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Research Progress in Physiological Race of Phytophthora infestans in China
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Abstract: Late blight caused by Phytophthora infestans is the most devastating disease in potato production.

Physiological race of P. infestans is one of the important phenotypes, and its composition and variation are directly

related to the incidence and prevalence of potato late blight. Research progress in physiological race of P. infestans was

reviewed. The diversity of physiological race of P. infestans and complexity of the physiological race virulence genes

were analyzed, and problems relative to P. infestans physiological races were pointed out, which might help future

researches on P. infestans physiological races in China.
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Table 1 Race of Phytophthora infestans identified on potato in China

L= HER T S5 T (No.)

BUDBE RO (No.) S5 A/ PR (No.)

KA A

Author Year reported Host Host absent Isolate Race Site collected
Gl 2003 8 R5.R7.R11 43 19 Ak
Erim s 2003 17 RS ESll 14 Sy AU
Rt 2003 22 R2.R5.RS$ 90 21 P NG iV R C [N e
il ] g A 2004 7 R5.R7.R9.R11 43 19 At
R 2004 17 R2 .R5.R8 135 28 PN NN TIEAREY 418
BN/l 2005 11 R10 30 7 IR
Gl 2006 11 R10 51 21 BRI

123a3b4.56.7.89.10.11 5 13.16 %, /IMil13a.3b4.67.10
10.53% ., BAREIREEORF 2000~2003 4F H =B A RAER
136 MRS PR A A F VR R R 284
AN AL NP N 1.3.4.7.9.10.11,
1234679.10.11, 134679.10.11 L }2 34691011, H.
KBTS A B R 1A B B R RE T/
B 2008 4EIF 4RSI ARSI D) Ky NI 22
F AR5 51X} 2006~2007 5K A 75 T 0BG RE G T
PRUEFTAE B/ VR S, HEE R BOR1E HakE
W25 B DL NP A 3.4.10, 45 EHESES%F 2008 45
K B S VT 83 A Th S S M e i PR MR R T T AR B
NP E, SRR 18 A /NSRS, R F
Fhoh3.47.11, /NFP3.4.5.6.7.8.9.10.11 &4 HI#E
FEREH I Z . 22U AR P 2008~2009 42K H Y
I 103 A~ BP9 TR PR 25 58 1 42 A4S 2B B/ INRR 2k
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WAt BIRIT L I TR AR 150 4 Mg e ik
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Table 2 Race diversity and virulence complexity of Phytophthora infestans on potato in China

