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Germ-line mutations of the TSC2 tumour suppressor
gene have been identified in humans with tuberous
sclerosis and in the Eker rat. Tuberin, the human TSC2
gene product, has a small region of homology with
raplGAP and stimulates rapl GTPase activity  in vitro ,
suggesting that one of its cellular roles is to function
as a GTPase activating protein (GAP). We have under-
taken a comparative analysis of the TSC2 gene in
human and the pufferfish, Fugu rubripes . In addition to
the GAP domain, three other regions of the proteins are
highly conserved (peptide sequence similarity >80%).
These regions are likely to represent further functional
domains. To facilitate analysis of mutations within
these domains we have determined the genomic struc-
ture of the human TSC2 gene. It comprises 41 exons,
including exon 31 which was absent from the originally
described spliceoform of the human TSC2 transcript
and was identified following exon prediction from
Fugu genomic sequence. These findings support the
proposal of the Fugu genome as a tool for human gene
analysis.

INTRODUCTION

mutations appear indistinguishable. Both are characterized by
development of unusual hamartomatous growths affecting many
organs, especially the brain, skin, kidneys and héartgss of
heterozygosity (LOH) across the TSC1 and TSC2 chromosomal
regions in TSC associated hamarton®ad @) suggests that cell
proliferation and differentiation become perturbed when both
TSC1 or TSC2 alleles are mutated and that the genes act as
tumour suppressor genes serving related functions. The wide
range of tissues in which TSC associated hamartomas develop
implies a fundamental role for both TSC genes in regulating cell
proliferation and differentiation. Itis likely that study of the TSC2
gene and its protein product tuberin (and when identified, the
TSC1 gene and its product) will provide new insights into these
processes.

The rat homologue of the TSC2 gene has recently been
characterized1(l) and a constitutional insertion mutation has
been identified in the Eker straii(13), which exhibits a
predisposition to renal cell carcinoma, splenic haemangioma and
uterine leiomyoma or leiomyosarcomial), Analogous pathol-
ogy is only occasionally seen in humans with TSC, suggesting
that further studies of TSC2 might also provide insights into
species-specific differences in tumorigenesis and/or phenotype-
specific mutations.

The human TSC2 gene was identified by positional clotjng (

It maps to a gene-rich region of 16p13.3, approximately 2.25 Mb
from the telomere and immediately adjacent to the PKD1 gene

In humans, constitutional mutations affecting the TSC2 gene ¢h5)- The 5.5 kb transcript spans an estimated 43 kb of genomic
chromosome 16 are found in individuals with the autosom&equence and encodes a novel, prediCit®B kDa protein

dominant trait tuberous sclerosis, MIM 191109. (Linkage

(tuberin). Fifty-eight amino acids near the carboxy terminus are

studies in families with tuberous sclerosis (TSC) show thdtomologous to the catalytic domain of the GTPase activating
approximately 50% segregate a mutant TSC2 gene, while prptein GAP3 (raplGAP)L. GAPs are regulators of the GTP
unidentified gene which maps to chromosome 9 (designatééhding and hydrolysing activity of the Ras superfamily of
TSC1) is implicated in the remaind@§). With the exception proteins that help to regulate cell growth, proliferation and
of a recently described contiguous gene syndrome involvirdgjfferentiation. Further homologies between tuberin and other
deletion of both the TSC2 gene and the adjacent PKD1 gene moteins have not been identified and alternative approaches will
chromosome 16§, phenotypes associated with TSC1 and TSCBe required to elucidate other functional domains. Strategies
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Figure 1. Protein—-DNA matrix plot of the human TSC2 predicted protein against the Fugu TSC2 genomic sequence following three frame translation. Analysis \
performed using the MacVectorTM analysis package. A window size of 30, minimum percentage score of 20, and hash value of 2 were used with a pam250 m
The homology between the two sequences was sufficient to allow identification of all exons. The enlarged insert panel demonstrates the program’s ability to ide
individual exons as regions of homology.

which might prove useful in this regard include characterizatioits entirety (Sandfor@ét al manuscript in preparation). Exon 1
of mutations at the TSC2 locus in humans and other species avas found to be interrupted by the vector cloning site. An
identification of regions of the gene which exhibit a high level obverlapping cosmid, 52G18, was isolated and the sequence of
conservation in distantly related species. exon 1 completed using specific walking primers.

