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J 75 (P. parasitica)Fitk . 18 (P. cactorum)
Pk (# 1) . KM # (Escherichia coli) DHS5a A4
#F & (Agrobacterium tumefaciens) GV3101 ¥4 A%
TR ERAT . TR AME R RIS TR RS
AHEATHT, FUTEIbR PeSST AT AR, A

F 1 EEEHKM PAN2 IZENERFT S5
Table 1. Phytophthora isolates used in the study and
distribution of PcAvh2 allelic sequences

Species Isolate Origin Allelic 4
sequence’
P. capsici Pc704002 Yunnan Province, China 3
Pc703903  Yunnan Province, China 2
Pc702703  Yunnan Province, China 2
Pc700902 Yunnan Province, China 6
Pc703203  Yunnan Province, China 3
Pc703805  Yunnan Province, China 2
Pc700502  Yunnan Province, China 3
Pc702701  Yunnan Province, China 2
Pc800906 Y unnan Province, China 2
pPC2 Anhui Province, China 3
PC5 Anhui Province, China 3
Pc537 Fujian Province, China 3
JO36 Fujian Province, China 3
WYS-1 Fujian Province, China 4
Pc2W-3 Fujian Province, China 3
MH-1 Fujian Province, China 2
mA1l NA 10
mA2 NA 9
NJPC1 Jiangsu Province, China 5
NJPC2 Jiangsu Province, China 5
NJPC3 Jiangsu Province, China 3
NJPC4 Jiangsu Province, China 8
Hd3 Hebei Province, China 5
Hd3-2 Hebel Province, China 5
Hd7 Hebei Province, China 5
DzZ8 Hebei Province, China 7
Pgl Hebel Province, China 3
Pg10 Hebel Province, China 5
Pg12 Hebei Province, China 5
Pgl4 Hebel Province, China 5
LT1534 State of Tennessee, USA 1
P. cactorum PH-1-17-05 FarsProvince, Iran 5
P. parasitica PP1 Jiangsu Province, China 2
PP2 Jiangsu Province, China 2

NA, not applicable. “The numbers in this column correspond to
those following * PcAvh2_’ in Figure 1.
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(TaKaRa), RNA #fifbid7] & (RNAclean Kit, Jbit
KIRA)), [ 30 M-MLV (RNase H-) (TaKaRa),
5|47 Oligo d(T)is (TaKaRa),
Inhibitor (TaKaRa), iQ SYBR Green Supermix(Fg it
MERE /7)) ; LS-P96G % PCR {¢(Thermo Scientific
/vH]), CEX Connect %% E & PCR {Y(Bio-Rad
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1.3 HEERIRE

FIH Zelaya-Molina %5(2011) i) J5 1548 Bt
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PR EBR RNA HR AL H 4] DNA 1755, T
RNA 4iifb i1 &%) RNA £ b raifb . FH 193
G W6 JS HL KRG T B (R 2 DNA FILEL RNA (158 %
PE, IF SO O EE WA Tk BE T2 B 234
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1.41 PCR ¥ BT BUOHUE 35 5L R 4 5
J& (https://genome.jgi.doe.gov/Phycall/Phycall.
home.html) 7 (¥ 5L K F 41 (JF 51 1D 107349), F|H
At Primer 3 (http://primer3.ut.eef) i% it 51 4 %t
PcAVh2-snpF/R (% 2). RXLR & 5K #4790

G, M R A E DNA B A BEFIE R R 55 | %t
PR SE K 2 DNA #4791 PCR U 1A R &
4 : 10xHigh Fidelity buffer 2 uL, DNA 100-300 ng,
R 5147(10 pmol/L)4% 1 pL, Mg® (25 mmol/L)
1.2 pL, dNTPs (2.5 mmol/L) 2 pL, Platinum Taq
DNA G (5 U/uL) 0.2 pL, oK #h555] 20 uL.
PCR W Jy: 94°C5min; 94°C30s, 55°C
30s, 72°C1min, 31ME#F; 72°C5min,
142 TR, WF 54T AR RO & atifl
[l PCR W5 , ¥ sepedt TA 244 pMD19-T,
A R b E DH5a 5, FIF M13 38 FH 5 | Pt
M13-47/RV-M (5% 2)F1 L IR 1A& RiFAT I 7% PCR,
W 07 32+ 19 BH P B B K 2 e et 4 B R EA T Y
HIIIE . FIH] BioEdit B4 X] 7y 91 47 85 4 | P |
HEFIEFT S X
15 RiFERE

