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Abstract

To understand the functions of rice homologues of the Arabidopsis flowering-time gene CONSTANS
(CO) and salt-tolerance gene STO, we performed a similarity search of the single-run sequence data of
cDNA clones accumulated by the Rice Genome Research Program, and isolated seven rice cDNA clones
(S3574, C60910, S12569, R2931, R1479, R1577, and E10707) coding for proteins containing one or two
zinc-finger-like motifs. Comparison of the deduced amino acid sequences between these cDNAs and the CO
gene revealed significant similarities (46%-61%) in the region of zinc-finger motifs. A domain having a high
content of basic amino acids at the C-terminus of the CO protein was found in the corresponding region of
proteins predicted from cDNAs S3574, C60910, and S12569. Two amino acid sequences, "CCADEAAL"
and "FCV(L)EDRA," which were present inside each zinc-finger in the Arabidopsis regulatory protein
STO, were also found in each of the two zinc-finger regions of proteins predicted from cDNAs R2931,
R1479, R1577, and E10707. Using restriction fragment length polymorphism (RFLP) linkage analysis,
we determined the chromosomal location of the seven cDNA clones. The position of R2931 on the RFLP
linkage map was closely linked to Hd-3, one of the putative quantitative trait loci (QTL) controlling heading
date in rice.
Key words: zinc-finger protein; transcription; RFLP mapping; rice; Oryza sativa L.

1. Introduction two zinc-finger motifs that show sequence similarities to
those of members of the GATA-1 family. The COL2 gene

Zinc-finger proteins contain finger structures organized of Arabidopsis has been identified as a homologue of CO.6

around zinc (II) metal ions, which are required to main- The STO gene of Arabidopsis has been implicated in salt
tain the folded structure of zinc-finger peptides. Many tolerance in a yeast calcineurin mutant.7 The similarity
zinc-finger proteins are known to be involved in transcrip- of the putative zinc-finger motifs in the STO protein to
tional regulation and developmental control. The GATA- the zinc-finger motifs in the CO protein indicates that
1 protein family is one of the families of Cys2/Cys2- STO may be a GATA-1-like protein.8

type zinc-finger transcription factors; a "Cys-x2-Cys-xi7- Rj c e has been become a good model plant for genome
Cys-x2-Cys" sequence has been defined as the DNA- research of cereals and for isolation of agronomically
binding domain of the GATA-1 family.1-2 A member of important genes, owing to its relatively small genome
the GATA-1 family, NTL1 from tobacco, is the first re- s i z e (430 Mb). In the Rice Genome Research Program
ported case in plants.3 The predicted protein sequence of (RGP), we have conducted large-scale sequencing of cD-
NTL1 shows similarity to NIT2, a fungal transcription NAs randomly selected from various kinds of libraries
factor that has been characterized as one of the regula- wjth the aim of cataloguing all expressed rice genes. In
tory elements of the nitrate assimilation pathway.4 this paper, we describe the isolation of seven kinds of cD-

The CONSTANS (CO) gene in Arabidopsis was iso- NAs that show similarities to the Arabidopsis flowering-
lated by using a map-based cloning strategy. Its protein time gene CO and salt-tolerance gene STO. We also com-
product has been identified as a putative transcriptional p a r e the results of linkage analyses of the seven genes
factor promoting flowering.5 The CO protein contains wi th those of QTL analyses for heading date9 and salt
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2. Materials and Methods

2.1.

Zinc-finger Protein cDNAs from Rice

3. Results and Discussion

[Vol. 5,

Identification and sequencing of cDNAs coding for
putative zinc-finger proteins

cDNA clones of the CO and STO homologues were ob-
tained by similarity search of partial-sequence data accu-
mulated through large-scale cDNA analysis against the
CO and STO protein sequences using the Basic Local
Alignment Search Tool (BLAST) algorithm.11 Based on
the sequences of 3'-untranslated regions, the cDNAs were
classified into seven independent groups, and the full nu-
cleotide sequences of the longest cDNAs in each group
were determined by the shotgun method. DNA frag-
ments of these cDNAs were produced by sonication and
subcloned into pBluescript II SK(+). The complete nu-
cleotide sequences were determined for both strands with
a thermal cycle sequencing kit (Perkin Elmer, CA, USA)
by the use of a combination of a chemical robot, a CAT-
ALYST (Perkin Elmer), and an automated sequencer,
Model 373A (Perkin Elmer).

