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PikE R LR Pib. Pita. Pi5. Pi25 fil Pi54
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(P ERA R =B E IR EREGE T 1 ARVEY) 2 P06 5 2 PR i R B K T KRk TR, Jb ¢ 100081 )

FEE : #5085 Huk K A Pib, Pita, Pi5. Pi25 = Pi54 4 3 & B & FI 45 X 6945855 B A L) bk, KRS E AP BA RS
SR AR, ARTRAR &L B 6 et T A7, 2 547 T Pib. Pita, Pi5. Pi25 F= Pi54 £ 3% B /K A4S kA& A+ T P 8 5
L. BRET, 124 A RAGA 1~4 AN BARA R, L 24 & 347 KB Pib, Pita, Pi5 #= Pi54; &k & fe Bof 4 64
# 4% 4 3 A~ B Pita, Pi25 #= Pi54 & Pita, Pi5 #= Pi54; »+ % 5§ 76 #= i3 42 287 4 35 4 & % 4% 4 Pi5 #= Pi54 Pita #= Pi54. Pib
#= Pi54. Pib #= Pita. Pi25 #= Pi54. Pib #= Pi5. Pita #= Pi5. Pita #= Pi25. Pi5 #= Pi25; 3£ T % A2 F Fe &1L L3 & 5 86 i 4 A
WA LA AFEE, AT R E KA S F R A B IR R B A AR ZA) SRR R RRAS TR AR AR T 12 8
SRR A SR R 5 AR 5 5T ARIL

Distribution of Blast Resistance Genes Pib, Pita, Pi5, Pi25 and
Pi54 in Mini-core Collection of Chinese Rice Germplasm

QI Chang-yan, XU Xing-tao, MA Jian, WANG Shuai, TIAN Peng, MENG Ling-zhi,
YAN Wen-xiu, ZHAO Zhi-chao, WANG Jie, WANG Jiu-lin, LEI Cai-lin
('Institute of Crop Sciences, Chinese Academy of Agricultural Sciences/ National Key Facility for Crop Gene

Resources and Genetic Improvement, Beijing 100081 )

Abstract: Five blast resistance ( R ) genes, Pib, Pita, Pi5, Pi25 and Pi54, which showed relative broad-
spectrum resistance to Chinese Magnaporthe oryzae isolates, were surveyed in the mini-core collection of
Chinese rice germplasm by using their functional markers. As a result, 124 accessions of germplasm were found
to harbor 1-4 target genes, respectively. Among them, Huangsiguizhan contained four R genes including Pib,
Pita, Pi5 and Pi54; Nanxiongzaoyouzhan and Wuzuihonggu each harbored three R genes Pita/Pi25/Pi54 and
Pita/Pi5/Pi54, respectively; 35 accessions including Yelicanghua and Liaojing 287, etc. each harbored two R
genes with genotypic constitutions of Pi5 and Pi54, Pita and Pi54, Pib and Pi54, Pib and Pita, Pi25 and Pi54,
Pib and Pi5, Pita and Pi5, Pita and Pi25, Pi5 and Pi25, respectively. 86 accessions including Funingzipijingzi
and Longhuamaohulou, etc. each harbored a single target gene. These results will provide references for grasping
blast R genotypes of the mini-core collection of rice germplasm and improving cultivar resistance using the elite
accessions of germplasm.

Key words: rice; mini-core collection of germplasm; rice blast; resistance gene; molecular marker

Wi A H: 2019-01-16  fEEIEHA: 2019-01-24  MLEHAREHA: 2019-02-13

URL : http://doi.org/10.13430/j.cnki.jpgr.20190116002

BB BTy h K REPURSEDRG 23T B Ff, E-mail : qpan2018@163.com;; ¥ 241 M3 IR 55— 1

TAFVEE  TRIAR, F5E 0 1) A /K RS REEL S0 231~ F P, E-mail: leicailin@caas.cn

EEWA : Atk (ol ) BHIFED (201208014 ); [ ZERH P H ( 2013BAD01B02 ); F R E it R & # K £30 ( 20162X08001-002 )

