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LIANG Yuntao, WANG Chunlian, LLAI Fengxiang. et al. Development of STS marker KC1 for brown planthopper resistance
gene Bphl8 (1) and marker assisted selection efficiency. Chin J Rice Sci, 2010, 24(3): 244-250.

Abstract: To facilitate application of the elite brown planthopper(BPH) resistance gene Bphl8(t) to rice breeding program by
molecular assisted selection(MAS), a STS marker, KC1, for Bphl8 (t) gene was developed. To test the MAS efficiency of
KC1 for Bphl8(t), the Fy plants derived from the cross between Yangdao 6 (i. e. 9311) [ without Bphl8 (1), susceptible to
BPH] and C4064 [ harboring Bphl8 (t) | were subjected to both bioassay of BPH resistance in the field and molecular identifi-
cation with the STS marker KC1 in the laboratory. Among the F2 plants, 292 plants were resistant to BPH while the other 84
plants were susceptible, indicating a single gene [ Bphl8 (1) ] controlling the BPH resistance in the Fs population. The results
of molecular identification showed that the MAS efficiency of KC1 for Bphl8(t) was 82.6% , indicating that the STS marker
KC1 could be useful to trail Bphl8(t) gene in rice breeding program.

Key words: resistance gene; molecular marker; rice brown planthopper; marker assisted selection
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R L BMRCHEE T — RV EH Bphl \bph
M Bph3 SEH0ME € R B 1 KR SR AT HET
o7 FH G A s s ) TR RV B R . SR BT AE
REVAE W B Y O R 22 BT A R A AR ) R
) SR N A T o AR AR 7S Y A A )
PR E & A Pk EUHT 0 KRS SR DL 2 K
e AE 7= 1 T 2

HY Tt B S 1 52 2 RS it TR X L BRI T
KR CEH T B R RCR . BB A
K& ESTAE DNA JERf E 84 FFric 3R DL e
B EREE AN SZ A AR K i B BRI SR S T gz a8
FH TP PRl B0 326 3 L ot Rl R AT 68 A IR 07 32 4 F
G, B, 25 FE AR R A F Al i B
ALK pits CESEH Bphld 1 Bphls R4&HEH
o CEUWIE KRR R . o Thric B g fi AR
AT W BRSO D0 iR AR R R B O S
0 AR B 0] 35 M 5 5 1 P R AT e 7 T R L
AU B RN AT LR K E Ak,
A EKFEE R L R EE I ),

Bphl8 (1) HEPJE—AT 1% mbi s R Elny 2 v
FROHE U 48 € mUR R AR P B 1 R A g
2. K FEPLM CEVE AP B B T A L AT R
Jena ZELS i 3L R 5 (7 76 K R 6F 12 Je e fk b, 9
BT HIZ I B EY N F ARl 7312, T4A,
2006 4F DLk, FAT A 43 broac B B 2k B
Bphl8(t) B F AR 6 5 (931D F M MIF S
Xa23 (P19 G0 P 5 R A DL F hom =L
R REMIKE R . HlF 7312, T4A #3ic CAPS
PRIC s AN T 7E 53 F b il B & R S i b i
I ASBFTEHG 7312, TAA ARIC LN e fk g 1 4> STS
FRic. A E & A BphlS (O HEH KRG Fao 43 55 1E
A Bl IS I J Fo AR AR 1 43 F A 0 B0 B3R T 45
PAISUE 7 bR IC 198 80P 2 Bphl8 (0 e A R PR %5
FESRHULEEBE A A R T B

1R ik

1.1 ##
1.1.1 RASH#

C4064 2454 Pty CEHE [ Bphl8 (O i HlFH
AL i E BRKRF O I Jena W LER L. 5 H
6 FRANE Bphl8 (DX BRI L FIKE R . H
AL 4Ol Bl 2= B A HE e A fe it . Diafa 6 5k
BEA S C4064 4283k 15 Fi, B 283K Fo fiEAR, Horp

