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Development and Application of KASP Marker
Specific for Rice Blast Resistance Pi2 Gene

YANG Yi-giang', ZHU Lin-feng'*?, LI Xiao-fang', FU Jie', HUANG Dao-qiang',
QIU Xian-jin’, ZHOU Shao-chuan', WANG Chong-rong'
('Rice Research Institute, Guangdong Academy of Agricultural Sciences/Guangdong Key Laboratory for New Technology
Research of Rice, Guangzhou 510640; *College of Agriculture , Yangtze University, Hubei Jingzhou 434023 )

Abstract: Pi2 is a rice gene for broad-spectrum resistance to blast pathogens, which has an important application
value for rice blast resistance breeding in South China. In order to improve the selection efficiency, a KASP marker
specific for Pi2 gene was developed based on the variation GCA GGA/GTG TTA at codon 787 and 788 of Pi2 gene
between the highly resistant variety Huangguang Youzhan and the highly susceptible variety Guanglu Ai 4. The
developed allele specific marker could accurately distinguish the resistance allele, susceptible allele and heterozygous
genotype at Pi2 in 40 rice varieties, which was highly correlated with their resistance/susceptible phenotypes. Further
more, this marker was applied in a large F, segregation population from a cross of Wushan Youzhan and Yujing 91 to
select the target genotypes of the individuals or lines that carried the blast resistance Pi2 alleles through marker-assisted
selection exhibited intermediate or high resistance to blast in disease nursery. In conclusion, using the developed
allele specific marker, 28 Guangdong rice varieties that carry blast resistance gene Pi2 were identified, which has an
important application value in improving selection efficiency in the development of blast resistant rice varieties.
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FH R R 7 | A P R e 1 T K R A 7 ™
R E 22—, B AT A 109%~30% 187 , 7 E RS
A DL K R B 40%0~50% B o INIRBE SR
SR T RREE A S 1, TR T SRR HURIEL i
JE BTG R B B A A i L R R R
FE MGG A B A AR N RS
F 5N X RS ANE, T BN R LA S
TR ALY LR XA -G T HerE R
TAER S A, FIHE bR R P R Y 34
Bibmic s D Re R R bRIC, st i% T BRER B bRIE 1€
PEOA BARPUrE R B kAT 245 (1152 ), B D
FAMHREHER A HEFT B ARPRIR A ek R, 17 3 g
W/ NRAE (CBIAE ) R RN 548 AR o

Pi2 JZ— X RO RS RE AU
B R Sl R AR DX A e 1 D32
H/N AR, I, BRI DU E B A
T B E R A AT, A BRSEE OT
Kz LR 4y TRl , I F o Fhnic i Bhit £
( MAS, marker-asssited selection ) & 1" “*', {H X 8
S FAmC AR I 2 8O T HER UK R B 2,
MELLSEEE [ Bk, S EOHETIXEE MAS B P
FERCRIAR . J3 o, X S hRic A I AR AE & 5
S SR TN AR IR 2 o PR 2 BT G, %k A A4 7™ A 7
FE o IFRPUREIERR IR Pi2 95 R EE R ARG, I
BT R A I AP AR A R e I R R A
e A E TR A 2

A% R £ & M (SNP, single nucleotide
polymorphism ), = E 248 7EFE K4 I i % H TR
ST HE P DNA FA 2840, B R4 mE
AR SRR UL —F . SNP B £, oA iz, il
T AL A, By T3 B, 7R 1 B AP
WAL ZrR . BB BE FH T SNP A Y 7
B BB HLIK PO GE 5 PCRVEERLE A FIsE 4+
P %5 7 % A PCR ( KASP, kompetitive allele specific
PCR) "*'s KASP (3K 4310 )5 3 i3 it 1157 PCR
R A SO AR, SEIAR S A A, HL
o ik #R TG T LK, 8D T S B R I R X PR 1Y)
R L NN LT NI P B~ A i 015 I 7 e 2
A Bk SRR A ol S SR S R T
1, BA AR ey | S SR o2 4 R R U
PRI AT R &1 Pi2
PURIRL I FE A ) KASP 5 53V 0 74 ic W-Pi2 Al 7
U (Fh— 5l 09 ) A & FhobA ek 1) Pi2 i) 246 i
IR HL R 5 7 I RELE 5 [ 465 i R R RN 1

