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A collection of 10,096 indica rice full-length cDNAs reveals highly
expressed sequence divergence between Oryza sativa indica and
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Abstract Relativel fev indica rice full-length cDNAs
were available to aia in the annotation of rice genes. The
data presented here described the sequencing and anal sis
of 10,096 full-length cDNAs from Oryza sativa subspecies
indica Guangluai 4. Of them, 9,029 matched rice genomic
sequences in public] -available databases, and 1,200 were
identi.‘ ed as nev rice genes. Comparison 'ith the knowvI-
edge-based Or; a Molecular Biological Enc clopedia
Jjaponica cDNA collection indicated that 3,316 (41.6%) of
the 7,965 indica-japonica cDNA pairs shoved no distinct
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variations at protein level (2,117 indica-japonica cDNA
pairs showed full identical and 1,199 indica-japonica
cDNA pairs sho‘;ed no frame shift). Moreover, 3,645
(45.8%) of the indica-japonica pairs showed substantial
differences at the protein level due to single nucleotide
pol morphisms (SNPs), insertions or deletions, and se-
quénce-segment variations between indica and japonica
subspecies. Further e perimental Veri.‘ cations using PCR
screening and quantitative reverse transcriptional PCR
revealed unique transcripts for indica subspecies. Com-
parative anal sis also showed that most of rice genes ere
evolved undeér purif ing selection. These variations might
distinguish the phenot pic changes of the two cultivated
rice subspecies indica and japonica. Anal sis of these
cDNAs e gends knovn rice genes and identl.‘ es nev ones
in rice.

Keywords Comparative anal sis - Full-length cDNA -
Indica and japonica rice - Oryza sativa - Transcriptome

Introduction

Rice is a major crop that feeds about half the world’s
population. Rice is also a model plant for molecular bio-
logical and genomic research because of its relativel small
genome sj e, transformabilit and completion of genome
sequencing. There is a ‘Ve?l-established divergence be-
tween the tw o major Asian cultivated rice (Oryza sativa L.)
subspecies, indica and japonica, but o Der levels of genetic
structure are suggested b the breeding histor (Panaud
et al. 2002; Garris et al. 3005). Indica and japonica rice
diverged about appro ymate] 0.2 ~ 0.44 million  ears ago
(Ma and Bennef en 2004; {/itte et al. 2004). Indica and
Jjaponica rice had a pol\J ph\) letic origin. Indicas 'Yere
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probabl domesticated in the foothills of Himala as in
Eastern” India and japonicas some¥here in South”China
(Khush 1997). The indica subspecies of rice is the most
widel cultivated subspecies in China, India and most of
the rést of Asia, While the japonica rice subspecies is fa-
vored in Japan and other countries ‘ith temperate climates.

The entire rice genome sequence of Oryza sativa ssp.
Jjaponica Nipponbare, ¥hich is a t pical japonica inbred
variet , was completed b the Intetnational Rice Genome
Sequéncing Project (IRdSP) using a map-based sequenc-
ing strateg (Feng et al. 2002; Sasaki et al. 2002; The Rice
Chromosome 10 Sequencing Consortium 2003; Interna-
tional Rice Genome Sequencing Project 2005). The draft
genome sequences of the japonica Nipponbare and indica
variet 93-11 have also been made available using a ¥ hole-
genome shotgun sequencing approach (Goff et al. 2002;
Yu et al. 2002, 2005). Overall § nten at the genome-Y ide
level was reported previous] using 1ntra-speci.‘ ¢ genomic
sequence comparisons (Ferig et al. 2002; Han and Xue
2003; Ma and Bennej en 2004; Yu et al. 2005), while
comparison of the indica rice genome sequence 'ith the
Jjaponica data provided insights into rice genetic diversit
(Bennej en 2002). ’