Eire =N ] o .
= Vear Hﬁ.;ﬁ KAy ﬁc%dvﬁl N N He i i i c ¢
Author Site Year collected Dominant race
reported
X s g gt 2007 = 2000~2003 1.3.4.7.9.10.11 136 28 550 020 237 048 726 8.79
[7EX: 2006 =M 2002~2005 123.456.789.10 152 55 1075 036 281 056 838 5.76
FoHa 2007 ~H 2005 3.4.6.8.10.11 121 26 521 021 259 054 506 596
e 2014 P 2012 B S/ 292 99 1726 034 293 052 899 6.15
2013 BRI SN 205 27 488 013 100 0.9 1057 8.07
ALy A 2010 eI 2008~2009 123.45.6.7.8.10.11 103 42 885 040 325 070 853 7.57
ALy A 2013 P 2008~2011 WS/ 192 55 1027 028 323 061 9.14 8.1
Elee 2007  MEH 1997~1999.2002~2003  3a.3b.4.7.10 38 18 467 046 260 071 558 5.06
ol 2014 NEEN 2007~2008 N A 26 24 706 092 315 097 504 488
T 2007~2008 0 65 29 671 044 283 068 3.08 4.07
22k Ae(50) b
’if;;gi i’ﬂiﬁw 2011 Hir 2009 4.6.7.11 63 16 362 024 236 057 444 4.63
2R 2013 Hr 2007~2012 HBLEE S/ NV 77 45 1013 058 339 078 717 6.07
EERVA S 2013 Hr 2011~2012 L el 75 45 1019 059 338 078 720 6.07
T 2010 MR 2008~2009 [ el 59 11 245 017 164 040 897 546
L2y AN 2008~2009 HRLRE S/ NV 76 15 323 019 236 054 720 5.87
S pEaE 2006  HIpIT 2004 3.4.6.7.8.9.11 51 21 509 040 271 0.69 539 529
G IERESE 2009  MBIpyL 2008 3.4.7.11 83 18 385 021 230 052 422 439
TR 2012 IR 2008~2011 1.2.3.45.6.7.9.10.11 41 15 377 035 246 066 849 8.07
LA 2012 EIpyr 2010 1.3.4.7.8.10.11 95 24 505 024 256 056 659 6.96
s WA 2013 WAJRIE 2010 1.3.4.7.8.10.11 62 14 315 021 212 051 595 593
T 2015 BT 2010 1.3.4.7.8.10.11 84 26 564 030 265 060 671 677
2011 1.3.4.7.10.11 55 19 449 033 239 060 656 6.65
2012 Nk 40 34 895 085 347 094 740 735
2013 1.3.4.7.10.11 29 22 624 075 288 086 690 7.00
p(51]
ZL;%' S 2008 i 2006~2007 3.4.10 54 16 376 028 229 057 3.06 3.56
1.3.4.7.10.11,
Xk 2011 ioim |4 2009 1.3.4.7.8.10.11, 55 29 699 052 315 079 658 6.10
FHELEE 1/ N
L P A (74 EEL L
7] i 2015 gl 2013 25.6.89.11 260 15 25 0.0 2.13 - 3.57 293
2014 2.5.6.89.11 16 2.11 - 3.66  3.25
T pggron 2011 MBI 2009 3.45.6.7.89.10.11 34 25 681 073 3.09 088 744 6.92
bk 2009 AR 1/ N 49 19 463 038 240 062 906 795
=H 2009 R RE )/ 24 10 283 039 158 050 10.04 880
SEn 2009 34.5.6.7.9.10.11, 11 6 209 050 1.67 070 846 8.00
FREGLEE 1/ N
PRietg™ 2014 HR 2010 AR 20 19 601 095 293 098 790 6.05
TH 2010 R 20 18 567 089 286 095 800 7.78
PN 2010 A 20 19 534 095 279 093 615 7.18
Piss 2010 A 20 16 601 079 293 098 280 6.21
=il 2011 AH 20 18 534 089 276 092 430 4.71
bl 2011 PNl 20 17 501 084 272 091 7.60 2.88
BT 2011 Pl 20 17 567 084 286 095 3.65 467

e No= WAL, N, = /NMIEL, He= Gleason ZREPEFREL, Hs= Shannon$8%0™, Hew= HXF Gleason $8 5L, Hse= #%} Shannon $8 %L,
Gleason ZHEMEAEE Y Shannon TEEIYCFRAEFV NI 2R C = AT R IER P IME, €, = WA/ EE S 3B 1 F- 4 (E
Note: N; = number of isolates, N, = number of races, H; = Gleason index, Hs = Shannon index ™, He = relative index for He, Hg = relative index for

Hs, C; = mean number of virulence per isolate, C, = mean number of virulence per race .

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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FRUESE, 2012 4 RAE Y 292 A~ bR H %55 HE 99
AR M 2013 4E R 1 205 D E AR
YE 27 AN AEFUNFPE AL, 2 AE PR NFR S R
“ERYCEETI/INFNT o BRIGEHETIXT 2010~2011 4ERAE A
Hil. THE., zf. mad, EW. 5N, mTeE
HiL A4 B A T A i TR B 20 A B RR 0R AT AR BN Fil %
TE, SR IATA L EREBYINPERL K PL6
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2013 4R 4 [ BBy 7T 1Y 208 28 95 T bk R4 T4 7
INFPSS R, RN 75 AR BN SR 7E 2012
520130 5 & B2 05 1 bR BRI /NPT, it
157 A BINFD ZREPE R A BN RS ) R R B bk
M, KRB 2012 A BE/NRN AR e I A B NRD B
JIFERZ Ze B ey . MR SESE7 % 2013~2014 4
KA B BN R 260 A B9 T bR AT A /N 4
FE, HA 2013 4508 1S AR BN AY, 2014
AEE 16 N AEB/ NPT 2 SRR B INFIEY Sy
2.5.6.8.9.11, KK EHEEII/INFI,