FIF S #%F PcAvh2SP-Clal F/Notl R (£ 2)#il
Clal, Not | 1/ 556 PcAvh2 75 [ %] pGR106, i i
HEE AL AR 5 ARATH GV3101 Fkk b #64b 1

F 2. PCRETHSIH
Table 2. PCR primers used in the study

Primer Sequence (5—3)° Purpose

PcAvh2-RTF TCATGGCTTTTCTTCGAGGT Sense primer for RT-gPCR analysis
PcAvh2-RTR TCAGCCACGTCTCGTACAAC Antisense primer for RT-gPCR analysis
Ubc-RTF GCGCATCTACCACTGCAAC Sense primer for RT-gPCR analysis
Ubc-RTR GACAGCAGCACCTTGGAGA Antisense primer for RT-gPCR analysis
PcAvh2-snpF TGTCACCGCTACAAATTCCA Sense primer for SNP analysis
PcAvh2-snpR TTGAAACGAGGCGAAAGACT Antisense primer for SNP analysis
M13-47 CGCCAGGGTTTTCCCAGTCACGAC Sense primer for TA insert sequencing

RV-M GAGCGGATAACAATTTCACACAGG

PcAvh2SP-ClalF GCCGATCGATATGGCTTCGGTCGACGAAAATAAG
PcAvh2SP-NotIR ATAGCGGCCGCTTAGACTGCGAGATGCGAG
PcAvh2-ClalF GCCGATCGATATGAGGCTGTTGTTCTGGAC

PcAvh2-BsWIR

CGCGTACGGACTGCGAGATGCGAGTACT

Antisense primer for TA insert sequencing
Sense primer for pGR106 cloning
Antisense primer for pGR106 cloning
Sense primer for gene silencing
Antisense primer for gene silencing

"Restriction sites in primer sequences are underlined. Primers were designed using Primer 3 (http://primer3.ut.ee/) based on the gene
models (PcAvh2 ID 107349 and Ubc ID 510705) from the P. capsici genome database (https://genome.jgi.doe.gov/Phycall/

Phycall.home.html).
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BT 3 mL. &4 50 pg/mL RIPEE % ik
LB K532 35Lrh, F 28 °C fH IR K YR % (220 r/min)
B 5% 48 h, SRJ5 4000 r/min 5.0 4 min WAE A,
1 10 mmol/L MgCl, % BB 27 HE IR, PR
o BEH 3R, F 10 mmol/L MgCl, i 45 B H A
BIF IR G ODeo=0.4-0.6. Bt EE T4 3 &
55 6 7 o8 A R IT A [ L B B e PR AT 1
FATCTEET SRAEM B R R — MM L,
TeEF 3L T S 284 20-30 b T B B U v v
FIA A iy, 6] — i R b 6 B 3 S X B
pGR106::Gfp FI 10 mmol/L MgCl, % . 1alkH 24 h
J& BTSSR B R S AR R A Infl,
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FIARFT IR . ARMHE T 22 °C fIRERFE, 48 h
EpcEaa Ul ~SISTRE U WaE [ 5t T VAT /NS
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1.6.1 cDNA & 437l Pcs37 £/ 5 1.5. 3.
6. 12, 24, 36 1 72 h AR RUIMRTR, DL LB
FERE 22 iFoh 5% . Wesh A Fuh kR EA
[ RNA FESL, MR Chen 25(2013)2 1 v, T
5% 54T M-MLV (RNase H-) #1514 Oligo d(T).sKf
aifbit i) RNA R sEnish 1 5 cDNA. AR
Oligo d(T)sg (50 umol/L) 1 uL . /& RNA (700 ng/uL)
1L A EREEK 4 L, BAVKIERIAS & R IR
i) PCRE& W, IR2IE.L PCR 5 s)5, T 70 °C
JFE 10 min, SAJEHHE T K ER A Smin, B0
PCR & 5, fEE HARZ AT 5115 : 5xM-MLV
Buffer 2 uL, dNTPs (% 10 mmol/L) 0.5 uL,
Recombinant RNase Inhibitor (40 U/uL) 0.3 uL, Jx
B3 M-MLV (200 U/uL) 0.3 pL, JCRZRRMEK
0.9pL, PLHIRAIEEL 5s, T 42°CHFHE 1h,
SRJG 70 °C 5 E 15 min, FE Tvk F 5min,
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1.6.2 gPCR: F# 1 %% cDNA i#F B 10 fi5H
FPCRY 14,20 uL (1) PCRY 1A 2 &4 :iQ SYBR
Green Supermix 10 uL, 5|#1%} PcAVh2-RTF/RTR (5=
2) (10 pmol/L)% 0.4 pL, 5 1 %% cDNA 100-300 ng,
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PENTR B AL AR BRI i 2, andes
fift £ hy BRI ISE FH R 200 o B B 4 DNA
10 fERREER RS 57 W, JFLIFRR) DNA Btk
#17 qPCR ¥7H8; DABIAR X ECh A bR, Ct
{E(PCR S Biad F th G5 5 Bk E RS I By
LRI E) N bR I EPR e 2, T8 1Y
R E (E=107V"™)  BLIN SRR YRR 4 B 2R
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(741 1D 510705) (% 2) NS HEAP, AARESL S
SMHAREL . LI HEL 3K, W AR,
1.7 PcAvh2 ZtH TR R R 447

