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研究成果の概要（和文）：トビイロウンカ高度抵抗性の在来イネ品種の遺伝的基盤の解明を目的として, 高度抵
抗性品種のゲノムの一部を置換することにより高度抵抗性に必須な未知のゲノム領域を特定し, 既知の抵抗性遺
伝子群の集積を行って遺伝子集積効果を検証した. さらに, ゲノムシャッフリングにより複数の抵抗性品種の抵
抗性遺伝子を保有する個体を育成し, そのトビイロウンカ抵抗性の検証を行った.　その結果、トビイロウンカ
高度抵抗性品種PTB33の抵抗性の遺伝的基盤を解明した.　

研究成果の概要（英文）：To elucidate the genetic basis of highly resistant rice varieties against 
the brown planthopper [BPH; Nilaparvata lugens (Stal.)], genomic regions essential for high 
resistance to BPH was identified by replacing a part of the genome of the highly resistant cultivar,
 Ptb33. In addition, individuals possessing multiple resistance genes from the cultivar each 
carrying their BPH resistance gene(s) were developed by genome shuffling. Finally, the gene 
accumulation effect of known brown planthopper resistance gene were verified. 

研究分野： 植物育種学

キーワード： イネ　耐虫性　トビイロウンカ　近似同質遺伝子系統　遺伝子集積系統
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研究成果の学術的意義や社会的意義
インド原産の在来イネ品種PTB33はトビイロウンカに対する高度抵抗性を保有し、複数のトビイロウンカ地域個
体群に対して抵抗性を示すことが知られている。耐虫性育種における抵抗性イネ品種の利用においては、昆虫の
加害性の変化によって植物の保有する昆虫抵抗性遺伝子の有効性が消失して育成されたイネ系統の抵抗性崩壊に
つながる例がよく知られている。本研究の目的は、まずトビイロウンカに対する高度抵抗性の遺伝的基盤を解明
するために個々の抵抗性遺伝子を同定し、その遺伝効果ならびにこれら遺伝子の集積効果を明らかにすること、
次にこれら抵抗性遺伝子資源の育種における有効利用方法を示すことである。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属されます。



T T T

1. t  
 

t q o
t

d o , t
g u o a, s

t d . 
BPH1, BPH2, BPH4 s

u p n
t s o d ,

c p o k
t Rathu Heenati 
Balamawee p t

. 
t , s

g t
d k , c t

o d k pu, 
t n p o . 

g t
o , t t

d o cq t p
q . 

o t
g k su, t

g cq p . t
g sn o , 

t DNA t q
d

, s s kq
. cp, t

t g qq s, t
s g t

PYL ,
t k. 

 
. t  

 
t g

s o , o
t g , 

t u p . t
u, h, (1) t q

t dik p
, t

sg cqp k. s, 
(2) t t
g cqs s t

t e k. s, (3) 
t t o, 
p t
t s . 

 
t  

 
s g

t t /
QD((t

t , t
p g cqs s

t t e k. h
QD(( q qt 4 k

 QD((
q t t
4 QD(( QD(( QD(( 	

.
	s g

k QD(( k
4 QD(( QD(( pug

yo k
k 4 pu q

t ktp QD((
k 4 QD(( QD(( s

n o s g 9 kU
d s, QD(( q t 4 s

o 4
, c o s g

k.

t t
t /

) nt s g , t 79
k ) nt t s

g tk t
k 	 4 o

s k

s g
t t /

QD(( k 4
QD(( QD(( k

t 9 t , ) s
o g 9 n b d
k s t 9u d

k
cp, 4 k 9

k
t t (

s k 9 t , QD(( t
su, ) t s

( ,
t 9 o k 	 d

s, t , )
, 1 4 p d k 9

qu
t 9t d k 	 d k
9 t t

t q k )	 c
t o t
t g

k

t t(
t /

t t (
t k
79P/ (	 t q

s ) s b



t o)nt
s g ,nt q

n(
t k

n ( sn o
t s g

k t  1 6 q 1 6(
q 1 6 , 1 6 q 1 6( q 1 6 , NQD 1 6
q 1 6 q 1 6( t ( t (
pu . 6CFCLM
s g o

k )	

T s
u

Y 5  
1) Nguyen, C. D., H. Verdeprado, D. Zita, S. 

