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Abstract. The Japanese pufferfigfugu rubripeswith a genome  reported: LLCAM (Coutelle et al. 1998). Comparison of syntenic
of about 400 Mb is becoming increasingly recognized as a verteregions demonstrates that intragenic distances are smakegin
brate model organism for comparative gene analysis (see Elgdahan in humans (Trower et al. 1996). Comparative analysis be-
1996 for review). We have isolated and sequencedRugucos-  tweenFuguand humans can be also used to highlight conserved
mids spanning a genomic region of 66 kb containing Fgu protein domains (Coutelle et al. 1998) which remain undiscovered
homolog to the human PCOLCE-I (Glkner et al. 1998). We then if only mouse/human comparisons are performed. Recently, a sur-
examined if RUMMAGE-DP, a newly developed analysis tool for vey sequencing project of about a thousdhdju cosmids with
gene discovery which was designed for human and mouse gé&0-100 reads for each investigated cosmid has been completed
nomic DNA, can be used for automatic annotationFoigu ge- (http://fugu.hgmp.mrc.ac.uk). Due to its importance for gene dis-
nomic sequence. The exon prediction programs contained igovery and protein structure prediction it can be anticipated that
RUMMAGE-DP performed better overall for the human sequencethe wholeFugugenome may be sequenced in the near future. First
than for theFugu contig. The GENSCAN program was the only pass analysis dfugu genomic sequence will be important to use
exon prediction programme that performed equally well for boththis genomic sequence information efficiently.

organisms. We show that RUMMAGE-DP is very useful in auto-  We have recently developed an automated first pass annotation
matic analysis ofFugu sequences. Comparative analysis of thetool named RUMMAGE-DP to analyze large human and mouse
genomic structure of the PCOLCE-I geneskngu and human  genomic sequences (http://genome.imb-jena.de/ckaler et al.
reveals that the exon/intron structure throughout the protein coding998). We now report on the use of RUMMAGE-DP for the
region is almost identical. We defined an additional domain base@nalysis ofFugu genomic DNA sequence. In particular, we were
on the high degree of similarity of 26 aa between mammals andnterested to examine this tool for gene prediction. As a target we
Fugu. The PCOLCE-I protein in both organisms contains two have sequenced and analyzed a 66 kb genomic regidtudgu
highly conserved CUB domains. Exons 6 and 7 are the only codingontaining the PCOLCE-I homologue and five furtirergugenes
exons that differ in length between the two species. We assumand compared it with the human PCOLCE locus on 7922 (Acces-
that these exons do not code for any catalytic domain of the prosion No.: AF053356, Glckner et al. 1998).

tein. Analysis of the remaining fivEugu genes within the 66 kb Collagen provides the structural framework for tissues and
interval revealed no conserved synteny with the correspondingrgans. Collagens |, Il, and Ill are synthesized as precursor mol-
human 7922 region. ecules called procollagen (Kivirikko and Millyla 1984); the cleav-

age of procollagen to collagen is catalyzed by the Procollagen
Proteinase (Kadler and Watson 1995) and enhanced by the Pro-
collagen Proteinase Enhancer Proteins: one for the C-terminus and
one for the N-terminus (Kessler and Adar 1989). The C-terminal

