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Molecular identification of avirulent genes of Avrla, Avrlk
and Avr3a in Phytophthora sojae

SUN Long WEN Jing-Zhi~

(Department of Plant Protection, College of Agriculture, Northeast Agricultural University, Harbin,
Heilongjiang 150030, China)

Abstract: [Objective] To provide method for rapid molecular detection of Avrla, Avrlk and
Avr3a, avirulent genes of Phytophthora sojae, and also to provide some references for rapid
molecular detection of other avirulent genes of P. sojae. [Methods] According to GenBank
sequence table of Avrla, Avrlk and Avr3a, avirulent genes of P. sojae, specific primers were
filtered out respectively for the three genes by using primer design method. 86 strains of P.
sojae which have been identified virulence on the three differential soybean varieties were de-
tected by PCR on the basis of optimized reaction system and amplification conditions. A spe-
cific detection system was established for detecting Avrla, Avrlk and Avr3a, avirulent genes of
P. sojae. The results of molecular identification and inoculation identification were compared
and analized. And then amplified true and false positive bands were recovered respectively and
cloning sequenced and compared with the original sequences of the three avirulent genes, to
verify if Avrla, Avrlk and Avr3a were suitable to be detected by the method of molecular
markers. [Results] All the specific primers screened out could amplify a band with length of
about 550 bp. The coincidence rate of molecular and inoculation identification for the three
avirulent genes were Avrla-45.3%, Avrlk-84.9% and Avr3a-97.7%. The true positive bands of
three avirulent genes had over 97 percent of consistency in sequence with the original one. The
false positive bands of Avrla were about 80 percent, and Avrlk and Avr3a were less than 30
percent of consistency with their original sequences. [Conclusion] The detection system es-
tablished by using the primers filtered out by utilizing the gene sequence of Avrla, Avrlk and
Avr3a can be used to detect Avr3a rapidly, but not be suitable for detection of Avrla, whether
fit for detection of Avrlk needed further study.
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WMTAERK ., IR AIZS ], o R e AR
S3ZRIE | WA A R R B R 22 R
mat, PRIk, F S —Ffebad | IR A ik
b SRl NIERLE e ver = S E | g A S NS M
AT sE 25 SRR, ARIL =8 KGR W L E
FEA Avrlk FT Avr3a 73 B AR S, 1A 80.3%
F173.0%, 1M Avrla 53 B4R, S 29.0%.
ARG ET X IX 3 AN TCBESE R I R st I ik
W98, K 3 ANTCEIEE PRI R A%,
SR K 9 R D HL T TG B S DR DR 3 e T
FEPRARAE

1 MBEHE

1.1 #iEk

R AR KOG R A6 A A R AN 1 1 rh
Oy B U E ) 86 MR K IR
1.2 K2REHEERELEDNARZER PCR Y14
1.2.1 EF4H DNAHIREL: Z7% Panabieres 5511
TP IR
122 3|#i&it R PCR: ¥ GenBank /M
HIICEESE Avrla, Avrlk F1 Avr3a B9, FIH
Primer Premier 5.0 #{4:X} Avrla. Avrlk F1 Avr3a
HATH . BRI 2 X5, 2k
6 XI5 14, P BE R GRS 3 %]
Wik TAEs, Hr Avrla (59058 F: 5-ATTCTG
CGTTTCTCCTTCCAGTTAT-3'#11 R: 5'-CAAGGT
GAAAAGATTGTCTGCATTT-3"; Avrik 5%
N F: 5'-ATACAGTTCGCCGCCGTCTTC-3' Hl

R: 5-GTAGTTATCGTCCTTAGTAGGCTTC-3';
Avr3a 195 |¥1 R F: 5-ACTTTGGAATTTCTTCTC

CAGCTC-3'fll R: 5-GATCGTGGGATAGACGTT
TTATTTT-3'. 3 %5 [ Hidik kit B2k 50 °C—60 °C,
Py KR A 550 bp A4 . BlIHIH A T A
P ARA PR A5 . PCR F VAR R AL 21
TR 7S, IR

