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Roles of actin filaments in defense against Rhizoctonia solani
causing banded leaf and sheath blight of maize

WANG Wei, PEI Yangang. WANG Yushuang, SUN Xia, DAI Hao, GONG Guoshu, CHANG Xiaoli
(College of Agriculture . Sichuan Agricultural University, Chengdu 611130, China)

Abstract In order to find out the role of cellular actin filaments in maize resistance to Rhizoctonia solani causing
banded leaf and sheath blight, detached maize leaves were pretreated with the actin filament depolarization, la-
trunculin B (LatB), before inoculation with R. solani AG1-TIA, and then collected at different time points in this
study. Disease development and pathogen infectious structures were observed through the microscope, and mean-
while, defense responses including ROS accumulation, cell death and defense gene expression ( PR1 and
ZmDREB2A) were also examined. The results showed that, compared to inoculation with R. solani alone, pre-
treatment with LatB led to an earlier disease lesions and development of infectious structures. Additionally, ROS
accumulation, cell death and defense gene expression were much higher than that without LatB pretreatment. In
addition, pretreatment with the solvent DMSO showed similar results to the control without LatB treatment, indi-
cating that DMSO had little effect on the LatB treatment. These data demonstrated that cellular cytoskeletal actin
filaments not only functioned on pathogen invasion, but also regulated ROS accumulation, PR1 expression and cell
death, all of which worked together to suppress pathogen spread on maize leaves and enhance maize resistance.
This study provides important information for further studies on the role of actin filaments in maize resistance.
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TR LRI S b

AT 8 1k 20 22 B SR A SRR LatB P Ak 24
JE R K SRS R BOR TR SR 22 8% W R, solani
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WSRO » 1 LER) 20 45 W A0 1ol 22 B 2R AE oK X
SURERHUR AR PR R R0 B A S B
R BRI — R W BB ARE .

1 HEEE

L1 fHlmh R E%

P K A Fh A B 6057, T B L 2R 8 U Bl
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FEAH g B 2% | latrunculin B (LatB) ,
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% DAB (3, 3-diaminobenzidine) . & W # ( Trypan
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TRUBE IS L KA 8 B Jb 5075 — 1A% ) s Nikon Eclipse
801 MBS @ H 4 Nikon 23 ] s GXM % g 56 e
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L3 RWHE
1.3.1 EXafEEF

B EKRFFH 75% L EEALFE 1 min, 28 5
0. 126 K EBERANALEL 20 s, ZEAB/K ohie 3~5 WL ¥
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UELR I, AR 22~28 C  HIXHBEE 75% 1y4e
AR MLE, 1 d R BUR R T2 Kk +
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T A AR R A SR i DA S SRR DMSO Fil
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i1 mg/mlL GBHE AR 1:1:1: D B%E 4R
B R 28 CRJICE 4 he BERREGH M, FHTCH K
TR 3 WG IR LR AS A 15 mL B0 L AR
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HAEM e se SR 2 F S SR IR HTIAL 6
W BT 4 COKAE N PR A7 T 40 BRIC 7% 15 3 £ T AR
i R SR A 23 e AP 4R SE S 0L
1.3.6 4 At x 25 B &34 A

TEFERP)S 0.6.12.24 48 1 72 h J5 43 5 Bk B
- F 200 mg, Jo K P K 40E T /5 AR A
PEATWF B . 2 B TRIzol 357 £ 45 15 F i $2 B
RNA, ] NanoDrop 2 000 {73 ) ) B2 T4
RNA fJgihe . SR B sil0 & 3145 cDNA, JO
ARG 1 pL Oligo dT18 Primer,10 pul. 2X TS
Reaction Mix, 1 pl. Fracs Script RT/RI Enzyme
Mix,gRNA Remover, fl RNase-free Water #pJE &
20 pLy 254 H :42°C 30 min;85°C,5 min; 4 C,
TRAE . SUFE ARG H) cDNA ] ddH, O 4% 1:20(V/
Wik EH. PCRY KR A 12.5 ul. 2X Taq
PCR Master Mix.9. 5 plL KB ddH,O.1 pl. Primer
F.1 pL Primer R.1 uL. cDNA, 5|#155143 51 : 18S
rRNA (F: 5-TCCTGAGTAACGAACGAGACC-3' I