Full-length complementar DNA (cDNA) clones are
important, not on] for gene annotation and the determi-
nation of transcriptional start sites, but also for functional
anal ses (Sy uki et al. 2001; Wang and Brendel 2006).
The methods for preferential cloning of cDNA that corre-
sponds to full-length mRNAs with 5¢-end-pro imal cap
structures (Kristiansen and Pande 2002) have been
developed and used in large-scale anal ses of transcripts
from human (Sy uki et al. 2002; Ota et al. 2004), mouse
(Konno et al. 2001; The RIKEN Genome E gploration
Research Group Phase II Team and the FANTOM Con-
sortium 2001; Osato et al. 2002; Carninci 2003), fruit
(Stapleton et al. 2002), Arabidopsis thaliana (Seki et al"
2002), and rice (The Rice Full-Length cDNA Consortium
2003; Osato et al. 2003). Genomic comparisons of Bras-
sica oleracea and Arabidopsis thaliana reveal gene loss,
fragmentation, and dispersal after pol ploid (Town et al.
2006). Similarl , E pressed Sequence Tag (EST) and
cDNA sequences are also used for comparative genome
anal sis. The moss Physcomitrella patens transcriptome
has been compared With the A.thaliana genome, revealing
a large number of putative transcripts ¥ith high levels of
similarig to vascular plant genes (Nishi ama et al. 2003).
A unique set of 11,008 onion ESTs ¥as used to assess the
genomic differences betveen the Asparagales and Poales
(Kuhl et al. 2004).

Computational annotation of the rice genome has been
reported (Yuan et al. 2003) and collections of cDNAs and
ESTs have provided valuable information toward our
understanding of gene structure and genome coding

capacit (Wu et al. 2002; The Rice Full-Length cDNA
Consortium 2003; Rensink and Buell 2004; Zhang et al.
2005). E pression pro, ling of the rice genome using DNA
microarra s has provided information on the coding
potential and e pression patterns of the chromosome 4 and
the entire genome (Jiao et al. 2005; Li et al. 2006).
Although 1,211,078 rice ESTs (http://* ¥ ¥ .ncbi.nlm.nih.
gov/dbEST/dbEST) are presented in publicl -available
databases, a large number of them is redundan‘t). The Rice
Full-Length ¢cDNA Consortium has collected 28,469 un-
ique full-length cDNA sequences from the japonica variet

Nipponbare and provided a detailed description of the rice
transcriptome (The Rice Full-Length ¢cDNA Consortium
2003). The total number of rice full-length cDNA of pub-
licl available KOME database is about 32,127 (Osato
et al. 2003). These cDNAs provide the complete coding
region of the encoded protein and complete 5¢, 3¢
untranslated regions (UTRs) that de.‘ ne the boundar\J of
transcriptional unit and provide a functional resourcé for
biological function Veri.. cation. As part of the National
Rice Functional Genomics Project in China, collection of
17,835 unique ESTs and 10,828 putative full-length
cDNAs from indica variet Minghui 63 have been
achieved (Xie et al. 2005; Zh‘)ang et al. 2005). Overall, the
cDNA resources of the publicl available databases are still
incomplete as it has been estimated that there are
37,500 ~ 43,000 genes predicted in the rice genome
(International Rice Genome Sequencing Project 2005;
Paterson et al. 2005). Comparative anal sis of indica and
Jjaponica genomes at the e pression leve\i is likel to reveal
some details of intra-speci.‘c variations as sequence pol -
morphisms in coding regions might in uence the e prés-
sion of genes and thus result in the pheifot pic variations
(Windsor and Mitchell-Olds 2006). In %ddition, gene
structure as predicted b ab initio gene .‘nders is never
100% accurate. Thus, a”whole-genome full-length cDNA
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veri.‘ cation and the cDNA clones Will be distributed upon
request.

Materials and methods
Plant materials

Five cDNA libraries of Oryza sativa ssp. indica Guangluai
4 were constructed from ., ve different tissues or at various
developmental stages: (1) Tvo-da germinated shoots and
roots vere collected when roots reached 1 2 cm long; (2)
Rice seedlings ¥were grovn in plant grovth chamber with a
¢ cle of 16 h light/8 h dark at 30 C. Seedling shoots and
roots were harvested 2 weeks after germination; (3) Pani-
cles were harvested from rice grovn in padd .‘elds; @)
Two-week seedlings treated individuall ¥ith various
stresses, such as high-salinit (100 mM NaCl, treated for
20 min, 3, 12, 24, 48 h, 3 da s and recovered for 72 h),
deh dration (15% PEG-4000; treated for the same time
dur‘gltion as high-salinit ), cold (6 C for 1, 12, 24, 48 h,
3 da s and recovered fbor 72 h), heat (45 C, for the same
time duration as cold), or immersion under ¥ ater (for 1, 12,
24, 48 h, 3, 5da s) were harvested, and equimolar
amounts of pol (A+) mRNA from the 4 Ve tissues under
stress treatments ¥ere combined for § nthesis of cDNA.