13 #HXXEREELSEEREFEIE
1.3.1 $30&F: S0l 5 A h AL Rpsla, Rpslk
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2.2 {HiXE#K PCR ¥ 1&

3 X5 4xt 86 #R K AR MY PCR ¥ 1™

bp M 1 2 3 4 5 6

750 —

Avr3a primers
500 —

. 750 —
Avrlk primers 500 —
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500 —

YIsi N p B PR VK A R DL 1, S5 R, P4
R Sy BT M, R BESAE 550 bp ZeAy, oAk
L N IR B

23 BEMEESERRESHN FEETERNF
BESH

MR 86 iR TREE X405 %A Rpsla.

Rpslk Fl Rps3a [ 3 4~K A7 g M4 0l it
(R) FIRRHEEFPZE R I 3 AN Toi s 4 e 45
R 1,

1 35143 17 MEIKE KA PCR ¥ 1545 R
Fig. 1 PCR amplification results of 17 strains by three pairs of primers

Rl STETNEMEELERR-ENFER

Table 1 The results of molecular and inoculation identification for avirulent genes and their coincidence rates

Avrla Avrlk Avr3a Avrla Avrlk Avr3a
J* A* B* C* A* B* C* A* B* C* J* A* B* C* A* B* C* A* B* C*
1 = = o = + X + aF o 44 - + X + aF o ar ar o
2 = X + + o + o 45 + = X + + o + + o
3 = + X = + X + + o 46 - + X + + o + + o
4 + = X + + o = = o 47 - + X + + o + + o
5 e T o 1 e o i 1 o 48 - - o 1 1 o i i o
6 = + X = + X 4 i o 49 - = o i i o 4 4 o
7 + + o aF + o ar aF o 50 + = X + aF o ar ar o
8 = + X + + o + + o 51 + + o + + o + + o
9 = + X + + o + + o 52 + = X + + o + + o
10 + + o + + o = + x 53 - = o + + o + + o
11 - + X = + X 4 i o 54 - = o i i o 4 4 o
12 - - o - = o = = o 55 - = o + + o + + o
13 = + X + o aF o 56 + + o aF aF o ar ar o
14 - + X + o A o 57 - = o A A o i i o
15 + + o + o + o 58 - = o + + o + + o
16 - + X = + X = A x 59 + = X A A o 4 4 o
17 - + X i + o 4 i o 60 + + o i i o = = o

(f74E)
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18 - + X + = X + A o 61 + + o = A X = = o
19 - = o = = o + A o 62 + + o A A o + + o
20 - = o = = o + A o 63 + + o = = o + + o
21+ + o + o + + o 64 - - o + + o + + o
22 - + X 3 o + A o 65 - + X 3 A o + + o
23 - + X A + o 4 A o 66 + + o A A o = = o
24+ = X A = X + A o 67 - = o = = o - - o
25 + + o A + o 4 A o 68 - + X + A o 4 4 o
26 - + X + + o + + o 69 + + o + + o + + o
27 + + o + + o + + o 70 - - o + + o + + o
28 - = o A + o 4 A o 71 + + o A A o 4 4 o
29 - = o + — X + + o T2 - + X + + o + + o
30 - + x + + o + A o 73 - + X + A o + + o
31 - = o A + o 4 A o 74 + + o A A o 4 4 o
32 - + X + + o + + o 75 - + X + + o + + o
33 - + X = + X + + o 76 - + X = + X = = o
34 - + X 3 + o + A o 77 - + X 3 A o + + o
35 + + o A + o 4 A o 78 - + X 1 A o 4 4 o
36 + + o A + o 4 A o 79 - + X + A o 4 4 o
37 - + X A + o 4 A o 80 + + o A A o 4 4 o
38 - + X + + o + + o 81 - + X + + o + + o
39 - + X A + o + A o 82 + + o = A X = = o
40 - + X 3 + o + A o 83 - + X 3 A o = = o
41 - + X 1 + o 4 A o 84 + = X 1 = X 4 4 o
42 - + x + + o + A o 8 - + X + A o + + o
43 - + X A + o 4 A o 86 + + o A A o + A o
Iy FROE AR GRS E A R T E R Avrla Avrik Avr3a

Coincidence rate of molecular and inoculation identi- 453 84.9 977

fication for the avirulent genes (%)

Note: J*: Represents strain No.; A*: Represents inoculation results; B*: Represents amplified bands; C*: Represents whether inocu-

lation results accord with amplified bands.

