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Abstract: The sequence variations of Pi-d3 for rice blast resistance in 80 Yunnan rice landraces were analyzed by rese-
quencing open reading frame (ORF). Compared with Pi-d3"** ORF, a total of 39 nucleotide variations were found in
2775-bp ORFs of 80 rice accessions with the average mutation rate of 1.41%. The WTBXPi-d30RF of 80 rice acces-
sions was divided into 37 haplotypes based on the nucleotide variations. H8(28.8%), H4(11.3%) and H23(5.0%) are
high-frequency types. while other types occurred at low frequency. The results showed that the WTBXPi-d3 in Yunnan
rice landraces was rich in genetic variations and haplotypes,but low frequency. A total of 28 amino acids variations were
found in 33 translation proteins of 37 haplotypes. 18 haplotypes with 32 rice landraces including 12 indica accessions
possessde the Pi-d3 pseudogenes. The frequency of pseudogene was high. It was possible due to that the Pi-d3 pseudo-
gene permeated to indica. Terminators were newly founded at position 32 and 467 of protein except the published termi-
nator at position 737. Pi-d3 differed in both type and frequency of haplotypes between the subspecies of indica and ja-
ponica. the ecotypes of lowland and upland rice, no-waxy and waxy rice. It indicated that genetic differentiation oc-
curred between subspecies or ecotypes. Geographical distribution showed that 37 haplotypes spread over a large area
while concentrated in small areas. Puer, Banna and Lincang were the central area with abundant haplotypes, and based
on this scale, the types of haplotypes decreased outward progressively.

Key words: Yunnan rice landraces; rice blast; Pi-d3; single nucleotide polymorphism
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W OE. XKA RS0 My AR BRI R LK Pi-d3 i X )FHI 34T T PCR P88 3F 00 % 0 #r . 45 R 201, 55
He 80 10y 25 B M 7 R AN ) Pi-d3 S i IX )5 51 (424K 2775 bp) FA7E 39 NAE AL P AR F RN 1.41% . Fia Mo e RiE Sy
37 R B Y, 5 A A v Y B R R HS(28.8 %) JHA(11.3%) . H23(5.0 %) , Hiflh 5% BB R AK . B8 T = Fg b 75 g Fb Pi-
d3 AR EE  REMBEML (HFREAK. 37 M fE R fE7E 28 N E MR 2 5 00 8 Lg% 33 R &R (1, Hod 18 Fpaff
BT 32 AR CELEE 12 O RIS i D B0 T B3R PR (8 3 R AB O R 55 g, TTRE R RS Pi-d3 REFL MR BE . BRE
KR 737 R I R AL RIS AN LB R R 32 F 467 WAL TR 0 . Pi-d3 R KRS BB A8 2 b, K RS L RS L B RS R
R G B TR 288 TR0 % 5 R T T M A AE 25 S, 8 I Ab 1) B AR A 8] & AR T — s WAL Ak . 37 Rl RS I TE = 1 AG M BE 43 A
RN R E R A G G B B R S B L T L O D AN TR L LA R R 2 2
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KA e T A b AR R AR R R 2 A
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DI A T 5| R AR R R s A i,

K BET: 2015-06-13; iR BI BHHEA: 2015-07-30,
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e ELPUE MK B E PR, 3 E P R
PR FE TR AR RSP B R U A R Ak 2 2 D
i B H ATk T B AR A BT KA

HEEWMB.: MK ARF %SRBI H (31360331) 5 BH 8 3 S a1l M T /E € W (2012FY110200) ;5 =~ A H AR # 3 4 R B H

(2013FZ146) ,



18

OO KEEMEN T 86 AUk 3L N (B ZK R
B ) 33 S B R K 43 U b 43 A T K R R AR
3 YRS A 11 K tafk BV b B
24 AN REIEE F2 0P B B T TR