Foundation project: The Special Fund for Agro-scientific Research in the Public Interest Program of China ( 201203014 ), National Sci-tech Support Plan
(2013BAD01B02 ) , The Major Science and Technology Project to Create New Crop Cultivars using Gene Transfer Technology
(2016ZX08001-002 )



5 1 SRS . FLAIER LA Pib . Pita. Pi5 . Pi25 Fll Pis4 7F T E K R0 O Bt i 43 A 1241

1 Magnaporthe oryzae 5| it A & —Fh i
PP KRG, T R T KRR AR 5
BRI BTG b A i R B 22 T A SO A
BER AP W . AR /KRE i A PRI BE R A, Xof
W FE R R A BT S hUR A, G A Rt
TR SRR B Al I R G TR B 2

BRI K R BRI 2 R B A, U5 B D TR
Bigr St prikist AL o R D AR AL E A R
Aead A A TAR LR AR R, T HL 38 S0RAR
12 AR K I 5 R 2 P R s e TR
B RN B, — B 5 T Bk B P (A Pita, Pib Pit
Pi5 . Pi25/Pid3 . Pik . Pik-m Pik-p . Pil . Pi54  Pi64
Pi35 %) A S 7 94 4 Fhnic (B Redric )
PEARLETE & Rk, S bR ER i A K AR R
I A R DL O PR LR R A B AP ok
P,

TR WAZ O T ot A e [0 6 3 A ok 3 e A o
FIRI e A, B 2 W AE Z R Zhai
%[13]‘ Hua %[141\ Ma %[15]&EJ§$%“6]%%U?FU
I REFRiC KM T Pik | Pik-p ., Pik-m  Pil Pi64
1 Pi35 4 7E 3 [E A% O BT rh B 43 A, Bk il A
NEZR S A #5007 Pk, SCFFRG#5HT Pik-p, ~F 40K Al
KFE 5 5 AT Pik-m, 6T 58 HORE 1 20 R £k 485
i P35, A BIF 5T 40 4k 4 0t [ A e TR AR BT
PEHLPE R Pib | Pita, Pi5, Pi25, Pi54 454k H fx
A L2 10 ) R o R AR D R I - 40 HL A R
] 7K A A% Ol B v B 93 A SR T i 3R K
IR oo o i P 56 PRI 78, DA R A 35801 L 5 e
T FEhie & MR fE B .

#1 HATYEEHERNS FiRicRESIMER

1 #MR5R®
1.1 Kig#el

K R A% O ol 5 204 53, H HORE RS 91 173 L Al
113 35 J5 A e dURE X 13 13 (108, 2 4l ) &b
FEIX 9y CRE ) PEILARE X 3 £ (R ) A YT R 3t A
[X 69 1y (26 4, 43 il ). 74 74 5 [X 68 153 (34 f, 34
Rl A FE A X 42 4y (88, 34 Hll ), 204 17 s #% -0
oI5 R AT AR A o 5 R 4 B LB 2% 1 Chittp : //dloi.
0rg/10.13430/j.cnki.jpgr.20190116002 [ 25 1), i
AV Bl 2= B VE DR AT I R o B8 I 4 2 K
Al K222 BB AR It . KA S AR (#5F
Pib 5L [H°). Tetep ( #£4 Pita., Pi5 I Pi54 JL A *+°
B M2 B (A P25 JLHE ) I VL A B A
( LTH, AT B TR R 20, A s286:
BARAE , 51 B FHVEBAPE BB M I
1.2 JKFEEEZE DNA B3RS PCR ¥ 18

