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Abstract: In order to clarify the distribution of fertility and mating types of Magnaporthe oryzae col-
lected from different regions of Heilongjiang Province and in different years, 241 isolates of M. grisea
collected from western, eastern and central regions of Heilongjiang Province from 2016 to 2017 were
tested for their mating types and fertility with two standard test isolates GUY 11 (MATI-2) and KA3
(MATI-1) and their mating types were detected by PCR. The results showed that the percentage of fer-
tile isolates in 241 isolates of M. oryzae was 11.62%, of which female isolates, male isolates and amphipa-
thic isolates accounted for 1.66%, 4.56% and 1.25%, respectively, and unknown isolates that could not
judge their sex accounted for 4.15% . The fertility of rice blast fungus collected from different regions
and in different years varied greatly. The frequency of fertility isolates in western, eastern and central re-
gions was 13.25%, 7.27% and 12.62% , respectively. The frequency of fertility isolates of M. oryzae
collected in 2016 was higher (25.30% ). There were two mating types of MATI-1 and MATI-2 existing
simultaneously in Heilongjiang Province: mating type MATI-1 was dominant, the frequency was
58.92%, and the frequency of mating type MATI-2 was 8.30%. The mating types of M. oryzae in differ-
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ent regions also differed greatly. The isolate with mating type MATI-1 occurred the most frequently in

the eastern part of Heilongjiang Province, the frequency was 72.73%, followed by the frequencies of

the central and western regions, accounting for 61.17% and 46.99%, respectively. The results indicated

that there were two mating isolates in the rice-growing areas of Heilongjiang Province, and the mating

type was rich in polymorphism, but the distribution of fertility and mating type was imbalanced.
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Table 1 Primer sequences for mating genes of Magnaporthe oryzae

AL IEE LA JIWFs(5'-3") IR/ C T BER/ M op
Mating type gene Primer sequence (5'-3') Annealing temperature Expected fragment size
MATI-1 F:AGCCTCATCAACGGCAA 46 372
MATI-1 R:GGCACGAACATGCGATG
MATI-2 F:CTCAATCTCCGTAGTAG 52 376
MATI-2 R:ACAGCAGTATAGCCTAC
) ERE4F F B8 T (] 1-A) , TRE72 IS B0 2 B

21 #iREERENEES
XHERIRAT R R, AR A 2452 20 d
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A: The ascospore shell formed by the mating of the isolates; B: the mature ascospore shell under the microscope;

y ‘VC

B, Fe AR LR K A5 (18] 1-B) , i R EH B
THFCE THIOT b R pih i 7485
R T4 T 9981 (I 1-C D), 1 A7 b
T AT AT, TR T AR,

SR TS

N

C: the ascus and ascospores released from the ascospore shell; D: the ascospores in the free state.
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Fig. 1 Sexual reproduction induction in Magnaporthe oryzae from Heilongjiang Province
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Table 2 Formation of the perfect stage of Magnaporthe oryzae populations from different regions of Heilongjiang Province

EENEZOIAN PRRREC (R %/ % ) TR+
A . o .
P H},IZ P %ﬂﬁ | ?\o i{cﬂ;zﬁ( %%P;fect stage No. of strains (Frequency/% ) éf;;;};ore formation
Region Collection site of strains [I%IIO. of ISR % WEPE Jai2as f)@j@ 5 ﬁo. of H AT/ 9%
. Frequency Female Male  Bisexual Unknown . Frequency
strains strains
PiEs A0 B Zhaoyuan County 33 0 0.00 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0 0.00
Western #23f¢ L Tailai County 22 10 45.45 2(9.09) 2(9.09) 0(0.00) 6(27.27) 9 40.91
TCBION Se52A JR T Qigihar City 3 0 0.00  0(0.00) 0(0.00) 0(0.00) 0(0.00) 0 0.00
‘H#H Gannan County 7 1 14.29 0(0.00) 1(14.29) 0(0.00) 0(0.00) 1 14.29
FRIARR S R R 18 0 0.00  0(0.00) 0(0.00) 0(0.00) 0(0.00) 0 0.00
Duerbote Mongolia
Autonomous County
&1 Total 83 11 13.25 2(2.41) 3(3.61) 0(0.00) 6(7.23) 10 12.05
R 1Ll Mishan City 10 1 10.00 0(0.00) 1(10.00) 0(0.00) 0(0.00) 1 10.00
Eastern 1% 5 Yilan County 13 2 15.39 0(0.00) 0(0.00) 1(7.69) 1(7.69) 2 15.38
region UL Suibin County 18 0 0.00  0(0.00) 0(0.00) 0(0.00) 0(0.00) 0 0.00
& #n T Fujin City 4 0 0.00 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0 0.00
FEAMT Hulin City 1 14.29 0(0.00) 0(0.00) 0(0.00) 1(14.29) 1 14.29
FE)I| 2 Huachuan County 3 0 0.00 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0 0.00
A1l Total 55 4 727 0(0.00) 1(1.82) 1(1.82) 2(3.64) 4 727
g 2ZAKil Suihua City 17 6 35.29 2(11.76) 4(23.53) 0(0.00) 0(0.00) 6 35.29
Central 1E77 5 Tonghe County 3 37.5 0(0.00) 0(0.00) 1(12.50) 2(25.00) 3 37.50
region )& Tangyuan County 3 1 33.33 0(0.00) 1(33.33) 0(0.00) 0(0.00) 1 33.33
#: STl Tieli City 10 1 10.00 0(0.00) 1(10.00) 0(0.00) 0(0.00) 0 0.00
i 3T Shangzhi City 17 1 5.88 0(0.00) 1(5.88) 0(0.00) 0(0.00) 1 5.88
PK% 8- Qing’an County 10 1 10.00 0(0.00) 0(0.00) 1(10.00) 0(0.00) 1 10.00
J7 IE B Fangzheng County 9 0 0.00 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0 0.00
4iE#EL Yanshou County 7 0 0.00 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0 0.00
375 F. Wangkui County 14 0 0.00 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0 0.00
TiLH T Wuchang City 5 0 0.00 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0 0.00
A2 H Mulan County 3 0 0.00 0(0.00) 0(0.00) 0(0.00) 0(0.00) 0 0.00
47171 Total 103 13 12.62 2(1.94) 7(6.80) 2(1.94) 2(1.94) 12 11.65

