http://genomebiology.com/2001/2/5/research/0017.1

Research
Genomic structure of the gene for mouse germ-cell nuclear factor
(GCNF). 1. Comparison with the genomic structure of the human

GCNF gene
Ute Siisens and Uwe Borgmeyer

Address: Zentrum fiir Molekulare Neurobiologie, Universitit Hamburg, Martinistrasse 52, D-0246 Hamburg, Germany.

Correspondence: Uwe Borgmeyer. E-mail: uwe.borgmeyer@zmnh.uni-hamburg.de

Received: 5 March 2001
Accepted: 9 April 2001

Published: 2 May 2001
Genome Biology 2001, 2(5):research0017.1-0017.7

The electronic version of this article is the complete one and can be
found online at http://genomebiology.com/2001/2/5/research/0017

© 2001 Susens and Borgmeyer, licensee BioMed Central Ltd
(Print ISSN 1465-6906; Online ISSN 1465-6914)

Abstract

Background: Germ-cell nuclear factor (GCNF, NR6AI) is an orphan nuclear receptor. Its
expression pattern suggests it functions during embryogenesis, in the placenta and in germ-cell
development. Mouse GCNF cDNA codes for a protein of 495 amino acids, whereas the four
reported human cDNA variants code for proteins of 454 to 480 amino acids. Apart from this size
difference, there is sequence conservation of up to 98.7%. To elucidate the genomic structure that
gives rise to the different human GCNF mRNAs, the sequence information of the human GCNF
locus is compared to the previously reported structure of the mouse locus.

Results: The genomic structures of the mouse and human GCNF genes are highly conserved. The
comparison reveals that the shorter human protein results from skipping the 45 base-pair third
exon. Three different human isoforms - GCNF-I, GCNF-2a, and GCNF-2b - are generated by
differential usage of alternative splice acceptor sites of the fourth and the seventh exon.

Conclusion: By homology with the mouse gene, |1 GCNF coding exons can be defined on human
chromosome 9. All human GCNF cDNAs identified so far are, however, derived from mRNAs
generated by splicing the fourth to the second exon. Although the genomic sequence is highly
conserved, the analysis suggests that alternative splicing generates a higher complexity of human
GCNEF isoforms compared with the situation in the mouse.
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Background

The nuclear receptors comprise a family of transcriptional
regulators involved in a wide variety of biological processes
such as embryonic development, differentiation and home-
ostasis [1,2]. The family includes ligand-dependent zinc-
finger transcription factors for steroid hormones, estrogens,
thyroid hormones, retinoids, vitamin D and other hydropho-
bic molecules. In addition, several family members are
‘orphan receptors’ for which ligands have yet to be identified.
Nuclear receptors have been assigned to six subfamilies on
the basis of evolutionary studies [3]. As the first member of

the sixth subfamily, GCNF is also known by its systematic
name NR6A1 [4]. On the basis of homology and expression
profile, the receptor has been given the alternative name of
retinoic acid receptor-related testis-associated receptor
(RTR) [5]. GCNF lacks known ligands and is therefore
referred to as an orphan receptor. The gene has been mapped
to chromosome 9q33-q34.1 [6]. Transfection experiments
reveal that GCNF can act as a constitutive repressor when
binding as a homodimer to promoters containing a direct
repeat DNA element 5-AGGTCAAGGTCA-3’ (DRo) [7-10].
Gene targeting in the mouse shows that GCNF has essential
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functions during embryogenesis [11]. The mouse receptor
(mGCNF) is highly expressed in the developing embryonic
nervous system and the labyrinthine layer of the placenta
[12,13]. In the adult, high transcript levels are restricted to
the developing germ cells [5,14-16]. Northern analysis reveals
a transcript of 7.5 kilobases (kb) in somatic cells and an addi-
tional message of approximately 2.4 kb in male germ cells.
This size difference is at least partially due to different
polyadenylation sites [16], and it is therefore assumed that
both transcripts code for identical proteins of 495 amino
acids. The protein sequence is encoded by 11 exons [17].
When differentiation of P19 embryonal carcinoma cells is
triggered by retinoic acid, the transcript and the protein are
temporarily upregulated and then downregulated [18].

Isolation of a human ¢DNA coding for a protein (hGCNF)
with an identity to the mouse protein of 98.7%, similar regu-
lation in mouse P19 cells and in the human embryonal carci-
noma cell line NT2/D1, together with the presence of two
mRNAs of approximately 7.5 and 2.2 kb in human testis,
suggested similar functions for mouse and human GCNF
[18-20]. The cloning of human ¢cDNAs that give rise to differ-
ent hGCNF isoforms, however, suggests a higher complexity
in humans. Currently, four different hGCNF ¢DNAs have
been isolated that code for isoforms ranging in size from 454
to 480 amino acids [21].

We have investigated the genomic structure of mammalian
GCNF to determine how the different GCNF isoforms are
generated. Here we compare the exon/intron structure of
the previously characterized mouse gene with the human
ortholog [17]. Our study shows that alternative splicing gen-
erates at least three of the different GCNF isoforms.

