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We describe a novel imprinted gene, γγγγ2-COP
(nonclathrin co at protein), identified in a search for
expressed sequences in human chromosome 7q32
where the paternally expressed MEST gene is located.
γγγγ2-COP contains 24 exons and spans >50 kb of
genomic DNA. Like MEST, γγγγ2-COP is ubiquitously
transcribed in fetal and adult tissues. In fetal tissues,
including skeletal muscle, skin, kidney, adrenal,
placenta, intestine, lung, chorionic plate and amnion,
γγγγ2-COP is imprinted and expressed from the paternal
allele. In contrast to the monoallelic expression
observed in these fetal tissues, biallelic expression was
evident in fetal brain and liver and in adult peripheral
blood. Biallelic expression in blood is supported by the
demonstration of γγγγ2-COP transcripts in lymphoblastoid
cell lines with maternal uniparental disomy 7. Absence
of paternal γγγγ2-COP transcripts during embryonic
development may contribute to Silver–Russell syn-
drome. However, on mutation scanning the only γγγγ2-
COP mutation detected was maternally derived. Amino
acid comparison of γγγγ2-COP protein revealed close
relation to γγγγ-COP, a subunit of the coatomer complex
COPI, suggesting a role of γγγγ2-COP in cellular vesicle
traffic. The existence of distinct coatomer complexes
could be the basis for the functional heterogeneity of
COPI vesicles in retrograde and anterograde transport
and/or in cargo selection. Together, γγγγ2-COP and MEST
constitute a novel imprinting cluster in the human
genome that may contain other, as yet unknown,
imprinted genes.

INTRODUCTION

Genomic imprinting of genes resulting in preferential silencing
of the maternal or paternal allele in somatic cells plays a
pivotal role in several inherited disorders (1–6) and cancers
(reviewed in ref. 7). The epigenetic modifications regulating
monoallelic expression and determining imprints are yet to be
identified. There is strong evidence that DNA methylation and
differences in chromatin structure play a role in maintaining

transcription from only one parental allele (reviewed in ref. 8
For some imprinted genes, somatic regulation has been sh
to be controlled by enhancer competition (9) or by antisen
transcripts (10–12). The number of imprinted genes that ex
in the human genome is as yet unknown; current estimates v
between 100 and 200 (13). To date, only 24 human imprint
genes have been described and a few more in the mouse, h
isolating and characterizing novel imprinted genes is essen
for understanding the molecular mechanisms underlyi
genomic imprinting and their role in human diseases.

Over the past years, it has become apparent that imprin
genes tend to cluster, suggesting coordinated mechani
controlling gene expression and imprinting. In humans, tw
major imprinting clusters, each comprising >1 Mb of genom
DNA, have been described to date. One imprinting cluster is
chromosome 11p15, the region involved in Beckwith
Wiedemann syndrome (6), long QT and Jervell and Lang
Nielsen syndromes (14,15). The other cluster, on chromoso
15q11–q13, includes paternally transcribed genes which m
play a role in the pathogenesis of Prader–Willi syndrome (
and UBE3A, which is monoallelically transcribed from the
maternal allele in the brain and is involved in Angelma
syndrome (16–19).

Both hetero- and isodisomy of maternal chromosome
(mUPD7) have been described in association with dwarfis
and Silver–Russell syndrome (SRS; MIM 180860) (20–22
The finding of maternal heterodisomy implies that a
imprinted gene may be involved. In contrast, patern
isodisomy for the entire chromosome 7 has been reported
only two patients. One patient has normal stature and
clinically detectable abnormalities apart from congenit
chloride diarrhoea and mild high frequency hearing loss (2
The second patient was growth retarded at 6 months of age
has complete situs inversus and immotile cilia (24). Ve
recently, a girl with SRS who has partial mUPD7 wit
biparental inheritance of 7p13–q11 has been described (25
the putative SRS gene is imprinted, it can probably be ruled
from this chromosomal region.

To date the only imprinted gene identified on huma
chromosome 7 isMEST, which is transcribed from the
paternally derived allele in fetal tissues (26,27). Monoallel
transcription is accompanied by parent of origin-specif
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methylation. In the mouse, maternal duplication of proximal
chromosome 6, includingMest, results in early embryonic
lethality (28). More recently it has been shown that paternal
transmission of the disruptedMest allele causes embryonic
growth retardation and thatMest-deficient females show
abnormal maternal behaviour (29). Although the function of
the MEST gene product is still unknown, this finding was
particularly interesting in the light of the correlation between
mUPD7 and SRS. However, mutation scanning ruled out a
major role ofMESTin SRS (30).

