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Regulation of the cell wall integrity by AsS/t2 gene in
Alternaria solani

DONG Man', WANG Chuyuan', CHENG Jianing?, FAN Shasha', ZHAO Dongmei ',
YANG Zhihui', ZHU Jiehua"'
1 College of Plant Protection, Hebei Agricultural University, Baoding 071000, Hebei, China
2 Agricultural Business Training and Entrepreneurship Center, Hebei Agricultural University, Baoding 071000,
Hebei, China
Abstract: [Background] Potato early blight caused by Alternaria solani is generally considered to be
the second major potato disease in potato production, which occurs in various potato production areas.
Serious disease will lead to large-scale production reduction and potato block decay during storage,
causing huge economic losses to potato production. [Objective] In order to clarify the effect of AsS/¢2
gene on the cell wall integrity of Alternaria solani. [Methods] Congo red, sodium dodecyl sulfate (SDS)
and cell wall degrading enzymes were applied to evaluate the cell wall integrity for the mutant strain,
and calculate the relative growth inhibition rate. RT-qPCR was used to analyze the transcription of cell
wall-related genes. The chitin content and extracellular enzyme activity in the cell wall of A4sSit2 were
further detected. [Results] The tolerance of A4sS/t2 to cell wall stress factors SDS, Congo red and cell
wall degradation enzymes were weaker than that of wild and complementation strain. The protoplast
release increased significantly after adding cell wall degrading enzyme. Furthermore, it was found that
AAsSIt2 was more sensitive to exogenous peroxide stress. The extracellular peroxidase and laccase
activity of AA4sS/t2 mutant were significantly reduced, the chitin content in the cell wall of A4sSi/t2
mutant were decreased. The expression of laccase related genes and chitin synthase related genes in
AAsSIt2 mutant were detected by RT-qPCR. [Conclusion] The 4sS/t2 plays an important role in cell

wall integrity and tolerance to external stress in 4. solani.

Keywords: 4sSit2; potato early blight; Alternaria solani; cell wall integrity; RT-qPCR

Hh LT B T AT A L 45 ) R ) e ) 2
YILT G B BRIRES , A BE L 7 HE

T A A% 1 (Alternaria solani) 5| Th 54 2
FLEERR ) R I, A VT, RS B4y,

PeEANE AT LT . B SE 2RI EY) o GUAKLN, FLR M o DR (3R JE A0 i b aE
IS AR ARG A S R MR AR AT A RS RASM ALY, R R TR IEHUKE B
SET . MEEAR AUS R A T B R B AE S8 EFTTR Y, ﬁﬂfﬁﬁ%ﬁ% A 77 Tk
ERAETFWR S RE, M ORENE SR R ﬁ@%ﬁﬁﬁ%% % Mg Ak [
fad, MEMRKRREEL 70%-80%", 4IMIEE SRS %%6@& MM B ORI G

JE LA A B SR A, AT R B AR A
FR 32 — SO PR BT A 0 7, FEAR YL a7 Tt
X PE AR AR B T AR . O A B
HOBEEE . I REFLT Bdl o s e i, 3

A ﬂﬂ?’f*‘ﬂﬁﬁ(Magnaporthe oryzae)H,
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2 BYF 9% %k B BB (0 R 2 M B (Aspergillus
Sumigatus) 3 18 40 JRE 57 HE A 1Y) EE A AR
i