Results and discussion

Structure of the first coding exon

To understand how the different human GCNF mRNA iso-
forms are generated, we have identified all human protein-
coding exons. The alignment of the full-length human GCNF
cDNA (GenBank accession number S83009) with the
genome sequencing data at the NCBI localized the first
protein-coding exon on chromosome-9-derived working draft
sequence element NT_008491. The genomic sequence was
aligned with the previously identified mouse exon 1 contain-
ing the putative translational start site. The comparison was
extended up to position -100 with respect to the mouse cDNA
reaching farthest in the furthest 5” direction. In addition, 100
base pairs (bp) of the first identified intron were included
(Figure 1). While the transcriptional start sites of GCNF are
still elusive, the 5 ends of the first protein-coding exons
cannot be defined. With respect to the sequence in Figure 1,
the furthest 5’-reaching human ¢cDNA (S83309) starts with
nucleotide 171. The putative translational start codons are in
positions 346 and 350 of the mouse and human sequences,
respectively. These start codons are present in all full-length

m 1  TTGGGTTCTCCCTACTTAGGICTTCCTGITTTTTTTCCATCACCCCTTTA
h1l TTTAGCTTTCCCTTCTCAGGACTTCTTATCCCTCCTTC. . CACCCCTTCA

51 TTTGGTAGAGT CCCGT GT GGGCAGCCT CGT TGGGAGGACTACATTTCCCA
49 GrTGGT. GCGGIcGeCeTEECCGECCTCGCTGAGCEGGACTCCAACTTCCA

101 GAATTCCT CACGGGCAT GT GCGT GGCAGCGGCGCGT GACGT CAGAGGAGG
98 GCCrCGeccCcCeAGGCCCT TGCGCEGCAGCGGCGTGTGACGTCAGGGGAGGE

151 GAGCTGGCCAGT GCTGAGGEEECECEECECEGACE. &+ v v v GGECGC
148 GAGCTGGCCAGTGCTGAGGGGGCGCGGCGCGGAGGCECCCCCAGCEGCGE

191 GGAGCCGGECEECT CAGGEECCCAGAGAGT GCGECGECCGAGAGCCTGCC
198 GGAGCCGGGCGGCTC. GEGGGCCCAGAGAGAGCCGCGGCCGGEAGCTCECG

241 GGCCCCTGACAGCCCCCT CCCCCCGT GGAAGACCAGGACGACGACTACGA
247 GGCTCCTGACAACCTCCTCCCCTC. . GGCCGACGACGACCACGGCGACTA

291 AGGCGCAAGT CAT GGCGGAGCAGCGAAGCCCGAGAGGGCCCT GAGCACCG
295 GGGCGCCGETCATGGCGGAGCAACAAACCCGECGCGGACCCTAGECACCA

341 CCGCAT GGAGCGGGACGAACGGCCACCT AGCGGAGGEEGAGECGECAEEEG
345 CCGCATGGAGCGGGACGAACCGCCGCCTAGCGGAGGGGGAGGCGGCGGGG
M E RDE®PPP S GGGGGG

391 GCTCGGOGGEEGT TCCT GGAGCCGCCCGCCGOGCT CCCT CCGCCGOCECEL
395 GCTCGGCGGGGTTCCTGGAGCCTCCCGCCGCGCTCCCTCCGCCGCCGCGL
G S AGFLEPPAALPPPPR

441 AACGGTGGGTAAGGGECCTTCTGAGCCCGEEL. . oo
445 AACGGTGGGTGAGGGGCCTGCGACGCCCGGGCCAGCCAGGAACCGECTTC
N

473 . GGTGCCAACGCCCGCGACCCCCTCT TTCTCTAAGCTGACTCTAGCTCCG
495 ATGAGcCcTCceecAGGeAaTecc. . cCrCereTCTecCeacCeTCacCeTa

522 GGATGCCG 529
543 GGAAGCCG 550

Figure |

Sequence comparison of the first protein-coding exon of
GCNF. The mouse-derived (m) DNA sequence (upper line,
GenBank accession number AF254575) of the first protein-
coding exon and flanking sequences are compared with the
human-derived (h) sequence (lower line, S83309 for the
coding, and NT_008491 for the flanking sequences).
Identical nucleotides are highlighted in the human sequence
by bold letters, gaps in the alignment are shown as dots.
The deduced amino-acid sequence of the human protein is
shown in the single-letter code. The bold P (proline) marks
the position of an arginine in the mouse protein. Sequences
represented in mouse and human cDNAs are underlined.
The conserved GT-motif of the splice acceptor site is
shown in italics.

mammalian GCNF cDNAs characterized so far, suggesting a
common amino terminus for the different GCNF isoforms.
The first splice donor site is conserved. The comparison of the
mouse 5-untranslated sequence with the human genomic
DNA reveals high conservation with identical sequence ele-
ments of up to 50 nucleotides. The presence of 18 CG dinu-
cleotides conserved between human and mouse is suggestive
of a regulatory function of the untranslated sequence. Five
different human cDNAs with alternative 5 ends have,



however, been reported to GenBank (S83309, U80802,
AF004291, NM001489/U64876, X99975). A comparison
with the genomic sequence (NT_008491) shows the
sequence variation (Figure 2). Single-nucleotide polymor-
phism among ¢cDNAs isolated from different human libraries
may reflect variants in the human population. Two ¢cDNAs
(U64876/NMo001489, X99975) differ in their untranslated
region with respect to the genomic sequence. The genomic
sequence shows no obvious splice signals in this region.
Therefore, it cannot be ruled out that these cDNA ends may
have been generated during the cloning process. In addition,
one of the cloned ¢cDNAs, coding for hGCNF-3 (AF004291),
has a deletion in the coding region of the first exon, giving
rise to an open reading frame of 454 amino acids. The 5" part
of hGCNF-3 has been isolated by the polymerase chain reac-
tion, suggesting that this deletion may have been generated
during the synthesis. The isolation of additional cDNAs may
give a clue as to which variants are true GCNF isoforms. The
functional significance of the different isoforms is, at present,
unknown but may lead to different transcriptional properties
of GCNF isoforms.