P 5 S THBEH 1 27 PRSI AR BT FE IR, X EHT
eI /KA R R Aol R HLA N FH AN
1 MREFE
1.1 iXgesrt

DAAS B 356 19 35 A5 RS & Rl RITIACSE H
JTHRAE GHIEAE LA PR AR X 7 A
O I & A o a8 4 R, L, )9 A (HGY Z,
Huangguang Youzhan ) &£ 7™ I KT FURE A bt
FEIE IR di R, VE R BUe Xt BE; )R 4 5 (GLA 4,
Guanglu Ai 4) J& ) - i X RIS 1 2R175 22 9 [ 37
i 107 FH R B ot R 42 KRB AR (R D) T AR
v BEF BE K FEWF I8 FT S ORAT, FRAE T RA AR
R N e I i N S o 8 B T U 4
F, HeH R R T 2R T () R
1.2 BERAESLEE

PR E R F ARG IR E TR R
N BBEEAE) M T AR X B A RR A, 8 4
A i R R AR AR T, HLAT R ) b B A
M TR BA BRI RE R X . R R
BAZRFPAR, BRI MARHRD 2 47, B4 T 4 R ATHE 23.3 om,
PRIE 16.7 om, PUJEFAEIS & A0 R%E 4 5 R 1R
AW BB, TERGE, LR 4 5
Gy AR U U R A TR SR R A, 44 ok
T (IRRI ) 0~9 Z ) o HAREREA TiE 5%, 0 T,
1 0PL, 3 e, 5 bk, 79Uk, 9 Fmek
1.3 W-Pi2 #Ri2iIgiT A&

KT 7k 597 |4 Pi2SNP A )
5 AR R 4 5 BEAT PCR T B AN B I
o L5 4 # VR4S g Pi9 | Pi2 | Piz-t, Pigm [F]—
7B 280 B LR T A0 347 Xt P9, Pi2 .,
Piz-t, Pigm , Pi50 [ 3£ R 41 751 % F GenBank (4%
JE, X 8 5 55430l 2 DQ285630 ., DQ352453
DQ352049 , KU904633 . KP985761, #1| il NCBI ¥4 3}
() 7 2 BLAST 73 #r T H. 3£ 47 FE %) Chttps: //www.
nebi.nlm.nih.gov ), H 78 I 2 % JL A 41 )7 %1 % H
LOC_0s06g17900 4751, Lb X} 25 5 J PR A il
TESS 787 3 5F 788 (T L AFE A W il
J 5 Pi2 AR GCA GGA LAY, % 4 54
GTG TTA SR, AR AP AR A5 18 77 51 R
Primer Premier 5.0 $5 Awais 25" 5 3 %F 1 22 5 o7
SR KASP bRic s |9, SR S5 K 5 1P 9128 th A T
AP TR () B A IR A W T 5 1A 8, 5149
T HME B 1,
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Table 1 W-Pi2 primer sequences

KA 1 Detected allele 5|94 ¥ Primer name

J¥%11(5'-3") Sequence

Allele-CAG W-Pi2-fam-F
Allele-TGT W-Pi2-hex-F
Allele-CAG/TGT W-Pi2-R

gaaggtgaccaagttcatgct TCTCCATGTGGATGCTGCAG
gaaggtcggagtcaacggatt TCTCTATGTGAATGCTGTGT

TGTCCTTAGTAGGGGAGGAGG

519 W-Pi2-fam-F H/NE TR 8 FAM i HZEGHRZE T4, 5149 W-Pi2-hex-F H/INE FREFR 4> R HEX 3l HZEGHRZE P51

The lowercase letter part of primer W-Pi2-fam-F is the FAM universal fluorescent label sequence, and the lowercase letter part of primer W-Pi2-hex-F

is the HEX universal fluorescent label sequence

1.4 W-PR2 tRiEERBE S EM A EL R

VL CTAB 72 #ilt £2 19 7K #5 - |- & (K 244 DNA
B, R F iR KASP 43 FHric 51 %) #47 PCR,
B 18 = ) B Bio-Rad CFX Connect S 7€ Y6 5
i PCR A 1 3 HUGE 1 19 7 4 9 S A% 5 {B (RFU,
relative fluorescence units ), 5 i K437, K 44
% 10 uL A 4% 20~30 ng/uL [ DNA 2 uL, f ik i 43
Fhrics Y3t 0.28 uL, Wi % F 514945 0.07 pL,
R 5147 0.14 uL, AN 5 uL 1 2 x KASP Master mixture,
#PK % 10 L., KASP Master mixture Hi) M [ 75
EHARA R A AL W AR 94 C
15 min; 94 °C 20 s, 63~55 C 1 mm,/\ﬂﬁ%l?“og C,
I 10 MG ; 94 °C 205,55 °C 1 min, 3£ 26 PMEF,
J%‘é HSEREEAR A 16 °CL 20 5o MRAETOLME

