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Cloning and functional analysis of heat shock protein Hsp/0
from Sclerotinia sclerotiorum
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Abstract: To clarify the roles of the heat shock protein gene HSp70 in the sclerotial formation
and pathogenicity of Sclerotinia sclerotiorum, we employed reverse transcription PCR (RT-PCR) to
clone Hsp70 from S sclerotiorum and performed sequence analysis. Quantitative real-time PCR
(qRT-PCR) was employed to determine the relative expression levels of Hsp70 at different growth
stages and under the stress induced by cyclic adenosine monophosphate (cCAMP) and low and high
temperatures. The thermal stability of Hsp70 was measured. The Agrobacterium-mediated method
was employed to construct the Hsp70-silenced strain. The pathogenicity and fungicide resistance
of strains were tested by inoculation in detached rapeseed leaves and cultivation in the media
containing procymidone and thiophanate-methyl, respectively. The results showed that the cloned
Hsp70 had a total length of 1 890 bp and close relationship with the Hsp70 gene of Ciborinia.
Hsp70 showcased the highest expression level in sclerotia, which was more than 30 times higher
than that in hyphae. The cAMP stress significantly induced the expression of Hsp70. The
expression level of Hsp70 showed an increasing-decreasing-increasing trend at 40 °C and no
significant change at 4 °C. Recombinant strain with high expression of Hsp70 showed good
thermal stability. The Hsp70-silenced transformant did not form sclerotia, with decreased
pathogenicity and fungicide resistance. This study reveals that Hsp70 plays an important role in
the sclerotial formation and stress resistance of S sclerotium, providing reference for further
in-depth research on the biological roles of Hsp70 in S sclerotium.

Keywords: Sclerotinia sclerotiorum; heat shock protein; expression analysis; gene silencing;
pathogenicity
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Vs AE A= P e Dy 1A R FEE SR . AR PR AR X
1A 43~ Hspl00., Hsp90. Hsp70. Hsp60 .
Hsp40 Fl/NAYA 52 25 1 (small heat shock protein,
sHsp)%5 6 1%, Hspl00 K% HAT ATP i Fl
S FAERIETERS), Hsp9o T35 58 1 A
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Hsp60 W F= Bk AR, MHIF T, 4
YIRZ E AN G A I, Hsp S0 B4 W I s g F
FEJEAA 2= 50, WAl Ligm AR, i
Fik Hspl04 W] 22 fif R 1 ¥ £k (Saccharomyces
cerevisiae) ;= A 14 £ B I ST B2 vy JHL 7 AR T i
B 2, Hsp o ATAE A8 B b B i 25 W 3t e
iYWt 250, Hsp/gl & H £ £ WAL B (histone
deacetylase, HDAC) XU il 57 T A FiA 77 e 2%
it 25V 3k 16 77 /& Bk i (Candi da al bicans) & s !,
Hsp70. Hspd0 FI Hspl2 i nf 4 3 i 2 i
(Aspergillus sp. ) FTERFERE s A T A AT & 10
H & (Gossypium)7E 52 F1) 5 8 B L i, GhHsp40s
. GhHsp70s 4 i, LM AT 2B F K
oy Hsp JENI EJEFEI, B Hsp70 Al
Hsp90 JE N REVER &1, ME XA RRE H
Z AR BF RN Hsp70 AT LIS 5B E E Bim
i e UN AR e LN U Ve 53 510
(Fusarium verticillioides) 7EI F i A K R
R4 Yk £t (Fusarium  graminearum) & /& T 5x i&
ARSI T E SR, B0 Hep70 Kik&
Py 2 Tt UL 4 (Agaricus bisporus) e
38 2t A v oe] DL i IR 3 AS ) B R
DR 25 38 Sk U A s T Pl %ok B 22 368 i A 4031
WU OUR IR R S 414 @ T Hsp33 il Hspd0
GEAFMRWFFY Hsp %4 23 5 2. il 14 (Pseudomonas
aeruginosa) I REZ N, &I Hsp33 A 45 &
PR 00 W05 2k 2% T8 B RE T KRt e Ik i FIK L g T
Hspd0 REME 52 bk s sh k. B INAPIFSR 3R
TS PR T B 1 B 2Rk e AR R i A
FNRIAEE, FRHRTEHS B A PR e 52 e T 4
oy R HEELEER, MEZSE D KT E
1 ST BE 1 R DL 4