K F CTAB 7 v 42 IOK A8 %)) v ) 3k 9 4
DNA'"?’, FITF PCR ¥4 (5 ¥ 44 Bk ¥ 51 K Fi )
A BEK SR T4 1, PCR Y 1 S WA £ 10 L,
£ 1.0mL10 x ZZi (& Mg™ ), 0.2 mL dNTP (4%
2.5 mmol/L ), 0.6 mL MgCl, ( 25 mmol/L ), 1 mL 5|4
(2.5 mmol/L, F+R ), 0.1 mL Taq fiff (5 U/uL ), 1 mL
DNA( 100 ng/uL ) 1 6.1 mL ddH,O. PCR ¥ B FLF
94 °C 5min; 94 °C 305,57 ¢ 30,72 °C 305,351
PEFR; 72 °C 7 ming § 37U 2% BrHa Wi e e v
UK, B e YL, TR 2R AT N T FHBE I iR
SN R, B DNA RS Z 3 IF kR 3 1k
DL, DA DR B 28 S Erf T 5

Table 1 Molecular markers and their primer sequences used for identification of target genes

Fric A H b & K SIMFEE (5 -3 ) BRI (bp ) Sk

Marker Target gene Primer sequence (5'-3' ) Fragment size Reference

Pibdom Pib F: GAACAATGCCCAAACTTGAGA 365 [5-6]
R: GGGTCCACATGTCAGTGAGC

Lys145 pib F: TCGGTGCCTCGGTAGTCAGT 803
R: GGGAAGCGGATCCTAGGTCT

YL155/87 Pita F: AGCAGGTTATAAGCTAGGCC 1042 [3-4]
R: CTACCAACAAGTTCATCAAA

YL183/87 pita F: AGCAGGTTATAAGCTAGCTAT 1042
R: CTACCAACAAGTTCATCAAA

JJ80-T3 Pi5 F: TTATGAGATTAGGAGTGTAT 442 [89]
R: ATGTAAAGGCAAAAGCTGAT

CAP1/Hinc Il Pi25 F: GCCACATCATAATTCCTTGA 406 [10]
R: TGAAATGGGTGAAAGATGAG

Pi54 MAS Pi54 F: CAATCTCCAAAGTTTTCAGG 359 p(pi54)/ [11]

R: GCTTCAATCACTGCTAGACC

216 P( Pi54 )
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2.1 FIAMNFRCERE Pib #0 Pita H9H1 . IR EAIERH

I 1 Pib %& K45 55 4 Pibdom F/R Al pib 3[4
5519 Lys145 FIR 43 ik sk A A1k T PCR
P0G, BT RN B HoRlEE 220 51
T 1A% 16 By o O R BT A Re YT G S HE A B A
{7 FER Pib YRR SRS, TIASRED H8 B 4507 Jik
I pib ARE S 45T 5 [z, HiAth 188 £y RBP4 H Jk
Joa S R pib AN BB 1St Pk S5 47 JE A Pib 1Y)
FES RS (BRER LB 1), Hut, HEWT &5 okl 220
SN 1, 7 VU &% 16B . T Hit 409B . £, 123B
T80B. 1 88B. il 154, IR661-1( ). il I Kl 15,

5 6 7 8 9 10

A

365 bp—=

5. 6 7 8 9 10

800 bp —=

11 12 13 14 15 16 17 18 19 20 21 22 23 24

WftE 2 5 R 35 22k A0 145 kAN 3
5 AR AR 16 iz O R T Pib JEA
[, ) Pita B RRE 2514 YL155/YL8T F/
R Tl pita 5& 4% 5 51 4 YL183/YL87 FIR 43 i %t fit
KA RIS T PCR 748 . S5 L HH , BHM: X A g
il Tetep o7 kb AR T SRR, — 328 R
WAvA: S50 MR G R 4 BB REER JE
17 & H KD TR B e L MR R LR R
MEAEHE SCERR T R BMELLS R
AJE el LT T DU 16B R R IR AR
255 LIWR 15 JDHE 287 HE 244 7 ARORAE 32 i
WU P A BT S0 3L A Pita, HoAth 172 4 f44%
ST e SV R A pita( BFFER 1.8 2),