T2 RAERE D, 222505 b & PR
(mitogen-activated protein kinase, MAPK)Z Ik
T R — AR PRSE A A S i Sl e, AE
SRR A . KT B BRI E T
TR AR A 2 T R R
(Saccharomyces cerevisiae) ' KL T 5 IR SFHY
MAPK {554, Bl FUS3, KSS1, SLT2,
HOG1 F1 SMKI1, 73525 i #A 1HAChL |
22 A RRE ST AR | A RS Y s AR
Ty A Horb SLT2-MAPK fi5 5 8 R
A0 0 BE S 4N (cell wall integrity, CWI)iRAE, +
B2 5 R 220K FUTR A M RE 2 53 i AR W B R
[vi] FF 357 A A L A A RN A SR 5 Y
lRB#ER . milt . CHEER . SR RS Jr
TR A RO o i S A A A L A L R
MR fr . GTP 558 1. .04 MAPK
H TR WRRUN a8 . Sie2 AT CWI RO H 7
R, SREMMBERN RN ARKAT .
o3 M 0T I 0 kIR S S Ak
Sie2 (I RETE 2 R I B v VR WA 3] 1
W5 WNTERIEIN 8 (M. oryzae)t, SIt2 [A){FF&
Mps] WHEHMBERTE L, Mpsl SR 5878 bk
o 24 i B 55 fe R A8 5 1) Moswi6 2 Sit2
U SR Swie BIRIEIER, R Moswi6
58 78 Bk RE -+ %8 B R A (sodium  dodecyl
sulfate, SDS)55 4 Jfd BE Jpir38 AH Gt 52 14 3 ik
I f R rh o R S R BRI, LT B S R A K
AEAEAY T A AN R RE S D A BT A R i 3
1, A1 RE A0 b S Ak 0 il R IO P i R
&M, FEBR A9 (B T (Beauveria bassiana),
BbSIr2 K PR 3 3o 5 0 2 i BE 45 4 T2 i 0 4
I M BE ) SEEEE, BE BbSIr2 FEPRIN 98 AR BR

XoF £ L B 5 o A R SR D) R 0 L AT 400 B R
i it P U G 0, ) B 5 A A TR 22 2 i R
LT BRI SR S U, DL R R R
B, SEe2 78X 0 200 i BE 52 B P R 95 5 T e
LR

A S 55 T AE A AR S e AR B T
Si2 AR I AsSle2, IF H o B 2 B
(polyethylene glycol, PEG)/™S: (AL BiiA%E fk
DORIBTPETRE SRS T AEERS L AsSIe2 BRI kR
KIS TR, RIEK AsSle2 B 5 niEE ks
AR AR E TR, Bow i E s, Rk
KT ERORMAEMFRREN", 7R3
fili b, N TERB AsSI2 BEIR A 275 X R
TR 20 R () S B Pk R S, W E T AN R A
KT S AS MR A (il 8 . M A G M A 2
ML BER LT B &, JFAIA RT-qPCR 73 #r T
AAsSI2 WHgEE KL T A B DG PRI Gk 1)
A, BT T AsSie2 FEPITEAGBEAS AL A0 MU RE ()
SE AN KA AN B8 7 T AR

1 #H57%

1.1 X E

0 BE K% 1 (4. solani) B 4= ¥k HWC-168 |
AsSIt2 FEH R AR AdsSIt2 ., AsSIe2 HH
W52 Wk AdsSIe2-C, 2 prinf LAl K7 D%
EWRE S ERRAE
1.2 EZRAFILFRIEFE
.21 FERFFNLE

J 15t (driselase) . Z4f# M (lysing enzyme,
lyzyme) . %4 ZF B (snailase) . JL T i [
(streptomyces plicatus chitinase-63), 4= T 4% 1.
(B AIRAE; SDS. KR L (congo
red, CR), bR ZKELEYBHEAMRAF; 2,2-
BK A - = (3- & Kk - R O R Ak -6- Tl R ) — B #h
[2,2'-azinobis-(3-ethylbenzthiazoline-6-sulphonate),
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ABTS] . — H i il %¢ (dimethylamine-borane ,
DMAB). #i&jbE . Biig, E/=4Hrali; Trizol,
2xMagic SYBR Mixture, Jb5tHENAWHARA
FR/\H]; TransScript® One-Step gDNA Removal
and ¢cDNA SuperMix, dtaieXaAYEARA R
YNGR

Rk &, B —ERARAR; &
HELOML, FEERCHRBHE A BR AR RS
IR, TURLEAES) s AL, b
ST AR A PR vl 5 S22 e i PCRAY,
Bio-Rad 2\ ],
1.2.2 EHFE

T4 B4 % Bl (potato dextrose, PD)RAAR%
Frbk: 5 200.0 g, HiAGHE 20.0 g, ZEIEK
1 L, S EH %AW (potato dextrose agar,
PDA)EFRAEL: D448 200.0 g, Hi4IHE 20.0 g,
LG 20.0 g, Z&IB/K 1 Lo i R - B34 7E 1¢10° Pa
K 20 min £,
1.3 AAsSIr2 X2 B 82 fi 18 B F SRk 1 RY
M ZE

