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Detection and Analysis of Magnaporthe oryzae Avirulent Gene AVR-Pita and Its Homologous
Genes in Heilongjiang Province
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Abstract: [Objective]We aim to investigate the distribution and variation of avirulent AVR-Pita family of Magnaporthe
oryzae from Heilongjiang Province, and to understand the pathogenic phenotypes of avirulence alleles.l Methods 1Specific
primers of the three avirulent genes AVR-Pital, AVR-Pita2 and AVR-Pita3 were used. 202 M. oryzae single-spore isolates
were obtained from different regions of Heilongjiang Province, their DNA were PCR-amplified by using avirulent genes
primers in 2017. PCR products of representative strains falling into different types and from different aresa were selected
and sequenced by using agarose gel electrophoresis detection. The base and amino acid sequences were compared with
those of the corresponding avirulent genes, and the rice resistant single gene line was used to verify the function of
different strains of Magnaporthe oryzae. [ Results] The frequency of AVR-Pital is 36.14%, and that of AVR-Pita3 is
59.41%. The target band of AVR-Pita2 could not be amplified from the DNA of 202 strains from Heilongjiang Province.
Sequence analysis of some PCR products of AVR-Pital and AVR-Pita3 were carried out. Five variation types of AVR-Pital
were detected; they were AVR-Pital-1, AVR-Pital-A, AVR-Pital-B, AVR-Pital-C and AVR-Pital-D. Functional
verification showed that AVR-Pital-1, AVR-Pital-A, AVR-Pital-B and AVR-Pital-D lost their function. No mutant strain
was detected in the virulent gene AVR-Pita3. [Conclusion] AVR-Pital had strong mutation ability, which led to the loss
of avirulent function of most strains, this should be used in conjunction with other resistant genes. AVR-Pita2 was not
found in Heilongjiang Province. The sequence of AVR-Pita3 gene was stable in the strain.

Key words: Magnaporthe oryzae; AVR-Pita gene family; functional verification

W E: [HH] A TR EBRITARERELREER AVR-Pita KRR RS MBS RYEH, TR
SRMFRERS . (D7) KA 3 N ILEFHIE AVR-Pital. AVR-Pita2 # AVR-Pita3 455140, X 202 A%
H B IEVLAR S 3 X R B ER A 50 B B AR Y DNA 347 PCR #7318, J8 i B IR B e I v kA U 2347, Bk A~ [R) 4
BURIAS Rl X AR BRI PCR P4 AT I 5 o I3 &5 SR 5 0 T B 22 TR A7 AT 2 5 2 2 2 3 271 ) B 40 A
FER /K FEDUE B BE DR 2R, o AS (] 48 S SR 20 1) A s T AT D R BRIE L 45 2R JAVR-Pital (1) HHIAZE K 36.14 %,
AVR-Pita3 HILSIZ A 59.41% . AVR-Pita2 7£ g4 202 NHEkk DNA toRy 1 H 477 . % AVR-Pital il
AVR-Pita3 [I#54> PCR F=433k47 FE 51 /347, 60l HY AVR-Pital 45 5 Fh 38 2R, & /1152 AVR-Pital-1.AVR-Pital-A.
AVR-Pital-B. AVR-Pital-C fl AVR-Pital-D. £ IJREK L, AVR-Pital-1. AVR-Pital-A. AVR-Pital-B fl AVR-Pital-D
THIIREE . ML EESEA AVR-Pita3 KA AL FE k. (4581 AVR-Pital B REe 1R, FHRZEH K
TFEIhRERE N, W55 H A B3 RSB AR o 78 SRRV A8 R s o A= B/ Fl b R 2 I AVR-Pita2 ££[K] . AVR-Pita3
DR 7 B B R EE RS E