12 13 14 15 16 17 18 19 20 21 22 23 24

A: 519 Pibdom § BT AL Pib 1254 B: 514 Lys145 § R A5 7 A5 Pib 9452 M: 2K marker; 1: 53¢ ( FAEXTAR );
2: MBI R A (BT HR ); 3~24: & lizk 220 5 R 1,95 VU%% 16B ik 409B {1 [)r 1238, 80B 1" 88B . i' 154, IR661-1 (5 ),
WLk A B0 15 TETEEOET BB KR 300 AL A HLECE T 1R PHARBERE %R D6k 83 I EAE AR
A: PCR amplification of the resistant allele of Pib using the primer pairs Pibdom F/R, B: PCR amplification of the susceptible allele of Pib using the primer pairs

Lys145 F/R, M: 2K markers, Lane 1: Teqing ( positive control ), Lane 2: Lijiangxintuanheigu ( negative control ), Lane 3-24: Taichungxianxuan No. 220,
Menjiagao 1, Qingsi’ ai 16B, Dianrui 409B, Baoxie 123B, 80B, Zhong 88B, Gu 154, IR661-1 ( early ), Huangsiguizhan, Jinyou No. 1, Funingzipijingzi,
Longhuamaohulu, Shuiyuansanbaili, Yelicanghua, Zhonglouyihao 1, Weiguo, Dandongludao, Xingguo, Laoguangtou 83, Baimaodao, Muxigiu
1 #HKFEmApHEEE Pib B PCR #1545 R

Fig. 1 PCR amplification of the Pib gene in a subset of rice varieties

M 1 2 3 4 5 6 7 8 9 10

M I 2 3 4 5 67 8 9 10

1 kb—>

12 13 14 15 16 17 18 19 20 21 22 23 24

12 13 14 15 16 17 18 19 20 21 22 23 24

=

A: 519 YL185/87 i S5 (kA Pita RY452R; B: 514 YL183/87 4 HY B A AL R Pita A% M: 2K marker; 1: Tetep ( FHAEXTHR );
2. WHVLHT A R (BATEXS ) 3~24 — 3 (WU 7 RAEA: (55 )8 (R A 7 BB 4 REEL R JRAF S LR IR BRI A
TEE BT BEALBH A K 300 L I HUEAE P51 PRARRLRE D4 26k 83 B AEER
A: PCR amplification of the resistant allele of Pita using the primer pairs YL155/87 F/R, B: PCR amplification of the susceptible allele of Pita using the

primer pairs YL183/87 F/R, M: 2K markers, Lane 1: Tetep ( positive control ), Lane 2: Lijiangxintuanheigu ( negative control ), Lane 3-24: Yizhixiang,
Shuyazhan, Esiniu, Qimei, Nanxiongzaoyouzhan, Heidu 4, Hengxianliangchunbengu, Aizizhan, Qiyuexian, Dongtingwanxian, Liuyezhan, Funingzipijingzi,
Longhuamaohulu, Shuiyuansanbaili, Yelicanghua, Zhonglouyihao 1, Weiguo, Dandongludao, Xingguo, Laoguangtou 83, Baimaodao, Muxigiu
2 EHkIEm SRR Pita B PCR 784 R

Fig.2 PCR amplification of the Pita gene in a subset of rice varieties
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2.2 TIHBEERZETE Pi5, Pi25 1 Pis4 EF

FIIH Pi5 2 PRRE 55 [ 47 3380-T3 F/R X ki 7k
R BLEAT PCR 471G, 22 BILBH 1% B i b Tetep J¢
il i NS EEY ENEE ¢ N LT AL AR N R
Wi L ZAR CER ERIET Z2EKL TR
JEEAMNAR FEEA P NER SO R 5
R LL7e ARG (2) /K RN T 2 &k B
88B. 1 it 11 5] 25 A ik 21 5 MG FL 10 %%
TEA 151 Al 2248 5 45 29 (3 ik O T 4 BE D 1%
Y PI5 LA AR AT (BER LU IE 3), HET
X 29 iz O Fh BT Pib LA

