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We have identified a novel human gene, ZIM2 (zinc-
finger gene 2 from imprinted domain), located 25 kb
downstream of PEGS3 (paternally expressed gene 3).
ZIM2 produces two different-size transcripts, 2.5 and
9.0 kb in length, with highest levels of expression in
adult testis and modest levels in fetal kidney and
brain. The 2.5-kb transcript of ZIM2 consists of 11 ex-
ons and encodes a Kruppel-type (C2H2) zinc-finger
protein with a conserved Kruppel-associated box
(KRAB) domain. Rapid amplification of cDNA ends
and cDNA sequencing studies showed that ZIM2 and
PEG3 transcripts share identical 5’-ends, composed of
7 small exons. Alternative splicing events connect
these 7 exons either with the remaining 2 exons of
PEG3 or with the remaining 4 exons of ZIM2. Interest-
ingly, the third among the 7 shared exons exhibits
sequence similarity to leucine-rich domains that are
found at the N-terminal region of a subset of KRAB-
containing zinc-finger genes. Sequencing of the 5'-ter-
mini of both transcripts indicates that ZIM2 and PEG3
share identical transcription start sites and may also
share upstream regulatory elements, although the two
genes show distinct patterns of tissue-specific

expression. © 2000 Academic Press

Peg3 (paternally expressed gene 3) is the first im-
printed gene identified from the proximal region of
mouse chromosome 7 (7). Peg3 encodes a Cys2-His2
zinc-finger protein, most of which are thought to act as
transcription factors (13, 14). Recently, the in vivo mu-
tational study of Peg3 has demonstrated a role for this
gene in determining the maternal caring behavior of
female adults (8). The human homolog of Peg3 has
been previously mapped to a genomic region in chro-
mosome 19q13.4, where a large number of Kruppel-
type (C2H2) zinc-finger genes (ZNFs) are clustered (5).

Sequence data from this article have been deposited with the
EMBL/GenBank Data Libraries under Accession No. AF166122.
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Since imprinted genes tend to be clustered in chromo-
somal regions (1, 9, 12), we have examined the struc-
ture, expression, and imprinting status of ZNF genes
that are located close to human and mouse PEGS3.
Using this approach, a maternally expressed mouse
imprinted gene, Zim1 (imprinted zinc-finger gene 1),
was identified recently (6). In this study, we describe a
new human zinc-finger gene, ZIM2 (zinc-finger gene 2
from imprinted domain), located near PEG3 and report
the genomic organization and expression patterns of
ZIM2 in human tissues.

During initial studies of human PEG3 (5), we iso-
lated one evolutionarily conserved genomic fragment,
14378Krab, from the region downstream of PEG3 (6).
This genomic fragment encodes a potential Kruppel-
associated box A domain (KRAB A), which is often
found at the N-terminus of Kruppel-type (C2H2) zinc-
finger proteins (2, 14). By examining the completed
sequence of a human BAC clone containing PEG3
(GenBank Accession No. AC006115), we were able to
locate the KRAB fragment sequence 25 kb downstream
of human PEGS3. Careful inspection of the surrounding
areas also identified a putative zinc-finger-encoding
region. Subsequent BLAST analyses with this finger
sequence identified a single EST entry (GenBank Ac-
cession No. AA883959) in the database, suggesting the
presence of an actively expressed ZNF gene, hereafter
named ZIM2. The EST clone, about 300 bp in length,
contains only part of the finger region and 3'-UTR
region of ZIM2. Therefore a series of RT-PCR and rapid
amplification of cDNA ends (RACE) experiments were
performed to obtain full-length cDNAs for ZIM2. First,
a 1.2-kb ZIM2 cDNA was amplified from a testis cDNA
template (human testis Marathon cDNA template;
Clontech) by RT-PCR with two oligonucleotide prim-
ers: 14378KRAB-A (5'-TGACCTTCGAGGATGTGCTT-
3') and ZIM2-4 (5'-CAGTGATCGCACTCAACAGT-3').
Second, both 5’- and 3’-ends of ZIM2 cDNA were fur-
ther extended through the RACE technique (4) with
the following two primer sets: ZIM2-4 and
14378KRAB-B (5'-CCAGGGAGACCAGTTCCGGT-3')
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FIG. 1. Genomic organization of human PEG3/ZIM2 and mouse Peg3/Zim1. The exons are depicted by black boxes. The transcriptional
direction of each gene is indicated by an arrow. The transcribed parental allele of each imprinted gene is indicated by a sex symbol
underneath the arrow. The positions and directions of oligonucleotide primers used for this study are also indicated by small arrowheads.
The 5’-ends of human and mouse PEG3 were determined with two separate RACE experiments using the following oligonucleotides:
hPEG3-6 (5'-CACTGAACGACCTCCCACAC-3') and hPEG3-7 (5'-ATGCATGATCTGGTGCTCAA-3') for human PEG3 and mPeg3-c (5'-
CGAGACTCATAATCCATGGAACGTC-3') and mPeg3-d (5'-TCTGTCCAGTCCAAAATGTGGTCTT-3') for mouse Peg3.

for 5'-RACE and 14378KRAB-A and ZIM2-3 (5'-
GAGAGGCCTTACCAGTGTCA-3') for 3'-RACE (Fig.
1). Overall we were able to clone and sequence a 2.1-kb
cDNA corresponding to ZIM2 (GenBank Accession No.
AF166122). Analyses of the sequence of ZIM2 cDNA
revealed one open reading frame, 527 amino acids in
length (Fig. 2A), composed of a central KRAB A domain
and five C-terminal ZNF units. In contrast to other
Kruppel-type ZNFs, the finger domain of ZIM2 con-
tains two degenerate finger units (one is between fin-
gers 2 and 3 and the other is between fingers 3 and 4).