RecentlyFugu rubripesa Japanese pufferfish, was proposed as s€nhancer protein (PCOLCE-I), in human, localized on chromo-
vertebrate model organism for comparative analysis (Brenner et afome 7 band ¢21-22 (Takahara et al. 1996), has been shown to
1993). With a size of 400 Mb (Hinegardner 1968), faieguge-  €nhance the cleavage of the C-terminus of procollagen type |, I,
nome is Very Compact and Comparative analysis of se\mlgu and I1l. PCOLCE-I is h|gh|y Conserved am.ong the SpeCIeS SO fal’
and human genes reveals a high degree of gene structure cons@falyzed (human, rat, mouse: Accession Nos.: AB008549,
vation between the two species as manifested by the number 4¥B008534, AB008548). The evolutionary distance betwEeagu
exons, exon lengths, and intron phases. Several examples ha@8d humans (400 My) may allow us to more precisely define the
been studied including the gene for Huntington’s disease (Baxerconserved domains of the PCOLCE gene than by comparing only
dale et al. 1995), LICAM (Coutelle et al. 1998, mutations in this Mammalian sequences. Furthermore, we wanted to know whether
gene are associated with X-linked hydrocephalus, spastic paraplé?® PCOLCE-I is contained in a syntenic region shared between
gia (SPG1), MASA syndrome), G6PD (Riboldi-Tunnicliffe et al., humans andrugu.
in preparation), murinavhn (associated with congenial athymia
and hairless Schuddekopf et al. 1996), as well as the Hox gene .
clusters (for review, Holland 1997) and others. Generdflygu  Materials and methods
genes are much smaller than their human or murine counterparts
due to shorter introns. Up to now only one exception has beemdNA sequencing and assembling of shotgun reatis. two over-
lapping Fugu cosmids sequenced in this analysis were isolated as previ-
ously described (Elgar et al. 1995). They were sequenced using shotgun
Correspondence toA. Rosenthal cloning in M13mp18 as described elsewhere (Platzer et al. 1997). In brief,
* Present addressDivision of Molecular Genetics, IBLS, University of after sonication of cosmid DNA and size selection, 0.6-1.6 kb fragments
Glasgow, Glasgow, G11 6NU, UK were subcloned in the Smal site of M13mp18. M13 DNA was obtained by
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Fig. 1. Graphical view of RUMMAGE-DP results. In this figure the results genes present in this locus. All genes are presented with their short name
of several features of RUMMAGE-DP are presented: repeats (brown)above the arrows. More detailed description of the features and output
exon prediction programmes (red), BLAST searches (green) and GC corfermats of RUMMAGE-DP can be found at http://genome.imb-jena.de
tent (yellow). The arrows show the direction of transcription for the six

the Triton method (Mardis 1994) and then sequenced using dye terminata denaturation step of’30" at 95°C was followed by thirty cycles of
chemistry and the ABI 377 sequencer. denaturation 30at 95°C, annealing 30at 50-55°C (depending on the
primer couple) and elongation 4&t 72°C. All PCR products were directly

. . ) . sequenced to confirm the predicted splice sites.
Computational analysiSRUMMAGE-DP integrates more than 20 dif-

ferent programmes (http://genome.imb-jena.de/c@ter et al. 1998). The

COMPILE_EXON features summarize the results of the five programs for

exon prediction: XGRAIL version 1.3c (Uberbacher and Mural 1991; Results

Uberbacher et al. 1996), XPOUND (Thomas and Skolnick 1994), MZEF

(Zhang 1997), GENSCAN (Burge and Karlin 1997), and FEXHB (So-

IOVer and Salamov 1997) The EXOnSampIer programme (Weber J. et aISequence analys|s of 66 kb of Contlgumu Sequence around
unpublished) searches for homologies of the genomic sequence with €fhe PCOLCE gene homologwo overlappingFugu cosmids
tries in the CodSeq (Weber J., unpublished) and EST databases and tries 55N11, 192F24) containing the homolog of the human

accommodate positive results on the genomic sequence obeying orf con; . A
straints (est2genome: Mott 1997). The results obtained using the RUMP COLCE-l gene were sequenced using shotgun cloning in M13

MAGE-DP can be formatted into the ACEDB format. The PROCRUSTES @nd ABI fluorescent dye chemistry. Approximately 1,800 se-
programme  (http://www-hto.usc.edu/software/procrustes/gpn.html; Gelquences were assembled using GAP4 (Bonfield et al. 1995). Sub-
fand et al. 1996) was used to compare protein sequences from other speciggquent editing and gap closure resulted in a 66,721 bp long con-
with the homologous genes in tHeugu cosmid sequence in order to sensus sequence (Accession No. AF16494). The accuracy of the
confirm the predicted splicing sites of the exons. Several programs wer¢inal sequence was above 99.99% as determined by the 20 kb
used to predict the secondary structures of_ the puta¥hvgu proteins overlap of the two cosmids.