R: 5-CACGATGAAATTTCCCAAGAT-3H™, PR1
(F: 5-AGGCTCGCGTGCCTCCTAGCTCTGG-3'
il R: 5-GGAGTCGCGCCACACACCTGCGTG-3),
ZmDREB2A (F. 5-GTATCTTGATGAGCTGGGAT-
TCGAG-3" fil R: 5-GTGAAGCAAACCCAGTTCCC
3N AN 94°C AEPE 5 ming 94 CAEHE 30 s,
58'C Bk 20 s, 72 CHEM 20 s, R 40 YK, 72°C LA
5 min, 4 C{Ff, PCR P84 /=i i 200 B A bl ik
JEE AT HL KA, IR HTBRE I B AR ASGHE A THA A
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JH SPSS 22. 0 #4784 73 Hr » R T ¢ I 38 % 28
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IO PR 22 (A A T 25 5 S 2R AT SRR 504,
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AR BE 1 VB 2 B B B B BERY 97 8, 72 h
F T K I 347 s AR A B J A SR 95 7K AR = B0
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Kt 7E 24 h FFIG R IE B OK R B4R B B, 5]
48 h JE R BEE AU LG Py #, ) 72 by R
YIS & BUR SORG s L RURE IR . 25 R R B LatB
FHAL R T K B A R s BE A LB T
FKXF R. solani FIPTPEIR N,
2.2 LatB FAb 32 3T QU4 R B R L L R

SR FH 25 Wi 0 i AN [) ] A5 SR 7 1R
YegE R T, 25 AN 2 R, R4 LaB fikk
PR (B 2,1a~1D AEBRN S 6 h B, B 220, JF
BN RL(E 2,120 54280 12 h i A b
PR SHDIR IR (B 2, 1) s Bl G Y 24~48 h, il
Tt I BUSEEAR & ML (T 2,100, HLFfF& L T
TR G 5T W] AR AT R 4 (B 2, 1d) .
ALE LR A (B 2, 1e) s 3680 72 h B, R kE K
R A B SR S — (& 2,10, 355 DMSO il ik
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FR He PO T 45 R SR P22 AR RN 6 h R il
K (P 2, 2a) 512 h B B 22 7 W0 B OF HWR
FLIR AT KM H (8] 2,2b) 5 350 24 b i B 220k
To s FF 46 T SRR B 25 0 (L 2, 20) 5 460 48 h it
BE5 0 R 7 AR AT (B 2, 200, T 228 LS 4, 4
RIS (P 2, 2d) 5 Hefb 72 b B KRB i
I R AR B AR AE R T BB R IR A 1 (]
2,20). % LatB FiAb# 30 min J5 R FEE 6 h
I 22 T T AR R (8] 2. 3a) 512 h i, H Bl 4%

DMSO+R. solani

R. solani

LatB+R. solani

I3 HANG o3 A T % R 52 BRIE (&1 2, 3b) 5 $ A
24 h i WAL B AR e, HREILEE 3]
RAETR YL E KR A M (& 2,30) 5 4570 48 h, 1§
PLARGREL A R i BT 1R Y B8 i (& 2, 3D,
HAESRAUE R KR WK (K 2,303 72 h B, 3
ARA YL A8 1 S s Jir T T 22 A X O B 1 o L SR B AE—
EAE 2,31, 4550 LatB FANH X R. solani
AGI-IA RYEEE T £k R B R E A 2w, A
A3 D B 1) TR AR

Oh 6h 12h 24h 48 h

72h

DMSO+R. solani: DMSOYEFRIFAALFEI0 minj5 3R, solani; R. solani: RTHALFEE IR, solani; LatB+R. solani: {225