We have asked whether chromosome 7q32 harbours
additional imprinted genes. Here we describe a novel
imprinted gene, designatedγ2-COP, that we found to overlap
with MEST. γ2-COP is transcribed from the paternally
inherited allele in most fetal tissues, providing clear evidence
that imprinting in 7q32 is regional. The precise role ofγ2-COP
protein remains to be elucidated. Its homologue,γ-COP codes
for a protein that is a component of the heptameric protein
complex of COPI vesicles (31). These vesicles are implicated
in biosynthetic protein transport within the early secretory
pathway between different cellular compartments and are
involved in anterograde endoplasmic reticulum (ER) to Golgi
transport, intra-Golgi transport, as well as retrograde Golgi to
ER transport (reviewed in refs 32–34). Moreover, becauseγ2-
COP is a good candidate gene for SRS, we have performed
mutation analysis in 42 patients with SRS and in nine patients
with primordial growth retardation.

RESULTS

Isolation of γγγγ2-COP

We previously reported the isolation and mapping of th
imprinted humanMESTgene. To isolate new genes adjacent
MEST we performed exon trapping experiments using PA
clone LLNLP704G0495Q13, which we knew to contain part
MESTand had been fluorescentin situ hybridization (FISH)
mapped to chromosome 7q32 (26). Subsequently, sev
putative exons were trapped (Fig. 1A). Sequence analy
highlighted exons that originated fromMEST and four
additional exons, two of which were identical to human EST
(T11264 and T11249 from adult pancreatic islet cells) and tw
showed similarity to bovine γ-COP cDNA (GenBank
accession no. X92987) as well as to a group of ESTs and t
overlapping contigs (GenBank accession nos THC263483
THC211632; Institute for Genomic Research, Rockville, MD
Some of the ESTs had been mapped to chromosome
Sequence comparisons with bovineγ-COP revealed lower per
cent identity for our new cDNA (data not shown). Therefor
we designated the newly identified geneγ2-COP.

To recover full-length cDNA, we extended our databa
search by BLASTN analysis using bovineγ-COPcDNA as the
query sequence for comparison, by cDNA library screeni
and by partially sequencingEcoRI subclones of the genomic
region 3′ to MEST, that were generated from cosmid
ICRFc113M1711Q4 (Fig. 1B). Homology searches identifie

Figure 1. Genomic organization ofγ2-COPand its location relative to the imprintedMESTgene in 7q32. (A) Exon/intron structure of humanγ2-COP, determined
from cosmids (ICRFc113K246Q4, M1711Q4, J2126Q1 and M216Q1), PACs (LLNLP704G0495Q13, M10128Q13 and COP1-6) and by long-range PCR
17, LR14-20 and LR17-20, numbers referring toγ2-COPexons). Black boxes represent translated regions, and open boxes 5′- and 3′-UTRs. The 282 bp longer 3′-
UTR found in threeγ2-COPcDNAs is indicated by grey boxes, of which the dark grey part represents the region that overlapsMESTby 52 bp. Exons with asterisks
were originally trapped from PAC clone LLNLP704G0495Q13. Introns of known sizes are depicted as horizontal lines between adjacent exons. Transtional
orientation ofγ2-COPandMESTare indicated by arrows, CpG islands by arrowheads. Positions of the translational start codon (ATG) and stop codon (T
related toγ2-COPcDNA (GenBank accession no. AF157833). (B) Contig of long-range PCR products (LR) covering exons 14–17, 14–20 and 17–20, cosmid
PAC clones. A deletion in two PAC clones is indicated by the dotted line. Short vertical lines above each clone representEcoRI restriction sites. (C) γ2-COPESTs
that were identified by BLASTN are represented by GenBank accession numbers, clone DKFZp408H026Q2 has been identified by library screeninge
ESTs AI202415 and AI214562 (data not shown), overlaps withMEST.
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eight human ESTs (GenBank accession nos AA483808,
AI202184, AA603481, AA909166, AA774034, AI150272,
AI202415 and AI214562). Library screening, including fetal
brain, lung, liver, spleen, heart, adult brain and testis, resulted
in six positive signals. However, only two clones, EST
AA483808 (IMAGp998N132233) from colon tumour and
DKFZp408H026Q2 from fetal lung, contained longer inserts,
the former harbouring exons 18–24 but also a deletion of 211
bp and the latter containing exons 14–24 which, like ESTs

AI202415 and AI214562 (data not shown), overlapped wi
the 3′-UTR of MESTby 52 bp (Fig. 1C). To obtain a full-
length cDNA, several rounds of 5′- and 3′-RACE were
performed with adapter-ligated Marathon cDNAs from fet
brain using sequence-specific primers. These experime
resulted in a cDNA of 2200 bp, lacking the 3′-region, which we
established in parallel by aligning overlapping IMAGE clone
and by sequencing genomic subclones.γ2-COP utilizes
alternative polyadenylation sites, located at positions 2791 a