FIHBI#%F PcAvh2-ClalF/BSIWIR (£ 2) Al
fE )7 5 Cla |, BsSW | ¥ PcAvh2 b7 [ %)
pTORMRFP4, FI| ] CaCl,-PEG /i 5 1t Jii A= Ji A4
PR3, ¥ 2 2K pTORMRFPA::PcAVh2 5 A 35
WUEHE PeS37 A AT, FAEF RS 20 ML
G418 (37.5 pa/mL)WF1b¥. A pTORmMRFP4
MR AT B FIFE e RT-PCR 43#id
AR 12 h J5 %4k PcAvh2 KRR 4% K
-, GBS TR LT o

B R A FR AR RN 2 T35 3 55 6 Aot
SRIFHE I, RS E TR R E R 4N T
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PRRE SR LA, A6 0K MR 10 pL (500 4~/uL)
W s BRI . R Ao 22D 3 Ak T BE R ok 1)
WEshi -, ZEMEEM LTI LT HhET
25 °C bR, LM AR TE L. 48 h
Ja A B e Farmer sIER(Z IR . LI
iR 1:6:3) 4121 30 s )5, FZ T 0.05%
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Xt I e R K e o Xt A A BES) E n
FORBE AR . YL LR (O A SR T A ) A L

2 HERMAH

2.1 PcAvh2 BIFp3l 244k

% PCRYM, K19 T BUHUESR: PcAvh2 [k
K20 F1 cDNA 41 (NCBI % 5%5 MH106712), %
W K 160 4R, N sk 21 M4k
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P (B 1) Zeaeh 55 SO B 5 D AL 850808 1 v P 4 /Y
FEXT, RBZEE R N g DU, ANAEAESS R [
JRIEH . AR PCR MR B AR 50 Hr

