Y323 Journal of Plant Protection, 2020, 47(2): 292-301 DOI: 10.13802/j.cnki.zwbhxb.2020.2019117

ETSSREFIRIHEARESHXEERR
=R BT

= KW 3 B OBUET FHERT OELE

(1 YLPEAR A, TR SR YT 048 5 5002, BB 3300455 2. VPG Al BB
R BT, B85 3302005 3. B, 1A H 5 266555)

FEE . WAL 09 5 4G R JR A Magnaporthe oryzae BRI AR 25 MR H % AR, i A 13 21 SSR
st B B SARE A SN E () KGRI BARAE 0955 B 9% 1 £ 7014 #hoh A A B 48347 PCR
Y3 AR & K IE B & 42 POPGENE 32 2 4 5 8R4k 3T L3 AT I £ A fe BEAR AR S AR AT, 4
RBT, %5 51T 189 4G BIH A Ak, 135 SSR A a3 4L 438tk | R AR BLiFmres &
W, % AP S R 538 100.00%, AR 189 kAG B % B B AR AEARDL R HA 0.74 B T X 5 A 15 A
WAE R, L P R IXLOL &2 TIARE K, & & H I 37.57%, AEH R & ; R IXL02.JXL14
A RARHRIE, R LA 3126 RE B, & ¥ H BRI 16.40% A 13.76%; R #& JXLO3 . JXLOS .
IXL10 A RZZ3#, 08 10~17 AR R EINREA DR, QSRR ESHRAT, EBKRK
F B, RRTARR ASA M K 6 5 NG 8% W AEK 69 Nei’s AL B % HH 3845 0.375, Shannon 15 &
FeHH 0.558, LA F G 691 4E S AR, BRI 2 F 8K X SAFBA TIEmRES-FHEXS
RA—K FHHRE LRI R B H 2 — AR, BRI S HAMIEA 0373, B E—EW
AR, BBER N S AR R TR § AR M, B3 45 K 409 64.56% A £ TRAR A . ALy
WBARARRERR O SN RS T, XAEL R ST Z 3, B SHRFE, B
5 3038 55 A A — M AR K

KR BB RE ; 4E AR SSRAFIT; oML

Genetic diversity analysis of rice blast fungus in different ecological regions of
Jiangxi Province in China based on SSR
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Abstract: In order to clarify the genetic structure and diversity level of Magnaporthe oryzae populations
in Jiangxi Province, 13 pairs of SSR primers were used to cluster analysis and population genetic diversi-
ty analysis of M. oryzae from five different ecological counties (cities) based on complete linkage meth-
od by biological software of POPGEN 32. The results showed that total 189 strains were separated, the
specific products could be amplified clearly with all primer pairs, and the polymorphic loci was 100.00%.
The 189 tested strains were divided into 15 genetic lineages at a similarity coefficient of 0.74. Among
them, JXLO1 was the dominant lineages, which contained 71 strains, accounting for 37.57% of the total

strains. JXL02 and JXL14 were sub-dominant lineages containing 31 and 26 strains with the percentage
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of 16.40% and 13.76% respectively. JXL03, JXLO8 and JXL10 were secondary lineages, containing the

strain from ten to 17. The other nine lineages were minor lineages and contained fewer than five strains.

At the group level, the Nei’ s genetic diversity index and Shannon’s information index of five popula-

tions were 0.375 and 0.558, which indicated the existence of rich genetic diversity in M. oryzae popula-

tions from different geographic regions. Most populations from the above five regions were clustered in-

to one group, which meant that the genetic lineages of the populations from different areas were related

to their geographic distributions. And meanwhile, certain genetic differentiation existed in the same M.

