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sequence-ready PAC/BAC 
physical map

 sequence of each PAC/BAC
GCACATGACCTTATCTAGTTGTTCTTTGTC

CACGTTAATGTGTGTGTACAGTTAACAGTA 

GATGCACAAGCAGCTGAGAAAGAAAGACAA

GCCTTTTTCTAGCATTGGTGTGTGTCTAGT 
AGCTTGCTAAGAGAGAGAAACAAATTGAGA

GAGAGAGAGAGATGGACAACTTTAAATTTT 

CTTGGTGCATGCGGCGCCCCCACAGGGAGA

GGTTCAGTGTATATGGCAAAAGTATGCGGA 

ATGGGAGGCCAAATTGCACAATAAAAATGG

AAAAGTTAGCTAGGGTTTGATCACCTCCAA 

GCAGGAGAACAAGACTGACAAATGAAGCGC

ATAAAGCATTTGTTTAGACAATTTGCCAAC 

TAGTTAATTAATTAAGTATCTCGATCGCCA

ATGGTACTGCATCACCAACTATAGCTGCTA 

CTTTACATTTGATGCAGACACTGTATATTT

GTGCGGATTTAACCGGACATTTCTCGGACG 

GCGTCGAAAGCGGTGTGCACTGCAAGATTA

TTTGGCATGCACACATATGATAAATGAAAA 

ACTACTGTACTACTCCGTTTCCAGCTGGAT

AAGAAAAAAGAAGACTTGAAGGAAGAAACA 

TCTCTCCAAACATTTTTTTAAGAAATTATG

AGCATGTTGGAATTTAGCACGAGAGCTTAC 

Tera-bite level computer 
with a special assemble software

positional 
information

huge amount of short 
sequence data

high through-put 
sequencer

whole genome shotgun library

PAC/BAC library

genetic markers
fingerprints
PAC/BAC end sequences

characterized 
PAC/BAC

GCACATGACCTTATCTAGTTGTTCTTTGTCCACGTTAATGTGTGTGTACAGTTAACAGTA 
GATGCACAAGCAGCTGAGAAAGAAAGACAAGCCTTTTTCTAGCATTGGTGTGTGTCTAGT 
AGCTTGCTAAGAGAGAGAAACAAATTGAGAGAGAGAGAGAGATGGACAACTTTAAATTTT 
CTTGGTGCATGCGGCGCCCCCACAGGGAGAGGTTCAGTGTATATGGCAAAAGTATGCGGA 

 
TCTCTCCAAACATTTTTTTAAGAAATTATGAGCATGTTGGAATTTAGCACGAGAGCTTAC 
GGTTGAAACCACACACATTACCACTGCACTATCAAGTGTATCTCATCCAACTAGCTAGAT

GCACATGACCTTATCTAGTTGTTCTTTGTCCACGGCATGCACACATATGATAAATGAAAA 
ACTACTGTACTACTCCGTTTCCAGCTGGATAAGAAAAAAGAAGACTTGAAGGAAGAAACA 
TCTCTCCAAACATTTTTTTAAGAAATTATGAGCATGTTGGAATTTAGCACGAGAGCTTAC 
GGTTGAAACCACACACATTACCACTGCACTATCAAGTGTATCTCATCCAACTAGCTAGAT

 
TAGTTAATTAATTAAGTATCTCGATCGCCAATGGTACTGCATCACCAACTATAGCTGCTA 
CTTTACATTTGATGCAGACACTGTATATTTGTGCGGATTTAACCGGACATTTCTCGGACG 
GCGTCGAAAGCGGTGTGCACTGCAAGATTATTTGGCATGCACACATATGATAAATGAAAA 
ACTACTGTACTACTCCGTTTCCAGCTGGATATCAAGTGTATCTCATCCAACTAGCTAGAT

GCACATGACCTTATCTAGTTGTTCTTTGTCCACGTTAATGTGTGTGTACAGTTAACAGTA 
GATGCACAAGCAGCTGAGAAAGAAAGACAA

high through-put 
sequencer

Unix computer

GENOME complete genome 
sequence

overlapping

overlapping

clone-by-clone shotgun

whole-genome shotgun

posi ti onal  informat ion
shotgun sequencing 
of  selected cl ones

shotgun sequencing 
of  arbi trary clones

http://rgp.dna.affrc.go.jp/cgi-bin/statusdb/irgsp-status.cgi
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Mapping and sequencing the centromeric region of chromosome 8
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100kb

200kb

300kb

400kb

Distribution profile of CentO unit in rice centromeres

Chromosome 8

Chromosome 4

Wu et al. Plant Cell 16(2004) 967

Zhang et al. NAR 32(2004) 2023

Rice Pseudomolecule by IRGSP

chromosome read length (bp) contig length (bp) number of gaps pseudomolecule
Chr01 43,260,640 43,261,140 6 43,261,740
Chr02 35,954,074 35,954,343 4 35,954,743
Chr03 36,189,985 36,192,242 5 36,192,742
Chr04 35,489,479 35,498,169 3 35,498,469
Chr05 29,733,216 29,736,617 6 29,737,217
Chr06 30,731,386 30,731,686 2 30,731,886
Chr07 29,643,843 29,643,843 2 29,644,043
Chr08 28,434,680 28,434,680 1 28,434,780
Chr09 22,692,709 22,696,151 5 22,696,651
Chr10 22,683,701 22,685,206 7 22,685,906
Chr11 28,357,783 28,386,248 7 28,386,948
Chr12 27,561,960 27,566,893 1 27,566,993
total 370,733,456 370,787,218 49 370,792,118

July, 2004
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total predicted gene number：45,000

8.9 kb/gene

Major segmental duplications in the rice genome

short arm long arm
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Kasalath BAC library
Mbo I digest, 47,194 clones, insert size=133 kb.

