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ABSTRACT. Single nucleotide polymorphisms (SNPs) are known as the most detectable variations among
related genomes. We estimated the SNPs between Tainung 67 (TNG67), an elite cultivar of rice (Oryza sativa)
in Taiwan, and Nipponbare, the cultivar used for rice genome sequencing by the international consortium.
More than 6,000 expressed sequence tag (EST) sequences from developing panicles of TNG67 were compared
with the annotated gene sequences of Nipponbare. The estimated SNP rate is about 0.3% to 0.4% between the
two cultivars, with most of the insertions or deletions (indels) occurring on the 5" or 3" untranslated regions
(UTRs). The rate of transition substitutions on the 3 UTR and the third codon positions is higher than that
of transversions but lower on 5" UTR and first codon positions. The synonymous (Ks) and non-synonymous
(Ka) substitution distances are also calculated, and most of the Ka/Ks ratios are less than 1. Because the
SNP density is higher than that of other traditional markers, detection of SNPs in this report with subsequent
development of markers will allow genetic mapping and positional cloning between TNG67 and Nipponbare.

Keywords: Expressed sequence tag (EST); Nipponbare; RAP-DB; Rice; Single-nucleotide polymorphisms
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INTRODUCTION

Rice is the most important staple food for half the
world’s population. The increase in global rice production
in recent years is no longer keeping pace with the growth
in consumption. Rice production in the next few decades
will face even greater challenges with a larger and more
affluent population, with greater demands for higher
production and better-quality rice. However, future
enhancement of global rice production faces the difficulties
of reduced arable land, water, and labor while maintaining
a sustainable agriculture system. Thus, great demands are
put on biotechnology to improve rice production.

Better understanding of the rice genome will facilitate
research on rice, which in turn speeds up the development
of rice biotechnology methods. The highly accurate
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map-based genomic sequence of a japonica cultivar,
Nipponbare, was decoded in 2005 by the International
Rice Genome Sequencing Project (IRGSP) (IRGSP,
2005). Shortly before this sequence became available to
the public, a whole genome shotgun sequence of the rice
indica cultivar, 93-11, a parent of super hybrid rice, was
released (Yu et al., 2002). Polymorphisms between the
japonica and indica cultivars over the whole genomic
region were analyzed with use of the above two genomic
sequences (Feltus et al., 2004; Shen et al., 2004).

Single-nucleotide polymorphisms (SNPs) are the most
abundant sequence variations among closely related
genomes. They may be used as genetic markers because
they are detectable on a large scale, and they exist in high
density throughout the genome. Besides, they are generally
more stable than microsatellite markers. Many studies
have investigated the SNP distribution in human, mouse,
Arabidopsis, maize, and other model organisms. For
instance, previous research found a rate of one SNP per
242 or 348 sites from human expressed sequence tag (EST)
data (Cargill et al., 1999; Halushka et al., 1999). When
the International Human Genome Sequencing Consortium
announced the available draft sequence of the human
genome, the International SNP Map Working Group also
reported that SNPs occur every 1,000-2,000 bases, on
average, in a comparison of chromosomes from several
human beings (Sachidanandam et al., 2001). With the
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progress of the International HapMap Project, more than
10 million SNPs have been characterized, many of them
associated with diseases, although the allele frequencies
are low (Kruglyak and Nickerson, 2001; Carlson et al.,
2003; The International Hap Map Consortium, 2003;
Thorisson and Stein, 2003).

The differences between japonica and indica rice have
been assessed from their relatively distinct rice genomic
sequences. About 1.7 to 3.7 SNPs and 0.1 indels per kb
were found in a comparison of Nipponbare and 93-11
(Feltus et al., 2004; Shen et al., 2004). Using EST or PCR-
sequencing methods, the SNP frequencies of Kasalath
(an indica land race), Koshihikari (a japonica cultivar in
Japan), W1943 (a wild accession of Oryza rufipongon),
Guang-Lu-Ai 4 (an indica cultivar from China) and
Senshou (an upland rice in Taiwan) were also analyzed for
SNPs (Nasu et al., 2002; Monna et al., 2006). Recently,
an Oryza SNP project initiated by the international rice
community plans to compare 21 rice genomes with each
other using a high throughput strategy (McNally et al.,
20006). The discovery of genome-wide SNPs will provide
a useful tool for selection in rice breeding and new genetic
knowledge of evolution and domestication.

