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Down syndrome is the most common birth defect, and is caused by trisomy 21. We identified
a novel gene in the so-called Down syndrome critical region by means of computer-aided
exon prediction and subsequent ¢cDNA cloning. The gene, designated as DCRA (Down
syndrome Critical Region gene A), consists of eight exons of 3,252 bp in total and encodes
a large open reading frame of 297 amino acid residues. The open reading frame shows
significant homology to H358, a mouse gene essential for embryogenesis, PEPS, a yeast
homologue of HB58, and an expressed sequence tag of Arabidopsis thariana, suggesting
that DCRA has some important function that has been conserved during the course of
evolution. DCRA is expressed in most tissues examined, including fetal and adult brain,
heart, lung, liver, and kidney. The cDNA of the DCRA mouse homologue, Dcra, was also
cloned. It is 2,157 bp long and has an open reading frame of 297 amino acid residues, which
shows 92% identity to human DCRA. Dcra is expressed in all the embryo and adult tissues
examined.
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Down syndrome (DS) is the most common birth defect, and
is caused by trisomy 21, and characterized by distinct facial
and physical features, and mental retardation. Some
patients have associated congenital heart disease or gut
disease, immune deficiencies, or an increased rate of
leukemia (1, 2). These complex features of DS imply the
involvement of multiple genes in its pathogenesis.

Studies on partial trisomy 21 DS patients suggested that
a region extending from DNA marker D21S55 to ERG of
21q22.2 is critical for DS (2, 3), which is now called the
Down syndrome critical region (DCR). To understand the
pathogenesis of DS, it is obviously important to identify
and characterize the genes in DCR. We thus started the
systematic analysis of the region to identify the genes in
DCR, and previously reported the presence of a novel gene
designated as TPRD (4). In this paper, we report another
novel gene which might be involved in the pathogenesis of
DS.

! This study was supported in part by Grants-in-Aid for Scientific
Research on Priority Areas and for Creative Basic Research (Human
Genome Project) from the Ministry of Education, Science, Sports and
Culture of Japan, and a grant from the Science and Technology
Agency (STA). The DDBJ, EMBL, and GenBank accession numbers
for the complete DNA sequences of human DCRA and mouse Dcra are
D87343 and AB001990, respectively.

2 To whom correspondence should be addressed. Tel: +81-3-5449-
5623, Fax: +81-3-5449-5445, E-mail: sakaki @hgc.ims.u-tokyo.ac.
DY

Abbreviations: DCR, Down syndrome critical region; DS, Down
syndrome; ESTs, expressed sequence tags; Mb, mega base pair; nt,
nucleotide; ORF, open reading frame; RACE, rapid amplification of
cDNA ends; RT-PCR, reverse transcription-polymerase chain reac-
tion; SSC, sodium citrate-sodium chloride buffer.

872

MATERIALS AND METHODS

Genomic DNA Sequencing—The genomic DNA sequence
(110,392 bp) of two overlapping P1 clones, S310 and D10
(5), in chromosome 21q22.2 was determined using a
dideoxy method based on a novel nested deletion system,
that was developed by our group (6).

Computer Analysis of Genomic Sequence Data—Exon
prediction software, GRAIL (xgrail IT), was used to identify
putative exons in genomic DNA sequences (7). The
Alu-masked sequence data were also compared with a
non-redundant nucleotide database (constructed from
GenBank, GenBank-upd, and EMBL) using a homology
search program, BLASTN, to identify registered tran-
scribed sequences (8).