2.2. Restriction fragment length polymorphism mapping
Genomic DNA was prepared from leaves of 186 rice F2

plants and their parent lines, japonica variety Nippon-
bare and indica variety Kasalath, by the cetyltrimethy-
lammonium bromide (CTAB) method.12 DNA from the
parent plants was digested with one of eight restric-
tion enzymes: BamHl, Bgl II, EcoEV, Hindlll, Apa I,
Dra I, EcoRl, or Kpn I. Each digested DNA (2 //g per
lane) was electrophoresed on a 0.6% agarose gel and
transferred onto a positively charged nylon membrane
(Boehringer, Mannheim, Germany) as described in de-
tail by Kurata et al.13 Southern hybridization and de-
tection were performed according to the protocol of the
Enhanced Chemiluminescence (ECL) detection system
kit (Amersham, Buckinghamshire, UK). All probes were
amplified by polymerase chain reaction (PCR) by using
the gene-specific 3' untranslated region of the cDNA se-
quences as templates. F2 DNAs were digested with the
restriction enzyme corresponding to the restriction frag-
ment length polymorphism (RFLP) detected between the
two parent lines, and were analyzed by Southern hy-
bridization. The linkage analyses were performed with
the MAPMAKER/EXP 3.0 computer package,14 based
on a high-density linkage map, which included 1300 DNA
markers, constructed by Kurata et al.13

We analyzed the similarity of the partial sequence
data, which has been accumulated through large-scale
cDNA analysis, against Arabidopsis CO and STO, and
obtained 18 cDNA clones encoding for putative zinc-
finger proteins. Gene-specific 3' untranslated sequences
of these clones were further analyzed, and the clones were
classified into seven independent groups. The following
seven clones, which were the longest cDNA sequences in
each group, were selected for more detailed study: S3574,
derived from etiolated seedlings; S12569, derived from
green seedlings; R2931, R1479 and R1577, derived from
the 9-day-old root cDNA library; C60910, derived from
the cDNA library of heat-shocked callus; and E10707, de-
rived from the cDNA library of panicles at the ripening
stage.

The complete nucleotide sequences of the seven cD-
NAs were determined, and the predicted protein se-
quences were deduced from the sequences (Fig. 1).
The nucleotide sequence data have been submitted to
the EMBL, GenBank and DDBJ nucleotide sequence
databases under accession numbers AB001882 (C60910),
AB001883 (E10707), AB001884 (R1479), AB001885
(R1577), AB001886 (R2931), AB001887 (S12569), and
AB001888 (S3574).

Translation was postulated to start at the first me-
thionine in each cDNA sequence. In-frame stop codons
preceding the translations were found in C60910, R2931,
R1577, and E10707. Thus, it is likely that these clones
are full-length cDNAs. The typical polyadenylation sig-
nal "AATAAA" was found only in the 3'-untranslated
regions of S3574 and R2931. Analysis of these predicted
protein sequences revealed that two cysteine cores in each
finger were interrupted by 15 or 16 amino acid residues
with a consensus sequence of "Cys-X2-Cys-xj6(i5)-Cys-X2-
Cys." It has been reported that the zinc-finger domain
of GATA-1 transcription factors is in a "Cys-X2-Cys-xi7-
Cys-X2-Cys" arrangement.2 This implies that the seven
cDNAs in this study comprise a GATA-1-like gene family
in rice.

The predicted protein sequence of C60910 contained
a glutamic acid-rich domain "EVEVVEEEEE" in the
N-terminus and an alanine-rich domain "AAAATAAA"
following the zinc-finger motifs (Fig. lb). In
S12569, the zinc-finger domain was followed by an
acidic domain "DYDDDDADAAGEEDEE" (Fig. lc).

Figure 1. Nucleotide sequences and deduced amino acid sequences of rice cDNA clones encoding putative zinc-finger proteins.
The nucleotides are numbered on the right. The polyadenylation signal "AATAAA" is underlined and in italic type. The deduced
amino acid sequences are shown below the nucleotide sequences in one letter codes. Potential initiating methionines are in bold
type. The in-frame stop codons preceding the translations are indicated by asterisks (*). The one or two Cys2/Cys2-type zinc-
finger motifs in each protein are boxed. The acidic and basic regions are indicated by double underlines and bars, respectively.
Underlined regions are explained in the text. Lines over the nucleotide sequences indicate the PCR primer sequence used to generate
gene-specific sequences for Southern hybridization. The 5' primer is the sequence indicated by a line above the nucleotides; the 3'
primer is the complement of that sequence.
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(a). S3574

CTCGCTCTCCCTTTCGCGCACCAGAAAAGTCGTTTTTTAATTTTCGAGTTTCCGTGGAAGATTCTCGATACCTGTCCCTCGTCGTCGTCCTCCTCCGCCGGCCGCCGCCGACGACCGCAG 12 2

