VLI 23 ( Jiangsu J.of Agr.Sci.) ,2023,39(2) :344-351

344 http: //jsnyxb.jaasac.cn

XA, 7N AR IR EE 46 AR EH H4 5FMBERAE RSN T 8 A AR RER R Y [ 1] LR 2% 47,2023, 39
(2):344-351.
doi : 10.3969/j.issn. 1000-4440.2023.02.006

ARFEAEA H4 EFEMRBFEMFRENTEQEE
i mEER

X A, IR, RWERT, S, & R, FEkdeT, EFxr4e'? FEHEE
(LH G RFRMBL A B A A F AL A6 P S0 2=/ RO AR AP TAEY A F A YR I S2 60k , i 7Y
T 810000; 2. VLA RN B AR D A IS AT TLTN M AT 210014)

WE. UBMERAEM %S (Tomato mottle mosaic virus, TOMMV ) #h58 2K F ( Coat protein, CP) HWFFEXT 4 8
9 E R HE AME AR (Luciferase complementation imaging assay , LCI) #F5% ToMMV CP 57 [CHRZH 5 11 H4 7EAE 4
NI EAEIEOL . WML 7 25 2R R, ToMMV CP 8 7 T 4t MOAZ% R4 i o v, 40 26 190 Ha 8 o T 20 i d b,
EA T M, BT POLEAN BIFC) B 45 R L W], ToMMV CP 54155 1 H4 B E AR & EAEA L
b3k 2 KIS SRR M EEAE M RE CP SR MR 1 HA FEAE WA N AE A BA . SR AT 35175 10 2k R 0K
(Virus-induced gene silencing, VIGS) £ AR TTERA B AR L ) Ha JER XHTTER H4 BEPR W AEAR R ToMMV 22705
4 d, I SER IO RE B PCR AR I T A TR G B 2 & B, A B 3 & B 0 2 I T X AL, 45 SRR 1
R AL ER 2352 A ToMMV ZERE AR A S 2H 2 1 H4 7] RS2 ToMMV {2 Gk i A [ IR IR F o i B b 1Y) CP
AIRE5 AT EHAE T HA TEANML N R FEVE T S I 2R 5 R SR

KR, FAERAE R, ShaRy; HED; RO EAE

HEDES: S436.412.171 XEkERIRAD: A NEHS: 1000-4440(2023)02-0344-08

Virus infection regulated by interaction between histone H4 of Nicotiana
benthamiana and coat protein of tomato mottle mosaic virus

LIU Ya-nan', SUN Feng’, TU Li-qin’, GAO Dan-na’, LI Shuo’, WU Shu-hua®, JI Ying-hua'?,
GUO Qing-yun'

(1. Academy of Agriculiure and Forestry Sciences, Qinghai University/Key Laboratory of Agricultural Integrated Pest Management of Qinghai Province/ Sci-
entific Observing and Experimental Station of Crop Pest in Xining , Ministry of Agriculture and Rural Affairs, Xining 810000, China; 2.Institute of Plant
Protection, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: The coat protein (CP) of tomato mottle mosaic virus (ToMMV ) was used as the research object, and the

interaction between CP of ToMMV and histone H4 of

W5 B #7:2023-02-10

ESTE . {EE S %R0 F (2022YFD1401202) ; [ % H % F Nicotiana  benthamiana was confirmed by luciferase
2240 H (32072506) 3 L34 AR BHE 3 3 6157 3 4 complementation imaging assay (LCI). Subcellular locali-
TiH[ CX(21) 1011 ] ; BURAY 72V AR 22T H ( CARS- zation results showed that CP of TOMMV was localized in
24-C-01) ; Hrifg G2 UB B HEE AT H (2022YHTDJBO3 ) 5 1 5 the nucleus and cytoplasm, histone H4 was localized in the
HMERZ G| IR H (620220140731 5 115548 4l Bt
2EBERFEAN AT RO A BRI IREI GX(22) 1001 ]

YEE A XA (1997-) , 2, TR B 05 A, @ F 52 A BF 58 O

[ AES% 7, (E-mail ) 2228239761@ qq.com, PMA g3t
M were mainly in the nucleus. The results of the above two

nucleus, and both were co-localized in the nucleus. In the
bimolecular fluorescence complementation ( BiFC) assay,

the interaction sites between CP of ToMMYV and histone H4

BIFAEE . 37 2, (E-mail) Guogingyungh @ 163. com; 2 #4E | ( E- experiments showed that there was an interaction between

mail ) jiyinghua@ jaas.ac.cn coat protein and histone H4 of N. benthamiana in plants.
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H4 was silenced in N. benthamiana by virus-induced gene silencing ( VIGS) . Plants with silenced H4 were inoculated with

ToMMV, and the virus content in systemic leaves was detected by real-time fluorescence quantitative PCR on the fourth day

after inoculation. It was found that the virus content was significantly lower than that of the control group, indicating that the

silencing of H4 gene would affect the replication of ToOMMYV in plants, and histone H4 may be the cause of ToOMMV -infected

plants. The CP encoded by the virus may play a role in the nucleus with the host histone H4, thereby assisting the virus to

complete the systemic infection.
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HG R B EA (cLUC  nLUC) | W 40 Jif 3t 72 37 44
(pHYG-YFP .pHYG-CFP) BiFC /& (YN, YC) .4
FFE GV3101 JEZ A B VRN ABT A7 25 B R 2 Fi 28
HTTE LI EARAE , RIGAFE Trelief™ 5o W4 H Jb 5
Tsingke 23], VIGS #4K TRV, TRV, i 2E & Fr 652
¥ % AR 4E, TRV, . TRV,-GUS . TRV,-PDS . mCherry-
H2B ARFF T TR 28 35 T e S 00 28 R AT