RT-PCR Analysis—Reverse transcription was carried
out using poly(A)* RNA from a 19-23-week male/female
pool of human fetal brains, a 18-25-week male/female pool
of human fetal hearts, a 22-26-week female pool of human
livers, and a 37-year-old human adult male brain (Clon-
tech), as templates. First strand cDNA was synthesized
using 0.5 ug of poly(A)* selected RNA, SuperScript re-
verse transcriptase, random hexamers, and oligo(dT),2-1s,
according to the manufacturer’s recommendations (GIBCO
BRL). The resultant ¢cDNA (0.125 ng) was amplified by
PCR in a reaction mixture (25 xl) comprising 0.5 U of
ELONGASE Enzyme Mix, 0.5Xbuffer A, 0.5 Xbuffer B
(GIBCO BRL), 0.25 mM dNTP, and 0.2 4M primers (a:
5 .CTGAGAACACCAGCATCTG-3’, b: 5-TGAGTGCTT-
GTCACACATG-3, c: 5-CATGTGTGACAAGCACTCA-
3, d: 5-AGCTGCTCACCTCCTGCTG-3', e: 5-TCTGTA-
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TGAGACGTATCATG-3', f: 5-CCAAGTTTCAAGTGAC-
TCAG-3’, and g: 5'-ATTGGAGAGGCCTTCAATG-3’; Fig.
1). The DNA was incubated at 94°C for 3 min, followed by
30 cycles of denaturation at 94°C for 30 s, reannealing to
primers at 53°C for 1 min, and incubation at 72°C for 5 min,
and finally incubated at 72°C for 10 min in a thermal cycler
(9600, Perkin-Elmer Cetus).

5" and 3 RACE—RACE was performed from 1 ug of
poly(A)* RNA from the 19-23-week male/female pool of
human fetal brains using a Marathon cDNA Amplification
Kit (Clontech) according to the manufacturer’s recommen-
dations. Adopter ligated ¢cDNA from 9-11-week male
BALB/C mice (Marathon-Ready cDNA, Clontech) was
used for cloning of the mouse homologue. These cDNAs
(0.5 ng) were amplified by PCR in a reaction mixture (25
ul) comprising 0.5 U of Ex tag, 1 XPCR buffer (Takara
Shuzo), 0.25 mM dNTP, and 0.2 uM primers (human/5’
RACE gene-specific primer 1: 5-CTGAATGTTGACAAA-
CACGCCATG-3" and 3" RACE gene-specific primer 1: 5'-
GGTTCGAAGGATATGGACTATTGC-3, mouse/5’
RACE gene-specific primer 1: 5-ACCGCCGCATGTCAC-
AGCGCAGTG-3’, and 3' RACE gene-specific primer 1:
5 -GACTGTAAACCTCCAGCTCAGTGCCA-3", and the
AP1 primer). DNA was incubated at 94°C for 1 min,
followed by 30 cycles of denaturation at 94°C for 30s,
reannealing to primers, and incubation at 68°C for 4 min in
a thermal cycler (9600, Perkin-Elmer Cetus). The second
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PCR reaction was performed for the first PCR products
using nested primers (human/5" RACE gene-specific pri-
mer 2: 5 -GCCATGATACGTCTCATACAGAAC-3 and 3’
RACE gene-specific primer 2: 5'-TTCTTCCTTCAAATCC-
TGCCACTG-3’, mouse/5 RACE gene-specific primer 2:
5-TCACAGCGCAGTGTGTACTG-3" and 3’ RACE gene-
specific primer 2: 5-ATCCAGATTATCAACAGCACC-3',
and the AP2 primer).

Sequencing of ¢DNAs—To sequence cDNAs, we em-
ployed the cycle sequencing reaction using an ABI PRISM
Dye Primer Cycle Sequencing Ready Reaction Kit or an
ABI PRISM Dye Terminator Cycle Sequencing Ready
Reaction Kit (Applied Biosystems). The sequences were
determined with an automated DNA sequencer, ABI Model
373S DNA Sequencing System. Sequence data were ana-
lyzed using GENETYX-MAC (Japan Software, Tokyo).
The complete cDNA sequence data will appear in the DDBJ
(accession numbers, D87343 for DCRA and AB001990 for
Dcra).