4RI FRJERTE: AVR-Pita X ILFEVEEEN, THEERAE

hE S $435.111.4°1 XEKFRIRES: A XEHRS: 1001-7216(2020)02-0143-07

WS HHEA: 2019-07-21; 1&ekimuiZIBER: 2019-11-21,
EEWE: BRILYE H AR S B H (QC2011C046) ;. B VLA A& B2 /B o6 vF &I 38 B3 H (HNK125A-08-06, HNKXIV-01-04-02,
HKKYZD190205); R EITAEE TUH (12521376); il /\— KBRS, 513 AA BT E 371K 55 B 15 H (XDB201605, XDB201802) .
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FE L3 2 ER ARSI 1 5 ke i), et ot L E
KRR E 2 —, ME B KRS R, ER
ZEL R KR ERR mIE 10%~30%, EE
i ke e ™. SEERTERE, R SRR A R
EOR BT %h . BRMERE. B2
JE I R L A Bk 100 24N, Hirh, EnkER
A 36 MR SRR AR BAE R & 4 i
2 DRI R IR 2 5, B0 B P ) JE 3 (AVR) 2[R 7
Ihiie b5 KR ()R B 22 R (R) AR X 7 o 7K A i
Tl ()70 3 R 5 R T T 1) I B 2k AR ELAE S
FILEHUEMREY, R CHGEN T RBEEE 70 2
A, Hep, 12 MkE, fFE PWL2, PWLL,
AVR-Pita, ACE1. Avr1-CO39. AvrPiz-t. AVR-Pia.
AVR-Pii. AVR-Pik/ kp/km. AVR-Pi9. PWL2D #i
AVR-Pib 25, Orbach 250Nk oy v e T R 1
TR AVR-Pita. S/KFEPUIERER Pi-ta HAEM
TH#HEH AVR-Pita & —MmhS {223 NREERT
SWEN, THRTNESREORSHE, 281
M AIE S 4 5 85 1 g 5 A X A 0078 26 T8 7 ) B
HAERTEEEER. Khang 2153 T AVR-Pita ff)
BASHTAVRE, fir44 A AVR-Pita2 f1 AVR-Pita3,
H#4 AVR-Pita B ¥4 N AVR-Pital. H 441
TE AR AR B AR FR /N R B T AVR-Pita 11
RS, KB4~ AVR-Pitad. Hrp Lt
AVR-Pital 1% X AVR-Pita2 &4 Difeft), 54t
3L Pi-ta #HHAEH, T AVR-Pita3 A AVR-Pita4
AEA TR, x5 Em g LBl 2014
A 2015 AEE VT4 AVR-Pita HEIE N
23.0%71 22.9%; 2= B0 2014 A1 2015 43T
TR 2] AVR-Pita O H LR N 89.91% 1
76.00%; k4% 25 P07 i B XA I E] AVR-Pita [
HEUR N 93.33%.

KRGS TEHEHEF AVR-Pita F kIR
B LR A R RNAR T (K THAE UL, X REEH BB
T VTAR AN TRV DX AR5 T 134T 43 B, AT B A 2
T VT FEIE T AVR-Pita 3t PR 52 % 149 A0 155 10 %
AR SRR, DUHON BV PO S A 1A B A e
FEIEIR H A S B da S (LA s

*1 BT BEERELEERE AVR-Pita 9514

rf [El 7K #& R} (Chin J Rice Sci) 28 34 4558 2 #1(2020 4E 3 H)
1 M55

1.1 HilEek

2017 SEAE R ITAE 7 A1 15 DNEKFEFE X
R K FE RIS AR RS, 224 B 3R1G AT B Ik 202
A, R P R %
1.2 fHikars

BERKRE S Ao E BRK BB R TR B & H
Pi-ta & DRI (1) T V1% 4] 28 4 0 A8 9 096 10 56 26 (R &%
IRBtLa-Kl, B X RNV Br A 24
1.3 FEEREEEZ DNA 12E

W0 B AL RS B SR B AR TE PDA [ 14
R dt LiRAbRE R, PREIUE 2 B 22 B 31| R AR
g, T 28°C. 120 rimin #RRIRS 535 3~5d,
WA 224K, 43T 1.5 mL BOE Y, —20°C TR
&M, [FHER DNA IR 7 £ (D3390-01
OmegaBio-Tek 2 F]) & BURE L B 2 K1 244 DNA, H
G THIE DNA W, 3K DNA JFERK
PR A%, 60 ng/pl 1) TAEWR & H o JE-20°C R AT o
1.4 S|9git

FR 4 Sk P E 5e B 1) AVR-Pital T+ NCBI |7
FRFIEE FH1, FIFH Primer Premier 5.0 & i+ — %45
VS|, AVR-Pita2 #il AVR-Pita3 4 14514
SR H ELEM Y, g 51 YT il T
M ITEERERAF A, 1YFHIIE 1.
1.5 PCR 18 K5 55 #r