FIF] SCAR Hrici 1491 CAPL SHER/KREA RIS T

M 1 2 3 4 5 6 7 8 9 10

442bp —>

PCR 184 , 2 YT Hine 1| FEEI4™ 57y , R IRPATE
Xt RN 2 5 S AAT S 5 1IURG JEARIR R
S PRI T 2,400 1545 7 R i O R R R
B REREDI Y P25 PO o SRR M AR Al
197 (3 % ORI BT 1S W S AN BRI (B3R 1.
B 4), HEit, R 7 fyiiZOF s Pi2s LA,
I InDel #5312 51 47 Pis4 MAS XK A b4
PEAT PCR 418, 2% B FH % 8 & b Tetep M3 7748 17
BT BEAL R - BLUBEST 82 (3 Fh BTREY 1 T
S S LR PisA FARR SR 2T, ITTHAD, 122 A% CoFh
JETRED G R AL BE ] pibd (R ey (BER 1.
15 ), HEuk, WX 82 1w LR Pibd JEH

12 13 14 15 16 17 18 19 20 21 22 23 24

M: 2K marker; 1: Tetep ( PR IR ); 2. BHVTHiA BA ( BIHERSIE ); 3~24: E RS UMbl 5 EHE 150K (&b 65 5 / 511 HR539
RIANT 2. 88B RI AL 11 5 FEIRDL LLIEAG =5 T8 ST SR R T BEAL B # KR 300 AL T FRARREAS D%
Zk 83 AMEIR B pER AL B MG RAT
M: 2K markers, Lane 1: Tetep ( positive control ), Lane 2: Lijiangxintuanheigu ( negative control ), Lane 3-24: Baigedao, Minbeiwanxian, Bawangbian
1, Zimi, Taichung No. 65/Taichung HR539, Menjiading 2, Zhong 88B, Nanjing No. 11, Aimakang, Hong’ ainuo, Sanbanggishiluo, Funingzipijingzi,
Longhuamaohulu, Shuiyuansanbaili, Weiguo, Dandongludao, Xingguo, Laoguangtou 83, Muxigiu, Laohuzhong, Youmangzaojing, Huangkezaonianri
3 EBKTEMFRHUEEE Pi5 ) PCR B4R

Fig. 3 PCR amplification of the Pi5 gene in a subset of rice varieties

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

18 19 20 21 22 23 24

406 bp—»

M: 2K marker; 1: 254 2 5 ( BIHEXTHR ); 2. WHYTHTIAIAA ( BIVERTHR ); 3~24: HRAT 15 A Lok JEAGE JE% Bl b i T 2,
£ 145 NIVK 91269 T8 7758 AR BEALE i KR 300 L HLREAL P — S 1 T FHARRER %R 20k 83 FTBAE AKRIR
EPERh AT SeR 1 H
M: 2K markers, Lane 1: Gumei No. 2 ( positive control ), Lane 2: Lijiangxintuanheigu ( negative control ), Lane 3-24: Tieganwu, Taishannuo, Aihechi,
Aimi, Nanxiongzaoyouzhan, Menjiading 2, Hongwan No.1, Xianghui 91269, Funingzipijingzi, Longhuamaohulu, Shuiyuansanbaili, Yelicanghua,
Zhonglouyihao 1, Weiguo, Dandongludao, Xingguo, Laoguangtou 83, Baimaodao, Muxigiu, Laohuzhong, Youmangzaojing, Huangkezaonianri
B4 EoyKEMAPHIERERE Pi25 ) PCR 8 EEHIZER

