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Three avirulance genes composition and pathotype structure among Magnaporthe
oryzae isolates from six rice growing areas of Yunnan Province
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Abstract: In order to clarify the resistance effectiveness of the three R genes (Piz-t, Pib and Pii), AvrPiz-
t, AvrPib and Avr-Pii were detected by PCR amplification using specific markers from 348 Magna-
porthe oryzae isolates collected from six rice production areas of Yunnan Province. The pathogenicity
of these isolates was determined by inoculation on monogenic lines IRBLzt-T, IRBLb-B and IRBLi-FS5,
which holds R gene Piz-t, Pib and Pii, respectively. PCR amplification results showed that the percent-
ages of isolates with Avrpiz-t, Avrpib and Avr-Pii genes were 51.7%, 46.8% and 15.8% respectively
among the 348 tested isolates; the percentages of isolates with genotypes GTS8, GT2, GTS, GT6, GTI,
GT3, GT4 and GT7 were 24.7%, 21.8%, 21.0%, 16.7%, 4.9%, 4.0%, 3.4% and 3.4% respectively; and
the percentages of isolates holding 3, 2, 1 and 0 avirulence genes were 4.9%, 29.2%, 41.1% and 24.7%,
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respectively. The overall genotype diversity level was high (2.81) for all isolates from Yunnan Province,

and the highest diversity (2.97) was detected in central Yunnan among the six regions. Pathogenicity
test showed that 89.1%, 63.2% and 38.5% of the isolates were avirulent to IRBLzt-T, IRBLb-B and IR-
BLi-F5, respectively. It indicated that the resistance utilization values of Piz-t and Pib were higher than
that of Pii; the eight pathotypes PT1, PT2, PT3, PT4, PT5, PT6, PT7 and PTS8 accounted for 23.0%,
30.2%, 8.9%, 2.0%, 21.8%, 5.2%, 4.6% and 4.3% of all the 348 isolates, respectively. PT2, PT1 and

PT5 were the main pathotypes of rice blast in Yunnan.
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TS 3 R A R AL R e 2 0 K
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2R SRR REA Pib FE (I 7255 ,2009) 5 PR IR YT
BHETHAIE 6 667 hm? A (1 36 4~ Ea% M A A
AN AP Pib BE P (XARFE S, 2011) 5 Pii FE A TR
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T VG 44 R T T T Bk X Pib 3 DR ) B0 A R
98.45% (=54 ,2010) , 335 bk BB V148 RSB0 4 1
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s D R AR o TR 3 DR A AL R 43 L TTRE
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PR X 3 AN JCREFE R A 0 A 4 e e He &2
FEME s R A3 B K BT SE R Piz-¢  Pib F Pii 7K
e AL IR 2250 25 A 6 17K R 7 X A R B R
PEAT T BRI E , o Hr FEIE0S B 114 B80S 780 K HLAH
IEBUIE L B A R, A A = B A K it &
Folt K /K i b BEA SR AR R

1 #EETE

1.1 #8t

HETRAR FK RS A T 201020144 4 2=/
BEH EARI EVEIE AR R E VY R AR 6
TR 7 X KA SR A B AR IR AR s -
2257 B IR 348 MRAFIE R LI R AR , T-20°C AR
A7 MU TR %) 2 7K A RIDKE 23 R BRI 3k
RS T8 BB RS 18 5 S Piz-t Pib R Pii FE N A 7K A5
L 22 IRBLzt-T . IRBLb-B il IRBLi-F5 7K 7 i
S ot BE AR T AT SR A 38R A ARl B
25 ot Al R85 BE USRI 5 BT MR AR W0 AR =
A7

FRFRHE M TNRIG SR AN e 30 g I
JE 15 g 2G4 10 g, 281K 1 L, 121 °CIB G TR K
T 25 min; LB (Luria-Bertani) & {4 3% 3% 5t il 45 R 75
ZIHE 10 g ERERG 3 g ZRIEK 1 L, 121 CREIM S K
i 25 mins