CAGGGGTGGATCCGGGGCGGCGCCGATTCGTATCCTGGTAGGATCCCACTGAATTCAACTGTTGAAC 24 2

CGCnCICGIG^GATCGTAATGTGCATTCA 3 62

f H S

JACTGGAAT 4 82

•AGCATCCTCAGCTGCTG<X;CATAAAAGGCAGACCATAAAClX;TTACTCGGGGTGCCCATCGTCGGCAGAGCTCTCGAGAATCTGGTCC
r
ITTAGTATGGATATCCCAACT 6 0 2

^CAAACCTTTAATAGGTTCTTCTTCAGGAGATGGGATGAATCTTCTGCCACTTAATTCAGATCAGCCAGCTGAGCCAGTTTCAACGJ

;CCAGCAGATGAATCTAATGAGCA(

GTCGCATCTGTTGATTCTGGGATCTCAAACCCAGCTGCAAGGGCTGATTCCAGCCATTGTA^^

;ATAATGCTCTT 1322

AC TAAAGCCTTTCACTCGATTGGTTTCGTCCAGTGTTCAAGTAGCAATTTTCA(X:AGCTGATTTGATGTTGGTTGCACGGCAA 1562

GCATGATCACTGGAGAACACAAGCAATTGCGGCAGACCTTGCAATTGAAAACGGGGAAAGGAAACCAAACGCTGTGATCAAATCAAATTAATGA AATAAAAAAGGAAAAAATAGGATGCA 16 62

AACATGCGAGAAGCTCATGGATGGTAATGCTCCATTTTCTCCTGTACAGTTC^ 18 0 2

CAAATACATGGGCCTACCGCACGACGACGAACGCACCTGCTTCTGrTGTCATGTTTTGTGTTGCGGCTGTCAGGCT^ 192 2

(b). C60910

TGACTAGTTCTCTTCTACTCTCCCTCCTCTAGTCCTCTTCTTCTTCTACTTTGTACGCGCCACT\:ACTCTCCGAGCTTGACGGCGGCGGCGGCGGCGGAGGTCGTCGAGTGGTGGTCGGG 120

GAGATGGGTCAAGATGAGGTGGAGGTAGGTGCGGAGAAGAAGGATCAAGAACTACCGGAGGTGGAGGTGGTCGAGGAGGAGGAGGAGGAGGGATCCAAGAAGGCGGCGGCO:

1CGGCGCCAACGGGGTGTGCTCCCGCCACGCGCGCGCGCCG 3 6 0

CO CGGGGGC CGTC TTCC GCCGGGG CG C GGGCGGCTTCCT C TG C TC C AACTGCG ACTTCTC C AGGC A(

CTCCACGACCGCTCCACGGTCCACCCGTACACCGGGTGCCCCTCCGCGCTCGACCTCGCCGCGCTCCTCGGGATCTCCTACTCCGACAAGGCGGCGGCGGCGACCGCGGCGGCGGGGGGC 600

GACGACGGTGGGTGGTGGGCCATCTGGGAGGAGCCCCAGGTGCTCAGCCTCGAGGATCTCATCGTCCCGACCACCTCCTGCCATGGATTCGAGCCTCTCCTCACGCCATCTTCCCCCAAG

T^GGATAACAGCGATTACCCTGCGCTAAATGATCCGTGCAAGGTCGAGTTCACATATCAGCAACCTCCAGCCAGCTCAGCTGAAGCATGTATTTCATCATTTGTTCAGATGTCTGA^ 10 80

rAGCATGAGCAATGGTAaCAGCATGGAGGAAACCCACCAGACAAACCCTGGAAATGGCACXJCCAATGCAAGTTCTACCCAAAATGCCAGAATTTGTTCCTTGCCCCGACAt

GTCAATCAGATTTGAGCCTTCATTTCTCTAATATATTTTGCATCTTGGACATGAGTAATACTAATTA(^ACCAAGCAGATATAGTACAAGAAAAAATATCAGCATTTTGTATGTAACTAT 1440
V N Q I •

GTACCCACCCAGGGGCTACGCCACGCTGAGGAGAATTTAGTTTCATCGAATCTCTGTAAAAAAAAAAAAAAAAA 1 5 1 4

(c). SI2569
A 1

TTGACGTCTTCGCACAGGCACCCAGCC ATGCTGAAGTTGGAGCCGGAGTTCCCCGGCCTGCCGCAGCGGTGCGACTCGTGCCGGTCGGCGCCGTGCGCGTTCTATTGCCTCGCCGATTCG 121