Sequence comparison of ZIM2 cDNA with the human
genomic sequence, surprisingly, indicated that the first
seven exons of ZIM2 are located upstream of PEGS,
while the remaining four exons are located down-
stream of this gene (Fig. 1). Because of the unusual
arrangement of the exons, we tested whether the 5'-
most seven exons of ZIM2 are also part of the PEG3
transcript by performing independent RACE experi-
ments using two oligonucleotides, hPEG3-6 and -7,
derived from a unique region of PEG3. These 5'-RACE
experiments identified eight small exons located up-

stream of the reported human PEG3 cDNA sequence, a
single block of 7 kb corresponding to exon 9 in Fig. 1
(GenBank Accession No. AB006625). This result con-
firmed that the first seven exons of ZIM2 are indeed
identical to unidentified 5'-exons of PEG3. Our two
separate 5-RACE experiments with oligonucleotide
primers designed from the unique region of either
PEG3 or ZIM2 all derived an identical 5’-end, suggest-
ing that transcription of the two genes may start at the
same site. These data suggest that two genes may also
share regulatory elements for transcription.

The homologous mouse region, which contains Peg3
and Ziml1, has also been analyzed in detail (Fig. 1).
Five of the novel human PEG3/ZIM2 exons identified
in RACE experiments are homologous to cDNA se-
guences previously described for mouse Peg3. These
studies reported a 5.5-kb mouse Peg3 cDNA sequence
(7; GenBank Accession No. AF038939), which corre-
sponds to exons 3-8 and part of exon 9 (8). 5'-RACE
experiments with two primers, mPeg3-c and -d, de-
rived from the mouse Peg3 sequence identified two
more exons upstream of the known exons. Our data
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FIG. 2.

(A) The amino acid sequence of ZIM2. The conceptual amino acid sequence of ZIM2 starts at exon 3 and ends at exon 13. The

shared region between ZIM2 and PEG3 is exon 1 through 7. The last two exons of PEG3 (exon 8 and 9) are skipped in the ZIM2 protein. The
two single-letter symbols, C (cysteine) and H (histidine), in the finger domain are in boldface type. (B) Comparison of the LeR domain of
human PEG3/ZIM2 with other LeR representatives. The LeR domain of human PEG3/ZIM2 (exon 3) is shown with the LeRs found in other
ZNFs. The GenBank accession numbers and positions of these LeRs are indicated. The first in-frame initiation codon and the following amino
acids (MYQPE) in exon 3 of human and mouse PEG3/ZIM2 are in boldface type.

also indicated that exon 9 of mouse Peg3 is approxi-
mately 8 kb in length based on the detection of a
poly(A) signal 3 kb downstream of the reported 5.5-kb
sequence (Kim et al., unpublished results). The com-
bined length of this large 3’ block and the upstream
exons totals 9 kb, consistent with the size of the major
transcript detected by human and mouse Peg3 probes
(5). The overall exon structure of Peg3 is well conserved
between human and mouse: the first two exons are
located more distantly upstream, whereas exons 3
through 6 are clustered in a small region, approxi-
mately 2 kb in length, in both species. Sequence com-
parison of newly identified 5’-exons of human and
mouse PEGS3 shows a high level of conservation, about
80% nucleotide sequence identity over the 800-bp re-
gion.

Contradictory to our initial report regarding the rel-
ative gene orientation of Zim1 and Peg3 transcription
units (6), further analyses showed clearly that Zim1

lies in the same transcriptional direction as Peg3 (Fig.
1). The relative location and orientation of mouse Zim1
and Peg3 are very similar to those of human ZIM2 and
PEG3. However, comparative analyses of mouse Zim1l
and human ZIM2 revealed that the two genes share
only approximately 30% amino acid sequence identity,
suggesting that they are only distantly related. The
low level of sequence homology between the coding
sequences of Zim1 and ZIM2 led us to predict that the
genomic interval between PEG3 and neighboring
genes would also not be conserved in the two species.
However, evidence of the shared transcriptional orien-
tation and the close proximity of mouse Peg3 to Zim1 (a
7-kb distance from the poly(A) signal site of Peg3 to the
first exon of Zim1) prompted us to test whether Zim1l
might also share exons with Peg3. The results of sev-
eral RT-PCR and RACE experiments indicated no exon
sharing in mouse (data not shown). Therefore, our data
may suggest that Zim1 and ZIM2 are not orthologous
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FIG. 3. ZIM2 expression. (A) Northern blot analyses of ZIM2. Each lane contains 2 ug of poly(A)" RNA. The finger region of ZIM2 was
used as a probe. P.B.L. stands for peripheral blood leukocytes. (B) Competitive RT-PCR analyses of PEG3 and ZIM2. Normalized cDNA
templates derived from different adult tissues (human rapid-scan; OriGene Technologies) were used to measure the relative amount of PEG3

to ZIM2 transcripts.

genes and further, that exon sharing between PEG3
and its nearest downstream neighbor is a unique fea-
ture of the human gene.