R A% : PCR Master Mix 7] .\DNA Mark-
er D2000, RARAE AR (A6 50 A7 FRA 7] 5 HAb )
BN = o dral . 100 BULRIRAS , & M AT AR A o)
115 £ A FR 2\ 7] 3 C1000 PCR 1X . PowerPac™ Basic
Hi, K A Al ChemiDoc™ XRS+U5E I AR £ 4t , 5 [
Bio-Rad /3 7 ; DYCP-31DN Hi, Jk## , b 50 S — 1L 2%
7 s MGC-400B GG FE4R , Bl —H B2 TR
NS
1.2 Ak
121 =& AR %A A AR L4 A B PCRAZ N

WL 348 AR FFTIR I TR EAF8L DA IR 43 o 2 v 2]
MR BRI FEHE b, F 25 Ikt 7 dJe K 2
P il 8 LB WA 2 rh , T 25 C & ARG T o555
6~8 d, W5 14 22 , >k H CTAB 7% (Tai & Tanksley,
1990 ) $2 HURFIE I 11 PR 22 4 L 41 DNA, H-F-20C
PRAF . 43R JCHEBE N AvrPiz-t 5 SPERRIC 514
AvztF (5-CCAACGTAGAGCGTATGC-3')/AvztF (5'-
TCCGTTGAAGCAACAGGATC-3")(Li et al.,2009)
Avr-Pib ¥F 5 1 bR 12 51 ¥ AvrPibF1 (5'-GGA-
CAAGGGAGGCAAATCTAAC-3' )/AvrPibR1 (5'-A-

TGCCGACAATGCGAGGTAT-3' ) (Zhang et al.,
2015) \ Avr-Pii F§ 5 PEAR 12 51 9 F1 (5-AAATCCC-
CTTTTATTCCTTCCA-3")/R1 (5-CCATAACCGCA-
TTTGGAGCATT-3") ( Yoshida et al.,2009) % Ff 595
i AvrPiz-t  AvrPib F Avr-Pii {vi }5 547 PCR P14, 5]
Y e R E S () R A BR AR A . 20 uL
PCR J2 Jii{A % : PCR Master Mix 10 uL .10 pmol/L I
T 51945 0.4 uL  FEH 41 DNA 0.8 uL, il A ddH,0
8.4 uL. PCR S F2F : 95°C AL 1 3 min; 95°C 748
30 s, 55°C/60°C (AvrPiz-t ¥l AvrPib 5 S VERRIC S
YIB KR E K 55°C , Ave-Pii B St YERRIC S 1 0B KR
FEh 60°C) 1B 2k 30 s, 72°CIEM 30 s, 30 MEER; 72°C
FHAEAR 7 min, T 4°CORAE. I 1.5% BrREml e x4 3
51T LT AS TN, I FHBE S RS R G T e FH
PR RN =0 53 0 R AR A JC R R RS B
A TCHEHE K A TR , THIRTC 5 3 DR R A A4
122 =H A BEFRARARAERAX S

M4 3 S ToBE B K AvrPiz-t AvrPib F1 Avr-Pii 1)
PCR 9" 14 &5 506 Ho 0] 43 S 8 i i A A9 1 ok , B
GT1~GT8(F 1), THHAAIKFE ™ X F K B2 hli 2+
PEFE%L, Bl Shannon-Wiener Z £ M550 (5 v - F1X)

N
£ M,1994) ,Shannon-Wiener ZFEHAEE =" P InP,,
i=1

o PO PSRRI ARY LU, P=N/N, N, 56 i it
PR AR A AR, N A 4 35 R R AR A 8, S R 3
PRIV 58
1.2.3 =#H 48 RH A B HREREN E

W IR 348 RAR I TR B AR TR IR 43 ) 4 ) e
EHRR IR E, T 25C R 2B, FHa kK
WG FRIER MR, KK e R, 5T HE
KTF 24 40 h A2 I, FH K A 2808 /K U6 T 7, il B
e JE R 3x10°~5x10° AN/mL (1) #1 T 2 7% W, A
0.02% Tween-20 J5 £ 11