GCGGCGCTCTGTGCCACGTGCGACGCTGACGTGCACTCCGTCAACCCGCTGGCACGCCGCCACCGCCGCGTACCAATGGGCGTGGTGGCTGCa

;CCCTGCAGGCGGTGTCAACTCCTCCTG<X:CAATCCGAGAGGGCAGGAGGTGCGACTACGACGATGACGACGCCCACGCCGCTGGGGAGGAAGACGAAGAGGCGACGTCGTGGCTTCTG 361

TTCGACCCGCTCAAGGACTCCTCGGATCAGGGGCTGCCGCCGTTCGGCGACGCGCTGGTGGCCGACT^CCTCAACCTCGGCGGGGGCGCCGGGGAGAAGGAGGACGCGTCGTCI

GACTGCAGCAGCAGCCACGGGAAGAGCAGCGAGGGCAGCCACGAGTTCGCCGTGCCCGGCGAGCCCGTACCGGAGCGCCAGGGCTTCGGGGCGGTGAGTATGGACATTACCGACTACG 6 0 1

;TACAGCTTTGGCGCATCGCTCGGCCACAGCGTTTCGATGTCATCGCTGGAGAACATGAGCACGGTCCCAGACTGCGGTGTGCCAGACATCACCACCTCC 721

»C AC CATCGACCTCTTCACGGCAGCAGCTGGCTCCCCTGTGGCGGCGCACAGCATAATGTCGCCACCGCAGTTCATGGGCGCCATTGAC

T I D L F T A A A G S P V A A H S I M S P P Q F M G A I D

GACACCGACCTTGAGGTCGACCAGTACTTCTCCACCACCGCCGACTCCAGCTGCGGCGTCGTGCCCACGTTC TAGCGAGCAGCTTGGCCGCACGCCTGGAAGACAATCAAAGAAGCTCAG 1 0 8 1

VATTTGTGGGAGGTATG
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(d). R2931

JCGTCGCTAAAACCCTAGCGGCTGGC ?GATITGGGGGATTGCTCGTCGGAGAGATGAAGATCCAGTGCAACGCGTGCGCCGCGGCGCAGGCGCQSGTGCTGTGC 121:AGTGCAACGCGTGCGGCG'
} | C N A C G AI Q | C N A C G A A E A R V L C |

TGCGCCGACGAGGCAGCGCTCTGCACGGCGTGCGACGAGGAGGTGCACGCCGCCAACAAGCTCGCCGGGAAGCACCAGCGGGTGCCGCTGCTCTCCGACGACGGCGGCGCCGCGCCCGCC 241

GCCGCCGCCC CGGC CG TGCCC AAGTGCG AC ATC TGCC AGGAGGCTTCTGG ATACTTCTTCTGCCTGG AGG AC CGTGCACTTCTTTGC AGAG ATTGTG ATGTTTCT ATAC AC AC AGT AAA<

A A A P A V P K | C D I C Q E A S G V F F C L E D R A L L C R D C f ) V S I H T V N

TCAGCAACTAAACATTTGCAAAGGAATCCTACAGACTTATCTfflTTGAAAACAGTGCATCTTTGCCCAGCCAAAATGTAATCA^ 601

AAGACAGGACAGGTCAATT«3GACTATGAGCAACAACACAATTAGATCAATAGACCCTCCACCCAAGTATTC

GAATTT^^CTTTGCTGAGCATGGTTCTTCTAAGGGTGACAACGCTAAGCCAGGGAGTGCTGGTCCATCTCCGCAGTGCCGTCTGGCTC 9 6 1

GTGCCTGACAATCCATGGACAGTGCCTCAGCTCCCCTCGCCACCGACAGCCTCTGCTCTCTATTGGCAAM^ 10 61

TCCTCCTTGGAGAACTCTCAGAACAACTTCACTGTATCTGCTGGTTTGAAGCGCCGAAGGAGGCAGTTT TGATCTGCCGATAGCATCAGACACCATTCGGTTTAGTTGGCAGGTCACGTT 1201

S S L E N S Q N N F T V S A G L ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ Q F •

