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Abstract

In this series of projects of sequencing human cDNA clones which correspond to relatively long and
nearly full-length transcripts, we newly determined the sequences of 80 clones, and predicted the coding
sequences of the corresponding genes, named KIAA0201 to KIAA0280. Among the sequenced clones, 68
were obtained from human immature myeloid cell line KG-1 and 12 from human brain. The average size
of the clones was 5.3 kb, and that of distinct ORFs in clones was 2.8 kb, corresponding to a protein of
approximately 100 kDa. Computer search against the public databases indicated that the sequences of 22
genes were unrelated to any reported genes, while the remaining 58 genes carried sequences which show
some similarities to known genes. Protein motifs that matched those in the PROSITE motif database were
found in 25 genes and significant transmembrane domains were identified in 30 genes. Among the known
genes to which significant similarity was shown, the genes that play key roles in regulation of developmental
stages, apoptosis and cell-to-cell interaction were included. Taking into account of both the search data on
sequence similarity and protein motifs, at least seven genes were considered to be related to transcriptional
regulation and six genes to signal transduction. When the expression profiles of the cDNA clones were
examined with different human tissues, about half of the clones from brain (5 of 11) showed significant
tissue-specificity, while approximately 80% of the genes from KG-1 were expressed ubiquitously.

Key words: full-length cDNA sequence; mRNA expression; chromosomal location; myeloid cell line
KG-1; brain.

1. Introduction unreported terminal sequences are first selected. Then,
the sizes of the mRNA corresponding to these clones are

To accumulate information on the coding sequences analyzed by Northern hybridization, and the entire nu-
of unidentified human genes, we have begun a project deotide sequences of clones that comprised nearly full-
for sequencing the entire cDNA clones which correspond length transcripts were determined. We have already
to relatively long and nearly full-length transcripts.1-2 predicted the coding sequences of 180 new genes from
Whereas many genes of functional importance appear analysis of cDNA clones which were isolated from hu-
to be expressed in longer transcripts, little effort has m a n immature myeloid cell line KG-1.1-2 By computer
been made to analyze such transcripts mostly due to search, 68 genes were found to be new, and most of the
technical difficulties. Although a large amount of ex- remaining genes (96 genes) were related to those with
pressed sequence-tags (ESTs) obtained by one path se- biologically important function. In this paper, we re-
quencing of cDNA libraries have been accumulated for p o r t the coding sequences of additional 80 genes and
comprehensive understanding of expression profiles, the their sequence features as well as expression profiles,
information obtained is limited to relatively short cDNA
species.3~5 By our sequencing strategy, cDNA libraries
enriched with clones corresponding to relatively long 2 Materials and Methods
transcripts were constructed, and the clones that carry

Communicated by Mituru Takanami T h e source of the KG-1 cDNA clones was identical
To whom correspondence should be addressed. Tel. +81-438- to that used in the previous paper.1 The brain cDNA
52-3930, Fax. +81-438-52-3931 clones were selected from a cDNA library which was con-
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Fifure 1. Physical maps of
the 80 cDNA clones analyzed.
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Figure 2. Distinct C2H2 type zinc finger repeats in products en-
coded in genes: A, KIAA0211; B, KIAA0222 ; C, KIAA0236.

structed from a whole brain raRNA fraction of CLON-
TECH (California, USA) by a method essentially identi-
cal to that used for the library of KG-1 cells. The meth-
ods used for selection of clones, Northern hybridization,
sequence analysis, computer analysis of sequences and
chromosomal mapping of cDNA clones were described
previously.1'6

3. Results and Discussion

3.1. Sequence features of analyzed cDNA clones
As in the previous papers,1'2 the cDNA clones carry-

ing inserts longer than 2 kb were randomly selected from
the libraries constructed from the medium-sized cDNA
class, and both the terminal sequences were analyzed