Genomic DNA of the three indica (Guangluai 4, 93-11
and Nanjing 11) and.‘ ve japonica (Nipponbare, Lansheng,
Zhonghua 11, Xiushui 4 and Chunjiang 6) varieties ¥ere
prepared from two-week rice seedling shoots. Classi, ca-
tion and genealog of Guangluai 4, Nanjing 11 and Xiushui
4 varieties vere "described b Lin and Min (1991). The
japonica Chunjiang 6 variet” was described b Sogawa
et al. (2003). ’ ’

Construction of full-length cDNA libraries

We utilj ed the Cap-Tagging method from the Oligo-Cap-
ping technique for full-length cDNA librar construction
(Sy ukiet al. 2001). The 5¢Cap-Tagging met\%od utilj es the
5¢Cap capture technique through the combined treatments of
calf intestinal phosphatase (CIP) and tobacco acid p ro-
phosphatase (TAP) so that onl the full-length cDNA"was
targeted for librar construction (as outlined in Supple-
mentar Fig. S1). Normalj ation and subtraction procedures
were applied to reduce the frequenc of highl e pressed
mRNA in the librar and to enhance the discover of nev
c¢DNAs (Carninci etb al. 2000). Subtraction procedures ¥ ere
based on h bridj ation of the single-stranded DNA ‘with
RNA drivets from previous]l sequenced cDNAs or DNA
primers designed from alrea& kno¥n japonica cDNAs.
Total RNA Yas e gracted with Trj ol, and mRNA was
puri.‘ ed with oligote s mRNA kit (Qiagen). mRNA was

S,

treated ¥ith CIP to remove the phosphate from truncated
mRNA while the Stcapped full-length mRNA was not af-
fected. Dephosphated mRNA was ligated with the o I8t
adapter (blocking tag) to block phosphate terminus residue
of mRNA. The top strand sequence of the blocking tag is
5¢-GGAATGATCCAG-3¢ and bottom strand sequence is
5-NNNCTGGATCATTCC-3t (N=G, A, T, C). After
puri.. cation, mRNA was treated at 37 C for 1 h with
50 units TAP (Epicentre) to remove the Stcap from a
full-length mRNA. De-capped mRNA was ligated to the
second adapter (cap tag). The top and lo¥ strand adapter
sequences are 5(-TAGGCCTTCCAGGCCAGTCGAGAC
GACGTGA-3t and 5¢-NNNTCGCGTCGTCTCGACTGG
CCTGGAAGGCCTA-3t N =G, A, T, C), respective] .
First-strand cDNA was s nthesj ed b superscript I RNase
H- reverse transcriptase (Invitrogeng with oligo dT20VN
carri ing a Xhol site (5¢-AGCTAATCGGTCTCCTCGAG
GCCAAGCTGGCC(T)20VN-36) (V =G, A, C; N =G, A,
T, O).

Enrichment of full-length cDNA was utilj ed b biotin-
labelling and magnetic porous glass (MPG)-stréptavidin
(CPQG) sorting. Biotin-dCTP and random primer 5¢-NNNN
NNVVVVV-3t(V=A,G,C N=G,A,T,C) vere added
to the reverse transcription for additional 1-hour incubation
at 42 C. Then, partial cDNA incorporated Yith biotin-
dCTP was removed b MPG-streptavidin beads. Second-
strand cDNA was s nthesj ed with primer carr ing a
EcoRI site (5-GTAGTACGGGTCTCGAATTCGGTAGG
CCTTCCAGGCCAGTCGAG-3t) using ¢ cling conditions
of denature at 95 C for 2 min; 10 ¢ cles of 45 C, 1 min,
55 C, 1 min, 68 C, 10 min and a .‘\}nal e gension at 68 C
for 10 min.