24 Fo BEIR (00 5 4 5 Sl 4023 F11 4027) F F AL
5o TP % S0 5 iy Ek dO BTN 2 A & 4t
&\ R ) SR KRR AR s BT R B R Mudgo
1 IR56 735 & A Bphl F1 Bph3 iR IEH
1.1.2 B Era KR

2007 49 H T VL& FH O [E] >R 4R 09 H R4S )
AP RE S N ER 6~7 U5 T AL,
1.1.3 PCR 34

AWM T 3 % PCR 514, H - CAPS #r
i 7312. T4A i 1 X514 7312, TAAF(5'- ACGGC
GGTGAGCATTGG-3") 1 7312. T4AAR (5'-TACA
GCGAAAAGCATAAAGAGTC-3") [ Jena Z[8]
k. AR T 5 —%514 KCIF (5'-GCCA
GAGGAACATGCGCTAT-3"), KCIF 57312. T4
AR A4 1 X Ric g1 9, vl fE K AF S A 47 F 6 5
LG AL T SRR S A Bphl8 (o BEP DT 2 4%
CAPS $ri0 7312. TA A 4kl STS 4510 (fv 4 M
KCD, 51¥h Bk TAY TRERAFRA A S

.
1.2 FHik
1.2.1 DNA R Ff= PCR ¥ 3%

2% McCouch 55000 1) J5 1 52 UK A B B3t 1
i) DNA, PCR Jz i & & CRARF 20 xL) 110 X buff-
er(F MgClz)2 pL,10 mmol/L dNTPs 1. 2 pL, 10
pmol/L 1E XA 514145 0. 3 uL.5 U/pl Taq B 0. 2
11,100 ng/pL DNA Eiff 1 uL,ddH. O 15 pL, $"
WO AR P94 C T AR M 3 min; 94°C FAEHE 1
min,55~60C FiB A 1 min,72C N #Ef# 1 min, {§
35 W a 72 CF AR 10 min, §7HY N
1E PTC-200 PCR ¥ 44 b5 i, MR 48 Fr Be R/ 22
S B HG 7 W AE A (R U R 1 Bt PR W S i Dk A U
1.2.2 Hinf 1 B¥1R B

FH 7312, T4A Frid 43 54 3% K F 2k A C4064
M FE 6 S HE 4 DNALR S pL 4731 7™ ¥ 11 T 31
BAHEE R HL UK AT 5 AR 10 L 739 7 W 2 47 B
PEWN UG Hinf 1 B§Y) RN VAR R CRARFR 20
pL):Hinf T B 1 uL,10 X buffer 2 uL,PCR j=4¥j
10 pL,ddH2 O 7 pL. ¥ RV KIR ). 76 37 C T i
Y 3 ho F 1.2 00 BB W5 IS A DU i B 7 )
1.2.3 wREEHMAeswE A5

Pt He % LE b = KA IF 5T I e B S g A b o
B, Fo oy B REMR 4023 F1 4027 Pl EA C4064 AN
) 71 65 LA S Bt Sk o xof BEOBA R} ] Bof 4 25 46 L SEAE
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KHOCOACOHOCOOACOROCOCACOXCCAOOHXOCOASOAOCOAOO K
HHOCOAOOHKOCOOACOHXOCOCACIOXOCOOACOHRCOCACOHKOOADO NN
AL VRV ECEVECEORCECEVERVECE RURCECECECHEORCECECERCECH RVRVEVEVECHORVEVEVEGEGE b
HHOCOOOOHOOOCOCOHOOOCOCOXOOCOCOOHNOCOOOOHOCOOOO KK
KHOOCAOCOH —CACOHAOOACOHCOCACOHKIOOAOO KOO A O N
HHOCOAOCOHOCOOACOROCOCACOXOCOOCACGOXCO - O OHOCOOAOCO A K
HHOCOOOOHO - QOO OHOCOCOOIO K - OO O OHOCOCOCOCOHOOOOO N
PAORVEVECEERN RCECECRVERVEORVECECECECE RURCECRCRCERVRVEVECECN RORVECRGECEO R
KHKOOAOCOHOCOC QOO OACOHRCOCACOHOOADSOHOO A O K