(nnPredict: http://www.cmpharm.ucsf.ednbmi/nnpredict.html, Kneller The wholeFugu genomic region containing PCOLCE-I was

et al. 1990; GOR: http://molbiol.soton.ac.uk/compute/GOR.html, Garnier . - : B
et al. 1996; PredictProtein server: http://www.embl-heidelberg.de/analyzed using the first pass sequence annotation tool RUM

predictprotein/predictprotein.html). These proteins were then compareMAGE'DP (Fig. 1). Microsatellites (di- tr.i- tetra- and pentanucleo-
with the human, mouse, and rat counterparts to hunt for conserved ddide repeat sequences) were found using RepeatMasker, they ac-

mains. The ProDom database (http:/protein.toulouse.inra.fr/prodom.htmigount for 1.48% of the genomic sequence and are uniformly dis-
was used to check the presence of specific domains such as CUB in dfibuted along the sequence. In addition, there are only three
analyzed proteins. inverted repeats clustered in the first 22 kb. The overall GC content
of the Fuguregion is 45%. Using several exon prediction engines
within RUMMAGE-DP six distinct exon clusters comprising 54
exons were predicted along thigu contig. Each exon cluster
showed significant homology to human and murine genes suggest-

Fugu tissues: liver, brain, and muscle using the method of Chomczynski h : f si h | | of
and Sacchi (Chomczynski and Sacchi 1987). First strand synthesis usin§9 the existence of si¥ugu homologous genes. A total of 23

1.5 of total RNA was performed using the ‘SuperScript plasmid Systemexons, derived from four of the six genes, were independently
for cDNA synthesis’ (Gibco BRL). RT-PCR was carried out using primers confirmed by RT-PCR using-ugu cDNA pools (results not
inside different exons of each gene. Both PCRs were performed as followsshown). TheFugu specific cDNA sequences as well as the human

Exon confirmation by RT-PCRrotal RNA was isolated from several
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Table 1. TheFuguand human PCOLCE-I gene. Comparison of exon and intron sizesdomain present in exon 9 (from aa 405 to aa 430 in Fogu
in the genes encoding for the PCOLCE-! proteirFingu and humans. protein, Fig. 2) which we defined from the high similarity in a 26
aa region, between the species analyzed.

Exon size (bp) Intron size (bp)
No. Fugu Human Intron phases Fugu Human . .
Other Fugu genes.Besides the PCOLCE homolog, five further
; 86 106 95 02 129117 48128 genes were detected in the 66 kbgu genomic sequence. Orien-
3 256t 1 370 873 tation and_ exo_n/in_tron structure of the coding part of all six genes
4 125 0 97 460 are described in Fig. 1, Table 1, and Table’2J%Rs and 3UTRs
5 137 2 208 603 of these genes could not be verified since compleigu mMRNA
$ 2289 21752 ! 72% fﬁg sequences were not available and could not be obtained by RT-
8 171 1 88 129 PCR. The genes were detected from left to right in the following
9 131 167 order: GRMP (Glucose Repressor Mediator Protein), PCOLCE-I

VAMP2 (Vesicle Associated Membrane Protein type 2), MPP1
(erythroid p55), GDOB-L1 (gamma-butyrobetaine, 2-oxoglutarate
dehydrogenase-likel), and GABRB3 (GABA beta 3 receptor).
PCOLCE-I, VAMP2, MPP1 and GABRB3 are transcribed on the

and murine cDNAs were used to determine the exon/intron StruCzsme strand (reverse); GRMP and GDOB-L1 are transcribed in the
ture of all genes (Tables 1 and 2). forward strand of the contig.
GENSCAN, XGRAIL, and COMPILE_EXON_Strong de- The first predicted exon cluster (GRMP) is localized down-