Double-stranded cDNA was digested with EcoRI and
Xhol, and cDNA fragments of >2 kb, 1 2 kb, 0.5 1 kb and
<0.5 kb were subsequent] sj e-fractioned through an
agarose gel electrophoresis. cDNAs were then cloned
directional]l into the EcoRI and Xhol sites of vector
pBluescript SK+ (Strategene) and transformed into E.coli
DHI10B competent cells (Invitrogen).

Subtraction of full-length cDNA libraries

Two sources of subtraction drivers ¥ere utilj ed for cDNA
librar  subtraction to increase novel cDNA discover . One
vas Phe in vitro transcribed RNA originated from “5¢-end
sequenced 20,000 clones. The other was the 6,000 primers
designed from 6,000 japonica Nipponbare non-redundant
cDNA 3¢-UTR sequences.

The in vitro transcribed driver cRNA was produced
from 20,000-pooled plasmid DNAs. The tester single-
stranded DNA (ssDNA) (+) was prepared from entire
cDNA librar with the help of the M13 helper phage.

ssDNA was “then enriched b\) means of h\jdro 3 apatite
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(HAP) column chromatograph\) and Pvull digestion to



roots, and panicles using an advanced 5(Cap-Tagging
method. Initiall , we completed 180,000 single-pass
sequencing reacPions on the selected clones from the nor-
malj ed libraries. A total of 149,857 clones comprised of at
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Unmatched KOME 21,678 (61.6%)

KOME full-length cDNAs (35,187)

Hit KOME full-tength cONA
13,509 (62.3%)

Unmatched NCGR
uni-ESTs

NCGR uni-5’ESTs (21,690)
8,181 AT TN 1,

Hit KOME E_g

FLcDNA £ &
7,965 (78.9%) 5=l »
I B0

Unmatched KOME clones

averlapped clones

Fig. 1 Comparison of NCGR (Indica Guangluai 4) and KOME
(Japonica Nipponbare) cDNA sequences. The total numbers of the
KOME full-length ¢cDNAs (35,187) and the NCGR full-length
cDNAs (10,096) and the NCGR uni-ESTs (21,690) are indicated.

content of most of the 3(UTR sequences on] ranged from
25% to 55% (Fig. 2A). Similar results ¥ere obtained for
the anal sis of 35,187 KOME japonica full-length cDNAs.
The Gé content of most 5(UTR and ORF sequences in
Jjaponica ranged from 35% to 75% and the GC content of
3¢UTRs in japonica ranged from 25% to 55% (Fig. 2B).

Alternative splicing (AS) and antisense transcripts

Alternative splicing is ¥idespread in both rice and Ara-
bidopsis and these species share man common features
(Campbell et al. 2006). Mapping of th% full-length cDNAs
to rice genome showed that 9,029 cDNAs represented
7,372 transcription units (TUs) in the rice genome. We
identi.‘ ed 1,382 indica alternative splicing transcripts cor-
responding to 540 TUs. The conserved AS events corre-
sponding to 93 TUs were identi.‘ ed in both indica and
Jjaponica subspecies. The other 447 TUs showed no AS

Fig. 2 Graphics shoving the
distributions of GC contents in
S56UTRs (blue), 3tUTRs (black)
and ORFs (red) of the NCGR
indica (A) and KOME japonica
(B) full-length cDNAs

(A)

ﬁ*nger

ca NCGR full-length cDNA (10,09¢
t s and

The total numbers of overlapped cDNA clones betveen the KOME
and the NCGR cDNA collection ¥ere indicated in the orange and

ellov bo es respectivel . The number of novel indica cDNAs were
indicated in the blue an& light blue bo es.

events in japonica. Assigned functions of the 93 TUs
between indica and japonica ¥ ere assessed using searching
against the PFAM protein famil database (Ap'eiler et al.
2001; Bateman et al. 2004; http://v v ¥ .sanger.ac.uk/Soft-
w are/Pfam/). The results shoved that 53 TUs had similari
vith 45 PFAM protein families (P-score below le-10)
(Supplementar, Table S2).