Tainung 67 (TNG67), an elite japonica cultivar in
Taiwan, has been a leading commercial variety for several
decades (Huang, 1979). It is photoperiod insensitive, and
possesses many good agronomic characteristics. Currently,
it is a popular genetic stock in breeding programs and
scientific research in Taiwan. In the present work, we used
EST sequences of TNG67 to explore the polymorphism
between this cultivar adapted in Taiwan and another
japonica cultivar (Nipponbare) adapted in Japan.

MATERIALS AND METHODS

Construction of cDNA libraries and the sub-
sequent processing

The 0.5 mm and 6-8 cm developing panicles of rice
(Oryza sativa L. cv Tainung No. 67) were used to construct
a SMPR and 6CPR cDNA library, respectively. Tissues
were harvested, immediately frozen in liquid nitrogen, and
stored at -80°C. Total RNA was extracted for cDNA library
construction using Lambda ZAPII (Stratagene). About
4,000 clones from each library were randomly selected
for sequencing. Raw sequencing data were evaluated by
the base calling program PHRED (Ewing and Green,
1998; Ewing et al., 1998). Vector-derived sequences were
screened by CROSS_MATCH (P. Green, http://www.
phrap.org/phredphrapconsed.html) according the vector
database. The EST reads were quality trimmed by the
PHRED quality score where Phred score < 20 within 10
consecutive bases. Reads that comprised over 100 bp
of contiguous satisfying quality were kept as successful
sequence for later analysis and were submitted to the
GenBank dbEST database with the accession numbers
EG709278 - EG713055 and EG713056-EG715450 for
SMPR and 6CPR, respectively.
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Assembly of EST contigs and data download

Since ESTs generally represent only partial cDNA
sequences, the assembly of overlapping ESTs into putative
unique transcript contigs constitutes the first step for all
EST analyses. Two cDNA libraries were constructed
from developing panicles of 5 mm and 6 cm long, which
resulted in 3,787 and 2,354 EST sequences or a total
length of 1,473,449 and 871,401 bps for the two libraries,
respectively. The 6,112 sequences in these two EST
libraries were clustered by the TGICL program (Pertea et
al., 2003), which resulted in 659 assembled contigs and
3834 singletons (Figure 1).

The japonica variety Nipponbare has been sequenced
completely (IRGSP, 2005). The most updated annotations
of cDNA and genomic sequences from The Rice
Annotation Project Database (RAP-DB) (Ohyanagi et al.,
2006) were downloaded for similarity searches.

The EST sequences of other rice varieties reported
previously (Feltus et al., 2004; Katagiri et al., 2004; Shen
et al., 2004; Monna et al., 2006) were also downloaded
from GeneBank for comparison study.

Polymorphism level estimation

Similarity searches were performed with BLASTN
program (Altschul et al., 1997). Both of the assembled
contigs and singletons described above were aligned
against RAP-DB, with a cut-off E-value of 1E-50. The
resulting high-scoring segment pairs (HSPs) with a
minimum similarity of 95% and minimum coverage of
50% were then screened (Table 1).

The divergence levels based on the HSPs between
TNG67 and Nipponbare were estimated on ESTs, contigs,
and singletons. The polymorphisms were divided into
substitutions and indels. The polymorphisms on the 5’ and
3’ UTRs and three codon sites were calculated separately.

