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Abstract: Phytophthora infestans, which is responsible for potato and tomato late blight disease, belongs
to Oomycetes, Peronosporales, Pythiaceae and genus of Phytophthora. Most research focus on P.
infestans because it is destructive to potato production. Firstly, in this review, late blight symptoms caused
by P. infestans, disease occurrence characteristics and epidemiology were illustrated, then the inheritance
of sexual reproduction occurrence and variation of population structure with coexistence of various mating
types, were also summarized. Since P. infestans genome sequenced in 2009, characteristics of genomics in
various species among genus of Phytophthora were compared, and the research progress of effector
clonging and mitochondrial genome were also introduced. Finally, the review demonstrated two
significant technologies in functional genomics, high density genetic linkage mapping and genome-wide
association study (GWAS), which were convenient for functional genes searching. This review can help to
better understand the research highlight and further breakthroughs of P. infestans, which may provide a
reference to further analysis on functional gene and pathogenic mechanism of P. infestans, and it is
important to develop chemical control targets and epidemic trend forecasting.

Keywords: Phytophthora infestans, Population structure, Genome, Effector, Linkage map, Genome-wide

association study (GWAS)

Ty % SEES RT T 5E ORIl 2 307 1L ki 5 SR 3
%, FEEPEWE . BA JEIRZ R AP 4
W 237 1788 4 ( pr ik ) (HEA) MR E . |
BRI C T SR E RSO RIECE Y- R0
SR IR AT U KRE ™ WE3E | SR A4
ALEEA A AN CA KRR, Wil Rl
FI] 18431911 4E VU R b X B A7 K BRI ) R
ST R EAM R, MRS R A ARl ]
(Food and Agriculture Organization of the United
Nations, FAO)Stit##, # = 2017 LR
iR 5767 480 hm®, F=HEIK# 99 205 600 t (https:/
www.potatopro.com/world/potato-statistics) 2015 4,
[l A B 1 T Eh A% S AL, o T R T 2
FRIE Ko [RIBR TR B RO E AT 2019 ARRE Eh AR E Y
T AE£E 5 4 HPAE A [E (http:/www.chinapotato.org/) -
{82, B #E B[ Phytophthora infestans (Mont) de

Bary, P. infestans]5| {0 54 M (potato late
blight, PLB)TE— ARy 1) & TR o S Fofie 7 1
1 30%, FEERFHE S0%MHAe, e X H A
gy, XMREREL S K AS A LW T iEF
B
PLB X AT Ui Bh 88 S AR AR DA 2250 T,

AT DA R BRI 80wk
19 et 40 4548, i PLB 5L M B /R 22 KRIUES
HORZ) 100 77 ANBET, At 100 77 N H
HABE K . X} PLB I ARBIR AR EI, BEFEH
o s A RIS P A 2 24500 PR R B ) R A R
BiiG i ABIEAER T HFORA TR 2 5448
A A S Gl AR B Y (Solanum  tuberosum - ssp.
tuberosum), HBLH A, TEMAZES) K AR
1, S PLB Bk, XECARIEFN BT F AL
TR 0, 2 S 0 A B Rt v R T % BR ke

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



954 A IR

Microbiol. China

ZAh, R BN AR AAE | A R
AR AR T 5 B0 S5 A B R s AR R, il PLB 7
FEE, 1 74 i X S T AT I (A A . AN S
TR T EH R RN ) e A MR TR A T AT K
LSRN T BE SO R A AR TR A A LR
LERITETE . ChAR - B A S AR [ 2
3 TH Y RIS E R, W BRI A IS Y
Tl TR

1 B, BT RN
1.1 PLB MIREEN

P. infestans F 2 YL EH RS ERNF ALK 25
H2E, SAPERNE . IR R TR TS
MBI 75% . IREEN 20 °C 24, AFITFI
PEFL P ()RR, ok H ) A9 PR G IR
1E 24-25 °C FFA/KIHAFTERT LUREF 6 h ZE A7,
AT B A A Y AR A i
(10-13 °C) Hi R K, AR F 135 & =4
Weshfll 1o Rk, e84 F R M ERIRZERKE
WA, PLB A5 kKA KA, —HMWE
) HH ) 2% AL % A e HLEL I8 L i oy, i
ARBUTTHE i, 2976 10—14 d 5 F W2 K E F &
FEFRE AT, WA R

MR H K AEAEAEAR N R, B 4
UK AR SR/ N BE , 72575 B & Bl LA VR Ak (1 2
Bl 2 RIS B R, B Y, AR R
A I aERY), B FREAMRER A 1A).
2R TR BT R B TG, gk b 8l
5, R IR I BERE Y AN AT AT, DRI e B
WEZNE . PLB RFEZIEA W E, EHERIE
R RWIR Y, RYZETRET, 7= A48 (o ul 2B (0 2k BT
(] 1B). PLB /™ i) s HEL S B0 — Ao AR 1
BE(F 1C), F+ HECR HMEM AR E, P. infestans
(R S YRR R 3 MR T (1) B 7
T EE AL A, B A A R, B
FRAWIR YR 5 (2) BRYL AT 32250 5 It 1 it o 4
ERARG AT, B #) B 22 KA
P25, (3) FEHRZEMGRE M b , 7 i B e HE AR

