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RESEARCH 

A Gene-rich Cluster between the CD4 and 
Triosephosphate isomerase Genes at Human 

Chromosome 12p13 
M. All Ansari-Lari, 1 Donna M. Muzny, Jing Lu, Fei Lu, Caroline E. Lilley, 

Sophie Spanos, Tracy Malley, and Richard A. Gibbs 

Department of Molecular and Human Genetics, Baylor College of Medicine, Houston, Texas 77030 

The genomic sequence of the human CD4 gene and its neighboring region, located at chromosome 12pl3, was 
generated using the large-scale shotgun sequencing strategy. A total of 117 kb of genomic sequence and -I1 kb 
of cDNA sequence were obtained. Six genes, including CD4, triosephosphate isomerase, B3 subunit of G 
proteins (GNB3), and ubiquitin isopeptidase T (ISOT), with known functions, and two new genes with 
unknown functions were identified. Using a battery of strategies, the exon/intron boundaries, splice variants, 
and tissue expression patterns of the genes were determined. Various computer software was utilized for 
analyses of the DNA and amino acid sequences. The results of the analyses and sequence-based strategies for 
gene identification are discussed. 

The human T4 receptor (CD4) is a primary com- 
ponent of the immune recognition process (for 
review, see Janeway 1992) and is the major recep- 
tor for the human immunodeficiency virus type 
1 (HIV-1) (Dalgleish et al. 1984; Klatzmann et al. 
1984). The CD4 gene is expressed in a subset of T 
cells, B cells, macrophages, granulocytes, and in 
specific regions of the brain (Maddon et al. 1987). 
The CD4 locus maps to 12pl2-pter and contains 
10 exons that encode a 4S8 amino-acid mature 
protein (Maddon et al. 198S; Isobe et al. 1986). 
The fine structure of the locus has been deter- 
mined by many physical studies and by genera- 
tion of a 14-kb sequence encompassing exons 
1-3 (Edwards and Gibbs 1992). Linkage disequi- 
librium between two polymorphic markers devel- 
oped in this region (Edwards et al. 1991; Edwards 
and Gibbs 1992) have been used for evolutionary 
studies pertaining to the origins of modern hu- 
man (Tishkoff et al. 1996). The nearest known 
gene is the glycolytic enzyme triosephosphate 
isomerase (TPI), which maps to 12p13. TP1 is a 
housekeeping gene and is required for cell 
growth and maintenance (Brown et al. 198S). TPI 
deficiency can cause nonspherocytic hemolytic 
anemia with or without neuromuscular impair- 
ment (Maquat et al. 198S). 

To further the understanding of the physical, 

1Corresponding author. 
E-MAIL ma029926@bcm.tmc.edu; FAX (713) 798-5741. 

genetic, and evolutionary history of the CD4 lo- 
cus and its neighboring region, we undertook a 
large-scale sequence analysis of genomic clones 
from this area. Six genes were identified within 
an 80-kb segment spanning the CD4 and TPI loci 
(GenBank accession no. U47924; also see Table 
1). Using a battery of PCR, cloning, hybridiza- 
tion, sequencing, and data base searching tools, 
the messages encoded by each gene, their splice 
variants, and their expression patterns have been 
analyzed. The combination of known and im- 
plied functional assignments of these genes sug- 
gests a region of potentially great importance. 

RESULTS 

Generation of the Sequence 

Minimally overlapping cosmid clones from this 
region were isolated by screening a chromosome- 
12-specific cosmid library by hybridization and 
PCR. A schematic representation of the clones is 
shown in Figure 1A. Shotgun sequencing libraries 
were generated for the individual cosmids and 
the X clones. For the majority of the regions, the 
random phase of sequencing resulted in multiple 
sequence reads from both strands. Direct and 
random reverse sequencing along with map-gap 
closure were employed to generate accurate, con- 
tiguous, bidirectional sequence of the region. 
More details on the sequencing strategies are de- 
scribed in Richards et al. (1994). 
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Figure 1 Schematic representation of the six genes on chromosome 12pl 3. The drawings are to scale (• 100 
bp). (A) Map of the genomic clones that were used for sequencing. B11, E2, and J0 are cosmids. The relative 
position of the genes with respect to the clones are indicated. (B) Exons are represented by boxes and introns by 
straight lines. For gene A, the light yellow box represents an alternatively spliced exon (see Fig. 4). The poly- 
adenylation signal is AAUAAA, except for gene B (AUUAAA). 
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Table 1. Structural and Functional Informat ion of the Six Genes Located on 
Chromosome 12pl  3 

Length 
Gene ID Size (kb) of of 
and spliced Number transcripts cDNA Accession 
variants of exons ORF a by Northern (bp) no. 

