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Variation monitoring and diversity analysis of AvrPik alleles of
Magnaporthe oryzae in rice-growing areas of Hainan
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Abstract Hainan province is located in the tropical region. Because of the incomparable advantages of light and
temperature resources in Hainan over the other regions in China, a large number of rice varieties are bred and
planted in off-season breeding areas in Hainan every year, which brings great convenience to the variation and
transmission of Magnaporthe oryzae. The major resistant gene Pik for rice blast and its alleles have been
extensively exploited as sources of genetic resistance in rice breeding programs since 1970s. In order to understand
the variation and diversity of AvrPik alleles in Magnaporthe oryzae in rice-growing areas of Hainan, 100 M.
oryzae strains were isolated from the rice growing areas of Hainan. The AvrPik genes were cloned from the
genomic DNA, sequenced and then compared with the reference sequences. Finally, five main allele genotypes
including AvrPik _A, AvrPik _B., AvrPik _D, AvrPik _E and AvrPik _F were identified. The frequencies of
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AvrPik_D, AvrPik_E and AvrPik_B were 50. 00%, 32.08%, 8.49%, respectively. In terms of the nucleotide

diversity of AvrPik alleles, the nucleotide diversity of non-signal peptide regions was obviously higher than that of

signal peptide regions. In terms of selection pressure on populations, the Ka/Ks ratios of M. oryzae populations

from off-season breeding area and the conventional cultivation area were all greater than 1 (2. 703 1 and 1. 236 6,

respectively). These results indicated that AvrPik alleles in both growing areas were subjected to strong positive

selection pressure, and the pressure on AvrPik alleles in off-season breeding area were stronger than that in the

conventional area. The hypha of strain 20MG48 (AvrPik_F) grew fastest, but its spore production was the least

among the five representative strains. The population structure of Avrpik alleles was preliminarily clarified in rice-

growing areas of Hainan province, which provides a reference for the planting of resistant varieties and the

breeding program for blast resistance in the rice growing area.

Key words Magnaporthe oryzae; AvrPik alleles;
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Table 1 Collection information of Magnaporthe oryzae isolates in this study

[alis=2 SRAE M
Strain no. Origin
MG14, MG110, MG112~MG116, MG118, MG120~MG123, MG127 ~MG129, MG131 ~MG132, MG134, MG146, MG1915, _
MG1924, MG1927, MG1940, MG1943, MG1976, 20MG142, 20MG158, 20MG167, 20MG168, 20MG172, 20MG183, 20MG189 :
20MG43, 20MGA48, 20MG51, 20MG54, 20MG56, 20MG63, 20MG66, 20MG69, 20MG71, 20MG81, 20MG87, 20MG99, bk
20MG102, 20MG103, 20MG105, 20MG108, 20MG122, 20MG131, 20MG136 =
MG12, MG15, MG17 SRR
MG24, MG27 s
20MG5, 20MG10, 20MG24, 20MG27, 20MG39 i
MG34, MG35, MG36, MG37 B
20MG198, 20MG201, 20MG204, 20MG206, 20MG207, 20MG210 [E}02
MG44, MG45, MGAT7 e
MG42, MG43 Bytifg
MG54, MG55, MG56, 20MG365, 20MG368, 20MG369, 20MG371, 20MG373, 20MG376, 20MG379, 20MG382, ..
20MG384, 20MG385 SEES
20MG213, 20MG215, 20MG218, 20MG220, 20MG221, 20MG223, 20MG226, 20MG229, 20MG232, 20MG235, 20MG237 B

1.2 BE£Er)iE75% DNA ZE

W B0 R R L PDA R 75 82 & PDA - i 8%
75,5 d JEHkEL 2~3 AN B 22 BT AR R R 5 (100
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~5 d. HKEL A MIEAGT IR EFH LK, 5T 5
T—20°C Uk hIRAF 45 o i Dt T i R 4H L DNA
S I OMEGA FLEH DNA /)i G ) G ik ]
T,
1.3 PCR ¥ i85 AvrPik EE = pENF
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1y 3 ¥ it AvrPik 5 07 3 I 5 S 51 )
AvrPikF  (5-GAAGGTCACGGTTTGAAGAGG-
3" 1 AvrPikR (5'-ATTATCTTATGAGCCGT-
CAACCA-3") ., BIYIHICHEHER MDA A
Al LAz [ 545 AR B DNA, FUH K/
9 615 bp, PCR RN SR ZR K 20 pl: 155 10 X
PCR buffer 2 pul, 10 X dNTPs 1.6 pl, rTaq if
0.2 pl, 10 pmol/L IE. R M5 ¥ 4% 0.5 pl, AR
DNA 1.0 pL.ddH,O 14.2 pl, PCR ¥ 34 504 K .
94°CHIAE M 3 min; 94°C 284 30 s,60°CiE & 15 s,
T2°CHEH 50 s.34 MG ; 72°C ZEAH 5 min, it 5 F
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WD S 2 A7 R w e o
1.4 AvrPik S EFEH) FNP 532

