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Abstract: The brown plant hopper(BPH) , Nilaparvata lugens,is one of the most destructive pests in rice
production. Exploring resistance resources and developing resistance varieties of rice is a low cost and effec-
tive solution for protecting rice from BPH. Exploring BPH resistance genes from Yunnan wild rice materi-
als could be used for developing new varieties of rice with high resistance. In this study,nine BPH resist-
ance genes were detected in samples of Yunnan wild rice by phenotypic and PCR identification. The results
showed that: Yunnan wild rice got different levels of resistance to BPH. Particularly,O. granulata and O.
of ficinalis were highly resistant to the pest and could be used as excellent materials of insect resistance in
breeding. According to PCR detection, the resistance genes Bphl and Bphl8(t) were not found in all three
wild rice materials. O. ru fipogon from Yuanjiang and Jinghong probably carry bph2. O. rufipogon from
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Dongxiang probably carry bph2,Bphl5 and Bph27(t). O. granulata probably carry bph2 and bph19(t). O.
of ficinalis and O. o f ficinalis (broadleaf) probably carry bph2 and Bph6, respectively. O. o f ficinalis F,
probably carry bph2,Bphl4 and bph20(t). O. o f ficinalis F, probably carry bph2 and Bph27(t). These re-

sults provided a solid basis for exploring and using new BPH resistance genes from Yunnan wild rice.

Key words: Yunnan wild rice;brown plant hopper(BPH) resistance;linked marker
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e R P IS T R O R e RO N  IX
B EAYIE R E 21,2005 45 REUKR B K O H IS 1
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BULRMEE ARG ARG ZIR T 12 000
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W KA T —20 CHM.
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1.6.1 Bphl4 EERY 1 Bphld SLHEMW 4 M5
SHEGI R AT WL 2, PCR WA & &y 10 X PCR
SR W (f Mg® )2 pl, 4 X ANTP ¥ (2. 5
mmol/I)1. 6 pL. 5[4 (10 pmol/pl) 0. 8 pL, Tag
DNA B4 (5 U/pl)0. 2 uL, Bifg DNA 2 uL, i
ddH, O %p & 2 W &£ & 20 pL, PCR ¥ Z MR 3C
AR e, 94 C AR PE 5 min, 94 C AR 30 5,52~
54 “CHE M 30 5,72 CHEAP 30~60 5,72 “CHEAf 10
min, 40 Mg
1.6.2 HEMBCEERMY 1 Hehibs L
DR R i AR IC 0 51 90 5 511 WL 3% 3. PCR
K Z& .} 10X PCR J 28 vh il (5% Mg® )2 pl,4X
dANTP ## (2. 5 mmol/1)1. 6 pL,5[4#) (10 pmol/
11)0.8 pl, Tag DNA B4 W (5 U/pl)0. 2 pL, f
Bz DNA 2 pL. i ddH, O b & AR &R 20 pl, X
WA R 94 C FAS M 5 min, 94 “CAFM: 30 s, 3B k
HEZSMEIE 3,30 5,72 CHEMP 30~60 5,72 °C LEAH
10 min,40 MEH .
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Table 1

Assessment scale for plant hopper resistance in rice

AEG ZHEBE

Resistance score Damaged level

(A PR

Mortality rate/ % Resistance level

0 X %% Undamaged

<1.0 E 410 High resistant(HR)