SRR, Avrla sy T g5 R S P A e
RIFFE R 45.3%, HoEHM: 7 27.9%, Hax
AAHFF I 62 AT kk rh B BHE L #635 88.7%,; Avrlk
Oy T Y B G R SR S A RN R B 5N 84.9%,
HrEHM: &7 79.1%, HACRFHSTY 13 itk
R BEEE L3R5k 69.29%; Avr3a 3148 5 45 W 5 43 A
YR BRI T A R A 97.7%, Ho ERH M
90.5%; HAx 2 BRIRIA A
24 HBHWRBERENFSH

RIS IR 48 A~ FH S (PCR H FHEFIE

PR S5 25 8 AT se bl 743 Hr . JJm i 40
FAFENFEER . K or o a5 R M RTER 40
2% (ELBHTE: Avr3a: 8 %%, Avrilk: 6 %%, Avrla: 8 4%;
B Avr3a: 8 %%, Avrlk: 4 %%, Avrla: 6 £%)
PCR A Btrwileillfy, #5HEM, HPMwES
JE P4 G Bk 97% L I, i {8 BH 4 5 e
XFF Avrik fil Avr3a 1 5 S5 IRFFIMF AR AR
30%; IMiXtT Avrla, S5EFHIFFAFEGELF
80%LA I~ H i R BEye B P45 2R 5 5P 5 A5 5
R 2,
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Table 2 Consistency of sequences of 40 clones with the original sequences

R2 AOTEMRBREENFERSEFYIR—HE

ToRE

Clone

BRI A%

Consistency with the original sequence (%)

Avr3a-1 E fH
Avr3a-2 E[HME:
Avr3a-3 FLBHM:
Avr3a-4 E[H:
Avr3a-5 ELBHM:
Avr3a-6 ELBHM:
Avr3a-7 ELBHM:
Avr3a-8 FLRHM:
Avr3a-1 i BH
Avr3a-2 B BHH:
Avr3a-3 {i& BHH:
Avr3a-4 {i& [H
Avr3a-5 i SH
Avr3a-6 fi B
Avr3a-7 i SH
Avr3a-8 fi BHE
Avrik-1 E PR
Avrik-2 P
Avrik-3 . pHE
Avrik-4 EBH M
Avrlk-5 EBH:
Avrlk-6 ELRHE:
Avrik-1 B PP
Avrik-2 fE P
Avrik-3 i BH
Avrik-4 {5 B
Avrla-1 B [HME:
Avrla-2 B [H:
Avrla-3 ELBHM:
Avrla-4 ELBHM:
Avrla-5 FLRHM:
Avrla-6 FLBHM:
Avrla-7 B [HME
Avrla-8 E [Hk:
Avrla-1 {i& BEH:
Avrla-2 {i& BHH:
Avrla-3 i SH
Avrla-4 {iBH:
Avrla-5 fEBHME
Avrla-6 fiBHME