KRR VLRG0 £ I Pi-d3 i Shang 2557 7F b
BORREAE 4 5L 41 NBS-LRR % R 45 437 ] {1 56 (5] b
22 S md R R BCSE AR B 30 7E 43 25 10 B /N B A Y
TERERF R, Pi-d3 SR FOKFESE 6 e afk 1,8
T F AL N, F 4 2775 bp B 45 X, 44 15
924 MR LR, & F NBS-LRR %5 #4988 f1 MHD 3
J¥. BF Pi-d3 HitEIE P LRR JF3) h A — Al 5
RAFTG A LT, BT AR SO R A

= FEMIE R A AT E 5 R
FAFPRS IR 0 Z 18], = B BE NI 76 ~2700 m X
Sl X5 A N R 355 A oA R A R R
FE Rl st G Z R0 22— SE T Z R R b L
flh o BERE L ARBRIEX = AN FAE S XA 80 4y b
D5 Rl Pi-d3 He R 4 b X A7 B 88 60 5 L 38 5 4y
Bt Pi-d3 SEHRFERTRAKTE L2 &M, Hiha ™
FEAD Pi-d3 FEIH ¥ 50 A8 5 28 A ML 3 40 A E L B
FE N 5% R P A 48 3k R v A S R B AR Ak 5 B [ AR 5
1 5% 2R BRI, Ay 7 25 0 A s b o AR R b
N

1 MRS T %

1.1 kAt

MARFE T 2= 8 8 AR B2 Bt A8 R 5 i it ¢
TS5 T Y 1) 2= e 5 o 8 05 A% 0 A O o B L
FHIC 80 173 VR T 2= B 4 AN [R] M i CELD) B 1l 7 & ol
YER AT FE /9 b RE . 4% RIHE S Fh 4325 BERS 46 107
HIAE 34 107 ; Hc K B A8 43 25 . K AE 48 4y, Bl A8 32 35
FeRRE R 025 B 62 10 AR RS 18 0y, AL H
AN Pi-d3 HEP T 5 R 55 xF HE
1.2 KIEEFEZE DNA BRI

FEKRE 3~ 4 WA, BOHT fF L SR R i Y
CTAB B EUEH 4] DNA™
1.3 Pi-d3 EEREF I HIKB RS

MG B A Pi-d3 3 H 14457 7 51351 9
% ( Pi-d3-1F: 5'-GCGAGAAGGAAGTAACAC-
CCA-3'; Pi-d3-1R: 5 -CGGAGGATATCGTG-
CATTTGG-3'; Pi-d3-2F: 5 -GTACGACTCT-
GGGTTGCTGAA-3";  Pi-d3-2R: 5 -AGAAT-
GAATGTCCTGACTGAAACC-3") , Hy 4 3k 7 2%

R E K FERL % (Chin J Rice Sci) 45 30 %45 1 W (2016 4E 1 )

A G T R 2 FE O AR A ORI R B Pi-d 3 i
TP,

PCR JZ b R BAMFHR 40 pL A4 10 X i
W 4 pL.dNTPs 2 pl.4 mol/L IE [a Fl 5 [ 51 4 2
pL,Ex Taq B 0.5 pL,20 ng/pl. DNA #ift 1 pL,
ddH,O 28.5 pL. PCR W F& /5 @ F : 95°C T~ i 48
P 5 min; 94°C 284 40 5,57°C FiR k 30 5,72°C
FEMH 2 min,35 MEH ;72°C FHEZEM 10 min, PCR
PHE W 0.5 %0 ) BB ME BE A A vk . HLUKE T 5
AR I S50 B A T 2 AR R RS R HEAT
DU A A RE A 5 00 PR

JH BioLign ¥ A [6] — 4 BHW A W) - B 51
TR THHEE SHA M Pi-d3 JE NP7 % e #r,
MR e KA SR B F B MEGA V5.10 #4 8 & 48 it
LR, Z A8 BOR 5 Fontaine™ 9 77 1 R H #
FERILER R th By BRI, SR8 Ds=1—
SPCP, g A AR BT O . H A i
(GenBank Accession No.FJ773286.1) . #1 4% (Gen-
Bank Accession No.FJ773285.1) ] Pi-d3 4&td ¥ %)
M NCBI 3£ K £ (http://blast.ncbi.nlm.nih. gov) A
I