Synonymous and non-synonymous sub-
stitutions ratio

The synonymous (Ka) and non-synonymous (Ks)
substitution distances between contig sequence pairs were
estimated simultaneously by use of nucleotide and amino
acid sequences. The estimation was implemented by use
of the Diverge program of the GCG package (Wisconsin
Package). The methods and parameters used were Li’s
model (Li, 1993) and Kimura’s two-parameter substitution
model (Kimura, 1980). The Ka/Ks ratios were calculated
for sequence pairs for which both Ka and Ks values were
larger than zero.

RESULTS

We estimated the polymorphism proportions between
TNG67 and Nipponbare cultivars by using panicle ESTs
and annotated cDNA sequences. The distributions of
SNPs or indels on different gene coding regions were also
assessed. Furthermore, the Ka/Ks ratios were calculated.
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Table 1. Summary of aligned and screened polymorphisms
from the BLAST results of TNG67 ESTs, contigs and
singletons against the RAP1 database. All data are percentages.
Both the original and screened data were used.

Aligned HSPs ~ Screened HSPs*
EST
Sequence numbers 87.07 95.25
Length 80.56 91.29
Mismatch 0.42 0.31
InDel 0.10 0.10
Polymorphism 0.53 0.41
Contig
Sequence numbers 94.69 96.15
Length 85.54 90.40
Mismatch 0.31 0.22
InDel 0.10 0.10
Polymorphism 0.41 0.31
Singleton
Sequence numbers 82.37 94.14
Length 75.69 90.50
Mismatch 0.48 0.34
InDel 0.11 0.10
Polymorphism 0.58 0.44

*The criterion for screening was at least 50% length alignment
and greater than 95% identity.
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Figure 1. Flow chart of the clustering of ESTs from panicles
of TNG67 and detection of SNPs. Total sequence numbers and
lengths are indicated.
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Length and hit frequencies of EST sequences

Redundant ESTs were assembled into putative unique
transcript contigs before further analysis. These contig
sequences are longer than single-pass EST sequences,
which allows for construction of nearly full-length
cDNAs. As calculated from data shown in Figure 1, the
mean length of 6,112 EST sequences was 381 bps before
clustering. After clustering, the mean length for the 659
clustered contigs and 3,834 singletons were 548 and 348
bps, respectively. Both the EST and singleton sequences
showed a platykurtic distribution and were left skewed
while the clustered contigs were leptokurtic distributed
and right skewed.

Table 1 lists the percentages of sequences and lengths of
TNG67 EST sequences aligned with RAP-DB sequences
by use of the BLASTN program. Both the original and the
screened HSPs were used. The homologs of assembled
contigs found a match for 95% of the sequences in RAP-
DB, with about 85% of lengths aligned. This ratio was
much higher than with the other two kinds of unassembled
sequences, ESTs or singletons, and indicates increased
sequence quality after clustering.

The HSPs with more than 50% length alignment and
higher than 95% identity were screened. Table 1 shows
the similar proportions of HSPs screened from ESTs,
assembled contigs and other singletons. Only the screened
contig sequences were used for further analysis.

Polymorphisms were about 0.3% to 0.5%

With the HSPs received from BLASTN analysis
between TNG67 ESTs and RAP-DB sequences, the
proportion of polymorphisms, including substitutions and
gaps for ESTs, contigs and singletons, were calculated
separately. The proportion of total polymorphisms was
about 0.4% to 0.6% between aligned HSPs. The values
were reduced to 0.3% to 0.4% with screened alignments
(Table 1). The indel proportion was about 0.1% with or
without screening. However, the mismatched proportions
were reduced from 0.4% to 0.3% after screening. The
polymorphisms observed from the assembled contigs,
including 0.3% mismatch and 0.1% indels, with different
lengths from 1 bp to 11 bps (Table 2), were investigated in

Table 2. Frequency distribution of continuous SNPs and indels
detected from assembled contigs of TNG67.

Length SNP Indel
1 523 181
2 44 20
3 2 7
4 1 3
5 0 4
6 0 1
6~10 0 6
Total 570 222
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detail to uncover the distribution on different positions and
types of substitution.