oryzae population (total heterozygosit was 0.373). The genetic diversity of within-population was higher

than that of among-population, and 64.56% of the total heritable variation in within-population. Overall,

populations of M. oryzae in Jiangxi Province were rich in genetic diversity with both dominant and vari-

able minor lineage, and it exists in certain correlation with geographical distribution.
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YA — Pt UM KRS 5, AR A AR T A
faE, TN 27K R & = 1) 22 &K (Saleh et
al.,2014) . 2 1Y G FH AT SRR A R L
AR BB S A 55 R A A TAE A — ™ 10%~
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H2 1 uL(<200 ng) .0.2~0.4 umol/L IESZ 5 4145 1 uL,
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JF: 95 C TR 5 min; 94°CAEME 30 s, 55~57°C (%751
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Pt BOR/NTTE ), 35 MG FR 5 72 °CHRAE A 10 min.
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R 1 A[ESSR 3|43t 189 MR TSR B LA E MR PCR Y IEER
Table 1 The amplified results of different SSR primers among 189 isolates of Magnaporthe oryzae

SSR51#) e/ (umol/L) IEJ‘YE“E/ T mmmis  BREDOIMbp RN AR 1%
SSR primer Concentration nnealing Extension time Expected size No. of bands Amphﬁcatlon
temperature efficiency

KMSO02 0.4 55 90 350 152 80.84
KMS20 0.2 57 60 250 112 59.26
SMS17 0.4 55 90 350 144 76.19
AS 0.2 56 60 250 53 28.04
D4 0.4 55 75 300 135 71.43
D5 0.4 55 90 350 121 64.02
G5 0.4 55 75 300 185 92.59
FGO1 0.2 55 60 250 146 77.25
FGO02 0.4 55 75 300 61 32.28
FGO3 0.2 55 60 250 84 44.44
MS355 0.2 56 60 250 167 88.36
MS363 0.2 56 60 250 116 61.38
MS677 0.2 56 60 250 148 78.31
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WL ZREMES R RIETTIEA 5 A RR I AR 1Y
Nei’s it &1 2, FIFH MEGA 7.0 #5148 LA s fie xof
F- 1 (unweighted pair group method with arithmatic
mean, UPGMA ) LM R G M, 08T 5 R I i
FERIRI AL AL R
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MIT T 5 A ) A 25 B ARE X R AR R B TR AR
FEHp I B 15 2] 189 MR PR B bk . HHERE B
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G5

KMS02

FG02

FGO03

42 BRE R, 95 DCO1~DC42; H: X 1L T 44 kk B
FE, "5 o JGS01~JGS44; 3k i 39 bR K, 4 5 A
FCO1~FC39; J7 4 5L 32 ¥REAME , 25 h WAO1~WA32;
ZEUR L 32 R TEFR , S5 WYO01~WY32, #E &
FERNTT 3T e B 2RI B AR SRR ]
A3 B FVTPEE B R ARG R, MR AR A2
R R FR DX LXK e XA e e %2
L R 330X A b 3 e e s o A R A% 2 R
A —E R
2.2 AESIYMTEERERN PCRIEER

16 HI 13 %F SSR 51 H15%F 43 25 3845 114 189 PR AT
I3 TR DA AR 32 [ 4 DNA #E 4T PCR 9384, &% 51 1
HAeP 8 H 14K/ R 250~350 bp HL IR M 4 47 S 1k
(B 1) o 13%F SSR 51 W7 i 189 R eI v I
FIE TP I BRORAAE2E 5 . 919 GS I HER0R
i, M 92.59%, 514 FGO2 74 () 247 B /b, -
HRUR R 32.28% , 1hd B 3 6 R S5 05 AT TR 1 ) DNA
FERAWME R KR, FH LRI (R o

M12 34567 89 101112131415161718192021222324

M: DNA ladder; 1~24: FHIES T FCO1~FC24. M: DNA ladder; 1-24: samples of the blast fungus isolates FCO1-FC24.

1 5|4 KMS02.G5.FG02.FG03.A5.KMS20.D4.D5 X} 34> 3 /555 & &1k DNA Hu3/ 1845 8
Fig. 1 Amplification of DNA markers of Magnaporthe oryzae by primers KMS02, G5, FG02, FG03, A5, KMS20, D4 and D5
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Fig. 2 Cluster diagram of the amplification results of Magnaporthe oryzae with different SSR primers by maximum distance method
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Table 2 Genetic lineages of Magnaporthe oryzae isolates at 0.74 similar level

i LS WRRE P %
Lineage Isolate No. of isolates Percentage
JXLO01 DCO1, DC15, FC27, JGS37, JGS40, FC12, WA04, JGS38, FC14, WA10, WA22, WA27, 71 37.57