B TR T 9 2 BREUR PS5 L DL AB4988T75
~ ABA498879 5 i Fy 511 AR S S L X G i X5
136.,139.143.200.233.234 ¢ 6 NIHEEMEHIREZ
Mk fif & (functional nucleotide polymorphism,
ENPYJEAT HEXF. iR o7 s il 5 415 AB498876 —
FOW % ¥ 8 R AR I8 AvrPik - A B s
AB498877 —EMiZ 75 (F M) iE N AvrPik_B #l;
Uty AB498878 — %8 R IR LK AvrPik_
C /5 Y AB498875 — U 7 51 (B #k) id
AvrPik_D %1 f15 ABA98879 —HU% 541 (kR
0K AvrPik_E T, HARRINZS M Zhang 62
1.5 DNABREBRESEHSEEFEESHT

B IR Z S EEZH Tajima’s « f848 K I
M. B8 3 B DnaSP version 5. 003 31480 ¥
PeEiE 3 Ka/Ks (% e e, ) ] DnaSP version
5.0 A Ka (JER X #H %, non-synonymous
substitution rate) 5 Ks (J6] X & # %, synonymous
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INAFEAE PR FERSON 5 A1 2R Ka/Ks<<1, WAy £7
TESEFERL
1.6 EBEBARE AvPik EMEERBREKIEFNE
ZEF A L X i 2 » BEHUE A AR AvrPik S5 43
BEPAIRBI TR . T PDA Sl B3 57,10 d J5 I &
Wk ER. T@EEa, mb i KEZEBKHAA]
WAL TRIE T4 BT A - 4 28°CHE 3% 2
~4 d i 1 mL KB ZE K (ddH, O) e i 9672 77
pp M 1 2 3 4 5
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100

e T OB TSP TR SR IR VB
P AL
2 HRESI

2.1 AvrPik S ERE X FNP =58
FIF AvrPikF/AvrPikR 5| )4 3 B #k DNA,
100 I~k DNA H14 93 Btk DNA 314 ) 7
K/NC615 bp) BFES 4571 (B D HAR 7 TR 3
HRURAT o — 25 5 H AR 454 K/h—30(615 bp),
TSR KT HAR 454 (1 115 bp) (& 2),
7 8 9 10 11 12 13

M: DL20004} F AR 1: ddHORXHR; 2~13: Kk M HAEMG14. MG110» MG112. MG113+ MG114. MG115. MG116. MG118. MG120+

MGI121+ MGI22FIMG123 [l AvrPikdk [ &

M: DL 2000 DNA marker; 1: ddH,O control; 2-13: AvrPik gene fragments amplified from MG14, MG110, MG112, MG113, MG114, MG115, MG116,

MG118, MG120, MG121, MG122, and MG123 strains, respectively

B 1 HoFERERE AvrPikE/AvrPikR 5| #3845 R
Fig. 1 AvrPik gene fragments of some Magnaporthe oryzae strains amplified by AvrPikF/AvrPikR primers

bp M 1 2 3 4 5 6 7 8

2000
750

100

M: DL2000%FRihknde; 10 ddH,OXFHE; 2~8: R A HHk20MG102+
20MG103+ 20MG105- 20MG108- 20MG122+ 20MG131Ff120MG136
B %

M: DL 2000 DNA marker; 1: ddH,O control; 2-8: Fragments amplified
from 20MG102, 20MG103, 20MG105, 20MG108, 20MG122, 20MG131,
and 20MG136 strains, respectively

E2 E2FEERE K AvrPikE/AvrPikR 51475 38 H W&
Fig.2 Double bands amplified by AvrPikF/AvrPikR primers

in some Magnaporthe oryzae strains
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4 50. 00 %6, PRI Hk O AvrPik _E, ok
By 32,0870, ARTI. FEIX 106 5% I #E 7 51 Hh %
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2.2 AvrPik ENERZEREZHEESRFEESHT

Fe e 3RA 1 106 257 51 i A MEGA B it
XS R B AorPik S5 B DR ) 4 1 X b A A7 A
62 4> SNP fi i, Horpr 9 N Ja] L RAZ (#43, %87, &
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Table 2 FNP position analysis of AvrPik alleles
I REMEAZ TR
bk 55 751 gt ENpy  OORBIRIR ey s v
Strain and reference Functional nucleotide . .. Allele Frequency
sequence polymorphism position acid position genotype  of haplotype
136 139 143 200 233 234 46 47 48 67 78