Conserved structure of exons 2 to | |

The comparison of the genomic sequences of exons 2 to 11
was extended by 100 bp of intronic sequence in both direc-
tions (Figure 3). During the preparation of this manuscript
all sequence information was made available by the Interna-
tional Human Genome Project collaborators at the NCBI
database and included in the contig NT_008491. Sequences
of the 5-untranslated region and of exon 7 obtained with a
genome walking approach did not diverge from the sequence
at the NCBI.

Two short exons of 42 bp and 45 bp, respectively, follow the
first protein-coding exon in the mouse [17]. Short exons are
relatively rare in mammalian genomes. The structure of the
second protein-coding exon is conserved (Figure 3a). Splice
donor and acceptor sites are identical in both species. Inter-
estingly, on the basis of the genomic ¢cDNA, the third exon is
highly conserved as well (Figure 3b). The human splicing
apparatus preferentially, or exclusively, skips this putative
exon, however. As splicing is highly regulated, a splice
enhancer present in the mouse genome may not be present
in the human genome. Consequently, all known human
GCNF isoforms lack the amino acids encoded by the putative
third exon.

Of the 243 bp exon 4 that encodes the core of the DNA-binding
domain, 225 bp are identical in both species (Figure 3¢). One of
the reported sequences (U64876/NM_001489) has a C to A
transversion, however, which changes a codon for asparagine
to one for lysine. Splicing of exon 2 to exon 4 at the position
characterized in the mouse results in isoform hGCNF-2. In
addition to this splice acceptor position, a splice acceptor
site located 12 nucleotides further downstream is used to
generate hGCNF-1. Exons 5 and 6 are highly conserved
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(Figure 3d,e). Two hGCNF-2 variants, hGCNF-2A and
hGCNF-2B, which differ by a single amino acid, have been
isolated. As speculated, alternative splicing generates the
isoform 2B with a deletion of a serine residue. Splicing to an
acceptor site of exon 7 located three nucleotides further
downstream gives rise to this shorter isoform (Figure 3e,f).
The sequence and structure of exons 8 to 11 are also highly
conserved (Figure 3g-j). The comparison of the 11th exon was
extended up to the end of the human ¢cDNA sequence of
S88309. Highly conserved sequence elements of up to 91
identical nucleotides indicate a regulatory function of the 3’-
untranslated sequence following the translational stop codon.

All intron-exon boundaries obeyed the GT/AG rule [22]. The
AceView analysis at the NCBI based on the draft sequence
and a Blast search with S83309 of the Celera Genomics
freely accessible whole-genome sequence data gave mostly
similar intron sizes. Both analyses revealed a large first
intron of 37,652 bp in the public sequence data, and
37,157 bp in the private data. The size of the second intron
separating exon 2 and exon 4 was only available in the NCBI
database (14,869 bp). According to the NCBI and Celera
databases, introns 3 to 9 have sizes of 10,486 (NCBI)
(10,471, Celera) bp, 3629 (3615) bp, 190,321 (1708) bp, 1963
(1960) bp, 2716 (9019) bp, 1905 (1912) bp, and 1927
(1928) bp, respectively. The comparison of both analyses
shows that the deduced sizes of two of the human introns
differs greatly. It seems likely that these inconsistencies will
be corrected in the final assembly of the human genome.

Conclusion

In summary, our analysis reveals a conserved structure for
GCNF, allows the verification and systematic analysis of
splice variants, and may be the basis of a better understand-
ing of GCNF. The human GCNF gene consists of at least 10
exons. The conservation of the intron-exon boundaries is
consistent with the extremely high degree of amino-acid
conservation between the human and the mouse proteins.
The generation of the proteins hGCNF-1, hGCNF-2a and
hGCNF-2b can be explained by alternative splicing of the
RNA. The sequence of the third coding mouse exon, includ-
ing the splice sites, is highly conserved; however, at present
no human c¢DNA has been isolated containing this putative
exon. Alternative splicing provides a plausible means for
generating diversity and may contribute to a higher instruc-
tive complexity in human GCNF.

