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EgExo70 Subunit of Exocyst Complex Regulating the Growth and
Pathogenicity of Erysiphe quercicola
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Abstract: Hyphal polarized growth in filamentous fungi requires tip-directed secretion of growth-related substances, and
previous studies have shown that exocyst complex plays an important role in the processes of fungal secretion and polar
growth. However, there are few researches on the hyphal polarized growth and pathogenic mechanism of obligate
biotrophic fungi at present. Rubber tree (Hevea brasiliensis) is the most important source of natural rubber. Powdery
mildew is one of the most serious diseases of H. brasiliensis, and its pathogen Erysiphe quercicola belongs to obligate
parasitic fungi. In this study, EqEx070, a subunit of the exocyst complex, was identified in E. quercicola. The GFP la-
beled EqEx070 was expressed in the E. quercicola by electrotransformation method, and it was found that the protein
showed fluorescence aggregation at the hyphal tip, suggesting that EQExo70 may be related to hyphal polarized growth.
In addition, we silenced the EQEX070 by electroporating the reverse complementary sequence of EQEX070 into the E.
quercicola, it was found that the pathogenic ability of E. quercicola decreased and the growth of hypha slowed down,
suggesting that EqEx070 affects the pathogenicity of E. quercicola. The level of callose deposition and reactive oxygen
species burst in H. brasiliensis significantly increased upon infection with the EQEX070-silenced strain, indicating that
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EqEx070 contributes to suppressing host immune response. The results indicated that EQEx070 is a key factor affecting

pathogenicity of E. quercicola, and may be involved in the interaction with H. brasiliensis, as well as the hyphal polar-

ized growth.

Keywords: rubber tree; powdery mildew fungus (Erysiphe quercicola); exocyst complex; Exo70 subunit of the exocyst

complex
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HAZEY MW A& (exocyst complex )
) 2 A9 7h i (exocytosis ) AR B Bz 4 A
( polarized growth ), & & 1K FE i Exo70.

Sec5 il Sec6 4§ 8 MR I . FERERET,
WL DA S5 A A T 2R A L A ) A P T
KT S R A M A AR 2R B, Tkl
B Jk #1945 ( Neurospora crassa ). #iJi% 4% i ( Ashbya
gossypii ). % ¥k ( Candida albicans) F12K
2 ( Aspergillusoryzae) 1, M E SEEN T
B 220 TR 2 T A K A,
B AR5 20 H R BUR A . FEE R
( Magnaporthe Oryzae ) H' Sec5 Fll Exo70 FE A )
AN T AR YL S5 14 B B IE O S BEE R R
/300 25 (effectors ) Zrbhdife, S E0EUR
T K47 ( Botrytis cinerea) ' Exo70
PIERR B 2E5e m T ELE AR L AR AT R A
(A DL B M, JF B Sec5. Secd SR 2 A5 I
PROYAAC R AR, XAl . S SR R 2 1 =
TREEO1 4 5 ( Aspergillus fumigatus ) 114 Secd
I 5 35 DA i 4 S EL B30 i 1 A0 {H E R T
A RAE BT A R AR e DL S s IR 3T B
TN R R v R AR AR R Z D

F R — R EEE, REZHIEY,
WRFZ | A% AR A5 AR R 08 T ( Erysiphe
quercicola) R 4L ELPG R ( Hevea brasiliensis)
R4S ERRG A R R A
WARYAA Y AW L, I RZE, R ERZAR
Yy i 2 2N T AR T 22 RN o AR A2 U AR
HETE LA R B E RS B R R IR
I, 1445 R 2R S T R R R i e i U ),
HRTC AP MiE, B ( Podosphaera
xanthii ) AR R (E. quercicola) HH i ]
Lo A i VO I i R R T S O R
GFP FIR W & 1 Eqlscl, I Hik M ids ik 5 ik
AL LS B L R () TR