2 HiIREH
21 ZEhAEM Pi-d3 ENERRBEXFIH

TR

TEKFE H s Pi-d3 H N 9 5% X K BE Sl 2775
bp, 525 AR A5 09 H A W ¥ 51 4 BE KB B Y 5
GenBank 3875 19 %51 No. FJ773286.1 — %, £ WM
FHIEEE, 5475 (GenBank Accession No.
FI773285. DA H, 80 11 = 7 Hu 7 RS A 1Y Pi-d3 4
e 5 v, e B 39 AN A% A IR A8 S A a5, A il A T
94,95,130, 144,197, 326,356,414, 458,459,477,
525,537,610,756,775,785,1014,1128,1197,1329,
1399, 1484, 1544, 1713, 1729, 1766, 1842, 1874,
2005, 2009, 2209, 2396, 2444, 2566, 2671, 2680,
2687,2699 A (F D, FHBRA 1.41%., 39 4
ASTRIE 1B 78 S 40 2 Ol 1,25 % ~100. 00 % , {15 7E
R, AL 2566, 2687 &b iy AR S R B 3k F
100. 00 %6 , = BH JI7 46 I 1) == w5 F6 Fb 7€ 2566 1 2687
P SR, 39 NS M 17 SR A
AR, 5 RS AR Y 43,59 %, Horh G/T Eide 7
ANGH 17.95%0) A/ T Hifle 5 A~ (5 12.82%),C/G
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Table 1. Sequence variations of Pi-d3 open reading frame in Yunnan rice landraces.

78 S L R b A K AT — 0 4 4 FrAUH R LIRS
Variation Base in Substituted Sequenced No. of substituted Frequence
Substitution type

site Pi-d3"= base accession number accessions /%
94 G T /i ## Transversion 80 3 3.8
95 A T Hji#% Transversion 80 1 1.3
130 G C Wifft Transversion 80 77 96.3
144 T G Hii#t Transversion 80 77 96.3
197 C T 4 Transition 80 7 8.8
326 A T Hii#t Transversion 80 4 5.0
356 G C i 4t Transversion 80 3 3.8
414 G T Hji#f: Transversion 80 3 3.8
458 C T 3 Transition 80 22 27.5
459 A G 3 Transition 80 77 96.3
477 A G 4 Transition 80 16 57.5
525 T C %4t Transition 80 55 68.8
537 G A ¥ Transition 80 48 60.0
610 G A 3 Transition 80 24 30.0
756 T C 3 Transition 80 7 8.8
775 G A 3 Transition 80 77 96.3
785 A G 3 Transition 80 75 93.8
1014 C T 4 Transition 80 22 27.5
1128 C A Hiffs Transversion 80 8 10.0
1197 T C i Transition 80 79 98.8
1329 T G Wit Transversion 80 5 6.3
1399 A T M 4t Transversion 80 8 10.0
1484 G A 3 Transition 80 5 6.3
1544 G A 3 Transition 80 24 30.0
1713 T G Wi#ft Transversion 80 71 88.8
1729 G A 3 Transition 80 72 90.0
1766 C T 4t Transition 80 8 10.0
1842 C G Hji#% Transversion 80 9 11.3
1874 A T Hiff Transversion 80 69 86.3
2005 G T Hifft Transversion 80 23 28.8
2009 G A 4% Transition 80 23 28.8
2209 C T #: ¥ Transition 80 23 28.8
2396 A G 3 Transition 80 8 10.0
2444 T A Hji#f: Transversion 80 71 88.8
2566 C G Hii#t Transversion 80 80 100.0
2671 G T Wit Transversion 80 10 12.5
2680 G A 4 Transition 80 72 90.0
2687 G A %4t Transition 80 80 100.0
2699 G A & Transition 80 7 8.8