BRI Flatrunculin BFIALFE30 minj58HR. solani

DMSO+R. solani: inoculation with R. solani after pretreatment with the solvent DMSO for 30 min; R. solani: inoculation with
R. solani without pretreatment; LatB+R. solani: inoculation with R. solani after pretreatment with latrunculin B for 30 min

1 FEEMLEEEXM FHREET RIER

Fig. 1 Disease lesion development after inoculated by Rhizoctonia solani AG1-1A with or

without LatB pre-treatment on maize leaves

2.3 LatB BN EMEERMTFARAFESR
AR RN

2% LatB WAL B, 5250 R. soland J5 S [R] i [a] 55 HL
Fokmt R A DAB 35, L DMSO FiiAb B K & FiiAb 2
YRRt R X ROS FUR A A 73 L T4eit, il 3 Jir
TSRS 6 ~12 h ROS FHAFL R, LatB FigbHL 5 &
AEFRH F ROS FURHAH Y ; 3205 24 h, ROS L2
HIT IR BN, 22 LatB FACFE M A ROS L&

B E S TG R 48R )5 48 h, ROS R &
IRENEAE , HZ: LatB BB H A ROS FLUE &
AR LatB AbFRIY) 2 43, WS 3% 72 h J§ ROS fHE
A PTREAR. B R R R AL TE 24~72 h, 7E 4R
A a] i 2E LatB FiALEE A I 5 ROS FR B i 40
FETARE LaB B s For  AEfd FH T 1) DM-
SO AP . 78 0~24 h B, FE AR AR R E ARG, 2
SEFR 48 h i iE PEAE RAR R A R, A
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ARH LatB HAL PG PR R AR HIZ R T2 ) LatB BUEH AT R R. solani AG1-TA 5319 £k
il LatB UALEIZ (] 3) . S5 RERMIMMEHZEAYHE A ROS R,

R. solani DMSO+R. solani LatB+R. solani

a~TRIRR. solanifZPeLEAE TR ERYR B IFE, Hob, a: $6f)506 hifi 228 B 1H UL b: 312 h; o 860524 h§i kb KR BNET; de:
RN 48 h, Fi sk mim B WS IR F 3R 572 h, le~11: REFIAEFEEFAEFR. solani; 2e~2f: DMSOWFIFiAb HE30 min J53MR. solani;,
3e~3f: {22 B 3RS Flatrunculin BFIALFE30 minJ54EF0R. solani

a-findicate the developmental process of Rhizoctonia solani infectious structure on maize leaves. a: Mycelium branches at 6 h after inoculation; b: 12 h
after inoculation; c: 24 h after inoculation, and arrows represent penetration pegs; d-e: 48 h after inoculation; f: 72 h after inoculation. le-1f:
Inoculation with R. solani without pretreatment; 2e-2f: Inoculation with R. solani after pretreatment with the solvent DMSO for 30 min; 3e-3f:
Inoculation with R. solani after pretreatment with latrunculin B for 30 min

2 AEFIEG Rhizoctonia solani AGI-1A 2451 BRI 5

Fig. 2 Microscopy observation of Rhizoctonia solani AG1-IA infectious structure after different pretreatments on maize leaves
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9 DMSO+R. solani -
25r O R. solani ff B b
E3 LatB+R. solani Bal’ ot

Bb I

(P

WA= AR TR E 4 L/ %
Percentage of ROS formation area
[5o3
(=3

0 6 12 24 48 72
AL BRI ] /B
Treatment time

S ) /N5 S B AR ) — ALk PR I A [ I 10 g SE ORI 35 e 47 A i 2
FBI(P<0.05), AFIKE T EFoRA R TR — bR KD F A
AT FR 22 5 .35 (P<0.05)

Different lowercases indicate significant difference in ROS accumulation area at
different time after inoculation under the same pretreatment at the level of 0.05,
and different uppercases indicate significant difference in ROS accumulation area
at the same time after inoculation under different pretreatments at the level of 0.05