222 2016—2017 545 48.5% B A P AT s L

TE 2016 4FF12017 4F , J& e VT4 Fevi i 11 8 AR 1Y
AEMEEFRAR, 2016 AR AR AL 83 1k, nT &1k
R 21 kR, B EUR R 25.30% , HorbAT 4 kR 1
PRI L 6 BRI BRI AR 2 ok T 1 TR AR A O AR A TR R

1 A AR R 4.82% . 7.23% \2.41% F110.84%
UEAR 21 MRV B R AR W] 7 AR TR AT, 2017 4F
BT 1580k, A AT B PR A 70k, U3
H4.43% P A S RREEVE AR U RRPIPE BN 18R
KN, I3 504 3.16% .0.63% F10.63% ,



140] TIGE A MROR LA RERD A A 1 M LR 97

AR IR BIAR (R 3) 0 FR ARG BT T Bk PR SR AR IS

AR, AT B AP — i 22 57 o

&3 20162017 FRETEBERFRE A ESHAER
Table 3 Formation of the perfect stage of Magnaporthe oryzae populations from rice sampled from 2016 to 2017

in Heilongjiang Province

. ATESIE AL PRRA CHE BT/ 9% ) THRAL TR
SNELVS
Ay ‘;‘E‘l Perfect stage No. of strains (Frequency/% ) Ascospore formation
otal no. Sy - - TR
Year 00RO TUBRR R MEME MR BiE R BB HOURE%
No. of strains  Frequency Female Male Bisexual Unknown No. of strains  Frequency
2016 83 21 25.30 4(4.82) 6(7.23) 2(2.41) 9(10.84) 21 25.30
2017 158 7 4.43 0(0.00)  5(3.16) 1(0.63) 1(0.63) 5 3.16
Mt Total 241 28 11.62 4(1.66) 11(4.56) 3(1.25) 10(4.15) 26 10.79
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I FH 2 X4 S 5 | A G ) e g T 52 i A
MATI-1 1 MATI-2 W) 53 A1, 85 S R W MATI-1 ¢ 5
PEB Y4 BAAR R I/IN R 372 bp (4 F Bt , MATI-2 5 5%
PRSI 19715 3] K /N R 376 bp Y B (K1 2) . PCR
I 25 SR 7R, SRR VT8 R B 28 i 434 O R R
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YA, 241 MRARGIEE TR Ak Th 3S B A Sk MATI-1 B R
142 ¥k, I H 58.92% , AZ L K1l MATI-2 1)
PAARIL 20 B, BLIIR N 8.30% , 19 BE PR AK R A2
Fi AU, B R R 7.88% , Hi4y 60 Bk A AG I H H A2
BOAY, W B R 24.90% (5 4) .
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MATI-2
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M: DL2000; 1-24: KA3, GUY11, HL16001, HL16003, TH16001, MS16005, TH16003, TH16006, QA16001, QA16010,
ML16001, ML16002, SH16001, ZY 16001, ZY 16002, GN17001, GN17002, ZY 17021, ZY 17022, QQHE17003, GN17003,
THP17002, FZ17002, FZ17003.
B2 BEHLEFER) 24 $RFSE R B S B BYE FE PCR A A ik
Fig. 2 Electrophoretogram of PCR detection of the mating type genes of 24 strains of Magnaporthe oryzae