FC21, DC24, FC02, JGS26, JGS27, JGS29, FCl11, FC32, FC35, WAO07, FCO1, FC03,
FC04, FCO07, FCO08, FC15, FC17, FC20, FC22, FC23, FC29, FC33, WAO1, WA02, WAO05,
WAO0S8, WA12, WA14, WA1S5, WA16, WA17, WA18, WA23, WA29, WA30, FC09, WA13,
FC25, WAO06, FC19, FC24, FC26, FC31, FC34, FC36, FC39, WA1l, WA19, WA20,
WA25, WA26, WA31, WA24, WA32, FC05, FC10, FC16, FC06, WAO03
JXL02 DCO02, DC13, JGS02, JGS34, FC13, DCO07, JGS32, DCO09, JGSO03, JGS08, JGS07, 31 16.40
JGS20, JGS22, WA09, WA21, JGS41, JGSO1, JGS25, JGS12, JGSO5, JGS15, JGSI18,
JGS09, JGS10, JGS21, JGS24, JGS33, JGS11, JGS42, JGS19, JGS39
JXL03 DCO03, DC05, DC17, DC20, DC06, DC04, DC10, DC18, DC12, DC21, DC23, JGS04, 14 7.41
JGS17, DC14
JXL04 FC38 1 0.53
JXL05 DCO08, JGS30 2 1.06
JXL06 JGS06, JGS14 2 1.06
JXL07 DC25, DC35, DC26 3 1.59
JXL08 DCI1, JGS16, DC19, DC22, JGS13, FC30, JGS28, DC16, JGS36, JGS35 10 5.29
JXL09 WA28 1 0.53
JXL10 DC27, DC30, DC40, JGS31, DC29, DC31, DC32, DC33, DC42, DC41, WY09, DC34, 17 8.99
DC37, DC38, DC39, FC28, WY29
JXL11 FC37 1 0.53
JXL12 FCI18 1 0.53
JXL13 DC36, WYO01, WY13, WY14 4 2.12
JXL14 WYI11, WY15, WY21, WY16, WY17, WY18, WY19, WY20, WY23, WY24, DC28, 26 13.76
WYO05, WY07, WY08, WY30, WY06, WY10, WY02, WY28, WY26, WY31, WY32,
WYO03, WY04, WY27, WY25
JXL15 JGS23, JGS43, WY12, JGS44, WY22 5 2.65
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HRBEIERFEA /Nt . W S BRI TR
L A 238 R TXLO3 A1 IXL10, 43 5 & A 12 B Al
13 PR BE, PIE A b S R PR 59.52% 5 I X LT
FEIE IR B TR U0 43 8 A 18t A% i, P JXL02 A
PRSI A 24 RRTRTRR , o5 BV RRET) 54.55%; F

3 T R T R AR 40 8 7 A s i, Hod TXLo1
RS AL 33 R, i B R AL 84.62% 5
T3 BRI DA RE AR 43 )i 3 A st A% i, Ho
JXLOT et 08 29 BRI AR, o5 BB bR Y
90.63% ; ZEU ELRGIE N TR AE IR 20 I8 4 st AL i, 1
W IXL14 PR3 A 5 25 BRER AR, o5 B TR AR 2L
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Table 3 Geographic distribution of the genetic lineages of Magnaporthe oryzae populations in Jiangxi Province

ELN i X A= A TRREL A (REARE)

Population Geographic ecology No. of isolates Genetic lineage (No. of isolates)
B PR IX 42 JXL01(3), JXL02(4), JXL03(12), JXL05(1), JXL07(3),
Duchang Around lake JXLO08(4), JXL10(13), JXL13(1), JXL14(1)
H-Mh X 44 JXLO1(6), JXL02(24), JXL03(2), JXL05(1), JXL06(2),
Jianggangshan Mountainous JXL08(5), JXL10(1), JXL15(3)
0 X 39 JXLO01(33), JXL02(1), JXL04(1), JXL08(1), JXL10(1),
Fengcheng Plain JXL11(1), JXL12(1)
Uik:s B 32 JXLO01(29), JXL02(2), JXL09(1)
Wan’an Hilly land
ZEIR FRIHIX 32 JXL10(2), JXL13(3), JXL14(25), JXL15(2)