RN PR LRk . FEE PLB {RYLdkSLif AT,
PR R BT 200 4 sl R A A R B, B 5 AR
P IR A B S (B 1D),
1.2 fRERITHITN TR

M 1845 FEZIR 2R RA R, AERIA
X PLB - S T 9 B A AH Ak e e 1, T
PLB F4int < . FER . XU AR EE R H
RIS D7 T R A T H R & s i 5
B JNIETEECM AUDPC (area under disease
progress curve)m, rAUDPC 2 [8] ) AH S I 4 7 1
95 A RO 5 T 9 [ 90 T JE T Y
Cook I 25 RN FIZH 29 MM F) Wallin 4 RYET,
YLEHES ) Smith BRIy E PR A L
(International Potato Center, CIP) 2001 4EF & /Y
CASTOR B!, LU LU A () CARAH AR,

B1 BURERSREREDLEMER

Figure 1 Symptoms of potato infected by P. infestans

¥ A: P. infestans 12 YLJ5 M HAEIR(25°36'9"N, 102°58'31"E;
M 21 °C; 1B 73%); B: P. infestans {124 fa SZETRAEMR
(25°36'9"N, 102°58'31"E; JHJE 21 °C; {8 73%); C:PLB &
I P A — A £ (25°36'9"N, 102°58/317E; E 21 °C; &
B 73%); D: P. infestans 12 ¢ J5 Bt 25 5E IR (24°52'5"N,
102°5136"E; I 19 °C; MJE 89%).

Note: A: Leaf symptom infected by P. infestans (25°36'9"N,
102°58'31"E; 21 °C; humidity 73%); B: Stem symptom infected
by P. infestans (25°36'9"N, 102°58'31"E; 21 °C; humidity 73%);
C: Potato late blight destroyed potato field (25°36'9"N,
102°58'31"E; 21 °C; humidity 73%); D: Tuber symptom infected
by P. infestans (24°52'5"N, 102°51'36"E; 19 °C; humidity 89%).
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Table 1 Genomic assembly and annotation among genus of Phytophthora
il FHRENABRKE  FH(GHOmol% it HRS FHEEREH
Species Median genomic total Median (G+C)mol% content (%)  Accession No. Median protein count
length (Mb)
Phytophthora parasitica 54.00 49.60 AGFV00000000.2 27 942
Phytophthora kernoviae 38.00 50.20 AUUF00000000.2 9 990
Phytophthora lateralis 49.00 53.30 AMZP00000000.2  Unknown
Phytophthora infestans 190.00 36.90 AATU00000000.1 17 797
Phytophthora palmivora 108.00 48.70 NCKWO00000000.1 24 674
Phytophthora capsici 56.00 49.90 ADVJ00000000.1  Unknown
Phytophthora ramorum 41.00 54.00 PUHL00000000.1  Unknown
Phytophthora nicotianae 71.00 50.20 NIOD00000000.1 13 934
Phytophthora sojae 83.00 54.40 AAQY00000000.2 26 489
Phytophthora litchii 38.20 49.20 PCFV00000000.1  Unknown
Phytophthora colocasiae 56.59 Unknown NSDL00000000.1  Unknown
Phytophthora cactorum 63.53 49.65 MIJFZ00000000.1 24172
Phytophthora agathidicida ~ 37.29 52.60 LGTR00000000.1  Unknown
Phytophthora pluvialis 53.18 54.20 LGTU00000000.1  Unknown
Phytophthora multivora 40.20 51.90 LGSM00000000.1  Unknown
Phytophthora rubi 76.92 53.15 JMRJ00000000.2 Unknown
Phytophthora fragariae 76.48 53.20 JHVZ00000000.4 Unknown
Phytophthora pinifolia 94.62 54.90 AWVWO00000000.2 Unknown
Phytophthora cryptogea 63.84 51.90 AUWJ00000000.2  Unknown
Phytophthora cambivora 230.62 52.90 AUVH00000000.1  Unknown
Phytophthora cinnamomi 58.38 53.60 LGSJ00000000.1 Unknown
Phytophthora plurivora 40.44 51.70 NMPK00000000.1  Unknown
Phytophthora megakarya 101.51 48.70 NBNE00000000.1 34 804
Phytophthora x alni 236.00 51.30 AUPN00000000.1  Unknown
Phytophthora taxon totara ~ 55.24 51.60 LGSN00000000.1  Unknown
Phytophthora pisi 58.86 54.60 CCEWO00000000.1  Unknown
3.1.2  P.infestans Hi{kE F A F AR 2003 4 Wattier 45 & BL T S0 2 4ok &