PCR /AR (20 pL)EH rTaq fF 0.1 b, 10>
M (Mg) 2.0 pl, dNTP JB&WK 1.6 i, 1E K2 5
Y% 0.3 pb, DNAfHR 1 pL, findd HO #h /2 20
L. FIEFEF: 94°C AR, 4 ming 94°C FARME
455, 55°C FiB-k 455, 72°C FiEf 60s, 30 4ME
Py 72°C FLEH 10 min. G FEILE 1% 0 B i b
H8 F HP FRL ORI TR B R FLIK L R A WLE T
M, guitJCEE LR .

M\ 202 ANFEIE I B B AR Bk Y B AN R FOAS []
Hiy X SRR )58 o B AR IS AR A TR ARA
BRAFM R, MR A Lasergene 7.0 1) Seq
Man AT e 584 H % H DNAMAN %4

Table 1. Primers for Magnaporthe oryzae avirulent gene AVR-Pita amplification.

ToTHE A k2] IEEIEY H 7 BUC
Avr-gene Forward primer (5-3") Reverse primer (5-3") Length of target fragment/bp
AVR-Pital TGCCAATAGACTAGCTTCCG ATTCCCTCCATTCCAACACT 1957
AVR-Pita2 TTTCGGCCCAACTCCGGTCC TAAAGGGTCCACTGACCCCG 1642
AVR-Pita3 AAATATTACCTGCCAGCTGG CTAAACGAATCGACGCTCCC 1487




o WAk BRI 40 R LI T T0 B 3 R AVR-Pitar Az 17 95 35 DRI R K6 I 5 434 145

X 2 S R 7 51347 LLE AT
1.6 KiGFEEREMSAE

JKFEG 3 1.0y, HTCHKYE R, WEL
it g, AT BN 1<0° ANMmL, ¥ 5 mL B
W 5 mL B R S e Wi BTy, 25°C N i
JARIBH TR 24 h J5 BARSME R 7%, #M )5 5d A
B RIELR AL, B R HES IR SCHk[22].

2SR5

2.1 AVR-Pita X E[E)EEE PCR F=43 1&+&
DL 202 /NS0 B B AR ) DNA VRRAR, R4

2000 bp

750 bp

100 bp

B Ml + - +
2000 bp

750 bp

A-AVR-Pital #7445 5, B-AVR-Pita3 i 445 R . M1-7F45id DL2000; +: f£1E;

ToEEHE K AVR-Pita K [R5 K 7 5 81T 151 )
HE4T PCR ¥ 18 (1 1), HEyk 4 S Won 6 5 Rl Al
T mer(EFE WA KA. R AT =4 T
NAEBWEHE, = w2 ANE. 5l
AVR-Pital 7EHHRT 202 AN kKT, 73 AN HERREY
W EH RS, HIER 36.1% (K 2), HhK
PRAL S 25, MRV IE | 1 IR N 0%(FR
2); 5% AVR-Pita2 7t fiT A Ll Btk DNA H3R
P18 H 194671 514 AVR-Pita3 HLjk 45 5 2R 120
AN PR DNA Sy 8 H H B4, HImEA

59.4%. fitid 202 itk 54 Ntk DNA R
1% i AVR-Pital 1 AVR-Pita3.

- R L KA 20 X 3 =

A, Amplification result of AVR-Pital; B, Amplification result of AVR-Pita3; M1, Marker DL2000; +, Presence; -, Absence; 1, Low band; 2, Double

bands; 3, Three bands.

1 EEREGRERTSERE AVR-Pita REREFEER PCR 18
Fig. 1. PCR detection of AVR-Pita and its homologous genes amplification to the tested strains.

R2 2017 FERIETBERELEERE AVR-Pital REEREESHIER

Table 2. Distribution of AVR-Pital and its homologous genes of Magnaporthe oryzae in Heilongjiang Province in 2017.