Wik 4 A CF 10.26%), A/G B4k 1 4 (F
2.56%) 522 A B8 % 1 B e i 58 i 4 9
56. 4120, Hrt G/A B i 14 4> (5 35.90%).C/T
A 8 AN (1 20.51%) . Zeit DNA FF5I % LT, ]
He 80 iy 2 e 5 FE R A O 37 AR AL (3 2), H
AWEIHT HA, BBl 45 R A9 A8 S 83k B 7E 10
ABLE P E SRR 17 A4, Joeh A8 HL 1)

75 S e S BB 22 (22 A) L RS R HS1 Y AR S B At
B/ A1 4, R 2 Rl rT LLE L 37 Fhafs
th H8(28.8%), H4(11.3%), H23(5.0%) Jif /5 kb
558 5 I 2 5 10 2 RS R  i HAth BLRT AR ) AR R 5
I A PAE R 1~2 AN Fh, T, = By
FEFPAE Pi-d3 s b HAZRER . BAGRKR
2 AR R AL
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Table 2. Haplotypes of Pi-d3 open reading frame in Yunnan rice landraces.
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W55 . ST O R R DUAS S AL R Pi-d3 R 9178 52 00 #

REERER Pi-d3 EANEEBSHT

Xt oM 2 e M AR AP Pi-d3 R 37 Fh
A5 7Y 5 A S A 2R 1 BUIE O . R AR TE 28 2 TR
A8 S, 37 Ah A A% AU 2L g5 fih 33 b A T, B 1Y
H2 5 H35.H4 5 H17 . H8 5 H19 . H14 5 HI15 %
I E H R AAAFE 25 (R 3), X 33 FoR R 19 2
HEH LA 16 Fhtar b B2k oA dE S E A, H
R 17 RS EEA,

g 2.3 3 T LLE H H1, H4, H17, H7,
H9.H11,H14,H15,H18,H21,H24,H30, H36 3
13 Fh e fis 8l T 78 A% 7 R 2209 fi kb &4 C/T Hi
e Af IR 737 S A LT, BB Pi-d3 BRI AL

2.2

®3 AEAREEADP-I3ERSREBRFITL
Table 3. Amino acid variation of Pi-d3 in 37 haplotypes.
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FBEEIH X & Shang 45 % B A4 M ik R A5, He I
AT DA 30 B TR (1 A R B B L A AR
S8 B K BB R H33 ., H34 i TAER A IR 94 f
G/ T Eife , S LM 32 A7 B Ik 5o f%
A H13,H16,H28.H34,H36 & H R 1399 i &
A A/T Bifle, FECASEMR 467 (i MK LT, X 2
ST R I iy IR Ml PR A AR

80 1y = g M A RL A 32 £ HE B 3 4 Ak B
S BRI BUBUR J 8 4020, X S 3 R AL A1 R
BLEHRG 20 0, AUAS 12 6y, BOARRNAS b SRR JE IR
A% (35. 3 %60 B AR T8 e (43. 5 %00 , (HLAG I
TRl AR A TE AR 3 R AR B 42 T Shang 45 7E & L

B A HHEM A7 A Amino acid lous

Haplotype 32 44 66 109 119 138 153 204 259 262 443 467 495 515 571 577 589 625 669 670 737 799 815 856 891 894 896 900
Hi4+ Digu E G A K R R TG V DNIRGIRHV S NV G QN F H V V R R
H1 - R - M - - M s I — K — — H QM — I F D x — Y D — Q —
H2 ., H35 - R - - - — - — — - — — — - QM -1 - — — — Y D — 1 Q —
H3 - R - = = = = 1 - - — — — Q@ M — 1 - — — Y D L I Q —
H4 . H17 - R - - = = M s 1 - — — — H QM — 1 F D *x — Y D — I Q —
H5 - R - M P S - — 1 - - — E — — — L - - — s — DL — Q Q
H6 - R - = = = = -1 - — — E QM -1 — — — — Y D L 1 Q —
H7 - R — = — S M S 1 — — — H QM — I F D =« Y — L I Q