Northern Blot Analysis—Northern blots (Clontech)
containing poly(A)* mRNAs from human fetal and adult
tissues or mouse embryo and adult tissues were hybridized
at 65°C with a human partial ¢DNA probe (nucleotide
positions 551-1014) labeled with [ a-**P]dCTP by random
oligonucleotide priming. The blots were washed in 2 X SSC/
1% SDS at 65°C.
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Fig. 1. Exon prediction using GRAIL and BLASTN of the 110
kb DNA sequence in DCR. The DNA sequence was directly deter-
mined from two P1 clones, S310 and D10. GRAIL predicted four
“excellent” exons (vertical bars) in each strand (I-VIII). BLASTN was
used for the homology search. Fifteen ESTs were mapped in region A
(black box). Their accession numbers in GenBank are HSC1YA021,
H29370, R60437, R92635, R57164, R91381, T65893, R60204,
HSC1YA022, HUMNK?715, R05530, T65777, T07926, H29282, and
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10 kb

HUM21ES84 (9). Seven ESTs were mapped in region B (black box).
Their accession numbers in GenBank are HUM424C06B, HUM-
413A01B, H05324, R94225, HSC2RG062, R43971, and R41105.
Predicted exon I and region A are parts of the TPRD gene (4). PCR
primers (a-g) for RT-PCR were prepared from other predicted exons
(II-VIII) and region B. Their positions and directions are shown by
small arrows. A novel gene designated as DCRA was identified using
primers e and f.
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RESULTS AND DISCUSSION

Exon Prediction from a Large Genomic Sequence—We
previously constructed a 1.6 Mb P1 contig of the DCR (5),
and identified a novel gene using the exon trapping method
(4). To identify the gene more systematically, we started
sequencing of the region, followed by computer-aided
sequence analysis. As the first step, we analyzed a 110 kb
region (corresponding to P1 clones S310 and D10; DDBJ
accession number, D87676) with exon prediction software,
GRAIL (xgrail I, Ref. 7), and a homology search program,
BLASTN (8). GRAIL predicted four “excellent” exons in
the forward strand (5" to 3’ =centromere to telomere), and
four “excellent” exons in the reverse strand (5’ to 3'=
telomere to centromere). On the other hand, BLASTN
identified sequences homologous to fifteen overlapping
expressed sequence tags (ESTSs) in the forward strand and
ones homologous to seven overlapping ESTs in the reverse
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strand (Fig. 1). The predicted exon I and all the identified
ESTs in region A were found to be parts of the TPRD gene
(4). The other predicted exons (II-VIII) and all the iden-
tified ESTs in region B showed no homology to known
sequences.

Identification of a Novel Gene from Predicted Exons—
PCR primers were prepared based on the predicted exons
and identified ESTSs in region B, and inter exon RT-PCR
analysis was performed using mRNAs from human fetal
brain, heart, and liver, and adult brain. For the forward
strand, a PCR product was not detected with any primer
combination (a/b, ¢/d, and a/d) in any of the examined
tissues. For the reverse strand, an approximately 2 kb PCR
product was obtained with primers e and f in all cases
examined (data not shown). A PCR product was not
detected using primers e and g. Sequencing of the 2 kb
fragment showed that it contained predicted exons V, VI,
and VII, and region B. As described below, the correspond-
ing transcript had a length of 3.3 kb. By means of further 5

cen. —=p
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B GGGGTGAACCGTGACAGCGCTTCGGCCCGCACTARGGCCGGCTECTTGTGCCGGAAGGAGE 60
AAGGCGTGGGGCATTCGCCCCTCGGAGCTAGGGAGTGTGTGCGACGCCGCTGCGAGGTCA 120
CGTGAGCCACTGCCGGCAGAGAGGGAAAGGGGCGGGGCCCAGAACGAAGCGGGGAGGCGC 180
CCCTIGTTTCCCTGGGGTCACGCGCAGCCGGAAGTGGCGGCTGCTGCGGAGAATTGGAGA 240