Wuyuan Hilly and mountainous




298 i 7/ AN 1

47%

2.4 TBEREHENEESHEES T
24.1 HBERAFIKGIEAE S AREAKPE

5 AR TR) A= 25 AU X1 R s T P AR st A% 24
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Table 4 Genetic diversity of Magnaporthe oryzae populations in five ecological rice areas in Jiangxi Province

SE AL AREN Nei'sHPH Shanmon [ ELAE%] 25 Z AL
. PUES e HPH%E R e (DAY H 3%/ %
FiEZEN . Shannon
. Observed No. of Nei’s gene . . No. of Percentage of
Population . . . information . .
no. of effective diversity . polymorphic polymorphic
. index . .
alleles alleles index loci loci
#BE Duchang 2.000 1.631 0.353 0.522 13 100.00
FH:II1l1 Jianggangshan 1.923 1.448 0.270 0.415 11 84.62
FIK Fengcheng City 2.000 1.331 0.219 0.359 13 100.00
7% Wan’an 1.769 1.226 0.145 0.240 10 76.92
ZEIF Wuyuan 1.692 1.358 0.217 0.332 9 69.23
5% Average 2.077 1.639 0.375 0.558 13 100.00

242 5B JA R BAR O EAE S AL AT

TLPEAE 5 AR AR AR RUR DX B R oA R A7
E—E Mt i, 5 ARHEN R BRI L 24
Pk H 318 0373, BEIR N (G Z M H T 38
0.241, BEUR RS AL Z R D348 0.132, R IV PY
A FEIEL I AR AR PN ()35 A% 2R R P RER [B] 38 %

R SRR R AF AR I L R B G, T
“40.354, FRBIVT VG4 I AT it (548 5719 35.44%
TEAETREVKRIA], T 64.56% 3515 728 S A7 A6 TR
o S ANREIE R B A B 22 R N, F 2R 0911,
Ut B YT P 48 45 R0 s D AR AR [ 1) 58 DXL sl R 45 /)
(%£5).

F5 TAE SN ARESE M XBERE B ERBEESIMLIT

Table 5 Analysis of gene diversity of Magnaporthe oryzae populations in five ecological rice areas in Jiangxi Province

FEPA A R L Z R FEA PSS 2R BHE L REL P
Locus Total heterozygosity ~ Subpopulation heterozygosity ~ Genetic differentiation coefficient Gene flow

A5 0.324 0.206 0.363 0.878
D4 0.481 0.227 0.529 0.445
D5 0.347 0.300 0.134 3.226
FGO1 0.419 0.165 0.605 0.326
FGO02 0.421 0.157 0.626 0.299
FGO03 0.467 0.201 0.569 0.379
G5 0.125 0.109 0.125 3.509
KMS02 0.334 0.254 0.239 1.595
KMS20 0.437 0.359 0.179 2.298
MS355 0.498 0.298 0.402 0.744
MS363 0.218 0.191 0.125 3.515
MS677 0.467 0.430 0.800 5.756
SMS17 0.316 0.235 0.256 1.454
%L Average 0.373 0.241 0.354 0.911

25 FREREMHHIRESN
AR 5 AR IR B AR 1 ) 52 1% B 2 A 0.033~
0.214, FFAERRIN 25 (2 6) o MR 8% P B A
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7 0.10 B}, 5 ANAS ) A= 25 R X ) RS0 8 Fh A mT
PARI 3  2 AN RE, HE =E 3R 0 AR X
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FoH A HA —E A
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Table 6 Genetic identity and genetic distance of five populations of Magnaporthe oryzae in Jiangxi Province

F# Population #FE Duchang J:IXI1lI Jinggangshan ~ F-Jk Fengcheng 7% Wan’an ZEJ5H Wuyuan
#5E Duchang 0.967 0.878 0.807 0.863
FHMI1l Jinggangshan 0.033 0.897 0.859 0.894
FIK Fengcheng 0.130 0.109 0.968 0.940
T3 % Wan’an 0.214 0.152 0.033 0.926
ZEJH Wuyuan 0.148 0.113 0.062 0.077