H8.H19 - R - =1 - = = = Q M -1 - = = — Y D — 1 Q —
H9 - - - - - - M s 1 - - — — H QM — I F D * — Y D — I Q —
H10 - R - - == - -1 G - - - - Q M -1 - - - — Y D L I Q —
HI11 - R — M P S M S 1 - - — — H QM - 1 F D * — Y D — I Q —
H12 - R - - - - - -1 - — - — - QM- — — — — — Y D — 1 Q —
H13 - R - = = = = — 1 = — %x — — Q M — I - — — Y D L 1 Q —
H14 .HI15 - R - - = = M S I — K — — H QM — 1 F D x — Y D — I Q —
H16 - R V- - - - —-—1 - — % — — — — L - — — — s — D - — Q Q
H18 - R - - - = M s 1 - - — H Q M — 1 F D = — Y D L 1 Q —
H20 - RV --- -1 - = = - - - — L - = — — S — D — — Q Q
H21 - R - ™M P - M S T - - — — H QM - 1 F D » — Y D — 1T Q —
H22 - R - - — = — — 1 - - E Q M I - - Y D 1 Q

H23 - R - - - - 1 G - - - QM 1 - - Y D - 1 Q —
H24 - R - M s 1 - - = H — M - — — — x — Y D — 1 Q —
H25 - R V. — - - = = I - - = = = — 1 - = = =S — Db - — Q —
H26 - R - = = = = - - — — E M -1 — — — — Y D — 1 Q —
H27 - RV - -1 - = = - = - — L - = — — S — D L — Q Q
H28 - R - - == = =1 - - % - - Q M -1 - - - — Y D — 1 Q —
H29 vV R - — — — — — 1 - — — — — QM 1 — — — — Y D I Q

H30 - - - = = = -s 1 - = = - H Q M - I F D » — Y D — 1 Q —
H31 - - = = = = -1 - Q M -1 - = = — Y D — 1 Q —
H32 - R - - == =s 1 — K — — HQM - 1 F D — — Y D — I Q —
H33 x R — — — - = =1 - - - - - QM -1 - - — — Y D — 1 Q —
H34 * R - - = = - - I - — = E — Q M — 1 - = = — Y D - 1 Q —
H36 - R — — — — M S I — — % — H Q M — 1 F D = — Y D — 1 Q —
H37 - R - -1 - = = - = Q M -1 - = = = =D — 1 Q —

S PRRAE VLA S LS A A o« fRERA AT

— "represents the same base as Digu; “ * "represents terminator.



22

Pi-d3 3BT IN A, Pi-d3 83 AL DA77 T 8 R
2% B v T R ARG DU s ) T A R RTORL R b R A
BIEHEA . =By R R Pi-d3 835 B A 7E K
RS R i B B B Rl 16 0y L AELZE KRS o i B
A (33, 3YOE T REAR (50. 0%) . TR EE kGG 4025,
BEA R AT 23 B BERE AT 9 AR RS AL KL B Pi-
d3 8L kG ARG B o B (50, 0%0) = T 6
(37.1%) . Pi-d3 BILFE A=Y 10 N7y
Ao A DL (8 ) VAR (7 0 LI i (6 43
FL BB 3y, Sl A B 2y, BB LA
WYL AR B L . RN Pi-d3 R
PRI A3 R F 8, 38 87,5 %0 . R TH L RLAA L Ife ik 2
b DX IR FIORE e (] B 2 47 oA . R BR 2% 58 JLR 3L
s r AR A AP R BT R A AR HED =
o RE P Pi-d 3 i3 P AR MO RS 1) Al A 1) 78 3
23 MBERERP-d3 ARAEERAEZESM
XK 57