B EE RS (4. solani) B A ¥k HWC-168 .
RASKR AAsSIe2. I RE AAsSI2-C A TE S
0.6 mg/mL SDS. 20 pg/mL RIS 2 mg/mL
ZUR AR PDA A b, 25°C 1598 7d, MR
EER, TR AR RASKR AdsSI2, a5 B
AAsSIt2-C 1 AH X Az 4 1 il 22 (relative  growth
inhibition, RGI), RGI'™=(X%} M #i7% H 240
7% ELAS)/(IE R V8 BT EA) < 100% .
AMEPRE 3AES, LT3 REYEER .
1.4 AAsSIe2 33 HnSER& RS LRI 20

B AAERE (A, solani)¥FE Rk HWC-168
RASKE AAsSI2 FEISE PR AAsSI2-C HERTES
20 mmol/L H,0, iy PDA F#¢ |, 25 °C K%
7.d, MEREEER, FREBAEKR. REK
AAsSIt2 RS RE AdsSi2-C By RGI, H4 b5

WE3IANELE, LT 3 REY¥ER .
1.5 AsSlr2 ERXmniEEHAS S IYEEE
ES:0EA 1]

B BEAS (4. solani)BEF A= Fk HWC-168 .
RAFRR AdsSIt2 J P #k AAsSIt2-C 71 %) 80 mL
PD WA B3R Ed, 25 °C. 120 r/min 5555 48 h;
M4 2w i wmez, I KRR
ELZ45K5, BT-80 °C %% 24 h, BikT
24 h J5HRE . B 1 mL JE#, 4 °C. 3 500 r/min
0> 10 min; 7F 2 mL EP &HIA 3.4 uL 30%
H,0,. 100 pL 500 mmol/L HYFEER . 100 pL
10 mg/mL ) ABTS. 200 pL JEHFI 600 pL
ddH,0, FEIRME 5 min, TEIBAVKHLK LR
N, W HLAE 420 nm ARR TR EAE, PR R LR
P G B g, W HLO, BTG, Lk
113 AEY¥ES .

1.6 AsSle2 WAL T RS SR

B I BEAS (4. solani)BF Ak HWC-168
RAFKK AdsSIt2 K Inl kK AAsSle2-C H2Fh %] PD
WAAR:FRFER, 25°C, 120 r/min 5535 20 h,
42T L IR 22, FIJCR K UEV 2 1k
JE B IR T ISR, B S mg 228 6% KOH
BPE, 80 °C /K 90 min Ji 2 000xg E5.0»
10 min, F EW, IA 1 mL 10 mol/L #5F&ELL
2% M (phosphate buffered solution, PBS)H #r&:
7%, 2000xg &> 10 min, 3 ¥, JiIA 100 uL
pH 6.0 [ Mcllvaine Z& M1 (1 000 mL 0.1mol/L
FPGEIRIA S 625 mL 0.1 mol/L BRI = AN
WIRG) M 5 uL JUT il 37 °C W 24 ho M
100 pL A SRR 0.27 mol/L TFR ANV K
(pH 9.0), PCR {100 °C JZ )i 10 min Ji5 57 B
BHZEZER. A 1 mL HE A DMAB %K,
37 °C ) 20 min 5 E 585 nm T A G(E
LT 3 RAEYFER
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1.7 AsSk2 BRI Hn 5810 5B E AR N

RS YENE SRR 1.5 Pl SE LB v
E, TE2 mL EP & HIA 100 pL 500 mmol/L 1%
BEmZ . 100 uL 10 mg/mL A ABTS. 200 pL 3
W . 600 uL ddH,O, ZEiRHE 5 min, S7RIFEA
UK 2k SO, FHAT G E HAE 420 nm
PIMOGAE, W e A AL WO E /g, BIER
INERBIETE . AT 3 A ER
1.8 AsSle2 FTnEEEILT REEENEE
EREXERRIEENEIN