—_— -
N =

HHXOCOAOOH —QACOHROCACO - COCACOKOCOCADOHOCO - OO & %l
AGRAGRA G SRAGRAGR A g gk AR AR A SR A GhA SRA SR AGR A gk gk SRA SR A SR A b 4 gh % SR A S AGE A bk A S A S A G A bk A A S A A Gk A 4 1 1)

1 234567 8 91011121314151617 1819 20 2122 2324252627 2829 3031 3233 343536373839

B 1 Fo BhALFRGH A

Fig. 1. Distribution of Fy plants, and the control variety plants in field.

Y —TNI1; @—Mudgo; O—IR56; A—HLHEA C1064; A —RHCEARGHE 6 55 O— 4023 BERAY FoAtibk; “—7 — B, EFIr&T

WG AT I

Y¢. TN1; @, Mudgo; O, IR56; A\, C4064(resistant parent); A, Yangdong 6(9311) (susceptible parent); <, Individuals of the F,

population 4023; “—7”, Seedlings died. Numbers around the map represent serial number of rows or lines.

TC B T AN R AR ] A SR e UK R E
O AT K B

25 d Bb i, BRAR S R AR R B K L B
REEEZ) 10 em X 20 em, Hirf 4023 BEIA o H B A
X BE TR — A b (&) 1), 4027 R HOEARE
T5—AYE M A R ) 4023 BEIR . BRI % E
bl i Q7 | o R /N £ [ B 3 7 1
HIBTH 1~2 it lr o 5 5 AR A T — 80 C vk A rpr it
gy A
1.2.4 Bk FEARRENAFE

FEHI AR 15 d J5 58 200 AR Pt |
TSR 5 O AR (O BE) K R4 1 S U 1~2
kg d, #EdE 3 d N BRADAREBERZEHIE
DA (P e R A A 3 s, ]

Rl BREAAERBEZELERIERE

A U AET HL 28 B e IR 5 A TS R

e 1 AR fop OB X B TN 52 35 7 2t
Tt B H A0 2805 K R B CH X R il 114 52 73 201
FAEE] 9 i H I, B E TN Kk o5 A 32 % 4% )
K9 G, A AUARER Bk BT R 000 ) I 1 DL R
AT TNL 32 % B IK 5 9 Gt A ifE

TR PUSCEA Y W E Z K E L AEG T
sz B GO i i 1 3 52 T AR GO A HL R A

PrE PR ARXNT .
M= (N1 XLi+N2XLy++++N,XL,)
(N1 +Ng+-++N,) °

Ho MOy 2 FFE R Le R PR ZHER
Y S WS AH s N R B A R] %2 5 8 9 Lo 13K
AHREL

Table 1. Standard for assessing victimization levels of rice damaged by brown planthopper.

T B 52 S T #i 32 H AR DL
Damage scale of rice Damage status of rice
0 K% No damage
1 % E 4124 Slight damage
3 FAR S — . Z A 25 4k The first and second leaves of plant yellowing

w

14 B AL B AL 2 B) BE S 25 BAG SE

Plant obviously yellowed or stunted, and nearly half of the tillers wilted or withered
7 EHLL LA BEASE IR E E SR
Over half of tillers of plant withered. the rest of which wilted or seriously stunted

9 58 2 K JE Plant completely withered
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e T BT L S — S AR S AR . AR TR
BTN )8 du v  ACBIE 50 b i R OR R AR 4 F 6 5 A
PLIEA CA064 #f HAG BT AL (H C4064 1 Hi 1 B
BT e S, Wik, h THHENSTH
Bphl18 () FE A W) Fo 4T HUAE AR  FRATHE 7] — % 5 3l
(AT IR B AR X BN Fo 40 8 B AR A Sl — > il 57 /1
DXy AR — /N X SR R AR B R 6 5 o 2 IR AR A
2 PR 19 T HUAE I B )6 o L pT U L b v R AR
TR 6 51 F bkl & Bphl8 (05 H,
[ BN A AT 5 AR 40 25 A R ) B oh R B B oy Fo PR
4T HU A B (R 2 5 43 BT AR BR 9 B b . bt AL 4e
BoatE AT .