The haploid genome of the Japanese puffefishu rubripes
comprises#00 Mb (L6), compared witfiBO00 Mb in man, but  Predicted intron—exon structure of Fugu TSC2
is estimated to contain a similar number of genes. The compact

nature of the Fugu genome reflects the small relative size 6f€ infron—exon structure of the Fugu homologue of TSC2 was
intergenic and intronic sequences and a paucity of repetiti\Péed'Cted using the genomic sequence from cosmid 295C6. The

DNA. These characteristics have led to the proposgugti BLAST algorithm (7) and direct comparison to the human
rubripes as an efficient model for vertebrate genome ana|y3%red|cted protein sequence after three frame translations W_|th
(16). We have characterized the Fugu homologue of the TS cVectorTM were used to search for Fugu sequences with
gene and have undertaken a comparative analysis of TSC2gmology to the human TSC2 cDNA. Searches using the known
human and Fugu. Four regions of coding sequence, including ffRSensus sequences for Fugu splice sipsvere then made to
rap1GAP homologous region, showed a particularly high level Hredict positions .of Fugu intron—-exon boundarles, which were
conservation. These may represent critical functional or structuf{fC @nalysed using the Netgefi)(and Grail g0) programs.
domains toward which further studies, such as mutation analy§@mology between Fugu genomic sequence and human tuberin
might be usefully directed. To facilitate the identification andeduence predicted 41 Fugu exons comprising a transcript of
analysis of potentially revealing mutations, such as missen imilar size to the previously published human TSC2 transcript

mutations, we have determined the intron—exon structure of tgd- 1)- GC content and Grail() analysis also predicted a
human TSC2 gene. further Fugu exon of 90bp (exon 31) for which no homologous

sequence was present in the published human transcrif®)(Fig.
Alternative splicing of exon 31 in Fugu was confirmed by

RESULTS RT-PCR using pooled RNAs.

Isolation and sequencing of the Fugu TSC2 gene

Genomic clones containing the Fugu homologue of the TSdEtron—exon structure of the human TSC2 gene

gene were identified as previously described (Sandfbal  Sequence data from genomic sub-clones of the cosmids LADS4
manuscript submitted). Briefly, human TSC2 cDNA clones 4B2nd ZDS5 which together span the human TSC2 locus (see Fig.
and 4.9 {) were used to screen a Fugu genomic libraryd and Methods) were compared with the human TSC2 cDNA.
constructed in lambda 20016]. Three overlapping lambda The genomic sequences at points of divergence were compared
clones were identified and fragments of these used to isolatevdah the 3 and 5 splice site consensus sequences defined by
single cosmid, 295C6, from a gridded library containing 40 008hapiro and Senapthg1), identifying 59 intron—exon bound-
clones (G. Elgar, unpublished). This clone was also found #wies. A further 19 boundaries were identified by direct sequenc-
contain part of the PKD1 gene homologue and was sequencedig of PCR products amplified from the genomic TSC2 locus.
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Figure 2. Percentage GC content of the Fugu TSC2 genomic region containing the newly identified exon 31. Using the MacVectorTM program and a window s
of 100 discrete GC peaks of greater than 60% can be seen to correspond to exons (open boxes) predicted by homology searching. The demonstration of a |
exon 31 in the Fugu gene led to the discovery of this exon in the human gene. Both have been confirmed as being alternatively spliced by either RT—-PCR or ¢
sequencing. The same exon has been shown to exist in the rat gene.