XS R, Ak, R I/ TR
A8 1 BB R, A8 I R )
INBRTE SR A IR, DA T S G s A BN
() 20 (Heo Hoxo Hs. Ha) &, 8384 R
ek LA s AR B/ INRR R ) BRI B &2 2t (G C)
B, AR FRIUE TS I ER2) . XU
548 B BSEEI0 BR A BT AR B R A A B N R T 5
B HBIRE 2, X0 T 805 A
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(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

X B AR ARl T % S B 1 BT A MERE AR R, X
LB URE LA T3 R B B BB B T R i
PR

3 PEAEHE/NDMHFEFEN P ERREE

r L X L A% S I 9 e T A BN RIS O
77 Km TAE, B9 ot H s, (BARAEAE
— b T e

TG IE S AN TR o 7E B 7 0 A= B /N A B 55
e, WA ek Z L, AR 2005~2010 4%
T 4 4F, N5 2003~2007 4R T 3 4E, 2008 4F
EARWMIE, W21 FEZSKWMRE. 5
Hh, FRATAE 0 9 B R A L S AR AR R (R A R 25 5
B YA RS S A D o T s i AR TG T B
Az BN B S [R] AR A AR, DL S T i e A B
AN AR A S

X A BR/INRR Z2 R M R B T L A A R b K
W) T8 BOVE 3 AT o 224 v G W 92 3 T A 3L/ N
FFEEE AT A BRIGEARE ™ I B RaE o, (HY
RN AR FEEL Hon Mo He,  PRIHENT AR B INRP 2 REE
() LA AR SR R

8 AR BRI H G T S M g TR AR S NRT Y
WFFEAFAE— 2 W [ BEURUR) R, (HBEE BFIT A B
XoF B EE 9 TR A BN A IA U R [ B A 1 1R i
AFA HP ] T A8 S MG 5 T A B/ N R AT 5% 2 T
B

[ & % x # 1|

[1] AREE. LR 3tk T A R b 2 SOMCERs O SR [N,
FEIPRTEZL, 2015-01-06.

[ 2] Koh Y J, Goodwin S B, Dyer A T, et al. Migrations and
displacements of Phytophthora infestans populations in East Asian
countries [J]. Phytopathology, 1994, 84(9): 922-927.

[3] R AR, sRIRE, 45 . ThE B TR R B A A it
I (1], HR AR, 2007, 40(9): 1936-1942.

[ 4] Black W, Mastenbroek C, Mills W R, et al. A proposal for an
international nomenclature of races of Phytophthora infestans and of

genes controlling immunity in Solanum demissum derivatives [J].

Euphytica, 1953, 2(3): 173-179.

http://www.cnki.net



T SR E AR A B N S W, B 9L, MK,

A
ﬁ

-51-

[5]

[ 6]

[7]

[8]

[91]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

Mastenbroek C, Bruin T D. Het voorkomen van physio 4 van
Phytophthora infestans in Netherlands [J]. European Journal of
Plant Pathology, 1955, 61(1): 88-92.

Howatt J L, Grainger P N. Some new findings concerning
Phytophthora infestans (Mont.) De By [J]. American Journal of
Potato Research, 1955, 32(5): 180-188.

Graham K M. Distribution of physiological races of Phytophthora
infestans (Mont.) de Bary in Canada [J]. American Journal of
Potato Research, 1955, 32(8): 277-282.

Pristou R, Gallegly M E. Differential reaction of potato hosts to
foreign and domestic potato physiologic races of Phytophthora
infestans [J]. American Potato Journal, 1956, 33(10): 287-295.
Gallegly M E, Eichenmuller J J. The spontaneous appearance of the
potato race 4 character in cultures of Phytophthora infestans [J].
American Potato Journal, 1959, 36(2): 45-51.