R=(A—B)/(C—B),

Hr R NP HIGHGA N Fo bk 2 H F Pk 9 K
A ) (3 =3k 9 Bmb i KR FRD; B A
TNI 2 FEHGIE 9 F IR C himfE 6 52 %
LGSR 9 GRS ]

Wby B R R (AT 1 I, 8 B R R 0 B
TR A IR R 6 5 & Bphl8 (0SBt
HURE AR 5 H AR R R0 0 Ay Je B

2 AR50

2.1 T32. T4A fRICHIER S SEL

Al CAPS #ric 7312. TAA By 5% A C1064
MAAFE 6 54T PCR 93 v Yok ) i 7R 34 77 4 1
A1 kb Y C 2B R 2-A) . YR
WikAT Hinl 1 BEYT . 35008 45 6K UKk R I 5 7 79
RABEBERA 2R, B 6 51 PCR ¥ 8 ™ Y il
PG MK BR N 1 525 1 kb f4:547 . 1 C4064 fiY
P3G 7 WS/ 3 33 29 2 600 bp AT 400 bp
1 2 4 Br(l& 2-By . 5 R K W], CAPS #rid 7312.
TAA LERAM B R 6 5 F1 C4064 [A] 46 I 2 B A
Z M BRTE B AT A2 58 JF AP BRER ARSI Bphl8 (O
SN AT TR 6 St i 5 BphlS (O S H
1) 53 bR ic il B % .
2.2 STS#ri2 KC1 B F %

M F 7312. T4A 2y CAPS $ric, 7 2 PCR § 3
A Hinf T BT A SCERAE G, 107 H. 2% m . A Al
TAES AR ic Bl B & Fh b 5y ORI . PRt 3
1224 7312, TAA dric bl STS id. B %%
F 7312, T4A BRI 519 43 5 % 56 A BE C4064 FI
Vit 6 ‘S UEAT Y 1S N W B IR HL DK A I R B
21 kb %5 S Bl o I 0E oE NCBL R
(http://www. ncbi. nlm. nih. gov/) ¥ 2 % F 5 5

H A i 56 P 41y 51 it A7 FE XS S8R C4064 Fl% A5 6
ST 8 5 % 5 ok AL935072 () BAC FolE -
28 218—29 212 bp JF A [FPEEE 2] 90 %6 LA b L UE
B PCR ¥ 3 v s 2 Fix BAC 5ifg, 7312. T4A fx
YR BER/ANE 7 AL B S Jena 28 (9 iE
S RAFF UL LR Y R B 5 Bphl8 (O KA B
WIS H bR R B

WAL X C4064 R HE 6 55 v By v 41l
RN Z BIfEE R T REL 27 (K 3. U
CA064 b1} i JE BB 241 15 5] Ol RS A AR A 51 4 13T
DAL B ) AE L — ab 22 R A7 B3 IE W 51 )
KCI1F,J¥%] % 5'-GCCAGAGGAACATGCGCTAT
-3'(F 3). ¥ KCIF Fif 5149 7312. TAAR 4 &
B — X ARIC G| 4 % C4064 Fdg#E 6 5 5 H 41 DNA
HEATY 4G . BORE W B e L VKA s L 7R C4064
PR 14K/ R 708 bp (RS B T AE 47 7 6
SHRLY Y. YA R S RO A (B ).
45 RFRW . Bphl8 (O HEK B % & 91 1) CAPS #ric i
Uik STS brid . Bibnic gl fir 4 4 KC1,
2.3 #FERIE KC1 BB NERIE

J TR bR KCL B 80t ATt 2%

1000 bp
750 bp
2kb 500 bp

1kb

A

B2 7312. TAA #Fit a9 F A 3 KM
Fig. 2. PCR amplification for C4064 and Yangdao 6 with the
primers of the marker 7312. T4A.