Antisense \'kNAs are pairs of transcripts that are
transcripted bi-directionall from an overlapping genome
region. Among the 7,96% indica cDNAs that matched
KOME cDNAs, 179 were identi.. ed to have japonica
cDNA hits on the opposing strand, and therefore these
cDNAs were annotated as anti-sense sequences. Addi-
tionall , we found 34 pairs of internal anti-sense transcripts
in the\JNCGR indica cDNAs. Twent -three of the 34 pairs
were found to be pairs of internal anti-sense transcripts in
the KOME japonica cDNAs and thus conserved in the tv.o
rice subspecies (Supplementar\) Table S3).

Distributions of indica NC™
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Transcriptome comparison between indica and
Jjaponica

We e racted the ORF of each full-length cDNA sequence
using ‘‘getorf’” program. Among 7,965 NCGR-KOME
cDNA homologue pairs, 7,918 were predicted to have
ORFs. Comparison of these indica and japonica ORFs
revealed that 3,316 (41.6%) had no distinct variations at
protein levels. Among these, 2,117 (26.6%) indica-japon-
ica pairs were identical at protein level (designated as
Identit protein), and 1,199 (15.1%) pairs were highl
conserved with more than 96% identit at protein level
(designated as Non-Frame Shift (NFS% proteins). Addi-
tionall , 3,645 (45.8%) NCGR-KOME cDNA pairs
showed variations at protein level due to SNPs, insertions
and deletions, non-homologous sequences and alternative
splicing (designated as Variations).

We searched the NCGR-KOME cDNA pairs against the
PFAM database. Overall, we found that 2,776 (39.9%) of
these cDNAs shoved similarit with 1,143 PFAM protein
families (P-score below 1e—PO). Of them, 789 NCGR-
KOME pairs were classi.‘ ed into 30 major FPAM families
after e cluding the ‘‘Domain of unkno¥n Function
(DUF)”’ and ‘‘Uncharacterj ed Protein Famil (UPF)”’
PFAM families (Fig. 3 and Table 2). Furthefmore, ¥e
calculated these 789 pairs ith the rate of non—% non mous
(Ka) and § non mous (Ks) changes (41). Generaﬁ , the
ratio of Ka/Ks provides a measure of evolutionar” con-
strains (Ka/Ks = 1 neutral evolution, Ka/Ks > 1 positive
selection, and Ka/Ks < 1 negative selection), ¥hile Ks
represents the age of divergence bet¥een two homologous
sequences. Percentages of the calculated Ka, Ks and Ka/Ks
were shown in Table 2 and Fig. 3. Most of the rice genes
have evolved under purif ing and neutral selections.
Howvever, 136 genes shoved Ka/Ks > 1, indicating that
these indica and japonica genes ¥ere diverged under
positive selections. Some proteins ¥ere highl diverged
between the two subspecies. The average rate of the
percentage of the protein with Ka/Ks > 1 in all protein
categories was 17.2%. However, relativel high percent-
ages of the proteins with Ka/Ks > 1 were found in some
protein categories of ‘‘Biotin_lipo 1° (62.5%), ‘“‘RRM_1"’
(43.6%) and ‘‘Metallothio_2’’ “(36.8%) (Table 2). In
contrast, other proteins seemed highl conserved betveen
indica and japonica, ¥hich includecP ribosomal, ‘‘pero i-
dase’’, “‘Tr p_alpha_am I’’, “MIP”’ and ‘‘GH3”’, as
higher proportions of these identical proteins ¥ ere found in
each categor. .

In additi(?n, we searched 1,200 novel NCGR cDNAs
against the PFAM protein database. The results showed
that onl 8.5% (102) of the 1,200 novel cDNAs matched
protein§ in PFAM database (p-score below le-10). As
mentioned above, 39.9% (2,776) of the NCGR-KOME

cDNA pairs matched PFAM proteins. Obviousl , the novel
indica cDNAs identi.‘ ed in this stud sho've3 signi.‘ cant
higher percentage of unkno¥n functions.