T S0 3 o A 5 TR TR 22 R TR A% L A S 2 oy
Mr & B Hsp70 FE W AZIE B FE rh KKk, Af
RES S WIE R, (AHERREM ATEE,
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HIH Hsp70 FEAZ SR AE K A E AN RIRET
B PVRRAE | S0 M R 241 55 7 T R HERVE R
ARG LAAZ B TR BB A 0L A1 FEAS KRB I T B
WX —FHE A IS, 3BT %8 Hsp70
RUEE A [ AR R B B S 3l T )RR RAE, #R5T
Hsp70 & [1ReME, I 38 o 56 B T 3R R iF 5
Hsp70 ZEE &R AT LR Thte. MHoxsi
W B TR B Hsp70 A9 AR 927 D RE RN 2K 1 4
P, #8578 Hsp70 6480 B RIE BB B
REEFAIMERT, ML Hsp70 A4 S 88 5 60 307 B A%
B RER T E RS

1 MHET%

1.1 #sl

1% 55 R A AR (Sclerotinia sclerotiorum Ss10715,
Hp ] R 5 3R DR PO AP ORGECS . CCTCC
AF 2021085/ fF FASL I %, FT H S84 S %
Wi 37 (potato dextrose agar, PDA)E;FEILI H
A YRECA R A . T 2w BT
R pMD19-T. RNA #2HL, Zifbilila. i
S NGE RIS A TaKaRa, PCR P
FRI RN 35 PR v [ i FH I A2 A5 A S B TransGen
Biotech. HLUKFIAZ & 5% 54 10 it TR 400 A
A TAEY TR AR, pSilent-1 2K
g B DGR R AR RS W, ALGL KT
PSS AN B F T A I HR A BR S
1.2 #ZEE Hsp70 B EFARIE S

WAEAZ LRI /E PDA 1% ST, S2. S3 Fil S4
WA 22, DAL TE PDA+S mmol/L
IR i ¥ (cyclic adenosine monophosphate, cAMP)
R 2 ANEHIR TR 22K, SIS RNA SO sk &
% cDNA, [RJE vg %3111 PCR 5] Hsp70-F/
Hsp70-R (3% 1), PCR §"H4/Y Hsp70 4 K47 T %
DA o B J Pt PR TR RS 22 T AR TR ()
A PR HIIN Y o 1511 qRT-PCR 514 qHsp70-F/
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x1 KHRETAMEIY

Table 1 Primers used in this study

Primer name Primer sequence (5'—3") Restriction site Size (bp)
Hsp70-F ATGGCTCCAGCTATTGGTAT - 20
Hsp70-R GTCAACCTCTTCGATCTCAG - 20
qHsp70-F CCCGTATCCCACGTATCCAA - 20
qHsp70-R ACCAGAGAGAATGGCAGCTT - 20
p-tubin-F TTGGATTTGCTCCTTTGACCAG - 22
fS-tubin-R AGCGGCCATCATGTTCTTAGG - 21
si-Hsp70-LF CCCTCGAGCCAGCTATTGGTATCGATTT Xho 1 28
si-Hsp70-LR CCAAGCTTCCGTAAGCAATGGCAGCTGC Hind III 28
si-Hsp70-RF GGGGTACCCCAGCTATTGGTATCGATTT Kpn I 28
si-Hsp70-RR GAAGATCTTTGACGTTGTGAATCGGTGA Bgl I 28
hyg-F ATGAAAAAGCCTGAACTCACCGCGAC - 26
hyg-R CTATTCCTTTGCCCTCGGACGAGT - 24

qHsP70-R (& 1)i#A74 4, LA p-tubin-F/p-tubin-R
KNS, Kl Hsp70 Ji PR 7E B AR AN [ B Bt
SO vy
1.3 ARELIREMIE T#%ER Hsp70RIE D