Avr3a-1 True positive
Avr3a-2 True positive
Avr3a-3 True positive
Avr3a-4 True positive
Avr3a-5 True positive
Avr3a-6 True positive
Avr3a-7 True positive
Avr3a-8 True positive
Avr3a-1 False positive
Avr3a-2 False positive
Avr3a-3 False positive
Avr3a-4 False positive
Avr3a-5 False positive
Avr3a-6 False positive
Avr3a-7 False positive
Avr3a-8 False positive
Avrlk-1 True positive
Avrlk-2 True positive
Avrlk-3 True positive
Avrlk-4 True positive
Avr1k-5 True positive
Avr1k-6 True positive
Avrlk-1 False positive
Avrlk-2 False positive
Avrlk-3 False positive
Avrlk-4 False positive
Avrla-1 True positive
Avrla-2 True positive
Avrla-3 True positive
Avrla-4 True positive
Avrla-5 True positive
Avrla-6 True positive
Avrla-7 True positive
Avrla-8 True positive
Avrla-1 False positive
Avrla-2 False positive
Avrla-3 False positive
Avrla-4 False positive
Avrla-5 False positive
Avrla-6 False positive

99.28
97.69
98.85
99.88
97.73
97.99
99.53
99.67
21.38
25.36
22.54
29.75
19.95
28.46
22.12
18.89
97.86
97.56
98.25
98.32
97.75
97.33
19.16
15.36
28.88
27.35
98.38
99.86
97.53
99.33
97.39
99.86
99.55
99.28
88.85
82.30
88.74
86.33
92.55
92.69
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3 HZwEitie

IR IRAR T 4 1F GenBank Hh$ 28 i Jo 7 ik
Avr3a. Avrlk FI Avrla [#)5%1, F|FH Primer
Premier 5.0 k{4, 43l it 17 X0 T 3 A JoaE
K519, IF By i g, SRR 3 4
S0P HEAHA R 86 MK EIERH, XL
86 AR A AE LS R, 1511 Avr3a 514
LR GRS E ST IRAT G 97.7%, Avrlk K
84.9%, Avrla & 45.3%, XP45EXTT Avr3a Fl
AVrIK TEERZETEIRIY, MRET Avrla Ul 5 e 25
R —E MR,

— MR EN P 28, 2B
AR IR R R . XF Avrla TiE, 7E
JCFE bR Avrla XA 3 FhF I, 4 0A
PsAvrla. PsAvh72 #i1 PsAvh275c, .+ PsAvh72
H— MBI, Avh275¢ —ASTEIRERY Avrla [F]
PEFH), S5HAh 2 ANFERA RS ORI, F5
PERERET PsAvrla J2EREH), L PsAvh72
1 PsAvh275¢ BFHFHIE., o TR bk T
H ICYIRERY Avrla [A]i5 351 Avh275c¢, 3714 0 2%
WA AT BE & Avh275c¢, FIFLL S8 Avrla B R4 BH P
PR HRIR 88.7%, HET Avrla SEPH IR & 2%
PE, BN AR B AE T Avrla #9453+
YO, TR SR ik

X T Avr3a 1 7, PsAvr3a 1EfT A R E bk 1Y
f71E 3 FhE, %14 PsAvr3a-1, PsAvr3a-2
F1 PsAvr3a-3. PsAvr3a-1 il PsAvr3a-3 >k H Tt
BE/NFR(CEBIAN: 2 DR/ LA PsAvr3a-1, B
HILHAZKIE), HEHZEILEHRY, X2
A6 7 BH M v R e 465 SR 5 R 5 e e ik
ikF] 100%8JFE A . AR N AL A
PsAvr3a-1, Fir L33 i 1 ik D Efl B M 2%
i o PsAvr3a-2 UK IE T #EE/NFE, B
PsAvr3a-1 fil PsAvr3a-3 22 Lk, fAEHE K
IEARFIEIAE, VERAFEIE/ DRI BR T 2 4

B/ N LA R BN th B B4, AR IR
WSz S T Avr3a 194> TS (b B
AR AT AP IRAIE)

Avrik AR SERE R, BT DL B AR B
1, (EARIEARIG Xt Avrik AOHERD 4 E FIAr T
YR RN, ETaE S Avr3a AH{, (HETRTC
E

25 TR, AR Sy i PR o S
1% AT Avr3a, T Avrla PR LR R 4R, AN
Tk, 5 B4k S R 5 B P A8 i Jr
o Avrik R ANBHES, A FRF9ESepior.
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