Exons not 
predicted 
by GRAIL 

CD4 
hematopoeitic 10 458 3 3064 M12807; 

109237 
1 (p); 2; 5(p); 10 

brain N.D. N.D. 1.8; 3.0 N.D. N.D. 

Gene A 
1 5 304 1.7 1514 U47925 1; 5(p) 

2 5 588 2.5 2516 U47928 1; 5(p) 

3 I.C. I.C. 3.4 I.C. U47929 I.C. 

Gene B 14 551 (543) 2099 U47926 6; 7; 9; 14(p) 

GNB3 
1 11 340 2 1928 M31328; 1; 2; 3; 11(p) 

U47930 

2 I.C. I.C. 3.4-3.7 I.C. U47931 I.C. 

ISOT 
1 20 858 3.3 3181 U47927 15(p); 20(p) 

2 20 835 N.D. 3080* U35116 20(p) 

TPl 7 284 (249) 1835 M10036 l(p); 3; 7(p) 

The completed sequence was edited to the 
established community standard of 99.99% accu- 
racy. Furthermore, as an indication of the se- 
quence accuracy, comparison of our genomic se- 
quence with the published cDNA sequence (1517 
bp; GenBank accession no. M31328) for the B3 
subunit of G proteins (GNB3) (Levine et al. 1990), 
and the edited portion of the cosmid vector se- 
quence (3412 bp) with the published Lawrist 16 
vector sequence showed a 100% sequence match. 

In addition, the overlapping segment (1698 bp) 
between E2 and J0 cosmids, which was edited 
independently, showed 100% sequence match. 

Analyses of the Sequence 

Five genes adjacent to CD4 were identified: Gene 
A, gene B, GNB3, ubiquitin isopeptidase T (/SOT), 
and TPI. The exon/intron organization of the 
genes in this region is represented in Figure lB. 
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Table 1. (Continued) 

5' exons 
identified 
by LA-PCR EST matches Related information 

N.D. 

N.D. 

R59028, H68199, R84400, R92959 
R67367, R58980, R66647, R84399 
R92957, H68200, H61295, H48407 
T95138, H61299, T95042, T72416 
R59963, R46412, R92387, R98829 
R46327 

interacts with T-cell receptor during antigen 
recognition; signal transducton pathway; 
major receptor for HIV 

N.C. 

N.C. 

identified 

H56593, H56592, R541 38, R84482 
R87327, T09310, R54086 

H56593, H56592, R54138, R84482 
R87327, T09310, R87358, R54086 
R88866, R12610 

sequence obtained from cDNA clone HIBBS19 
(accession no. T09310); one Asp-rich and one 
Glu-rich domain; one putative 
transmembrane domain 

seven putative transmembrane domains; one 
Asp and one Glu-rich domain 

N.C. None two Glu-rich domains; one leucine zipper 
pattern 

2.5 

identified 

H92898, T29297, H9784 one of the subunits of heterotrimeric G 
proteins; involved in signal transduction 
pathways 

N.D. 

Tl1767, H15620, T35460, T08021 
U25904, T08022, H15561, H41228 
T35369, Tl1766, T24496, T08021 

member of ubiquitin carboxyterminal hydrolase 
family; 3' end of the sequence was obtained 
from cDNA clone HIBAA66 (accession no. 
T08021 ) 

N.D. >50 EST matches has been reported interconversion of dihydroacetone phosphate 
and glyceraldehyde 3-phosphate 

a(ORF) The longest open reading frame from the first Met. For gene B, the number in the parentheses is based on the first Met with 
the preferred Kozak sequence context. For TPI, the number in the parentheses represents the known amino acid sequence. (I.C.) 
Incomplete information; (N.D.) not determined; (N.C.) did not change the existing data; (p); portion of the indicated exon that 
was not predicted by GRAIL. (*) The published cDNA sequence for ISOT-2 was edited by removing the sequence of the vector. 
GNB3(2) and A-3 splice variant were identified by LA-PCR. 