Distribution of indels and gaps in different
regions

The indels and transition/transversion substitutions
on different codon positions or 5" and 3" UTRs were
calculated for the screened contig sequences. Table 3 and
Figure 2 illustrate that the highest polymorphism portion
was found on the 3" UTR (0.53%), with decreasing
polymorphisms on the 5" UTR (0.41%) and the third codon
(0.30%). Of the three codon positions, the indels occurred
similarly, but the substitutions were distributed differently;
the transition proportions on the third codon were double
those of the other two codons. The indel and substitution
proportions of the first codon were slightly larger than
those of the second codon with the indel proportion in the
first codon being the highest among the three positions.
Only on the 5" UTR was the proportion of indels higher
than that of substitutions and exactly the reverse on the 3’
UTR and coding regions.

Most Ka/Ks ratios were less than 1

The nucleotide substitutions on protein coding sites are
defined as synonymous or non-synonymous substitutions
according to whether the corresponding amino acids were
changed. The ratio of Ka (number of non-synonymous
changes per nonsynonymous site) and Ks (number of
synonymous changes per synonymous site) reflects the
selective constraint on a gene.

The synonymous and non-synonymous substitution
distances were calculated with use of the selected
homologous sequence pairs. Of the 154 selected contigs,
133 had Ka/Ks ratios less than 1 (Figures 3 and 4), which
indicates that the selection constraint of these genes was
conserved. The annotations of the genes with Ka larger
than Ks are listed in Table 4. Interestingly, most of the Ka
and Ks values of these genes are quite low, which indicates
a high similarity between homologous pairs.

Table 3. Total length (base pairs) of TNG67 panicle EST
contigs and their polymorphism between homologous pairs on
comparison with Nipponbare genome annotation genes.

Total length  Indel  Transition Transversion

5" UTR 22,488 48 19 25
3" UTR 79,951 155 144 121
Codon 199,028 124 163 147
Ist 66,318 48 32 46

2nd 66,338 37 38 37

3rd 66,372 39 93 64
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Figure 2. Polymorphism frequencies between TNG67 and
Nipponbare sequences. Three types of differences, including
indels, transitions and transversions, on different genomic
regions are indicated.
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Figure 3. Relation between Ka and Ks from 154 homologous
matches between TNG67 and Nipponbare sequences. The solid
diagonal line represents Ka=Ks. Most of the observed points are
Ka<Ks.
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Figure 4. Frequency distribution of Ka/Ks ratio for 154
homologous pairs between TNG67 and Nipponbare sequences.
The fitted normal distribution is shown as a curved line.
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Table 4. Genes with Ka/Ks >1, annotated by homologous RAP-DB sequences.

EST Contig # Locus name Sequence name  Ks Ka Annotation descriptions
CL8Contigl AK100159 - 1.481 1.584 Glyceraldehyde-3-phosphate dehydrogenase (Gpc) protein
CL386Contigl  AK103374 0s07g0466300 0.758 0.762 Rurml protein
CL340Contigl  AK102983 0s09g0484300 0.127 0.166 HECT domain containing protein
CL641Contigl  0s03g0750300 0s03g0750300 0.064 0.103 Hypothetical protein
CL574Contigl ~ AY224520 050620643300 0.046 0.092 Superall
CL639Contigl  AK103440 0s07g0191000 0.039 0.051 Inositol monophosphatase family protein
CL340Contigl ~ AK102983 0s09g0484300 0.027 0.032 HECT domain containing protein
CL194Contigl  AK065975 0s05g0498700 0.029  0.03 Gda-1 protein
CL487Contigl  AK074018 0s05g0113900 0.025 0.029 Histone H2A
CL315Contigl  AK103501 0s03g0192700 0.017 0.025 Myo-inositol-1-phosphate synthase
CL343Contigl  AK061681 050520553000 0.011 0.017 ATP synthase beta chain, mitochondrial precursor (EC

3.6.3.14)