Figure 2. Sequence of the humanγ2-COPcDNAs spanning 2828 and 3110 bp, respectively (GenBank accession no. AF157833) and their translation produ
most 5′ sequence was derived from RACE experiments. The ATG initiation codon that is in agreement with the translational start codon of bovineγ-COP is
underlined. Two putative polyadenylation signals are in bold, italic and underlined. The longer 3′-UTR that was found in three cDNA clones is underlined and th
region that overlaps withMESTis shown in bold. The L1PA2 similar repetitive element is shaded.
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2792 (AATTAA and ATTAAA), resulting in shorter
transcripts of 2828 bp, and at position 3089 (AATAAA),
thereby giving rise to longer transcripts (Fig. 2) (GenBank
accession no. AF157833). Attempts to extend the 5′-end did
not yield longer products and the position of the putative
transcription start site is strongly supported by the similarity
with the 5′-end of the bovineγ-COPcDNA.

Evolutionary conservation ofγ2-COP was studied by
Southern blot hybridization of humanγ2-COP cDNA to
genomic DNA of other species. The strongest signals we
observed with monkey, rat, mouse, dog and rabbit DNA (F
3). Although we had chosen stringent hybridization an
washing conditions, yeast DNA that contains only the distan
related γ-COP/Sec21gene also yielded weak hybridization
signals, which may be due to the much higher number ofγ-
COP templates in yeast DNA compared with all other DNA
on the blot. Cross-hybridization with humanγ-COP could be
ruled out by Southern blot hybridization with DNA from
suitable human–rodent somatic cell hybrids under the sa
conditions (data not shown).

In a BLASTX searchγ2-COPcDNA disclosed the highest
homology to bovineγ-COPand is 71% identical in 2615 bp.γ-
COPof Caenorhabditis elegansis 60% identical in 2516 bp, of
Arabidopsis thaliana61% in 2570 bp and ofSaccharomyces
cerevisiae56% in 634 bp (data not shown). No significan
homology was obtained toγ-COP of Schizosaccharomyces
pombe.

Genomic organization of humanγγγγ2-COP

To establish the complete genomic structure of the humanγ2-
COPgene, we employed long-distance PCR on genomic DN
and screened a chromosome 7-specific cosmid library an
PAC library. Most exon/intron boundaries were determined

Figure 3. Evolutionary conservation ofγ2-COP. Southern blot hybridization
of EcoRI-digested DNA from various species withγ2-COPcDNA as probe.
Strongest signals were observed in monkey, rat, mouse, dog and rabbit. Faint
bands are most likely results of cross-hybridization withγ-COP.

Table 1.Exon/intron sizes and junctions of the humanγ2-COPgene

The cDNA positions refer to GenBank accession no. AF157833. Bold represents 3′ and 5′ splice site consensus sequences.
n.d., unknown size.

Exon no. cDNA position Exon size (bp) Intron size (kb) 3′ splice site 5′ splice site

