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ABSTRACT 
Since whole genome sequence of rice has been decoded, it has been more than 6 years. Rice sequence 

information has contributed on innovation of selection strategy in rice breeding (marker assisted selection) as 
well as functional analysis of rice genes. Elucidation of the association between nucleotide and phenotypic 
changes is inevitable to this end and has been a big challenge in molecular genetics and breeding of rice. 
Toward this goal, we have been involved in the genetic dissection of natural phenotypic variations in rice and 
have identified several genes involved in complex traits, including heading date, pre-harvest sprouting, root 
morphology, disease resistance and eating quality. To enhance the power of genetic dissection of complex 
phenotypes, we are developing several mapping populations, such as recombinant inbred lines and 
chromosome segment substitution lines, which will allow us to extract the useful alleles from natural variants. 
Recently, QTL for durable resistance to rice blast has been cloned from Japanese upland rice. This finding has 
opened new opportunity to introduction of the unique blast resistance gene without a linkage drag of low 
eating quality. We have also detected a major QTL for deeper rooting on chromosome 9. Based on the MAS, 
near-isogenic lines of IR64 with deeper root has been developed and is now under evaluation of its potential 
of drought avoidance. To facilitate allele mining using novel plant materials, we have also embarked on the 
genome-wide discovery of single nucleotide polymorphisms (SNPs). These SNP explore new strategy of 
genetic and breeding study. We have already revealed genomic sequences of several cultivars to detect SNP 
and definition of haplotype block of Japanese rice cultivars and high-yielding cultivars for forage use. 
Currently association between these particular haplotypes and phenotypic performance is investigated. These 
progresses have gradually acted as a force to change a landscape of selection in rice breeding. 
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Topics

� Discovery of useful allele and its introduction to elite   
cultivars (root morphology)

� Plant materials development for the allele mining
�Establishment of a platform of genome wide SNP typing 

for genetic analysis and marker assisted selection

Dry

Wet

Global warming and spreading 
desertification are causing serious 
drought damage in rice-growing areas in 
many developing countries that rely solely 
on rain to grow rice. Therefore, breeding 
of drought-resistant lowland rice is 
becoming an important research topic.

➢ A deeper and thicker root 
system is an important component 
associated with avoiding drought 
stress in rice

Drought avoidance using root traits QTL in riceDrought avoidance using root traits QTL in rice

➢ QTL cloning and its utilization 
may be useful to improve drought 
avoidance in rice
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KP allele at the Dro1 increase deep roots

‘Trench method’ is an 
appropriate way to directly 
measure root distribution 

in the field.

Survey of diversity in root morphology in rice
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20cm

40cm

60cm

80cm

Dro1 can reach in deep soil layer without root elongation

Y. Uga. unpublished data

65



Dro1-NIL IR64Dro1-NIL IR64

-1.2 

-1.0 

-0.8 

-0.6 

-0.4 

-0.2 

0.0 

35日 37日 40日 47日

Days after stress treatment

D
if

fe
re

n
ce

 o
f 

ca
n

o
p

y
 t

e
m

p
. 

o
f 

D
ro

1
-N

IL
 t

o
 t

h
a

t 
o

f 
IR

6
4

 (
℃

)

0

2

4

6

8

10

12

14

16

34DAS 41DAS

IR64

Dro1-NIL

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

34DAS 41DAS

IR64

Dro1-NIL

st
o

m
a

ta
lc

o
n

d
u

ct
a

n
ce

 (
m

o
l m

-2
 s

-1
) 

p
h

o
to

sy
n

th
e

si
s 

ra
te

 (
μ

m
o

l m
-2

 s
-1

)

*

*

*

*

Canopy temperature

Photosynthesis rate

Days after stress treatment Days after stress treatment

35 37 40 47

Canopy temp. at 13:00 Stomatal conductance

Days

Drought conditionDrought condition

Dro1-NIL well-photosynthesized under drought stress

Y. Uga. unpublished data

IR64 Dro1-NIL

0 

10 

20 

30 

40 

50 

60 

IR64 Dro1

0 

5 

10 

15 

20 

25 

30 

IR64 Dro1

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

IR64 Dro1

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

IR64 Dro1

0.0 

5.0 

10.0 

15.0 

20.0 

IR64 Dro1

Culm length (cm) Panicle length (cm) Shoot biomass (g) Panicle No. Panicle weight (g)