CL484Contigl  ABI117994 050920326900 0.008 0.017 Translation initiation factor IF5 domain containing protein
CL507Contigl ~ AK059049 050820242700 0.009 0.015 Hypothetical protein.
CL512Contigl  AK120568 050320836500 0.008 0.014 Conserved hypothetical protein
CL391Contigl  AY332470 0s03g0794500 0.021 0.012 Glutamate dehydrogenase (EC 1.4.1.3) (GDH)
CL391Contigl  AY332470 0s03g0794500 0.011 0.012 Glutamate dehydrogenase (EC 1.4.1.3) (GDH)
CL410Contigl  0s06g0723900  Os06g0723900 0.009 0.011 (not hit)
CL288Contigl  AK106095 0s01g0502400 0.005 0.011 20G-Fe(Il) oxygenase domain containing protein
CL255Contigl  AK061254 0s02g0317400 0.005 0.009 Clathrin adaptor complex, small chain family protein
CL55Contigl X81691 Os11g0220800 0.004 0.006 60S ribosomal protein L10 (QM protein homolog)
CL290Contigl ~ AK065538 0s01g0703600 0.002 0.006 Mul adaptin
DISCUSSION (McNally et al., 2006). This integrated knowledge enables

The detection of SNPs between two rice cultivars may
be approached in several ways. Because the whole genome
sequence of Nipponbare and the EST sequences of TNG67
are available, in silico SNP detection by bioinformatics is
a relatively low-cost method.

Using the EST data generated in our laboratory, we
searched more than 6,000 ESTs from panicles and detected
a 0.3% polymorphism between TNG67 and Nipponbare.
The SNPs or indels were distributed over UTRs and
coding regions. The resulting data gave useful information
for future research involving the use of TNG67 as an
experiment material and Nipponbare genomic sequence as
a database resource.

Frequency of polymorphisms in TNG67 panicle
ESTs

Agronomic traits and physiological characteristics
differ genetically among rice subspecies or cultivars, and
molecular polymorphisms have been reported recently

analysis of traits undergoing selection in the course of
domestication. In the present work, we compared TNG67
and Nipponbare sequences and found about three SNPs
per kb, or 0.3%. This rate is intermediate of two previously
published rates for Nipponbare compared with 93-11, a
japonica and an indica variety: 0.17% from Feltus et al.
(2004) and 0.71% from Shen et al. (2004). However, the
rate is higher than that found among japonica cultivars
by PCR analysis (Nasu et al., 2002; Monna et al., 2006).
We downloaded EST sequences of other rice cultivars
for analysis as described in Materials and Methods, and
the results are listed in Supplementary Table 1; previous
results of different approaches are listed in Supplementary
Table 2. The estimation of SNP frequency may differ
because of the calculation criteria of each method or the
biased bases of ratios. For example, Monna et al. (2006)
selected only 490 amplicons from 1,117 sites for which
effective data were obtained in all cultivars used. The
frequency of SNPs detected among japonica cultivars by
PCR was 0.03% to 0.05%, much lower than our result by
EST sequencing and in silico estimation.
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Information on the pedigree of TNG67 varieties was
retrieved from the Taiwan Rice Information System
constructed by the Taiwan Agricultural Research Institute
(http://tris.tari.gov.tw:8080) and redrawn as Figure 5. Since
this variety includes many indica varieties in pedigree,
the TNG67 genome may diverge from that of traditional
japonica cultivars from Japan such as Nipponbare.
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Breeders’ selection preferences may also affect the genetic
distances between cultivars. The rice breeding program
in Taiwan usually involves TNG67 in the pedigree, but

the commonly available database and information are
constructed with Nipponbare. Therefore, SNP analysis is
essential for the study of genetic mapping and phenotype-
genotype association.