The 40 exons defined by these approaches accounted for all 5754fter optimal alignment using the CLUSTAL prograg?),
nucleotides of the published cDNA sequence. An additionahe TSC2 transcripts in Fugu and humans showed 65% sequence
alternatively spliced exon (exon 31) which was not representédmology at nucleotide level. GC content was 60% in man and
in the original TSC2 transcript was also identified. This exon was4% in Fugu. Optimal alignment at the protein level revealed
predicted by analysis of Fugu genomic sequence (see abov&)% identity of amino acid residues, with 79% similarity if
RT-PCR amplification of human lymphoblastoid RNA revealedonservative changes were included. Comparison of the pre-
no evidence for the exon, but 4A2, one of eight human fetal bradlicted Fugu and human peptide sequences is shown in Eigure
cDNA clones spanning this part of the transcript, contained arhe PLOTSIMILARITY program from the GCG package was
additional 69 bp of coding sequence homologous to thgésed to assess variation in similarity across both predicted
alternatively spliced exon in Fugu. Genomic PCR productsroteins as a 75 amino acid residue window was moved along the
spanning the novel exon were amplified from cosmid ZDS5 araligned sequences. Four regions of high conservation were
the exon and flanking intronic regions were confirmed by diredtlentified. These include the GAP-related domain (human
sequencing. Thus a total of 41 human TSC2 exons were identifiesidues 1593-1631) and the sequences flanking this, two small
(Table 1). A combination of PCR, restriction digestion andregions between residues 750 and 1100, and the N-terminal
Southern hybridization were used to estimate the sizes of p8rtion of the molecule.
introns for which sequence data were incomplete, and to confirm
the positions of exons on the genomic map (B)g.Partial  secondary structure and protein similarity predictions
genomic sequence across the 41 exons and flanking intronic
sequence has been deposited with GenBank (accession numieglysis of the human TSC2 predicted protein sequence has
L48517-L48546). previously identified hydrophobic regions which could represent
membrane spanning domairis. (Hydropathy of the Fugu and
human predicted proteins was examined using the Kyte and
Interspecies comparison Doolittle method Z3) and both N-termini were found to be
hydrophobic. Alignments of the two sequences were analysed for
The known TSC2 gene spdi&3 kb of genomic DNA in human transmembrane domains using TMAR)(and PredictProtein
and only 17.3 kb in Fugu. However, in both cases transcript sizg5-27), but none were reliably predicted.
(CB.5 kb) including putative translation initiation codons and Apart from the small region of tuberin showing sequence
polyadenylation signals, and intron—exon organization are vehomology to rap1GAP, no similarities to known proteins have
similar. The difference in genomic coverage reflects smalldreen foundl). Extensive searches for structural and functional
intron size in the Fugu (62—-1928 bp in Fugu, and 79 to >4 kb protein domains were made with the aligned Fugu and human
humans). The only structural divergence noted between the Fugijuences (see Materials and Methods). Evolutionary conserva-
and human TSC2 genes was the presence of an additional Ftigh can increase the power of these analyses, but no similarity to
intron. Optimal alignment indicated that this intron of 163 bp wasther protein motifs or domains was found.
inserted in phase 0 at amino acid number 1435 of the human
transcript (WSASGE--DSRGQP), splitting exon 33, the largeghscussioN
of the human exons, into two Fugu exons denoted 33a and 33b.
Otherwise both position and phase of predicted Fugu introns wéfee comparative analysis we have undertaken in humans and
identical to their directly determined human counterparts (Tablugu has highlighted four regions of the TSC2 gene product
1). which have remained highly conserved (>80% at the amino acid
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Table 1.Intron—exon structure of TSC2 in human and fugu

Human Fugu Intron Human 3' Splice Human 5' Splice
Phase junction Junction
Exon Nucleotide Size Amino Exon | Size Amino
Nos. acid Nos. acid Nos.