Sanada-Morimura, M. Matsumura, P. S. Virk, D. 
S. Brar, F. G. Horgan, H. Yasui, and D. Fujita 
(2019) Development and characterization of 
near-isogenic and pyramided lines carrying 
resistance genes to brown planthopper with the 
genetic background of japonica rice (Oryza 
sativa L.). Plants 8(11), 498.  

2) Thein, H.W., Y. Yamagata, T. V. Mai, H. Yasui 
(2019) Four resistance alleles derived from 
Oryza longistaminata (A. Chev. & Roehrich) 
against green rice leafhopper, Nephotettix 
cincticeps (Uhler) identified using novel 
introgression lines. Breed. Sci:, 69(4): 573–584. 

 
3) Nguyen, P.C., D. Fujita, A. Yoshimura, H. 

Yasui (2018) Fine-mapping of Grh6 gene 
resistance to the green rice leafhopper 
(Nephotettix cincticeps Uhler). Breed. Sci:, 
69(3): 439–446.  

4) Rumanzi, S.M., Y. Yamagata, A. Yoshimura 
and H. Yasui (2017) Genetic mapping and 
characterization of lethal necrotic mutants in 
rice (Oryza sativa L.). Amer. J. Plant. Sci. 8: 
3350-3376. 
http://doi.org/10.4236/ajps.2017.813226, 

 
5) Mai, T. V., A. Yoshimura and H. Yasui (2017) 

Characterization of resistance to the green rice 
leafhopper (Nephotettix cincticeps Uhler), in a 
core collection of landraces in rice (Oryza 
sativa L.). Amer. J. Plant. Sci. 8: 236-256. 
http://dx.doi.org/10.4236/ajps.2017.82018,  

 

Y 5  
	 

k
1(( t

s g 9 (

	/) . . ,
	 Nguyen, D.C., T. Okano, M. Matsumura, H. 

Yasui and D. Fujita, Development of 
near-isogenic lines carrying resistance genes to 
brown planthopper with the genetic 
background of japonica rice variety

((
	/ - (

(	 Mai, T. V., t
k t

t
(
. 	/ . , ( .  

)	

5GLMQSNJLH DS PG RGL JLH
k 0 2 (. s g

t 9
(

- 	/ .
	 M. Matsumura, and H. Yasui, Status of 

insecticide resistance and virulence to 
resistant rice varieties in the brown 
planthopper in Asia, 2016-9-25, XXV 
International Congress of Entomology, 
Orland, Florida, USA. 

 

	

B0 A7 6JFGPIJ

, )

	
:0 A:A 0 :CPCSC

	

(, .

4A87 0 3CJPR G

- , ,)

B0:050 0 BMPIJSR J

))

(	

Phuong, Tran Tang



! .-, AC>D?E@ '�	�:(7<342,

! /-,&����5�"6=8342,

! 0-, AC>D?E@���&�
;%��#

&�
��,

! 1-, %��#&�
��9&�
)���

;AC>D?E@���,

�F-,�+��;��,

� /-, , >B;AC>D?E@���&�
)�

��;��,

� 0-,-AC>D?E@ '�	�;*��,

A, ₃ rw
A9

~ y A9
F =A3)) =A3)) t uv

3=8 A9  :FS 9 5
F

   

/,,

(�����
� , (( (. . () / )
(������ , ( ( ) / - ,
(������� ( ) , / /
(������� - , ) . / )
(�����	 ) ) ) ) / , (

/./
(�����
� ) , ( ( . , ( ,
(������� ( () ) . . ) - /

/// (�����
� - , ) / (( ,

Plants 2019, 8, 498 6 of 20

Table 2. Details of the seven near-isogenic lines and 15 pyramided lines carrying brown planthopper
resistance genes.