Frp L = MARFERAGALRE, N = AREREHEE . The upper triangle in the table represents the genetic similarity coeffi-

cient, and the lower triangle represents the genetic distance.
[ IR FEE Fengcheng population
T3 & #E Wan’an population
FH M 1L FHEE Jinggangshan population
#8 E #FEE Duchang population
—: FYEFEE Wuyuan population

0.15 0.10 0.05 0.00
BAEFEE Genetic distance

3 IAE S EEREMEERN UPGMA REE
Fig. 3 UPGMA dendrogram of five populations of Magnaporthe oryzae in Jiangxi Province
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PRI AEEEH o PRIUL, JCI DA TR R A Y5 2 PRI AR 73 5
J5 i, HE R RR AR RE T AL VT VG & R A 1L £
FEMEBFSE . HAT, B & > FhricBAR P & g
SSRARTCHE) 12 Iy FH M) B B T PR AL 1Y) 3
e ZREME BT, B N A 20725 3547 T A E
%o QST RAE(2018) FIHI 5 X5 [k AE H T P4
A F AR X 6 1B IX 1 59 Bk H 2 25 )8 9% B Dickeya
dadantii AT R RES AL ZREME 0T, 45 R B TR
AR R ECN 0.79 BT, 59 BRI PR B 53R 5280,
SRR 5 TR AR R U8 Hb DA — 22 A S s 224719
45 (2018) A H 19 B4 ZF A1 11 5% SSRARIET |
YIXT A 4T 1) 88 Bk &5 1 Puccinia striifor-
mis f. sp. tritici HEAT T BERGEFG RIS AL ZFEME 1T,
CERBR R A ST RBHAT R E 2, 20
AKFFE . BNV (2017) FHAHFFER I 13 %F

SSR 5[ ¥%F KA H T PRI B iR X 1Y 107 BERSIE
PR R R UEA T8 15 AR PE 70 HT L 7F 0.88 AHALIZK P
R A 5 R 14 A s S s R AR AR e 4%
(13X 13 %5 SSR 5 | 4 E 47 A0 11 35t 1% 22 FE 1k o3 Bt
ST

AHFFE R T CARIE A 13 XF SSR 7 W46 7175
A 5B () 9 189 BEARIRI TR st 2R, XA
RIERBCN 0.74 1, AREBERE R > A 154 8L 5%
ik, o A ARSI TXLOT (7 B bR
37.57%) , 2 WA, 3 IR B E T 9 /s
Tk, VBV VY 48 R0 R AR A 254 L AE e — 1R
BE BAR S, I HLR IR A [R) A B8 Rk 20 e AS TR) 9 5
TIN5 BEIRE AR (2016) BEFH 13 %5 SSR 519K ok F &
] PO i X 18 AL (T ) 19 22 1 ARSI B P B e
TE 0.16 AH 52 AKF E3l 4 R 13 A A8 550, Al 24
P8 | BT 35 TR AR B e B RRERY 92.76% ; #E
A (2012) 1 13 %5 SSR 5140855k H i 4 194
S 169 BREAFAR I S0 R AR TE 0.80 AU Xl 53
h 8 AL TS AL L MRS, AR B
PREL 66.86% 0 ML F <3 (1A B R LT 5 EE 451
KT, ABFFE TG A8 RS A AR 19 3545 45 K AR



300 i/

EE ¢ 474

X o PG R X T R A AR AL A
W1 B R 538, AR AETE 2 T 2 e /N
EREFEE XRS5 TLIT A & 1 X R e A2
UELEZS METNENiDEE & S LD S E T Ve s i
A X