Five of the six genes were identified first by simi- 
larity to expressed sequence tags (ESTs) (Table 1). 
Exons from all six genes were also identified by 
the GRAIL program (Uberbacher et al. 1991). 
Based on the GRAIL predictions, several primers 
were designed for reverse transcription PCR (RT- 

PCR), modified ligation-anchored PCR (LA-PCR) 
(Ansari-Lari et al. 1996), and 3' RACE (rapid am- 
plificiation of cDNA ends) (Frohman et al. 1988), 
followed by cloning and sequencing (Table 2). 
Not all of the exons predicted by GRAIL were 
detected by RT-PCR and sequencing. Further- 
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Table 2. Oligonucleotide List 
, ,  

O l i g o n u c l e o t i d e  I D  S e q u e n c e  A p p l i c a t i o n  

R595 
R664 
R807 
R995 
2246 
R730 
R596 
R597 
R796 
R836 
R1046 
R595 
R618 
R836 
R1045 
R915 
R801 
R802 
R1017 
R798 
R832 
R803 
R913 
R872 
R871 
R937 
R804 
R1044 
R1047 
R805 

CTACITFCCCAACTATG AGGCTGG } 
GTTCACTGTGAACCCTCAAGAGG 
CAGTFCTGGCAGTGCCATCITC } 
CGAG'FrG ACT ACATCATGCAGC 
TrFCTGTGGGCTCAGGTCCCFAC } 
CCATGAGTACAGCATGTCFCTCC 
GTGCCTGCTFCITGG CGTFGCTG } 
GAGTFCGGTCTCCATGGCAGTGCT 
CTCCTACCATCGCATGTGGATG 
GGCAGAG GTGTCTCATCGATG } 
B-TCCTCAGCTTTCATACTGGG 
CTACTFTCCCAACTATGAGGCTGG 
CTGAGGAGGATGGAGATGAC 
GGCAGAGGTGTCFCATCGATG } 
B-CG AACTCCCGACATI~CGTC 
TGTACTTAGCCATGTCCTCC 
GCTA AGCTG CITCTGG AGGTG 

PCR probe for isolation of E2 cosmid 

PCR probe for isolation of J0 cosmid 

For PCR of CD4 gap 

RT-PCR of gene A-2 

RT-PCR of gene A-2 

LA-PCR of gene A (outer primer) 
LA-PCR of gene A (inner primer) 
PCR probe for northern of gene A 

LA-PCR of gene B (outer primer) 
LA-PCR of gene B (inner primer) 
3'-RACE of gene B (outer primer; with universal primer) 

CACGCAGACAACTGCGTCCs 
TGTAAAACGACGGCCAGTITI'ITITITITITFI' 
CAGCACACACCITCITFGTAGC 
GACTCCTGCAGCAGTFC1TFGG } 
CTGTAGTCCCGATAGGTGTAGG 
B-GCATAGGCACAGGTCATGACC 
ACTCGTCCCACCACCTCTAG 
CATAGGCACAGGTCATG ACC } 
GAGATGGAGCAACTGCGTCAG 
GGGAAACAGTATGTGGAGAG AC 
B-TGGGTCTCCAGTGCCTGTAG 
CCAAAGCCCAGAAACGTG 
TGATGAGGATGACATGGTCCTG 

3'-RACE of gene B (inner primer; with universal primer) 
For 3'-RACE (Oligo-dT15 with complementary universal tail) 
RT-PCR of gene B 

PCR probe for northern of gene B (with R798) 
I.A-PCR of GNB3 (outer primer) 
LA-PCR of GNB3 (inner primer) 
PCR probe for northern of GNB3 

RT-PCR of ISOT (with R807) 
LA-PCR of ISOT (outer primer) 
LA-PCR of ISOT (inner primer) 
PCR probe for northern of ISOT (with R807) 

All of the sequences are in 5' --~ 3' orientation. (B) Biotin group at the 5' end. 

more, some of the exons (coding and noncoding)  
identif ied by RT-PCR and LA-PCR were not  
predicted by GRAIL (Table 1). The repetitive 
e l e m e n t s  were ident i f ied  by CENSOR (Jurka 
et al. 199S) and PASAP (Jurka et al. 1992) soft- 
ware. 