MK Area PR B MR A T H A H 2 Detection rate of avirulence genes /%
Number of strains AVR-Pital AVR-Pita2 AVR-Pita3
5K H 8 Gannan, Qigihar 16 6.2 0 81.3
KPEH:52 Dumeng, Daging 19 0 0 73.7
KIREEE Zhaoyuan, Dayuan 11 0 0 100.0
A EEZE Wangkui, Suihua 7 429 0 28.6
ZALPE Anging, Suihua 14 429 0 714
/R IEI Tonghe, Harbin 16 31.2 0 31.2
WA JREAK 2 Yilan, Harbin 23 52.2 0 52.2
H& RV J7 1E Fangzheng, Harbin 4 0 0 50.0
W /RE M & Shangzhi, Harbin 10 0 0 80.0
FEA )1 Huachuan, Jiamusi 10 90.0 0 80.0
AW A Tangyuan, Jiamusi 22 22.7 0 50.0
FEARMHERE Huanan, Jiamusi 15 86.7 0 53.3
95 2235 Suibin, Hegang 16 68.7 0 625
APEREFR Hulin, Jixi 9 333 0 44.4
A FE# L Mishan, Jixi 10 50.0 0 20.0
ait 202 36.1 0 59.4
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2.2 AVR-Pita R ERREEEBFFI5SHr
221 A#FLE AVR-Pital 495 7| 547

M T3 AN G H 2T 0 R AR R BRE AN [
XA B B R 20 ANEEATI o 400 345 21 (1)
N 55 % 5] (AF207841.1) Ebxt. 4558 BoR
(K 2), 20 MK AVR-Pital J635 3L PR F ik 741
AN 5 2, —FENTEAEREIN 51 1250 bp B,
MIEH FJiF 1004 bp 22 i 246 bp Ak thAR 2R
e g R —8, RO HEAEN
AVR-Pital-1. H RSN HREN B4, A5
A (B 2), JAT 5 700% Hodir %4 49 AVR-Pital-A .
AVR-Pital-B . AVR-Pital-C Al AVR-Pital-D .
AVR-Pital-B 5 Dai 2P i i) 45 B 5 41— 5

AVR-Pital ) 4 FEH8HE 741 Frfi v = JE 1R 7 41
5 O E B R LR 41 Eeoxe 45 B LI 3, B 312(T/G)
RELRAG AN, HRTEEE R 2= FH AR
5 B 1% . AVR-Pital-A 4 % B8 7 51 ANV A
6L(Insert). 88(R/K)FI 104(K/N)AELEAS L 948, i
HLAE 174 Fr Ak e A= R A R AR 5 35 i T 28 R i A2 A
fbo AVR-Pital-B Z LT HIAFAE 8 AbHE SURAS:
6L(Insert). 82(N/S). 83(D/N). 88(R/K). 104(K/N)-
136(G/E). 174(V/I)#1192(Y/C), AVR-Pital-C HI&
TR P HIAFAE 7 AL LCRAE: 6 L(Insert). 82(N/S)+
83(D/N). 88(R/K). 104(K/N). 174(V/1)F1 192(Y/C).
AVR-Pital-D M EIR T HIAR T HAh 4 25, &5
AVR-Pital @ IR 7 41 Lt — 2l 25.45% (K 4),
QAR S IR R L, BT BM T .

20 M FEIERL S, AVR-Pital-1 f12 2 NE
¥k, SHIMFEERRA 1/10; AVR-Pital-A f15 4 N
¥R, HIFE MR 1/5; AVR-Pital-B 28R £, £
10 NEbk,  HIF AR 1/2; AVR-Pital-C £
o 3NEEME, I F R 3/20; AVR-Pital-D fd
TR, PR ERT 1200 5).

1719 28 97 207 245

AVR-Pital TGT  AAT
AVR-Pital A GTT -
AVR-Pital B GTT € G
AVR-Pital-C  GTT € G
AVRPital D GIT T T < &

247
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2.2.2 FfFEL B AVR-Pita3 &9 5 7 1

M 120 N AVR-Pita3 H 4% 1Bk T 3k
EAFMIX R 20 ANEATIR, KR 20 1)
FEHF )5 O v Y AVR-Pita3 K 771 H ot i &
B, 20 /NBERE ISR DR P 51 Lt 45 B 52 4 — 3. Ui B
AVR-Pita3 7EiX 20 N kA H AR A5 L
2.3 AVR-Pital BUimETE o H