10 204 30

| |
PCAVh271 MRLLFWTLLVALVAILSSCDALRRAUNS LG UNIS QRGN QN ENFYR VYN NS, Jel.e

PCAVh2 7 31 BB R TR R (R D) T8 2248
PEo LR, TEMBE R RFA T PcAVh2 7775
10 MEEAFEREI(E 1, B 1), EN0ESIF
Hl—#f, Xt A ST S 11 AMLSAFAE T
G ZAPE(E 1), A INE] H SR BERE R JI1E AL
Mo Eid PCRY M, RPN R B AUE R R &
AEBF, FPA )8 T4 2 415 5 4 (% 1,
1), ERAEHA P T a0 75 A2 FE (P litchii) . TR
2% % 7 (P. melonis) Ml #H ¥ &5 % (Phytopythium
helicoides) I E1Z AN T 4558, PcAvh2
A RE S A A T OO B . R R
H— MRS RXLR RL0F,  HL7E SRS 21
R HA 10 S50
2.2 PcAVh2 BRI EBIRUEE KR LM Bt HIRRE
R T % PcAVh2 TER YL B TR VR, 43 4%
B sl 74 Fh 1.5, 3. 6. 12, 24, 36, 72h)5
7R FCARAR R G RNA ,  [R]B SR OS85 4 4=
KEFMB(W22, 158, WEshfl+FE &KL
1) RNA, 2341 PcAvh2 L RIZER L A K &
T U B oK FR(E 20k, eGP
40 50 60 70 80

LR.GESSKIAPSSVTEAR’-AATVSTGFGS

1. HHUEERERS PcAvh2 By 10 MERLERE XM N ERFS
Protein sequences of 10 PcAvh2 alleles in the P. capsici population. The red arrow indicates the
cleavage site of signal peptide. RXLR-dEER motif is denoted by red boxes.

Figure 1.
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Figure 2. The transcriptional pattern of PcAvh2
during the infection and developmental stages of P.
capsici. MY, vegetative mycelia; SP, sporangia; ZO,
zoospores; GC, germinating cysts;, 1.5-72 h, N.
benthamiana roots at 1.5, 3, 6, 12, 24, 36, 72 hours
post-inoculation. Sterile water and cDNA from sterile
water-inoculated plants were used as negative control
templatesin RT-gPCR.

PcAvh2 (s ARM , B 1= YLt A A SE Rk

TOBWT ETE, TEHERD 72 h 5 3R A B R
FEARK K BB, T 22 F0 K AR L6 B B S
B2 LR s Rk . 5 R, 20N F1E
ik, B5 7T SRS

RYLHr Bokr S LRI

2.3 PcAvh2 3 AE 4 S35 SN

R PeAvh2 2 7 A BRI e, AR AE
AN J PR IRZAN T, 24 h JEFERl—TE
SF R PR IR M R AR TR B 8 BN 80N F (KR
PTI ) INF1, PsojNIP, % ETI [ PsCRN63.
PsAvh241, R3a/Avr3a, ANk Y40 AE T
AT T BAX), WL PcAvh2 & 75 HAT il
AR B G S0y (B PE T RE . X 6 AN i &
AR MR =AY PTI 88 ETI S8 S h 2l HR 1
AMERET-O, ZER K, PcAvh2 BERSIN I A A ik
;T fioh Sz ) S S (1] 3), 2B AT REAEBARURE
B YL A A i R R AR A
2.4 PcAvh2 BB R{ABIRNETHE T

e 3 HT PCAVh2 2 75 X BIUBUE B Y B
YA TR, ABEFI CaCl-PEG M7
5 A T AT E AL R GE R PcAvh2 B EFT T
ULER A Hr . M EA A pTORMRFP4::PcAvh2

PcAvh2 PcAvh2+
Inducer

GFP GFP+
Inducer

Buffer Budder+
Inducer

3. PcAvh2 IR F il & B 7 FCUE e 9% S [
Figure 3. PcAvh2 suppresses plant immunity triggered by 6 different effectors (i.e. plant cell death inducers) in N.
benthamiana. Inducers: A: P. infestans INF1; B: mouse BAX; C: P. sojae PSCRN63; D: P. sojae PsojNIP; E: P.
sojae PsAvh241; F: the combination of P. infestans Avr3a and potato R3a.

actamicro@im.ac.cn



WRE2A4F | E A=, 2018, 58(12)

2211

FeAbmpe g I AR oA, JEARAT 20 4> G418 itk
Fede 1. M RT-PCR itk ¥e it 1 PcAvh2
BE IR e SR (TEREFPAS R 12 h =), 3E3R1E
3 EENVLEREAL T, 3Bl 440 S2. S6 Fl S9
(% 4).