GAGAGGAGGGCTTCTTGCeTGCCTGACCAAAGCCACAAAACACAGGGATGGATGATCATCCAGTGGTCAGTCTAAAAATATGTT^ 1321

AGrTTAAAGGCGAGGGAATTGTTGTGAGATCT^^ATGACAGftTTTGlTGTTACCAATTTTGTGAATAGTGAA AArAAAAAGAGCATGGATAAGATCAAAAAAAAAAAAAAA

(e). R1479

r^rrGrr^.TT^TrTr^Tr;rr^^

TGTGCGCCGACTGCGACGAGCCCATCCACTCCGCCAACGACCTCACCGCCAAGCACACCCGCTTCCTCCTCGTCGGCGCCAAGCTC 3 62

iCTGCAGCTCCGACGACGACGCCGCCGCCGCCGCCACCGAGGAGGAGTACCACTCCTCCGCCGCATCCACCGGCGCCGCA

GTCAGCGCGCCTCTTGACGCCTCCAGCAACGGCGCCGGTGGCGGAGGAGGAGT;

GG CG C GTGGGCGCCG CACGTGCCGCACCTGCCGGC GTGGTGC CTCGACGAGGTGCCGGTCGTCGTCGCCGCGTCGGCGGCGCC AGCGGCGAC ACCTGTAAAGGC GAAGCA

rCGGAGTTCTCGCCGCCGCCGCCGCCGGCCAAGAGGGCGCGGCCCAGCTCGCAGTTCTGGTGCTTC TGAACGCCGCCGCCG 962

:CGTACAATCTGGCCGCCGGCGAGCTCGACGAACACCTCGATa^ATCGATCGAACACCTGTGTAATCACTCAGCTC^TCACTACTACAAGTAGCAATCAGCAAGCTTGAT(jraCCACTG^ 10 8 2

X5TGAAAACTATGCTACTTTGTTACTATATAATGAAGTATGTGTATCAAACTAAACTGAGATGTTGG 12 0 2

(f). R1577

TTCTTCTGCCGCTCGTTTTCCATTGCCGACGCGCACACGCAGCTCCGCAGCCACACCTTTGCGGCTGTCTTATCTTGTTCT TGAGTTGTGTTCTTGG'

AAGATCCAGTGCGACGCGTGCGAGAC^KCGC^GGCGC^GGTC^TGTGCTGCC^GC^CGAGGCGGCGCTGTGCGCGGCGTGCGACGT^

K I 0 |C p . C E S » > » > V V C C » D E A A L C A 7 ^ 0 V E ,

:CCGCGCTGC^ACGTGTGCCAGGAGAAGGCGGCGTTCATCTTCTGCGTGGAGGACCGCGCGCTCTTCTGCCGCGACTGCGAC

I \~C 5̂  V C Q Ê  K A A F I F C V 1̂  5 Ft A L F̂  C R 5 C~J D
I 1

rCAGCGCTACCTCGCCACCGGCATCCGCGTCGGCTTCGCCTCCGCCTCGCCCTGCGACGGCGGCAGCGACGCCCATGACTCC

:GCCCCGCCCAT<MGCTCCTCCCAGCATCATCACCATCATCAGCAGCCGGCCCCGACCGTCGCCGTCGACACGCCCTCGCCGCAGTTCCTGCCGCAGGGCTGGGCCGTCGAC 602

GAGCTCCTCCAGTTCTCCGACTACGAGACCGGCGACAAGCTGa

\CGGCGGAGGTCCCCGAGCTC1TCGCTTCGCAGGCGGCCAACGACGTGGCGTACTACAGGCCGCCGACCAGGACi;

ACCGCGC^CACCC^CTTCCGCCAGAGCAAGAAGGCCCC^ffTCGAGCTCCCCGACGACGAGGAGGATTACCTCATCGTCCCTGATCTTGGT TGAATCTTGAAGAGGAGTTCGTTCCAGAGG 96 2