1 Z U B Damaged very slightly 1.1~10.0 4 Resistant(R)
3 KR AERRES 1.2 1343 # 5 Partly yellow in first and second leaves of most plants 10.1~30.0 F131 Middle resistant(MR)
5 W 43 9 4k 25 45 50 2 SR R A JE Clearly yellow atrophied or nearly half plants died 30.1~50.0 U Middle susceptible(MS)
7 EHL EHBRRESE More than half of the plants died 50.1~70.0 J#& Susceptible(S)
9 A FRREPE Al died >70.1 & High susceptible(HS)
&2 Bphl4 EEK 4 RS9
Table 2 Sequences of specific primer pairs to Bphl4 genel!'™
5|4 Primer 154 Forward sequence [ 514 Reverse sequence B M B K/ Fragment size/bp
M1 ATGGCGGAGCTAATGGCCACCA AGAGTTCTTTATATCATGGAACTCA 1491
M2 GATCATGAGATTGACGTGGAAA AAGTCACTTAGCTTTGGTG 1541
M3 AGTCGATGGAACTCCAAGGG GATGAGTATGCTTGAGGCCC 1025
M4 AATCTTGCTTAGGAGAGCTCGC CTACTTCAAGCACATCAGC 919
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Table 3 Brown plant hopper resistance genes and functional markerst®**]
. s EBibRC " Y N N YK B
R e 5t PAJENEN BRI E- )i S5 (5 —>30) B B PR
i . Linked by J . AT Produce
Gene Donor Chr. DG/cM Sequence of primer T™M/C )
marker length/bp
r F:AGCGCTGGTCGTTGGGGTTGTAGT 536(R)
[6] :
Bphl Mudgo 12 pBPHI 0.0 R: ATTAAAAGTGATCGCAGCCGTTCG o8 773(8)
7 < . F. TTCCCCTCCTTTTATGGTGC
7] - : R
bph2 ASD7 12 RM463 7.2 R.TGTTCTCCTCAGTCACTGCG 55 195(R)
r F:CATCCCCCTGCTGCTGCTGCTG
81 _ : .
Bph6 Swarnalata 4 RM119 R.CGCCGGATGTGTGGGACTAGCG 55 166(R)
NS F: TTGTGGGTCCTCATCTCCTC
=[9] ) ) : .
Bphl5 O. of ficinalis 4 MS5 <0.3 R.TGACAACTTTGTGCAAGATCAAA 55 200(R)
r - - F.:GAAGCCGTCGTGAAGTTACC
[10] , 5 : -
Bphl18(1) O. rufipogon 4 RM273 6.0 R.GTTTCCTACCTGATCGCGAC 55 230(R)
. F: TGCCCTGTTATTTTCTTCTCTC
[11] > 7 : 5
bph19 ()L O. rufipogon 12 RM17 16.7 R.GGTGATCCTTTCCCATTTCA 55 180(R)
; S F:AAGCTAGGGAATCAGCGGTTA
[2] :
bph20(1) O. minuta 6 BYL7 1.3 R.TGTGGCATGTCACTCACTCAC 57 142(R)
13 . F:GTAGCCTTGCACTCGACCGTACC
(1] ; , . : .
Bph27(1)L13 O. rufipogon 4 RM16852 0.0 R, ACCAACTCTGGCAATGCATCC 55 97(R)

= FR AN B IR HE BB R F R GUR LS. R B AL

Note; —. No idea about the distance;R. Resistant;S. Susceptible.
-+ AN
2 én R '—7 7] *ﬁ

2.1 BEGHAEINE CANRMERE

AN TR) 7 A e b Ak ke A 6 L B AN ] ) BT 1
B, YRS 93-11 RN F, (2B AR .2y
FH B A A O i D R B A R A PR 4 Fhob L35 R
ZHE KA A KA IERE RS A Rk A 25 36350 220
— I S 2 ) A L B A K VAR A A AR R (1
A) SR B IR TR b AR m b
(HR) ,JrtE g F 8 0 g (K 1,B), & ik 5 B 4
T V7R & 3 B A A L T VT 3 B A S N 2 T A
F, A4 Fibr k3532 2048 CalR 3F  fEf bk 2 L3 2
B — I JE 3B 2 18] T 08 5R #)48 T mUAR T 0 B R A K
i RE K BT IS AT O AL YRR A R (1,
AL U R AL 4 ) R R B (MR | Sk (MS) | $iE
(R) Pt (MR) X & Rl H ARG ” (& 1, C) Al
93-11CF 1,D) JL-F T &4k 5E o 78 -3 11 i 49 4 ] X0
FEBAE € ALKy R R HE T R (] 1L C
D), R IEHS)
2.2 KHBZHHABFEBEOTB CANKE

1625 T A S Rk B e 93-11 A4, 93-11 |
(48 L L AR PR i B 15 Sk
A REVCE 2, ALC) L 7E 93-11 A AR 1 2538 S i
F A 2 A REUR A AR &R IR S S
F18 AR ) L & rp B S I E R — B 1.D) . T2y
FE AR (B 2, Bt E A 148 REEHE &
A It BAR PR EAR A 48 R ER 0 E R 2 A T

R . R R A I A 2R 5 T AR A R (]
2,C)—2. R E FIOR A5 AT M R T A E 45 R
By W 25 FH B AR R 0 4 R E H A BRI B

2.3 ZE3MFLEBE CANEERNERE
2.3.1 Bphl4 EEBSFEW 4 DB HEEAD
Bph14 CDS X Rs 551 90 9 484 f k48 (K 3D
M1 73 #r 2 B AT PR EF A Fef i R3S Hi 1491 bp
ZEAT I R B e R YT B T H Y B M2 4y
MW, 245 FH B AR A F, | 24 1SR A e 0 24 1 I 2 A
(M RDORY K 1 541 bp Ze 47 19 7 Be . Ho e o4k
YR T H R R B M3 g3 B R WYL 25 1B AR R
Fy(F, A2 HIBF A R (T BD P 3 1 1 025 bp A2
AR B I ER IR YT H Y 5 B M4 gk
Bl RS 93- 11 S B A/ By AL E, 9788 T
919 bp Zify i B HE M RER YT 1S H A A B
iR (R O A DG ETE AR F Ry
BT RS HARMOR R sy g |
(a5 B LRI 25 I BFAE R By A Bphld Jk
PRyl HG [ R ]