& A PorE LA Piz-t. PibF Pii ) 7K A 25
% IRBLzt-T . IRBLb-B Fl IRBLi-F5 7K f i Ff Fl /K A5
J XoF HE i A VT P SR AT 2R S T 15 emx
9.5 cmx5.3 cm HURLF B & N REFP, TSGR SRR R
AT, BATHE R SR B B &S T M E Lk
e AR B UEA 55 B A B 12 m Y2 30 m HOlG
MENE . FKRH K 2 3~4 i), REE 5512
Fh B v B ol 3% 10°~5x 10°4/mL 1 A8 95 9% T
IR SR BDK RGN e b, AR 20 mL A
TRIF . MG F & TR 24~26C |
AR BE 100% W DR IT AR PN SR WG 15 9% 18~20 h, FRA%
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[ 2 N TR, 7~10 dJR A ADK RN IO AR TE  RBEA LR o SR IR A Bl A se o0 e, i Ik
OB BT R R 08, RIVHEFA R, Ik 4RKUL b IRIEF AR, SRR A% (1997)
TR OLIEAT 0 %, P BARUENN S (0%, TOWRBE; 19, J7 ik B A &0 o 0~2 G i R IR Tl T BR A0 D AN
HAEFRI/NREERER 290, 7 EHAR 1~2 mm BURBIE R , K45 LI F0 2 3~5 G R J s 11 1T A
AR B U B 5 3 9, 7 AR BAR 3~7 mm K WM ECR BL Ak , 23500 3155 200 B TR bR AN B0 1Y
INBI IR IR BE SR BEA S i 2 4 90, 7RI Z T BARES AR

WO S 1 KRB BE ;5 9%, 7 LRV 22 IO 3 L

x1 ETPCRYBERNEFEL S
Table 1 Defined genotypes based on PCR amplification

JeHEEEA Avirulent gene GT1 GT2 GT3 GT4 GT5 GT6 GT7 GT8
AvrPiz-t + + + - + - - -
AvrPib + + - + - + - -
Avr-Pii + - + + - - + -
+. - BREE MAEA JL#EE . +, - Strains with and without avirulent gene.
1.2.4 =& A4 RIAH A HRERE R Pii FEEN 28 A B0 PN 25 2R KA R RS oy

R 4l e I T B R XS S B R Piz-t Pib SFhEUR I, B PT1~PTS(F22),
T2 ETEURMERMNAERER S

Table 2 Defined pathotypes based on disease reaction

PUoEIE [ Resistance gene PTI PT2 PT3 PT4 PT5 PT6 PT7 PT8
Piz-t R R R S S
Pib R R S R S R S
Pii R S R R S S

R. S: P N MUER . R, S: Resistance or susceptible reaction.

2 ERE55H PRI , 5354 180,163 1 55 BR BRIk & A Jo 5 3k
_ B . . AvrPiz-t. AvrPib 1 Avr-Pii, ¥ I A5 2R 43 51 4
21 ZRARERENPCRIENLER S0 468 T S8 £
. (AN . (4 . (4 o
ZICEE L AvrPiz-t . AvrPib Fll Avr-Pii $5 54045 |
R3 ZAENKBIrEEBEREINLTEEEANPCREGNERE SHIEEL

Table 3 PCR detection results of three avirulence genes and diversity index among Magnaporthe oryzae isolates

from six rice production regions in Yunnan Province

- T AvrPiz-t AvrPib Avr-Pii h “Wi
S QL B R—
Ricproduction  No.of FHBREL MliiE  WBEEC WBCE  WHEC IR B
; : Shannon-Wiener
region isolates  No. of Test No. of Test No. of Test diversity index
strains  frequency/%  strains  frequency/%  strains  frequency/% y
e 54 30 55.6 25 46.3 19 35.2 2.97
Central, Yunnan
FRE
Northeastern, Yunnan 72 55 76.4 26 36.1 7 9.7 2.47
EPGIL
Northwestern, Yunnan 15 6 40.0 11 73.3 2 13.3 2.41
IR
Southeastern, Yunnan 33 16 48.5 18 54.5 5 15.2 2.77
TH
i 28 17 60.7 19 67.9 4 14.3 2.55
Southwestern, Yunnan
VY
146 56 384 64 43.8 18 12.3 2.68