Graham K M, Niederhauser J S, Romero S. Observations on races
of Phytophthora infestans in Mexico during 1956— 1957 [J].
American Journal of Potato Research, 1959, 36(6): 196-203.
Mastenbroek C. Some major points from 22 years of experience in
breeding potatoes for resistance to late blight (Phytophthora
infestans) [J]. American Potato Journal, 1966, 43(8): 261-277.
Schick R, Schick E, Haussdorfer M. Ein Beitrag zur
physiologischen spezialisierung von Phytophthora infestans [J].
Phytopath Z, 1958, 31: 225-236.

Eide C J, Bonde R, Gallegly M E, et al. Report of the late blight
investigations committee [J]. American Potato Journal, 1960, 37
(11): 399-400.

Mckee R K. Identification of R—genes in Solanum stoloniferum [J].
Euphytica, 1962, 11(1): 42-46.

Malcolmson J F, Black W. New R genes in Solanum demissum
Lindl. and their complementary races of Phytophthora infestans
(Mont.) de Bary [J]. Euphytica, 1966, 15(2): 199-203.

Gurtler H. Physiological races of Phytophthora infestans in
Denmark and low temperature storage of isolates [J]. Potato
Research, 1984, 27(1): 25-31.

Tooley P M, Therrien D L. Mating type, race composition, nuclear
DNA content, and isozyme analysis of Peruvian isolates of
Phytophthora infestans |J]. Phytopathology, 1989, 79(4): 478-481.
Andrivon D. Races of Phytophthora infestans in France, 1991-
1993 [J]. Potato Research, 1994, 37(3): 279-286.

[19]

[20]

[21]

[ 22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

Peters R D, Platt H W. Changes in race structure of Canadian
populations of Phytophthora infestans based on specific virulence
to selected potato clones [J]. Potato Research, 1998, 41(4): 366—
370.

Sujkowski L S, Goodwin S B, Fry W E. Changes in specific
virulence in Polish populations of Phytophthora infestans: 1985—
1991 [J]. European Journal of Plant Pathology, 1996, 102(6): 555~
561.

Ghimire S R, Hyde K D, Hodgkiss I J, et al. Race diversity and
virulence complexity of Phytophthora infestans in Nepal [J]. Potato
Research, 2001, 44(3): 253-263.

Knapova G, Gisi U. Phenotypic and genotypic structure of
Phytophthora infestans populations on potato and tomato in France
and Switzerland [J]. Plant Pathology, 2002, 51(5): 641-653.

Cohen Y. Populations of Phytophthora infestans in lsrael underwent
three major genetic changes during 1983 to 2000 [J]. Phytopathology,
2002, 92(3): 300-307.

Runno—Paurson E, Fry W E, Myers K L, et al. Characterisation of
Phytophthora infestans isolates collected from potato in Estonia
during 2002-2003 [J]. European Journal of Plant Pathology, 2009,
124(4): 565-575.

Runno—Paurson E, Remmel T, Ojarand A, et al. The structure of
Phytophthora infestans populations from organic and conventional
crops [J]. Euopeanr Journal of Plant Pathology, 2010, 128(3): 373—
383.

Runno—Paurson E, Hannukkala A, Trdan S, et al. The structure of
mating type, virulence, metalaxyl resistance of Phytophthora
infestans in a long—term phenotypic study in distinet location in
Eastern Estonia [J]. Journal of Plant Diseases and Protection,
2012, 119(2): 45-52.

Runno- Paurson E, Ronis A, Hansenl M, et al. Lithuanian
populations of Phytophthora infestans revealed a high phenotypic
diversity [J]. Journal of Plant Diseases and Protection, 2015, 122
(2): 57-65.

Aav A, Skrabule I, Bimsteine G, et al. The structure of mating type,
metalaxyl resistance and virulence of Phytophthora infestans
isolates collected from Latvia [J]. Zemdirbyste— agriculture, 2015,
102(3): 335-342.

Michalska A M, Sobkowiak S, Flis B, et al. Virulence and

aggressiveness of Phytophthora infestans isolates collected in

http://www.cnki.net



« 50 .