AB498875 c ¢ G ¢ T G H P s A M AwPik D —
AB498876 A G A C T G N A D A M AwPiki A —
AB498877 A G A C T A N A D A 1 AwPik B —
AB498878 A C G A T G N P G D M AwPik C —
ABA498879 A C G C T G N P G A M AwPik E —
— A G A C A G N A D A K AvurPik F2U -
20MG56, 20MG69 A G A C T G N A D A M AwPik A 1. 89
MG14, MGI1940, MG1943, MG1976, 20MG142, . . .
20MG168, 20MG172, 20MG183, 20MG189 A G A C T A NA DA T AvwPik D 849
MG112, MGI115, MGI116, MGI118, MGI120, MGI121,
MG122, MGI123, MGI127, MGI128, MGI129, MGI131,
MG132, MG134, MG146, MG1915, MG1924, MG1927,
20MG158-1, 20MG167-1, 20MG66, 20MG102, 20MG103,
20MG105, 20MG108, 20MG122, 20MGI131, 20MG136, . . . . . N .
MG17, MG27, 20MG5. 20MG10, MG34, MG3s. MGss, © ¢ ¢ ¢ T G H P G A M AwPit D 2000
MG37, 20MG201-1, 20MG204-1, 20MG206-2, 20MG207,
20MG210, MG42-1, 20MG365, 20MG368, 20MG379,
20MG385, 20MG218, 20MG220, 20MG221, 20MG223,
20MG226, 20MG229, 20MG232
MG110, MGI113, MGI114, 20MG158-2, 20MG167-2,
20MG51, MGI12, MGI15, MG24, 20MG24, 20MG27,
20MG39, 20MG198, 20MG201-2, 20MG204-2, 20MG206-
1, MG44, MG45, MG47, MG42-2, MG43, MG54, A C G C T G N P G A M AwPik E 32.08
MG55, MG56, 20MG369, 20MG371, 20MG373,
20MG376, 20MG382, 20MG384, 20MG213, 20MG215,
20MG235, 20MG237
20MG43, 20MG48, 20MG54, 20MG63, 20MGT71, A GACAGNATD A K AwPitF 755

20MG81, 20MG87, 20MG99

1) 45 136.139.143.200 {iAZHFRR AN BIXT I 46,47 .48 LUK 67 {2 3E18 . 4 233 M1 234 (iR AL Rl 4 fd 78 {44 3%

Nucleotides at position 136,
233 and 234 encode amino acids at position 78.

%Zﬁ
ZREMEC0. 008 92) Bl B 3 TE 5

ot M MR K 7 T AN AorPi
%ﬁﬁﬁvﬁ%z#¢

TEZSH K A G
LG E] 62 4~ SNP i 5, Hoh 7 1k A5
SAKAIETIKX . JE1F 5 IR IX B 1T R
Jik X (0. 002 97),

139, 143 and 200 correspond to amino acids at position 46, 47, 48 and 67, respe(,tlvely, While nucleotides at

KW AvrPik 07 BEPRAZ AT IR 2 HEMETE X A 4544
WA 22 5 (GR 3. TERAAR T M, X
55 FUAAR DR ARG I L 722 S 7 B30 R 43 A
24 A~ HXE I A% 1 R 22 AP 02 B 5 1X(0. 009
26) B T H A X (0. 005 02) (% 3),

®3 APk ENEFEZERSHEES R
Table 3 Nucleotide diversity analysis of AvrPik alleles

A SV A AR 21k
R T 527
H#J AR . Number of Nucleotide Ka Ks Ka/Ks
Domain or population L. . .

variation sites polymorphism
Z5t8,  Domain ity [X. 62 0. 007 82 50. 148 7 22. 666 1 2.2125
E[FEREINES 55 0. 008 92 56. 405 8 27.451 3 2.054 8
EEARX 7 0. 002 97 20. 741 0 6.433 8 3.223 8
K Population HEX 43 0.009 26 21.290 7 7.876 5 2.703 1
AR X 24 0. 005 02 4.776 7 3.862 8 1.236 6

1) Ka KR SUCEHR , Ks

PGP &

Ka represents non-synonymous substitution rate; Ks represents synonymous substitution rate,
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SRS AR Ka/Ks K255 B, Ka/Ks {8
HARE S IRX 5155 KX /50 2. 054 8 5 3. 223
8. AL AvrPik S5 3k PN 37 B 1F ¥ £ A FH (%
3) . TERHATT H . BB X (2. 703 D Ka/Ks {4
BT A X (1.236 6), FH, BEX K
AvrPik %03 Z 3] TS0 IR, HoR T
FUFPAE X 32 B PR R (3 3)