Materials and methods

Database search

Exons of GCNF were identified by a Blast [23] search with
the human GCNF cDNA sequence (S83009) in the “unfin-
ished high throughput genomic sequences” and in the
Homo sapiens genomic contig sequences at the NCBI
[24,25]. Intron sizes given by the AceView analysis [26]
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GAGCT GGCCAGT GCT GAGGEGEGEGECECEECECEEAGEEECECEGAGCEECEC - NT_008491
GCGGCGCGEGAGGEEECECEEAGCEECEC - S83309
CGGECGC - U80802
GCGECGCGEGAGGEECECEGAGCGECEC - AF004291
CeeGGeCTcCcAGGECGCCGACCCAGCATGGECAGITGCTCATTGITCE - U64876/ NMD01489
CTCAATCTTCCCGICACGITCCTCCAATACTGAAGGICTCTCTGCGECGC - X99975
GGAGCCGEECGEECT CGEEECCCAGAGAGAGCCGCGEECCGEGAGCTCGCGG - NT_008491
GGAA CCGEGECGECT CGEEECCCAGAGAGAGCCGECGEECCEEGAGCTCECGE - S83309
GGAGCCGGEGECGEECT CCEEECCCAGAGAGAGCCGCGECCGEGAGCTCGCGG - Us0802
GGAA CCGGEECGECT CGEEECCCAGAGAGAGCCGCGEECCGEGAGCTCECGG - AF004291
ACATAAGGICGCGCTGEICATCCATGACTGECTTCTGATCTTCCCGACAG - U64876/ NMD01489
GGAGCCGEECEECT CEEEECCCAGAGAGAGCCGCGECCGEGEGAGCTCGCGEE - X99975
GCTCCTGACAACCT CCTCCCCT CGGCGGACGACGACCACGECGACTAGSG - NT_008491
GCTCCTGACAACCT CCTCCCCT CGGCGGACGACGACCACGECGACTAGSG - S83309
GCTCCTGACAACCT CCT CCCCT CGGCGGACGACGACCACGECGACTAGSG - U80802
GCTCCTGACAACCT CCTCCCCT CGGCGGACGACGACCACGGCGACTAGGEG - AF004291
CTCCTGCTTCTCCTCCTGTGCATCTGGCGACGACGACCACGECGACTAGEG - U64876/ NMD01489
GCTCCTGACAACCT CCTCCCCT CGGECGGACGACGACCACGECGACTAGEG - X99975
CGCCGGT CATGECGGAGCAACAAACCCGGECGCGGACCCTAGCCA- CCACC - NT_008491
CGCCGGT CATGECGGAGCAACAAACCCGECGCGGACCCTAGGCA- CCACC - S83309
CGCCGGT CAT GGCCGAGCAACAAACCCGGECGCGGACCCTAGGCA- CCACC - U80802
CGCCGGT CATGGCGGAGCAACAAACCCGGECGCGGACCCTAGECA- CCACC - AF004291

CGCCGGT CAT GGCGGAGCAACAAACCCGGECGCGGACCCTAGECA- CCACC
CGCacGT CATGGCGCGACGAACAAACCCGEECGECGEGACCCTAGGCAGCCACC

u64876/ NMD01489
X99975

GCAT GGAGCGGEGACGAACCGCCGCCTAGCGGAGGEEEGAGECEECEEEEEC - NT_008491
GCAT GGAGCGGGACGAACCGCCGCCT AGCGGAGGEEGAGECEECEEEEEC - S83309
GCAT GGAGCGGEGACGAACCGCCGCCTAGCGGAGGEEGAGECEECEEEEEC - Us0802
GCATGGAGCGEGACGAACE- - - - - == - s - o oo m e e o oo o o - AF004291
GCAT GGAGCGGEGACGAACCGCCGCCT AGCGGAGEEEGAGECEECEEEEEL - U64876/ NMD01489
GCATGGAGCGGGACGAACCGCCGCCT AGCGGAGEEGEGAGECGEECEEEEEL - X99975

M ERDEWPWPPS G GGG G G G - AAB50876

M ERDE®P - - - - - - - - - - - AACS2054
CCGGCGEEGET TCNT GGAGCCTACAAAAGCGCTCCCTCCGCCGCCGCGCAA - NT_008491
TCGGCGGGET TCCTGGAGCCTCCCGCCGCGCTCCCTCCGCCGCCGCGCAA - S83309
TCGECGEEGEGET TCCTEGAGCCT CCCECCGCGCTCCCTCCGCCECCGCGCAA - UB0802
——————————————————————————————————— TCCGCCGCCGCGCAA - AF004291
TCGGCGGEGEGT TCCTGGAGCCT CCCGCCGECECT CCCTCCGCCGCCGCGCAA - U64876/ NMD01489
TCGGCGGEGEGT TCCTGGAGCCT CCCGCCGCGCTCCCTCCGCCGCCGCGLAA - X99975
S AGFL EUPWPAAL P P P P R N- AAB50876
- - - - - - - - - - - - P P P R N- AAC52054
CG - NT_008491
CG - 583309
CG - U80802
CG - AF004291
CG - U64876/ NMD01489
CG - X99975

- AAB50876

- AAC52054

Figure 2

Sequence comparison of the 5 ends of human GCNF cDNAs coding for a full-length protein with the genomic DNA
sequence. The genomic sequence NT_008491 is shown in the upper lines as indicated. Human cDNA sequences have been
aligned omitting the cloning sites at the 5" ends. Accession numbers are shown. One cytosine and five adenosines in the
genomic sequence not found in any of the cDNAs are underlined. Nucleotides in the cDNAs that differ in additional positions
are highlighted in bold letters. The deduced amino-acid sequences (AAB50876, AAC52054) are given in the single-letter code.
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(a)
CTGCATCCTCCTCCATTGAATATATTTGATTTTTAATGT TTAGAGTCAGC
TGAGTATAGATTTCcCCCCCAACTGTATGATACTTCATATTTGGAGTCAGC