AR AL i) L 58 B AR R AR 1 A9 T 3 PR 4
AR LS00 S DR 2 L e 3 T 4 S 2 3% i

IR DA AR SC L IR | ) 00 i e f Il 12
JO7 A A 2 PR A /D A2 T AT A AT Ll v R
AR B, AEE TR R A R Oy
BRI 0T MR AR B 1 EqEx070 #H
. A B 22 1 W A K RN B0 0 55 5 1 i) A 4 )
RE, DU X 08 B EOm LR 89 1A, 4
FUBi 4R 21 5 2 A T

1 MRE7R®

1.1 Rt

11,1 M MHHAEEBREH®R BRIEW (Hevea
brasiliensis) fhff: AW 7-33-97 (R ) WA
Hh I PR R e s AR A B I ( Erisiphe
quercicola) ( Htk HO-73) {#47 T K2EAEY)
TRIPEBE o TRV L S %, R AT A E
MTTAR AR, R AEAR IR AR 7-33-97( I )
b, iR N 22 °C, 16 h JBIR/S h TS,
FAXHRIE N 70%. KBFTE ( DHSa) 4 0 KARA:
R RA A

1.1.2 HAAEIZSHRA  pINARG #fkih#i
WRAE W) K S 6 B 45 20 TR A R S I % {7 . LB
B SR B T e ) 02

1.1.3  5:353X 7% Taq Pro Universal SYBR qPCR
Master Mix, RNA isolater Total RNA Extraction
Reagent, DNA Zlifbifif| & . 2xClonExpress Mix
2xPhanta Max Master Mix 4 H g 5% i MERE AR P B
B A R W] 5 R4 U7 &0 H Omage 23
wls RN 3,3 - A& BEHRN: (DAB) W FI A
TAY TRCEE) B A RA R HAL RS A
TaKaRa 23 7 LA AU ERSE ERHCA BRA A

1.2 FHi&

1.2.1 EqExo70 #9 A #%12 &5 54  ffiH Bioedit
B RIAR B B PR ZH 0t AT X L, ARAS IR T
Exo70 1 [R5 3L K EqEx070; i Ff MEGA %K {4 %t
11 A EJEEE 13517 Clustal W £ 731 HL X2
HEAER ; {8 - MEMEC( https://memesuite.org/meme/
tools/meme ) TELAXMEXT 11 A8 HE T 4543k 55
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#t; {4 NCBI 19 Conserved Domain Search Ser-
vice ( CD Search ) ( https://www.ncbi.nlm.nih.gov/
Structure/cdd/wrpsb.cgi ) 73T EqEx070 FJPRSF45
F3R. 1l TB-tools {4 122,

122 BeARe kL BhkME @il Premier
5.0 FAFBCHENY 5 1Y) EQEXOT0-F/R (3£ 1),

P14 EqEx070 FEK (5838 T 51 o WO i AR G
R LT, ] RNA $2 B0 ) G032 B e
I RNA, U E 8 cDNA, DU
¥ cDNA MM, #-47 B R By 18 . 7E4k
BHMABZ )R, ik T4 SRR B 23
pMD-18T # A LI 5 Sk A 7 SR 474

x1 AHREASY

Tab. 1

Primers used in this study

5|4 4 FX Primer name

519751 (5'-3") Primer sequence (5'-3")