e atadsaki
~ THE1E |
OhizTiBan2 + lyssemgehs
Haa — Shinsibi
L Tees -
r o = Mameji
I Kimmuara
HE4 +—
L naly Daw
TS0 « TC114
Shinriks
TEEE
S L Hameji
 Mysnivhiki
— TP —
— L osakakkatsuki
. Mesike
TPE #=
L 113 . Yakichi
- lwatafsahi
e 4 THOTE { onisViBand = | N
| nZ =+
THOLE = "
- Shimriki
L Tess -
- kil — Kameji
TCES =
~ Wamesi
S 19TIT -
B L = ]
TCNT -
— TET138 4 L Taaiwman-ehen
- Miyake
— 19717 =
Y Chentou-slasn-chu
TEWIE =
TOSP2Z + Shinriki
- TEWAE = Shinriki
. L Tees -I
TEITE = Hameii
Yeshine 1
L soete 4 reas "I_ Shimriki
[ Kameji
- 18737
1 [ F——
TENT - Traakyman-chan
~ TEETIE =
— Ehinrikl { Feeatasahi
"l ) = THE1E
LEL L Chia¥isBan? + Iysuengeka
THGET =+ [~ s — Shineiki
L TOES -
L Mamep
- 1em04 + [ SEE =
- LTSI
HEd —
“ aly Daw
L Teise = TC114
roes o Thinriki
2882 = - EnNGI4z + — Wameii
Fymninhini
e
) Dinak Enwki
Meighe
TPS -r-l_
[ Tokichi
Twatadsahi
o1 | eriavimant
i Wi - hyene o
THG4E -
o Shkinriki
TCES -
~ Tees "'I Fhenriki — Hameii
Kamme
L zieg1 = [~ Fhinriki
- TCEE =
~ Mameii
_ - TEET1 =
4 o Takenari L High meanisin Baw
..I'.Il-'-!llllhll.lll
I Kimura
— - ME4 - o
TE114 = t Do
Ehinriks
L Toes =
| Mameii
— TE1E1 = © Miyake
~ 19688 =
= 19736 ‘|| Wu-chisn
THGET = L re11e = TEEFY +  Shinedi
Shinriki
- TCUE e
K
F Dleanthu e
SLLALEN | - Shinriki
| Mitsus 4
I— +  Aikak
] . ; ~ Shimrika
- LET]
L minen
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For example, TNG67 was used as research material
in serial analysis of gene expression (SAGE) (Su et al.,
2005), mutant generation involving sodium azide (Jeng et
al. 2003), T-DNA insertion mutants (Hsing et al., 2007),
and AFFYMETRIX array analysis. If the annotation
of flanking sequences or expression genes should be
based on the genomic sequences and cDNA databases
of Nipponbare, the polymorphism between TNG67 and
Nipponbare must be considered. Thus, for SAGE, the
probability of sequence polymorphisms is approximately
1% for the 4-bp restriction sites and approximately 3% for
the 10-bp tag sequences. An annotation system allowing
mismatches in such scales should be implemented.

Confirmation of homologous alignment by
screening

The sequencing of ESTs was not confirmed by
duplicated processes; thus, errors in sequences cannot be
overlooked (Pertea et al., 2003). The sequence of panicle
ESTs have been estimated by autoSNP (Barker et al.,
2003) with the assembled contigs. Only 22 of 659 contigs
have SNPs, and most of them occurred on GC-rich or
simple-repeated regions. Since we are using consensus
sequences of contigs, the sequencing errors are very low
and should be neglected. The clustering of EST sequences
to longer and higher coverage contigs reduce the error
mentioned above. Genome sequencing and comparative
genomic studies have documented gene duplications in
the rice genome (Goff et al., 2002; Yu et al., 2002; IRGSP,
2005; Yu et al., 2005). In the current study, the screening
of HSPs with thresholds of 95% similarity and 50%
coverage was a strategy intended to reduce the possibility
of non-orthologous alignments.