TTGGAGTAATTGAAAAATAATAACTTTTTCCCCTATTGITCTCTCTTTAG
TTGAAGTAATTCACAAATTGTAATTTTTTT TCCTATTGTTTTCTCTTTAG

GITTCTGI CAGGATGAATTGGCAGAGCT TGATCCAGGCACTAGTAAGTTC
GTTTCTGTCAGGATGAATTGGCAGAGCTTGACCCAGGCACTAGTAAGTTC

GFCQDELAELDUPGT GCNF

TAAATGTTACCCAGTGTTTACTCACTGT TTGT TGGTAAGAAAACG. TGTG
TCAATGTTACC. . ... ...... CAATATTCTTTGGTAAGAAAACGATGTG

ACTGTGCACTTAAATATGTCAAACTTAAGGCATCTTTGATACT
TGrGTACACTTTTAAGTGAATAACTTAAGGTGICATTGATAAG

()

GAGITGTGGTGT TTGTGATTTACCTAGAGCAGGGCTGAAGGTTTTGTGAA
AGATAGTGGTGGTCTTAATCTACCCAGAGCAGAGTTGCTCACTTTAGGAA

CTGTGAGTTTAACACCATTGTTTTTACAGTG. . CTGACTTATCCATGTTT
CTGTAGECTTAAAGCCATTATTTCCACTGTGTTCTAACTTGAACATGATC

AGITTCCGT CCCAGAT GATCGAGCT GAACAACGAACCTGTCTCATCTGTG
AGTTTCTGTTTCAGATGATCGCGCTGAACAACGAACCTGTCTCATTTGTG

vV SV P DDRAEIQRTCL | CnGCN
- - - - NDRAEI QRTCL I ChGCN-1
I SV s DDRAEU QRTTCL I ChGN-2

GGGACCGCGCTACGEECT TGCACTATGEGAT CATCTCCTGCGAGEECTGC
GGGACCGCGCTACAGGCTTGCACTATGGGATCATCTCCTGTGAGGGCTGC

GDRATGLHYGI I s CE G C G\

AAGGGGTTTTTCAAGAGGAGCATTTGCAACAAACGEGT GTATCGGTGCAG
ARAGGGTTTTTCAAGCGGAGCATTTGCAACAAACGGGTATATCGATGCAG

K GF F KRSI CNIZKRV Y R C SCN

TCGTGACAAGAACT GT GT CAT GT CCCGGAAGCAGAGGAACAGATGT CAGT
TCGTGACAAGAACTGTGTCATGTCTCGGAAGCAGAGGAACAGGTGCCAGT

R D KN CVMSRIKQRNRTZCQ GO\

ACTGCCGCCTGCTCAAGT GT CT CCAGAT GGGCAT GAACAGCGAAGGGTGAG
ACTGCCGCCTGCTCAAATGCCTCCAGATGGGGATGAACCGGAAGGGTGAG

Y CRL L KCLQMGMNRK GCNF

TTGGTGCTCAGGEGECGCACTGCCTACCCCTCATCCCCTCACTCACCTGTAA
TGETGCTGATGGCTCTGATGGCCCATCCTTCATTCAAAACTTTACCTTTA

CTATTATACTTTTCAGGAGT TTTTAACCATGTACTGTATACTCCA
GrGrCAGCTGrTTAGT TACTTATTCCTCAAGCT TGCACTACATAT

(e)
AAAGATTAACAGAGGCCTTGAGTATAAACTCTGACT CCTAAAGAGAGAAC
CTGEGAAATCCTATGAGATTTAAATAAGCTCTCAGICCTGAAGAAAGAGE

AGAAGGTATCTCTGGCACCAAAGCTAACGTGTATCCATTTCTTGCCAAAG
AAGTG. . . . TCCTGAGCACCCATCTAACATGTCTCCATTCCTTGTCARAG

ATATCAGAAGAAGAAAT TGAAAGAAT CATGT CTGGACAGGAGT TTGAGGA
ATATCGGAAGAAGAAATCGAAAGGATCATGTCTGGGCAGGAGTTTGATGA

I S EEEI ERI MSGOQEF E EGN

AGAAGCCAAT CACT GGAGCAACCAT GGT GACAGCGACCACAGTI TCCCCTG
AGAGGCCAATCACTGGAGCAACCATGGTGATAGTGACCACAGTTCCCCTG

E ANHWSNMHGDSDMHS S P G

GGAACAGGGECT TCAGAGAGCAACCAGCCCT CACCAGECTCCACACTATCA
GGAACAGGGCTTCGGAGAGCAACCAGCCCTCACCAGGCTCCACACTGICT

G NRASES SNOQPSP GSTL S GN

TCCAGGTGAGC. TAAAAGT AACCCCAGTATCATAATCTAGGTCCTATCCA
TCCAGGTGAGCTTTAAGGCAAACCCATGGICATCATCTAGGGATCCCCCA

hGCNF- 1/ 2a
S R hGCNF- 2b

GTGAGTCATCCTCCAAAGAACT GCTGGTAGAGCGCTCCTCTGACCGECTG
CCAAAGGGAGAGCTACAGAAAACCTCTGCCTGAGTATCCCTGCCAGGCTG

TCTCAG
TCTCAG

(b)