EgExo70-F ATGGTGAGGCCAAGGCAGGC
EgExo70-R TTATACGAGCCCCCCAAAGA

GFP-F ATGGTGAGCAAGGGCGAGGA
GFP-R GGGCATGGCGGACTTGAAGA

EgEx070-EcoR I -F
EqEX070-EcoR | -R

GTAGGAACCCAATCTTCAAAGAATTCATGGTGAGGCCAAGGCAGGC
GAACCACGATTAAATCGAGCCATGAATTCTACGAGCCCCCCAAAGAC

EqQEFla-F GAACCTTCATCTAACTGC
EgEFla-R GTCGTAGTGGTTTGTCAG
RP60Tub2-Xcm I -1F CGTGAAAATGAGGATTACC

RP60Tub2-Xcm I -1R
RP60Tub2-Xcm I -2F
RP60Tub2-Xcm I -2R

AGATGAACAATTTCACGCATCTTTGACTTTTTGGATGCAG
CTGCATCCAAAAAGTCAAAGATGCGTGAAATTGTTCATCT
TTATTCTTCCGGTTGCATGGGTGGTTC

123 EqExo70 A LA EGOHE L P8 Tl
fii ] EcoR I BRIV YR pINARG #idkiET T
RG], i ] Cycle Pure Kit ik 71 & (% MEHE,
DC301-1 ) #F 17 g UJ 2% & 19 4hi b Inl i . 37 31
EqQEx0o70 F Bt, i ik [A Ui & 41 #9 # pINARG-
EqEx070-GFP /A . #HU& A pINARG-EqEx070-
GFP 84K ks, A Xem 1 BR 1% 3 DI B A 7
). W, MR RS 3 RP60 J5 3
TS Tub2 Hitk D (#Ea 2/ R ik ), #EA7Hl
4 PCR J [, il T4 3% 05 Bk
pINARG-EqEx070-GFP #fk 16 CidwiZEH:, 3K
% pINARG-EqEx070-GFP-Tub2 £ Fik 41k,
AR R R A B TR (HRIE R 1x10° 4~ /mL ),
¥ &4 pINARG-EqEx070-GFP-Tub2 1 5k i i
M AR (1.70kV, RS Ss, Hdi 3 %)
AT, A T
PR T2 0P W, 24 CHIE FISE 7 d, 753
FREES 2~7 RN, BRIEHZE R (100 pg/mL)
TR AL B, 7 d 5 BB A e AL T2 e 4y
A E O

1.2.4 EQEx070 A B &8 8 8K m 51 89 % vk
m 2 Ky pINARG-EqEx070RNAi-GFP-Tub2 &

HFIRFA, i AR T A OB A AR
Tkl 1.2.3), $ERFERR AR i vty 4 0 -
R, HATZRA LRI, M7 d FEWEKNR
TH LI ] Imagel BCPF % it F b 0 S0 1o AR g
PR, ARty 3 WA Y FESL ., 1l RNA
isolater Total RNA Extraction Reagent ji{7fl| & £ Ht
FIRY R A RNA, DL EqEFla AN, R
SYBR Green | 70048kl ik 17 5L E it PCR
( quantitative real-time PCR, gqRT-PCR ) Killf,

BAFEARSAT 3 M EE . NSRS,
27U BT EQEXOT70 JE R A AR A 22k K SF o

125 KB Ze TR il 2 im
fft EQEx070 JUERE R (kMR 1.2.4), [FImHit
ZWHRAFIE, BeFh 7d J5H OB RN
(OB CmR=3 1) Bit, M 0.1%K)A R Y
0, 30 min J5 i W ARBE VLSS A 22 & BRI L) I
e (SR 0.3 mm® (I 2 AR ).

1.2.6 &M EBEE A MR AN E RS
EQEx070 VLB G S 15 52 M AR A (1 B Tz, s
UUER EQEX070 1Y 8 B 4% Ak 14 i AR IR oty ]
Wk H b, HZER (100 pg/mL ) BT TIE
WLb3, 7 d JFfH 3,3- &L (DAB)
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et DL S 0.01% A i i G )5 # DAR B i 3
P SR & A DRI B AR 10

(1) TGRSR R E o B A R T B
Bt R8T, BT EEFRILT, A 20 mL 0.1%
33- R IEBIERE (DAB) W, S
FIFAERRIR L gt (HRZIR AT ). B il bt
FER I CEE RS AR 6, A SR
TG AR R B L o

(2) WEIRBT AR AE o FEFPAGB A Ry T 1Y
e B TBCA 6 3 Z R B €5 3~4 h, Bl S A
GZP (5% KoHPO4), TEEIRFE 0.5 ho i
0.01% A B WE AR (0.01 g AR T 100 mL
0.067 mol/L Ko,HPO, ) #E4T3HE ey 8 4 h, i FH2E
6 A I PEAE SRS (S8 0.3 mm?
() BRI B ),

2 HBRE5HW
21 Exo70 £¥E BE=0

i | Mega 24 3E47 Clustal W HE X 322 il i
s &, EqExo70 SARIRHMITE . Hi%g K
KRR R RS R EGE, AIRefestfs LR