A—7312. TAA FRCTI P X BT R A C4064 HUE BEA BT 6
51 PCR ¥4 B—PCR ¥ 8 ¥ 1y Hinf 1 BUIZ5 R . M—DNA
Iy F i bRifE; 1—C4064; 2—FF 6 5.

A, PCR amplification for C4064 and Yangdao 6 with the prim-
ers of the marker 7312. T4A; B, Result of Hinf [ digestion of PCR
products. M, DL2000 Plus ladder marker; 1, C4064; 2, Yangdao
6.
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7312.T4AA bRy 18 Fr B
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Fragment amplified with the marker 7312.T4A

7312.TAAF

7312.TAAR

\
\
\

B3 il s BRI A

Fig. 3. Location of the new primer KC1F and its sequence.

TTGAGGATGTCAGCCAGAGGAACATGCGCTATCAACTCATCAA AA
TTGAGGATGTGAGCCAGAGGAACATGCGTTACCAACTCATCAAGGGCTCCAA

C4064
Y#% 6 5 Yangdao 6

W Ry h it KCLF 51 RIBERF 51 s JrE N Dy Hinf T B

Sequence of the primer KC1F was underlined; Sequence in the box was recognized by the restriction endonuclease Hinf T .

750 kb

B4 KCL AL 34t & F A CL064 Fo 745 6 5 69 bk 28 R
Fig. 4. Results of PCR amplification for C4064 and Yangdao 6
with the primers of KCI1F and 7312. T4AAR.
M—DNA 43 FitbrE; 1—C4064; 2— 78 6 5,
M, DL2000 Plus ladder marker; 1, C4064; 2, Yangdao 6.

A CA064 FUBEHEAR AT 6 5 AL e F2 0 8
PARRHEAT FH (] 42 3 8 FAr AR ac kil . 4% U
5O R Y 2 U R R TN 52 5 S 0k 3
9 Gemt, Fo BEMR 4023 1 4027 /NIX WY 35 4 C4064
MEWRT- 252 S 5 ) A 1.0 G 1.8 9, KB i
PrsHILHE R R AR 6 5 W R — E Pk,
4023 F1 4027 /NX 4 F 6 5 11 34 52 S G
17T KA 3.8 KLU R 6 SN T TNI Ay
— & BB M AH T U BT R 55 T C4064,
PURHCEAS R 6 5 S, 2 FE R A
9 Gt P dURA C4064 53R B E L, WA /D IX
o C4064 BRI VB2 FHER 50 1.2 9f 1.8
e AP HUEAR C4064 XF 3% (6 A 48 & L H [|]
BRI, WA /DX o Fo B R R IR0
Hk(R>DAF 292 kR BAMR(R<D A 84 bk,
T TR REAAR AT A 3 1 B B (% =
1.25, P=0.264) , Ul W14 B HEIA A 14 Bk 2

FLH L BY Bphl8 (O BE ] L 441 43 B BEAR i B Lk

R T KSR KCL FRid BREE Bphl8 (0 3 1Y 8%
FLH KCL AR e 51 9 %F 4023 F1 4027 43 B BER 11
Fo Sk k45 PCR P BRI . Hh T 350 43 A8 bk 48 B
M KD DL B A B A IR B T TR A
DNA i $2 U i, 2 B0 40 AR 6 PCR A I 45 51
FE PRI 155 AN BT AL Fo bk 128 BR4r T A6
D22 B0 B 938 B W 708 bp B bRRE S B
([ 5) i i3 i brid KCL e 8305k 82. 6%
(2, GEREW.EHRE6 SHBETRT, TR
Fi KC1 FRig x40 L Bphl8 (O #4743 T-hiic
Bl

3 g

Sy FhRiC B BB T R AT R R AT R S
H AR 5% % L T HAE R 2 FARid. Bphl8
(OFEFE— D PrFEHE CEW 24 ESE R . Jena
SELS 1M SSR 43 b i B AR K HORS 415 1 78 K A
o512 Yefa iK% kS AL935072 Y BAC Wik |,
FEIF R 1 AR % B AR IC 7312, T4A, {H 7312,
T4A ZE—A CAPS tric, fall Bphl8 (t) 3 K i} 75
Jeif AT PCR ¥ B R JG MU A RE 7 A= 2 851 3 E R
A LA S ME LA IEAT RS 2 TR L i 2 T

x2 LREEISSAHRABKNS FRIZEN
Table 2. PCR identification of 155 F, plants with the resistance to

brown planthopper(BPH) with the molecular marker KC1.