1 1-156 >156° 1-46 1 135 145 0 - CTGAGA/gigagtgagelace

2 157-243 87 4775 2 57 46-14 0 tcatetetetecag/GAACTG GAAGAG/gtagetitatecag

3 244-354 111 76-112 3 m 75-111 0 tetgetoptgacag/CACGCA GGGCAG/staagaccagepcy |
4 355499 145 1137160 4 148 112-160 I getttigtettlag/GGCGAG AGCTGG/gtgegtgrcacctt

5 500-617 113 161-200 5 112 161-200 I gacticicoeecag/CTGACT GGTICA/glaagaazagaatt

6 G18-666 492 201-216 [ 49 201-216 0 getectecetgeag/GATGAT ATAGAG/gleagtgocteoee |
7 667-792 126 217-258 7 126 217258 0 toeolelocaccag/GTCTCC TGGAAG/ptpgppttictgaa

8 793-866 74 259-283 8 74 259283 i attgtatctegcag/CTGATG | GGACAG/gigagtatggisee |
9 867993 127 284-325 9 127 284-325 0 gEgaacacttitag/AGCCTA TACCAG/glangpoggttict |
10 994-1137 144 326373 10_|_i44 326-373 0 gelogighioccag/GCCATG | CTCCAG/ptogegiegegzra |
i1 1138-1275 138 374-419 11 133 374419 0 goctggtactacag/ ACCTTG AGGCCT/gigagacceoctes

12 1276-1379 104 420-454 12 104 420-454 I tettetitigacag/GAGTCC CTITCAG/gtaggestectetg

13 1380-1461 82 453481 13 82 455481 [ cigecgteocgeag/GAGCGA TATGAG/gtgcgigtcageeg |
14 1462-1617 156 482-533 4 156 482533 0 ttatgoctatgcag/CAGGAG | GAGAAG/gtgagageegitgt
15 1618-1734 117 534572 15 120 534-573 & cttctctitpaasg/GTGATG CTTCAG/gtgggiattetacn

16 1735-1857 123 573613 16 | 123 574-614 0 tectetoictgoag/ ACCAAG CTGCAG/gtatgptggetags |
17 1858-1964 167 614-649 17 107 515-650 I cetettectgacag/GCCTTT CTACAT/gtacgespacetae

18 19652115 151 650-699 18 163 651704 0 tettgetietpeag/GGAGCC | AAGCAG/gtgagtggpacers |
19 2116-2238 123 700-740 19 123 T05-745 0 tectoteotegeag/GAGTCT TCCATG/gtaccatgecgge

20 22392373 135 741-785 20 | 135 746790 0 gattiggteatcag/CTTTCA | AAACAG/gtaggeeaggateag
21 23742563 190 786-848 21 190 791-853 1 cotgtetectacag/CGCGAG TGTCCA/gtpagtorccgeee
22 2564-2637 94 £46-880 22 94 854-383 ! ctecatthecpcapfCTCTGG CTCCAA/gtzagtegtogoct
23 2658-3760 103 381914 23 | 103 886.919 0 octiclealotcag/ GITIAA | ACTAAG/gigegcteagggog |
24 27612855 95 915-946 2 95 920-951 i getcactcigecag/GGCCTG | CAAGAG/gtacpgeateegan |
25 2856-2984 129 947989 25 141 952-998 i acttacecagatag/TCTGAG | CCGCAG/gtagoggactgter. |
26 2985-3149 165 990-1044 26 162 999-1052 I gectctoociccag/CAGGAT | GAAGAG/giceaggeggoact |
27 3150-3302 153 1043-1095 27 159 1053-1105 I tecetgtettetag/GTCTCC GTCGAG/gtgactgeaccttc