Entry Gene (Donor Parent) Generation

BPH2-NIL BPH2 (PTB33) BC4F3
BPH3-NIL BPH3 (Rathu Heenati) BC4F4

BPH17-NIL BPH17 (Rathu Heenati) BC4F4
BPH20-NIL BPH20 (IR71033-121-15) BC4F5
BPH21-NIL BPH21 (IR71033-121-15) BC4F5
BPH32-NIL BPH32 (PTB33) BC4F4

BPH17-ptb-NIL BPH17-ptb (PTB33) BC4F3

BPH2+BPH17-PYL BPH2 (PTB33) BPH17 (Rathu Heenati) BC4F3
equivalent

BPH2+BPH25-PYL BPH2 (PTB33) BPH25 (ADR52) BC4F3
equivalent

BPH2+BPH32-PYL BPH2 (PTB33) BPH32 (PTB33) BC4F3
equivalent

BPH2+BPH17-ptb-PYL BPH2 (PTB33) BPH17-ptb (PTB33) BC4F3
equivalent

BPH3+BPH17-PYL BPH3 (Rathu Heenati) BPH17 (Rathu Heenati) BC4F4
equivalent

BPH17+BPH21-PYL BPH17 (Rathu Heenati) BPH21 (IR71033-121-15) BC4F3
equivalent

BPH20+BPH21-PYL BPH20 (IR71033-121-15) BPH21 (IR71033-121-15) BC3F8
equivalent

BPH20+BPH32-PYL BPH20 (IR71033-121-15) BPH32 (PTB33) BC4F3
equivalent

BPH21+BPH25-PYL BPH21 (IR71033-121-15) BPH25 (ADR52) BC4F3
equivalent

BPH21+BPH17-ptb-PYL BPH21 (IR71033-121-15) BPH17-ptb (PTB33) BC4F3
equivalent

BPH25+BPH17-ptb-PYL BPH25 (ADR52) BPH17-ptb (PTB33) BC4F3
equivalent

BPH32+BPH17-ptb-PYL BPH32 (PTB33) BPH17-ptb (PTB33) BC3F8
equivalent

BPH2+BPH3+BPH17-PYL BPH2 (PTB33) BPH3 (Rathu Heenati) BPH17 (Rathu
Heenati)

BC4F3
equivalent

BPH2+BPH32+BPH17-ptb-PYL BPH2 (PTB33) BPH32 (PTB33) BPH17-ptb (PTB33) BC4F3
equivalent

BPH20+BPH21+BPH32-PYL BPH20 (IR71033-121-15) BPH21 (IR71033-121-15) BPH32 (PTB33) BC4F3
equivalent

Table 3. Background survey analysis of seven near-isogenic lines using SSR polymorphic markers.

NIL Donor
No. of SSR Markers Genome Ratio (%)

Total Physical

Distance of Donor

Segment (Mbp) *

T65 Donor Total T65 Donor

bph2-NIL PTB33 183 20 203 85.2–90.9 9.1–14.8 33.9 55.0
Bph3-NIL Rathu Heenati 181 14 195 97.0–99.0 1.0–3.0 3.8 11.3

Bph17-NIL Rathu Heenati 170 3 173 95.2–99.0 1.0–4.8 3.8 17.6
BPH17-ptb-NIL PTB33 219 10 229 92.4–97.2 2.8–7.6 10.5 28.1

Bph20-NIL IR71033-121-15 224 13 237 90.4–94.4 5.6–9.6 20.6 35.5
Bph21-NIL IR71033-121-15 210 19 229 88.4–92.9 7.1–11.6 26.4 43.1
BPH32-NIL PTB33 220 13 233 95.9–98.1 1.9–4.1 7.1 15.1