Wi A SR T 22 R E PDA P B TTE 4k
Bi%, B TR T S BB PDA AR I,
25°C. 12 h JGRE/12 h BRGS0 R 3R, YW 4
AR ST, S2. S3 fil s4 ], BT 4°C
1 40 CCHREE FPALBE 24 h, M0 BR% 3 M E A,
{i Ffl qHsp70-F/qHsp70-R N5 | #i#E4F QRT-PCR 4"
B 1), K Hsp70 JEIR Rk,
1.4 #zZ# & Hsp70 Stk 547

i F7EZE T. H. ProtParam (http://web.expasy.
org/protparam/)Filill Hsp70 25 [ A FEA B Ak 14
J57 o B MEGA #4448 754 2 Hsp70 & 147
TRZBEEEW.
1.5 Hsp70 &= B M #A14% K 4 5 4

ST K Hsp70 i #40E, FF Hsp70 5 A%
FIREAR pET-28a(+H)AHE, Wy 1E A Y 25 41 ot
i AT 44 A pET-28a(+)-SsHsp70, H#H AL b A
BL21(DE3)&Z 4L, Dhzsz Xt i, &m
5 N 5 -B-D- i 48 2 FL A H (isopropyl-beta-D-
thiogalactopyranoside, IPTG)5 T 37 °C . 220 r/min
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HFERIL 6h, 2% Hu 5k, BiATHER
RS 200 uL #EF73, M HE R Z
50 °C/KIEANTRIEHE] (0, 30, 60, 90 min), SR
WL 2 pL A BRSBTSl B ke, 37 °CHE R
16 hJEiEfrmgs, BAREEEE 3 A~EE . R
F Ni-NTA SERUZATH 2 4li4k Hsp70, MREE
SDS-PAGE #l45 SRS A K HEN &
FIPENAE 10 mL 3% 2 8P 5 A ) BOAR A PR vl gk
A7 4 BE A
1.6 ZE®H Hsp70 B E MBI EEZ L
TEL T Hsp70 FESE751, R4 pSilent-1
FAR E RIS RIS 13 1), Z5(si-HSp70-LF/
si-Hsp70-LR) . 75 /& (si-Hsp70-RF/si-Hsp70-RR)
A3MIE R T 3% 4 B AR TTER X B Wi, PCR
G0 Sy M %) BT 9 2R AT I PP B . AR AR R HE 2
JUkL pSilent-1+SsHsp70 #4fL A ALG1 R T 7 2%
ZAMME . S TR ki AR AL
PR S5 T AT TR IR SZ 25 4 B R B B s 7 T
221y H R 57 48 h J R B AU L B A W
K30 pg/mL)+kLABEN5H4(300 pg/mL)) PDA
B b, BT 25 O Rma K, %
PDA+#I%: 3R (30 pg/mL)IF IR FIELEGHE 3 1,
REfE e AR K B0 20 H e N TTBR Tk . SR L



BEE ¥ | REFAKRRES Hp70 EEMRE RIS 3681

FEP AR R 8 1) 25 R B (hyg-F/hyg-R) ik
—HRHIE, 2% 1.2 P77 qRT-PCR 4347 .
1.7 % ® Hsp70 ;i E #AEUR h1 R 25
Ll

T E Hsp70 TER T AR 0% 1, 15
PRI B AT . JCR K e, B
A URARA BEFR LA, O TRAf S0 SR
P, EWIATMEE, BAWEKER 5 K. KA
Ji 25 ) R R A R A T 2 A, RN
[ 94 5 A IS 2 0] (0.1, 0.2, 0.3, 0.4, 0.5 mg/mL)
AT IEFEATHE0.1, 0.2, 0.3, 0.4, 0.5 mg/mL)
24 PDA A, 3 R LR W AR DF S BT
FIMMATME . M, DA ST b iy Ak
TR 5 T SR R o B, 4% 2 50 Ak B X
AN FIAZ 35 B T 22 A K B ARG I R, AN R
HE 3K,

FEXT 3 41 e =Oxt 2 7 7% A — Ak PR 21 B
K EAR)N B R I E AR

1.8 HFEHH

qRT-PCR ##i R 274 ik, it
SPSS 22 # {4+ 1) Duncan’s Z T H 87k 50 4
8] ) . 2514 22 57 (P<0.05), || GraphPad Prism 5
ATl