ARE R SF M . RIS FIH MEME 7E£ 5] 1453
MrZ B, EqExo70 SFREEREE Exo70 Ay 10 4
Exo70 fE ¥ EANE . K/MHIEE 10 4> motif,
AIREFE T RE L H A A RUPE . R NCBI 1
CD-Search T HAr#r &8, Fif Exo70 FHEHHE
A A Exo70 A (1),
22 EqExo70 ERTEEMEBMEEREZ R

T WEE EqEx070 £ [V FEAE PR T B 22
fIEN, HE T pINARG-EqEx070-GFP-Tub2 #¢
SeFRIREAR, 8 A R T R A R R 1
T, 7d )P BB AR E AL O . 25
7, EqExo70-GFP fil & 8 F AR KOE R EH 24
A3, SIS ENL, 0 GFP Ekk (X )
SR R B 22 b, R RBLT 2 7 (& 2),
FELLR BT, IO AR 1 1 2 4R X B 24 R A 1 A
KEXFE, XEY EqEx070 & I fE7E
3 VR TR 22 AR A R R FEAE R
2.3 HBFHFFELITE EqEx070 SHBERMEH
BHEE N T

AT RS EQEX070 2 75 52 M AR S AR F8 TR 1Y
Hopine ., TR EqEX070 K B AT

C

== Motif 3
Motif 10
== Motif 9
== Motif 5
== Motif 1
= Motif 6
== Motif 4
Motif 7
Motif 8
Motif 2

= Ex070
PRK10361 sll_lfperfamily
== AAT I superfamily

Lyl L

A B
- EqEx070 il WLl
LCCU75905.1 Blumeria hordei R
_ KHJ35906.1 Erysiphe necator Bl . W
LRKF73727.1 Golovinomyces cichoracearum LA
L KAI1002607.1 Podosphaera aphanis RN
~ CZT00478.1 Rhynchosporium commune L ML
L PBP27193.1 Diplocarpon rosae L
TANm
—KAI9639952.1 Ciborinia camelliae L
—~KAK6610591.1 Botrytis cinerea L
LKAK6606779.1 Botrytis cinerea LA
| —XP_036575789.1 Colletotrichum truncatum
"rm
L— NC_001142.9 Saccharomyces cerevisiae T
5,I 1 1
QO LD
S $

A: Exo70 #EEB; B: Exo70 ZMIAHT; C: Exo70 fRF45HIR .
A: Phylogenetic tree of Exo70; B: Domain identification of Exo70; C: Conserved motifs of Exo70.

B 1 Exo70 #HHRMETFEMHTHT

Fig. 1

Phylogenetic tree and conserved domain analysis of Exo70
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Bright field GFP+FM4-64 80 .
[0}
= 9
B IS g § 701
Q 28 60r
S S a
g RIS
o 10£m NS _é 40+
#E Eo_g 30}
# €8
P 8 20+
£ RE 1o} *
© 0
10 pm 10 pm GFP EqEx070-GFP
= == Hikk Strain

A: EqEx070-GFP 7EH 4R35 E AL, FM4-64 15253 4N IE YR ARIE A 225 B: GFP. EqExo70-GFP HFkH
GFP JOLTE B 2 J0m RAE MBS, * R b HlA 22 7 4% & (P<0.01 ),
A: The localization of EqExo70-GFP at the hyphal tip, FM4-64 was used as a membrane dye; B: Statistical analysis of fungal cells with hy-
phal tip-localized GFP and EqEx070-GFP strains, * indicates extremely significant difference among treatments (P<0.01).

B2 #BEKEABEFR GFP # EqExo70 & A L E M E i
Fig. 2 Localization of GFP and EqEqEx070-GFP in E. quercicola

GG NAZ A R TR b, 35 5 L RO R )
ARSI, 5% (WT, GFP: #ik GFP
LB LT ) M, -EqEX070 ( T #k EqEX070
S5 AT ) TR RE 10 B 1T AR R AR T 64% (&
3A, K 3B), #ERAKE T RNA, i
qRT-PCR #1l % B8, EqEx070 ULERJG 1Y (¥
i EQEx070 SE Kk & T 47% (& 3C ). 45
R EqExo70 3 [N ULER 2 S 80 8 1 8UR
TR, X WA R AR G it
R EE SRR
24 EQExo70 EREMEXZMEAMEEZLAE
N THIY EqEx070 M M IELZ R E M5
i, Ff EQExo70 #EATVCER, M w24 K AT IR
M. gERBREXE (WT. GFP Eik) ML,
EQEx070 VLB AR 1Y T 22 & & 22 2 B WAl (&
4A), GGt pr, WA S X B L s