28 3303-3415 113 10961133 | 28 | 113 | 1106-1142 I gatictottclcag/CTCCAG TGTCGG/gtgagoetiggore |
29 3416-3623 213 1134-1203 29 243 1143-1223 I coegleticticag/GGGGCC CCACAG/gtactpgactaggs |
30 3629-3832 204 1204-1271 30 | 228 | 12241299 1 gecgectocgicag/OGAACA | ACACAG/stzaptpgoatgge |
31 3833-3%01 &9 1272-1254 3 ok 1300-1329 I geettocettgeap TGGCCT GGGCAG giatogectoteag
32 39024023 122 1295-1335 2 158 1330-1382 0 ctetetecteecag/ACTCCG AGCAGG/gtgaptetegctea

33 4024-4511 488 1336-1498 33a 245 1383-1465 0

33b_| 167 | 1466-1521 il atggrectitctag TCGTCC COCCAG/gigggccicttget

34 45124587 76 1499-1523 34 79 1522-1547 0 cecteectatecag/ TTTCGT AATGAG/glaggeptepctec |
35 45884680 o3 1524-1554 | 35 37 1548-1576 0 teigigigoracag/TCACAG | GGCCAG/pigaggetgeanaa
36 46814867 187 1555-1616 | 36 | 187 | 1577-1638 I gloagicocgacag/AGCAAC | TGCAAG/gtacgeectggege |
37 48635007 140 1617-1663 37 | 140 1639-1685 ] cigeteacceicag/CCGICT | ATCAAG/gteagigagggoce
38 50085086 79 1664-1689 | 38 79 1686-1711 1 tcttgtecggeeag/GGCCAG | GGAAAG/gtaggecogepten |
39 5087-5178 92 16901720 | 39 92 17121742 0 ccaagiotocecag/ACATGG | GCAAAT/gtgagtegeaster |
40 5179-5277 99 1721-1733 40 99 1743-1775 0 tecctacgtcccagf ATGGCC CAGCGG/gtappoaatatgpp

41 52785439 162 1754-1807 41 165 1776-1830 - goetetgecticagfATCTGC -

“Human exon 1 contains at least 19 nucleotides upstream of the translation initiation codon.
TIn Fugu, a phase 0 intron, absent in the human gene, separates exons 33a and 33b. Human nucleotide numbers 1-3832 (amnio acids 1-1271) correspon
previously published transcript (1). Thereafter they differ due to the present of the additional exon (exon 31).

level) over some 400 million years of evolution. These include they the presence of a GC rich genomic regido 8xon 30 in the
previously recognized GAP homologous regitnand an area Fugu. By characterizing eight human fetal brain cDNA clones we
of (00 amino acid residues which surrounds this. It is likely thatonfirmed that the additional exon (exon 31) was also present in
this conserved area as a whole contributes to any functional GA8me human transcripts. The exon corresponded to the alterna-
domain. Preliminanin vitro biochemical evidence for (rapl) tively spliced exon 31 of the recently characterized rat TSC2 gene
GAP activity has been demonstrated for tubetif),(but (11). Sequencing of the exon 31 containing splice form showed
additional cellular roles are expected. In this regard the thréleat 67 of 69 nucleotides were identical to the homologous rat
remaining regions that are highly conserved between human axbn. It has already been established that exon 25 shows tissue
Fugu deserve further investigation. specific alternative splicing in humans and moa$g énd that
Prediction of intron—exon structure from genomic sequence itis alternatively spliced in the rall). Using RT-PCR we
the Fugu TSC2 locus helped us to identify a novel, alternativeghowed that exons 25 and 31 are also alternatively spliced in
spliced exon in humans which was absent from the previoudhugu. Conservation of these splice forms is suggestive of
reported TSC2 transcript)( The additional exon was identified underlying functional correlates which remain to be established.
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Figure 3.The human TSC2 locus. Top, The positions of cosmid clones LADS4 and ZDS5 are shown above a genomic map indicating restri@zmRéite}s for
Part of the genomic region spanned by ZDS5 is duplicated more proximally on the short arm of chromosome 16 (vertical hatches). The genomic distribution
direction of transcription (arrows) of the TSC2 gene and the adjacent genes, OCTS2, OCTS3 and PKD1 are shown below the restriction map. Bottom, gen