D KIAA0220

Figure 3. Typical repeats observed in cDNA clones from iden-
tified genes. A, GGC repeats in KIAA0229: B, GAG repeats
in KIAA0279: C, AAT repeats in KIAA0280: D, reiteration of
two types of 55 nucleotide repeats in KIAA0220. In A and B,
translated amino acids are indicated below the DNA sequences.
Numerals above the sequences are nucleotide positions in each
clone.

to select unidentified clones with poly(A) tails. The
clones harboring inserts more than 90% of the length
of the corresponding transcripts were further selected by
northern hybridization, and their sequences were deter-
mined. Among 85 clones fully sequenced, 80 clones were

Figure 1. The horizontal scale represents the cDNA length in kb, and gene numbers are given on the left. Open reading frames
(ORFs) within coding regions, untranslated regions, Alu sequences, and other repetitive sequences are indicated by solid, open,
dotted, and hatched boxes, respectively. The details of repeats in KIAA0220 are shown in Fig. 3D. The positions of the first
ATG codon in each ORF are represented by open triangles. The solid triangles show the positions of the triplet repeats listed in
Figs. 3A, B and C. The nucleotide sequence data reported in this paper were deposited in the GSDB, DDBJ, EMBL and NCBI
nucleotide sequence databases under the accession numbers shown in Table 3.

D
ow

nloaded from
 https://academ

ic.oup.com
/dnaresearch/article/3/5/321/370498 by guest on 24 April 2024



324 Prediction of Unidentified Human Genes [Vol. 3,

Table 1. Genes with similarities to nucleotide and amino acid sequence database files.

Gene no.
(KIAA)

Database files Accession no.a ' Identities Overlap5^
(amino acid
residues)

0201 heat shock protein 105 kD alpha (M)
0202 KIAA0128 (H)
0203 coiled-coil protein CC1 (M)
0204 serine/threonine protein kinase Krs-1 (H)
0205 cosmid C01C10 (Ce)
0207 growth factor receptor-binding protein GrblO(M)
0208 dishevelled-3 (M)
0209 major CRK-binding protein DOCK180 (H)
0210 cosmid B0393 (Ce)
0211 finger protein 1 (H)
0212 cosmid C47E12 (Ce)
0214 cosmid ZK1248 (Ce)
0215 KIAA0239 (H)
0216 myosin heavy chain (R)
0218 hypothetical 29.6 kD protein (E)
0219 translational activator of GCN1 (Sc)
0221 NAM7 (Sc)
0222 finger protein MKR3 (M)
0223 cosmid ZK669 (Ce)
0224 putative ATP-dependent RNA helicase K03H1.2 (Ce)
0225 cosmid K12D12 (Ce)
0229 ankyrin 1 (H)
0230 peroxidasin precursor (D)
0231 adenylate cyclase (Sc)
0233 cosmid T20D3 (Ce)
0234 XE169 (H)
0235 KIAA0099 (H)
0236 zinc finger protein ZNF142 (H)
0237 cosmid T10A3 (Ce)
0238 yolk sac permease-like molecule 1 (M)
0239 KIAA0215 (H)
0241 cosmid T26A5 (Ce)
0242 hypothetical 51.6kD protein ZK353.8 (Ce)
0244 transcription elongation factor TFIIS (H)
0245 amino acid permease PRM1 (Sm)
0246 notch 3 (M)
0248 protein transport protein SEC7 (Sc)
0249 KIAA0188 (H)
0251 cosmid C14H10 (Ce)
0252 glutamic acid-rich protein precursor (Pf)
0255 70kD endomembrane protein EMP70 (Sc)
0257 cosmid C27F2 (Ce)
0259 rad4/cut5 protein (Sp)
0260 cosmid C52E12 (Ce)
0261 parallel sister chromatids protein (D)
0263 hypothetical protein YD9335.01 (Sc)
0266 hypothetical protein 5 (Sc)
0267 Na+/H+ exchanger 2 (H)
0268 C219-reactive peptide (H)
0269 extensin-like protein (Zm)
0271 transforming protein bcl-2 (H)
0272 hypothetical C08B11.7 protein (Ce)
0274 hypothetical NO330 protein (Sc)
0275 testican (H)
0276 hypothetical protein L3111 (Sc)
0277 CDC25 protein homolog (H)
0278 growth factor Arc (R)
0279 cadherin-related tumor suppressor hFat protein (H)