2.3.2 HEDBCRAERMS FHRIERN A
4y 9l 5 Bphl, bph2, Bph6, Bphls, Bphl8 (1),
bph19() .bph20(t) F1 Bph27 (1) Fe R % % 1% Bibric
Ao I A 3 A kL B A BT AR T ECEE B R O (4D
Bphl JEH & BiFRiC pBPHI 23 #r& W], 10 4>l
MOBHER R 38 5 536 bp A4 0 R B B AN &
Bphl £ [ (I 4, A). bph2 A 2% B bR i
RM463 73 #r 2 B] . 10 A b B85 18 1 195 bp
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AT R B, BVAR &5 bph2 B DY o R] R 2 D (4
B). Bph6 JEHEYE PR IC RM119 73 #7 & 0. 25 /]
P A R 245 11D BB AR R O i D AR 166 bp A2
AR B B Bph6 SR s[RI AL R (] 4,0
Bph15 K& [H ) % SR iC MS5 3 M1 252 . K £ il
BPA R Y HE 1 200 bp ZE A7 B9 R BL. B Bphl5

3 4 9 10

HS HS MR MS R MR MR HR HR HR

PR g [l SE R (B 4. D). Bph18 () 3 11 3% 8 b5
it RM273 43 §r & BT, 10 A4~ AL 30k ) &8 oK 47 1 1
230 bp 451 R Bt RIERAS & Bph18 (o) 5k H 5 7] 5
LR (E 4.E) . bph19 (o) FEA 1) 3% 8 FRiC RM17 4
Br 22 B P RL I A R 4 1 8 180 bp Z2 A5 1 v B, BRI
Toph19 () R sk W IR KL (K4, F) bph20 (1) H

el

BPH 12 il

BPH resistance score
S = N W s N

1 2 3 4 5 6 7 8 910
P H

Plant samples

P EE e IO B AR R TN B Y o R
L HZA0E 52, 93-1153. 5k M AR A 5 4. R & 3B HT AR R 5. JCTL Wl MF A 5 6. 25 P A8 Fos 7. 25 T AR AR Fos
8. 2 T AR A 5 9. 25 P ST AE AR CSE 0T AL 5 10, PR B A A HS. #3508 MR. i s MS. HgG R, B HR. &5 BPH. 48 €Il 7 [H
Fig.1 Symptom of wild rice and CK were infested with BPH in the greenhouse

1. Japonica; 2. 93-11;3. O. ru fipogon from Jinghong;4. O. rufipogon from Dongxiang;5. O. rufipogon from Yuanjiang;
6. 0. of ficinalis F1;7.O. of ficinalis ¥538. O. of ficinalis; 9. O. of ficinalis(broadleaf) ;10. O. granulata; HS. High Susceptible;
MR. Middle Resistant; MS. Middle Susceptible;R. Resistant; HR. High Resistant; BPH. Brown planthopper(PH) ; The same as below

BPHX%{ &+ BPH number
S o & o

(= N e ]
— T T

93-11 2 M B/
O.officinalis
AL F4 Fl Plant samples

P 2 (E) 2 0 B A A 0 e TR L B ik R R
ALK IR 93-11;B. 25 JBF AR R 5 C. 1 RELEL
Fig. 2 Reaction of O. of ficinalis to BPH in the field
A. CK 93-11;B. O. o f ficinalis; C. BPH number
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F4 4NHRMESIY PCR I HEIBFR
Table 4 PCR results of 4 specific primers

5 4 B Material MI(1 491 bp)

M2(1 541 bp) M3(1 025 bp) M4(919 bp)

4

H Al Japonica

93-11

FeitEw B AE RS O. rufipogon from Jinghong
KL EWHEAERM O. rufipogon from Dongxiang
JUYL 38 B A= O. rufipogon from Yuanjiang
i AERT i O. of ficinalis Fy

B AR Fo O. of ficinalis Fy

GBI RE O. of ficinalis
2B ARG (SEM B O. of ficinalis (broadleaf)
PERL B A FE O. granulata

SN N N

/ N
N

Lo 44L&
[
L

4

J

M1 M2 M3 Fl M4 53508 Bphld JEE Y 4 NSRRI TR, . 9 5528 H &,

Note: M1,M2,M3,M4. The 4 specific primers of Bphl4;The same as

S
)
w
&
w
(=)}
~

2 £
w0 )

<
=

below. </ . Bands can be amplified.

o
-
=
<

€2 000 bp
41000 bp
€2 000 bp
<1000 bp
41000 bp
<4— 750bp
41000 bp
<4— 750bp

3 Bphld Fr 5514 PCR ¥ 3 Uk &
M1~M4 [/ % 4;1~10 [f & 15 M. DL2000

Fig. 3 PCR products were amplified by specific primers of Bphl4

M1—M4. The same as Table 4;1—10.