distribution of 41 coding exons (vertical bars) of the human TSC2 gene.
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Figure 4. Similarity plot produced from the alignment of the TSC2 predicted

protein sequences. Similarity was determined over a window of 75 residue

intron (phase 0) of 163 bp splitting the coding sequence of human
exon 33 into Fugu exons 33a and 33b. Given this level of
conservation it is unsurprising that intron position and phase are
completely conserved in the recently characterized rat TSC2
gene, which has no intron splitting the homologue of human exon
33 (11). For a very few genes, such as the Huntington’s disease
gene 80) and the G6PD gen81) genomic structure have been
determined in both Fugu and humans. In these cases complete
conservation of intron—exon boundaries has been found through-
out protein coding regions. The overall size of the human genome
(and other mammalian genomes)Jis5-fold larger than that of
Fugu, reflecting the larger size of both intergenic and intronic
sequences in mammals. However, relative difference in size
varies between genes. The TSC2 gene was 2.5-fold larger in
humans than Fugu, compared with 7.5-fold for the HD d&e (
and 3.75-fold in the case of the G6PD getig. (n contrast, the
level of nucleotide sequence conservation within the coding

using the GCG package program, PLOTSIMILARITY. 100% similarity scores regions of these genes is very similar, at 65% for TSC2, 69% for
1.5. The scale along the bottom of the plot represents the consensus sequeitbe@ HD gene and 71% for the G6PD gene.
after alignment and is therefore larger than the individual sequences. The dotted It is possible that additional alternatively Spliced protein

line shows the average similarity.

encoding exons of the TSC2 gene remain to be found. However,
we do not predict the existence of such exons from our analysis

The predicted genomic structure of the Fugu TSC2 gene wakgenomic sequence in Fugu. It is more likely that one or more
extremely similar to that determined for the human TSC2 genkeader exons (non-protein encoding) exisibihe ATG codon
The position and phase of each of 41 introns interrupting thidentified as the probable translation initiation codon in rijgn (
human TSC2 transcript were identical in Fugu, the onlyouse (Olssoat al manuscript submitted), rdtl) and Fugu. A
divergence in organization being the occurrence of an additiors@quence corresponding to the splice site acceptor consensus lie:
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[BO bp upstream from this codon at the human TSC2 locus. A& method of Grunstein and Hogness) (and the positive
yet, the BUTR of the TSC2 gene has not been fully characterizegenomic clones were assigned to their relative positions in the
in any organism, but delineation of this region, and the regulato®PNA.
elements contained within it, is under investigation.

The data we present on genomic structure and sequence Wilfjice junction analysis of human TSC2
assist with the identification of constitutional and somatic
mutations at the human TSC2 locus. Some 5% of germ-line TS@tially, intron—exon boundaries were determined by single
mutations appear to be deletions detectable by pulse field g&élanded sequencing of fhsl andTad shotgun clones using the
electrophoresis or conventional Southern analyis®. (More  M13 reverse primer (30 boundaries). Further sequencing of these
detailed studies applying single strand conformation polymorplelones using additional intragenic primers identified an additional
ism (SSCP) and heteroduplex analysis may be useful boZ®@ boundaries (primer sequences available upon request). The
diagnostically and in the identification and characterization dfoundary sequences were completed by direct sequencing of
functional domains of tuberin and vital residues within thesé>CR products generated from genomic clones at the TSC2 locus.
Unfortunately, the complex genomic structure of the humaRCR amplification was carried out in a O total volume
TSC2 gene with many small exons will make any exon screeniggntaining 0.2 mM of each dNTP, 25 pmol of each primer and 1
approach to mutation identification labour intensive. As a widgnit of AmershanTag polymerase in standard PCR buffer (10
spectrum of inactivating mutations might be expected, alternativeM Tris—HCI, 50 mM KCI, 2 mM MgG)). PCR conditions used
approaches such as the protein truncation test (B)linay be  for each primer set were similar (35 2 min followed by 30
more appropriate in a diagnostic setting. However, PTT does rcles of 98C 1 min, 58C-60°C 1 min, 72C 2 min). Direct
detect missense mutations, which are potentially the mo9iNA sequencing was carried out using the PCR product
revealing in terms of function, and SSCP and related techniquggguencing kit (Amersham), using exonuclease | and shrimp
will remain useful in the research-oriented laboratory. alkaline phosphatase for pre-enzymic treatment of the PCR
products. The sequences at all splice sites were analysed for
agreement with the and 5 splicing consensus sequences using