The sequence of the cDNAs corresponding to 
variant forms of gene A, gene B, and ISOT were 
determined. LA-PCR was used to obtain the se- 
quence from S' ends of transcripts of gene A, 
gene B, GNB3, and ISOT. An array of computer 
programs, including BLAST (Altschul et al. 1990), 
FASTA (Pearson 1990), and BEAUTY (Worley et 
al. 199S) were utilized for the prediction of pos- 
sible functions associated with these genes. The 
results of the analyses are summarized in Ta- 
ble 1. 

CD4 

The sequences corresponding to the 5' and 3' 
ends of the CD4 gene were obtained from X 
clones h g l  and 13.1.3, respectively. A gap re- 
mained between exons 3 and 4 that was not rep- 

resented in the clones, and therefore the gap was 
cloned by a long-range PCR strategy (Cheng et al. 
1994). The sequence of the gap was obtained by a 
shotgun  library strategy, several s u b c l o n i n g  
steps, and a nested deletion series. The restriction 
map of the cloned gap was in agreement with the 
restriction map predicted from the obtained se- 
quence. The amplification of the gap sequence 
from eight different individuals and analysis of 
the fragments by agarose gel electrophoresis did 
not reveal any polymorphism in this region (data 
not shown). The presence of more subtle poly- 
morphism within the gap, however, has not been 
fully excluded. 

Comparison of the silencer sequence of the 
mouse CD4 gene (Sawada et al. 1994) and the 
genomic  sequence of the human CD4 gene indi- 
cates the presence of a region in intron 1 of hu- 
man CD4 with 7S% sequence similarity (Fig. 2). 
This illustrates that cross-species sequence com- 
parison can be a powerful strategy for the deter- 
minat ion of regulatory elements.  However, of the 
nine nuclear protein-binding sites identified on 
the mouse sequence (Sawada et al. 1994), only 

318 ~GENOME RESEARCH 

 Cold Spring Harbor Laboratory Press on June 10, 2026 . Published by genome.cshlp.orgDownloaded from 

http://genome.cshlp.org/
http://www.cshlpress.com


tgtgggtgtctgaggcgaagaagaggatggcggaggttgcagccac.caa 

Ill II I III II lJll fill 1111 ill Jill II 
tgtaggcacccgaggcaaaggagagggtggcagaggttgcagccactgaa 

ccacaagagttccttagaggggtcacagtctctaggaagtttataggaag 

I111111 i lllll fllli I IIlllr II 11] Ill llli 
ccacaagggtcgcttaga.gggtcaca.tctctaggaagtttatacgaag 

ctagtcagcagtagagagggtgaacgcggtggggcacatcccgcggctgg 

IIII II II I III II I llJlll ]II J lllJ 
ctaggcaacag.aggaagggtgtgtggcggggggcacatcccacaactgg 

gcttgagtgggctg.cttgggggttatggggagaagataaaagtgcctgt 

III IIIII I I II I Ill II IIIIIII II II I 
gctagagtgggctgactggggggccatgaggagaagatgaaaacgcattc 

gggaccacagactctcgctgtggtggagctg.ggccctcttaccctccca 

llllllill II II IIlll IIII I I I II 
gggaccacaggctgtcactgtggtggggctgctgtoctggaactgtgcc. 

agcctcgcccctcatcccatccctgggggccaggggtgagggcggcagga 

I I ~illl I III IIIIII i lJ I IIIIIII 
....... ctcctc.tcccatctctgggggcca..tgtgagggtggcagga 

acctcaaggctctgagaaagtgcgtggtgtgtgttgccattttggtctct 

Ill IIII i il II II IIIIII II I II I I 
accccaagtaccttaaaaggtgtgtggtgtgtactgtca.cttgataaca 

tctctttctca(tctctctttgcctcactttggatctatgctctgtgcat 

II III I Illl I I lilll I I II IIIII 
tcccttgtgtggtccctctctttgttcttttggtgttgagttctctgcat 

ctgtcttgcttctcaga 

l iillll Ill 
gtatcttgccttctaga 

Figure Z Identification of the hypothetical si- 
lencer of the human CD4 gene. The upper sequence 
is human; the lower sequence is mouse. In human 
and mouse, the silencer segment is located at intron 
1 of the CD4 gene. 

one was a perfect sequence match. Whether this 
indicates lack of conservation of the sequence for 
these sites or the requirement of another con- 
served domain in this region for the function of 
the silencer is not known. 