Fig. 4 PCR amplification of the Pi25 gene in a subset of rice varieties

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

350 bp—=
216 bp >

M: 2K marker; 1: Tetep ( FHPEXTER ); 2: WVIHTATAA (BIPEXSAR ); 3~24. ST 5 BORE T WAL BHM - HUBAE S8R AT oS5 Bl i
Rl REARE R AR AR SRR 300 KL RS 1 PHARBEAE D 20k 83 AT A ST A H R ABRER EORIR 2L 97B
M: 2K markers, Lane 1: Tetep ( positive control ), Lane 2: Lijiangxintuanheigu ( negative control ), Lane 3-24: Funingzipijingzi, Longhuamaohulu,
Yelicanghua, Laohuzhong, Tieganwu, Liushizao, Leihuozhan, Jiefangxian, Nanxiongzaoyouzhan, Baikehualuo, Baimaodao, Shuiyuansanbaili,
Zhonglouyihao 1, Dandongludao, Xingguo, Laoguangtou 83, Youmangzaojing, Huangkezaonianri, Baigedao, Muxigiu, Aihechi, Zhenshan97B
5 FaKTEmARITIEERE Pi54 B PCR ¥ B4R

Fig. 5 PCR amplification of the Pi54 gene in a subset of rice varieties
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TEAE 204 M iz o AP B, A3 124 {7 Al
A 1~4 > H bR (B3 1), Pis4 4347 3R
55, o 40.20% ; Hk 2 Pita. Pi5 i Pib, 44 4t
ZAY N 15.69% . 14.22% F 7.84% ; Pi25 [43 4 4
R, N 3.43%., Pi5 F1 Pi5a4 ekl g FAN AP
A7 27453 5k H R AT, 1 Pib , Pita A1 Pi25 W A
AT RN A oA (B 1.3 2),

SEREIX M, Pis4 ZEPY AL AL b KT R
e 1V B A DX 93 A7 503 3l (491 % 33.33%~66.67% ),
TEAERIFE X ALAG 4040 (MR 19.05% ) ; Pita £ Hh 437
TR RE X (1% 38.10% ), 76 KT R il P g A
X AR FARAUAS X AT 5341 (B3R 7.69%~11.59% ) ;
Pi5 7E Bk P8 dt 48 1954 A8 X ¥ A 43 A5 (B %

*®2 HFEREEREARIMMEXESH

7.69%~22.06% ); Pib 2504 T KT H T UEFI4ER
FEIX (4% 11.59% . 11.90% ), 7F P4 B 5 X LA 43 A
(MBI 4.41% ) ; Pi25 WA A TAem A T
TR X (R 7.14% . 5.80% ) [ 1.3 2).
TEHEE HARIEIR 1) 124 Iy iz O Fh R, 4 38
Oy¥Eay 2~4 S Hirpute kA, Hidr, 5224 5 #ay
4 LA Pib Pita, Pi5 F1 Pi54; Fg . il 5 112
45T 3 S HAL R4 G435k Pita, Pi25 Fll
Pi54 % Pita. Pi5 Fi1 Pi54; i HL 5 £ Fll 10 48 287 %
35 M BT 2 AN, I 415 43 51 ok Pib Al
Pi54 ( 13 {5 ).Pita #1 Pi54 ( 8 {4} ).Pib #1 Pi54 ( 6 {}} ).
Pib i1 Pita (2 {4} ). Pi25 1 Pi54 ( 2 /3 ). Pib il Pi5 ( 1
3 ) \Pita Fl Pi25( 1 /) . Pita #1 Pi5 (1 f} ) . Pi5 Al
Pi25( 11 ). MEA L& 5 2~4 > BAREERAFh
J LR AN A el g A X (R 1.3 3 ),

Table 2 Geographic distribution of target genes in different subspecies and rice-growing regions

SEPTEA RT3 A3 (% )

FEPTEA RIS X A3 (% )