D67016
D50918
X82318
U60206
U23526
U18996
U41285
D50857
Z37983

A32891C)
Z68882
U29244
D87076

S21801c)

P27859d)

L12467

P30771d)

S03677c>
Z37093

P34498d>
Z49069

S08275c>
U11052

S56776C>
Z68220
L25270
D43951
U09849
U41035
U25739
D86969
U00043

P34631d>
X57198
L25068
X74760

P11075d>
D80010
Z50863

A54514C)

P32802d)
U40419

P32372d>
U50135
U40214

S54638c)

S49634C)

A57644C)

L34688

S49915C>

C37332C>

Q09444d)

P42837d>

S33293C>

S59316C>
L26584
U19866
X87241

93.4
77.7
84.4
30.5
28.0
90.0
98.7
62.3
39.6

23.2
63.8
35.2
60.4

22.5

30.1
32.1

54.5

23.9
30.0

59.3
18.7

21.7
38.0

22.9
33.9
83.9
81.5
98.8
40.4
38.7
60.4
45.8

25.3
29.6
40.9
27.5

35.4
49.1
24.0

18.3

35.2
36.1

24.4

49.1

32.0

30.7

25.9

29.0

iooe)
29.9

45.1

33.6

35.1

49.0

25.1
26.4
92.4
26.5

858
413
141
483
344
428
681
1729
345

343
458
739
312

900

204
1888

858

323
274

1064
1301

652
1412

317
427
1363
850
170
228
223
311
164

351
161
480
299

209
895
407

503

612
228

236
115
469

197

704

418

136

228

164

294

655

358

180
235
396
656

a ' EMBL/NCBI/GSDB/DDBJ database files are shown unless specified.
b ' The size of regions which show similarities.
c ' PIR database files
d) SWISS-PROT database files
e ' A partial sequence spanning aa positions 592 -727 of KIAA0268 has been reported.
Ce, Caenorhabditis elegance; D, Drosophila melanogaster; E, Escherichia coli; H, human; M, mouse; Pf, Plasmodium falciparum; R, rat; Sc,
Saccharomyces cerevisiae; Sm, Schistosoma mansoni; Sp, Schizosaccharomyces pombe; Zm, Zea mays.
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Table 2. Genes with regions that matched motifs in the PROSITE database.

Motifs Description Gene number
(KIAA)

References

HSP70 3
ATP GTP A

PROTEIN KINASE ST
PROTEIN KINASE ATP
ZINC FINGER C2H2
CYTOCHROME C
YBL055C-1
YBL055C-2
DEAH ATP HELICASE

IG MHC

GLYCOSYL HYDROL Fl 1
CYTOCHROME P450
EGF
AA TRNA LIGASE II 2
ATPASE C
ATPASE ALPHA BETA
ZINC FINGER C3HC4
PRENYLATION
BCL2
THYROGLOBULIN 1
CADHERIN

Heat shock hsp70 proteins family
ATP/GTP-binding site motif A (P-loop)

Protein kinases
Protein kinases
Zinc finger, C2H2 type
Cytochrome c family heme-binding site
Hypothetical YBL055c/yjjV family
Hypothetical YBL055c/yjjV family
DEAD and DEAH box families ATP-dependent
helicases
Immunoglobulins and major histocompatibility
complex proteins
Glycosyl hydrolases family 1
Cytochrome P450 cysteine heme-iron ligand
EGF-like domain cysteine pattern
Aminoacyl-transfer RNA synthetases class-II
ATP synthase c subunit
ATP synthase alpha and beta subunits
Zinc finger, C3HC4 type
Prenyl group binding site
Apoptosis regulator proteins, Bcl-2 family
Thyroglobulin type-1 repeat
Cadherins extracellular repeated domain