A B WT
0.30 - " " )
« “'g 0.25
= 3 0.20
= g
& S 015
=8 * .
=2 0.10 e
Q W S
= 0.05 4
0 4
WT GFP -EgExo70
itk Strain

GFP
(‘\

£

94% (&l 4B ), X P EqEx070 & FI7E K 1
EREFER P REE 2 REEZWIEN,
EQEX070 14 35k PRI TT 38K 7™ T 4170 1l 1 490 B T 22 T A
DL R W s B I 1 o
2.5 EQEx070 $0mR B B9 B T 6 % f iz

FE ) AT DL 2 1 3Z 4K ( pattern recognition
receptors, PRRs ) R mPEPUNAME S, IF51EH
IO G E I 2B RN, WTRFLOGHAT L T T AR D I R
AN SR A R Y S P AT
¢ EQEX070 ULER % 1k H2 Fh AR A it 5 %)
HEAHEG, 3 PR A8 e SR IR B AR 2 15 - (&
SA ). ULER EQEX07O0 J5 A I I 5 1 2 W
FHEE, BHIRBT ORI AR m (&l 5B, &l 5C ),
I, EQEx070 K& ATTER AT 4 MG i 37
AR R FPFIRBT AR, EqExo70 FIiEZ 5 H
KR SR 1 AR A

-EqExo70 C
A 15
& 5 * *
HE 0]
i & g
. iﬂf 8 *
% _ ~
_ < @% 0.5
~r o S
;' e 4? 4
}' WT  GFP -EqExo70
kK Strain

A: EQEX070 RN #E k-, *FmZEF W B E (P<0.01); B: E.quercicola HHRIEAR R F EEUKR /1R ; C. EqExo70 A
TUBR IR RR HAN AR I i B/ DL RRAR, * R 2 5 B3 (P<0.01 ),
A: The relative transcription level of EQEX070, * indicates extremely significant difference (P<0.01); B: Pathogenicity phenotype of E. quer-
cicola strains on rubber tree leaves; C: The lesion area on rubber tree leaves inoculated with EQEx070 gene-silenced strains is significantly
reduced, * indicates extremely significant difference (P<0.01).

Bl 3 EqExo70 KB #I & T E. quercicola B3 % 71

Fig. 3

EgEx070 silencing reducing E. quercicola pathogenicity
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>

-EqEx070

FREERE

BRI 35,

[ov}
o
S
S

1

800 - .
700 -
600 -
500 -
400
300
200
100

% 25% & Haustorium number

*

-

WT GFP -EqEx070
Btk Strain

A: EQExo70 FUBRHARI 22 K F , HOK KRR A GRER IR, #ikFm R4t B: EqExo70 FLBR/G 14 24 W dsdii
*RRZESE L E (P<0.01 ),
A: Hyphal development of EqEX070-silenced strains, the magnified area showing an enlargement of the region indicated by the white box, and arrows
indicating haustoria; B: The number of hyphal haustoria after EQEX070 silencing, * indicaties extremely significant difference (P<0.01).

B 4 Bk EqEx070 0 E. quercicola B Z I 4K
Fig. 4 Silencing of EQEx070 affecting hyphalgrowth in E. quercicola

GFP

3,3"- AR R Y,

FREEge

B 800 .. 400
2
:
£ 600 & 300
8 3
= 2
2 3
S 400 g 200
o 5
B I
% 200 E 100
’ =
0 =
WT GFP -EqEx070
kR Strain

-EqEx070

WT GFP -EqEx070
Btk Strain

A TETESARR AR BT R TURRIE O, 5 Sk R 1 PR U A BRI BTUTAR A9 IX 38 B: EqEX070 JLHEKAY 143 R 1
PR B R PRIC B i, 2R 22 A 23 (P<0.01 ).
A: The burst of ROS and the deposition of callose, with arrows indicating the areas of ROS burst and callose deposition; B: The intensity of ROS and
the quantity of callose in EQEX070-silenced powdery mildew strains, * indicates extremely significant difference (P<0.01).