M 1

TGGGGACCGCCCTGGACATCAAGATTAAAAGAGCGAATARAAGTTTATCACGCCGGGGAAG 300
G T AL DI K I KRAUVN KUV YHAGTEUV 21

TGCTCTCTGGCGTGGTGGTCATATCGAGTAAGGATTCAGTCCAACACCAGGGAGTGTCTT 360
L s 6 VV VIS S K DSV Q HQ GV s L 41

TGACCATGGAAGGAACTGTAAACCTCCAGCTCAGTGCCAAAAGTGTGGGTGTGTTTGAAG 420
T M E G T VvV N L ¢ L s A K S V 6 V F E A 61

CTTTTTATAATTCTGTTAAGCCTATCCAGATTATCAACAGCACCATAGAAATGGTGAAGC 480
F Y N 8 VX P I Q I I N § T I E M V K P 81

CGGGGAAATTTCCCAGCGGCAARACAGAAATCCCTTTTGAATTTCCTCTGCACTTGAAGG 540
G K F P 8 G K TZE I P F ETF PL HL K G 10l

GTAACAAAGTTCTGTATGAGACGTATCATGGCGTGTTTGTCAACATTCAGTATACACTGC 600
¥ K vLL Y ETYHGV F V K IQ Y TULR 121

GCTGTGACATGAAGCGGTCTCTGTTGGCCAAGGACTTGACAAAGACCTGTGAATTTATCG 660
¢ DM K R S§ L L A K DI LTI KTTCEF I Vv 141

TTCACTCCGCTCCTCAGAAGGGGAAGTTTACTCCCAGTCCCGTGGACTTCACGATTACAC 720
H S A P Q K G K F TP S PV DFTTITP 161

CTGAAACCTTACAGAACGTCAAAGAGAGAGCTTTGCTTCCCAAATTITCTCCTTCGAGGAC 780
E T L Q N V K ERAULULUPIZ KT FLULURGHE 181

ATCTCAACTCAACAAACTGTGTCATCACGCAGCCACTAACGGGAGAGCTGGTGGTGGAGA 840
L N s TWH® CCVITQPULTGETULUVV E 5§ 201

GCTCGGAAGCCGCCATCAGAAGCGTGGAGCTGCAGCTGGTGCGCGTGGAGACGTGCGGGT 900
S E AA I RSV ELQLUVRUVETUTCG C 221

GTGCAGAAGGCTATGCCCGCGACCCCACGGAGATTCAGAACATTCAGATCGCCGACGGGG 960
A E G Y A RDATTETI QN I QI A D G D 241

ATGTGTGCAGGGGCCTCTCTGTCCCCATCTACATGGTCTTCCCTAGGC TGTTCACCTGCC 1020
VR G L s VvV P I Y MV F P RLTFTC P 261

CTACACTGGAGACCACCAACTTCAAAGTGGAATTTGAGGTTAACATCGTGGTGCTGCTIC 1080
T L ET TNV F RV E F EV N IV VL L B 28

ACCCTGACCACCTCATCACGGAGAACTTCCCGCTGAAGCTCTGCAGGATATAGCCCGGAG 1140
P D HL I T EWNF P LI KU LTGCRTI®* 297

75 151
153

GAGGGAAGCATAGAGAACGGGAGTGGCCATCTGGAAATCCAGCTGGTTATCCAAATCCTA 1200
AGGGGAGCTACAGCCAGCGGCATATACTTGTTTTIGTGATTATTCTGTATCAGAAATGAA 1260
ACAGACCCTCAAATTAACTTTCCTTCCTCATTICTTGAGGCTTCTGCTTCCAACAGGCAC 1320
CTCTAATCAGACCTTTICTTTGAAATTCAACAAGATTTCTTAATGCTATTTGCCAAGACC 1380
ATTTCACAGAAAACATIGACTGTGGCTCTTIGCCTTATCTGTTCCTTTTTAGGTACAGTAR 1440
AACAATTGTGACAGCAGTTTGAGCTTGCTGGAGAGTGGCATCATGGGGACAAAAGGAAAC 1500
CTCTGACTIGCTAATGGATGTAGCCAGGGACTCCCCATAGCAAAGGGTCTGTGGCCAGTT 1560
GACATCCAGGATGGCTGCAAGCGCACTTGATGGTCAGGAAGTITGCAGATACTCGCCAAG 1620
GCAGACGCCAAAGTGCTAGCCACTGGARATGCATGACTTCCCTCCACCCCTACTCTATIC 1680
TGTAGTTTITTGGTTTIGTTTCTGAGACCGAGTCTCAGTCTGTCACCCAGGCTGGAGTGA 1740
TCTCAGCTCACTGCAACCTCCACCTCCCAGGTTCAAGCGACTCTCCTGCCTCAGCCTCCC 1800
GAGTAGTIGGGATTACAGGTGACTGCCACCGTGCCCGGCTAATGTTTIGTATTTITAGTAG 1860
AGACGGGGCTTCACCATCTTGGCCAGGCTGGTCTTGAACTCCTGACCTCGTGACCCACCC 1920
GCCTTGGCCTCCCARAGTGCTGGGATTACAGGTGTGAGCCACCACACCCAGCCTCTGTAG 1980
TTICTTTTTACAACATITTTCATTATAACTTTAAATTTTTTAAGCAACTGGAAAAGTGTTC 2040
CTTGCTCTCTTGGGGGGATTTGGCTGGTGCCGAAGTGTTTCTGAAGTCTCAAGAACTGCC 2100
ATAAAATCTCACGCTGCCATTTCCCTGAACAGATACATACATAGAGAGAGACAGTTITTCC 2160