B BERE (A, solani)BFERR HWC-168, 2
ARk AAsSIt2 K RIE Rk AdsSIt2-C R0 7E PDA -
Me b, 25°C #5595 7d, 42wl
W22, F Trizol ARHUE RNA JFHEHT 1%3 4
e LKA RNA (158444, NanoDrop 2000 £
T RNA 2 Ak . I TransScript® One-Step
gDNA Removal and cDNA SuperMix & jfll & $ 15
cDNA, HAREAEL RS I Gt 5. 7Eih
AR A6 4 BE DR 20 B0t PR v AR B0 LT BTG i i
HH chsC (GenBank % 3¢5 CP022032.1)., chsD
(GenBank &35t5 CP022028.1). 44 HL A
abrl (GenBank % 5% ‘5 CP022024.1) . abr2
(GenBank %55 CP022024.1), ARFEA BRI AL
K JUT oA B i 2751 (coding sequence,
CDS), FIM Prime3 &it51¥), LniBEtaHl actin
B ANZ, LIS HERR cDNA itk, {HH
chsC. chsD. abrl. abr2 FEDF:SPES )R 1)k
fr98tE s PCR Al . PCR JUWAKZR(20 pL):
2xMagic SYBR Mixture 10 uL, HAJZEE cDNA
(25 ng/uL) 1 uL, 1E. &514%(10 pmol/L)45 1 pL,
ddH,0 #ME 20 pL. PCR W44 95 °C 30 s;
60 °C 30 s; 40 MEM, BRI T 3 IAEYF
FA . M 27 R AR R A R
SPSS #7121 22 51973 HT(Student’s #-test,
n=3, P<0.01 8 P<0.05).

*F1 SI¥MER

Table 1 Primers information

EiE7/E4 i 51 91)¥ 51

Primers name Primers sequence (5'—3")

RT-actin F GTCGTGATCTGACTGACTACCTC
RT-actin R GTAGCAGAGCTTCTCCTTGATGT
RT-chsC F GCTATGTTAAACGGCGGTAAGAC
RT-chsC R GAGATGAAACCAAACGCAGACTC
RT-chsD_F GAATCTGCTACTACTCGGTGAGG
RT-chsD R GACAGCAAGACTTTGAACTCGTC
RT-abrl F CCTCTTATCGTGCATGATCCTGA
RT-abrl R GGATTGGCGATGCTAATGAACTC
RT-abr2 F GGAGTCAATGGCATTACCGAATG
RT-abr2 R CCGTATAATCATGGGGCCTACAA

1.9  AsSIe2 337 sEig 70 R £ R RUR X
B =2 Ml
B I BEAS (4. solani)BF Ak HWC-168

GARKR AAsSIt2 T RIS Rk AdsSI2-C $:FP3) PD i
fRgEFRE, 25°C, 120 /min 3535 20 h, Fl 4 )2
TR AL IR 22, HTGHEKF 0.7 mol/L
NaCl £ 2 W KM TR, e
30 min 7ER B N SIS AR T AR L
Ho JLibf7 3 kAW #EE .

2 BEREAW

2.1 AAsSIe2 XF 4R RRER B8 BT 52 1408 55
i HE A% 7 B AR fR HWC-168 i1 28 748 #k
AAsSI2 TEEIN 0.6 mg/mL SDS., 20 pg/mL CR
12 mg/mL A 55 4H R i X179 PDA 1%
FedE EARKZ B T ARBREAIR . 7 25 °C
AR SR 7 d s, AR REE MR X 5
SRR AAsSIe2 BN TIAEFH i T 35 AR T bR R [l 52
FR(E 1A, 1B). 5 SDS #b, WIRLF4n
JIf R I i B X A AR L AR BRI [ ARG RGI
ZRER, Hi 20 pg/mL KIS 21 0B A bR
HWC-168. [k AdsSIt2-C FIRASRR AdsSit2
B A X A R 2853 0 O 4.97% . 5.20% Al
37.00%. 2R, AsSIe2 FEDH ()R Adi T4k 2
VL YZE I DA OGS AT LR - 0 1 700 4 T 32 1 955 o
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A AAsSIt2 - AAsSIit2-C- HWC-168 B