Gene A 

Three alternatively spliced forms (Aol, A-2, and 
A-3) were identified by RT-PCR and LA-PCR, and 
subsequently detected by Northern blot analysis 
(Fig. 3). Gene A appears to be mainly expressed in 
the brain with the A-2 (2.5 kb) variant as the pre- 
dominant  transcript. A low level of expression of 
the 3.4-kb transcript (A-3 variant) is also detected 
in liver. The splice variants are represented sche- 
matically in Figure 4A (see also Table 1). Exons 3 
and 4 are shared by all three forms. Exon 2 is 
spliced at different positions in all three forms. 
Form A-1 does not show similarity to any known 
sequence. Form A-2 shows very weak similarity to 
the members of G-protein-coupled receptor su- 
perfamily. TMbase software (Hofmann and Stof- 
fel 1993) identified seven significant t ransmem- 

CD4-TPI GENE CLUSTER 

brane domains, as presented in Figure 5. Form 
A-3 was identified by LA-PCR strategy for deter- 
minat ion of the 5' end of gene B. In this form, 
exon 4 of gene A is spliced to exon 1 of gene B by 
skipping exon 5 of gene A [exon 5 contains a 
poly(A) signal]. The open reading frame (ORF) is 
maintained upon splicing to gene B. This form 
does not show similarity to any known sequence. 
The exact 5' and 3' end of this alternate form has 
not been obtained. All three forms maintain the 
same translation frame in exons 3 and 4. 

Gene B 

The cDNA corresponding to gene B was obtained 
by RT-PCR. The conceptual protein correspond- 
ing to the gene B does not show strong similarity 
to any known protein but does show a very weak 
similarity (16.5% identity) to the rat synaptone- 
real complex protein Sc 65 (Chen et al. 1992). 
Gene B appears to be a distinct gene as opposed 
to another alternatively spliced form of gene A. 
The first exon of this gene starts at a different 
position compared with the exon that is present 
in gene A-3 (see Fig. 4). However, the possibility 
of genes A and B being one gene with a collection 
of alternative transcripts has not been excluded. 
Tissue expression analysis of h u m a n  adult tissues 
indicated a presence of a very faint band of -2.1 
kb in heart, lung, ovary, and skeletal muscle (data 
not shown). In addition, a higher, faint band of 
-3.4 kb was observed in brain, liver, and other 
tissues ment ioned containing the 2.1-kb band. 
The 3.4-kb band likely corresponds to the alter- 
natively spliced form of gene A (A-3) observed in 
liver and brain (Fig. 3). 

GN83 

Two major alternatively spliced forms of this 
gene have been identified by tissue expression 
analysis (2.0 and 3.3-3.7 kb, depending on the 
tissue), and both splice forms are expressed in all 
tissues analyzed (Fig. 3). A previously published 
cDNA sequence of 1545 bp (Levine et al. 1990) is 
identical to the corresponding exons of our ge- 
nomic sequence. Using LA-PCR, we have ex- 
tended the sequence at the 5' end to a total of 
1950 bp. This sequence likely corresponds to the 
2.0-kb transcript. LA-PCR also identified a differ- 
ent splicing pattern at the 5' end as indicated in 
Figure 4B. 

ISOT 

Tissue expression analysis indicated a high level 
of expression of a 3.3-kb transcript in brain, and 
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Figure 3 Tissue expression patterns of gene A (A), GNB3 (B), ISOT (C), and glyceraldehyde 3-phosphate 
deflydrogenase (D). 

a low level of expression in heart, lung, spleen, 
and skeletal muscle (Fig. 3). The 5' half of this 
gene was isolated by RT-PCR and LA-PCR. BLAST 
and BEAUTY searches show that this gene is a 
member  of the ubiquitin carboxy-terminal hy- 
drolase family. One form of this gene has been 
reported recently as the human  ISOT (Wilkinson 
et al. 1995). The reported sequence is 3102 bp 
long. The comparison of this sequence to our 
cDNA sequence indicates alternative splicing in 
exon 15. Furthermore, there are 4 nucleotide dif- 
ferences between the two sequences. Two of these 
differences lead to Lys ~ Arg and Gly --~ Asp sub- 
stitutions. Our cDNA and genomic sequences 

are in full agreement. The comparison of the 
amino acids for the two sequences is shown in 
Figure 6. 

rm! 