F B TS P
Code of F, BPH-resistant F, plants MAS efficiency
2 PCR fATE  PCR PI1&
population PCR positive PCR negative /%
1023 80 23 7.7
1027 48 4 92.3
41t Total 128 27 82.6
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1 2 3 4 5 6 7 8

9 10 M 12 13 14 15 16 17

S R M

750 bp

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 M

B 5 KClAFmEMA 6 5 .CL064 B3 Fo R E(RGT LR

750 bp

Fig. 5. Result of amplification with the primers of the marker KC1 for Yangdao 6, C4064 and some of their Fy plants.
R—PprH A C4064; S—RBEARZRE 6 5 3,4,8,14,15,21,22,29,33 Fil 35 N Fo it bk s oA BF 5 N Fo P BBtk ; M—DNA

Iy T REARIE

R, C4064; S, Yangdao 6; Lanes 1, 2, 5, 6, 7, 9, 10, 11, 12, 13, 16, 17, 18, 19, 20, 23, 24, 25, 26, 27, 28, 30, 31, 32, 34, and
36. BPH-resistant F; plants derived from Yangdao 6/C4064; Lanes 3, 4, 8, 14, 15, 21, 22, 29, 33, and 35, F, plants susceptible to BPH;

M, DL2000 Plus ladder marker.

FESr FARICHi B & A g A . AP AR i
B F B I ¥ AR TSNP E B it o 1 4. 6 7312.
T4A FRic 4k HAs Al 52 PCR 47 35 A g Ok A6 ] {5
RIWZ B STS trid, W4 TR A P25 T
ROR S FERFET AL F AR ic 5 B & R AA 5 T R
F14 1o FH I35

IKAE & S AE S 2 P 4 R0 A A1 B IR
Me o ASAIF SR N7 FH 43 BE 0T 7 26 7 25 0 b i AK e A1 e
Mk e REE 5—8 AEFIFRILAE T, T AW
S R R R 4 (A K O T PR IR S R 1 o
PE. B R BIREARBR 6 5 AW Bphl8 (0
B B — 5 P B e BB KO AR TR A
C4064[ & A Bphl8 (1) A ) ; 24 28 HiL & iy xf B
TN Z FSFEG R 9 Gt AL Fo i b 46 I 53175
RPN T REMET SR & A Bphl8 (O FEH
T IRATLAA G 6 5 %2 FEH K 9 FH R 2
HELTH SRR Fo SRR I 40 SR 550, DT ) 1) F B pk
AIPTTE . A A 1 5 Oy iR AT 3 i e BRI B e
JREBREE 3 ¢ 1 20 BS AF BRE DR AR A Y 0 i R
HERf S B T Bphl8 () J RUAE 43 25 B AR of (9 Bt e 3%
B, TR S A [) 5 7 b v 1 4 G B R B30 ) A M
DA 31 260 56k — B0, [ 1 RO R ) R 25 R RS
b 1 L 3R 1 1 A2 R O — R TR L FRATTAR 4R A5
MR AT B R 6 5 F1 CA064 Bk A H AR %
15 0 R I T A s Hh o R AR 9 470 R S LA e KRR
H 8 IAEE S 25 S AR I S TR 2E

H A AR 4k 3 R 47 5101 SNP A 83 11 IF & b

LIS R S+ o TG B IR IS T B . B
PR3l s M (2 W 7 B SN B I 71 R T virge
18 % 3 A PR A 2 1) LA S i TRKS A 2 o o o 5
98 40 3, Lehmensiek 250100 R F & 43 B % 05 i
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