The same as Fig. 1; M. DL2000

>
=
S}
(95}
E
wn
(=)}
~1
o«
el
=
<

o)

@]

Q e m

)}

s

750 bp

500 bp
250 bp

100 bp
250 bp

100 bp
250 bp

100 bp
250 bp
100 bp
250 bp
100 bp
250 bp
100 bp
250 bp
100 bp

4 EPHRICH PCR 31 B ik

A~H 45 7 iEBibric pBHI . RM463 ,RM119,MS5 ,RM273 ,RM
Fig.4 PCR products ampli
A—H. PCR products amplified by linked marke

17 .BYL7 .RM16852 ¥ #4455 5 1~10 [A] [ 1; M. DL2000
fied by linked markers
rs(pBH9,RM463,RM119,MS5,RM273,

RM17,BYL7,RM16852) ;1—10. The same as Fig. 1; M. DL2000

PRI & BThRIC BYL7 0 R0 25 FHEY A A8 Fy 9738
142 bp Z245 0 7 Be s B 6ph20 (o) B R B[R] 5 A
H (& 4,G). Bph27 (o) K 1 % B bR i RM16852
SrMT R AR S A R A2 AR RS B, O
97 bp ZEA W A B, B Bph27 (o) K4 8%, Ja] 5 35 [

(E4,H),

RN G 5 I 1 AV ER KW, = R B A A
JIr & P LA A TR A AN A ] L S ik R A e
JU YT B A 8 5 A JE D bph2 s FTUAG I 45 21 R
S Y O R T UYL B O B L TR 2 3 ad B AR
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x5 ZEHERYBTEANREER

Table 5 Resistance genes of Yunnan wild rice

A ER

h P Cultivar .
ih i Resistance gene

HZ i Japonica bph?2

93-11 bph?

SE B R O. rufipogon from Jinghong  bph?

K Y EEE RS O. rufipogon from Dongxiang  bph2,Bphl5,Bph27(t)
JCIVL WY A4 FE O. rufipogon from Yuanjiang — bph?2

MRS By O. of ficinalis Fy
iYL Fa O. of ficinalis Fy
AR O. of ficinalis

25 FIBF ARG (ST D) O, of ficinalis (broadleal)  bph2. Bpht
Pk B AR O. granulata

bph2,bph20(t) ,Bphld
bph2 ,Bph27(t)
bph2,Bpht

bph2 ,bph19(0)

B RE S A 5 bph2. .Bphls F1 Bph27(r) , HiFz#
o 0 Ay r R L 33K 13 B 7 S ik S G A R N e VL Gl
S A R o AT RE S A e A ST O S E 1P AR
M. 258 RS F. nTRe & A 3L bph2 F1 Bph2T?
(ORI Ryt 245 FEF A F5 F0 25 1T 2 A (o nt
) rp B[ RE AT A L bph2 F Bph6 , PE ki B AL RG
ARE S A A bph2 . bph19 (), 25 ARG F,
A Be & A L Hbph2 . Bphl4Fbph20() , = H ¥4 F
KB

3T

IR E LR A E SRR B/ 3
b P AR A R A A [ AR S B P R EU R T R
HFAERE S 25 B A R R B I e R PR . T
16 R mURR 5 B I8 4 5 B BT IR e R K R PTAE G A
PR A R At . XA S HEAT T K A A 6]
9 R EBTE S E J7 U5 B FE RIS . A 30 R BE
SRR A8 A BT S N A Y TR O 0 L
JY AR HUSE E 2y BE TR 1 UM SE pL M SR PR
— B P ARSI SO B A A ) BE R0 He AR R
SR HTE R RY AT I A 5T, T 45 B B9 45 8 T Lo
i AR I BT 2 1 AR A 0 48 T E R BT K
T RE LB 470 R R I 47 7 2 10 M T ) o

S % Uk

PR RGE 0f E  B I SE B SC R R L 48 K EL S K
e [] F) AR LA O R 0 2 AR L PR S e 2 B 52
M) 458 K DA A AN ) Ak » IR 1% 56 vk B 7
TE H BBl S R AT A6 PR AL oE— 2 R Bt
HORAIIKOF WORS BE LA JE T — 25 L P sd PR 75 22

(WS E W AL I NE 20 @ S Nt B o S LS
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