tected 53 of the 54.exons which were confirmed by cDNA se-giraam theFugu PCOLCE gene on the opposite strand (forward),
quence analysis. Thirty-seven of the true exons could also be cofe spans a region of over 11 kb and consists of 15 exons. It shows
flrm_e_d by the existence of EST data f_rom other species. Fa|s‘?|omology with a human mRNA for the KIAAO346 gene (Acces-
positive EST data were excluded by using only spliced ESTS foijon No.: AB002344, Nagase et al. 1997). This human protein is
the analysis. The number of false positive exons presented by thg,mologous to the yeast Glucose Repressor Mediator Protein (Ac-
COMPILE_EXON_Strong algorithm in botirugu and human  cession No. SP: P14922). Seven of the fifteen predicted exons
PCOLCE-I contigs is remarkably low (see Table 3). (from exon 4 to exon 10) were confirmed by a parfialgucDNA
_ The other exon prediction programmes used were less effecsgquence (Table 2). The first 12 predicted exons are homologous
tive: FEXHB and MZEF detected fewer true exons whereasy, gifferent human EST sequences (Accession Nos.: AF000992-5)
XPOUND, MZEF and XGRAIL found a large number of false \yhich contain a TPR (tetratricopeptide) domain (Ohira et al.
positives (Table 3). 1996), a degenerate consensus sequence of 34 amino acids found
in multiple copies in different proteins. At the beginning of exon
Comparison of theFugu and human PCOLCE-I gendsor the 5 an in frame deletion of 6 nucleotides (AACGAG), leading the
Fugu PCOLCE gene nine exons were predicted from the cosmidoss of two amino acids (NE) in the protein, was detected at cDNA
sequence (Table 1). Five of these exons were confirmed by thkevel. The cosmid sequence contains these six bases. The predicted
partial cDNA sequences obtained by nested PCR on cDNA librarcDNA of the 15 exons of théugu GRMP gene is 2,270 bp long,
ies. Using PROCRUSTES we analyzed the PCOLCE-I genomigvith an average exon size of 151 bp (exons range from 69 to 288).
region inFugu and humans by alignment with different mamma- The intron lengths range from 70 to 4,963 bp (mean of 535 bp).
lian PCOLCE protein sequences (human Accession No.: The third exon cluster (VAMP2) was found upstreanftegu
AB008549, rat Accession No.: AB008534, and mouse Accessio®®COLCE-I on the same strand and shows homology to the
No.: AB008548). These alignments revealed that Fugu and ~ Vescicle Associated Membrane Protein type 2, also known as
human PCOLCE genes contain nine coding exons distribute@ynaptobrevin 2. The coding sequence of Fugu VAMP2 gene
along a genomic region of 4.3 kb Fugu and 5.8 kb in human. spans less than 3 kb with four of its five exons. It was not possible
The intron phases are identical (see Table 1) in both genes. THe find exon 1 as the coding part of this exon is only 2 bp long (AT)
first intron in Fuguis 1.5 times larger than in humans.Fagu,a  and the known non-coding part of the analysed genes show no
polyadenylation signal was predicted 189 bp after the stop codorgimilarity between each other. Alignment of the human VAMP2
The predictedruguPCOLCE coding region is 3 bp (1 amino acid) (Accession No.: AJ225044), mouse VAMP2 (Accession No.:
longer than that of the human gene. Exons 6 and 7 have differefdF007168), and the VAMP1 homolog froifiorpedo californica
lengths inFuguand humans as well as among several mammaliarftAccession No.: J03777, Trimble et al. 1988) proteins with the
species. The last two thirds of exon 6 and exon 7 show low hoFuguVAMP2 gene using PROCRUSTES revealed the position of
mology at the amino acid sequence level (Table 1, Fig. 2). Thighe last exon. Three of the five exons, which contain the synapto-
part of the protein appears to be either non-essential for proteiRrevin motif (exon 2 to 4), were confirmed at the sequence level by
function or it has evolved a different function. All PCOLCE-I RT-PCR. There was no detectable homology between the different
proteins contain two highly conserved CUB (Complement-Uefg-5" UTR of VAMP2 proteins in the database. The VAMP2 coding
Bmp1) domains. Exon 2 and exon 3 (from aa 34 to aa 143 in théequence is 333 bp long with the coding part of the exons ranging
Fugu protein) encode for the first CUB domain. The second CUBbetween 2 and 159 bp and introns between 91 and 128 bp.
domain (from aa 156 to aa 267 in ti@igu protein sequence) is Upstream of the VAMP2 gene on the same strand, another cds
encoded by the exon 4 up to the first half of exon 6. The presencéMPP1) that shows homology to the human MPP1 (P55) protein
of these CUB domains was verified by a search in the ProDon{Kim et al. 1996) was detected. The twelve exons of Bugu
database. The CUB motifs consist of approximately 110 residue®!PP1 gene (Elgar et al. 1995) span 5.5 kb. The complete cds of
(110 and 112, respectively), mainly found in developmentally FuguMPP1 is 1,404 bp long. Upstream of MPP1, on the forward
regulated proteins (Bork 1991; Bork and Beckmann 1993). Cysstrand, the fifth exon cluster (GBOD-L1) is located. This gene
teine residues that are involved in the formation of disulfide shows only weak homology to other proteins and probably repre-
bridges are conserved (Fig. 2). Short stretches of beta sheets prgents a new gene. Based on its homology with toelegans
dicted by the nnpredict programme (data not shown) were presemroteins (Accession Nos.: Z66523 7; Z36948_5; Wilson et al.
in the rest of thd=ugu, human, mouse, and rat protein. There was 1994) and &£seudomonas sprotein (Accession No. SP; P80193)
no homology in the ProDom database for the third homologousve named it GBOD-L1 (gamma-butyrobetaine, 2-oxoglutarate de-