The comparison of our genomic DNA sequence 
for TPI (5029 bp) with the previously published 
TPI1 sequence (4995 bp; accession no. X69723) 
shows 99.34% identity. This region is very GC 
rich (59%), especially at the 5' end of the se- 
quence (65% for the first 2000 bp). Some of the 
differences may be attributed to natural polymor- 
phism, but other differences may be the result of 
variation in editing and/or sequence quality be- 
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A 

Gene A-1 

Gene  A-2 

Gene A-3 

1 2 

(GACCACTGGGgtgagcctgg) 

(CCCCATCTfCgtgagatcgg) 

I 

(CACCAACTTGgtcagcgcca) 

3 4 

H 

H 

H 
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 c,   CTCCCC T  

,c, c  CCCC A   

G e n e  B 

1 2 

(CTCTGATGCC) 

GNB3-1 

(ctctctgcagCTGGTGTCTG) 

GNB3-2 i I D 
A G A G  (ctctctgcagCTGGTCTCTG) 

Figure 4 Splice variants. The drawings are not to scale. The sequence for variable splice junctions are indicated 
in parentheses. (A) Three alternatively spliced forms of gene A. Boxes represent exons. The stippled boxes are 
exons of gene B. The lowercase sequence is intronic; the uppercase sequence is exonic. For gene A-3, the 
broken-line boxes represent the likely splicing pattern at its 5' end. The GenBank accession nos. for A-l, A-2, A-3, 
and gene B are U47925, U47928, U47929, and U47926, respectively. (B) Alternative splicing pattern of the GNB3 
gene. Exons 1-5 of GNB3(1) are shown. The segment representing portion of GNB3(2) was isolated by LA-PCR. 
Full-length GNB3(2) transcript has not been obtained. The GenBank accession nos. for GNB3(1) and GNB3(2) are 
U47930 and U47931, respectively. 

tween the two groups. The sequence differences, 
however, do not  result in any amino acid varia- 
t ion in the TPI protein. 

DISCUSSION 

In this s tudy 117 kb of genomic sequence on 
12p13 was determined,  and the sequence was 
analyzed using an array of molecular  and com- 
puta t ional  tools. Six genes, bounded  by CD4 and 
TPI, span 80 kb of the genomic interval. This rep- 
resents one of the most  gene-packed regions on a 
h u m a n  ch romosome  reported to date, wi th  a 
relatively short  stretch of intergenic  sequence 
separating the ends of the genes. The genomic 

and cDNA sequences were examined in detail to 
de termine  exon/ in t ron  boundaries,  5'- and 3'- 
un t rans la ted  regions, repetit ive elements,  and 
functional  or structural features associated with 
each gene. 

CD4 belongs to the large immunog lobu l in  
supergene fami ly  bu t  is an unusua l  m e m b e r  
structurally, owing to the insertion of an in t ron  
(intron 3) wi th in  a usually contiguous segment  
coding for the variable d o m a i n  (Lit tman and  
Gettner 1987). One unusual  feature of this in t ron 
is its extreme Alu richness. Alu elements make up 
S% of the h u m a n  genome, and hence their dis- 
t r ibut ion is est imated at one Alu e lement  every 
SO00 bp (for review, see Deininger 1989). There 
are 22 full Alu elements and 7 half-Alu elements  
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Figure 5 Hypothetical configuration of transmembrane (TM) domains for the gene A-2 based on TMbase 
program. (i --+ o) Inside to outside; (o -~ i) outside to inside. Inside means the cytoplasmic face; outside means 
the lumenal face of the membrane (depending on the organelle). The prediction parameter is TM-helix length 
between 17 and 33. The i ~  o and o - + i  predictions are in very close agreement. The amino terminus is 
predicted to be at the outside. Only TM scores >500 are considered significant. 

in the intron 3 or, on average, 1 Alu every 530 bp. 
Considering the unusual interruption of the V- 
like domain of CD4 by the highly Alu-rich in- 
tron, the propagation of Alu elements might 
have had a major role in the evolution of this 
locus. Intron 1 of CD4 is also relatively Alu-rich 
with approximately  one Alu e lement  every 
1300 bp. 