Bl B ORAR ZHUHE R B R s, R
KR Z2 25 AT LI BRI RS 5/ A B8 A A A A
2014 4F Martin —ff%' FH/%*EMKﬁﬁ‘T ot B, W
K et TR LN R i
& HERB-1, @Eiﬁw% 19 M5 13 44 %K
2 RPLTEN . AE Lok PR IE N 4L B R R, P
infestans AR 22 A5V 32 B30 1 iU 58 B o
Carter %511 RFLP JyiEELHKAI; N Ta, b, Ila
1 1o PP Goodwin j# 1 Southern blotting #
LRRLAARERS R AL B, C A1 D PUFH!™), Koh %
FEMCEER b, I T A R TR R S o T E BRI

IGS X0l T LM RS L a et

o R LR IL AL ELFE 2006 4F52 BT , 45
K/NH 38 Mb, HHr, Ta HEEISH 37 922 bp
(AY894835), Ila & 39 870 bp (AY898627), Ib Ky
37957 bp (NC002387), IIb >4 39 840 bp (AY898628),
4 PRI AR G X A2 AR B s PR RN,
la f1 Ib HA 14 DZ8MEA A, {H a F 1Ib 4k
RIER A Z 84T 50 28NS, 78 4 DNIF Y
SRR AT R LR 2] DNA Fpail i, 2250 st
A 81 A Ta Fil Tla A — A HERIHLYE, (BLEdE
Pt B 2 Ay 4y S22 FELeki Ay
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AL R, RS2 R, Bl
B geia A, 2013 4E, Yang 25 F) PR 20
(A8 X 38 HVRi 1 HVRii, @idi%31 PCR 514
JELRR AT TR 70 IR, IRy IR, IR,
I TR FLAR,
32 MEFREREAERFEBAPEM

B R R R R Tk
JE T AR e 22 TN , 53 W0 FLAT R IR 25 b S8 i 2
A FAIIN , RE AT EAXCEAEE, U
IRBIREIR Y F s R G MVERN L, P infestans 4y
WA X BB E BRSO P AR T, AR B B R A
1, 3 0w R0 ) 8 11 A RXLR-dEER 45
sk, RIEAR RXLR 24 & Y. Bt 4
Wk 5 5 A0 MR T JC i [H] (avirulence gene, Avr)
)8 F RXLR 85800 F 3, 4 dvr 17 4vr2lT
Avr3a™ | Ave3pt™ | 4vrd"Y | Avrblb 1Y R
Avrvntl 1"PVE Y Avr B AR AT A,
2437 3 PAMP (pathogen-associated molecular
patterns, PAMPs)FTi & G ie S iy o AR 2 R X
FERAA, A AN &A1 Ave AR BT
FEPI(NBS-LRR)I, PR 23 A HAR, 77 ARk
FU ik I (hypersensitive response)! > Eii e
B SHINA NG, mla S RXLR 4515
ARFRRIAT, 563 4~ RXLR RO ) ~F X bk v v
HURRE B IE AL 79 AN W AE R e T
B HILA S 31 DNER Y 48 5 R i 2 3RB AL
LTS 012612017 48 Yin ZEIREENNFE T
5 BRI TR Y B Be e sl 1, &I 245
RXLR Z5H BB TR e Bof 2k, Horp 48 4>
TER YR B Bk M, i
AT P. infestans FE 204 5., A FH GWAS
HAKA BT RXLR s{H &R0 F 1 /5 38
v
4 Y

SRR Iy T3 S T B R 2 %
AR AR R O WL, 7 8 AR FREEIE N L
AN 32 B E i e A A S TR A IS ST RN

SEHRI LA T 1 2 (1) H 4 Sl i R 5
5, DAELSEPPAG P a0 A 4 2R B e A A i B S
AR LS (2) BT HIE AT ERIIEZ,
AR A A R R O A (R 25 T A SRR
A TEA, Eid ARG RE GWAS S
M E SRR 5 (3) IS HCEL o B A MRS ]
A g A P TR ke A7 oG A i 1 R, R A
A B A A Pt 30 ) S 4 K8 AR e TR o S TS Y
THRESE R EA 71 128 , 256 CL T A Y i R AR Al
B R R AT IE R IR A B0 TE RV A A 5
RARZIEIIT 5 (4) BAREURRE R 2SN 4]
CM, (AR 3/4 Ay E & X AT #2408 4oL
B EIRZ, HEE NRERENANITETRA, LI
Pt ey A A | o] | R B AU
KRR ZE B 04 51 T8 4 F S ) 2800, 5 e
HORZE A EUR LT SR BE; (5) IARAE ) A B
T Qe IR = AR BOR LR AR, X L8 AR R A R
AIBTLG PR 3 R L, AR A AL A3 A 4 i 5
PE— 2B, T X AT P A B S AR TR A T
G AR EAGIN , WA [ AT A= FE A A Fifd 22
FALZ AT BIIR 2R 5 (6) SRRLIA HEBHE DR 2 st 14 73
i PR A A] AT G A AL , R — 20 TR AR AT B
FWATER; (D) TPRIES THRESDRE X
(1 U0 - A TR RS PR A I T B, MERR L AR
PLB A TSI L I 45 T 2
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