R SRE, H3E, 1, 2017

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

Poland from potato and tomato plants identified no strong
specificity [J]. European Journal of Plant Pathology, 2015, 144(2):
325-336.

SR CHA BN TR (Phytophthora infestans (Mont.) de Bary)
HEF LI IVFTEREDL [T]. ARACAR2=BE2 =41z, 1964(1): 33-46.
T, RO, RORTE, 45 F AL T S SR R A I VRl
1) & AL AR, (7], MR B4, 1981, 11(1): 47-51.

22550k . Phytophthora infestans T8 35 i 1 F 4 S Ko T 4% 25
IRTEI DGR [J]. BRI 2 4 A ARFRA AR, 1987(2): 44~
51.

2Tk . IR Th A% BN o R A BN LA S = A 3
ANFIEEE SRR OC R (1] Sl R R A RERE IR,
1988(1): 182-187.

SUEIG, WA, AAAFE . W1 R X A% S o s T 21 T
INBHIG LRI B A3 (D], SRR, 1995, 9(2): 81-83.

WA I, TR . A SR EL AR SN g T A B/ N (1 2 I
AT [T]. WSRO, 1996(1): 17-18.

Wi, 2 SO, BT AR . R T AR R T A F N R 1 T
5% [J). HiPIEAD™, 2001, 27(4): 3-5.

Ryu K Y, Luo W F, Yang Y L, et al. Mating type, fungicide
sensitivity and physiological race of Phytophthora infestans
collected from Yunnan Province [J]. Acta Phytopathologica Sinica,
2003, 33(2): 126-131.

BRI . DU 1T A8 T 4% S W2 005 A A ) 25 R M S it e 2 T
2 [D]. HELE: 914 RA, 2008,

XU, SZAEE, AR, 45 . DU 1] THAE% S 2o A H VR 4 o
JSFMUR TN [J]. PERIARL 244z, 2010, 23(3): 747-751.
S0 IR AE TH S S R A R R E ST (D).
FE: LA I, 2003.

SOENE, SCRE, WAL, & IR TLAR TS S e A HL/ N R
FIZII 5 43 A ARBUIESE (1], Pl S8, 2003, 17(4): 213-215.
RAAE, Wb, TR, A6 . o IR0 A3 bl X D A S0 e 1 A
/NGB B o3 ], Hh E AR REE, 2003, 36(2): 169-172.
SR, SRS, 2230 LA R 3 3 X T A S e T AR 3
JINFIESRE [T]. TRTABAROE R4, 2004, 27(1): 77-79.

SRR . T R T M A RS S5 B SY (D). fig: 1T
Jefell K%, 2004.

TR . TS BRSBTS [D]. MR ARARol
K2¥, 2005.

SR, TR, B, AE . B R TTAR T AR N T A H

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[63]

[64]

AT Je A2 BRI SE (). AsdbAgol K224, 2006, 37(5): 610~
614.

M RAE . AL R A 84 ZREHETRSY (D). R
l: Z g IIE 7, 2006.

WL, SHICRT, G R, 55 AR DA R T A B VRl
MILLR S50 [J]. Al K2#4], 2007, 26(3): 297-301.
IR, A, TUT50E, A5 N S8 Eh AR B e i T A TR AN A
HUNFIBIFSE )], PHALRMBHE I 24 ASRFL2 0, 2007, 35
(11): 120-124.

AR, 2R, WAKSY, . AR DA E BRI LA
N B ST EEFBETT (7. TR E LR, 2007, 40(3): 505-511.
I Ak 3 T T SR TR AR A% 2RI SY (D). 75
FFR:, 2008.

ET AR, PN, A 2, S R AR DX T R T NG A T LR
IINFRIAL R S A A (D). A ERAEH, 2008, 38(5): 107-110.
NG, T 7 1 SO0 R A B NP A ISR S A AT (D). B
AR, 2008(11): 112-113.

GCHE, B SO, FUREMS, S5 BRORITAR Th S 1 AR SN
FHAOSERE [1]. ARtk 242441, 2009, 40(10): 19-23.