From the results illustrated in Table 1, the total
polymorphism was reduced from 0.41% to 0.31% after
clustering, which implies that sequencing error may
account for approximately 0.1% of polymorphism.
Similar results can be estimated from other cultivars
(Supplementary Table 1). With the described screening
criteria, confirmation of homologous alignments can be
processed automatically and objectively.

The coverage rates of alignments were reduced by
10% when we screened the homologous alignments with
similarity higher than 95% and when more than 50% of the
length of sequences was aligned. The criteria of screening
are empirical and usually result in robust assessments.
Thus, in subsequent analyses, including SNP distribution
in different coding positions and Ka/Ks ratio, we used the
screened contigs as query sequences for correctness.

Distribution of polymorphism

The polymorphisms observed in the current study did
not just occur on one base pair; instead, about 10% of
polymorphisms occurred on more than 1-bp lengths (Table
2).Under the cut-off E-value of 1E-50 and screening
criteria, the total probability of indels was lower than that
of SNPs (Figure 2), but the probability of indels longer
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than 1 bp was higher than that of SNPs. The mean total
polymorphism frequency was 0.5% for the 3 UTR region,
0.4% for the 5” UTR region, and 0.3% for the three codons
of the coding regions. The average polymorphism on
the third codon was higher than on the other two, which
is consistent with theoretical knowledge of selection
constraint (Nei, 2005). The indels occurred more
frequently in UTR regions than in coding regions because
of possible serious alternation consequences in the latter.
The frequency of transition and transversion substitutions
was almost the same in the first and second codons but
differed in the third codon.

Implication from evolutionary distances

The calculation of Ks and Ka substitution distances
gives aspects of functional constraint for corresponding
genes. In the current study, the divergence of most aligned
genes was low and Ka/Ks ratios were usually below 1;
thus, the gene function is conserved between these two
cultivars with high polymorphism. Table 4 lists 21 genes
with Ka>Ks. Most of them have small absolute values
of Ka and Ks because the sequences’ coding regions are
consistent even under unconstrained function. A possible
cause was the bias introduced by low Ks (Xing and Lee,
2006).

Conclusion

SNPs, the basic units of genomic diversity, have high
density even among closely related genomes, which
makes them preferred markers for fine mapping and
understanding evolutionary dynamics. These SNP sites
can then be used in designing primers and marker-assisted
selection. SNPs detected from panicle EST libraries may
be especially helpful in investigating the development and
function of panicles for the elite local cultivar Tainung 67.
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Supplementary Table 1. Polymorphism percentages, including mismatches and gaps, between the Nipponbare annotated cDNA
sequences, RAP-DB sequences, and EST sequences of other cultivars. The similarity search was performed by using BLASTN with
E-value at 1E-50 and screened alignments of at least 95% identity and 50% coverage.

Original Contig Singleton
subsp. cultivar coverage mm gap pol coverage mm gap pol

hybrid LYP9 92.765 0.675 0.146 0.821 87.276 0.913 0.224 1.137
PA64s 89.982 0.540 0.124 0.663 84.265 0.833 0.223 1.056

indica 9311 92.736 0.733 0.164 0.898 85.295 1.036 0.205 1.241
IR36 88.448 0.766 0.067 0.833 83.883 1.173 0.086 1.259

IR64 80.875 1.719 0.162 1.881 64.812 2.224 0.234 2.458

Milyang23 90.899 1.660 0.387 2.047 76.821 2.595 0.752 3.347

Minghui63 73.666 1.216 0.305 1.522 67.576 1.342 0.471 1.813

Nagina22 83.904 0.965 0.210 1.174 68.110 3.104 0.787 3.891

Pokkali 81.958 1.241 0.193 1.434 73.218 1.666 0.239 1.905

Jjaponoca Donganbyeo 79.565 0.809 0.309 1.118 79.565 0.809 0.309 1.118
Koshihikari 93.352 0.582 0.179 0.761 86.488 0.715 0.276 0.991

