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Toxicity of effector Pi16275 of Phytophthora infestans
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Abstract: [Objective] Our aim was to analyze the effect of overexpressing the effector Pi16275 on the
pathogenicity of Phytophthora infestans, and to clarify the subcellular localization of Pil16275. We
screened the plant proteins that interacted with Pil6275 and explored their role in plant disease
resistance, and finally revealed the role of Pil16275 in the process of pathogen infecting plants.
[Methods] We used the Agrobacterium-mediated method to transiently overexpress Pi16275 in the
epidermal cells of tobacco leaves, and then observed the subcellular location of Pil6275 under a
fluorescence microscope. After inoculating the zoospores of P. infestans at the transient expression site,
we measured the area of the diseased spot. The yeast nuclear cDNA library and yeast two-hybrid assay
were used to mine and verify the target protein of Pil6275 in potato. In order to explore whether gene
silencing affects the plant resistance to pathogens, we used virus-mediated gene silencing technology to
silence the homologous gene of the target protein gene in tobacco and inoculated the tobacco leaves
with zoospores of P. infestans. [Results] The transient expression of Pil6275 in tobacco leaves
significantly promoted the infection of P. infestans, and Pi16275 was located in plant cell nucleus,
cytoplasm, and cell membrane. Three target proteins of potato interacted with Pi16275, including 40S
ribosomal protein S5 (StRPSS), mucin 2 (StMUC2), and V-type proton ATPase subunit E-like protein
(StVAEL). Silencing the homologous gene of StRPS5 significantly weakened the resistance of tobacco
to P. infestans. [Conclusion] Pi16275 plays a role in the infection of P. infestans in plants.

Keywords: Phytophthora infestans; potato; RXLR effectors; target protein
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Table 1 PCR primers used in this study

Primers Sequences (5'—3") Purposes

Pi16275-F/Pi16275-R gacgagctgtacaageccggg TCTACCGGGACCGACGTTT/ pRI101-GFP-Pi16275
gttgattcagaattcggatccGTCCAATTTGCCCATTGTCTTT cloning

BD-Pi16275-F/BD-Pi16275-R tcagaggaggacctgcatatgTCTACCGGGACCGACGTTT/ pGBKT7-Pil16275
ggatcceccgagtttggaattcGTCCAATTTGCCCATTGTCTTT cloning

AD-F2-F/AD-F2-R

gtaccagattacgctcatatg ATGGACGCAGGTGTAGTTGCTG/

pGADT7-F2 cloning

atgcccaccegggtggaattcTTAACGATTGGCCTTGGCAA

AD-F21-F/AD-F21-R

AD-F33-F/AD-F33-R

AD-242-F/AD-242-R

VIGS-F2-F/VIGS-F2-R

gtaccagattacgctcatatg ATGGCACTTTCTACCCCACCA/
atgcccacccgggtggaattc TTAGTTTCCAGAAGCTGGATCGT
gtaccagattacgctcatatgATGAATGACGCCGATGTCTCC/
atgcccacccgggtggaattcTCAAGCAGCAACCTGACCG
gtaccagattacgctcatatg ATGGGCAAGAAAGGAA/
atgcccacccgggtggaattcTCAACTAAAATTATAT
gtgagtaaggttaccgaattcTTTCTCCACTTCGCCGTGTT/

pGADT7-F21
cloning
pGADT7-F33
cloning
pGADT7-242
cloning

pTRV2-F2 cloning

cgtgagceteggtaccggatccCAACGATTGGCCTTGGCAAC

VIGS-F21-F/VIGS-F21-R

gtgagtaaggttaccgaattc GGATGGTGTGAGGTCTCTTC/

pTRV2-F21 cloning

cgtgageteggtaccggatccGCACGCTTGACATGTCTTTG

VIGS-F33-F/VIGS-F33-R

gtgagtaaggttaccgaattcCTTCCTCACCACCAAGACAGT/

pTRV2-F33 cloning

cgtgageteggtaccggatccCTCAGGTGCATGGACATTTGC

Restriction sites in primer sequences are underlined. Lowercase letters represent homologous sequences at the end of the

vector.
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Figure 1 Transient expression of Pil6275 in N.
benthamiana promote the infection of P. infestans.
A: GFP and Pi16275 are transiently expressed in N.
benthamiana, followed by inoculation with P.
infestans 88069 sporangia. Compared with GFP,
Pil6275 is able to promote P. infestans infection
after 6 days of inoculation. B: the lesion area
expressing Pi16275 is significantly increased
compared to GFP. Asterisked bars in each bar group
differ significantly from those unmarked (P<0.05).
Error bars: SD from three replicates.

(A) GFP-Pil6275

o~

S R’
B) kDa C§< C§‘

CBB stining

2 RxLR 32 & A Pi16275 L4 i & fi
Figure 2 Subcellular localization of Pi16275. A:
Pi16275 is located in the nucleus, cytoplasm and
cell membrane of N. benthamiana. The white arrow
represents the cell membrane, and the red arrow
represents the nucleus. Scale bars: 20 um. B:
Western blotting showed that both GFP and
GFP-Pi16275 are stably expressed in N.
benthamiana. The consistency of protein loading is
indicated by Coomassie brilliant blue staining. The
asterisk represents the target protein.