0201
0202,
0221,
0204,
0204,
0211,
0211,
0218
0218
0224

0233

0237
0246
0246,
0248
0256
0257
0262
0270
0271
0275
0279

0212, 0214, 0216
0222, 0224, 0250
0213
0213
0222, 0236
0223

0279

18
19

20
20
11
21
22
22
23

24

25
26
27
28
29
29
12
15
9
30
10

found to contain distinct open reading frames (ORFs)
and were subjected to further analysis. The ORFs and
the first ATG codon in each ORF are shown in Fig. 1 by
solid boxes and open triangles, respectively. In the figure,
KIAA0201 to KIAA0268 represent the clones from the
KG-1 cDNA library and KIAA0269 to KIAA0280 repre-
sent the clones from the brain cDNA library. In-frame
termination codons upstream of the first ATG codon were
identified in 38 clones, suggesting that at least half of the
clones analyzed harbor the complete coding region.

The results of computer analysis with the GCG soft-
ware package are shown in Tables 1 and 2, Figs. 2, 3 and
4 and in the figure in the Supplement section. Sequence
features are summarized below.

1. Sequences of 22 genes were unrelated to any re-
ported sequences in the database files, except for
ESTs (GenBank release 96.0, August 1996). The
remaining 58 genes carried sequences with at least
some similarities to known genes (Table 1). The
genes that we are particularly noted are as fol-
lows. KIAA0208 was a human homolog of mouse
dishevelled-37 and KIAA0246 carried a sequence
with considerable similarity to the Notch gene
family,8 both of which are known to mediate cell fate
decisions during development. KIAA0271 showed
significant similarity to the bcl-2 gene family which
plays important roles in apoptosis.9 KIAA0279 was
related to a gene involved in cell-to-cell interaction.10

2. Protein motifs that matched those in the PROSITE
motif database were found in 25 genes (Table 2).

3. On the basis of the search data of similarity and

protein motifs, at least seven genes were considered
to be involved in transcriptional regulation. Those
senen genes are KIAA0211, 0215, 0219, 0222, 0236,
0239 and 0262, in which KIAA0211, 0222 and 0236
carried the C2H2 type zinc finger11 (Fig. 2) and
KIAA0262 the C3HC4 type zinc finger.12

4. The search data of similarity and protein-motifs also
suggested 6 genes, KIAA0204, 0209, 0213, 0231,
0277 and 0278, are relating to signal transduc-
tion: The product encoded in KIAA0231 harbors a
leucine-rich domain with significant structural sim-
ilarity to that of adenylate cyclase13 (Fig. 4A), and
that of KIAA0277 shows a high degree of sequence
similarity to proteins encoded in the CDC25, Sosl
and Ste6 (Fig. 4B).14

5. Significant transmembrane domains were identified
in 30 genes, 11 of which harbored multiple hydropho-
bic regions. It is also noted that KIAA0270 harbors
a binding site of the prenyl group which is assumed
to anchor to membranes.15

6. Three genes harbored triplet repeats, which were of-
ten correlated with genetic disorders:16 GGC(Gly)
repeats occurred 20 times within a 23-triplet stretch
in KIAA0229 , GAG(Glu) repeats occurred 7 times
in a 10-triplet stretch in KIAA0279, and 9 AAT
repeats were detected in the 3'-untranslated region
(UTR) of KIAA0280 (Figs. 3A, B and C).