Nackdong 88.185 0.631 0.094 0.725 93.835 1.672 0.105 1.777

PI560247 94.405 0.543 0.046 0.589 92.722 0.756 0.050 0.806

Screened Contig Singleton

subsp. cultivar coverage % mm%  gap % pol % coverage % mm%  gap % pol %
hybrid LYP9 94.858 0.478 0.143 0.621 93.868 0.597 0.205 0.802
PA64s 93.768 0.379 0.120 0.500 92.376 0.471 0.195 0.666

indica 9311 95.816 0.564 0.157 0.720 94.948 0.699 0.192 0.891
IR36 93.012 0.528 0.060 0.588 92.542 0.674 0.069 0.743

IR64 91.372 1.052 0.144 1.196 90.460 1.256 0.207 1.463

Milyang23 91.234 1.228 0.368 1.596 88.617 1.692 0.545 2.237

Minghui63 76.390 0.812 0.288 1.100 76.762 0.843 0.356 1.200

Nagina22 92.282 0.666 0.201 0.867 91.457 0.939 0.406 1.345

Pokkali 86.120 0914 0.184 1.098 86.369 1.005 0.225 1.230

Jjaponoca Donganbyeo 83.271 0.714 0.312 1.026 84.779 1.085 0.419 1.505
Koshihikari 95.272 0.218 0.170 0.388 94.969 0.328 0.218 0.546

Nackdong 91.828 0.274 0.089 0.363 93.031 0.305 0.104 0.409

P1560247 96.796 0.310 0.041 0.350 96.023 0.351 0.040 0.391
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Supplementary Table 2. Polymorphism between cultivars from the present work and previous studies.
Comparison type Cultivars compared SNP % Indel % Polymorphism % Data sources Ref.
hybrid/japonica LYP9 vs.  Nipponbare 0.478 0.143 0.621 EST/RAP-DB a
PA64s vs.  Nipponbare 0.379 0.120 0.500 EST/RAP-DB a
indica/japonica 9311 vs.  Nipponbare 0.564 0.157 0.720 EST/RAP-DB a
9311 vs.  Nipponbare 0.710 0.200 0.910 BGI/IRGSP 3
9311 vs.  Nipponbare 0.170 0.011 0.181 BGI/IRGSP 1
GLA4 vs.  Nipponbare 0.630 PCR amplicons 4
GLA4 vs.  Koshihikari 0.637 PCR amplicons 4
1IR36 vs.  Nipponbare 0.528 0.060 0.588 EST/RAP-DB a
1R64 vs.  Nipponbare 1.052 0.144 1.196 EST/RAP-DB a
Kasalath vs.  Nipponbare 0.733 PCR amplicons 4
Kasalath vs.  Koshihikari 0.744 PCR amplicons 4
Kasalath vs.  Nipponbare 0.710 0.123 0.833 BES / IRGSP 2
Milyang23 vs.  Nipponbare 1.228 0.368 1.596 EST/RAP-DB a
Minghui63 vs.  Nipponbare 0.812 0.288 1.100 EST/RAP-DB a
Nagina22 vs.  Nipponbare 0.666 0.201 0.867 EST/RAP-DB a
Pokkali vs.  Nipponbare 0.914 0.184 1.098 EST/RAP-DB a
japonoca/japonoca Donganbyeo  vs.  Nipponbare 0.714 0.312 1.026 EST/RAP-DB a
Koshihikari vs.  Nipponbare 0.218 0.170 0.388 EST/RAP-DB a
Koshihikari vs.  Nipponbare 0.038 PCR amplicons 4
Nackdong vs.  Nipponbare 0.274 0.089 0.363 EST/RAP-DB a
P1560247 vs.  Nipponbare 0.310 0.041 0.350 EST/RAP-DB a
TNG67 vs.  Nipponbare 0.216 0.095 0.311 EST/RAP-DB a
indica/indica GLA4 VS. Kasalath 0.547 PCR amplicons 4

"Present study.

'Feltus et al., 2004; > Katagiri et. al., 2004; * Shen et. al., 2004; * Monna et. al., 2006.