YE4T Western blotting 73087, 45K BN, GFP [
GFP-Pi16275 [} [ 4> 115t ¥ 5 T R /h— 2L,
351N 27 kDa F1 43 kDa., A F45 R EW, GFP,
GFP-Pi16275 YJREMETE ML I 5 40 ffl vh S e 3R
ik(El 2B), & A0 E A A5 R HERS . A5
2.3 Pi16275 FEE RS 4 B BTN
AR ZH i A DA SO % 55 R R 88069 =YL
ThES SR RE RN C88 I AN [l B[R] (A5 B A 44 ek
Mg T B % 250 cDNA SO, MR D
FHIRLEEE TRENS S Pi16275 HAE, ABFITLIAL
IEE [ Pi16275 AEiF IR ATk B Lk R 5
cDNA 3L, SCRETfivEHT 1 S X Pi16275 i H K
FIRY R A B B R R AT TR,
pGBKT7-53 F1 pGADT7-T (FHHE*t L E).
pGBKT7-Lam Fl pGADT7-T (X BEZH ).

http://journals.im.ac.cn/actamicrocn
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pGBKT7-Pil16275 Fl pGADT7 ( SZEGLHAH 4 ).
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BERE TR Y2HGold Hr, ¥ A1 S A L Y 5 18 1Al
BREFR 3-5d. BRBOR, A BIRYLA ARz
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B V& RN R B R AR WA B 2 R, Ul B
pGBKT7-Pi16275 ik iYif1H & (1 X B 4 i
AR TCRE (B R R JER) . 4 Rk &5k
B 0 Fk A5 FE7E SD-Trp-Lew/X-a-gal (- &it) il
SD-Trp-Leu-His/X-o-gal (= fkt)E AR 25 4k
BeiigR 3-5d. AR BIR, SRR AR AR
TE R SR AR BR PR X REZH 5 A e B
FeALTRARAN . HoR A W BE G AL T R A — il 3
Frhk A B BREIPEX IR G Wbk Ak
PRSI, FEAR i T B 5 A0 T AR 2 AN BB TE = 65
Biggde bR, DL EgS R UL, W E R
pGBKT7-Pi16275 & &N AEEEE Y2HGold
i, HiBHEM Pil6275 AREIE 8 R R & 5
K, A B EOE (8 3).
2.4 EEB%EREL cDNA XEFIE Pil6275
MEEEZER

PL Pi16275 A EIHA T, 38 0 e e B A%
FY: cDNA SCPEAS B BERE T AR BRI 7ok, 4
B 1A e 2 P A 1 TR 26 2 28 W e, )

R2 RELIFEARGERNF L LR

F2h e NCBI W (https:/www.nebi.nlm.nih.
gov) FiFfT BLAST FbXF40#r, 3453 10 4~n]
AE5 Pi16275 /7 A B AE B AR & 11 (GR 2)-
2.5 Pil6275 5RAEREREE SN R
Z R IE

B 10 A e 5 DR A 72 3 e B U2 5 A )
Bk, Hh 7 AMERERERE E A S
TR AT (F22, F32., F106 I ARAEAL),
Wi J K A O 28R 43 3 2 AL % B Y2HGold J5 ¥R AT
BT RRERFE TR IR o BR T BHPEXT R B V5 2
s, HARES NG HREE NS H

SD-Trp-Leu/
X-o-gal

SD-Trp-Leu-His/
X-o0-gal

S3+T

Lam+T EJ

Pi16275+AD-EV K

BD-EV+AD-EV N3

3 Pil16275 LB BB

Figure 3 Pil16275 has no auto-activation effect in
yeast. All yeast transformed strains can grow on
SD-Trp-Leu/X-a-gal medium. Yeast co-expressing
pGBKT7-Pi16275 with pGADT7 does not grow on
SD-Trp-Leu-His/X-a-gal medium and does not have
X-a-gal activity. Scale bars: 10 mm.