Western, Yunnan
41t Total 348 180 51.7 163 46.8 55 15.8 2.81
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FEEARDL E VR E D AR RS P G R
VU, AvrPiz-t J& PR I 45022 53 0 R 76.4% . 60.7%
55.6% .48.5% .40.0% F1 38.4% ; AvrPib Jt R A& 4
Iy 9N 36.1%. 67.9%. 46.3% . 54.5%. 73.3% i
43.8%; Avr-Pii & PR I 31 2% 43 531 R 9.7% . 14.3% .
35.2%.15.2% 13.3% M12.3%, 3 M LEFHEHNIESE
A AN KRS 7 X RE R PR R TP ) 2 A 22 ek
Horp AvrPiz-t LR AE TR AR B VL PG R 1 A ) 45
FALTF 50.0% , Hoaqx 1 X KT 50.0%, 7ETE AR LA
R B w5, o 76.4% 5 AvePib KL (R AR AL B
1T G ARG I A SR A T 50.0% , He Ay M X #4 K T
50.0% , TEVE PU LA A9 3 B i , 3K 73.3% ; Avre-Pii
DR L R RG: R A0 R s 8 T 35.0% 4, HiAy 5 N K G
7 XA RS AR R A AR, N T 16.0% (3R 3) . AL,

AT LA A5 340 W 25 T 48 %) Piz-¢, Pib 5 PR ) FH A (i
fe TXF Pii PR R FHANE 5 Pii B AR TP A —
ERF A, 7EH A 5 D KRE T X B R A %k
Ptk
22 ZEEBRERENERER SHMEIEE

i 348 K B Pk o HEAG I 2] 8 il AS i) 5 R R (3%
4), Hr GT KA = fe i , o4 24.7% ; HAR R
GT2.GT5.GT6.GT1.GT3.GT4 F1 GT7, ¥ il i %
WK 21.8%.21.0%.16.7% 4.9% 4.0% .3.4% F 3.4%:;
TE 348 MR AR, & A 1| LR M B MR AR £
h 143 Kk R A 41.1%; &8 2 DS TCTERE Y
ARRECH 102 Bk, K A 2828 29.2%; 1547 3 D TC#
FE R RECH 17 Bk, A WA 38 4.9% ;3 1~ To#
FERPIAEEAT (T RRECN 86 Bk , K A5 A 24.7% .

R4 ZEENKBEIrRERERERRNERER S

Table 4 Frequencies of the three avirulence-gene genotypes among Magnaporthe oryzae isolates from

six rice production regions in Yunnan Province

e EARA NIt AR IR N}
. S IEE Central, Northeastern, Northwestern, Southeastern, Southwestern, Western,
LR B R g}ég %lﬁ[f%{ Yunnan Yunnan Yunnan Yunnan Yunnan Yunnan
Geno- No. of  Test : iRl Tz ez iRl Tz iRl

type strains frequen- aviru- WAREC g BAREC iR BEAREL iR BEAREC iR BEAREL Bk AR iR

lence

cy/% No.of Test No.of Test

No. of Test

No.of Test No.of Test No.of Test

8eNES  qtrains frequen- strains frequen- strains frequen- strains frequen- strains frequen- strains frequen-