2Exons confirmed by sequencing the amplified cDNA fréugu.
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Table 2. Exon/intron lengths and intron phases of fggu genes present in the PCOLCE-I locus.

GRMP VAMP-2 MMPP GBOD-L1 GABA beta3
No. Exon Introrf Intron- Exon Introfi Intron- Exon Introfi Intron- Exon Introii Intron- Exon Introfi Intron-
1 181 111 2 2 un 2 120 1871 0 148 562 2 68 686 2
2 127 176 0 103 128 0 132 106 0 250 85 0 221 7066 1
3 106 148 1 159 122 0 79 243 1 120 184 0 83 1781 0
4 2068 180 0 52 91 1 86 72 0 237 135 0 188 940 0
5 137 88 2 17 69 1558 0 139 1568 1 153 485 0
6 69" 89 2 197 119 1 162 257 638 2
7 149 96 1 104 80 0 90 234 2
8 113 70 2 81 84 0 3534
9 188 70 1 81 79 0
10 142 121 1 203 140 2
11 127 70 1 75 82 2
12 171 1167 1 177
13 73 4963 2
14 191 249 1
15 288
2Exons confirmed by sequencing the amplified cDNA fréingu.
bGene already reported in literature (Accession No.: X81359).
°Exon and intron lengths are expressed in base pairs (bp).
un, Unknown length.
Table 3. Comparison of the exon prediction efficiency of different programs between the PCOLCE-I IBuginand human.
Fugw? Humar?
# exons predicted Analysis on nucleotide level # exons predicted Analysis on nucleotide level
Programs TP FP S s¢! TP FP S s¢!
MZEF 22 16 0.340 0.507 108 16 0.549 0.891
XPOUND 32 23 0.625 0.684 103 29 0.577 0.817
XGRAIL 47 58 0.887 0.497 127 60 0.721 0.802
FEXHB 26 6 0.565 0.630 76 63 0.527 0.537
GENSCAN 51 6 0.963 0.790 149 20 0.834 0.910
COMPILE_E_Strong 44 2 0.718 0.677 126 1 0.769 0.833
ExonSampler 37 < 0.650 0.779 131 < 0.768 0.682

3Fugu number of true exons: 54.

PHuman number of true exons: 161.