HE YRR B AL AR 2 R PR AR B IR
0 BAR R . Nei’ s FE R Z2AE M 45 £0CFT Shannon
F R BUR M AR Y 2 EE S (N
Yo, 2011) o ABFSE LB, RIE TP 5 AR
A SRR DX R A TR RSB A% AR AT 3
FEAAR Y Nei” s B[ Z B8 %00 0.375, Shannon {5
BARECH 0.558,, HASRIFEAR ] A9 1515 ZRE KA
FE—E 225 Ak A FRHESPHI X AR B EL AR I TR
FERFIAIKT b L3 R Z2 A48 Z0M Shannon 15 8 48
B, U PAER B BRI TR A IR R A R S
18K, RS IX LU T AR TR AR AR 11 A8 S A
X388 15 5 PR A 7 i 55K 2 4 b DX Tl AR AR 114 3
AW, g Has R AL R, SOR iz b X K Rt
I i Pl BEAT SR A T L AR R AR A T A
T BRI . ARWFIEXTTIEE 5 AR A A
s DX AR T SIS A% 2 A K B 40 T 25 SR B
3X 5 A DXl %) R s TR R A N 1 a8t AR 2R R T
PRI E] A 8L Z2AEME . Wright(1931) 48 HEAA A) 35t
&4 ZEUAE 0.05~0.15 Z [0 2 s it A oA R I
T AT SRR B B PR KT 1B, AR [B) S A7
TE— & RN, e RIS A E . ABE e h
5 A FEREA TR REAR IR A9 352 4% 43 A R BT 1500 0.354,
UEBAVL VS48 RIS RS R B A AR R K st 1% 43
1k, 31 H B AL 2E 1) 64.56% 1276 T RN, X i7F
— LR TR PR 728 S R AR ) A8 S ) 2 VL PG 48 e
I RIAB (A8 ST R IR o 534, YL PG48 AN R R 1T
R[] ) LR R 0911, B EH 5 A DX el e i ol B
PR L R 22 i s b X AT e 5 A b X R ik b
PO EA

AHIFFEIHT 13 % SSR FRIC X VLIPS 5 A 7]
A ST DX R R R R B A Z5 A EA T T 40 #r
FERE FHAHSCGE T3 B 5 %o RS R AR T A5 S 8K
HEAT T 5307, ARAG R 45 3R R LG A4 K b & Fh
SRR R —E 2% . (H TABIRCR
SE TR AR b X ARG B, XY VG 48 48 Rl e i
IRIBAL S5 40 S L2 FE P4y BT il A% R e 4T
BCAE 5 S8 TR s XV LG 48 B R 2 & X
FEVIL IS BT PR R I LR ORAE , BT R AR ARSI, LA
HAARAS B Ry 2 Th ERA A BT 45 2R

& % L Bk (References)

CHEN DH, ZEIGLER RS, LEUNG H, NELSON RIJ. 1995. Population
structure of Pyricularia grisea at two screening sites in the Phil-
ippines. Phytopathology, 85(9): 1011-1020

CHEN XL, YAN Q, LI RF, LI KH, WEI SF, HUANG FK, WEI LL.
2017. Physiological races identification and genetic diversity
analysis of Magnaporthe oryzae in Guangxi Province. South-
west China Journal of Agricultural Sciences, 30(4): 761-772 (in
Chinese) [MR/IVPR, BURE, 2507, ZRiAe, 385, BORIE, 45
H . 2017 ) VU RSIELA T A BE/INRR S S st A 2 REVE 204 . 74
A2, 30(4): 761-772]

CHEN YF, ZHANG Y, CHEN XJ, KANG XX, GENG Y, ZHOU FQ,
DONG HG. 2017. Control techniques of chemical pesticide re-
duction in rice pest control. Journal of Zhejiang Agricultural Sci-
ences, 58(12): 2231-2234 (in Chinese) [FR4R X, K=, B4 2,
RIS, WOBE, Sy ), FELLNI. 2017 KRl U Bl iR A 24k
R EROR WAL RIE, 58(12): 2231-2234]

FENG YX, LI W, SUN HY, DENG YY, YU HS, CHEN HG. 2013. Ge-
netic diversity of Gaeumannomyces graminis var. tritici popula-
tions in Huang-Huai winter wheat production region of China.
Journal of Plant Protection, 40(6): 495-501 ( in Chinese) [V% =
R, ZAh, NG, XBINEE, TOUAF, BRRAT . 2013, BEIER X/
22 A Tl TR R IR 19388 4 22 REAE 0 AT . AL AR P 27 41, 40(6):
495-501]