1 1–97 97 1.1 TCGCCG AGTCTG/gtacwc

2 98–150 53 0.55 aaatag/GTAGTG CAGGAG/gtatga

3 151–231 81 2.54 tcatag/GCTAGT AACCAG/gtatat

4 232–303 72 n.d. acttag/GGTGAA AATGAT/gtaagt

5 304–383 80 n.d. tttcag/CAAACA /CAAACA AAGCAG/ gtatgt

6 384–459 76 3.4 tcttag/TCTGAC ACCGAT/gtaagt

7 460–552 93 1.2 tattag/GGAACA TCCCTG/gtaagt

8 553–639 87 0.9 atttag/CACATG GTCCAG/gtattg

9 640–797 158 n.d. ctttag/TACCAT GGATGG/gtaagt

10 798–931 134 <7.0 tggcag/CCATGA TTTCAG/gtttgt

11 932–999 68 <7.0 ttttag/TTCTTC AACAAG/gtaggt

12 1000–1188 189 n.d. cacaag/GTGGCA TTCAAG/gtaaga

13 1189–1284 96 0.31 ttacag/GTGGTG /GTGGTG GATGAT/gtaggt

14 1285–1528 244 1.8 tgccag/GGAGGC GAGCTG/gtgagt

15 1529–1604 76 0.8 ttatag/CTGCTG ACAGAG/gtaagt

16 1605–1708 104 0.6 ggacag/GTGTAT TTAATG/gtcagt

17 1709–1834 126 1.1 tcacag/GTTTGA AAGCAG/gttcac

18 1835–1897 63 0.78 ttatag/AAATCA TCCAAG/gtatga

19 1898–2037 140 0.44 tgatag/AACAAT TTCCAG/gtaaga

20 2038–2209 172 n.d. tttcag/TTTGAC CAGCAG/nnnnnn

21 2210–2307 98 0.74 ctccag/TTGCAG TATGTG/gtgagt

22 2308–2446 139 0.31 cactag/CTGGAA TTGAAG/gtgaga

23 2447–2545 99 0.47 acacag/AGGCTG TGGCAG/gtaaga

24 2546–2676 131 tctcag/GTATAT GGATAA

3′-UTR 2677–3110
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direct sequencing on genomic clones using oligonucleotides
derived from theγ2-COPcDNA. Their selection was greatly
facilitated by comparing the humanγ2-COP cDNA with the
γ2-COP genomic sequence of the pufferfish,Fugu rubripes
(B. Brunner and V. Kalscheuer, unpublished data). A total of
24 exons were encountered and we found that the complete
γ2-COP gene spans >50 kb of genomic DNA. Exon/intron
sizes and splice junction sequences are shown in Table 1.
Splice sites are in good agreement with the 5′ and 3′ consensus
sequences.

The short 5′-untranslated region (5′-UTR) is G+C rich, has a
high frequency of CG dinucleotides and resembles CpG
islands. Genomic sequencing upstream of the 5′-UTR region
and including part of intron 1 revealed that the CpG island is
630 bp long (data not shown).γ2-COP and MEST are
orientated in a tail-to-tail configuration and their 3′-UTRs
overlap by 52 bp. A 27 bp long repetitive element, resembling
L1PA2 repeats, precedes this overlap (Fig. 2). At the same
position, a similar element is found in the mouseγ2-COPgene
(M. Lang and V. Kalscheuer, unpublished data). To search for
conserved synteny, we isolated genomic PAC clones
containing the mouseMest gene and found that these clones
hybridized with the mouseγ2-COPcDNA, indicating that the
gene order has been conserved in mammalian evolution.
Detailed characterization of the mouseγ2-COP gene and
expression studies are in progress.

γγγγ2-COP protein is a member of a small family

The γ2-COPcDNA contains an open reading frame (ORF) of
2613 nucleotides (nt) beginning with an ATG at nt 61.
Comparison of the nucleotide sequence surrounding this
putative initiation codon with the Kozak consensus sequence,
GCCA/GCCATGG, revealed matches at the conserved
positions –5, –4 and –3. Translation of theγ2-COP cDNA
yielded an ORF of 871 amino acids (Fig. 2). The predicted
protein identified five similar proteins in a BLASTP analysis.
The highest match with 81% identity was toγ-COP protein of
Bos primigenius (GenBank accession no. P53620). This
alignment supported the proposed start codon, as the two

proteins were in good register throughout their lengths.γ-COP
protein of C.elegans(GenBank accession no. Q22498) wa
61% identical and amino acid sequences ofA.thaliana
(GenBank accession no. O65673),S.pombe(GenBank acces-
sion no. P87140) andSaccharomyces cerevisiae(GenBank
accession no. P32074) showed 55, 46 and 38% ident
respectively. A PROSITE search (35) highlighted seve
presumptive glycosylation sites, one glycosaminoglyc
attachment site, one cAMP-and cGMP-dependent prot
kinase phosphorylation site, several protein kinase C a
casein kinase II phosphorylation sites, one tyrosine kina
phosphorylation site and severalN-myristoylation sites (data
not shown).

Expression of the humanγγγγ2-COPgene

In order to determine the expression pattern of the humanγ2-
COP gene, northern blots containing poly(A) RNA from
various adult and fetal tissues were probed withγ2-COP
cDNA. We detected a transcript of ~2.8 kb in all tissue
examined (Fig. 4), suggesting that the established cDNA is f
length. Highest expression levels were seen in fetal and ad
brain, adult skeletal muscle, heart, kidney and placenta. Fe
γ2-COPtranscripts were present in fetal lung, liver and kidne
and in adult thymus, colon, spleen, liver, small intestine, lu
and peripheral blood leukocytes. To assess the amount of R
in each lane, the same blots were reprobed withGAPDH(fetal)
andβ-actin (adult).

Imprinting of γγγγ2-COP

To investigate the imprinting status ofγ2-COP, we first
searched for an intragenic nucleotide sequence polymorph
which would allow paternally and maternally derived alleles
heterozygous PCR samples to be distinguished. Follow
amplification with sets of primers encompassing the 5′- and 3′-
UTR, respectively, single strand conformation polymorphis
(SSCP) analysis did not show any bandshift in DNA sampl
from 10 different individuals. Extending our search wit
primer sets located in introns, we found a bandshift in intron
and sequencing of heterozygous PCR samples revealed a
single nucleotide polymorphism. A total of seven fetal DN
samples were heterozygous for this polymorphism, and in fo
families the parental origin of the transcribed allele could b
determined. First strand cDNA was synthesized from t
unsplicedγ2-COP hnRNA molecules contained in the tota
RNA fraction from various tissues of all heterozygous fetuse
including skeletal muscle, skin, brain, kidney, adrenal, live
placenta, intestine, lung, chorionic plate and amnion. Sin
both primers were located in adjacent introns, mock cDN
synthesis reactions of each RNA sample that included
reagents except reverse transcriptase were performed
parallel and yielded no products. Subsequently, all RT–PC
products were subjected to SSCP analysis. Examples
shown in Figure 5A. In order to prove the concordanc
between the observed banding patterns and assum
monoallelic or biallelic expression, direct sequencing w
carried out in parallel. Examples are shown in Figure 5B. Bo
comparison of band patterns of genomic DNAs and cDNA
and their sequence analysis indicated monoallelic transcript
of the paternal allele in most fetal tissues. Biallelic expressi
was seen in all fetal brain and liver samples examine