AAACTGTGTCACGCAGGCTGAGTGCACTGGCAGGATCACAGCTCACGGCAGCCTCAACCT 2220
CCCTGGCTCAAGCGATCCCTCCCCTCAGCCTCCTGAGTAGCTGAGACTACAGGTGAGTGC 2280
CACCACACTCAGCTAATTTTCAAATTTTTTGTAGACAGGGTCTCCCTATGTTGCCCAGGE 2340
TGGTCTTGAACTCCTAGACTCAAGTGATCCTCCTGTCTTGGCCTCCCAAAGTGCTGAGAT 2400
TACAGGTGTGAGCCACTGTGCCCAGCAGTTTCCCAGAATATATTTAAATGCAAAGTTACA 2460
TGAGGGGAAAACATGTATGTTTGCTCCTGTTGTTACTGGGTAGGTTCTGAACAGCAGAAA 2520
'CCCATGTGCAGGGTGGGCTGGNMGGCCCCTC’I‘CCGCMGGTGGTAGCAGGAMAGGTC 2580
CTTGACTIGATGAATTTGGTCTGCCTCTGAGCCACTGGAGGAAGCTGTTTIGAGCCAGGG 2640
TTTTTTGGCCTAAAGCCAGCATTTCCTCAGTCTCCCTTTGTGGTTCGAAGGATATGGACT 2700
ATTGCAATACATTTCTICCTTCAAATCCTGCCACTGTTTTIGTTGGCCCACAACTAATAGG 2760
ACCTCAAAATAAGCCATGCTGCTTTGCACACACACTAGCCTICTTTIGTACTTTTICATTC 2820
TGGATGGGCTTGGCCAAAACAGGCTCAGGCCARAGACC TCCCAAGC TGTATGTACTTCCA 2880
GTATCCTGAAACAGTGTTTGGTGACATAATGCCAAGGGTAAACAAGCCTGATTTAGGCAC 2940
TGCTTTATCCAGGGGCTTCACCCATGAAATTAATAAAACTTATCTGAGTCACTTGAAACT 3000
TGGTTCCCAGAAAACACATTTCTGGTTTATAATCTCCTTTTATGCTCACCTGACATTAAT 3060
TATCTATCCTIGATGATGTGTTTAAACTGAGTAGCAGAAAACAGAGGCCACACTTICTGG 3120
GAAATTTTAAAGGAAGAAACCATTTTTAATGAGATGAAAATATTTAACGAATTTAAAAAG 3180
CTAATGACAATTTIGAGAAAAGGTTTGGGATGTATATTGCTATGTAATTTAATAAACTGA 3240
TTTTATGGATAT -
Fig. 2. Organization, nucleotide sequence, and predicted
amino acid sequence of the DCRA gene. A: Genomic organization
of the DCRA gene. Exons are shown as black boxes. The sizes of the
exons are shown. The eight exons extended for 44,109 bp of the
genomic DNA. B: Nucleotide sequence and predicted amino acid
sequence of the DCRA cDNA. The termination codon is indicated by
an asterisk. A possible polyadenylation signal is underlined. The
numbers on the right refer to the nucleotide and amino acid
sequences.
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RACE and 3’ RACE experiments, we finally obtained a full-
or nearly full-length cDNA clone. The PCR products were
directly sequenced and the data were compared with the
genomic DNA sequence data. The ¢cDNA sequence data
completely matched those of the genomic DNA except for
an additional G in the cDNA at position 68. This insertion
is located in the 5" UTR, and it might be a polymorphism,
although further studies are required. The 3,252 bp cDNA
consists of eight exons and extends for 44,109 bp of the
genomic DNA (Fig. 2A). An open reading frame (ORF) of
297 amino acid residues was predicted from the cDNA
sequence starting at nucleotide position 240 and terminat-
ing at position 1131. Three in-frame stop codons are located
at 117 nt, 207 nt, and 228 nt upstream of the initiation
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codon. The poly A signal (AATAAA) is located at 25 nt
upstream of the poly (A) sequence (Fig. 2B). The gene was
designated as DCRA (Down syndrome Critical Region gene
A).