“Only spliced ESTs were considered.

dSn and Sp as defined by Burset and Guigo (1996).

hydrogenase-likel). Several ESTs from mouse and human wereharacterized. In addition, there are over 32,000 genomic survey
also found (three human ESTs Accession Nos.: AA011424sequences (GSS) originating from the project at the Human Ge-
AA130866, and AA677541; one mouse EST and Accession No.nome Mapping Project Resource Centre (HGMP-MRC, http://
AA270095) to be homologous to this exon cluster. The six pre-fugu.hgmp.mrc.ac.uk/).
dicted exons of th&sugu GBOLD-L1 gene span over 3.5 kb of Here we investigated whether RUMMAGE-DP—a new first
sequence. Since amplification of cDNA was not successful allpass annotation tool developed in our laboratory for mouse and
predicted exons remain unconfirmed. The hypothetical length ohuman genomic DNA—can also be applied Foigu genomic
the CDS is 1087 bp. A polyadenylation signal was found 536 bpDNA. For this purpose we sequenced a 66 kb genomic segment of
after the stop codon. FuguDNA containing theFuguhomolog of the human PCOLCE-I
Downstream of the GBOD-L1 gene on the reverse strand, agene and analyzed the obtained data with RUMMAGE-DP. The
exon cluster which shows significant homology to humanresults were compared with a 226 kb human genomic sequence
GABRB3 (Accession No.: M82919, Wagstaff et al. 1991) waslocalised on chromosome 7¢g22, which contained the PCOLCE
detected. Only the last 8 exons of this gene are present in thgene (Glekner et al. 1998). As a single exon prediction tool
sequence. Seven exons (exon 1 to 6 and exon 8) were predict@@ENSCAN performed equally well with both organisms. Ninety-
using GABRB3 from human, mouse (Accession No.: U14420,five percent of allFuguexons and 93% of all human exons were
Kamatchi et al. 1995), rat (Accession No.: X15468, Ymer et al.detected, the percentage of false positives was in the same range
1989), and chicken (Accession No.: X54243, Bateson et al. 1990)or both organisms (11% versus 12%). The other prediction pro-
as target proteins in the PROCRUSTES programme. None of thgrams when used alone were less successful in the analysis of
exon prediction programs detected this exon (exon 7), but thésugu sequences. COMPILE_EXON_Strong summarizes the re-
sequencing of the RT-PCR products confirmed its presence isults of all five exon prediction engines. It enabled the detection of
Fugu. The sequenced cds of tikeigu GABRB3 (eight exons) is 44 confirmed exons (82%) in thEugu contig and 78% of the

1,364 bp long. human exons. In both cases it produced a remarkably low rate of
false positives (3.7% ifFuguand 0.6% in human sequences) com-
Discussion pared with GENSCAN. Thus, it gives a satisfactory overview on

the coding capacity of human sequences as welFagu se-
The last two years have seen a dramatic increase in the number gfiences.
Fugu rubripessequences in the databases. SevEtaju genes Since there are no ESTs available yetFoiguin any database
corresponding to human disease genes have been sequenced &xwbnSampler, which searches for EST matches on the genomic
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Fig. 2. Alignment of the PCOLCE-I protein sequences. The alignment wasdrawn as vertical lines (|) and the exon numbers are written under the
made using the CLUSTALW programme from the GCG package. Thesequences. Dark grey boxes show the localisation of the two CUB do-
Fugusequence is used as a consensus: dots (.) show the conserved amimains, the light grey box is a newly detected domain localised in exon 9.
acids, gaps are represented by hyphens (-). The exon/intron boundaries are

sequence, has to be used with a lower blast threshold (60% versase highly conserved between all organisms analysed (Fig. 2). The
75%) than for human sequences. With this modification ExonSamsimilarity in this region of 26 aa is 100%, between mammals; in
pler is useful also fofFugu sequences for the confirmation of Fugu the similarity drops to 80—85%. The surrounding regions
exons with experimental data from other species available in thehow only 44% similarity. This is clearly a critical region for
databases. protein function. This highly conserved domain has never been