rCCTTGTCTTTTCTGCTTGTATGCTAGCTTTTGTGTTTAACGTTAGTCCTGCTCAACTGTGACATATTTGAC

(g). El0707

GTTTTGAGGGGAGTACATCGGCAT£AGGATCCAi

Cktt^ 3 60

: C AAGGGG AACT C C AAGCCGCCGGC AAGCGGC ATCGCTGCTGC TpCTGCTC CC AAGC C GGCCGTGTC CGCGGCGGCGC AGGAGGTGCCGTC

GTCACCGTTCTT^CCGCCGTCGGGCTGGGCCGTCGAGGATCTCCTGCAGCTCTCCGACTAC^AGTCCAGCGACAAGAAGGGCTCTCCTATTGGGTTCAAC^ATCTGGA

:AGCACGGC<WCC^AGGTGCCTGAGCTCTTCGCCTCGCCGCAGCCAGCGAGCAACATGGGGCTCTACAAGGCGAGCGGTGC

ITGACGACGAGGACTTCTTCATCGTTCCTGATCTTGGA XGIGATGTTGTTATGTAACAGTAATGCTA'TOCAAGTGATGTAATTTT

R Q S K K P R V E I P n n n E R F F I V P D L G -

GTATGTATCCAAAGAACACT^CCATCTCGGrTGTACT'AAC^rcTGCTAAGTACATCTTACTGTGGGCGTATGTAATTGTAAGACAATT^

TGAACTATGATGTACTATGACATGACGAAAAAAAAAAAAAAAAA
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50
STO MKICCDV CEKAPATVIC
R1577 MKICCDA CESAAAAWC
E107C7 MRICCDA CEAAAATWC
R2931 MKI£CNA CGAAEARVLC
R1479 MRVCCDV CAAEPAAVLC
CONSTANS ML KQESNDIGSG ENNRARECDT CRSNACTVYC
COL2 ML KEESNE. . SG TWARA . .CDT CRSAACTVYC
S12569 ML KLEPEFPGLP Q 1CDS CRSAPCAFYC
S3574 MDAICDF CREQRSMVYC
C6O910 MGQDEVEVGA EKKDQELPEV EWEEEEEEG SKKAAAC CDY CGDAAAWYC

CADEAALCPQ
CADEAALCAA
CADEAALCAR
CADEAALCTA
CADEAALCSA
HADSAYLCMS
EADSAYLCTT
LADSAALCAT
RSDAASLCLS
RADAARLCLP

CDIEIHAANK
CDVEVHAANK
CDVEIHAANK
CDEEVHAANK
CDRRVHRANR
CDAQVHSANR
CDARVHAANR
CDADVHSVNP
CDRNVHSANA
CDRHVHGANG

LASKHQR.
LAGKHQR.
LASKHQR.
LAGKHQRVI
LASKHRRL1
VASRHKRVt
VASRHERVT
LARRHRRVE
LSRRHTRTI
VCSHHARAI

LHLN.SLSTK
LPLE.ALSAR
LPLDAALPAA
LSDDGGAAPA
VHPSSSSSGD

STO
R1577
E10707
R2931
R1479
CONSTANS

S12569
S3574
C6O9I0

ICQEKAAFTF
VCQEKAAFIF
VCQEKAAFIF
ICQEASGYFF
VCREKRGLVF

CVEDRALLCR
CVEDRALFCR
CVEDRALFCR
CLEDRALLCR
CVEDRAILCA

SCERAPAAFL CEADDASLCT

RCVGQPAAVR
ACAAAGAVFR

CLEENTSLCQ
. RGAGGFLCS

DCDE
DCDE
DCDE
DCDV
DCDE
ACD.

A C D;

NCD.

-SIH
.PIH
.PIH
. SIH
. PIH
SEVH

A E I H

WNGH
NCDFSRHRH

VAN.
VPG.
VPG.
TVN.
SAN.
SAN.

m[
GAA.

.SRSANH
-TLSGNH
-TLSGNH
.SFVSVH
.DLTAKH
.PLARRH
nr A DDLJ
.PLARRH

. S SAAGH
GGERDPAAPLH

QRFI
QRY:
QRYI
QRFI
TRFI
QRVI

Q R V I

KRQ1
DRS1

150

.TGVQV
LVGAK.

STO
R1577
E10707
R2931
R1479
CONSTANS
COL2
S12569
S3574
C60910

STO
R1577
E10707
R2931
R1479
CONSTANS
COL2
S12569
S3574
C60910

PSS
PTVAVDTPSP
SAAAQEVPSS
INGNYSRQSS
SNGAGGGGG.
WLFPNSDKN.
WLLPNPGKN.
HLLFDPLKD.
RLLDIASTAL
QVLSLE.,DL

. .Y.KP. . . .
AYY.RPPTRT
GLY.K
GFAEHGSSKG
VV
NQ.QNFQ....
SO.QNFQ ....
GAVSMD....
DDAGIDSYFE
GTANSNEVAT

ATPLP
QFLPQ.G...
PFLPPSG...
VTMAKTGQVN
..VGGSSISD
....NNNQNN
....IGNQNN
....SSDQGL
MSDLPTGDKF
IVPTTSCHGF

MKSN
AAAAFTAATG

ASG
DNAKPGSAGG
...AASAAPA
FNIKYG.SSG
LGINYGFSSG
.I.TDYDASN
MKDVPADESN
M . PTPGYENG

WA VDDFFHFSD
WA VDELLQFSD"
WA VEDLLQLSD-

WTMSNNTIRS IDPPPKYSS1
YLTTICPGWR VEDLLPDDD,
GLL
GFL
PPFGDA..
KPLIGS..
EPLLTP..