cy/% cy/% cy/% cy/% cy/% cy/%
GT1 17 4.9 3 7 13.0 2 2.8 1 6.7 1 3.0 3 10.7 3 2.1
GT2 76 21.8 2 10 18.5 14 19.4 2 13.3 9 273 11 393 30 20.5
GT3 14 4.0 2 6 11.1 3 4.2 1 6.7 2 6.1 1 3.6 1 0.7
GT4 12 34 2 5.6 2 2.8 0 0.0 1 3.0 0 0.0 6 4.1
N 102 29.2 19 35.2 19 26.4 3 20.0 12 36.4 12 429 37 253
Total
GT5 73 21.0 1 7 13.0 36 50.0 13.3 4 12.1 2 7.1 22 15.1
GT6 58 16.7 1 5 9.3 8 11.1 53.3 7 21.2 5 17.9 25 17.1
GT7 12 34 1 3 5.6 0 0.0 0.0 1 3.0 0 0.0 8 5.5
/Nt 143 41.1 15 279 44 61.1 10 66.6 12 36.3 7 25.0 55 37.7
Total
GT8 86 24.7 0 13 24.1 7 9.7 1 6.7 8 24.2 6 21.4 51 349
411 348 100.0 54 100.0 72 100.0 15 100.0 33 100.0 28 100.0 146 100.0
Total

AN KR 7™ DX AR TR AR T 15 Y R R 1Y
Lo 2 AR . AR JEARDE JHPEIL AR R JH
VY A R P AR DA R A T, G DR 7 R A
I 9 R 13.0% . 2.8% . 6.7% . 3.0% . 10.7% Fi
2.19% ,F5A 2> ToaE S DA %) S DR 70 B AR ARG D 0 38 4
514 35.2% . 26.4% . 20.0% . 36.4% . 42.9% K1 25.3%;
FEA 1A TJC%E 5 DR 0 56 PR 784 T R A 100 A1 23 43 1 o
27.9% .61.1% .66.6% .36.3%.25.0% F137.7% (3 4)

A 6 K FE = X RS PR AFEAR 1Y) Shannon-Wie-
ner ZFEMEFE BOUK 8 8 LA TR K RS 7= X RS I3 P
PA#EARY Shannon-Wiener ZFEMHFREUK A AE— &
Z HhE AR, 2,97, ORI R N T 4 R T
PO E YRS AR EPEIR (R 3).
23 ZEABEREREKNBURE

T8 348 BRIA AR, XS 9390 & A Piz-t  Pib F1 Pii K&
(1) 7K A5 B 3L [K £2 IRBLzt-T . IRBLb-B Hl IRBLi-F5
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RN ANBE Y EAREL 300 310,220 Fl 134 4%, K
W3 243 1) K 89.1% . 63.2% 11 38.5% ., JE T JE AR
db E PG EAREE VY R TP 6 N K R XA
JELI B EAT IRBLzt-T AS 200 B Rk AS I35 34 vk
4 90.7% . 84.7% . 93.3% . 84.8% . 50.0% Fl 86.3% ; %}
IRBLb-B A~ Z i 1A A ) 40 R AR IR Ry 74.1%
66.7%.100.0% . 54.5% . 53.6% F150.7% ; % IRBLi-F5
ANBUIR TR AR A I AT AR UK R 53.7% .30.6% .53.3%
18.2% .64.3% F134.9% , 2 PATE 3 Ptk L A v, Piz-

¢ S5 DRUXT RS 9 TRT A e 1k R P A (L e o, U2 Pib
B, Pii BRI ERAR . Piz-t FEHTE 64~
JRAE P DX b 4G R AR, Ferb VY e X AR
FHANELAS T oAt 5 A AR 77 X, FOBERS X /5 TR RS
X ; Pib FEHTE 6 A 7K Fe ™= X rh 4 R A (e,
TEL PG b X B v A1 A (8 e e, ELUREARS DX g s 1A
DX 5 Pii JE R BR AR rh PG AL FNEL Y A —E 1Y
FIHBAESS , 76 HoAth 34> AR = DX I A R 441K T
50.0% , LR I (R 5) .