Rt SRAL B, A DU AR 4 e A A F VR 2L A
Fe oy A [CYrh B R 2 A UL IR 5 g @ B 47, 2010:
77-78.

HERIE . JU 0y DU B BB B S S U R & R B 1
FIRIFSE [D]. R LA, 2010.

BRI, BT, RAE, 5. 2006—2008 4 1 EFR AN HLIX 44
S TR A BI/INR Y 3 A1 (D], TR EROE AR, 2010, 43(17):
3684-3690.

K . TG R b DX T4 e A L IR R AT S T2
S3HT [D]. 3L Al k2, 2011

BT, KSR, AR AEEE, AE . TR T4 SR A A B/ NRD
USE ()] H Al R A=274], 2011, 46(3): 65-69.

LT, E AR T B RS M A T ) S B S A AR
[J]. Pkl %42, 2011, 20(11): 183-186.
FA. 2009 4 T 448 TS SRR PR A (R ST B H S
RAFARICIFFR [D]. fE: bRl R, 2011

TR ThAR SRR I (1) Z2 B LA SSR JE R A 43 A [D]. /R
T kAl 2012,

oM. SRRV TS S P A SY (D). dbat:
Ol RLFBE, 2012,

Wang X, Guo M, Min F, et al. Virulence complexity and high

http://www.cnki.net



T DR e AR B N R R —— . B, B 98, Mk, &

-53-

[65]

[66]

[67]

[68]

[69]

[70]

levels of fungicide resistance suggest population change of

FOR R (1), PR, 2014, 402): 146-150.

Phytophthora infestans in the Heilongjiang Province of China [J]. [71]  FEMEH . o ol 22 B P XoT T 4 5 W A AT PR AR dt A% 25 4 1) 52
Potato Research, 2012, 55(3): 217-224. i) [D]. A AR AR AR, 2014

ris K FH, EEY, S IR IETIT A A A A F VR [72]  WRIGEH . Th44 s S0me A 3 NRh Z R S L3 1) 43041 (D). 8
PR []]. v E D445, 2013, 27(3): 168-171. M FRHARbR AR, 2014,

2505, NPT, A, A5 AN TR R U BB R (73] EME. FRIETLAR ThES S TR R AL A A 7 T 2 e S
FEARIG ST )] P4, 2013, 32(5): 802-811. 5E [D]. KR BT AR B K%, 2015.

AU AW, AR, 45 U] SR S A T AT T | Ak [74]  Falkde, SRR, JelE, . S A TS S 14 A U INF Y
FEANRH AR R AR B mt DNA SRS TRIZE SR A3 # (0], R AN S 504 [J]. BT Al 4z, 2015, 46(4): 597-601.

LRI, 2013, 46(4): 728-736. [75] Groth J V, Roelfe A P. The concept and measurement of
ST, SR, AR, AT AR AL S A X MR T A B phenotypic  diversity in Puccinia graminiis on wheat [J].
INFRZE S A0 1] HP R SE, 2013(22): 70-74. Phytopathology, 1987, 77(10): 1395-1399.

ZROARST- TR D A% G TR AR A 45 R R IR BLER B [76] Andrivon D. Race structure and dynamics in populations of

5% [D]. 22 Fargl K, 2013.
HEAR, TR, WER, 45 TR RN B2 HL X T AR S 5 T

Phytophthora infestans [J]. Canadian Journal of Botany, 1994, 72
(11): 1681-1687.

J

ﬁ&%ﬁﬁ}"ﬂk

n
n
o
o
n
n
o
o

AT U FIRRFA g
EUAFEDREEN  WKER

TR FRRAYT LHRNNETAREERETREL, A—FELAEFEL R WKE

. BEramiid, SR 30 SHFGREN L, RAMNNREDLLZ TS, BIRT B E A

MRIEG , KNS AT H%EEABKESHEMILS, CEBNHILRLAEZFT NG ZR,

RS — 84T, ANGKEE PR R, LTIREE P B RITH A ,

15613123526 15833992815

0311-82616100

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

\
\
V]
7]
\
\
V]
V]
V]
V7]
V7]
7]

http://www.cnki.net