YN Pi-d3 S5 PAE 2 B 48 45 N T b 38 oy A
RIGER O, FEPAGA h H4 5 b4 A 78 35 5 i
V8 A b, A TE ) 43 A R B GR 44. 4%,
B S AG  AB T HS 7E 2 FE 48 1 43 A 1 LA
F)E BB AR S G AR R L
LT 3 5, G v A S TE RT3 AT R
(17.4%) & 15 F G 76 P b A S s f A, B f3%
T H23 7835 0 43 A A% W A R (50.0060) . =
B A b DX B R 2 R AR BRI
(0. 885) = iR M (0. 875) >l iy 1l (0. 871) > K&
7 (0. 861) >3l M (0. 735) >FE 72 JH (0. 722) > {#
1L 0. 720) > i YT. 1 (0. 667) > W4 1 (0. 560),
KBTS LS T RN I v A R 2 T B R
XSE R — b R W] Pid3 B PAE = & R TR
1Y AR AR A 2 B A7 A 5 3 st A% oAk
24 MBEREEP-d AEBRREREAEKBEESE
B HH

Pi-d3 A 2 7 Hb oy i B i A L Okl A I
] i 2 A fE e 2% %, H1,H2 , H3 , H5, H6, H7, H9.
H10,HI11,H13,H14,H17,H18, H19, H20, H21,
H22 . H24  H25 . H26 , H27 2 8% 71 H /88 g o
P H28, H29, H30, H31, H32, H33, H34, H35,
H36 H37 A5 A HFEhifg i 8. 78 Pi-d3 i
SRS ORI RS Y 2L S L R RS H4 L H8 L H12,
H15.H16,H23, fd 4f 5 5 K AT 2 0] LUA Y HA
SO RS 1 O B B R, H8 S il 1 I H B4 2

R E K FERL % (Chin J Rice Sci) 45 30 %45 1 W (2016 4E 1 )

PR H4 /75 58 AE H AR B (GenBank Acces-
sion No. FJ773286. 1) 5¢ &Ml Al , $L45%5 4 HS 1Y )7 5]
5HIFE 93-11(GenBank Accession No.FJ773285. 1)
(P9 52 4 AH TR . BT UL, il A FORE % 3504 0 4 i
Y F B AFE e A 5 B kR B Y s AL oy
b B ARG B RS RSB Sy 5

Pi-d 3 F& FAE 7K R Rt A5 [ 149 43 A [) A A7 A 22
S, H1. H2. H3. H5. H6, H7, H11. H12., H13.
H14.H17 .H21,H26 ,H27 ,H32 & BfE %1 B ALE A
B, H9 H10, H19, H22  H24 . H25, H28 , H29,
H30,H31,H33, H34, H35, H36, H37 % ff £ 1
TE KRG b B He L H8, H15, H16, H18, H20, H23
S B R LR K Bk R R XA, o HA Oy RS 1Y
e fsA H8  H20, H23 g K (A0 S B fis 1

Pi-d3 e PR e F5b 4 R 0RR 14 e U 19 0 A A7 A 22
S, H1, H2, H5, H6, H7, H9, H13, H14, HI15,
H16,H17,H20, H22, H23, H26, H27, H29, H31,
H32,H33,H34,H35,H36,H37 H 78 %5 #4015 5
H10.H11,H19,H21,H24,H25 . H30 H7EkERE b
434 s H3 HA HS H12 H18, H28 45 B f 7 1 B ft
UG RE P 344 40 A, Foh Ha L H8 S B8 19 A A 5
7, H28 bl R 1 AR 4 s A
2.5 #URiEIMgE

JIEA B BE AT 43 S PR R CIE 1), % iy 2 3 R
577.589.799.894 fi ;S 248 S, Horp T B4 48 H20,
H16 \H27 \H5 . H25 b4y, HAY Y 32 Fp o A5
s B, RS T KO, b A Bk o — AN /L,
H25 .H5 . H27 . H16 . H20 A —4- 8. BT 5 A1
LRI FRE R 2 B 577.894 AL S LB 5,
589 i AN LSRR R) 799 i sS4 F K S(4
R . 15 LB H37 Bl Sy — A/, B Ay
31 AN FRLAE AL Sy — AN WAL, X A AL H H2  H35,
H26, H6, H22, H34, H3, H13, H10, H23, HS8,
H19.H28.H29,H33. H31 ¥k — 8, EMEA
LR 669 A1 670 {7 gL AR R, H24, H32, HY,
H30, H7, H18, H17, H36, H4, H14, H15, H1,
HI11.H21 R — B TR RAE 2 7E 2 R 204
P AR SN S(Z2 R R 515 A A8 HH A
M2y, H12 Bl — /A, Wi 56 R/ H37.
H12 H8 .H19.H28 , H29 . H33 ¥ Ml
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R5 Pi-d3 FAEBEBFERAEKBELBEPHNIH
Table 5. Distribution of Pi-d3 haplotype in different rice types.