R5 ZEENKBIREBEREREK 3 MIEERNERYE
Table 5 Pathogenicity on three monogenic rice lines of Magnaporthe oryzae isolates from six

rice production regions of Yunnan Province

JKFEEAELH & IRBLzt-T
(%5 Piz-tE:[H)

JKFEBILH & IRBLb-B
(& Pib R

JK A BILH & IRBLI-F5
(% Pii 3L

P
A Rice monogenic line IRBLzt-T Rice monogenic line IRBLb-B  Rice monogenic line IRBLi-F5

. US *Hfz S . PREL (holding Piz-t gene) (holding Pib gene) (holding Pii gene)
Rice production region  Total — - —
solate  NEURBIKREL iR ABUARMREL IR AEURERE iR
No. of avirulence Test No. of avirulence Test No. of avirulence Test
isolates frequency/% isolates frequency/% isolates frequency/%
A 54 49 90.7 40 74.1 29 53.7
Central , Yunnan
EARL 72 61 84.7 48 66.7 22 30.6
Northeastern, Yunnan
it 15 14 93.3 15 100.0 8 53.3
Northwestern, Yunnan
PR 33 28 84.8 18 54.5 6 18.2
Southeastern, Yunnan
i 28 14 50.0 15 53.6 18 64.3
Southwestern, Yunnan
bEviii} 146 126 86.3 74 50.7 51 349
Western, Yunnan
HIFE X 149 109 73.2 69 46.3 63 423
Indica rice region
HEFF X 199 183 92.0 141 70.9 71 35.7
Japonica rice region
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76,1816 F1 15 B , K 451 28 53 51 o~ 23.0% .30.2%
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PT1 A1 PTS S0 78 i MR A I AR 3R 458 85 , 1 20.0%,
h 2 P A RS B A PR 17 B B0 R . e VEL P e A
TV KR DX, 8 P BSOS Y BRI AR 414 40 AT 5 TR AR
JEAKFE 7 X, Bk PT8 A1 HoAh 7 350 28U T AR 9 43
A7 FEVUAR B KR = X, B3 PTS A1 PT7 A A 6 Fh
S B TRIAR I 43 A 5 TR TRk ™ X, B PT6 T PT7
A0 HoAth, 6 Fi B0 8 TR AR YA S A 5 7R TE P ALK R
X {5345 PT1.PT2 FIIPT6 3% 3 RhEum A Rk (% 6) .
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My, 1986—1990 4F-3 L 4 (1995) X} 4 561 4y i
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Table 6 Distribution and pathotype of Magnaporthe oryzae isolates on three monogenic lines in six rice

production regions of Yunnan Province

Hp EARIL pi=Niiiale HARR VR N

s Central , Northeastern,  Northwestern, Southeastern, Southwestern, Western,

RS %%% Yunnan Yunnan Yunnan Yunnan Yunnan Yunnan

S DR ; ; ; ; ; :
Pfﬁfi ;;e Eg'i;f_ Test kAL *\%‘U‘]’J kR bisaill] kRS ey kR *%YWJ b fﬁé‘{)ﬂﬂ iR ﬁ‘%?ﬂﬂ
lates freq}l;n- No. of ?ef No. of %%T\:;t‘ No. of i No. of B No. of ?j No. of ﬂ,?ef

cy 0 . _ . _ . . _ . . _
the iso frequen- the iso frequen- the iso frequen- the iso frequen- s frequen- the iso frequen-

lates cy/% lates cy/% lates cy/% lates cy/% lates cyl% lates cyl%
PT1 80 23.0 23 42.6 14 19.4 8 533 5 15.2 9 32.1 21 14.4
PT2 105 30.2 15 27.8 24 333 6 40.0 11 333 3 10.7 46 31.5
PT3 31 8.9 4 7.4 6 8.3 0 0.0 1 3.0 1 3.6 19 13.0
PT4 7 2.0 7 13.0 17 23.6 0 0.0 11 333 1 3.6 40 27.4
PT5 76 21.8 2 3.7 1 1.4 0 0.0 0 0.0 1 3.6 3 2.1
PT6 18 5.2 0 0.0 9 12.5 1 6.7 2 6.1 2 7.1 4 2.7
PT7 16 4.6 0 0.0 1 1.4 0 0.0 0 0.0 7 25.0 8 5.5
PT8 15 4.3 3 5.6 0 0.0 0 0.0 3 9.1 4 14.3 5 34
&ilTotal 348  100.0 54 100.0 72 100.0 15 100.0 33 100.0 28 100.0 146  100.0
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