GUO BY, ZHOU C, LU ZM, LI JJ, WU CW. 2011. Genetic diversity
of different geographical populations in Octopus variabilis re-
vealed by ISSR analysis. Oceanologia et Limnologia Sinica, 42
(6): 868-873 (in Chinese) [FFE e, A, H IR, 2400, RH
3C. 2011, KW (Octopus variabilis) A [ b ELERA 8 5 Z R PERY
ISSR 437 . i 55i1iH, 42(6): 868-873]

HAN YJ, LU GD. 2018. Recent understanding on the interactions be-
tween rice and Magnaporthe oryzae. Biotechnology Bulletin, 34
(2): 25-37 (in Chinese) [# 2141, S E 7R . 2018. /K 5 R
BAEAE AN FEERE . AW AR, 34(2): 25-37]

HUA LX, HE L, JIANG QP, YE PS, DAI SD, WEI SG, LIU ZH,
ZENG HL. 2016. The process of gene-specific DNA markers de-
velopment and application for rice blast resistance genes. Molec-
ular Plant Breeding, 14(10): 2739-2748 (in Chinese) [ i,
IR, R, MBI, A4, T3 4%, XURIHE, 154822 . 2016.
T o 0 P PR R S 3 AR I R T R B ST . 43 T4
YR, 14(10): 2739-2748]

HUANG J, SI WN, DENG QM, LI P, YANG SH. 2014. Rapid evolu-
tion of avirulence genes in rice blast fungus Magnaporthe ory-
zae. BMC Genetics, 15(5): 45

HUANG LF, CHEN JY, FANG BP, LUO ZX, ZHANG XJ, WANG ZY.
2018. Pathogenic differentiation and genetic diversity of Dick-
eya dadantii causing bacterial stem and root rot of sweetpotato.
Journal of Plant Protection, 45(6): 1227-1234 ( in Chinese) [ #%
3K, BRSRAS, AT, P ULEE, SRR, E R 2018 2R
& 995 T 38 4 20 R B B0 0 28 S A0 AT AL DR 23R, 45
(6): 1227-1234]



24 = A JET SSRIT AL TG AN IR Az 25 b DR B 38 1% 22 o3BT 301

JIANG SC, YAO Q, ZHAO J, HUANG LL, KANG ZH, ZHAN GM.
2018. Genetic analysis of Puccinia striiformis f. sp. tritici in
Yunnan Province based on virulence phenotypes and simple se-
quence repeats. Journal of Plant Protection, 45(1): 83-89 ( in
Chinese) [Z2471%, W3, B, HmIMH, HedRAE, ZHINT . 2018.
BT RERE S M T RAR TN = /A 2R 5N 8 s % o
By AR 2241k, 45(1): 83-89]

KARAOGLU H, LEE CMY, MEYER W. 2005. Survey of simple se-
quence repeats in completed fungal genomes. Molecular Biology
and Evolution, 22(3): 639-649

KHANG CH, PARK SY, LEE YH, VALENT B, KANG S. 2008. Ge-
nome organization and evolution of the AVR-Pita avirulence
gene family in the Magnaporthe grisea species complex. Molec-
ular Plant-Microbe Interactions, 21(5): 658—-670

LABBE J, MURAT C, MORIN E, LE TACON F, MARTIN F. 2011.
Survey and analysis of simple sequence repeats in the Laccaria
bicolor genome, with development of microsatellite markers.
Current Genetics, 57(2): 75-88

LAN B, YANG YY, XU PD, LI XM, HE LG. 2014. Analysis of resis-
tance of rice major Pi-genes to the Magnaporthe grisea isolates
in Jiangxi Province. Journal of Plant Protection, 41(2): 163-168
(in Chinese) [ >, #i T, iR, RS, (2. 2014. 7k
e 2 U L DA ot 2R X VLV 48 G T 4 P R AR B P 40
Wr . AR 23], 41(2): 163-168]

LEI CL, WANG JL, JIANG WR, LING ZZ, GEORGE ML. 2002. Pop-
ulation structure and genetic variation of rice blast fungus in
some rice-growing regions in northern China. Acta Phytopatho-
logica Sinica, 32(3): 219-226 (in Chinese) [ W4k, T AWK, #
Hilin, ¥ 4%, GEORGE ML. 2002. F& It 7 43 K X FE 5o
RIS L ZRRTTE . AR 4R, 32(3): 219-226]