Figure 4. Northern blot analysis of fetal and adult human RNAs. Blots were
hybridized toγ2-COP cDNA. A signal of ~2.8 kb was present in all tissues
examined. Control hybridizations withGAPDH (fetal) and β-actin (adult)
allowed determination of expression level ofγ2-COP.
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although barely visible by SSCP in the liver of fetus 5
(Fig. 5A). A summary of all results is given in Table 2. These
findings are consistent with genomic imprinting ofγ2-COPin
fetal tissues, with the exception of brain and liver.

The same polymorphism was used to study allele-specific
expression of γ2-COP in adult blood lymphocytes.
Interestingly, the two heterozygous samples investigated
showed transcripts from both parental alleles. We therefore
extended our analysis to total RNA isolated from
lymphoblastoid cell lines from two patients with mUPD7. In
both cell linesγ2-COPtranscripts were present, supporting our
previous observation of biallelic expression in blood. In
contrast to adult blood lymphocytes, one heterozygous

fibroblast cell line examined showed monoallelic expression
γ2-COP(data not shown).

Mutation scanning in SRS patients

The assignment of the humanγ2-COP gene to chromosome
7q32, our finding that it is imprinted and transcribed from th
paternally derived allele and its ubiquitous expressio
prompted us to perform mutation scanning in 42 SRS patie
and nine patients with primordial growth retardation. All 2
exons, including exon/intron boundaries, were screened
means of SSCP. Primers and PCR conditions are given
Table 3. Except for five polymorphisms, including two G/A
substitutions in the PCR product of exon 17, intron 17 (36/1

Figure 5. Parental imprinting ofγ2-COPin human fetal RNA. Amplification was performed across the single nucleotide C/A polymorphism in intron 22. Prod
were separated on SSCP gels and partly subjected to direct sequencing. (A) SSCP analysis of five informative fetuses, parental DNA and fetal RNA with oppos
genotypic paternal origin of the expressed allele (1, lower allele; 2, upper allele; 3 and 4, upper allele; 5, lower allele). P, paternal DNA; M, maternal DNA; F, fetal
DNA. (B) Direct sequencing (samples that are shown in SSCP gels 1 and 2) of opposite genotypic alleles, showing correspondence of SSCP band patterc
transcription ofγ2-COPin fetal tissues. The results indicate thatγ2-COPtranscripts are paternally derived in all fetal tissues investigated, except for fetal brain
liver, which showed biallelic expression.
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DNA samples), a G/A substitution in intron 18 (18/51), a C/T
substitution in intron 20 (21/51) and a C/A substitution in
intron 22 (26/51), only one bandshift was detected in a patient
with SRS (data not shown). Subsequent direct sequencing of
the PCR product showed a mutation at position 574
(GAT→CAT) of the γ2-COP cDNA, changing Asp to His.
This bandshift has not been detected in other patients nor in 98
DNA samples from healthy controls. SSCP analysis of
parental DNA revealed that the mutation was maternally
derived, and thus not expressed in most fetal tissues (data not
shown).

DISCUSSION

Imprinted genes are not randomly dispersed throughout the
genome, but tend to cluster. We have used exon trapping in
order to identify genes adjacent to humanMEST, previously
shown by us and others to be imprinted in humans (26,27).
This approach led to the isolation ofγ2-COP, another
imprinted gene. Monoallelic transcription of the paternally
inherited allele was evident in all fetal tissues examined,
except for brain and liver. Due to limited material, we could
not examineγ2-COP expression at earlier stages of human
fetal development, which leaves open the question of whether
imprinting is not established in brain and liver at all or whether
it is lost during early embryonic development. Our finding of a
new imprinted gene that overlapsMEST defines a new
imprinting cluster in the human genome. BothMESTandγ2-
COPare ubiquitously transcribed from the paternally inherited
allele. Their tail-to-tail orientation implies that transcription of
MESTand γ2-COP is initiated on opposite DNA strands. At
present it is unclear whether imprinted transcription of these
genes is regulated in a coordinated fashion.