One of the genes in this region is GNB3. The 
G proteins are heterotrimeric proteins composed 
of c~, [3, and ~ subunits (for review, see Rens- 
Domiano and Hamm 1995). They have a central 
role in numerous hormonal and sensory signal 
transduction pathways. Currently, 18 G-et, 5 G-[3, 
and 7 G-~ subunits have been identified. In this 
study the identification of the 5'-untranslated re- 
gion of GNB3 represents an initial step toward 
determination of transcriptional regulation of 
this gene. 

ISOT is a member  of ubiquitin carboxy- 
terminal hydrolase gene family, which are ATP- 
independent proteases (Baker et al. 1992). De- 
ubiquitinating enzymes are conserved among eu- 
karyotes and have properties of thiol proteases. 
There are three highly conserved residues (Cys, 

His, His) that constitute the putative active site of 
this family of enzymes. Recently, the sequence of 
a cDNA for human ISOT (Wilkinson et al. 1995) 
has been reported that appears to be an alterna- 
tively spliced form of the cDNA reported here. 
This protein has been suggested to have a major 
role in disassembly of polyubiquitin chains after 
release of the chain from conjugated proteins or 
degradation intermediates (Wilkinson et al. 
1995). Other deubiquitinating enzymes have 
been suggested to have a more central role in the 
degradation of ubiquitin-conjugated proteins 
(Papa and Hoschstrasser 1993). Whether the two 
alternatively spliced forms of human ISOT have 
different functions is not known. 

Of the six genes identified here, the func- 
tional significance of genes A and B awaits fur- 
ther analysis. Although three of the genes show 
variable tissue expression pattern, all six genes 
are expressed in the brain. Whether the product 
from all six genes or a subset of them are involved 
in a coordinated or concerted functional path- 
way is not yet known. 

This study has tested the potential of several 
techniques to be integrated into a systematic 
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Figure 6 Amino acid comparison of the two alter- 
natively spliced forms of ISOT. The top sequence 
was determined by our group (ISOT-1 ; GenBank ac- 
cession no. U47927); the bottom sequence (ISOT-2; 
GenBank accession no. U35116) was reported by 
Wilkinson et al. (1995). The boxed segment  repre- 
sents the alternatively spliced region. (O) Amino 
acid differences between the two sequences. Arrows 
show the Cys and His of the active site of the en- 
zyme. 
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analysis  of c o m p l e t e d  g e n o m i c  sequence.  Fine 
detai led analyses  of the  sequence  by  RT-PCR, LA- 
PCR, a n d  3' RACE were requi red  for accura te ly  
de f in ing  e x o n / i n t r o n  b o u n d a r i e s  a n d  possible  
spliced var iants ;  however ,  these  type  of analyses  
are very  t ime c o n s u m i n g  and  in general  are n o t  
a m e n a b l e  to a u t o m a t i o n .  In cont ras t ,  analysis  
wi th  extens ive  EST da ta  base searches and  com-  
pu te r  sof tware for exon  predic t ions  were f o u n d  to 
be very  effective approaches  for init ial  gene iden-  
t if ication,  and  these can be easily a u t o m a t e d .  The 
c o n t i n u i n g  f low of EST sequence  i n f o r m a t i o n  
into  publ ic  da ta  bases wou ld  improve  this pro- 
cess. Based on  this work  a n d  o the r  large-scale ge- 
n o m e  sequenc ing  projects  in our  labora tory ,  we 
predict  - 8 0 %  of the  genes could  be ident i f ied by  
the  cur ren t  available publ ic  EST da ta  base. W i t h  
the  predic ted  explos ion  of sequenc ing  in fo rma-  
t ion  in the  c o m i n g  years, EST da ta  base searches 
a n d  c o m p u t e r  s o f t w a r e  for  e x o n  p r e d i c t i o n s  
shou ld  be the  s t ra tegy  of choice  for rap id  se- 

quence  analysis.  

METHODS 

Isolation of Cosmids 

A human chromosome 12-specific cosmid library, 
LL12NC01, was kindly provided by Dr. Jeffery C. Gingrich 
(Human Genome Center; Biology and Biotechnology Re- 
search Program; Lawrence Livermore National Laboratory, 
Livermore, CA). The X clones were gifts from Dr. Dan R. 
Littman (University of California, San Francisco). Library 
plating and screening were performed according to stan- 
dard protocols (Sambrook et al. 1989). A Rediprime kit 
(Amersham Life Science, Arlington Heights, IL) and NICK 
columns (Pharmacia) were used for labeling and purifica- 
tion of the probes, respectively. The positive clones from 
the primary screen were mapped by PCR to identify mini- 
mally overlapping clones that were plated for secondary 
screening to isolate individual positive colonies. Cosmid 
DNA was isolated by equilibrium centrifugation in CsC1 
gradients essentially as described (Sambrook et al. 1989). 