B 5 EqEx070 i Bk % Mg B (9 B T I 5z
Fig. 5 Silencing of EQEX070 affecting defense level of H. brasiliensis
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A 5T X AR K R EqEx070 25 1 31 3 1)
REMEAT T 4007, i B o AL B K pINARG-
Tub2-EqEx070-GFP # kit A KB, WEL ]
EqEx070-GFP fill & H 2%OCRETE B E 228
i, I A o TR 22 AR I AR AR TR 22 2R
i 9 R ) E A, LR EL A AR ST 4R, 0K R A 0
( B.cinerea) W Exo70 BREELEH 22 R0, 2
B 22 b e KB AR 2R Y, Exo70 2K
F 3t B AR T fE, e WAREERE (S
romyces) 1 Exo70 Al V& NLsh&E A T2, I
SE A BN S Y FE H 2EBERE (S cerevisiae)
W, SRR A KB B A TJF Exo70 A S
GTPase A EAEMY, %W %P EqExo70 HEH
T G A T 22 W A K AR 0 o A e 38 i b 4
HEEEH, HARE RO 5 258 b kAT
E—BHE.

H o A A 5 110 35 DR T R 0 e fR S LI O
P AT GBI IR A Bz 1) T AN RSB N, HEAT BT
i e ARAFUT IR AL T 10— T E AR O BB
PR AH SC T 73 B 28 4138 38 1 i AR XA <P 9 MAPK
B EqQFus3, EqSIt2 L} actin A3 K EqSace
AT, I RIS EqSt2 Al EqSace LERAH L,
EqFus3 JTER T2 A 0w 1E T s A B i U7 AT
girh, i AL R AL EOR X EqEX070 AT TTTER
2 B R T B0 7 B AT I ELIT R A ik R 25 43
Wb, B EqExo70 YRR R B B 22 Kk 5 LA
KEm B EE ., MREFENERE
( Fusarium odoratissimum) 1 Exo70 3 K 1 2
BT B AR AR EOR PR R B
Ex070 1) {2 14 5 350 PN VI M ) 268 AR Tt AR 0 Ay il
PR R R, NEE R ES2-14 KPR
JE (M. oryzae) Wl R & MEAIE A%, e/ NRS
TG T 5 D AR AE Y, 33X ol EqEx070 764K K fE
L FAR A R B 0 Bl TR 4R T 2 1 S
AR, [EE, ASHIFSE to X5 5 B B R AR B iR 52
LT B ITESE T 1] o

Ex070 & W5 7F B i ——H Y A0 BLAE F 7
1w, WEEEEE/EN. WHEYFE Exo70 W&
TE PTI P4 B, R BT H w5k
5 s A B PN R K A DA BT A
Sh AR I X A AR e i R B T 1 2 I
fFsE 28, #IE§ 5T ( Arabidopsis thaliana)
Exo70 Ml MLO & [ nT LLAH B 7E F V5 EAR R 1)

AR, SR AR B IO AE I AT R
KB, EQEx070 ULERJG, TG PESEE K K B IRE T
R 00, FRARIY B TR N 35, X R &
EQEX070 W25 T H M A 5B W 19 B AR
i, WEIEAM ARG

AR 83 T 1) B 6 2 A5 AT B EqEx070 BE
i 2 I 7 B 22 R O AME 24, DTER EQEX070
R BEAE 5 0 0 TR 1 A RO, I ELRERE S
A T L A3, X F W EqExo70 HH I
SEAE FL P —— R YA AR DA R D e 1 S A B
TR 7 E B A R R AR R ). AR
YLK 1 — 2L W FEAR A 1K) B EqEx070 25 [ 7. &
1 M A K R TR B 1R R, LS A
EqEx070 7£ FIK W AR Jead e i R FERIVE T .

2% Tk
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