .......................... X, 5, 6, 8, 13, 14, 18, and 20 - +
HY.70B1A .......................... t(X;21),c 6, 15, and 17 -

HY.70B2 .......................... t(X;21),c 6, 13, 15, and 16 -

HY.75E1 .......................... X, 5, 9, and 12 - +
HY.94A .......................... X, 6-8, 16, and 22 - +
HY.94BT1 .......................... t(X;Y),d 4, 7, 9, 11, 12, and 20 - +
HY.95A1 .......................... X, 3, 5, 10, 11, and 14 + +
HY.95B .......................... X, 4, 6, 7, 14, 18, and 22 - +
HY.95S .......................... X, 2, 3, 13, and 21 + +
HY.112F7 .......................... t(X;11),e3, 4, 8, 10, and 20 + +

RJ.369.1T2.......................... 13, 22
Y.173.5CT3 .......................... Xi,1,3,4,6, 8,11,12,14,15,18, 21, and 22 + +

YC2T1 .......................... X,1,11, 12, 14, 18, 19, and 20 - +
HY.136C ...........................X - +

Y.X6.8B2 .......................... t(X;6),f 1, 3, 5, 12-15, 17, 21, and 22 + +
Y.162AZA .......................... t(X;hamster)g - +
HY.87Z4 .......................... t(X;11),h 1, 2, 4-6, 12, 15, and 20
HY.85D30T2 .......................... t(X;1),' 2, 3, 8, 11, 13, 18, and 21 + +
HY.84T2 .......................... Y
Chromosome assignment 3 Xq2l-Xq22
Total no. of concordant + 6 17
Total no. of concordant - 17 6
Total no. discordant 0 0

a Symbols + and - indicate presence and absence, respectively.
b Xqter- Xq21 ::Xp22.3-Xqter
c Xqter-Xq22::21pl3- 21qter
d Xqter- Xp22.3::Yp- Yqter
' Xqter-Xql1.1::1lpl1.2-1lqll
f Xqter- Xq21.3::6q27- 6pter
g Xqter-*Xq27.3::hamster
h Xqter-Xq26::1 1q23- 1ipter
Xpter-'Xq26::1ql2-lqter
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sequence CR-1). This indicated that the 5' region of
the CR-I gene was present in two copies in the human
genome. When the CR-1-P7 fragment was used to
probe the above-mentioned hamster-human somatic
cell hybrid panel, it was possible to obtain the segrega-
tion of the two sequences (fig. SB). Because of both
the hybridization pattern summarized in table 1 and,
in particular, the pattern obtained using the hybrid
cell lines containing portions of the X chromosome
already described (Rocchi et al. 1986), we can assign
the second genomic copy to the Xq21-22 region.

Isolation and Characterization of a Second Genomic
CRIPTO-related Sequence
A genomic library was screened (see Material and

Methods) to isolate the genomic clones containing the
5' cDNA noncoding region, using as probe the labeled
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CR1- P7

CR-I-P7

Figure 5 Southern blot analysis of human DNA by CR-1-P7
probe. A, Genomic DNA (10 jig) digested with EcoRI (E), PstI (P),
EcoRI + PstI (E/P) and size-fractionated by agarose gel electropho-
resis. On transfer of DNA to the Z-bind membrane, hybridization
analysis was performed with the 32P-nick-translated CR-1-P7 probe
(fig. 3, top). Molecular-weight markers included are HindIII
+ EcoRI-digested lambda DNA. B, DNA (10 gg) derived from hy-
brids HY.95A1 (lane 1), HY.95B (lane 2), HY.95S (lane 3),
HY.112F7 (lane 4), Chinese hamster (lane 5), and human (lane 6),
digested with TaqI, and size-fractionated and hybridized as de-
scribed above. The sizes (in kb) of the bands are indicated on the
right-hand side. Refer to table 1 for chromosome content of the
hybrid cell lines.

CR-1-P7 DNA fragment (fig. 3). Only two different
classes of recombinant phages exhibiting the restric-
tion pattern expected from the Southern blot were
found (fig. 5).
The restriction map of clone CR-3 is shown at the

bottom of figure 3. To investigate whether the
CRIPTO-related genomic sequences from recombi-
nant lambda CR-3 clones encode a complete CRIPTO
protein, we determined the nucleotide sequence of a
2,688-bp fragment hybridizing to 2B3 and G2 and
compared this sequence with that of the cDNA (fig. 2
and fig. 3, bottom).

Analysis of the nucleotide sequence of CR-3 re-
vealed that this clone includes a complete CRIPTO
cDNA lacking introns and containing a poly(A) tract
at the 3' end. Seven single-basepair substitutions are
observed in the coding region (fig. 2), and six of these
give rise to amino acid changes. The 3' noncoding
sequence is less similar (97% identical) to CR-1. Most
of the base changes, deletions, and insertions fall
within the inverted Alu sequence. The unusual polyA
addition site AGTAAA present in the CR-1 gene is
conserved also in CR-3. The similarity between CR-1
and CR-3 extends for 976 nucleotides upstream of
the initiator AUG; seven single-basepair substitutions
and six nucleotide deletions are present in this DNA
region.