ATGAGCATTTACTGTATTAT. . . . ATCATTCAAGTATTGCTTTGITTACT
ATGAGCATTTACTGTATGI TAATGACT TTAARACATTTATCTCATTTACT

TTTCCTAGCAGCTCTATGAAGT TATTCTCAAATCTAGTTCT. TTTTGCTT
CTTCCTGGCAGCTCTACAAGETTATTCTCAACTCTTGTTCTGCCCCATTT

TGCAGATGGAGAGACT GACAGT TTAACACT TGGCCAAGSCCATATACCTG
TACAGATGAGGAAACTGACAGTTTAACACTTGGCCAAGGTCACACAGCTG
N GETDSFTLGQGHI P

GTAAGTGGTAGAGCTG. . CTCTGTGTGATTCCAAAGCCCTCACTTTTTGT
GTAAGTGGCAGAGATGAACCCTGTGTGATCCCAAAG. . . TCCATGICCTT

ATCTTTTTAAAATTGAAATATGAATTTTTTCATACAAGGAAATGT TCCTA
ATCTTTTTAAAATTGAGGCCTGA. . . CTTACATGCAATGAAACGCATAGA

TC
TC

(d)

CTGCCTGCCTCTAGT CTACTGAGAACTGGAACAGATAAGT TTTCATTTTG
GATTCACTAATTACTGTCTTATGCT TTTGGCCAAGTAAACTCTCTTTTTG

TTCATAAACAACTTTTGAGTGTGCTTCTAACTGIC. . . ... .. .. TACAT
TGC. TAAGACTTATATGAGTGTGCTTCTGACTGCCTTTCTTGACTTATCT

TTCCTTCT AGCTAT CAGAGAAGAT GGCAT GCCT GGAGGCCGGAACAAGAG

MGCNF

TTCCTTCCAGCTATCAGAGAAGATGGCATGCCTGGAGGCCGGAATAAGAG
Al R EDGMPGGRNK S

CATTGGACCAGTCCAGGTGAGTCCTATACC. . . . . CACTTTCTTAGIGTG
CATTGGGCCAGTCCAGGTGAGTTCTAGACCTCAGICTCTGrGErCCGICC
I G PV Q

GTTTAGAAACGT GGTAAT GT GGCTCCCCAGGCCGT TTACCTTGATCTTCT
TGGAAGCCCAGGECTCCAGCTGTTCCTGAAACTGCTCACCTTGACTCTTT

TCTCT. ... GCCATCTTTGCTTTTA
CATCTGCTGCTGAGGAGAGCCATCTTTGCTTTCA

()

CAGACTTCATGACCAGAGAACAACTTA. . . . .. TCTCCAAGTTATTTTCT
CATACCTCATGTTCAGAGAATACCTAAAGI CACCTTCTGGECTCACTTCCT

TTGAGCACGTATTCAACCTGCAATGGCTTTTCCTGATGTGAAGTTTTTCT
TTGAGTAATTACTAGACTTGCCATGGCTCTGI TTGACGCAAGACTTTTCT

CTCCAGIAGGT CTGT GGAACTAAAT GGAT TCATGGCATTCAGGGATCAGT

GCNF

GCNF

CTCCAGTAGGTCTGTGGAACTGAATGGATTCATGGCCTTCAGGGAACAGT
R SV ELNGFMATFRDNQ
R SV ELNGFMATFRE Q
- SVELNGFMATFRE Q

ACAT GGCGATGTCAGT GCCTCCACATTATCAATACATACCACACCTTTTT

GCNF
hGCNF- 1/ 2a
hGCNF- 2b

ACATGGGAATGTCTGTGCCTCCACATTACCAATATATACCCCACCTTTTT
Y MGMSVPPHY QY I P HLF

AGCTATTCTGGCCACT CACCACT TTTGCCCCCACAAGCT CGAAGCCTGGA

AGCTATTCTGGCCACTCACCACTTCTGCCCCAACAAGCTCGCAGCCTGGA
S YSGHSPLLUPPQARSTULTD
S YSGHSUPLLUPOQQARSTLTD

CCCTCAGTCCTACAGT CTGATTCATCAGCT GATGT CAGCCGAAGACCT GG

GECNF
hGCNF

TccCCAGTCATACAGTCTGATTCACCAGCTGT TATCAGCCGAGGACCTGG
P QSY SLI HQL MSAET DL
P QSYSLI HQL UL SAETDIL

AGCCATTGGCCACACCTATGT TGATTGAAGATGGGTGAGT TAATTCTGTC
AACCATTGGGCACGCCCATGTTGATTGAAGATGGGTGAGTGAGCTCCGCe
E PL GTUPML I E D G