R E K FERL % (Chin J Rice Sci) 45 30 %45 1 W (2016 4E 1 )

KR Rl e i 7 KR R i R
e R japonica indica _ Upland rice Lowland riie No-waxy rice Waxy riceﬂ_
No. of ) Lk LIRS ) R LIRS R LIRS
Haplotype ’ K Kok Kk Kt K B
accessions No. Frequence o, Frequence No. Frequence o Frequence No. Frequence No. Frequence
/% /% /% /% /% /%
H1 1 1 100.0 0 0 1 100.0 0 0 1 100.0 0 0
H2 1 1 100.0 0 0 1 100.0 0 0 1 100.0 0 0
H3 2 2 100.0 0 0 1 50.0 1 50.0 1 50.0 1 50.0
H4 9 7 77.8 2 22.2 6 66.7 3 33.3 7 77.8 2 22.2
H5 1 1 100.0 0 0 1 100.0 0 0 1 100.0 0 0
H6 1 1 100.0 0 0 1 100.0 0 0 1 100.0 0 0
H7 1 1 100.0 0 0 1 100.0 0 0 1 100.0 0 0
H8 23 9 39.1 14 60.9 5 21.7 18 78.3 19 82.6 4 17.4
H9 1 1 100.0 0 0 0 0 1 100.0 1 100.0 0 0
H10 1 1 100.0 0 0 0 0 1 100.0 0 0 1 100.0
H11 1 1 100.0 0 0 1 100.0 0 0 0 0 1 100.0
H12 2 1 50.0 1 50.0 2 100.0 0 0 1 50.0 1 50.0
H13 1 1 100.0 0 0 1 100.0 0 0 1 100.0 0 0
H14 1 1 100.0 0 0 1 100.0 0 0 1 100.0 0 0
H15 2 1 50.0 1 50.0 1 50.0 1 50.0 2 100.0 0 0
H16 2 1 50.0 1 50.0 1 50.0 1 50.0 2 100.0 0 0
H17 1 1 100.0 0 0 1 100.0 0 0 1 100.0 0 0
H18 2 2 100.0 0 0 1 50.0 1 50.0 1 50.0 1 50.0
H19 1 1 100.0 0 0 0 0 1 100.0 0 0 1 100.0
H20 3 3 100.0 0 0 1 33.3 2 66.7 3 100.0 0 0
H21 1 1 100.0 0 0 1 100.0 0 0 0 0 1 100.0
H22 1 1 100.0 0 0 0 0 1 100.0 1 100.0 0 0
H23 4 2 50.0 2 50.0 1 25.0 3 75.0 4 100.0 0 0
H24 1 1 100.0 0 0 0 0 1 100.0 0 0 1 100.0
H25 1 1 100.0 0 0 0 0 1 100.0 0 0 1 100.0
H26 1 1 100.0 0 0 1 100.0 0 0 1 100.0 0 0
H27 1 1 100.0 0 0 1 100.0 0 0 1 100.0 0 0
H28 3 0 0 3 100.0 0 0 3 100.0 1 33.3 2 66.7
H29 1 0 0 1 100.0 0 0 1 100.0 1 100.0 0 0
H30 1 0 0 1 100.0 0 0 1 100.0 0 0 1 100.0
H31 1 0 0 1 100.0 0 0 1 100.0 1 100.0 0 0
H32 1 0 0 1 100.0 1 100.0 0 0 1 100.0 0 0
H33 2 0 0 2 100.0 0 0 2 100.0 2 100.0 0 0
H34 1 0 0 1 100.0 0 0 1 100.0 1 100.0 0 0
H35 1 0 0 1 100.0 0 0 1 100.0 1 100.0 0 0
H36 1 0 0 1 100.0 0 0 1 100.0 1 100.0 0 0
H37 1 0 0 1 100.0 0 0 1 100.0 1 100.0 0 0
S Total 80 46 57.5 34 42.5 32 40.0 48 60.0 62 77.5 18 22.5
B [17]