Database searches with humanγ2-COP and bovineγ-COP
cDNAs revealed related EST sequences that originate from a
gene located on human chromosome 3. Sequence alignment of
these ESTs resulted in a 2034 bp long cDNA that was more
closely related toγ-COP of other species than to humanγ2-
COP, strongly suggesting that these transcripts represent the
bona fideγ-COPgene. The completely sequencedS.cerevisiae
and C.elegansgenomes do not contain an orthologue ofγ2-
COPbut the genomes of mouse and pufferfish (F.rubripes) do
and, as in humans,γ2-COPresides in an orthologous genetic
map position relative toMest (M. Lang, B. Brunner and V.
Kalscheuer, unpublished data). Based on these findings, it is
tempting to speculate that theγ2-COPgene evolved from the
ancestral γ-COP form prior to the human–pufferfish
divergence or, alternatively, the ancestral gene may have been
lost in yeast and nematodes.

In yeast and mammalian cells COPI-coated vesicles mediate
Golgi to ER recycling of membrane proteins which contain a
dilysine retrieval motif. However, it is clear that COPI also
influences transport in the forward direction (reviewed in refs
32–34). The coat of COPI consists of a cytosolic
heterooligomeric protein complex, the coatomer, made up of
seven subunits,α, β, β′, γ, δ, ε and ζ, and of the ADP
ribosylation factor (ARF1). It has been shown that it is theγ-
COP subunit that binds to both the dilysine motifs of
membrane proteins of the early secretory pathway and to the
cytoplasmic domain of p23, a major transmembrane protein of
COPI vesicles (36–38). It is still not clear how COPI vesicles

incorporate all of the diverse proteins that reside in the Go
and how the function of coatomer in both the anterograde a
the retrograde direction is regulated. Our finding of a new ge
that codes for aγ-COP homologue suggests that in vertebrat
at least two distinct coatomer types exist, one containingγ-
COP and the otherγ2-COP. These distinct coatomers could b
the basis for functional diversity in retrograde and anterogra
transport and/or in cargo selection, in contrast to the situat
in S.cerevisiaeandC.elegans, which have only a singleγ-COP

Table 2.Overview of fetal tissues examined for allele-specific expression o
humanγ2-COP, including paternal and maternal genotypes and expression
pattern (numbering is identical to that in Fig. 5A)

Fetal RNAs that were informative for determining�2-COP expression from
the paternal allele are shown in bold.

DNA/RNA Tissue Allele Expression

1. Paternal DNA C + A

Maternal DNA C + C

Fetal RNA Brain C + A Biallelic

Liver C + A Biallelic

Adrenal A Paternal

Kidney A Paternal

Muscle A Paternal

Lung A Paternal

Chorionic plate A Paternal

2. Paternal DNA C + A

Maternal DNA A + A

Fetal RNA Brain C + A Biallelic

Liver C + A Biallelic

Kidney C Paternal

Placenta C Paternal

3. Maternal DNA C + A

Fetal RNA Skin C Monoallelic

Brain C + A Biallelic

Kidney C Monoallelic

Intestine C Monoallelic

Muscle C Monoallelic

4. Paternal DNA C + C

Maternal DNA A + A

Fetal RNA Brain C + A Biallelic

Liver C + A Biallelic

Muscle C Paternal

Placenta C Paternal

Kidney C Paternal

5. Paternal DNA C + A

Maternal DNA C + C

Fetal RNA Lung A Paternal

Muscle A Paternal

Amnion A Paternal

Adrenal A Paternal

Liver C + A Biallelic

6. Fetal RNA Intestine A Monoallelic

Kidney A Monoallelic

Muscle A Monoallelic

7. Fetal RNA Kidney C Monoallelic
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gene. The recent finding of a mammalianζ-COP-related gene,
ζ2-COP, the product of which is associated with the COPI
complex, and the observation that a given COPI complex
contains eitherζ-COP orζ2-COP (39) supports the existence
of several distinct coatomer forms. Together, these data imply
that many or most mammalian cells contain at least two forms
of COPI. Location of theγ2-COP protein within the cell is
currently being investigated.

MouseMestmaps to proximal chromosome 6 (40). Genetic
studies have shown that maternal duplication and paternal
deficiency of chromosome 6 proximal to the translocation
breakpoint T6Ad cause early embryonic lethality (28).
However, knockout experiments have revealed that loss of
Mest results in viable, but growth-retarded, embryos (29).
Based on these results, it is tempting to speculate that lack of
transcripts from yet another imprinted gene that maps to
proximal chromosome 6 and which is also expressed from the
paternally derived allele accounts for fetal lethality. We have
found evolutionary conservation of synteny which may
suggest that imprinting is also conserved and that absence of
paternal γ2-COP transcripts may be responsible for the
imprinting effect observed in the mouse. This contrasts with
the situation in humans where mUPD7 is compatible with life.
Current investigations of the mouseγ2-COP gene will soon
shed more light on this issue.