Isolation of the Mouse Homologue of DCRA—The cDNA
sequence of DCRA showed significant homology to that of a
mouse EST (GenBank accession No. AA051569) on a
homology search of non-redundant nucleotide database
using the BLASTN program. We isolated the mouse
homologue of DCRA (designated as Dcra) from mouse
brain by the RACE method using primers prepared from
the mouse EST sequence. The Dcra ¢cDNA has a length of
2,157 bp, which is significantly shorter than that of the
human DCRA. The mouse Dcra mRNA was found to have

MGTIRLD IKIKRANKVYHAGENLSGVVVISSKDSVOHOGVS LTMEGTVN LY 50 Fig. 3. Structures and amino

MGTI LD IKIKRANKVYHAGFI LSGVVVISSKDSVOHOGVSLTMEGTVNLC 50

acid comparison of DCRA and
Dcra. For amino acid compari-
son of DCRA and Dcra, identical

; amino acids are shown by black
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Fig. 4. Northern blot analysis of the DCRA gene. A *’P-labeled liver; Ki, kidney); B, human adult (He, heart; Br, brain; P, placenta;
PCR product of DCRA (nucleotide positions 551-1014) washybridized Lu, lung; Li, liver; Sk, skeletal muscle; Ki, kidney; Pa, pancreas); C,
to multiple tissue Northern blots (Clontech) containing 2 ug of mouse embryo; D, mouse adult (He, heart; Br, brain; Sp, spleen; Lu,
poly(A)* RNA in each lane. A, human fetus (Br, brain; Lu, lung; Li, lung; Li, liver; Sk, skeletal muscle; Ki, kidney; Te, testis).
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MeTALR I IKRANKVYHAREVI Vv ssBiDs - - -vOINEVSLTMEGTVNLQ 50

HB58........ MSFLGGFFGP ICEIDVALNDGETRKMAEMK TERGEVEK - HY LF YDIg2S VIXSKEN LAFOPGKRLEJINE IR TEF -~ - - — =~ - 70

DCRA........ LsaksiavrBaRYNsvkr 101 18s T IBMVKISeKFP SGKTE 1 PR3P LHLKGNEV LI THHEvEEN 1o flrcomuiisliLa 130
HB58........ - o 1B ok sNTHEFVELVKELA LBEL TSRS YD g - - -MOVERP -B3sH AR Lk v 1vilRl-- 142