2 HERE4M

2.1 Hsp70 By RERBU RSN
18 Hsp70 JEH 4K 1890 bp, & — T
T %] SEHE (open reading frame, ORF), Zifih 629 4~
R, 238 NCBI k1% GenBank /5 OR
148242 FEL M2 26 1 B i) 7315 68.52 kDa,
RN 5.06, LfETRk. AR,
i Hsp70 5 MR J& (Ciborinia) 1l 2% 48 JE 5 14
(Ciborinia camelliag) Hsp70 :4% % R i, 5%
#7148 (Sclerotinia) iy At 7 D1 4% £ %5 (Sclerotinia
borealis) Hsp70 B4 XA, H5HNAERRMK
3 7% J& (Phial ocephal a) 1) Hsp70 ¢ R 3515 (] 1)

~TVY43236.1 Heat shock 70 kDa protein [Lachnellula occidentalis]
CZR56995.1 Heat shock 70 kDa protein [Phialocephala subalpina)
KAE8451484.1 Heat shock 70 kDa protein [Helotiales sp. DMI_Dod_Qol]
KAG4423000.1 Heat shock 70 kDa protein [Cadophora malorum]
C7S95819.1 Heat shock 70 kDa nrotein [Rhvnchosnorium aeronvril

18

L7

99 T RKF58703.1 Heat shock 70 kDa protein [Erysiphe neolycopersici]
KAG7285591.1 Heat shock 70 kDa protein [Staphylotrichum longicolle]
KAH9435388.1 Heat shock 70 kDa protein [Pyricularia oryzae)
KAJ9133561.1 Heat shock protein 70 [Pleurostoma richardsiae]

_WATRAYANRD 1 haat chanl nratain TN familss [ Amillon tinetarl

1 %EE Hsp70 R EEE 75 R Gt L
Figure I Phylogenetic tree of Hsp70 amino acid sequence of Sclerotinia sclerotiorum.
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2.2 #ZEE HP70 EARREEKFE K cAMP
BB T RYFRIES

JrHILL ST, S2. S3. S4. M1 Fil M2 It
AR B RAE A RL, qRT-PCR 43 #T4h R 2
/N(E 2), Hsp70 7E S1-S3 B Br ik it 4%,
HERARZ T RAEH B, 2RZh
) 30 £, 7EZ AR cAMP iR, Hsp70 7
M1 il M2 B A A 3R 3K 8 B 2 /& T S1-S3 B
23 AEIREME TZEE Hsp70FRiE S

RIRAL RS, B4k E Hsp70 LR 7E S1-S4
BrBER B AN E . 40 CAUT, K
Hsp70 SLEIAHAT R RTE S2 BT e S3

i
T o

=
(=]

1
o
|:‘_—,..
5

Vi
—_ —_—— b b W W
(=] thh © L © L
T T T T

Relatation expression level

Wi
T

d d d
Sl S2 S3 S4

E2 RT-PCR iz E R Hsp70 ERE AR E
KB RIBEFFHETHREE

Figure 2 Analysis of the expression level of Hsp70
gene of Sclerotinia sclerotiorum at different growth
stages and treatments using qRT-PCR. S1-S4
represent different stages of hyphae growing on PDA
medium. S1: White hyphae; S2: Hyphal mass begins
to exude liquid; S3: Melanin begins to form; S4:
Mature sclerotia. M1 and M2: Different stages of
Sclerotinia sclerotiorum on PDA+5 mmol/L cAMP
plates. M1: Hyphae mass begins to exude liquid; M2:
Melanin begins to form. Different lowercase letters
indicate significant difference at P<0.05 level by
Duncan’s new multiple range test.
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HH SCRRAIG, ZJR7E S4 I THE, HAE sS4
A e A R BNIA(E, o ST RHIRY 7.2 f5(A 3),
T ST Hsp70 JE R (1) b 26k 2 Hoxt il
38 £ — o 577 AR O
2.4 FHEEET AR ERN

MK 4 ATH, EAFARIEREELE 0 min
Xt R TC 22 ], REE W & B R P, P4l
A TRV 55 X i b . M0 & BT E] Sl 90 min
BF, XTHRALULT AR A, e & A )
PR TE) J ) 52 30 2 TR 7% 5 H B B 2 X IR . il
LR, Hsp70 ZEXTHU AR A HEEEM .
WedE 250 mmol/L KM I 6 B T >k () 2 1
(#5413 mg/mL), HPLC &8 H 1% 1A
“iJE R 56%;
2.5 %EE Hsp/O MEREKRHNEEREK
1F5i