B3 AREEMLEEERMAEEETEERESLL
Fig. 3 ROS production in maize leaves after different

inoculation with Rhizoctonia solani AG1-1A

2.4 LatB FiALEX MG EKM F HEIRTEIE R
g

2 LatB #ilAb B, 428 R. solani J5 A [A] I} [A] 53
TR A BAE TS DR FH 6 W i e (7 A TR
W, 2L DMSO 4 3 K A 1 4b BEAE by X B Se it it
R INFEBETE A A 43 L G5 R A8 4 B, 7E4EF 0 h
B, £5 A FRES TG B 0 4R I AE T B RS 6~12 h,
SR ERIAAE AT AR R AL B S DMSO sk
PRANMIFE T 25 57 AN 2.3 . {5 LatB WA BRI 1 41 i
ST AR BN HE A S 24 ~ 48 h, KA FEAI
DMSO Fab 3 F oK 8 (IR FEBRE T I K f i B0
{EFE A [ B[] P IR PE B TR AR A 28 LatB Tl kb BE A
s EERNE 72 h A Ab B 28 LatB B # A it
FARAE B R b 40 B SR SR T AUAE 2 . 45 SRR W4
M 22 B 2R R LatB AbH 5 S350 F K R 20 sk
20 B IRAER IE R. solani AGL-IA 1R YLRTH, £ K
AR RAET AR 3T E R B Re b B B
ZHN P .
2.5 LatB i ENEMEERM A AUREXER

FRIERIF M

R TR LatB WAL EEXT I R R. solani AG1-
TA 350 5 TR i A O KL B Y 3R 1 Ol » AR i
R TR A C R 1 PR M K5 5 N1 Zm-
DREB2A B3£I L L 18S rRNA 15l N S35 5 3t
R E i RT-PCR, ZE42 A 5 A [ ) 8] 2 A5
HAHRKOF 25 - i 5 iR : DMSO Filib B, LatB

TAL PR DL R 28 LatB AL B oK I R rp R 58 0k
18S rRNA TEHH 5 AN [F] I [E] 5 A9 3k 1 B A AH
], 150 B 4 B3R A5 19 E oK ik e B RNA Ra . e
LatB fiiAb FE 30 min J5 42 R. solani 18 £ K F
Hr, PRI TEHRD 12 h §75 5 4R35, 24 h gl B
J& 48 h KB H IR K, 72 h ik i B R AR e R
2 LatB FALH ) £ oK it 7, PRI FE42PJ5 48 h
ik WE I, KA 5 0 h AR LG, 28 A B
2. ZmDREB2A 3 [N 7 Wi Fir b 3 v (9 2 3k B e
LatB FALBRAY TR 5 ih TR 12 h A7 BT Tt
FAB T ] s A AW L MTAEAR 2 LatB FAL ) £
KM Fr DL KA P v 57 DMSO Fi b BB £ % i F e
5 I ] AR TR 0 3 A . SRR A0 i R A
fifR SR LatB FAL BEX#% 5% 7 ZmDREDB2A #)5%
Wi 48 /0N o {H AT 5 ZU 5 K A BR (SAD 3 AR A1 DG 1)
PR1 JEH KL, AT RS SA 2 5 2 F R HTLR By
MBI A % o

§ 401
X Z35f
§ 5} DMSO+R. solani
° 30 : ;
&2 O R. solani
Jhasg g 251 [ LatB+R. solani
& 2 70t
=
R o 15
N o
X oot
BE
L] el
- 0 24
AEFR ] /b

Treatment time

AN [ /N5 < AR T — ALk BRAR R4 A Ik 1) 5 4 SR e 20 FELE T B 4
P22 5 B3 (P<0.05), AN K 5 B R A A AR B ] — I6f 1] g R 40
JEIZE T B 43 o 22 57 .35 (P<0.05)

Different lowercase letters indicate significant difference in necrotic cell area at
different time after inoculation under the same pretreatment at the level of 0.05,
and different uppercase letters indicate significant difference in necrotic cell area
at the same time after inoculation under different pretreatments at the level of 0.05