7. Alu sequences were identified in the 5'-UTRs of 2
genes and in the 3'-UTRs of 12 genes, respectively.
The presence of Alu in the 5'-UTR has already been
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KIAA0231
KIAA0147
CYR1

KIAA0231
KIAA0147
CYR1

KIAA0231
KIAA0147
CYR1

KIAA0231
KIAA0147
CYR1

KIAA02 3 1
KIAA0147
CYR1

KIAA0231
KIAA0147
CYR1

EHRVYHS
BA
IHaXE

VDHPALAFtjEEgTjKiaRgjKPTEMGK
J X L P S D V f l M f f l . xlBtaT
FWFKFLFHPVTPSHFyPEOEORIMRSEFi'iHVDBaNMDfflTT

IESSIK[jLS[jRMVNIRAWKF[3SNlf]K.

HEWiWRg
SIFJKVDQ

292
211
920 KFMHYP

B KIAA0 27 7 3 37 RSMRIJ3GMNTWDL1
CDC25 1034 E P B E . . NHSAlij
Sosl 772
Ste6 656

KIAA0277 393 CR
CDC25 1088 F[J
Sosl 828 TTNjJ
Sto6 711

KIAA0277 453 Q|
CDC25 1148
Sosl 888
Sto6 770

KIAA0277
CDC25
Sosl
Ste6

K1AA0277
CDC25
Sosl
Ste6

513
1208 Ht. _
946 EVQKRHGKEQ!
8 3 0 DNF...

5 66 QQ.
1259 EESi
1006
881 0NNIYQ;

Figure 4. Sequence comparison of (A) a leucine-rich domain in adenylate cyclase family and (B) CDC25 gene family. Identical and
similar amino acids are indicated by black and grey shading, respectively. Numerals represent the number of amino acid residues
from the start codon.

reported by Yulug et al.17 Although the mechanism
for Alu integration is not fully understood yet, the
lower occurrence rate of Alu in the 5'-UTR than 3'-
UTR in cDNAs may be due to differences in the
target size for Alu retroposition. It should be noted
that the Alu sequence at the 5'-UTR of KIAA0245
overlaps the ORF, but as the first ATG in the ORF
is present downstream of Alu, the Alu sequence does
not seem to be translated.

Two repeated sequences, both of which are 55 nu-
cleotides long, were found in KIAA0220 (Fig. 3D).
They were reiterated 32 and 8 times, respectively, in
the 3'-UTR of KIAA0220.

3.2. Expression profiles in tissues
The expression profiles of the sequenced genes were ex-

amined with 16 different human tissues and 2 cell lines
including the KG-1 cell, and clear patterns were obtained
for all but two clones. The results are summarized in
Table 3. Seventy-nine percent (53 out of 67) of clones
from the KG-1 cells and 36% (4 out of 11) of those from
brain were found to be expressed ubiquitously, albeit to
varying degrees, in all the tissues examined. Five out of
11 clones (45%) from brain were expressed specifically,
if not exclusively, in brain. The patterns of two repre-
sentative clones are shown in Figs. 5A and B. This is in
sharp contrast to the fact that most of KG-1 clones ex-
hibited ubiquitous expression. It was also noted that 10
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Table 3. Summary of cDNA sequence data and expression patterns of identified genes in human tissues and cell lines.

Gene

(KIAA)

Total length
of cDNA

(bp)a>

Amino
acid

residues

KG-1 H e L a H e B r PI L u Li S k .
Expression '

m Ki Pa S p T h P r T e O v b m . i Co P e .b
C h r o i

lo
nosor
catio:

nal<•J A ccessiond)
number

0201f'8)

0202f'S>
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02070

0208f>
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0 2 1 4e,f ,g)
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0240
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02708)
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0274e'f)

0275e'f '«)
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3,614

4,344

6,614

5,988

6,253
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5,431
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6,611
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6,479
5,404
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6,033

4,121
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6,465
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6,025
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2,805
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5,918
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5 0 8
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13
6