Discussion

We have reported the isolation and characterization
of two genomic clones-CR-1 and CR-3-encoding
polypeptides related to the CRIPTO polypeptide pre-
viously described. We hypothesize that CR-1 repre-
sents the gene expressed in human teratocarcinoma
cells, because of the identity between its exonic regions
and the cDNA isolated elsewhere (Ciccodicola et al.
1989).
S1 mapping and primer extension experiments indi-

cate that in NT2/D1 many CR-1 gene transcripts are
present, initiating at multiple closely spaced sites lo-
cated upstream of the translation start AUG, and that
no intronic sequences interrupt the 5' untranslated re-
gion of the CR-1 gene. Analysis of the genomic DNA
region upstream of these mRNAs revealed (a) the ab-
sence of TATA and CAAT boxes (Breathnach et al.
1981; Benoist and Chambon 1981), (b) the presence
of a 25-pyrimidine stretch from nucleotide - 416 to
nucleotide - 391 (Evans et al. 1984; Yu and Manley
1986), and (c) two potential Spi binding sites (fig. 2).
Only the Spl binding-site sequence located at nucleo-
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tide - 298 conforms to the consensus sequence 5'-G/
TGGGCGGG/AG/AC/T3' (Kadonaga et al. 1986).
The CR-1 gene is organized into six exons, with

exon 4 containing the entire cysteine-rich EGF-like
segment. The human AR and TGFa genes are both
organized into six exons. The cysteine-rich EGF-like
sequence is interrupted by an intron in the AR, TGFa,
and EGF genes (Plowman et al. 1990) but is contained
within a single exon in the eight EGF-like repeats of
the EGF precursor gene, in the three repeats in the
low-density-lipoprotein receptor gene, and in the
blood-clotting-system genes (factors IX, X, and XII
and protein C) (Sudhof et al. 1985a, 1985b). We can
hypothesize that, from a common ancestral gene con-
taining the cysteine-rich segment coded by only one
exon, two groups of genes have been derived: one
group, like the CR-1 gene, contains the motif in a
single exon, whereas the other group, like the genes
coding from the growth factors of the EGF family,
contains this motif interrupted by an intron.
The CR-3 sequence has all the characteristics of a

retroposon, including the poly(A) tail and the lack of
introns (fig. 2 and fig. 3, bottom). A few mutations
distinguish the CR-3 and cDNA sequences, and six
amino acid changes are present in the CRIPTO-3 pro-
tein.
The transposition ofgenetic material from one locus

to another through an RNA intermediate is a docu-
mented evolutionary mechanism for sequence dupli-
cation, dispersion, and rearrangement, which con-
tribute to the fluidity of eukaryotic genomes. Some
5%-10% of the mammalian genome may consist of
sequences that arose by retroposition of cellular RNAs
(see review by Weiner et al. 1986). These retroposons,
like the Alu and Li sequences, generally possess an
internal promoter, no introns, and a remnant of a
3' polyadenylated sequence and are often flanked by
short direct repeats. Deletions at the 5' end and accu-
mulation of mutations contribute to transform these
retroposons into nonfunctional genes.

There are a few functional genes with characteristics
of retroposons (Soares et al. 1985; Clark et al. 1986;
Boer et al. 1987), suggesting that retroposition may
be a mechanism for gene duplication. In these cases a
new promoter drives the expression of the gene ac-
counting, e.g., for the testis-specific expression of the
phosphoglycerate kinase gene, pgK-2 (Boer et al.
1987; McCarrey and Thomas 1987).
The novel feature of CR-3 is the presence of a 440-

bp sequence, upstream of the first start of transcrip-
tion, that is 97% homologous to the CR-1 gene. The
presence of this long 5' upstream region of CR-1 in

CR-3 can be explained by hypothesizing retroposition
of a transcript starting either 440 bp upstream of the
most common start of transcription or, possibly, as a
PolIII transcript starting farther upstream. Alterna-
tively, a gene conversion mechanism is bound to be
involved to justify the similarity between these two
regions. Martin et al. (1983) have proposed that func-
tion was restored to the human &-globin gene, by a
gene conversion mechanism, from part of the pro-
moter region of the 3-globin gene.
The analysis of the nucleotide sequence of clone

CR-3 upstream of the region of similarity with CR-1
shows the presence of CAAT and TATA boxes, indi-
cating that the retroposition event has probably lo-
cated CR-3 downstream of a promoter region. At
present we cannot describe the mechanism that has
resulted in the same 5' region in front of the CR-3
sequence, as we have no data demonstrating that this
member of the family is expressed in certain cell types.

It is worth emphasizing that very few mutations
have accumulated in the CR-3 sequence. It is conceiv-
able that these two genes have related or identical func-
tions and may be expressed at different times or in
different cell types, the differences residing in the few
mutations present in both noncoding and coding re-
gions. This hypothesis is supported by preliminary
data obtained from the analysis of the mouse genome.
Among the mouse CRIPTO sequences analyzed, one
presents, like the human CR-3, a few sense mutations
(data not shown).
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