UL FIWTT RN KRS AL 00 Pi2 S50 R DRI . 2

h{ﬁ"J@J FAM 2G5S IR K RS Sl Pi2 41

PESEA LY CAG; #57 HA I 2 HEX %665, W
REMZK FERE &R Pi2 JE8p S IR TGT; #5 [R] B
R B P AT, MR K IR Sl Pi2 244
LAY

2 HER59H

2.1 HFHRE W-Pi2 B A%
MG O A SCHRIR I , 76 Pi2 JEEE 2 Ah R T |

55 787 L RN 788 T BATAEAL AT PR AL 5+,
IH Ak A S 5 A R B R RS LM 2 W AR 5 T O
H A0 A A AR S5 —BE 66 bp fF51 REMS X 7> Pi2
FEP BB A LY ARBFSTE T PCR g BRI
7, 4 0T 4 %Eaiﬂijﬁﬂﬁ Pi9  Pi2 | Piz-t, Pigm |
Pi50 [Al—{ & 1 285k i BEE P 81001 7 Hxt, &
LA S PR R AR IS (HGYZ ) 5 AR
AR RESE 4 5 (GLA 4) i S AR 2 54k
S I N Pi2 261 ) GCA GGA K& [H A
IR 45l GTG TTA BB (& 1), itk LA
Bt R 22 5 CAG/TGT Nhric 5| ¥ 3" K H &
Pric W-Pi2. pRic s sl ansk 1 s, pnic 5149
Allele-CAG HE IR KASP master mix §1 [ FAM 2¢ 6
BREZEVLED, HRic 514 Allele-TGT #E KASP master
mix ") HEX Z¢ AR 28 Ll Z44d PCR J5, 1] L)
IG5 SRR R S AL, e 2 B

WA R R SNP A8 507 45, A58 7R i GCA GGA/GTG TTA 78 S s, , L1 (8, FhHy Pi2 5 Sk 25 7 5,

The physical location in LOC_Os06g17900

% HGYZ TCTTCCCTCCAATCTCTCCATGTGGATGCTGCAGGAATCTCAGATGGT. . . GGAACACTTGAGTGC
E GLA4  TCTTCCCTCCAATATCTCTATGTGAATGCTGTGTTATTATCAGATATT. . . GAAACACTTGAGTGC
? £ P2 TCTTCCCTCCAATCTCTCCATGTGGATGCTGCAGGAATCTCAGATGGT. . . GGAACACTTGAGTGC
f& 2 Pri9 TCTTCCCTCCAATCTCTCTATGTGAATGCTGCGTTATTATCAGATATT. . . GAAACACTTGAGTGC
g% PigmR  TCTTCCCTCCAATATCTCTATGTGAATGCTGCGTTATTATCAGATATT. . . GAAACACTTGAGTGC
ESE PigmS  TCTTCCCTCCAATATCTCTATGTGAATGCTGGGTTATTATCAGATATT. . . GAAACACTTGAGTGC
JRJI—E Piz—t  TCITCCCTCCAATCICTCCATGTGGATGCTGTGTTATTCTCAGGTATTATTGGAACACT TGAGTGC
= § Pi50  TCTTCCCTCCAATATCTCTATGTGAATGCTGCGTTATTATCAGATATT. . . GAAACACTTGAGTGC

% [ 2190 [ 2200 | 2210 [ 2220 [ 2230 [2240 [ 2500

S WEAELOC 050617900 BRI E (bp )

SNP mutation sites were highlighted in blue, GCA GGA/GTG TTA mutation sites were highlighted in white,

and Pi2 specific difference sites were highlighted in red letters

B1 P2 EEERERMRST

Fig.1 Sequence alignment analysis of multiple alleles of Pi2
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7, BRI W-Pi2 BEAEAR L AOAS I AN [v) ) 4507 A
B Al DU R 3 Rl R A

: ZENIFEKFAIL Allele 1
> _ 8000 - 0 SEAFE T2 Allele 2
g“uj;: F m| 2 AGHEE A Heterozygosite
R 700k S| o Jid 14 None
= [ ®
£ 35 6000 F
> = i
£ 5 5000 F
&= E o
§§4000;‘\‘\‘\\\‘ow‘\‘\‘\\\‘\‘\%‘\
=z 2000 3000 4000 5000 6000