MATERIALS AND METHODS the method described by Shapiro and Senapafly (

Sequencing of Fugu cosmid 295C6

. Restriction map construction
The sequence of the Fugu TSC2 gene was obtained from the P

complete sequence of cosmid 295C6 and individual walkingn approximate genomic map was constructed by hybridization
sequences from the adjacent cosmid 52G18. Sonicated cosmidr'SC2 cDNA fragments to restriction digests of cosmid and
295C6 DNA was shotgun cloned infma cut M13 vector. human genomic DNA. These results were confirmed by hybrid-
Sequence was obtained using both dye primer and dye terminatation of exon-containing shotgun clones to the same digests.
chemistries and automated detection with ABI 373 or 37Finer mapping was achieved by restriction digest analysis of the
sequencers. Walking primers were used to confirm sequencesiotgun clones and PCR products derived from the TSC2
both strands and to obtain the complete sequence of exon 1 frggnomic locus. In many instances restriction mapping data were
cosmid 52G18. confirmed by sequence analysis.

Human TSC2 cDNA clones RT-PCR

Four cDNA clones spanning the human TSC2 transcript hav@tal RNA from Fugu pooled tissues and from human lympho-

been described previously, 2A-6, 4.9, 4B2 and 1A)l ( blastoid lines for use in RT-PCR experiments was isolated using

Additional cDNAs were identified by screening a human fetafjuanidinium thiocyanate—phenol—chloroform extractid). (

brain cDNA library (Stratagene) with the established TSCEirst-strand cDNA was obtained fromugy of RNA using the

cDNAs. Previously undescribed cDNAs are 4.1, 4A2, 4B5, 1.Bromega Reverse Transcription System according to the supplied

1/1, 1/3, 3.3, 4B4, 2A1, 2/1, 2B1 and 1B1. These were mappeddtocols. One-twentieth of the reaction volume was used in

relative to cosmids LADS4 and ZDS5 and to each other. Eight efibsequent PCR reactions with Fugu or human specific primers.

the clones spanned the region of the gene predicted to contain an

additional exon (exon 31) in Fugu. These were investigated fgy. ;

evidence of the additional exon by PCR using the primers %gaimer synthesis

(5-TGCCCCTGCAGGAGCTGTCTA-3 and MP53 (5GC-  Primers were synthesized by either Severn Biotech Ltd, Kidder-

GCCTGTCCATGCCTAGC-3. cDNA 4A2 was found to con- minster or Oswel DNA Service, Edinburgh.

tain an additional 69 bp. The PCR product was sequenced

directly. Database searches and computer analysis

Genomic clones at the human TSC2 locus Sequence analysis and exon prediction was carried out with
MacVectorTM, GRAILII ¢0), and Netgenel@). Homology

Pst and Tad restriction fragments from cosmids LADS4 andsearches to identify sequence, motif and structural similarity were

ZDS5 (1), were shotgun cloned into pBluescript (Stratageneperformed with Blastn, Blastp, PredictProted®7), TMAP

Recombinants were picked on to duplicate grids and transferré), MOTIF (Prosite directory, reR5), and BLOCKS by direct

to Hybond membrane. Exon containing clones were identified kaccess to the servers via the worldwide web. Sequence alignments

colony hybridization with TSC2 cDNA fragments according towere performed using the GCG package.
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