Y RERSTE PDA+HI%EE K (30 mg/mL)F-Hx I
IEFAER 3 BRI E 3 & R hirk
FaE ML T, $REULILN 4] DNA, PCR ¥ 1
R Z NG R R (& 5A), S5XFHEMLE 5 4
il [l4°C A

40 °C e

Relatation expression level
B
T

S2 83

B3 BREEZFREREELER Hsp70 ZEESR
EE KM EPBENREE

Figure 3 Relative expression levels of H5p70 gene in
different growth stages of Sclerotinia sclerotiorum
after different temperature treatments. Different
lowercase letters indicate significant difference at
P<0.05 level by Duncan’s new multiple range test.
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TUBR TR AR ™ 5 A N KN 3 28t T LA 26 1
SE A TR O A AR ANE N . qRT-PCR
ST RN, 5 ANEEALTEARY Hsp70 LA 1Y
AN A B b Bl R 22 5 (8 25 (] 5B). DA 1%
FULHE D R T ] RNA THREA, SR AT
WA S EA TR S AR E LT, )

90 min

B4 FHARIXFEKRLZ S50 °CIK A L IB A [E B 6] AY
B % E

Figure 4 Colony of recombinant expression strain
treated with 50 °C water bath for different times.
1-2: pET-28a (+) empty vector transformed strain;
3—4: Recombinant vector transformation strain.

BAR T K% 318 Hsp70 JE R g A

TUBR % A6 76 TR 22 150 € RN B A% TR iy 1 AR
BT B H R 2 0 ARk, HAR RIS TR
MR 22 Lk, 4K 5 diF, H4, HT
1 HO I S 228 %k . A1 10 d B,
H7 Fl HO WARFE TR N4 A W4 RENSL,
ELY5) 2R WL TR 22 A0 9 5% 7 A T A% (R 6)

2.6 %EE Hsp70 i B & KO BU 11 B it
7%

HE 7A WUE W, ZEREELEY s
TMSENE R 48 h, HERREF A BB 22 ()9 S R B
BHBEEE, WHEEEN 1.4 cm, FEH R YLt
[E1) 118 398 8 A il 3 It R £ e 1 T R 3 T 4
Ko 2996 hif, HpA:AY(wild type, WT)H 22
R Y Ih S 3 R 0 T AR R OR , H2 TRk AR
ek = A G AR 2 R BE E AR 3 em,
7T AL 70 SR P e X Yl S v R R i BB S e B
FHIZ AL Hsp70 JL[H ] 5 5 H B0 T HH % .
AN [R) VA 79 8 8 A1) R B S A X T AL 13
APHIVERT, B T B I B e 4 ) e 1
(7B, 7C), Uk AT i 25 1 B

A 1.5
°
0 g ot :
3 000 a
(=%
2000 g b "
1500 § sl " & c
g
1000 =
L
=4
750
0.0

H2 H4 H6 H7 H9 CK

B 5 HEKREXERREZERN

Figure 5 Detection of related gene expression levels of transformed strains. A: PCR detection of
transformed hygromycin genes (1-5: Silencing transformed H2, H4, H6, H7, H9; 6: CK; M: Marker); B:
qRT-PCR detection of the expression level of Hsp70 in transformants.
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5 days |

10 days

El6 #LF7&E PDA+HHIEEGO mg/mL)IZHE FAREMBAMNEKIFER

Figure 6 Growth of transformants at different stages on PDA+hygromycin medium (30 mg/mL).