Allelel -HEX {5 {5
RFU for allele]-HEX
O FUPEAEA IR Allele 2 ( BTN, CAG 28 5+# ) 731 15
O: Wﬁfpﬁ—s—%u;&lﬁu Allele 1 (J7RI#%E 4 5, TGT 285 ) 434 a5
A IR AR R IS AT 5 O BP0 15 T )
|:| : Resistance allele 2( HGYZ, CAG variant ),
O : Susceptible alleles 1 ( GLA 4, TGT variant ),
A : Heterozygosite control, < : Negative control, the same as below
B2 #Rig W-Pi2 HEIE
Fig.2 Schematic diagram of W-Pi2 genotyping

2.2 KASP tRi2 W-Pi2 #& | Pi2 5 (i & & 7£ 5 7
ks o)
I W=Pi2 AR Xt 40 /> F 0 2K A8 R Bkt B

nnﬁﬁr{ﬂﬂlﬁ%ﬂrﬁﬂi@4ﬁﬁ KASP i, 45
gER L 3 2, Hi, 28 AN bR 0 Bk R A Ry

K2 NANKBRFHH W-PR FIEHNEFRBESHEERE
Table 2

CAG, BB 57 K R, [8) A 9600 o v 4 e 6 1
B 1A (GFAE G ) FREAh, A AR BN th e 3
PUs 12 A EFPFRICIE R BN TGT, BRI S0 3k K

AL PPk S e R BBE 1A Puah, AR B,
VLRI bR e 5 B R 5 B G, W-Pi2 RS H T
i APPUIR LR Pi2 9T/ JBREE A R RS e . 8 B
Fric BN , B R0 5 B8 8 MR o 8 YR Hh 7 5 HH 4T IR
T
5] o
LIk o%%&%iﬂmuelel
I imn SRR Allele 2
RN & A8 ﬂ‘n%.;ﬂj Heterozygosite
B 9F o J&47 1% None
i
TS 6k
o) 9]
i ~ 5EF ° 85 e

2000 2200 2400 2600 2800 3000

Allele] -HEXH)ZA5 5
RFU for allele]-HEX
O: 55 1~28; O: J¥5 29~40
(HEAR R AR 2)
[J: No.1-28, O : No.29-40 ( detailed variety
names showed at table 2 )
B3 #Ric W-Pi2 7£ 42 DMK RS BIGER

Fig.3 'W-Pi2 detection results of 42 rice varieties

W-Pi2 marker genotypes and blast resistance in 42 rice varieties

RSS2

A AR (REF S/ HJ7 S )

s AR W-Pi2 fRic 5 7 , , : o SR
Number Variety name W-Pi2 marker genotype Results (?f rlCé blasf resistance Varlet)f characteristics Source
identification ( cultivar/landrace )
1 Tl Allele 2 (=50 FEF S AR (BT RE 2006004 ) JURAE
2 S Allele 2 Bt FEF SR (.57 RE 2009030 ) JTRA
3 28 ik Allele 2 LR TR IHRE
4 AR5 Allele 2 SR PEF A (B TR 2013023 ) IR
5 pivAn Allele 2 R PEF SR (AR 2010023 ) JURAE
6 R Allele 2 LR PEF SRR (TR 2012002) JTHRAE
7 B i Allele 2 =i PEF R (RS 2011026 ) IHRAE
8 FRH Allele 2 bt PEF (B HAE 2013003 ) IR
9 F ek Allele 2 Tt PR (EHTRE 2013027 ) IR
10 oA Allele 2 LT PEF SR (TR 2013024) JTRA
11 i Allele 2 rpUgk VEF Ml (A 2011021 ) I"HRAE
12 FlE s Allele 2 LRSI FPEF A (B HRE 2014005 ) IR
13 EIIE=Y Allele 2 bt PEF AR (EHIRE 2014004 ) IR
14 oA Allele 2 Ei PEF S (EHTRE 2014023 ) JTRAE
15 BRI Allele 2 [T WH AN (EHTHE 2015006 ) I"HRAE
16 E2au Allele 2 bt FEF f AP (ELHRE 2006046 ) IR
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Fa2(48)
e - W-Pi2 bR L T %aﬁfrﬁmézﬁm%ﬁ nﬁ‘:ﬁ%m T A /.iﬁﬁn%ﬁ ) —
Number Variety name W-Pi2 marker genotype Results (?fl‘lC(:} blas.t resistance Varlet}./ characteristics Source
identification (cultivar/landrace )