ALTSTI....
GFASAS....
GFSSVC....
GLDPADPVPP
.LSPAALAEQ

NSF
NSC

WAAPGAGGA
CPSSAELSRI
CPSALDLAAL

250
E^TDK....K GQLDLGAGEL

1DKLQKES

CSKE
PCD
SAN

VADKHVKSAG
PLPSSDCSSD
SSMTTTHHQS
SSMAP....S
FWRPAGGVN
WSFSMDIPTV
LGISYSDKAA

IEKNQPEPSN
GG..SDAHDS
ADHLPPPAPK
GSVDSATKHL
DDAAAAATEE
EKTMTDPEKR
E.TDADN...
SSWPIREGRR
AAEPNCEEGI
AATAAA....

NQQKANQIPA
DHHAPPMGSS
GNSKPPASGI
QRNPTDLSGE
EYHSSAASTG
LWDQEEGEE
...D.E....
CDYDDDDADA
NMMSINDNDV

GGDD

. . . PF

. . . PF

. . . PF
AAAPAVPF
GGAAAAPI

CA

200
KSTSQQQQQQ
EHHHHHQQPA
AAAAAPKPAV
NSASLPSQNV
AAVSAPLDAS
GDKDAKEVAS
. D.DR.EVAS
AGEEDEEATS
NNHCGAPEDG
GGWWAIWEEP

SDK.
HPL.GFQEL

.K G3PI.GFKDL

DWFSDHGFFG DQIN....DK
EWFADIDLFH NQAlJKGGAAA
EWLDDIDLFH VOSa...AKG

.F SDEYLNLVD-

.F GVEYLDLVD1

.L VADFLNLGGG

.S SGDGMNLLPL

.S SPKIQNSPDG

VSH.KKPRFE
FRQSKKARVE
ARQSKKPRVE

ESPALLLASH TSTMAAYSSQ
FAAAAAQAGK EK DER
NSSM D
SSSM D
AGEK E
NSDQPAEPVS TTPKAPCVTD
KVNEEVIRQL TELANSDGGG

350

PAAEVPEL
TTAEVPEL
TAAEVPEL

ISKDSDRIYN LPFTGGNGSD
VPFLDADLFD WAGRPEKKG
YKFTGEYSQH QQNCSVPQTS
NQFEDNQY THYQR.SF....

DASSS KDCSSSHGKS
KDMFNDGSVY GDFCVDDADL
AQIWAHRE AAQAGDH

GE
GS
SLHDWHVDEF
GAWAPHVPHL
YGGDRWPLK
. GGDGWPLQ
SEGEHEFAVP
TFENYEELFG
QLPSWGT.,T

DDE EH.FIVPDLG
DDE EDYLIVPDLG
DDD EDFFIVPDLG

HLGHVHS
.QAANDV
PQPASNM

FSN....SEF
PAWCLDEVPV
LEESRGHO.CH
VEESTSHLQQ
GEPVPERQGF
TSHVQTEQLF
TQHNTGHGNF

400

SPQCRLAEGL FVEGLLGQVP DNPWTVPEVP SPPTASGLYW QNNLLCPSYD STMFVPEISS LENSQNNFTV SAGLKRRRRQ
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Figure 2. A comparison of 10 amino acid sequences of Cys2/Cys2-type zinc-finger proteins with pairwise alignment using the PILEUP
program of the GCG package.18 The protein sequences of S3574, C60910, S12569, R2931, R1479, R1577, and E10707 (this paper)
were predicted from the cDNA sequences starting at the first methionine. Those of STO, CONSTANS, and COL2 were obtained
from GenBank (accession numbers X94937, L81119, and X95572, respectively). Boxed amino acid sequences indicate small regions
of homology. Dots are used to optimize alignment. The zinc-finger motifs are indicated by open bars. Positively charged amino acids
in the C-terminus are marked with a "+."