DCRA........ G CEF RS S APQKGKE TP SPVDF T I TIETLONVIERA L LE KF{I-BREHIES s BNEv 1 ToB R e vl sBe AnBREv 209
HB58........ Be Yo Eig0- - - - --——---—- LaTyBpovnns ifMeve 1EDIHEFE Yk skYHBv 1Bk T YFLLVR IKfioHM 207

RHPLLPDIKTGGFR-vTIEE- ARl Ao i Bsvelif: 45

DCRA........ B BE r B aBc vy aroaTEREN 1 ARV BV e B g r o LE T TS -BErE v ifviLaelL1T 287
HBS8........ BN << 1l 1Br s TTERE THAK Y ERMEEA P vIEEETRIR LF LAGYDP TEEMRDVSK KR YF LS L vDEEBRRYF 287

110D217T. . ... o8 B35 1 1 ViR T VilRE s LTS s TRt e i M ThRg L NG L I TR BNV S FREXQVP Y TI3G IQG THHHKD 117
DCRA........ ENFPLKACRI 297
HBSB........ KQQE I IWRKAPEKLRKQRTNFHQRFESPDSQASAEQPEM 327

Fig. 5. Comparison of the amino acid sequences of DCRA, mouse HZ58, and Arabidopsis thariana EST (110D21T). Identical amino

acids are shown by black boxes.

shorter 5" and 3° UTRs. The poly A signal (AATAAA) is
located 23 nt upstream of the poly(A) sequence. Its ORF
was predicted from nucleotide positions 51 to 941 and has
297 amino acid residues, as in the case of the human DCRA,
that shows 92% homology to the human DCRA in amino
acid residues (Fig. 3).

Expression Patterns of DCRA and Dcra—Northern blot
analysis revealed that a DCRA transcript of approximately
3.3 kb in length was expressed in a variety of tissues,
including fetal brain, heart, lung, liver, and kidney, and
adult brain, heart, placenta, lung, liver, skeletal muscle,
kidney, and pancreas. In addition, an approximately 4 kb
transcript was detected in adult skeletal muscle (Fig. 4, A
and B). In mouse, an approximately 2.2 kb transcript was
detected in embryo (at least from day 7 to 17) and adult
heart, brain, spleen, lung, liver, skeletal muscle, kidney,
and testis using the human probe (Fig. 4, C and D). Another
shorter transcript (1.4 kb) was detected in all mouse tissues
examined. It might be alternatively spliced, or transcribed
from a different start site.

Homology Search of DCRA—The amino acid sequence of
DCRA was subjected to a homology search in a non-re-
dundant protein database (constructed from SWISS-
PROT, PIR, PRF, GenPept, and GenPept-upd) and a
non-redundant nucleotide database using the BLASTP and
TBLASTN programs, respectively. The results showed
that DCRA exhibits significant homology to mouse HA58
(68/297=23% identity, Ref. 10), and Saccharomyces
cerevisiae PEP8 (50/297=17% identity, Ref. 11). Arabi-
dopsis thariana cDNA clone 110D21T7 (12) also shows
significant homology to the carboxy-terminal region of
DCRA (34/117=29% identity, Fig. 5). The probability of
identity to the carboxy-terminal 91 amino acids of the
DCRA was 3.8¢-05 (HB58), 0.0077 (PEP8), and 2.5e-12
(the partial sequence of the A. thariana ¢cDNA clone
110D21T7). Mouse HB58 has been shown to be essential
for embryogenesis in the mouse (10, 13). The significant

homology of DCRA to HS58 implies that DCRA and HB58
belong to the same gene family. PEPS8 is the yeast homo-
logue of HB58, and its product plays a role in the protein
sorting pathway from the cytoplasm to vacuoles. These
observations suggested some important role of DCRA in
human development.

These results imply that over expression of DCRA causes
certain physiological changes which might be involved in
the pathogenesis of the Down syndrome, although the real
function of DCRA remains to be elucidated.

We wish to thank Dr. S. Kuhara for calculation of the amino acid
sequence homology. We also thank K. Murakami and Dr. H. Tei for
their help in the computer analysis.
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