T #E R R A AVR-Pital ) 5 f 9848 KR4 47
DhRESE, Wikl 6 Fron, DANNTLET R4S (LTH) N
IR, 45 5 R, AVR-Pital-1. AVR-Pital-A.
AVR-Pital-B H1 AVR-Pital-D A REH: Pi-ta iR 5 N
HEM, TEIAEE%. AVR-Pital-C A LI#% Pi-ta
WA R BN TC R

3 ifie

Tf# AVR-Pita ZJ% i I 75 R I5 B 1 20 AT
5AR GG DL, AU 7RSI B i AL 2 AR
A EANE T HL AT U AR R S 1 S
TR S 2 RAR . 2017 45, WBRITH & FEIX
IR FEFESIR AR 1 77 B9 3R A5 LA TR Ak 202 A4, F1IH
202 4™ FLA T PR 5 AVR-Pita fz L [R5 3L R 3E1T PCR
PRI, 45 R AVR-Pita3 HiIR R B E, N
59.41%, HorAAaH &), SRXEHE 510,
AVR-Pital IS Ny 36.14%, Hrdr, KA 2.
B, PAJRIEDT IE . S HBUEN 0. 7E 54 NE
PR DNA 1 [E B 16 H AVR-Pital F1 AVR-Pita3,
AVR-Pital 5 AVR-Pita3 5 41| < [l 47 7E 71%~72% —
ek, IOUE T IX 2 AN EEE AR TR ARG
Rl 2 S E . AVR-Pita2 7 i 202 ANEERRH
DNA thifaf 5t H sy, S Egstonge
AR B AR BN T R B AR FRAG
T H A FER AVR-Pita2, HE 2017 4 B e VT4 F

263 312 407 520 561 575 583
GAC AGA AAG GGA AGT GGA TAC GGA

-A- -T -A- GA -C-

A ST A A - -G

-A- -T -A- - -G-

K -T -A- -G-

Ass

2 TEEFREEIAEK AVR-Pital-A, AVR-Pital-B, AVR-Pital-C 1 AVR-Pital-D f§E 5L 3¢
Fig. 2. Base sequence comparison of AVR-Pital-A, AVR-Pital-B, AVR-Pital-C and AVR-Pital-D of the tested strains.
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AVR-pital A 'J.TFFFHTVAT SAFTNIGT KHF \ YNEFIENHT ,TKRRAYTFPV“‘CSESCASFTRAATF”‘AFTASWGYHPV 79
AVR-pital-A MLEYS 4 i SE ALKSCAELASWGYHA\ 80
AVR-pital-B 80
AVR-pital-C 80
Consensus
AVR-pital 159
AVR-pital-A 160
AVR-pital-B 160
AVR-pital-C ] ] 160
Consensus k nrlf lifktdstdiqnqu nfneiykecnrdadeisltchdknvytcvre vhnlayalinekeivicppffnnp
AVR-pital YEWCGTHKI|BSTERMKNECSYATFAQENS YKY 222
AVR-pital-A R LRMAWLSQIIBKY KT)E TVVLELES@NS T T T, 222
AVR-pital-B €CEWCGIHKI®ST! RNIJCSYATEACQ@INI YKY 223
AVR-pital-C CEWLGIHKL|BSTEH CSYATIFAQE 223
Consensus vnsreitagngdt k kdyg d si p car
3 FEMRE AVR-Pital-A, AVR-Pital-B #l AVR-Pital-C SEERFFIRTEL 4247
Fig. 3. Comparison and analysis of amino acid sequence of AVR-Pital-A, AVR-Pital-B and AVR-Pital-C genotypes.
1 -HE=25.45% Consensus=25.45%
n 1 n 50 60 100 110 130
................................. ..I......‘..‘...............‘......‘.....‘.........‘..‘...........A.............H..
AVR-pital Ewrvus .AFTNIGTES) Y:YNEIPN;EHGI:ERRAYIERYSQCS:SQASEImmsizmsiymwKN\:NRLERLIirnsmIcnwvcxNENEIYKECNR:ADEIsErcuﬁvaIc
AVR-pital-D FSHRCDFGLHCHWHLFI|3SLRLOSNECTNSTEIRGGLILNAIPNVQIRRPPKEVE PSSPREAITPLEVIIGYLNSIBLTAQIFRTGFRIILTKETRNVIGTRTKF .BPATIRGMFIRA
Consensus 1fysl f£f P X 1 X
AVR-pital MLEYST HTVAIS.AETNIGTESHEVYDYNEIENHEHGDIFERRAYITERY SCCSESCASETIRAALKSHAELASWE YHAV 79
AVR-pital-D MLFYS FSHRCLCEFGLHCHWHLE S]’.RLQSNFQ ISTETRGGL ILNATENVQIRRPEKEVE . . RK PSSP ATITP 78
Consensus mlfysl £f k g
AVR-pital KNCNRLERLIFRTCSTECICNWVCKNENEI YKECNRDACEISHTCHOANVYTCVREGVENLAY. EIVICPFFEN 159
AVR-pital-D LKVTIGYLNS LTAQIFKTGFKIILTKFTRNVTGTRTKF .MPATJEMF TRASEKEF T ITWRM KLLYALLSST 157
Consensus 1 k P
AVR-pital VNSREITAGNQD‘IV EWFC 222
AVR-pital-D TAGKLLPVTK . g KfEle <hs 217