LU DH, YE HL, LIAO HM, GONG XS, ZHOU XQ. 2005. Population
genetic structure and its variation of rice blast fungus in long-
grained nonglutinous rice growing regions in Sichuan. Journal of
Plant Protection , 32(1): 23-28 (in Chinese) [ /504, M2, B
AT, RS, PG4 . 2005, UU)1PHIVRS DX RS IR0 AR 4 45
¥ AR 2R, 32(1): 23-28]

MU HM, JIANG H, WANG YL, SUN GC. 2013. Methodology of ge-
netic diversity research on rice blast pathogen Magnaporthe gri-
sea. Chinese Journal of Rice Science, 27(5): 545-552 (in Chi-
nese) [T, 2248, EHIN, FMENE . 2013 BFF DRI R
WAL SR FhRic k. T EKRERRE, 27(5): 545-552]

NEI M, LI WH. 1979. Mathematical model for studying genetic varia-

tion in terms of restriction endonucleases. Proceedings of the Na-
tional Academy of Sciences of the United States of America, 76
(10): 5269-5273

SALEH D, MILAZZO J, ADREIT H, FOURNIER E, THARREAU D.
2014. South-East Asia is the center of origin, diversity and dis-
persion of the rice blast fungus, Magnaporthe oryzae. The New
Phytologist, 201(4): 1440-1456

SILUE D, NOTTEGHEM JL, THARREAU D. 1992. Evidence of a
gene-for-gene relationship in the Oryza sativa-Magnaporthe gri-
sea pathosystem. Phytopathology, 82(5): 577-580

TONG XJ, REN ZH, LIU YX, YU H, LIU EM. 2012. Analysis of ge-
netic diversity of Magnaporthe oryzae in Hunan. Hybrid Rice, 27
(3): 66-70 (in Chinese) [ #7 &, 1Lk 1k, XIRME, ArifE, X —
1. 2012, 1 m ARG 3t e 22 R VR AT . R SR AR, 2703):
66-70]

WRIGHT S. 1931. Evolution in Mendelian populations. Genetics, 16:
97-159

XIAO DF, ZHANG PS, WANG L, HUANG SW. 2013. Research prog-
ress on populations and physiological race distribution of rice
blast pathogen (Magnaporthe grisea) in China. Chinese Journal
of Rice Science, 27(3): 312-320 (in Chinese) [ % J} X, TKAmHE,
T, BCHESC. 2013 # [ RE B R R 3 AT S D03 A /N
RIBEST I . R KRS R, 27(3): 312-320]

YAN XH, DENG YB, HAN D, YANG Y, HE JM, DENG QM. 2016.
Analysis of genetic diversity among populations for the rice
blast fungus Magnaporthe grisea in southwest China. Journal of
Plant Protection, 43(4): 537-543 (in Chinese) [El2#1, XB I,
B4, BB, TS, XBILWT . 2016. PG pe Hb X R B RF 4
& ZREHES AT AR 25 4R, 43(4): 537-543]

YAO L, WANG J, LU DH, ZHANG H, CHEN Y, GONG XS, MAO
JY. 2014. Progress on avirulence genes in Magnaporthe grisea.
Chinese Agricultural Science Bulletin, 30(4): 232-237 (in Chi-
nese) [BEH, &1, A, K, BT, SR 45, 81T 2014,
eSS B JC TR AL R Se ki . b e 23 41, 30(4): 232-237]

ZHOU H, REN ZH, LIU PK, ZHANG YY, WANG HH, LIU EM.
2018. Analysis of genetic diversity of 92 Magnaporthe oryzae in
rice blast nursery at Taojiang, Hunan. Southwest China Journal
of Agricultural Sciences, 31(4): 725-730 (in Chinese) [J&#], 1T
e, X v, JRPE A, AR, X . 2018. ) R Bk L
92 M FEHLIA 1 BRI AL Z AR AT . P RO 2447, 31(4): 725~
730]

(TTAERH . £