The open reading frames of human PEG3 and ZIM2
start at the first in-frame initiation codon located in
exon 3; this feature also appears to be true for mouse
Peg3. The region immediately upstream of that initia-
tion codon, however, presumably within the 5’-UTR of
PEG3 and ZIM2, is a region containing an open read-
ing frame that exhibits unusual homology with an-
other evolutionary conserved domain, termed the
leucine-rich (LeR) domain (10) (encoded by exon 3).
Sequence searches with the translated amino acid se-
guence of exon 3 identified a large number of matched
protein entries in the database, most of them being
Kruppel-type ZNF genes (Fig. 2B). However, sequence
analysis of RACE products provided no indication of
another in-frame initiation codon upstream of exon 3.
Exon 3 of mouse Peg3 is quite diverged relative to the
human exon 3 sequence; it contains several deletions
and thus encodes an amino acid sequence that no
longer shows significant similarity to the LeR domain
(Fig. 2B). Although a functional role cannot be ruled
out at present, these observations suggest that the LeR
domain may represent a relic from the evolutionary
history of the PEG3 region.

To examine the expression patterns of ZIM2, human
Northern blots containing poly(A)" RNA isolated from

fetal and adult tissues were hybridized with a 1-kb
cDNA corresponding to the finger region (exon 13) of
ZIM2, a region unique to ZIM2 (Fig. 3A). Transcripts of
2.5 and 9.0 kb were detected. The 2.5-kb transcript is
expressed only in adult testis and is present at a much
higher level than the 9-kb transcript in this tissue. In
contrast, the 9-kb transcript is expressed at modest
levels in adult testis as well as fetal kidney and brain
(Fig. 3A). RACE experiments failed to yield additional
ZIM2 transcribed sequences, and the 9.0-kb transcript
detected by ZIM2 probes on Northern blots remains to
be characterized. In contrast to the testis-specific ex-
pression of ZIM2, PEG3 is expressed at high levels in
ovary, testis, and placenta and also at modest levels in
brain and heart (5). This difference was further tested
with competitive RT-PCR experiments, designed to
measure the relative expression levels of PEG3 and
ZIM2 by amplifying the shared region of PEG3 and
ZIM2. Three different oligonucleotide primers were in-
cluded in the same reaction tubes of this RT-PCR anal-
ysis: hPEG3-5 (5'-AACCACCCTTTTGAATCTGA-3')
derived from exon 1 as a 5’ primer for both PEG3 and
ZIM2, hPEG3-7 as a 3'primer specific for PEG3, and
14378KRAB-B as a 3'primer specific for ZIM2. The
detection of PEG3 expression in placenta, testis, and
brain (data not shown) and the ZIM2 expression in
testis are consistent with the results derived from
Northern blot analyses of PEG3 and ZIM2. The rela-



118

tive amount of PEG3 to ZIM2 transcripts in testis
appears to be almost equal based on the result of this
experiment (Fig. 3B). This RT-PCR test also demon-
strated independently the exon sharing of PEG3 and
ZIM2. According to our cDNA cloning experiments,
PEG3 and ZIM2 might share regulatory elements;
however, the two genes do show quite different expres-
sion patterns. This difference might be caused by fac-
tors other than different transcriptional regulatory el-
ements. One possible explanation would be different
rates of splicing and/or polyadenylation reactions be-
tween various tissues (3).

The predicted ZIM2 protein contains a KRAB A and
Kruppel-type (C2H2) zinc-finger domains, suggesting
the functional role of ZIM2 as a transcription factor
(13, 14). 5’'-Exons of ZIM2 are identical to previously
unidentified 5’-exons of human PEG3, demonstrating
exon sharing between the two genes. A similar exon
sharing has also been observed in the Gnas locus,
where three splicing variants of Gnas share most of the
protein-coding exons but all three are derived from
different promoters (11). It is also interesting to know
that Gnas is imprinted. Although the genomic layout of
the PEG3-ZIM2 region is very similar to that of the
mouse Peg3-Ziml interval, the exon sharing that char-
acterizes PEG3 and ZIM2 is not observed for Peg3 and
Ziml in mouse. These data together with the low de-
gree of homology between ZIM2 and Zim1l sequences
suggest that significant changes have taken place in
this genomic interval since the divergence of human
and mouse. One of exons shared by PEG3 and ZIM2 is
similar to the LeR domains often found in the N-ter-
minus of KRAB-ZNFs. Considering the close location of
PEG3 to numerous KRAB-ZNF genes and the presence
of the LeR domain in one of PEG3's exons, it is possible
that PEG3 may have either been derived from or co-
evolved with KRAB-ZNFs.
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