G T TNl 51 I8 | S O NS 2 L R e A = X
Tt 22— P 2 R DR o A b R L AR
5% 38 33 42 1 R )7 51 40 B 4 80 10 = 1 b J7 A b 11
Pi-d3 FEVAJy 37 T sp £ AL ; s A% R 43 A 3R W = R
Moy RE Rl Pi-d3 D SRS B RR G R IO Y B
5 45 22, AR FIDRE R 240 4 A0 34 B A% 0, 9 4 S ol 1)
E & A W A 3 A% 4 40, HE B3 Rl B 42 A ] BE R A
e FIORE AR H AN ) %) 35 A4 e 0 A ok

Pi-d3 WA= T2, =4 13
AN T A R A 2 AP A o A L S KA1
AN BRE A . KR S R TR ) A A R S LA
MG, HAF A E X" KR, = 56 RE I
T A8 1L 22 BE M KO i S [ g 4 b 1K e

I8 T A B /N Fof R 58 AL 22 KR R A T -
e 99 B 1 0T i ) a0 A e, 5 2 zﬁﬂﬁfaﬁfﬁ@
FERS 5T SR A SR B8R Ol = e D o R R I
RHPER AL T UL B T L, 2 e O R AR
Pi-d3 FEH W Z R0k K 717 53 A 5 A0 SC RS IR T B
FE/INF Y 351G Z R B DA G

Shang %76 & b % B, Pi-d3 % & K4k H A7
T T RE AR AN 44 BRSO k1 A R S A
Pi-d3 SR SR AR 7 5 FF BR A9 58 2208 4 4% 1 R
Ab I CAG RASCN & 1T TAG. i 2 88 T B 3%
o I 6 RG 000 3 f 1 N R 55 R L ACAL 2R JR) BT A R ROHL
e v AR A B3 A1 pl Ot 9 00 3 Fof 2 A R RIRE A
Iy AR K B A HIE 5 AE K DU 9 801 = B M Jr
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B 1 Neighbor-joining ;M EKBRBERERE Pi-d3 RS # LR

Fig. 1. Neighbor-joining phylogenetic tree for 37 Pi-d3 haplotypes.

FEAP A B 20 Ay RGN 12 O RUAS H 30 48 35 IR b B
G ARFE AR 8 B R AT IR 94,1399 LR
AMBFERA . Pi-d3 B3R HY B 2R 55 vy 1Y) Hh X
— ¥ i) s A AP RIHE R , K SR 4 2 1 JL 3R e Rl AR
IR A1 Ak T R 2 B R 5 R R 2% B L A RS R P )
RIS 233 1 25

Shang %" B 58 K& B, PURE AR 3L N Pi-d3 1E
JKAE AL L 93-11, TP309 L K H A 1 v 1 1l 4
D AH A R RS o Fl o 28 AT 93-11 Hr iz 5 IR X
Jo R B Pk, 7ERE RS L Rl TP309 A H A B H
FRHEWI— C/T @i, 85 &1L 757,18
Gty — A 737 ANE IR Z KL BN T iR E H
9 LRR DX, oF 1 3 BO% SR T g e 2k . A TF
FER R I Pi-d3 3L FE RIS b b B SE R AL B 4

X B AR AR i ol 1 BT O L 7 B —
MIPURTERT ST . LA BR T I Pi-d3 B I By 5
A, 5350 19 Fh G BL I Pi-d3 B LR Y 95 4
AR ENTR DI RER 2k — DT,
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