A 3 A7 B P R P AS FO, LR EE
IR S AL B EUR T M RE. SFALR IR

Hikk Ctrl-1 (% Az5 3k pTORMRFPA)HH L,

PcAvh2 Ji: [A] 17T BR- T OB 25 X0 A FQ I A 20
71402 MR 5). I Bh 4 B R
IHIZEFF, 12 h 5 Ctrl-1 BERREER B L) 1 25
FE 8 BUK SR BEIE ELAERE G B 44, it
BRIL AL (DL SO M) A 4l 4t R 5 TC TR 7K 3 lovt
HEARARL, oA H B AR AT O A B S bR (P B)0 R

WT Cul-1 1 2 3 4 5 6 7 8 9

B4 #FMARE12h FEREERS PcAvh2 B FE BRIz KT
Figure4. The transcriptiond level of PcAvh2 in different isolates at 12 h post-inoculation of N. benthamiana. The upper
part is the transcripts of PcAvh2 while the lower part is the transcripts of the house-keeping NbEF1a gene in different
isolates. WT, wild type isolate Pc537; Ctrl-1, mRFP-transgenic transformant; No. 1-9, representative transformants,
of which 2, 6, 9 are PcAvh2-silenced transformants (namely S2, S6 and S9) indicated by red dotted circles.

g
=
S

aCtrl-1
oSilenced

._.
o
S

1.20 +

0.80 t

0.40

Diameter of disease lesion/cm

0.00

S6

Strains
5. PcAvh2 BYILEKHISS T HRIE BN F EMER 1

Figure 5. Silencing of PcAvh2 compromises the virulence of P. capsici on host plants. A, B, C: Virulence activities
of the P. capsici strains in N. benthamiana. The inoculated leaves were stained with trypan blue and discolored with
ethanol. On the left of each leaf is the mRFP-transgenic control (Ctrl-1) while on the right of each leaf in order is
S2 (A), S6 (B) and S9 (C). D: the virulence of the P. capsici strains on bell pepper stems. Mock means sterile water
inoculation and arrows indicate the inoculation sitesin parallel. E: Statistical analysis of lesion size in panels (A—C).
Error bars are s.e. and the asterisks (*) denote statistically significant difference (Student t-test, P<0.01).
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Sequence polymorphism, gene transcriptional pattern and
function analysis of the RXLR effector PcAvh2 from
Phytophthora capsici

Xiaoren Chen’, Ye Zhang, Shenxin Huang, Yuping Xing, Zhaolin Ji

College of Horticulture and Plant Protection, Yangzhou University, Yangzhou 225009, Jiangsu Province, China

Abstract: [Objective] The aim was to analyze the sequence polymorphism, gene transcriptional pattern and
functions of the RXLR effector PcAvh2 from Phytophthora capsici. [Methods] We cloned PcAvh2 gene by
high-fidelity PCR from 31 P. capsici isolates, 2 P. parasitica isolates and 1 P. cactorum isolate. Gene expression
changes during the developmental stages (mycelia, zoosporangia, zoospores and germinated cysts) and infection
period (1.5, 3, 6, 12, 24, 36, 72 h post-inoculation) of P. capsici were monitored by quantitative RT-PCR.
PV X-based agroinfiltration assay was performed to examine if PcCAvh2 could suppress plant immunity triggered by
6 effectors (BAX, INF1, PsojNIP, PsCRN63, PsAvh241 and R3a/Avr3a). The CaCl,/PEG-mediated protoplast
transformation of P. capsici was conducted to silence PcAvh2 and determine if its silencing affected the pathogen’s
virulence. [Results] PcAvh2 is atypical RXLR effector and possesses 10 alleles in the population. Furthermore, it
also exists in P. parasitica and P. cactorum. The expression of PcAvh2 was up-regulated during the host infection
by P. capsici. It can suppress the plant immunity induced by all 6 effectors. Intriguingly, silencing of PcAvh2 in P.
capsici significantly compromised the pathogen’s virulence on host plants. [Conclusion] RXLR effector PCAvh2 is
one of important pathogenicity factorsin P. capsici.

Keywords: Phytophthora capsici, RXLR effector, sequence polymorphism, RT-PCR, plant immunity, gene
silencing
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