Table 2 Sequencing results of candidate target protein coding genes

Number Gene ID Gene annotation

242 102600586 Solanum tuberosum protein IQ-DOMALIN 1, transcript variant X1, mRNA
F2 102597496 40S ribosomal protein S5

F21 102599206 Mucin-2 isoform X2

F22 102596179 Uncharacterized protein

F32 102601057 40S ribosomal protein SA-like

F33 102589135 V-type proton ATPase subunit E-like

F40 102603033 Isocitrate dehydrogenase [NAD] regulatory subunit 1, mitochondrial-like
F44 102598404 Annexin D1-like

F59 102605698 Pre-mRNA-splicing factor SPF27 homolog

F106 102600457 SEC1 family transport protein SLY 1-like

P4 actamicro@im.ac.cn, & 010-64807516
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PEXTRR TG 22 5% . PRI AT A, ek bR 25 1 5t
IRk Y2HGold Ao mEtt, Wi A¥iE ARG
AL 4) B IR IR S 0 SR A
pGBKT7-Pi16275 #1744, 444k Y2HGold J5
FEERFEREA TG IR IE B iE s 3-5 do 45
N, i 3 AR A TR AL SR E A TR
A, JFHEEEEOE 5). FREEREY,

SD-Trp-Leu/
X-o-gal

SD-Trp-Leu-His/
X-o-gal

53+T

Lam+T &
StRPS5+BD-EV
StMUC2+BD-EV

StVAEL+BD-EV

AD-EV+BD-EV |8

4 BYEAXLEEBHENNE R NETH
NEER)

Figure 4 Prey proteins have no auto-activation
effect in yeast (only partial results are shown in the
figure). All yeast transformed strains can grow on
SD-Trp-Leu/X-0-gal medium. Yeast co-expressing
pGADT7-X with pGBKT7 does not grow on
SD-Trp-Leu-His/X-a-gal medium and does not have
X-a-gal activity. Scale bars: 10 mm.

(A) (B)
200 1

Lesion size/mm?
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W
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El 6 VIGS MEAETERRBHRESRREFNR
Figure 6

Pil16275 fgf 5 3 N AEEAE, B
B 40S A ILEE H S5 (SRPSS). KA 2
(StMUC2)., V %4 ATP [if§ E WKL 1 (StVAEL)
(AN 2 i ge's F2. F21. F33).
2.6 VIGS FARSHTBFRE BRI EE

FIF VIGS BARTUER 3 AR LR AEA
FCAH R A RIE IR, 2 i PCR Jridefeni] 3 4~
BEAR AR LR A TBRESCRAE 80.59%-89.39%, K
BRSO T (B 6C) o Bl SR AR 45 S 56 4H 1Y)

SD-Trp-Leuw/  SD-Trp-Leu-His/
X-o-gal

X-o-gal
k5l © o o

Lam+T [
Pi16275+StRPS3

Pi16275+StMUC2 I

Pi16275+StVAEL K J

5 Pil6275 53 MriEEBREE SN R EE
¥

Figure 5  Verification of yeast point-to-point
interaction of Pi16275 and 3 candidate proteins. All
three point-to-point combinations can grow on
SD-Trp-Leu-His-Ade/X-a-gal medium and have
X-a-gal activity. Scale bars: 10 mm.

0.8 r

0.4+ c

Ralative expression level

0.0
<§ %‘J C:l»
€ R QO
[OIIPN W
& 4@;\" & &
S &4@

Infection of P. infestans after VIGS silencing target genes. A: the typical photos were taken on the

6th day after inoculation; B: lesion area of each silenced N. benthamiana leaves; C: gene silencing efficiency.
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THEC B, B EoR s . SR ARG T4 Rk
W1, DUER NbRPSS WM FiBEIH AR 153.67 cm+
471 cm BE R TN GFP (49.93 cm+
6.51 cm); JLER NbMUC2 F1 NbVAEL W) Ak
PERIAR (539 52.67 cm+4.91 cm, 46.20 cm+
2.91 cm)-5 B M XS BAR L IFTC B 2 22 5 (] 6A,
6B). DL R4 RN, ULER NbRPSS 2 HREME
BUR AR IR YL, B NbRPSS TEAH ) HLH
o S A 2 e e R v R HEE R E AR

3 winEE#

o LA P 294 563 4~ RxLR 2
HE, —2 RxLR R0 e 8 e Rk
Refg e E Eom e B r 2 e, B, kg b
Wi 23k RxLR S0 Pi04314, Pi04089.,
IPI-O1 Fl IP1-O4 55 4 g 3 5 i [ b o 7 I
PRS0 AT A AR FE B A 5 1 15
A e £ 2 IR B AR AEAS LR I 7 o gk o) R e R Gk
Foi s RxLR ZUM R Pi16275 Ff 430
SERRF AT, IR, Pi16275 Iy &
TR W EEHE T BUREER IR, R Pi16275
FEEURE R R Y B rh R AR

SO P2 B RN B R A 9 o WA I E AR
YNML N, EAS R 0 40 i DX 3k #E T RE . i
m, BURREEIVEN PITG 22926 ENIFEL
M, HEAnEA% b & L EOR T aER . #
FEH PITG 22798 {740 i I REUE 4% aF &
HE IR B T fl & 4 e T B R B A
PITG_04089 3= %5 v 75 4f il A% [m] B 145 4t il
A5, TEIZE AR N s 30 F Rk s S
(NES) I ¥ @ fifii 5 (NLS)E a4 & 1, 4558
F IR S Al A B B RS T BORE R
YerKSF-, LB PITG 04089 4 40 A2 & i o) o
SRR AR Y B e EmE Y AR, WANMEE
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