17 WL S Allele 2 (SN ETT AR (B3RS 2016031 ) JTRAE
18 FLAR Allele 2 Bt HEFE AP (EH4TRE 20170050 ) )
19 T2 Allele 2 [ T ai (SR 2009031 ) JTRA
20 pigin Allele 2 Bt JEF AP (TR 2013002) JUHRA
21 WLLH S Allele 2 it ETT AR (B HRE 2015001 ) JTHRA
22 A A 2 Allele 2 £ PEF (B HTR 20180001 ) JUHRA
23 BT Allele 2 GRET PEF A (BT 20190014 ) JTHRA
24 Filizz s Allele 2 T EF R (BATRS 20170051) JUHRAE
25 G Allele 2 it PEF LA (TS 2011001 ) JTHRA
26 F Allele 2 Bt PEF A (TR 2011025 ) JUHRAE
27 HAT Allele 2 SR PEF d A (B TR 2008001 ) JTHRA
28 R Allele 2 SEETI PEF AR (EHIAE 2012025) JUHRA
29 £/ L 25 Allele 1 J& HH AT (EHTHE 2006009 ) TR
30 KA 21 Allele 1 & HEF A ( CNA20080249.6 ) WiR A
31 L Allele 1 T Hb 5 I RA
32 FREE 1S Allele 1 &k EFE AP (EHTRE 1997002) JUHRAE
33 SEFIH Allele 1 gk BET A (E-H R 200105 ) JRA
34 R L2 Allele 1 SE JEF AP (BT 2015009 ) JUHRAE
35 HE Allele 1 & EFT Al (-5 2008037 ) e
36 KA 32 Allele 1 ik EE AR O3 RS 2015009 ) Wir A
37 E 91 Allele 1 & W A S 2015034 ) WA
38 WEAL 17 5 Allele 1 = W A OGS 15245 ) WiR A
39 B Allele 1 & Hb 7 PANEESY

. J PR

40 aER Allele 1 J& HoJ7 A (1K
CK1 B Allele 2 [ WHE AN (EHTHE 2013001 ) e
CK2 IR 445 Allele 1 ik JEF JUHRAE

Allele 2 AFUPESA KA (H) 3005 ); Allele 1 M EORSEA LR (] REEE 4 5 ); T
Allele 2 is the resistance allele (HGYZ ); Allele 1 is the susceptible allele ( GLA 4 ), the same as below

2.3 A KASP #Ri2 W-Pi2 BRI EFRNBERE

i A3

L PRS0 B S R L S AR R S
R Pi2 Bk 5 7 3 PR A I8 b F R A 91 2
TARAG F, BEAR, A 331 A9 KASP Fric W-Pi2 X}
4600 Z A~ F, B RR i 17 5 R 0K 0, DA v 9 2% 1
ali A AP Pi2 FE R R 245 1000 £k, %ﬁ*ﬁiﬂﬁ
FH , [) B 3o 40 el S5 R 7R 100 BRATE S X R

Fy X B TR IR FE B, AP i 6 1Y 18 Bk
Al PR I D TR 6 A 2l T 3k DR 7R [ 32 kA5
Fy, R 24 43 F, Bk 21 I 15 AR DX B R
o 4 8 LA T RVRL AR E R e . e SRR
B, #EA7 Bk Pi2 (Allele 2 ) (4 8% 22 %8 e 4 03 % 1L
YU BT, #5 BOR Pi2 (Allele 1) Rk R E 3
R BR R BB R B S W-PI2 AR ic ik P B AR £F
(%£3),
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x3 ALMAEESR I HRERERN W-Pi2 FRiEMER B R EBERTE
Table 3 'W-Pi2 genotypes and blast resistance in F, lines derived from the cross of Wushan Youzhan/Yujing 91

2 WP T A S WP T A RIS AE5

Number W-Pi2 marker genotype Results O,f rlce.: blas.t resistance Number W-Pi2 marker genotype Result o.f rlce- blasf resistance