The predicted protein sequence of R1479 contained
glycine and alanine patches in the middle, and had a
proline-rich domain, which is suggested to be a transcrip-
tional activation domain for transcription factors,15 in
the C-terminus (Fig. le). The predicted protein sequence
of R1577 contained an opa-like domain "HHHHHQQ" in
the C-terminal side of the fingers (Fig. If). The opa-like
domain has been reported to be present in a number of
plant transcription factors.16

The amino acid sequences of seven putative zinc-finger
proteins in rice and three known zinc-finger proteins
in Arabidopsis (CO, STO, and COL2) were compared
(Fig. 2). The amino acid sequences of the zinc-finger
regions of the seven rice proteins are similar to those of
the proteins CO (46%-61% identical) and STO (38%~86%
identical). A basic region was found in the C-terminus of
CO and STO, but there is no amino acid sequence sim-
ilarity between the two proteins in this region. A basic
region was also observed near the C-terminus of all seven

predicted rice proteins. A high sequence similarity (58%-
88% identical) in the basic region was found among the
S3574, C60910, S12569, and CO proteins. The amino
acid sequences of R1577, E10707, and STO also had sig-
nificant similarity within their C-terminal basic regions.
We suspect that the basic region could be a functional
region related to flowering-time and salt tolerance.

A comparison of the seven predicted protein sequences
with members of the GATA-1 and GATA-1-like families
(Fig. 3) revealed that significant sequence similarity ex-
ists in the zinc-finger domains. There were 19 to 37
amino acid residues between the two fingers, except in
SI2569 and NTL1, which have only one zinc-finger mo-
tif. The zinc-finger domain of the GATA-1 transcription
factors is followed by a region having a high content of
basic residues; this region is required for the interaction
of the protein with DNA.2 The basic region following the
zinc-finger domain was also found in the seven predicted
proteins reported here. In addition, among the amino
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Figure 3. Alignment of 14 amino acid sequences containing zinc-finger motifs and their flanking regions. The seven deduced amino acid
sequences of the zinc-finger region are compared with the corresponding domains of CONSTANS,5 COL2,6 and STO7 of Arabidopsis,
NTL1 of tobacco,3 hGATA-1 of human,19 mGATA-1 of mouse,20 and cGATA-1 of chicken.21 Numbers in parentheses on the right
are the position of the finger motif counted from the amino terminus of each protein. Amino acids identical to STO are indicated
by light shading. The cysteines that form the finger structures are indicated by heavy shading. A "+" means that an amino acid
is positively charged. Two well-conserved sequences in each finger of 5 sequences are boxed. Numbers in parentheses on the left
indicate the number of amino acids between the 2 fingers in each protein.

acid sequences of R1577, E10707, R1479 and R2931,
conservation was most apparent in each of the zinc-
fingers, with consensus sequences "CCADEAAL" and
"FCV(L)EDRA." These two consensus sequences were
also found in zinc-fingers in the STO protein.7 There-
fore, we speculate that these four predicted rice proteins
might comprise a subfamily of GATA-1-like proteins.

We performed a linkage analysis based on our high-
density rice RFLP linkage map.13 The results showed
that the seven cDNA clones encoding putative zinc-finger
proteins were located on five different rice chromosomes
(Fig. 4). Clone S3574 was linked to RFLP markers L629
and C92 on chromosome 2; R1577 was linked to C436 and
C953A on chromosome 2; C60910 was linked to C198 and
C1135 on chromosome 3; E10707 was linked to C335 and
R896 on chromosome 4; R2931 was linked to R1952 and
R2749 on chromosome 6; R1479 was linked to R1028 and
R1888 on chromosome 6; and S12569 was linked to C152
and L776 on chromosome 9.

The position of R2931 on the map is noteworthy.
R2931 was found to be closely linked to Hd-3, one of
the putative QTLs controlling heading date in rice.9 It

could therefore be useful for fine-scale genetic mapping
of Hd-3 as a step toward map-based cloning. Two pu-
tative QTLs conferring salt tolerance have been located
on chromosomes 3 and 8 in rice,10 and the putative pro-
teins encoded by R1577 and E10707 showed relative high
similarities (49% and 53%, respectively) to the STO pro-
tein, which is implicated in salt tolerance in Arabidopsis.
However, R1577 and E10707 are not potential QTLs, as
they were mapped to chromosomes 2 and 4.

Comparative mapping in Arabidopsis and Brassica, us-
ing the cloned CO candidate gene, revealed that a homol-
ogous region may also be regulating flowering time in B.
nigra.17 In this study, we report seven cDNAs as rice ho-
mologues of CO and STO genes. We consider that these
clones may be a powerful tool for the identification of
candidate genes conferring heading date and salt toler-
ance in rice.
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their contributions. RGP is supported by funds from the
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Figure 4. Chromosomal locations of the seven cDNAs encoding putative zinc-finger proteins. Designations of markers are as follows:
C, cDNA clones derived from the callus library; R, cDNA clones derived from the young root library; S, cDNA clones derived from
the shoot library; E, cDNA clones derived from the panicle library; L, Not I linking clone. Further details are given by Kurata et
al.13
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