2.3 A AvrPik S EFEPERERS LS

ZP 5 X IN G S BB IR FE 6 4~ FNP ] 5 47
S LR S — 30 0T Bk B 20MG56
(AvrPik_A) . 20MG189 (AwrPik B).20MG108
(AvrPik _ D). 20MG27 (AwvrPik _E). 20MG48

20MG189
(AvrPik_B)

20MG56
(AvrPik A)

TR P PR 9. 0X10° A4/ ILGE D

20MG108
(AvrPik D)

(AvrPik_F) 3 5 DNRREATRADIES . B 10 d
J5 .5 AT PR KR S o BB Br 20MG27
(AvrPik_E) 2K R @H AR TR TR 22348
KA (B 3, fEA KTy M, Wk 20MG48
(AvrPik _ F) E K R, K PHHEEHE R
65. 8 mm; [k 20MG189 (AwvrPik_B) K g, H
SERIHTE BLAZ R 46.9 mm (£ 4), BN D
TN SN ERRFIE A TC2E R . FEr 7 T, bR
20MG189 (AwurPik_B) 1 20MG108 (AwrPik D))
PR A B ST  h 8. 75X 107 AN/ LA
8. 55X 107 A4~/IML; Ak 20MG48 (AwrPik F) (7=

20MG48
(AvrPik F)

20MG27
(AvrPik E)

3 AE AvrPik ERERTEERE E KL PDA 557 E LS5 10 d WEERS

Fig.3 Colony characteristics of Magnaporthe oryzae isolates with different AvrPik alleles cultured on PDA medium for 10 days

F4 SAE AvrPik S E R FEER E &R
BEERKS=HsE"
Table 4 Characteristics of colony growth and sporulation of

Magnaporthe oryzae isolates with different AvrPik alleles

. AR R Y ’X/mm S ] E/
- IR HAE T ?Ti?ﬂmﬂ
R Average colony X105 4~ « I
Strain no. . .
diameter Average sporulation

20MG56 (59.3£4.61)ab (23.5+£5.28)b
20MG189 (46. 92£0. 66)c (87.5£16. 26)a
20MG108 (56.4=+3.01)ab (85.5+15.19)a
20MG27 (52.7£2.40)be (20.0£5.65)b
20MG48 (65.8%£3.15)a (9.0£1.70)b

1 A R/ING F-BE R R A R Ak ] 22 5 8 25 (P<<0. 05),
Different lowercase letters in the same column indicate signifi-

cant differences among different strains at 0. 05 level.

3 gipSitie

A BARA T2 E AR R AR 7 R HAR R
TR A8 g I A L TSRy 4 23 S8 /K R 1A 7 R
Ao MR 2SR TR A 0 DX S T R 24
1.27 5 hm*, FEE PRI A & BRI AR AR
SR R L X 5 e S b i e B X

FERYSE o H MUK A 7= o0 A T4 iy« 2 /AR P A7
R 7 FHDRL I 9 4 et FH IR0« 1 A 0 L R
Al NG IR S R AR B KR AR
FPAAEE P 1 AT L — A 8 %07 M WO KR o R
B4 B BRI U HESS o 0 i T e e
TR OIS0 B 7K A o 0] e s 1) e A
AU 5T

SR TCiB e 1 S A DX 2 i B K R e X
R Iva 10 A /K Rt A 7 B T e ) P . DRI, R 6
3t AR Vs T AR TR 10 A3t £ 45 4 S LA S
HRE—DANAT [BRE PR SR A4 HESEXS 6 S ToREAE
(ACE1, AvrPia. AvrPik ., AvrPita, AvrPizt Fl
PWL2)1E R AL XA L X 60 TR0 B
e B AR R AT T PCR A, 4745 B #f 73% 6
ANTCRE Ak YT R 5 DR R R R AR PR g0 AR
P ARAFSER A AvrPik SER R 50D %
FEAE X 735 1 100 BRAH 255 i PR E 4T DNA 9719 5f:
XF PCR 7= ¥y 47 5 B TP 51 53 Hr . 435 SR 5 7
AwvrPik_A.AvrPik _B.AvrPik_D.AvrPik _E Fl
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FE T4 - W R X RN 1A AorPik 557 56 P B9 A2 57t -5 22 RE 1S Hr
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AvrPik _F 35 Fp EZLEEA FE R, Hir AvrPik_
D KRR %, I # K 50. 00% ., 2012 4F Kanzaki
TSR F I (3 ) LRV (6 4% ARMH (7 45 (T
P23 A It 39 ASFFIEN B B bR 9 AorPik S50
FERBHAT T 530, Horpr AvrPik_D g FZEEA A
R AR G H -5, A2 Kanzaki 555 A7 Kl
th AvrPik_B J5RY, i AW 58 KK 5 AorPik_C
FA, LigEXT IR E 2 M8 A Ve B AR L 2 iy
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