Comparative anal sis of the chromosome 4 cDNAs
from tvo subspecies

As a total of 22.1-Mb chromosome 4 of indica Guangluai 4
has been sequenced (in publicl -available databases), we
used the 23.2-Mb chromosome % collinear sequence of the
Jjaponica Nipponbare to compare e pn-intron organj ation
between indica and japonica (Table 3). Among 10,096
indica full-length cDNAs, 523 were mapped onto the in-
dica 22.1-Mb region. Onl 4 Ve of them ¥ere not mapped
on the 23.2-Mb japonica Collinear region. We selected 361
NCGR-KOME collinear cDNAs for identif ing e pon-in-
tron organj ations in the t¥o subspecies. V\‘)e aligned the
NCGR indica and KOME japonica cDNAs on the GLA4
and Nipponbare chromosome 4 collinear regions,
respectivel . Table 3 shoved that mean e pn sj es betveen
indica Guangluai 4 (301 bp) and japonica Nipponbare
(307 bp) were similar, but mean intron sj es between
GLA4 (415 bp) and Nipponbare (461 bp) were different.
These results were slight] different from the previous
studies (Han and Xue 2003; International Rice Genome
Sequencing Project 2005). Introns can be classi.‘ ed into
phases 0, 1 and 2 depending on their position relative to the
reading frame of the gene. Intron ma interrupt the reading
frame of a gene between t¥ o consecutive codons (phase 0
introns), bet een the 4 I8t and second nucleotide of a codon
(phase 1 introns), or between the second and the third
nucleotide (phase 2 introns). In order to detect ¥hether
intron-phase variation e ssted bet¥een the t¥o subspecies,
we compared 56 identical NCGR-KOME transcripts
referring to their corresponding chromosome 4 genomic
sequences. The result shoved no intron-phase variations
observed. We scanned the unspliced mRNA (Supplemen-
tar Table S4). Thirt -two pairs of 361 NCGR-KOME
cDNAs were found to be single e on in both subspecies.
However, eight pairs of them ¥ere found to be single e won
in indica but multiple e wons in japonica, and four pairs of
them were found to be single e on in japonica but multiple
e wns in indica.

Real time PCR anal\) sis of the subspeci1 C e pressions

As described above, 12 indica cDNAs (assigned as T pe I
cDNAs) were assumed to be located in the gaps of the
current japonica Nipponbare genome sequence, and 58
indica full-length cDNAs (assigned as T pe II) were onl

aligned to indica 93-11 genomic sequénces. E pression
anal sis of t pe I and t pe Il cDNAs ¥ere carried out b

real‘)time R'\IL-PCR. Thé results were shovn in Fig. 4 and
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Fig. 3 Comparison of the percentages of conservations and varia-
tions at each InterPro classi, ed NCGR-KOME homologous protein
categor. . A total of 30 major categories ere shovn. Blue represents
the pePcentage of identical protein (Identit ). Red represents the
percentage of Non-Frame Shift proteins (NFS). Green represents the

Supplementar Table S5. Si y of the T pe I cDNAs were
randoml selécted for real time RT-PCR veri, cation. All of
these genes were e pressed in both indica Guangluai 4 and
Jjaponica Nipponbare. Twent -tvo t pe II cDNAs were
onl e pressed in indica Guangluai 4, not in japonica
Nipponbare (Supplementar Table S5) and ma be indica-
speci.‘c genes. We further detected whether the T pe-II
transcripts are present in the genomes of other indi¢a and
japonica varieties using PCR. The speci.‘c primers ¥ere
designed for screening the t pe II genes in three indica
varieties (Guangluai 4, 93-?1 and Nanjingll) and four
Jjaponica varieties (Nipponbare, Lansheng, Zhonghua 11
and Chunjiang). Twent -seven of the T pe II genes ¥ere
onl detected in the indica varieties, indicating the are
unique genome to indica varieties. The results ¥ ere s%o'vn
in Fig. 5. Further evidence ' as obtained from the real time
RT-PCR anal sis. Among the 58 T pe II cDNAs, 27
appeared to bé e pressed onl\J in indica.

Discussion

The domesticated Asian rice Oryza sativa indica subspe-
cies represents the largest amount of rice production in the
world. Although a collection of indica rice ESTs has been
performed, large-scale indica rice full-length cDNA col-
lection has not been available in public databases. In this
stud , we collected and complete]l sequenced 10,096 full-
length cDNA clones and identi.‘ ea 21,690 indica uni-ESTs
from Oryza sativa ssp. indica cv. Guangluai 4 to aid in the
annotation of rice indica genes. This indica cDNA resource
increased the number of publicl available rice e pressed
sequences and provided a platform for genome-'ide
comparison of t¥wo subspecies both in gene structure and
further biological function Veri.‘ cation.