*
** **

0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

220 

IR64 Dro1

No. filled-seeds per plant

***

3.8 
times

Dro1-NIL increased fertile seeds under drought condition

Y. Uga. unpublished data

Ongoing research activities on evaluation of performance 
of draught avoidance by Dro1

Ongoing research activities on evaluation of performance 
of draught avoidance by Dro1

Dro1- NIL will be tested under lowland condition and multiple 
locations in IRRI’s drought breeding network. Dro1 will be 
introduced into other mega varieties to study the expression of 
drought tolerance in different genetic backgrounds.

The International Rice Research Institute (IRRI) 
in Phlippines

The International Center for Tropical Agriculture (CIAT) 
in Colombia 

Dro1- NIL has been tested under different level of draught 
stresses using experimental field with rain-out shelter.
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Nipponbare/Kasalath BIL 98  245 

Koshihikari/Kasalath BIL 182 162

CSSL

Sasanishiki/Habataki BIL 85 236

CSSL

Cross Pop. structure No. lines No of markers

BIL: Backcross inbred line, CSSL: Chromosome segment substitution line. DHL:Doubled 
haploid line, RIL: Recombinant inbred Line

CSSL 54 204

39  130

39    166

Akihikari/Koshihikari DHL 210 169

BIL
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Distributed from Rice Genome Resource Center (RGRC)  at NIAS
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Re-sequencing of rice diverse accessions by NGSRe-sequencing of rice diverse accessions by NGS

Accession Seq(Gb) Seq. depth Method

Kasalath 10.4 x 26.9 single & pair end
Kao Mac Kho 31.8 x 85.1 single & pair end
Naba 11.2 x 29.9 single & pair end
Tupa 121-3 11.6 x 31.0 pair end
Khao Nam Jen 4.2 x 19.4 pair end
Muha 8.9 x 23.8 pair end
Bei Khe 10.4 x 28.0 pair end
Basilanon 5.4 x 14.4 pair end
Deng Pao Zhai 7.3 x 19.6 pair end
Qiu Zao Zhong 5.7 x 15.4 pair end

Accession Seq(Gb) Seq. depth Method

コシヒカリコシヒカリコシヒカリコシヒカリ 5.8 x 15.6 single end
陸羽陸羽陸羽陸羽132号号号号 1.8 x 4.9 single end
栄光栄光栄光栄光 2.2 x 6.0 single end
嘉平嘉平嘉平嘉平 6.1 x 16.2 pair end
小白谷小白谷小白谷小白谷 8.4 x 22.4 pair end
雄町雄町雄町雄町 16.8 x 45.0 pair end
雄町は東京農業大学により解読された情報雄町は東京農業大学により解読された情報雄町は東京農業大学により解読された情報雄町は東京農業大学により解読された情報

Asian 
accessions

Temp. and 
Trop. 
Japonica

3334 SNPs 768 SNPs

For genetically diverse accessions

2551 SNPs 768  SNPs

For Japanese cultivars

Development of platform of SNP analysis in genetic analysis 
and marker assisted breeding

Development of platform of SNP analysis in genetic analysis 
and marker assisted breeding

SNP typing array

Next generation 
sequencer

CSSL of interests

Fine mapping and cloning of QTL

Nearly isogenic lines

QTL pyramiding

Mapping populations (F2, RILs etc…) using a wide 
range of natural variants

Phenotyping: different methods and conditions

Target QTL

Target QTL

Selection 
marker

1 2 3 4 5 6 7 8 9 10 1112 1 2 3 4 5 6 7 8 9 10 11121 2 3 4 5 6 7 8 9 10 1112 1 2 3 4 5 6 7 8 9 10 1112

1 2 3 4 5 6 7 8 9 10 1112

Identification and utilization of natural variationsIdentification and utilization of natural variations

Successive backcrossing 
More high-throughput and 
reliable
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