,20,21

10

1,13

5,11

7

3

6

3

15,18

3

6

1

3 , X

17
10

3

6,12
14,16

19

18

19

16

7

3
14

17

6

2

1
4

16

Y

2

2 *

1*

2 0 *

5
6 *

7 *

2 *
9 *

6 *

1 6 *

3 *

1 4 *

1 0 *

1 8 *

1*

1 6 *

1 5 *

1*

1 1 *

2 0

1 5 *

2 *
9 *

3 *

1*

1 0 *

1 2 *

3 *
5 *
7*

1 3 *

X *

1*

6 *

1 9 *

1 4 *

3 *
8 *

6 *

1 0 *

4 *

D86956
D86957

D86958

D86959

D86960

D86961

D86962

D86963

D86964

D86965

D86966

D86967

D86968

D86987

D86969

D86970
D86971

D86972

D86973
D86974

D86988

D86975

D86976

D86977

D86978

D86979
D86980

D86981

D86982

D86983

D86984
D86985

D87071

D87072

D87078

D87073

D87074

D87075

D87076
D87077

D87682

D87684
D87683

D87685

D87432

D87433

D87434

D87435

D87436

D87437

D87438

D87440

D87442

D87443

D87444

D87445

D87446
D87447

D87448

D87449

D87450

D87451

D87452
D87453
D87454

D87455

D87743

D87742

D87459

D87460

D87461

D87462
D87463

D87464

D87465

D87466

D
ow

nloaded from
 https://academ

ic.oup.com
/dnaresearch/article/3/5/321/370498 by guest on 24 April 2024



328 Prediction of Unidentified Human Genes [Vol. 3,

Table 3. Continued.

Gene
number
(KIAA)
0277f)
0278f)

0280

Total length
of cDNA

(bp)a )

5,900
2,935

' 8,924
6,837

Amino
acid KO-

residues
580 —
460 —

2,408 —
291 +

1 HeLa H e

+ / -

B r

++

P I

T
Express

Lu Li Sk.m Ki

+/-"- I +

.onb)
Pa Sp Th Pr T e

+}

O v Sm.i Co

+ / - -

Chromoson
Pe.b locatio:

7*
+ /- 8*
+ / - 1*

+ 11*

nalc) Accession^
n number

D87467
D87468
D87469
D87470

n.d., not determined; He, heart; Br, brain; PI, placenta; Lu, lung; Li, liver; Sk.m., skeletal muscle; Ki, kidney; Pa, pancreas; Sp, spleen;
Th, thymus; Pr, prostate; Te, testis; Ov, ovary; Sm.i, small intestine; Co, colon; Pe.b, peripheral blood leukocytes.
a) Values excluding poly(A) sequences.
h> Expression of mRNA in indicated cells and human tissues (Clontech, USA) was examined by northern hybridization, and the strength
of the positive signals are indicated (+/—, +, ++ , +-1—h).
c) Asterisks indicate that choromosome localization has been determined only by radiation hybrid mapping. In the others, the panels of
both radiation hybrid and human-rodent hybrid were used.
d) Accession number of GSDB, DDBJ, EMBL and NCBI nucleotide sequence databases.
e) Putative transmembrane domains were contained (see Supplemental pages).
f ' Similarities to known genes were identified (see Table 1 and Supplemental pages).
g ' Protein motifs were recognized (see Table 2 and Supplemental pages).

O r- O •— <M co

A '

B t D

Figure 5. The typical expression patterns of representative genes. cDNA fragments were randomly labeled and hybridization was
carried out as described previously. Human MTN blots were purchased from CLONTECH Laboratories, Inc.. A, KIAA0273; B,
KIAA0269; C, KIAA0264; D, KIAA0262. Lane 1, heart; 2, brain; 3, placenta; 4, lung; 5, liver; 6, skeletal muscle; 7, kidney; 8,
pancreas; 9, spleen; 10, thymus; 11, prostate; 12, testis; 13, ovary; 14, small intestine; 15, colon; 16, peripheral blood leukocyte.

clones yielded relatively strong signals in both heart and
skeletal muscle (as shown in Figs. 5C and D, lanes 1 and
6).

The chromosomal location of these genes has been
determined by the panels of radiation hybrid6 and/or
human-rodent hybrid cell lines (see TableS).1
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