ﬁvnger

percentage of variation protein resulted from SNPs, insertions/
deletions and non-homologous sequences (Variations). Within each
protein categor, , the percentages of the proteins ¥ith Ka/Ks > 1, Ka/
Ks < 0.25 an(i) 0.25 < Ka/Ks <1 were indicated b the orange,
brown, and light green curves, respectivel"3 !

We collected indica EST or mRNA sequences using a
5tCap-Tagging approach to random] select cDNA clones.
This approach for rapid collectig of most transcript
sequences from a novel genome ' as highl ef.‘ cient. Other
approaches such as ORFeome which is fel ing on large-
scale PCR ampli.‘ cation of speci..c cDNAS folloved b
sequencing of the ampli.. cations have been used to ampli
cDNAs (Guigo et al. 2003; Wei et al. 2005). This method
needs reasonabl accurate gene predictions to use for PCR
primer design. It ¥ill be much ef.‘ cient through signi.‘ cant
improvements in de novo gene prediction and optimy ing
and automating both the informatics and et lab compo-
nents of large-scale RT-PCR (Brent 2005).

Comparative genomics provides a po.erful tool to stud
gene structure and the evolution of gene function and
regulation (Soltis and Soltis 2003; Castelli et al. 2004;
Katari et al. 2005; Oden' ald et al. 2005). A recent stud of
e ploring the plant transcriptome through ph logerietic
proy ling provides strong evidence for the e gstence of at
least 33,700 genes in rice (Vandepoele and Van de Peer
2005). Among 7,965 indica-japonica (NCGR-KOME)
homologue pairs, 3,316 (41.6%) shovwed no distinct vari-
ations at the protein level betveen indica and japonica
subspecies, but 3,645 (45.8%) of the indica-japonica pairs
showed large differences at protein level because of SNPs,
insertions or deletions, and sequence-segment variations
between indica and japonica subspecies. These variations
might distinguish the phenot pic changes of the two cul-
tivated rice subspecies, indica and japonica. The evidence
for supporting this h pothesis ¥ as obtained from a recent
cloning of the GS3 gene in rice (Fan et al. 2006). Rice
grain sj e is a highl important qualit trait. The long and
slender grain is generall characteriStics for indica rice,
and short and round grain is for japonica rice. A recent
report showed that the GS3 gene, which is controlling a



major QTL for grain length, is identi.' ed to encode a



japonica. Of 789 indica-japonica gene pairs, 136 genes
(Ka/Ks > 1) showed signi.. cant divergence betveen indica
and japonica. These genes might be evolved under positive
selection. We estimated that about 26.6% of the rice genes
were identicall\) conserved in the tvo indica and one

Jjaponica varieties, revealing that there ¥ere about 11,400
identit genes in total bet¥een indica and japonica sub-
species. The large amount of the identit genes beteen the
two subspecies indicated that indica and japonica were
ver closel related subspecies, and ¥ere not diverged for
ver long.

he e ypressions of novel indica cDNAs were detected
b‘J real time RT-PCR anal\) sis. Our results indicated that
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genes were believed to be located in the Nipponbare
sequence gaps, and could be used as probes for identif ing
the genomic bacterial arti.‘ cial chromosomes (BACs) to N 1
the rice genome sequencing gaps. We identi.‘ ed a number
of indica speci..c transcripts through PCR and real time
RT-PCR anal sis. Among the 58 T pe II cDNAs, 27
seemed to be ‘indica speci1 ¢, indicating the proportion of
the indica specijc ones in 9,029 cDNAs was 3%. We
would then estimate that there were about 130 indica
speci.‘ ¢ transcripts in the 43,000 rice genes.

So, large-scale comparative anal sis of indica and
japonica full-length cDNAs shovéd gene e pression
variations that might lead to the discover of molecular
mechanism for phenot pic difference bet?veen tvo sub-
species and Y ill make impact on rice molecular breeding.
Comprehensive anal sis of the genomes, transcriptomes
and proteomes of thé rice indica and japonica subspecies
will lead to a better understanding of the intra-speci.‘c
divergence and functions of rice genes.
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