Consensus i k k g ewdgihkldstesiknpdsyaifagcaryky

4 FEEFEE AVR-Pital-D SEFEFEFISTEL S

Fig. 4. Comparison and analysis of amino acid sequence of AVR-Pital-D genotypes of Magnaporthe oryzae.

AVR-Pital-1 AVR-Pital-A AVR-Pital-B AVR-Pital-C AVR-Pital-D

E 6 MWEREMHIXEL AVR-Pital-1, AVR-Pital-A,

AVR-Pital-B, AVR-Pital-C #1 AVR-Pital-D BURAEIA
W AVR-Pital-1(1/10) | AVR-Pital-A(1/5)  * AVR-Pital-B(1/2) Fig. 6. Symptoms after infected by the strains with
AVR-Pital-1, AVR-Pital-A, AVR-Pital-B, AVR-Pital
-C and AVR-Pital-D.

% AVR-Pital-C(3/20) % AVR-Pital-D(1/20)
5 FERE AVR-Pital 25 2B LA
Fig. 5. Proportion of AVR-Pital variant types.
AR B i sz Pk FH [) S o T AR I B 6 R 7R 20 A1 47 100 o
I B AR BN M T AN B B A /D B AVR-Pita2 MARENTAN, FECR IR AR € 1 EEZ A
R AR FUHTHADEHEKCELN 7K ZOAFTARI LS RIIREE, AVR-Pital F1 AVR-Pita2
SRR, ANREACRSEPR A BER, FIUAARGE B Tt ok X ™, I HAERSRUR E 1.
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3. 4. 5. 6. 7ROk EE RN, BAEE
AfARYE, AVR-Pital fAfEfRAN . SRR AREEZL
T s 27, Dai 2 PG E] AVR-Pital 27 Fil kA8
KA, Zhou ZE PR HIvE B2 TR TL T Se B IS
JF- Pot3, {HTEEIEILA 202 AR DNA Hk
Kyl %) Pot3. 5 AVR-Pital #1 AVR-Pita2 A [H, K
ZHBE I AVR-Pita3 LL LB R 5E T AE A T
TR ISR AL EE 7 Jettfh b, AWFFUIF ) 20 A
BRI AR R IR DL, ST AT ASE AT

AW 7RI AVR-Pital f74F 5 FhAs 2R, H
i 4 FhEEE DI REE S, 1V AVR-Pital-C 7] LL#f Pi-ta
W RPN TEFME. (3 AVR-Pital-C 2874 &)
FP AR 3/20, KREHBEK O R TLHIEE. T
RS BB YT 4 A8 AN AR it A bR I ) 35 Ay
P A Pi-ta 2K, HAHAKRE R 72.92% .
Y A PP, 7 R R R T R A P S R
Pi-ta REUAHEE 085 /1K . Brll Pi-ta /£ 2%
AAFRRNIPUR B A, JESE
A H AP R ) SR, A REIA BB TR AL
H o AVR-Pital 2F 5 fg /7 805m, B [E] I 0 5 Xf
AVR-Pital FIH MM, KB T f# AVR-Pital )48
TeHif, DA Rt sm R 4.
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