To confirm gene structures further analyses are needed includietected before, due to the high overall homology in the C-
ing cDNA and EST sequencing, expression analysis, and comparaerminal region between the mammalian PCOLCE-I proteins.
tive studiesFuguand human exons of homologous genes usually  The Fugu GRMP gene is partially present in the analyzed
share the same intron/exon boundaries and often have the sarsequence. Using the partial cds of a human protein KIAA0346
exon length. Only the intron lengths are not conserved between th@hccession No.: AB002344) we were able to confirm some of the
two species (Brenner et al. 1993). A detailed comparative analysipredicted exons. The human afdigu GRMP proteins do not
was undertaken for the PCOLCE-I geneFafguand human. The share homology at the &nd. It is known that the KIAA sequences
genomic sequence of the human PCOLCE-I gene (Accession No(Nagase et al. 1997) are artificially deduced by overlapping ESTs.
AF053356, Glakner et al. 1998) has been previously reported.An error during the assembling of the KIAA0346 mRNA may
Aligning the human coding sequences with thegu genomic  explain the lack of homology at &nd with ourFugu protein and
sequence using PROCRUSTES revealed the exon/intron structuweith the other human EST (containing the TRP motif). VAMP2
of the PCOLCE-I locus in both organisms. COMPILE_EXON_ (Vescicle Associated Membrane Protein type 2) is a membrane
Strong detected only the first six exons. Only GENESCAN andspanning protein present in the synaptic vescicle. In mammals,
MZEF predicted exon 7 in thBugu cosmid sequence, reflecting four different forms of synaptobrevin (VAMP) have been de-
perhaps the low similarity that this exon shows between speciescribed and all of them are highly conserved during evolution
Analysis of the cognate genes in rat and mouse show that thi€DiAntonio et al. 1993). Interestingly, the VAMP-like proteins in
region of the PCOLCE-I protein (exon 6 and 7) is highly variable yeast are more complex than in vertebrates (Linial and Parnas
also between closely related mammals (see Fig. 2). Itis likely thal996). TheFuguMPP1 gene, also known as P55, was previously
the two splice sites have shifted subsequently during evolutiondescribed (Elgar et al. 1995). THaugu GDOB-L1 gene shows
i.e., the changes of the exon/intron boundaries were independesbme degree of similarity with twG. elegangroteins, which are
events. No further homologous regions were found outside thg@resent on two discrete cosmids; these proteins do not share iden-
coding part of the gene. tical amino acid residues. Thus, we hypothesise Fuau GBOD-

A more detailed analysis showed two highly conserved do-L1 is a member of a new protein family of at least two members
mains present in both proteins (CUB domains). They have beefthe two differentC. elegangroteins). The last gene is tieigu
preserved over 400 million years—the evolutionary distance behomolog to the GABRB3 of which only 8 exons were located on
tweenFuguand humans—and obviously represent the main functhe 66 kb sequence. Exon 7 was not detected by any of the pre-
tional feature of this class of enhancer proteins. Previous studiegiction programs and it seems to be absent in the human and
showed that the CUB domains are necessary for the protein funanouse homologous genes.
tions (Hulmes et al. 1997). In the C-terminal of the protein 26 aa  We also checked if the PCOLCEHugu locus could be de-
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Table 4. Genomic localization of genes homologous to fugugenes presentatthe  Gelfand MS, Mironov AA, Pevzner PA (1996) Gene recognition via

PCOLCE-I locus. spliced sequence alignment. Proc Natl Acad Sci USA 93, 9061-9066
o Glockner G, Scherer S, Schattevoy R, Boright A, Weber J, Tsui LC,
Localizatior? Rosenthal A (1998) Large scale analysis of two regions in human chro-
Gene name Homo sapiens Mus musculus mosome 7q22: annotation of 650 Kb of genomic sequence around the
PCOLCE and CUTL1 loci reveals 17 genes. Genome Research 8, 1060—
GRMP — — 1083
PCOLCE-| 7q21 5(80.0cM)  inegardner R (1968) Evolution of cellular DNA content in teleost fishes.
VaMP2 Lplerpl2 Le Am Nat 102, 517-523
q ; . . )
GBOD-L1 — — Holland PW (1997) Vertebrate evolution: something fishy about Hox
GABRB3 15q11-q13 7 (28.6 cM) genes. Curr Biol 7, R570-R572