Frequency of target gene in different subspecies Frequency of target gene in different rice-growing regions SR
H AR i L Bl %t PEdL Kb REE e R (%)
Target gene . Fj _*m_*ﬁ North  Northeast Northwest  Middle and  Southwest South Total
japonica indica . . . . .
China China China lower Yangtze China  China frequency
(o) (113) (13) (9) (3) River (69 ) (68) (42)
Pib 1.10 13.27 0 0 0 11.59 4.41 11.90 7.84
Pita 4.40 24.78 7.69 11.11 0 11.59 8.82 38.10 15.69
Pi5 13.19 15.04 7.69 11.11 0 8.70 22.06 14.29 14.22
Pi25 1.10 5.31 0 0 0 5.80 0 7.14 3.43
Pi54 45.05 36.28 61.54 33.33 66.67 40.58 48.53 19.05 40.20
55 BRI BT 4L, T 1R
The number in the parenthesis stands for number of varieties included, the same as below
*3 ZERERASEARTMIERNSMH
Table 3 Distribution of target gene combinations in different subspecies and rice-cropping regions
AL AL %) SRR IR A (%)
Frequency of target gene combination Frequency of target gene combination in different rice-growing regions R
FERA A in different subspecies (%)
TargeF ge?e —-— K £k b [i'E]4 JK{-TEF"F{}J? S e/ Total
combination . . - North  Northeast ~ Northwest ~ Middle and
japonica indica . . . Southwest . frequency
China China China lower Yangtze . China
(o) (us) (13) (9 (3)  River(go) Omna(88) )
Pi5+Pi54 6.59 6.19 7.69 0 0 4.35 11.76 2.38 6.37
Pita+Pi54 2.20 5.31 0 11.11 0 5.80 441 0 3.92
Pib+Pi54 0 5.31 0 0 0 4.35 2.94 2.38 2.94
Pib+Pita 1.10 0.88 0 0 0 0 0 4.76 0.98
Pi25+Pi54 1.10 0.88 0 0 0 2.90 0 0 0.98
Pib+Pi5 0 0.88 0 0 0 1.45 0 0 0.49
Pita+Pi25 0 0.88 0 0 0 0 0 2.38 0.49
Pita+Pi5 0 0.88 0 0 0 0 0 2.38 0.49
Pi5+Pi25 0 0.88 0 0 0 0 0 2.38 0.49
Pita+Pi25+Pi54 0 0.88 0 0 0 0 0 2.38 0.49
Pita+Pi5+Pi54 0 0.88 0 0 0 0 1.47 0 0.49
Pib+Pita+Pi5+Pi54 0 0.88 0 0 0 0 0 2.38 0.49
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B R A IR (LS Oy Rl R B R e S RE IR R R
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5 SR PR TR B O b P 40 A 1.1,2.,2
A7 R A0 2 5 3 Pik (I3RS ) Pik-p (3¢
Bk ) Pik-m (=1 232 4% FUAB 5 5 45 ) M Pi3s (P 7
L O FANRREE Do ABFSE LT REBLIEFE Pib,
Pita., Pi5, Pi25 Pi54 45 3y [ k5 & K210 Fi]
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RO O B T () 43 A, 2 B PS4 434 Tz, A
B S A ORD I R ] 22 55 (3% 3) 5 59 4, Ramkumar
AL I DR T A T N K RE R R (R
36.19% ), iX W7~ % Pi54 AR Al G 5 Al HEYILTC K,
M Z R T EANIKREE R Yi % R Lee
21914 3 Pi5 15 Pi3 A1 Pii 1R AT B 2 [d] — L[4, i
HIREPERRIC 3380-T3 Joik X ilax 3 AL, A
W 59E 48 7€ 19 Pib 3K T I W i A 7 Pi3 Y Pii, Pib/

Pi3/Pii £ 8 [ R oA B 43 A ARG 1z, HIGHA
R B A ) 25 5 FTRE S Pi5 AT Pi3 R IE TR
550 Pii AR TAERS 2 A 3¢, Pib Al Pita 7E 7
(AN D R TR DO ) RPN B R  R A TS
RN FH 7T RE 51% — LR E TS 2 4 5%, Pi25
TERBAZ O 3t v 53 A7 5 R 45 A1, A 3.43%, X 5
Wang %611 1% T8 % 5 R 7 & Rl ol 9 O P R
K (1.2% ) FH—%, Z=T Pi25 (R, A5 —4
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