PDA | 100
OAAsSIt2
80 1 *} B AA4sSi2-C
SDS S 60 f . BHWC-168
S
&2 40 |
{ *
CR 20 L
) e |
SDS CR Lyzyme
Lyzyme Treatment

1 7hEAE I HWC-168, AA4sSIe2 71 AAsSI2-C XTARAEEABRITMIZ 1 A: AsSl2 TSNS AR EE
W a R TR B AURERR AR 20T, SDS: T hE SRR AN ; CR: NISRZL; Lyzyme: 4/
BERESRIG s BRACER 3 S A E R, Fit2#Hrh student’s r-test (*: P<0.05)

Figure 1 The tolerance of Alternaria solani HWC-168, AAsSit2 and AA4sSIt2-C to cell wall stress. A: Sensitivity of
AsSIt2 mutant to cell wall damaging agents; B: Statistical analysis of the relative inhibition rate of the tested strains

under cell wall damaging agents. SDS: Sodium dodecyl sulfate; CR: Congo red; Lyzyme: Lysing enzymes; Datas
are representative of three independent experiments, *P<0.05 with a student’s #-test.

2.2 AAsSIe2 XS LB B it 52 1R 55 HWC-168. A5tk AdsSIit2-C. 5875kk AAsSIt2 (1]
TEEFE TR MR HWC-168 FIZRASKE AdsSI2  FIXTAER IR 30 4.65% . 7.97%F132.18%,
TEAAN 20 mmol/L HyO, Y PDA B5FRAE FAER S 5978k AdsSI2 MR A= KR B35k Tk
BT, 25 CC RS TR T AU, Ay FIlEIEAR(E 2). SEREM, AsSl2 FENBE
AT 20 mmolVL H,O, X i 4 46 76 HF A= bk O LRSI RS MR AL TR 2 ek

A B
AAsSI2 AAsSi2-C - HWC-168 40 .
— & T
30 T
X
= 20
PDA 2
10
0 Y VRN
H,0, SN
NS
»$
Strain

2 FnEEIETE HWC-168, AAsSI2 1 AAsSI2-C 3 Hy0, BITHSEE A: AsSle2 F7BHRXHEALITa R+
IR B AL AR A0 s Bk 3 YoM A e i, SEit# 70 Hrh student’s -test (*: P<0.05)
Figure 2 The tolerance of Alternaria solani HWC-168, AAsSIt2 and AAsSit2-C to H,O,. A: Sensitivity of

AsSIt2 mutant to oxidative stress; B: Statistical analysis of the relative inhibition rate of the tested strains under
oxidative stress; Datas are representative of three independent experiments, * P<0.05 with a student’s 7-test.
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2.3 AAsSI2 S E LB IE TERE{R

KT =W AsSle2 JEEHS SR HikE 12y
He T G TR 40 S, R 8 9 S el
AAsSIe2 WERR it AAC ARG OB UL, & £ 06l £
B AAsSI2 5WEIIA S E AL AREE P Zoal
{6 T HWC-168 J AdsSIi2-C (1 3). 45930, =%
AsSI2 HEPRIH e 1 T 4% 3 FLRERT B ST 4 EONSSNE
ALY PERRAG S
24 AAsSI2 FEEERFHBERRIEE Strain

FEAR

PLABTS Y, MGG 420 nm 3 FhEERTE HWC-168, A4sSIt2 1 AAsSIt2-C
WA . 25 LB S ek B A B R RSB POD SEME BuRUER 3 s R
HWC-168 FIEIZ kK A4sSI2-C AHEL, ZRAKE #HEE, it 20 student’s r-test
AAsSIe2 MIAMER G PE B FEIR; RT-qPCR 45 (*: P<0.05)
R, AAsSlt2 FERGE AL R FE A EY T Figure 3 The peroxidase POD activity of Alternaria

. i HWC-168, AAsSIt2 AAsSIt2-C. D
RR(E 4). BERFEN, AsSI2 B B solani W_C 68 sSit .and sSIt2-C a}tas are
representative of three independent experiments,