DNA isolation of BAC clones
Alkaline lysis (REAL Prep. Quadra3)

DNA sonication
About 1 kb in length (Sonifier 450)

Clone culture
96-well, two duplicates.

BAC-end sequencing
ABI3700

Data trimming and quality check
E.coli, vector. Phred < 15

Filtration of repetitive sequences
BLAST searching

In silico chromosomal mapping
Sequence identity > 90% and alignment coverage > 50%; two 

mate-pairs < 200 kb apart; no ambiguity for orientation; BLAST
Score E < 10-100; a single hit, etc.

Construction of Kasalath BAC physical maps with the tool of in silico mapping

Map accuracy confirmed with DNA markers

Confirmation of in silico mapped BAC clones

Chromosome 1short arm long arm

STS/EST
markers

Minimum tiling path BACs
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O. glumaepatula

O. meridionalis
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10.9 cM , C50986, unknown protein

N K
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JJ

M MM
M

98.0 cM , C61385, putative Cf2/Cf5 homolog

122.9 cM , E3125, IAA-Ala hydrolase

132.8 cM , C30040, putative nuclear matrix constituent protein 1
160.4 cM

159.6 cM

106.2cM

72.8M

5,7cM

0cM

Chr 1

Nipponbare
Kasalath

Sasanishiki

Habataki

Kasalath

Nipponbare
Nipponbare

Kasalath

Complex traitsComplex traits

# Eating and cooking quality
# Spiklet number per panicle

# Durable resistance to blast
# Plant height (Internode elongation)

# Shattering habit
# Resistance to ultraviolet-B

日本晴
Kasalath

NIL( qUVR-10 )

Nipponbare
Kasalath

# Seed dormancy

# Seed size

Resistant allele Susceptible allele

# Phosphorous uptake

# Heading date
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# Hd1, Hd3a, Hd6, Ehd1, Hd5 and Lhd4 were cloned

Map-based cloning of genes controlling 
heading date in rice 

Map-based cloning of genes controlling 
heading date in rice 

# Hd3b < 30 kb, Hd9 < 17 kb 

2 3 8 11 1254 6 9 101 7

Hd6

Hd8

Hd9

Hd10
Hd1 

Hd3a Hd11

Hd12

Hd5
Hd3b

（Hd14）
Ehd1 Hd13

Hd7
Hd2

Hd4
Lhd4Lhd4

Hd15

by Masahiro Yano et al.

CK2a

FT

CO

Hd6

Hd3a

Hd1

Heading date QTLs identifiedHeading date QTLs identified

333a.a

179a.a

395a.a
Promotion under SD
Inhibition under LD

Promotion under SD

Inhibition under LD

Expression is up-regulated byHd1

Promotion under LD

Rice Arabidopsis

Ehd1(Hd14) 341a.a
B-type response regulatorPromotion under SD

Lhd4(Hd4?)
Inhibition under LD CCT motif

257a.a

Hd5
Inhibition under LD

298a.a Transcription factor

Zn finger domain and CCT motif

Promotion under LD
?

Transcription factor

Biochemical function

Activation factor 
Protein kinase CK2a

No orthologe ?

No orthologe ?

No orthologe ?

Transcription factor

?

CCAAT-binding complex NF-Y 
subunit B (HAP3)

by Masahiro Yano et al.
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Prediction of allele among natural variation?

Kasalath (Ka)

NonaBokra (No)

Taichung 65 (T65)

Nipponbare
Koshihikari
Hayamasari

Hayamasari (Hy)

Koshihikari (Ko)

Nipponbare (Ni)
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Hd1/Hd2/Hd5/Hd6/Lhd4/Ehd1

Natural variation of flowering time in riceNatural variation of flowering time in rice

Hd1/Hd2/Hd5/Hd6/Lhd4/Ehd1

Hd1/Hd2/Hd5/Hd6/Lhd4/Ehd1

Hd1/Hd2(?)/Hd5/Hd6/Lhd4/Ehd1

Hd1/Hd2/Hd5/Hd6/Lhd4/Ehd1

Hd1/Hd2/Hd5/Hd6/Lhd4/Ehd1
RFT1 (?)



11

QTL controlling seed sizeQTL controlling seed size

NipponbareKasalath

qSW-5 on chromosome 5 explained about 45% of total 
phenotypic variation in F2 population (Nipponbare / Kasalath)

1 2 3 4 5 6 7 8 9 10 11 12

qSW-5

W LW

L

W

W

L
L

L

L

L

L

W: seed width L: seed length

by Shomura,A, & Yano,M. 

121 2 3 4 8 115 6 7 9 10

Sdr1

Sdr2

Sdr3

Sdr4

Sdr5

Pre-harvest sproutingPre-harvest sprouting

Nipponbare Kasalath

Sdr1 : delimited to less than 2.5 kb

Sdr2 : coarse mapping

Sdr4 : high-resolution mapping

Nipponbare
Sdr1

Sdr2
Sdr3

Sdr4
Sdr5

NILs
Sdr3:  coarse mapping

by Takeuchi,Y & Yano,M.
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Comparison of genome of each species

What is learned and produced by this research subject?

Genome structure

Gene repertoire
History of evolution
History of domestication

What is speciation?

What factors make the identity/difference of species?

Novel reproductive mechanism of gene transfer

Novel crops

Function of gene

Gene structure

How polyploidy arose and propagated 
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