* The minimum physical distance of donor segment was calculated by the distance between two markers delimiting
the substituted segment and the maximum amount was calculated by two flanking markers of substituted segments.
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the corresponding NILs. The ADM rates of seven PYLs—BPH3 + BPH17-PYL, BPH17 + BPH21-PYL,
BPH20 + BPH32-PYL, BPH21 + BPH25-PYL, BPH21 + BPH17-ptb-PYL, BPH25 + BPH17-ptb-PYL and
BPH32 + BPH17-ptb-PYL, ranged from 50.0% to 68.0%, while the ADM of BPH20 + BPH21-PYL was
33.3%. The ADM rates of PYLs for three genes—BPH2 + BPH3 + BPH17-PYL (96.0%), BPH2 + BPH32
+ BPH17-ptb-PYL (95.8%) and BPH20 + BPH21 + BPH32-PYL (92.0%), were higher than those of the
corresponding NILs and PYLs for two genes, and were similar to the ADM rates of the donor parents
(100%). Furthermore, the ADM rates were negatively correlated with the DSs (Pearson’s C = �0.79;
p < 0.001) and FBRRs (Pearson’s C = �0.76; p < 0.001).

Table 4. The adult mortality of Nilaparvata lugens on near-isogenic lines and pyramided lines carrying
brown planthopper resistance genes.

Entry
Adult Mortality (%)

Hadano-66 Koshi-2013

BPH2-NIL 68.9 ± 28.5 abcd 4.0 ± 8.9 b

BPH3-NIL 30.0 ± 38.0 def 0.0 ± 0.0 b

BPH17-NIL 59.0 ± 25.1 abcde 20.0 ± 14.1 b

BPH20-NIL 24.0 ± 22.7 def 4.0 ± 8.9 b

BPH21-NIL 36.0 ± 37.5 cdef 12.0 ± 17.9 b

BPH25-NIL 16.0 ± 15.8 f 16.0 ± 16.7 b

BPH26-NIL 50.0 ± 41.4 abcdef 4.0 ± 8.9 b

BPH32-NIL 14.0 ± 16.5 f 12.0 ± 17.9 b

BPH17-ptb-NIL 22.0 ± 19.9 ef 20.0 ± 20.0 b

BPH2+BPH17-PYL 75.0 ± 19.5 abcd 32.0 ± 17.9 b

BPH2+BPH25-PYL 87.5 ± 17.9 ab 12.0 ± 11.0 b

BPH2+BPH32-PYL 84.0 ± 16.7 abc 16.0 ± 16.7 b

BPH2+BPH17-ptb-PYL 84.0 ± 16.7 abc 16.0 ± 16.7 b

BPH3+BPH17-PYL 50.0 ± 32.5 abcdef 24.0 ± 16.7 b

BPH17+BPH21-PYL 58.3 ± 27.5 abcdef 16.0 ± 21.9 b

BPH20+BPH21-PYL 33.3 ± 22.2 cdef 24.0 ± 16.7 b

BPH20+BPH32-PYL 62.5 ± 38.5 abcde 36.0 ± 21.9 b

BPH21+BPH25-PYL 64.0 ± 26.1 abcde 24.0 ± 16.7 b

BPH21+BPH17-ptb-PYL 54.2 ± 35.0 abcdef 8.0 ± 17.9 b

BPH25+BPH17-ptb-PYL 68.0 ± 26.8 abcde 16.0 ± 16.7 b

BPH32+BPH17-ptb-PYL 62.5 ± 32.9 abcde 20.0 ± 14.1 b

BPH2+BPH3+BPH17-PYL 96.0 ± 8.9 ab 36.0 ± 38.5 b

BPH2+BPH32+BPH17-ptb-PYL 95.8 ± 8.9 ab 20.8 ± 20.1 b

BPH20+BPH21+BPH32-PYL 92.0 ± 11.0 ab 28.0 ± 26.8 b

IR71033-121-15 100.0 ± 0.0 a 44.0 ± 16.7 ab

PTB33 100.0 ± 0.0 a 36.0 ± 21.9 b

Rathu Heenati 100.0 ± 0.0 a 84.0 ± 35.8 a

Taichung 65 17.6 ± 16.7 f 5.0 ± 10.0 b

Parameter values (means ± standard deviations) followed by the same letter are not significantly di↵erent between
each Nilaparvata lugens population (p < 0.05, Tukey–Kramer multiple comparison tests).