identification identification

X2011 Allele 1 & X2023 Allele 2 =270

X2012 Allele 1 J& X2024 Allele 2 X

X2013 Allele 1 T X2025 Allele 2 [=Ei

X2014 Allele 1 & X2026 Allele 2 (=27

X2015 Allele 1 & X2027 Allele 2 bt

X2016 Allele 1 J& X2028 Allele 2 bt

X2017 Allele 2 (=270 X2029 Allele 2 (=270

X2018 Allele 2 Bt X2030 Allele 2 Bt

X2019 Allele 2 e X2031 Allele 2 bt

X2020 Allele 2 (=270 X2032 Allele 2 e

X2021 Allele 2 [t X2033 Allele 2 [

X2022 Allele 2 [0 X2034 Allele 2 [

i £ 0.9 6k A,

3 iFig

HHTE A 27 A /KRS B R R0 2 850 R o
Bt FHI S AR R B 2 T AR D L
SRS T hR 0 B3 R I e AR IO 4 B e B 4 DR
LD KRG b Bl i SRR P, BB MR
W7 . MR I S B L Pil F
Pi2 BEEB I FARICHBI R T = RfAE &R
£ A BIRRRPUTE . 1/ NG RS T
Pi9 F1 Pigm 8 i bR 05 B 171 52 el B AR5 L 7=
JEAFIRL 1 AR 14 3RS T 3 RUR . oot
2 U B TR S e V5 , R B
Pil | Pi2  Pi9 R = R AR E 7 R225, A1l
TR BT B PRk R . ERE S F
FHPURIE R SE R Pi25s L RKAEAE REEIR A KL
FASFP AR DLE o AT X Pi2 JEPR R AR A
W, EARHE IR THERRRD. EmEs Ir
&1 dCAPS #7ic, PCR ¥ ¥4 2 J5 i B/ VI, FiatkA T
VBT M FELTACAS I, R B 2% M LS B A Bl Ak, 1 4
AP IE R HRM BRIC, % PCR 4 19K 2 HL A
FEORK, I FLI R AR e i, 64T It o 0 5 M 4 L
Ao HT KASP 3 73 8 7 3 2 —Fh%F SNP
Indel {3 25 27 RS B A BU B B AR o A EL AT
HIBFSE , ASBFFETIT K& 1) KASP Fric W-Pi2 B LT
FL UK RS R A R 2 5 S A BN Ak A R
i AR 2 AR R . LI R R A
WAL B SME T, 1 4528 5 1 Kl LURR
H5E R 5000 93 22 AT AREAS KN, BRI E500 A 2% FHAI

AWFFEF ) KASP Fric W-Pi2 FIH Pi2 4h i
F XA IR R AR, iR R S O Pi2 Btk
SRR (1), iR A5 R R bR i AN A
FEG IR A TR, SARPTIE SR S A AR S
B AT RS E , DA I B2 o5 7 b e 1 A o
Wi, AR, B TR E KRl “PE sk ik
], A B AR KA P R %0 B s . B AR
U W PL RS S A, anSE 4 5 2 % (S ok
T 21 AeHF 32 KiEE B ERE WG T
T, BT A B A BuAs e S R, R bt A 22
IO IR ] T LSRG b A A R RS
A AL BORST , Bk = B UL A, BCA I 297K A
P & SR — A BB, T ARA A
& KRR IR, R R PUR A L,
Z ) Iz N T IR E R AL AR A N E
PR R, AT R, BR 2 2 AR A T
IRAA W) 33 AP 28 45 Pi2 PR EE L, Horp
27 A R RIS T Bk s, L, X
S S RT D S R P B AR A BT SE AR
FI A 5% S 7 BT s A, 15 B IF A 1Y Pi2 R
PERRIC, XS B B UL B KR B i P EL A R
FHANE B 25 K R =l i 46 s 80 4 T 1)
HE

T AR KRG SRR BT S R o] DL b &
FTAERE B, EmditEa e, ik, alHc
BT HE R ) D e iC SRR SRR IC , I XK A i
AT 111 2 A R s o = R N
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22 %

KB, SRR 22T BRI A Pi2 BRI H
e URERE AR B A2 A AR T
AT DIAE A AZ 385 P S R i sk k. 52 M
B, RS Ae by EARETAT Pi2 Prrk A (0 g
I o R R AT BRIEAATE Pi2 AL
25 LTI ASHIE I B XU N 2L R Pi2 (4R
SEPEA 5, P & T — KASP fric W-Pi2, 33 i
FF /KRBT AP 0 5 128 5 20 TP i Sl Bk B b
PRFR . W-Pi2 Aric B AR 4 i 46 e /K AF 4 kb Pi2
(RN ) 25457 32 PR, A EE At Pi2 8943 —F A 1 R 6 0
AR AR I 6, 455 58 i 1Y DNA 42 4t
FIVE Bl Ak e 3 T R B 3 U R Yk Jié , KASP 4
SEPEPRIC AT A A FHXHE R R Bk S Rl ) &
i ELA 2N A

Sk
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