H7 H

B C
-o-H2 -o- H2
110 & H4 —wH7 150 g H4 ¥ H7
—-4-H6 —e-H9 —-A-H6 -o-H9
1NN =  m —_
= 70T r4 -
1 1 ] Q — AIA AI ,\I,

B7 HBUAETFHREDREMEGERN
Figure 7 Detection of pathogenicity and resistance to pesticides in transformants. A: Mycelial infection of
rapeseed leaves at different times. B: Inhibition effect of different concentrations of procymidone on

transformants of Sclerotinia sclerotiorum. C: Inhibition effect of different concentrations of thiophanate-methyl
on transformants of Sclerotinia sclerotiorum.
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3 Wik

AR 0 Ao B A S 4 500 I 43 A R R
Mk Hsp70 TERHZ MEZ P Rk m LR K
K, HEMHAE AR b R s A . i
(K Vo R ARAS K 3 18 Hsp70 JE K4 K cDNA, J# 41
FE 1% Hsp70 FIS I F -1 1 J& (Ciborinia)
Hsp70 JE4x & R, 5oRIE T H AL EHE
Hsp70 [RJEMEAK . qRT-PCR 452 2 /% Hsp70
TEW A Rk R, MW 2P 30 f50 F,
TEZFNINR cAMP i, Hsp70 (1936 1k -t 1
i TR AR AL, SRR TR 2P KRR
FAR I Hsp 7852 214N A Wy sl Al A Y
s R S Rk, R ETEZ
FI) Hh S 38 AT 3E 2 52 5 Hsp70 13 3A 5 R 4K
A RIREE

WA TR 22 40 °CALHE, Hsp70 JE KA X ik
HAE S2 M THRE G S3 MH AR, ZJR1E
S4 I X Thm, HAE S4 Ik i s 20 (y
9 S1 L AR 7.2 /%, £ 4 °CAEF 5 Hsp70
FEIRNTE S1-S4 BBk it A Fa e o BT ST
RI, BBER 22 A K Bl R 20-25 °C,
ML PE = T 40 °CR 228 5 kAR K PY (0
HAZ BT 50 °CAL B 300 d 5 ELA WG, AIHE %
AR R Hsp70 EEAE Y )
AR AR A P AR, SR TS Hep70
(8 . FEMUIEE R A5 TN S T )
FELHRE.

T2 K& NTA A4k B & A5
i R BE R U8 JEMTIE R T T ik alifl, 15 EI0
EEALE R 99%. MiAHFsE H H Hsp70 AL
SEAZHT A LS BT AT 8 (AU 56%,
AT RE SR E AR T T I R R A i R
EYE (10 mmol/L 1 100 mmol/L)AT 5 , {#45¥k
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JISE VR L T 5 A AR P Al H R AR AR
R T 58 Hsp70 MIDhRE, s STRIEM
L ZH TR AR AT AR T RREA T 50 °Crm il b FEAS [ e
() DAz I FL T B, 45 R I s U A [ ek ] £
SR ZH TR VR EH B 2 X A, B Hsp70 1Y
S kTR T AW FF 1 (Escherichia coli) i it
bk | 3% 5 8% (Wolfi-poria cocos) WeHSP70-4
WCHSP90-1 1 WeHSP100-1 S35 3 15 1) 2% S —
U Xu ZEPM 6 4 (Hypsi zygus mar moreus)
HmMHsp70 F2 AL RIMHE 3T 30%HY e ik [R] A
TE /= (50 °CHI 52 °CALFE 4 h) T AFE, TMEFAE
RUIR BT PR AT T YR AT o XL gh LUl
SRR IE Hsp70 A LASE i fa B9t HbE, 3208
Hsp70 75 W8 J5 T i 7 78 0 FH A8

il b5 RS JE 06 1 (Magnaporthe grisea) Hsp40
HEHEFT B2 EK . ™. #rFik.
TR ST RN B 2 Y S T R 2 T DY,
HMBENE GV RDIRE 22K E R 771
TR iR T IS €W A [ S €2
FWPEE A 2 5 R A W 22 4 KRR 1
FE R BRIIAEER A CRISPR/Cas9
e ARG K G % % (Phytophthora sojae) PsHSP70
EEAM G E SR AT, X H I RRAF 5T K
B R Y NI 0 e o N 1 T i =i
A R E BO TE R s, HEIZ AR 1 NG
LA HER LI NGRS N A=K D
%5 /7. F. graminearum HSP40 Rl [%: 2 728 A1 B
A AR TR RT3 25 5, (R
R R TR 1 49 A At 7 A B RN /N2 B A 2
955 11 B RRARRY), T 1 /& Bk 74 (Canidia albicans)
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