231 BIRAGEIRE G X EA 5T B Y5 HT , 2016 - R FR L 83 K, 45 35 BRI AR

SRR VTAE PGB Hb DX AR s TR AC BE Y MAT -1
MATI-2 WA R BRI A A2 e B0 A R R 0591
46.99% .8.43% .9.64% F1 34.94% ; 75 H b X S
PO H BRI 72.73% (1.82% 1.82%Fl1
23.63 % ; H R b DX R T A8 BC A H BRI
F61.17% 11.65% .9.71% 1 17.47% (£ 4) , KW
TR AR PR ARZE F 25 S B I . PR VT4 itk
R AR B A B A AR FE R 0.580 , Horpr PR
IR | S H X AR TR IR 1) A LA 2 FE AR B
511 0.649.0.422.0.577, B VG R X R eI A
22 AR A Hh SRR IS R AR 1 2 A T R
2.3.2 20162017 5545895 B 649 AL A A7

HE2016—2017 4 RAE ) 241 BRI R 751158

LI K MATI-1, 1 BUCR A 42.17% , F 15 (R
RREBYAE LR Ky MATI-2, %0 18.07% , 4 12 8k
PR RSB, H BT R A 14.46% , Tl 4% 21 BR TR
FRACHIAG I H 22 il Y, HH B4 SR N 25.309% 52017 4F
HEABEREIL 158 8k, A 107 BREEARIIASHC A MAT-1,
IR R 67.72% , A SFRERIISCHCHEL A MATI -2,
BT CR R 3.17% , 45 7 Bk R AR R RS e &Y, B
W% R 4.43% , Tl % 39 R TR RR A Bl R I+ A TE AR
WP K 24.68% (F25) o 2016 4FRE IR 1 AR
(IAS B ZREPEFE R 0,713, 2017 ARSI AR
132 Fic B 2 REPEFE B R 0.481, 2 1H 2016 4F R I
PR 22 251 EL 2017 4E RS IR0 o A AR Y 22 251k
LiiR=
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Table 4 PCR-based mating-type assay of Magnaporthe oryzae from different counties (cities) of Heilongjiang Province

o g MATI-1 MATI-2 WAL AL AT bR
X P LR S _ JL{AT]-] and MAT]-Z% ;Jnknown
Region Collection site ?ﬁg;f?%ﬂm%ﬁ@%@%%mﬂﬁﬁﬁﬁwggmwwa%@ﬁfmﬂﬁﬁﬁ
strains Frequency strains Frequency strains Frequency strains Frequency
piEr SR Zhaoyuan County 33 17 51.52 0 0.00 1 3.03 15 45.45
Western Z&3 5 Tailai County 22 6 27.27 6 27.27 5 22.73 5 22.73
region  F3XIA/KT Qigihar City 3 2 66.67 1 33.33 0 0.00 0 0.00
‘HFgE Gannan County 7 6 85.71 0 0.00 0 0.00 1 0.00
KRGS T % e B 18 8 44.44 0 0.00 2 11.11 8 44.44
Duerbote Mongolia
Autonomous County
&1t Total 83 39 46.99 7 8.43 8 9.64 29 34.94
7k T Mishan City 10 5 50.00 0 0.00 0 0.00 5 50.00
Eastern {45 Yilan County 13 9 69.23 1 10.00 1 10.00 2 20.00
region  #Zi% H Suibin County 18 16 88.89 0 0.00 0 0.00 2 11.11
B4R Fujin City 4 4 100.00 0 0.00 0 0.00 0 0.00
JE kT Hulin City 7 4 57.14 0 0.00 0 0.00 3 42.86
He)I| 2 Huachuan County 3 2 66.67 0 0.00 0 0.00 1 33.33
411 Total 55 40 72.73 1 1.82 1 1.82 13 23.63
th¥g T E Tonghe County 8 1 12.50 3 37.50 2 25.00 2 25.00
Central 4% JJ7i Tieli City 10 7 70.00 0 0.00 0 0.00 3 30.00
region 4z i Suihua City 17 5 29.41 6 35.29 6 35.29 0 0.00
i 3Tl Shangzhi City 17 11 64.71 0 0.00 1 5.88 5 29.41
J71E B Fangzheng County 9 7 77.78 0 0.00 1 11.11 1 11.11
#iE %5 EL Yanshou County 7 7 100.00 0 0.00 0 0.00 0 0.00
75 H. Wangkui County 14 14 100.00 0 0.00 0 0.00 0 0.00
L% T Wuchang City 5 2 40.00 2 40.00 0 0.00 1 20.00
K4 8- Qing’an County 10 7 70.00 1 10.00 0 0.00 2 20.00
A 2% H. Mulan County 3 2 66.67 0 0.00 0 0.00 1 33.33
1%)5 8- Tangyuan County 3 0 0.00 0 0.00 0 0.00 3 100.00
411 Total 103 63 61.17 12 11.65 10 9.71 18 17.47
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Table 5 Polymerase chain reaction-based mating-type assay of Magnaporthe oryzae from 2016 to 2017 in Heilongjiang Province