B4 FEZEMHLEREXRMNFHBIRIEER
Fig. 4 Necrotic cell areas of maize leaves after different

inoculation with Rhizoctonia solani AG1-1A
3 g

TP 5 SR K AL B AR R v B T
— BT 2 KR DB ALE] A0 MR 22 B AR N
290 o S 1% T L2 S5 A A A A S I T AR
AR K AEMR S RE AR RA LY R
PR L T EEMERS . ARG 2 4
fiff R Ak B K i S 3 D UK T R, solani
AGI-TA X 5 B 12 Y 4540 k5 1 00 S B oK BT A
S SNERGIN L A0 A5 WA 1 4 AR 22 B SR AE R R BT
MR B A A P E R
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DMSO+R. solani R. solani LatB+R. solani

18S rRNA

PR1

ZmDREB2A
0 6 12 24 48 72 0 6 12 24 48 72 0 6 12 24 48 72

AL ERRF ] /h

Treatment time

B S5 FURERMYESE RT-PCR 338 7= 4 T g 48 5 AL BB ik A )

Fig. 5 Representative agarose gels for semi-quantitative RT-PCR of defense gene expression
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F2%', Henty-Ridilla % H P BAFFE R 2 T &R R
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IV AL AL | T Ey T 22 T0U Sy 2 2 325 L ) 5 T B¢
B SRFL T (RS ILD KPR A AR A
iR 2L B 2R BB 55 LatB A BB K T2k /30
min J5EF R. solani , WS B 955 )5 0 B4 22 50 B G
HOE D BIR R Qe 8 JF L J R A BT B4R 5 AR
A sE IR A (B 2, 30) , fE% G 6~12 hifb ik
WEUR BT ; M7EAR 2 LatB WAL BEAY Bk A L R.
solani T8 22 Wt BRAE 2 AS S A JRE A 0 AR 69
BiF 5 T B AR AR B0 S A 2= AL AL AT 1R A (TR
2,10) IEHRN G 24 h S BURBE (B 4) , 3 B 40 ok
2251 S 5 A IR IR R AR, LaB $
YISSIESEICT e A S 2 NI VS T €4 = g
TR HUR AL L A T T T A9 T 22 s
R S BIR AR G B 5 22 03 SR ZORR B
HHECRE AR A AT F2, IR LA AR R AR . X — 4
M Marshall 5577 13856 A5 FIGESL , BY S0 B
TE 7K AR it Ao I 2 T J K it ) R e AR, T e
Jo i b AT R g 28, T RUBOEAR A B 5

CA WA I, 20 M0 22 B BSR4 G s Bt

UL AR F LR B R A R 6 S 5 R R )
BB B S » B3 PR AR (ROS) B B A1 I AE T M
PO I R 1 38 L R A 22 B JR AR R ey~
tochalasin A Zb3U5 & B, A 15 5 10 3N 7 e
IR IR BE L HL O, 7= A I L 28 1 T 1l 2 1A
3240, FE U 22 B AR R TR /N R T 1
Yelrml SR AN AR S R D AL, REAS B BRI/
F VR B AR NI I AR S
MERENG I AR R A B R IR SR A, S
AP FEES R AR AR, LacB 1AL #5322 0
I ROS 7E4ERP G 24 h KRR HEN ] g5
P22 B LA TR BB NS5 T AF EHUW S 5 5, T
Tl B R R . A ARG A & B, LatB kb
PR R. solani 753 K A% BR BU I 15 5 H1 5C 1Y
PR LR K i 2635 . 2 B E K S0 8 B0 s I
o A0S 22 AR S K IR IR 1R A 06, X — &
5 Matouskova S5 FBIFST 25 AL

AN A R HERR I 7] DMSO X 2 i vk 22
IR LatB FOER 520, #b IS T 71 DMSO
AL B X IR, 25 LGB, DMSO fiAb #5250 R. so-
lani [ E KM R L1 22 RO MR Y S50 R & i
TR RU R B AN YR SE LA B B A DG R 5 R
2 LatB THAb FRZ 45 5AH L, B 7] DMSO fE4
YA B8 o R 6 455 SR 1 R i T LA 22
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