CTGTTTGGCCCATTACAGT TCCAAAATGTCCCTACCACGCATCGGT TGTA
CTTCTTGGCCCCTTCCAGTCTCAAAGTGTCCCTACCCCACACCCACTCGC

TCCCAGCTTTGTCCTTCATGITTCCTTAATCATA
GTccCTGECTCCTATACCCGTGGCTTCAGAATGA

ECNF
hGCNF

Figure 3 (see next page for continuation of figure and legend)
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CAAGAGGCCTACTACCAAGGAATCCTT. . . CTCTTGTCTCTAAAATCTCT TCTCCCCCAAGTGGAGCTTCTTTCCTATCCTAGATAACGICTGIG. . . TG
CAAGGAGCCCATTGCCAGEGTCCCTTTGT GECCTTGGGACTACCTTCTCT TTTCCCCCAAGCTCAGCCTGITTAAGGAGCTGTAGEAGCTCTCTGGCTGL
C....... TAGTCTCACTCTCTGGCTGATGGAAATGACTCTGTCCTGTC CCCGTCCAGGCCTCTGCTTCTATCCAAG. . . . . . GTAAAAACCTGTATCT
CTGTACCCTTATCCTCACCCTCTGACCAATGGAAGTGACT TTCCCCTGTC CCTTTCCTGECCCCTACTGRT GrcACAGCCAACTGTTAACACCTGTGICT
CCTGOCCC. CAGGTATGCTGT GACACAGGCAGAACTGTTTGCTCTGCTTT GTTCTCCAGATTTAGT GATGAAGGGAT GGAGGT GATTGAACGACTCATCT
CCTGCCCCTCAGATACGCTGTGACACAGGCAGAACTATTTGCCCTGCTTT GTTCCTCAGATTTAGTGATGAAGGGATGGAGGTGATCGAGCGGCTCATCT
Y AV T QAEL F A L L GNF F SDEGMEV I ERL | CN
GCCGCCTGECCGACGAGT TGCTCTTTAGGCAGATTGCCTGGATCAAGAAG ACCTATATCACAAGT TCCAT CAGCT GAAGGT CAGCAACGAGGAGTACGCA
GCCGCCTGGCCGACGAGCTGCTCTTTAGGCAGATTGCCTGGATCAAGAAA ACCTCTATCACAAGTTCCATCAGCTAAAGGTCAGCAACGAGGAGTATGCT
CRLADETLULTFRQI A WI K K CGN Y LYHKFHOQLKVSNETEY A GN
CTGCCTTTCTTCTGCGAGCT CTCAAT CAAGGATTACACGT GCCTCTTGAG TGCATGAAAGCAATTAACTTCCTGAATCAAGGTGAGTAGGTGG. . . . . . .
CTGCCTTTCTTCTGCGAGCTCTCAATCAAGGATTACACGTGCCTCTTGAG TGCATGAAAGCAATTAACTTCCTAAATCAAGGTGAGTGECTGGGGTGGGA
L PF FCEWLSI KDYTTCL L SGN C MK AI NFL NOQ GCNF
CTCTACGT GGCAGGAGT TAATCCTGCTCTCCTCOCT CACAGT GTACAGCA . . TGGCAAGAGCCT TGCCCTTCTGT AT CACAAACACAACT CCCCATCCCC
CTCTACGTGGCAGGAGCTAATCCTGCTGICTTCCCTCACCGTTTACAGCA AAAGGGACGTTTGCAGTGCGGGAGGCAGGCAGT GAGCATTTGeeCrecTG
S TWQEWLI L L SSLTVY S CON
CACCCCCACCT CCCGCCCCCAGGACT GTCACAGAATCTGT
AGCAGATCTTTGGEGGAGCT GGCT GATGT CACAGCCAAGT ACTCACCCTCT TTTCACCCCTCCTTACCCTCAGGACTATCACACAGAATCC
AGCAGATCTTTGGGGAACTGGCTGATGTCACTGCCAAGTACTCGCCCTCC
K QI F GELADVTAIKY S P S CGN
GATGAAGAACT CCACAGGTGAGAGCGCT GAACT GGBGAGGCGATCTGGAC
GATGAAGAACTACACAGGTGAGGCCTCCTGECTGGGGAGGAAATACCARA
D EEL HR GCNF
TAAGCAAGCCCCCAT CCTCCTTGTGAGGBCAAGGCTGCCTAGCC. . TCCGA
CAACCAAACAATTGTCATCCCTGTAAGGCAGAGTTGCCTGECCCTTCAGA
GGAGGAGCATTGAGT CCCG
GGATAGGCACTACACCTCA
(i) (@
TTGTTATAACTATATTTAACAATGTCTCATTTTTTATAAAT. . . . CTGAT TGCCCTCATCCT GGACCAAGGT GATCAGCAGCCT GAGT GGAGACAAAGCA
GrTTAGTAACTTAGTTGAAARATGAACATATTTAAGGAGCTGGTGTTTCT TGCCCCAGTCACTCAGCAAGGTGATACT TTGCCT. CCACCAGCCCAAGGA
GCCACCGCCOGCA CCC........ TGGGTGATTTTTGT GGCTTTCCTTCCCTCC. . . .. .. . TGGCCGCTGCTAACTGT. . . . . CTCT
TCCACATTAGAATGCCCATCCCATTCCCTGTATGTGIGTGTGTGITTTTT GGCTGACTTGCCTGT CCACTAGAGTGACCACTGCTAACTCTTCTTCTCCC
TTTTGTTTTCAGATAT CAGGGEGT CTGACCAGT GCCTCACAGCTGGAACAA TCCCTTTACCTAGSCAAGAT GGT GAAT GT GCCCCT GGAGCAGCTGCCCCT
TTTTTTCCACAGATATCAGGGGTCTGACCAGTGCCTCACAGCTGGAACAA CcCTTGrTCCCAGGAAAGATGGTGAATGTGCCCCTGGAGCAGCTGCCCCT
DI RGL TS AS QL E Q CGN G KMV NV P L E QL P LGN
CTGAACAAGCGGTATTGGTACATTTGT CAGGATTTCACTGAATATAAATA CCTCTTTAAGGT GGTGCTGCACT CCTGCAAGACAAGT ACGGT GAAGGAGT
TTGAATAAACGATACTGGTACATTTGCCAGGATTT TACTGAATATAAATA CCTCTTTAAGGTGGTGCTGCATTCCTGCAAGACCAGTGI GGGCAAGGAAT
L NKRY WY | CQDFTE Y K YGN L FKVVLHSTCKTSTV KE nCNF
L F KV VLHST CKTSvVv e K E hGN
CACACATCAGCCAAACCGCTTTCCTGATCTTATGATGT GCTTGCCAGAGA
CACACATCAGCCGAACCGCTTTCCTGATCTCATGATGTGCTTACCTGAGA GACCTGTGCCCTGC. ACCTCCTTGGEGECCACCCACAGT GCCTTGGGTAGEC
THQPNRFPDLMMCL P E N GACCTGTTCCAGECGCCCTCCTCAGGCCAACCACAGCGTCTTGGGTGGGC
TCCGATACATCGCAGGTAATATTCTGGATCCAGGCTTCC. . AACCTTCCT AGCACAGGCT CCAGAGGAAAGAGCC. . AGAGACCAAGATGGAGACTGTGG
TTCGATATATTGCAGGTAACATTCTGGGrCTTGGGCTCCCAACCCTTCCT AGGACAGGCTCTGGAGGGARAAGCCAGAGAGACCAAGATGGAGGCTGTGG
I R Y I A GCNF
AGCAGC. ........ TACCTCCATCACAAGAAGA. . ATTTGITTGTTTGT
AGCTTCTCCAAGCCT GT GAAGGGAT TGAGAT GAGCAGT GTTCATAGGGTA AGCAGCATTTCCCGTTGCCTCCATAGCAAGAAGAGI TTTTGTTTGTTTGT
TGCTTCTCTTAGCTTGTGAAGGGAATGAGGCAAGCAGTGTTTTCAGGGTG
CTG . TTTTTAACCTCATTTTTCTATATATTTATTTCACGACAGAGTTGA
TTTACTCTAGGCCATCA CTGTTTTTTTAACCTCATTTTTCTA TTATTTCACGACA TGA
CrCTTTCCAGCCCATCA
ATGTATGGCCTTCAACATGATGCACATCGCTTTTGT GTGAAT GCAGCAGAT
ATGTATGGCCTTCAACATGATGCACATGCTTTTGTGTGAATGCAGCCAAT
GCATTTCCTTGCAGTTTACAGAATGTGAAGATG
GCATTTTCTTACAGTTTACAGAATGTGAAGATG