Ubiquitous transcription ofγ2-COP, its imprinting status
and chromosomal location prompted us to perform mutation

scanning in SRS patients. However, apart from ne
polymorphisms we only found one patient who had a mutati
in its maternally derived transcriptionally silent allele.

In summary, we have isolated a novel gene,γ2-COP, that is
subjected to imprinting in a tissue-specific manner. Ongoi
studies in the mouse will soon reveal details of the spat
temporal expression of this gene and will provide more insig
into the involvement ofγ2-COP in vesicle traffic. The location
of γ2-COP defines a new cluster of imprinted genes in th
human genome which may contain other, as yet undetec
genes that are also subject to imprinting. The ongoing sea
for these genes and their characterization may help to unra
the mechanisms controlling imprinting and its function.

MATERIALS AND METHODS

Identification of human γγγγ2-COPby exon trapping and
establishment of the full-length cDNA by library screening
and RACE

Following restriction digestion of PAC clone
LLNLP704G0495Q1 withEcoRI, PstI and SstI, fragments
were shotgun cloned into the pSPL3 vector, provided with t
exon trapping system of Gibco BRL (Eggenstein, German
All steps were performed according to the supplier
instructions. COS-7 cells (4× 105) were transfected with 1µg
of plasmid DNA and total RNA was isolated with Trizo

Table 3.PCR primers and conditions used for humanγ2-COPmutation scanning

Amplification of the first exon was performed including 10% glycerol and 3.5% formamide. All primers are shown 5′→3′.
Ta, annealing temperature.

Exon Forward primer Reverse primer Size (bp)Ta (°C) MgCl2 (mM)

1 ccgagtgaaggcgcggcg gccggcctgaaagcaggtg 245 66 1.5

2 gttcacttcccaagcattcag attctctgcccaccactct 215 60 3

3 gctataatctgtgatagaaaaggta aggacacacttatctgagg 177 59 3

4 tttgcagaaatagaaaatcctgt gaacactcttagttccctg 238 57 1.5

5 ttttttttggtagatgagactctt cctattggctttcttatggtc 308 58 2

6 ttggctaggggtgaactc aaatcctactaaatctacatggc 224 58 3

7 ataagagtaattttgcataaacatgt actcaaaactgtaccatgctta 206 58 1.5

8 ctcttgggaaatgtctgtg atgctgatcctgagacaag 229 59 1.5

9 ctttctaatccatgtgctacc gcaaatggaaaataacccagg 239 59 1.5

10 ctgtgcttttaatccctatgc caaaaacttaggaacataaaagcc 256 60 3

11 atagttctcttaagccaggag gagagaaaaccaaatgcttcac 234 60 3

12 tttttttcttgcccttccac ataaataggcagccaacaga 266 57 3

13 taggaaagtatgtttagtagcc tacttgagaggcatactgag 284 58 1.5

14 aatggcagttttatcttcttttttg agcatcgtcaatatcagtgtc 306 58 3

15 cactgaacatggggacac cgccctatggtagaatgag 258 61 1.5

16 tactgtgacatgactattctg aaaatatgcttccaagacacc 199 57 1.5

17 ggcaagaggttataatgctg agtgacaattaaatgagtattagag 257 58 3

18 gctagaaatgtctgctctc tacaatgcctaggggaaag 207 57 1.5

19 tccctgtcttcttcatagc tttgtctcaaagcataccagtt 242 57 1.5

20 tatgagtaggaaggataacttg ttagaaacctgctgtaggg 239 58 3

21 cttgcactccccactgat gaaaaatgttctctcaaggca 220 58 3

22 aaggacttttctttactgactgct gatcaattagatgatgaagacagg 330 61 2

23 caccctgtcttcatcatct tgatgggacaacagcaaggc 378 61 2

24 ccagtgcttgttttgggt tgcttgatctgctggctc 333 58 3
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(Gibco BRL). A total of fourγ2-COP exons were trapped,
identifying two expressed human sequences by BLAST
(http://www.ncbi.nlm.nih.gov/cgi-bin/BLST/nph-blast ) and
the bovineγ-COPcDNA by FASTA. Human ESTs containing
the 3′-UTR of γ2-COP were identified by a BLAST search
using the bovineγ-COP cDNA as query sequence. A THC
database search at the Institute for Genome Research
(Rockville, MD) identified two EST contigs, THC263483 and
THC211632. These contigs were found to overlap and to
correspond to a single cDNA that is homologous toγ2-COP.

Human cDNA libraries were obtained from the Resource
Center of the German Human Genome Project (Berlin,
Germany) and were hybridized withγ2-COP cDNA
essentially as described previously (26).