Iy A R TR 1S T T R AL *P<0.05 with a student’s #-test.
A B
L4r 1.2 OAAsSIt2
» 12 = 10} B AAsSIE2-C
S 1.0 2 EHWC-168
£08 gos
> (=9
2 06 506
[ N g
[} o=
204 g 04
202 & 0.2
0 0
\0’ o & abrl abr2
S AN
v?' v}& Q\Qx Gene name
Strain

4 FniENETE HWC-168, AAsSIt2 F1 AAsSI2-C BYRBEETERIN  A: AAsSI2 BHFNETE; B: AdsSI2
BEMFE R ek i BdnAC 3R 3 RMSr AW di i , Git2#5H1h student’s t-test (*: P<0.05, **. P<0.01,
#xk, P<0.001)

Figure 4 The laccase secretion of Alternaria solani HWC-168, AAsSIt2 and AAsSIt2-C. A: The laccase
activity of AdsSIt2. AAsSIt2-C and HWC-168; B: The expression of the laccase synthesizes genes of A4sS/t2.

AAsSIt2-C and HWC-168; Datas are representative of three independent experiments, *P<0.05, **P<0.01,
**% P<(.001 with a student’s 7-test.
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25 AdAsSK2 VTREERILTRERER KNS 55 08 2 F 00 0 40 i s JL T i
Fik = IR Ao

W T MR T AAsSI2 SAEMRAIIEE 2.6 AAsSI2 BAE BB EES
LT B & i, S5 B0 0l Bk A% 180 Y A R R 20 h A BEAK 0 TR 22 25 o0 At Pt BE

ABISEARAHLL, RASPR AdsSIe2 AAMEREFFILT  fREEALEE, 05 A ] ik a] T 5 A= A ) B e g
B WAL, R AE AR HWC-168 1 . [l 40 i B A A It T A ) B 2B 4, DA
78.00%F0 18] 5 % AAsSIt2-C 1) 88.00% RT-qPCR KRR, {5 AdsSIt2 FERBhsk g
Z5REBIR, AdsSIe2 tPILT G MAHSCHE AR ARk AR FRK R B2 T HWC-168 K&
R R E TR 5). 5REN, AsSl2 B A4sSI2-C (A 6).

A 040r B 1.4, OAAsSIt2
=) = W AAsSIt2-C
Z 035 512
> ‘B BHWC-168
i:{f 0.30 § 1.0
g 025 £038
2020 S 0
S 0.15 % :
£ 0.10 < 04
S 0.03 %02

0
&\0' \O;C Q'\‘go chsC chsD
V?' 9&% *f»é Gene name

Strain

B 5 7niEtg HWC-168. AAsSIt2 F1 AAsSIf2-C LT IREE  A: AdsSI2 LT & B: AdsSie2 JL
TG LR LR BERCER 3 M A2 E L, GeiT# Ml student’s t-test (*: P<0.05; **.
P<0.01; ***. P<0.001)

Figure 5 The chitin synthesis of Alternaria solani HWC-168, AA4sSIt2 and AAsSIt2-C. A: Chitin content of
AAsSIt2; B: The expression of the chitin synthesis gene of AAsSIlt2; Datas are representative of three
independent experiments, *P<0.05, **P<0.01,***P<0.001 with a student’s z-test.

3 winEE#

SLT2-MAPK 4 Jfl {55 7% 3 i = 5 45
LR ELH AN RE L AR A R . TR
FERL . B0 B By braa S5 #2510 SLT2 4iA%
FEH 2 SLT2-MAPK {5 53 % i 2 22 41 il

600 r o AdsSIt2
500 | = AA4sSIi2-C
00 | ®HWC-168
300 f
200 t
100 |
0

30 60 90 120
¢ (min) 4%, SLT2 & fith I PR 58 25 # s e o T 201 JiE e 1) 2.

6 FHEEIETE HWC-168. AAsSI2 F0 AAsSI2-C R EUmPEN 4 seub = g ee T AsSl2 %

Proplast number (x10*/mL)

JEUAE B REHGE AR R AR 3 Yo B YA, SABERARAE R . KT BUR I RGRERG
FH A student’s t-test (*P<0.05) BRI ARG AR ARG () LA -,
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