Sequencing of x and Cosmid Clones 

A shotgun sequencing library was generated for each indi- 
vidual X and cosmid clone using one of the M13 adaptor- 
based strategies as described (Povinelli and Gibbs 1993; 
Andersson et al. 1994). Sequence templates were prepared 
as described (Kristensen et al. 1987). Clones were se- 
quenced using random and directed sequencing strategies 
as described (Civitello et ah 1993). Directed reverse tem- 
plate preparation and sequencing was performed using a 
modified asymmetric PCR protocol (Muzny et al. 1994). 
Sequencing reagent kits were purchased from Perkin 
Elmer, and sequence reactions were electrophoresed on 
ABI 370, 373A, or 373 sequencers. 
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RT-PCR, LA-PCR, and 3' RACE 

Total RNA was isolated from white blood cells (WBC) or 
from HT-1080 human fibrosarcoma cells by guanidinium 
thiocyanate extraction followed by CsC1 centrifugation as 
described (Sambrook et al. 1989). mRNA was isolated using 
oligo(dT)-cellulose type 7 Redi-column (Pharmacia) ac- 
cording to the manufacturer's protocol. 

For RT-PCR and modified LA-PCR reactions (Ansari- 
Lari et al. 1996), single-strand cDNA synthesis was per- 
formed using random hexamer and oligo(dTls). For 3'- 
RACE reaction (Frohman et al. 1988), oligo(dTls ) contain- 
ing a universal tail was used to generate the first-strand 
cDNA. For LA-PCR and 3' RACE, a nested PCR approach 
was used. The primers used for various strategies are indi- 
cated in Table 2. 

Sequencing of ESTs, RT-PCR, LA-PCR, and 
3'-RACE Products 

RT-PCR and LA-PCR products were either cloned into 
pBluescript II (SK-) (Stratagene) or in pGEM-T vector 
(Promega). Two of the ESTS (Table 1), and the majority of 
RT-PCR products  were sequenced  using a cDNA- 
concatenat ion sequencing strategy (Andersson et al. 
1994). Some of the RT-PCR products and all of the LA- 
PCR, and 3'-RACE products were sequenced using dye- 
terminator sequencing, or solid-phase sequencing (Gibbs 
et al. 1990) strategies. 

Sequence Assembly 

Sequence reads were edited using the SEQPREP software 
developed by the Molecular Biology Computational Re- 
source Center at Baylor College of Medicine. Lambda 
clones were assembled by SAM software developed by the 
Molecular Biology Computational Resource Center at Bay- 
lor College of Medicine. Cosmid sequence assembly was 
performed using Staden XDAP and XGAP software (Dear 
and Staden 1991). Gap closure was performed as described 
(Richards et al. 1994). cDNA sequence editing and assem- 
bly were performed using Sequencher for Macintosh, ver- 
sion 3.0 (Gibbs and Cockerill 1995). 

Tissue Expression Analysis 

An adult human total RNA blot was purchased from BIOS 
Laboratories (New Haven, CT). Hybridization was pre- 
formed using Speed Hyb solution (BIOS Laboratories) with 
probes generated by RT-PCR indicated in Table 2. Washes 
were performed essentially according to the manufactur- 
er's protocol. 

Computer Analysis Program 

An array of computer software, including GRAIL (Uber- 
bacher et al. 1991), BLAST (Altschul et al. 1990), BEAUTY 
(Worley et al. 1995), FASTA (Pearson 1990), TMbase (Hof- 
mann and Stoffel 1993), GCG (sequence analysis software 
package, v. 8, Genetics Computer Group, Madison, WI), 
and CENSOR (Jurka et al. 1995) were used for analysis of 
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the sequence. Some of these programs have been as- 
sembled into a World Wide Web page by the Baylor Col- 
lege of Medicine genome  informat ic  core (h t tp : / /  
k i w i . i m g e n . b c m . t m c . e d u : 8 0 8 8 / s e a r c h - l a u n c h e r /  
launcher.html). 
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