5′- and 3′-RACE experiments were performed using the human
fetal brain Marathon-Ready cDNA library with the Advantage
cDNA PCR kit (Clontech, Heidelberg, Germany). Primers were
designed in one of the trapped exons: 241, 5′-AGTAAGCGACT-
GGCAATTCGGATCAGC-3′, and 242 (nested), 5′-TGGCAAT-
TCGGATCAGCATGCAGTAAGC-3′, for 5′-RACE; 243, 5′-
TCCAGTACCATGCATTGGGAGTC-3′, and 211 (nested), 5′-
TGCATTGGGAGTGCTGTATCACC-3′, for 3′-RACE. Ampli-
fications were carried out as ‘touchdown’ PCRs with annealing/
extension steps of 70→68→66°C for 5′-RACE and
69→67→65°C for 3′-RACE. Products were subcloned into
pGEM-T-Easy vector (Promega, Mannheim, Germany) and
sequenced in a Li-Cor (MWG-Biotech, Ebersberg, Germany)
automated sequencer using standard sequencing primers.

Southern and northern blot hybridizations

For blot hybridizations, DNA probes were labelled by random
priming in the presence of [α-32P]dCTP (Amersham, Little
Chalfont, UK). Human multiple tissue northern blots (fetal
MTN II, adult 12-lane; Clontech) were hybridized at 42°C in
5× SSPE, 50% deionized formamide, 5× Denhardt’s solution,
1% SDS and 10% dextran sulphate withγ2-COP cDNA.
Washing was in 0.1× SSPE, 0.1% SDS at 65°C and
autoradiograms were exposed at –70°C for 16–50 h. Control
hybridizations were performed with humanβ-actin and
GAPDHcDNA probes.

Southern blot hybridizations were performed at 65°C, a zoo
blot (Clontech) was hybridized withγ2-COPcDNA probe at
60°C and subsequently washed at the same temperature for 2×
5 min in 2× SSC, 0.1% SDS and for 1× 20 min in 1× SSC,
0.1% SDS.

Polymorphism and allele-specific transcription in fetal
tissues by means of SSCP, RT–PCR and direct sequencing

With the informed consent of the parents, biopsies from
therapeutic and spontaneous abortions were taken after delivery.
DNA was isolated from tissues, blood lymphocytes and cell
lines according to standard techniques. PCR was carried out on
100 ng of genomic DNA in a 25µl reaction mixture using
10 pmol of each primer, 2 mM MgCl2, 250 µM dNTPs and
0.5 U of Taq DNA polymerase (Perkin Elmer, Weiterstadt,
Germany). The amplification consisted of a total of 35 cycles at
95°C for 1 min, 61°C for 1 min 30 s and 72°C for 2 min. Primers
used were 370, 5′-TGATGGGACAACAGCAAGGC-3′, and
406, 5′-CACCCTGTCTTCATCATCT-3′.

Total RNA was isolated using Trizol (Gibco BRL). Firs
strand cDNA was synthesized from 250–500 ng of total RN
with MMLV reverse transcriptase (Gibco BRL) for 90 min a
37°C using random hexamer primers and was subjected
PCR with a total of 40 cycles under the same conditions
genomic DNA.

For polymorphism and analysis of allele-specifi
transcription by SSCP, amplification products were load
onto MDE polyacrylamide gels (FMS BioProducts, Rocklan
ME) in 1× TBE, which were run at 500 V for 7 h at 20°C.
Silver staining was according to a standard technique. R
PCR products were sequenced with primers 370 and 406 on
ABI automated sequencer.

Genomic structure of γγγγ2-COP

A chromosome 7-specific cosmid library and a human PA
library were screened according to standard protocols. Intro
6–9 and 13–20 were amplified with exon-specific prime
using an Expand Long Template PCR System (Roch
Mannheim, Germany) according to the protocol supplied
the manufacturer. PCR amplifications consisted of 35 cycles
20 s at 92°C, 30 s at 60–65°C (primer-dependent) and 8 min a
68°C; for the last 25 cycles, each extension step was prolong
by 20 s. Exon/intron junctions were determined by dire
sequencing with cDNA-specific primers on cosmid and PA
DNA or long-range PCR products, using the Taq DyeDeo
terminator cycle sequencing kit (Applied Biosystem
Weiterstadt, Germany), and analysed on an ABI 37
automated sequencer.

Mutation analysis by means of SSCP

Primers used for mutation scanning of all 24 exons we
designed in flanking introns. Primer sequences, sizes
amplification products and PCR conditions are outlined
Table 3. All PCR products were analyzed in 8%
polyacrylamide gels containing 2% glycerol using fou
running conditions: 29:1 and 49:1 acrylamide:bis-acrylami
and 15 and 20°C. Silver staining was performed according to
standard technique.
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