2.5. Comparison of ADM Rates for the Koshi-2013 Population on the NILs and PYLs

T65 was susceptible to the Koshi-2013 population with an ADM of 5.0%. Rathu Heenati had the
highest ADM among entries (84.0%), which was significantly higher than T65. The ADM rates of
the other donor parents, IR71033-121-15 (44.0%) and PTB33 (36.0%), were lower than that of Rathu
Heenati. The ADM rates of the NILs were less than or equal to 20.0%. Among the PYLs, the ADM
rates of BPH2 + BPH17-PYL (32.0%), BPH20 + BPH32-PYL (36.0%) and BPH2 + BPH3 + BPH17-PYL
(36.0%) were highest. The ADM rates of the six PYLs, BPH3 + BPH17-PYL, BPH20 + BPH21-PYL,
BPH21 + BPH25-PYL, BPH32 + BPH17-ptb-PYL, BPH2 + BPH32 + BPH17-ptb-PYL and BPH20 + BPH21
+ BPH32-PYL ranged from 20% to 28%. The ADM rates of the other PYLs, BPH2 + BPH32-PYL, BPH2 +
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also contain other BPH resistance gene(s). The other genetic factor(s) for BPH resistance can be revealed
by analyzing the segregating populations derived from crosses between the developed PYLs and their
donor parents in future studies. Additionally, Rathu Heenati had QBPH4.1 (5.8-7.8 Mbp) and QBPH4.2
(15.2-17.2 Mbp) on chromosome 4S rather than BPH3 and BPH17 [13]. Therefore, the NILs and PYLs
carrying QBPH4.1 and QBPH4.2 should be developed and evaluated in further analyses. On the other
hand, the lower resistance levels of the NILs and PYLs might be related to the relatively high ratio of
substituted chromosomal segments from donors in the NILs (from 3.8 to 55.0 Mbp) and PYLs. There is
a possibility that the retained donor chromosomal segments in the genetic background of the NILs
and PYLs might be linked to the suppression of BPH resistance. To gain further knowledge of BPH
resistance controlled by multiple genes, it will be essential to reduce the donor parent chromosomal
segments on the NILs and PYLs by further backcrossing and MAS.

4. Materials and Methods

4.1. Plant Materials

To develop NILs with BPH resistance genes, a japonica rice variety, T65, that is susceptible to BPH,
was used as a recurrent parent, and three rice varieties resistant to BPH were donor parents. The donor
lines were IR71033-121-15, PTB33 and Rathu Heenati. IR71033-121-15 contains two BPH resistance
genes, BPH20 and BPH21, from the wild rice species O. minuta (Accession number: IRGC101141) [17].
PTB33 (Accession number: IRGC19325) that originated from India contains BPH2, BPH17-ptb and
BPH32. Rathu Heenati (Acc. no. IRGC 11730), that originated from Sri Lanka, carries BPH3 and
BPH17 [16,39]. T65 was crossed with these donor parents and F1 plants were backcrossed four times
with T65 to generate BC4F1 plants (Figure 3). At each generation of backcrossing, plants carrying
BPH resistance genes from the donor parents were selected by MAS using flanking SSR markers of
the target BPH resistance genes (Table 1). The selected BC4F1 plants were self-pollinated to produce
BC4F3, BC4F4 and BC4F5 plants with BPH resistance genes. Finally, seven NILs with either BPH2,
BPH3, BPH17, BPH20, BPH21, BPH32 or BPH17-ptb were developed. The NILs were used to survey the
genetic background and evaluate BPH resistance levels as well as agronomic traits. Two additional
NILs, BPH25-NIL and BPH26-NIL were used in the development of the PYLs [54].

Figure 3. Breeding scheme for the development of near-isogenic lines and pyramided lines containing
brown planthopper resistance genes from donor parents, IR71033-121-15, PTB33 and Rathu Heenati.
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