Hulmes DJ, Mould AP, Kessler E (1997) The CUB domains of procollagen
C-proteinase enhancer control collagen assembly solely by their effect
on procollagen C-proteinase/bone morphogenetic protein-1. Matrix Biol
16, 41-45

fined as a syntenic region between the two organisms. While irkadler KE, Watson RB (1995) Procollagen C-peptidase: procollagen C-

human, the MPP1 gene and the factor VIII gene are located in proteinase. Methods Enzymol 248, 771-781 _

close proximity, the two genes are not linkedFgu since we  Kamatchi GL, Kofuji P, Wang JB, Fernando JC, Liu Z, et al. (1995)

could not identify aFugufactor VIl homolog in proximity of the GABAA receptor beta 1, beta 2, and beta 3 subunits: comparisons in

Fugu MPP1 (see Table 4). The five other genes detecteeligu DBA/2J and C57BL/6J mice. Biochim Biophys Acta 1261, 134-142

show no similarities with human genes present in the PCOLCE-Kessler E, Adar R (1989) Type | procollagen C-proteinase from mouse

region on chromosome 7q22 (@kner et al. 1998). In mouse, the fibroblasts. Purification and demonstration of a 55-kDa enhancer gly-
. - . coprotein. Eur J Biochem 186, 115-121
genes around PCOLCE-| are present in a syntenic region to th

human chromosome 7g22 localized on the mouse chromosome im AC, Metzenberg AB, Sahr KE, Marfatia SM, Chishti AH (1996)
aq ‘Complete genomic organization of the human erythroid p55 gene

~In summary, our analysis shows that the pufferfidigu ru- MPP1), a membrane-associated guanylate kinase homologue. Genom-

bripesis a good model for studying gene structures. Comparative ics 31, 223-229

analysis betweeRuguand humans is very useful for identification  kjvirikko Ki, Millyla R (1984) Extracellular Matrix Biochemistry(New

of functionally conserved protein motifs and domains. York, Elsevier Science Publishing Co., Inc. New York)

Kneller DG, Cohen FE, Langridge R (1990) Improvements in protein
secondary structure prediction by an enhanced neural network. J Mol
Biol 214, 171-182

Linial M, Parnas D (1996) Deciphering neuronal secretion: tools of the

Bateson AN, Harvey RJ, Bloks CC, Darlison MG (1990) Sequence of the trade. Biochim Biophys Acta 1286, 117-152
chicken GABAA receptor beta 3-subunit cDNA. Nucleic Acids Res 18, \ardis ER (1994) High-throughput detergent extraction of M13 subclones
5557 for fluorescent DNA sequencing. Nucleic Acids Res 22, 2173-2175

Baxendale S, Abdulla S, Elgar G, Buck D, Berks M, et al. (1995) Com- Mott R (1997) EST_GENOME: a program to align spliced DNA sequences
parative sequence analysis of the human and pufferfish Huntington's to unspliced genomic DNA. Comput Appl Biosci 13, 477-478
disease genes. Nat Genet 10, 67-76 Nagase T, Ishikawa K, Nakajima D, Ohira M, Seki N, et al. (1997) Pre-

Bonfield JK, Smith K, Staden R (1995) A new DNA sequence assembly diction of the coding sequences of unidentified human genes. VII. The
program. Nucleic Acids Res 23, 4992-4999 complete sequences of 100 new cDNA clones from brain which can

Bork P (1991) Shuffled domains in extracellular proteins. FEBS Lett 286, C0de for large proteins in vitro. DNA Res 4, 141-150
A47-54 Ohira M, Ootsuyama A, Suzuki E, Ichikawa H, Seki N, et al. (1996)

Bork P, Beckmann G (1993) The CUB domain. A widespread module in Identification _of a novel human gene containi_ng the tetratricopeptide
developmentally regulated proteins. J Mol Biol 231, 539-545 repeat domain from the Down syndrome region of chromosome 21.
) ’ DNA Res 3, 9-16

Brefggeé SC,hEIga; G ?andf?rt(:] R, %acf_raﬁ 'A: Venkatesh B, Aparicio SItDIatzer M, Rotman G, Bauer D, Uziel T, Savitsky K, et al. (1997) Ataxia-
( ) Characterization of the pufferfish (Fugu) genome as a compac telangiectasia locus: sequence analysis of 184 kb of human genomic

2 All localization data were found at http://www.ncbi.nlm.nih.gov/Homology/.
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