XAE LAY AR AR
i ENT 7 MATI-1 MATI-2 MATI-1 and MATI-2 Unknown
Totalno. kA [ER7 R EREEL [Ea7 R
Y . HH I A 52 LRI A 322 H I A 52 L g 4k 5%/ 0
car of strains  No. of 'J;?e‘ %1‘ ic/% No. of ﬁfﬁific/% No. of ILF?eleli:% No. of J;:iffiic/ &
strains ! y strains q y strains ! y strains q y
2016 83 35 42.17 15 18.07 12 14.46 21 25.30
2017 158 107 67.72 5 3.17 7 443 39 24.68
1T Total 241 142 58.92 20 8.30 19 7.88 60 24.90
3 it FHRIT , FRALTAH MW SR . T RO
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AT 2 BRI T A8 R 11 1 B ARG, 7
PR B AT A AR 7 11.62% BAERT &
PER R AU 2 BRRARAS BETE W T3 1 7, HoAy T
BRI D T3 T, UL BRI v H b
FEJELIS TR A o i A RE o Bili JLAE (2000) (2571
B (2005) A VLI ) AR A4 R A FE AR i ]
BRIINN 22.77% 1 85.9% ; X & 32 (2004) BF 58 &
B2 e A R TR R 1Y T B %25 35.05% 5 Zeng
et al.(2009) BFFE45 FE R W #2248 TN 5 M A4 FR i T
FEIR B T PR 23501 4 90.9% F1 72.6% , 5 A 3
S5 UM LU T B R 3 X — 25 S0 SR R AT g
597 J5 B XA [) b B BR B 11938 A %o H Con-
solo et al.(2005) %] R4 H B4R 4E 1 250 R AR5 1R
PRI T B 8T, B SARMER AR GUY 11 #F1 724
LR AR A = A A PR AR, AU 7.2% BB ER S
HEE R KA TE A 15 18, IF Bl & mE AR SIA R
T2 AT, X G A 45 4L ; Saleh
et al.(2012) Xk [ 554~ EI S 19 3 800 HE A b iF
TTE M, R IMENE AT & R L8R A T
MEZ, b 73.82% ;3% 5 b4 HaE 25 LA & o

HY T hR o TR AR 5 1 DU B R & 7 559, AR X0k
FH PCREE A I AZ IS 181 ) 3 BC Y, R BRI
TR B X 1% 8905 I3 TR AE 7E MATI-1 F MAT1-2 W5
FhAZEE Y, H LASZBC Y MATI-1 (5403, B EUR h
58.92% , ACHL I N MATI-2 B ARAL 5 8.30% , 111 H.
I T 10 A &2 B[] — 1 DX 1) 1] 3P PR AR A A A S R 38
BCAY, X RS 7E A AR A5 T R R VA8 R
TRAMEAFAEA PR . N AMIFTE 3 R RS P 5
BCHYHEAT T RIS, 45 5 7R R o A8 Bl AL 43
i BWASTHRRES , S LASS AR MATI-1 R 3 S
B UL MATI-2 3 'S H#A7 . 4l Consolo et al. (2005)
XA 1 BT AR A () Ao BT 267 T 6 PR ARG DN & B A 7 A
MATI-1 32 FC A ; Samanta et al. (2014) %)k H EJ & Y
46 MRS B VEATAS B ARG I, A 70% MY BBR A AS
BC B MATI-1, 4 30% 1) TR bk 8 28 B 8 MAT1-2; Li
et al.(2016)XJ>RAE F H [ 2 B 44 BRI PR EA 728
e ARSI 72, B INAT 37.3% B AR A 2B MATI-1,
62.7% W Tk N SEB0T MAT -2 5 T K45 (2005) BF
FEGE RN, T AR A R v A AR S e 28 A S i
AV-HRRAS , 3E BT MATI-2 0 R 26 % A 3
HAE , 1K 98.3% ; Zeng et al. (2009) X A& EE L SM L
K= L8 IR T E T3S LR AT, R R
FEEHEAR R AR A8 R o E B LASC E R MAT1-2 R
F VLI R oA WA A A AC B T MAT -1, =7

8 I B A48 AR T 2 b s I R B4 R AR, L
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