Figure 3 (continued from previous page)

Comparison of the exons of the mouse and human GCNF genes. The upper line of nucleotide sequence shows the murine
protein-coding exons and their flanking sequences (AF254815-AF254821). Protein-coding nucleotides are underlined. The
lower line of nucleotide sequence shows the corresponding human sequence. Identical nucleotides are highlighted by bold
letters. The AG/GT splice signals are shown in italics. mMGCNF indicates the deduced mouse protein sequence; hGCNF
indicates the deduced human protein sequences; GCNF indicates identical protein sequences. (@) The second exon and its
flanking regions. Forty-one out of 42 nucleotides are identical and the flanking splicing signals are conserved. (b) The third
exon and its flanking regions. A homologous sequence coding for identical amino acids was found in the human genomic
sequence. No human isoform containing this sequence has been reported. The splice donor site shows the typical pyrimidine-
rich sequence followed by the sequence 5-NCAG in both sequences, but the comparison reveals several base transitions. (c)
A single splice donor site in the fourth exon coding for the DNA-binding domain is used in all mouse-derived cDNAs
described so far. For the human isoform GCNF-2, the corresponding splice site is used, giving rise to a protein containing the
sequence ISVSDD instead of the VSVPDD in mouse. Usage of an alternative splice site located 12 bp further downstream
gives rise to the shorter isoform GCNF-I. An asparagine (N) is underlined because one of the human cDNA clones codes for
a lysine in this position (U64876/NM_001489). (d) Sequences of the fifth exon coding for the carboxy-terminal extension of
the DNA-binding domain are highly conserved. (e) The DNA sequence of the sixth exon is highly conserved. An arginine in
hGCNF-2b instead of serine results from alternative splice donor sites of the seventh exon. (f) The comparison of the
seventh exon reveals three positions where the mouse and the human isoforms diverge. Isoform hGCNF-2b is generated by
using a splice donor site located three nucleotides further downstream. The exons coding for the putative a-helices 3 to 6
(g), 7 and 8 (h), 9 and 10 (i), || and 12 (j) in the ligand-binding domain are highly conserved. The comparison of the last
coding exon in (j) was extended up to the end of the human cDNA sequence of $88309.




were compared with the numbers obtained by a Blast search
of Celera’s assembled sequence of the human genome [27].
The putative human GCNF exon 3 was identified by a Blast
search with the sequence of the third mouse exon.

Sequence analysis
Sequences were aligned using the Wisconsin Package
Version 10.0 of the Genetics Computer Group (GCG),
Madison, Wisconsin.
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