MicroElute ® Gel Extraction Kit D6294 7 & i [7]
Wi B R $2 B R &5 (Plasmid Mini Kit 1
D6943-2) , ) H Omega Bio-Tek 72 Fl; o [ #% {4
pMD18-T T4 DNA ##:i BR U, W 3 52 H
EEAEYHEA (e BHIRAH
1.2 ERRESHEMHE
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ALK R Z 5 247 PCR KN, &S A&
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Table 1 Primers used in this study

LB 51T (5 —3")

CP-atthb-F GGGGACAAGTTTGTACAAAAAAGCAGGCTTCATGTC-
TTACGCTATTACTTC

CP-ath-R  GGGGACCACTTTGTACAAGAAAGCTGGGTCTTAGGA-
CGCTGGCGCAGAAG

Hd-attb-F~ GGGGACAAGTTTGTACAAAAAAGCAGGCTTCATGTC-
TGGACGTGGAAAGGG

H4-ath-R GGGGACCACTTTGTACAAGAAAGCTGGGTCACCTCC-
AAATCCGTACAAGG

H4-F CTCTAGAATGTCTGGACGTGGAAAGGG

H4-R CGGTACCTTAACCTCCAAATCCGTACA

H4-qPCR-F  GCGGTCAGTTTAAGCTAGGGT

H4-qPCR-R AAGAGCGAGGATATGCAATGT
CP-qPCR-F  CCCGACTACAGCCGAAACAT
CP-qPCR-R TCCAGGCCAACCCAGACATA
NbActin-F CAATCCAGACACTGTACTTTCTCTC

NbActin-R AAGCTGCAGGTATCCATGAGACTA

1.3 RIFEHEMAKE

S B nLUC-CP  cLUC-H4 YFP-H4 CFP-
CP. YN-CP. YC-H4, TRV,-H4 _ TRV,-GUS . TRV,-
PDS TRV, (R ATH T 28 CHIREK NI HEE
0Dy, =0. 6, 50> 25 11 J5 B B 1 40 ) 1 8 T B 77
(10 mmol/L MgCl, .50 mmol/L 2-R& Bk Z fifi ik pH
5.6.100 wmol/LZ Mt T # i) i, i 0D, R 1.0,
T 28 CHERFHRMATEIF1~2 h, EIOCEME
M I F L nUC-CP; ¢cLUC-H4 . nLUC-CP: cLUC .
nLUC ; H4-cLUC .nLUC ; cLUC 43 51| 3£ 35 i A [ A -
o B FoCH AN H 2L YN-CP . YC-H4 3537
A MM -, FEVES 2 d 5l AL RO/ 9%
BUR S BT R Ge AT UL, AT 2 G 3 Il B AR 53 #T o
TV 240 B 5 5 F0 XU 298 S B AR g6 AT L
IR A U (ZEISS 2 B 77 b, PR ) 4R i
P 48 h JG IA WA R, 78 VIGS i, 435

PA TRV, : TRV,-H4 TRV, : TRV,-GUS ( B4 %F iR |
TRV, : TRV,-PDS( FHYEXTIE ) 3 ] & R e fh A
FCHH 22705 BAS QMR L TRV-H4 A [GHH TRV -GUS
A FCHE (BEPEXT BE )  TRV-PDS A< G0 ( BH X B8
. TG T 0, UG rift— R
1.4 SCAPEE RT-PCR(qRT-PCR)

B 58 TransZol Up Plus RNA 3257 &5 $2 B k:
i RNASRJE 4 RNA H B 28 A0 [R] & i 47 S e 5f
(ZRRUII D) |, 4% B LB 28 S i, 22 )5 R AT
AT, ARSI E 3 YR ER 3 MR
HE,

qPCR AR ZR (EMAFL 20,0 wl) :10. 0 pl 2xSu-
perFast Universal SYBR Master Mix,0.5 wl 1E[A]5]47,
0.5 wl KZIA5147,1.0 wl #i4i DNA 8.0 pl ddH,0,

qPCR SN AR .95 C WiAS 1 30 ;95 °C A8
10 5,60 CiBE k/FEH 30 5,45 MEFR, KEferhsk .05
C 155,95 C 1 min,60 C 15 s,
1.5 Western Blot

BLO. 1 g ARERAHIT R, FH 200 wl 25 546 U2
0. 125 mol/L =38 H I 2 5 H e £ iR 6 ( Tris-
HCI) ,4. 00% + ke e B2 £ ( SDS) , 20. 00% H M
(Glycerol ) , 2.00% %i 3& £ B ( Mercaptoethanol ) |
0. 05% 5% ( Bromophenol blue) 1B | F 95 <C |
10 min Z W5 & T B0 A9 4 °C .00, 12 000
r/min.0> 5 min, B s AR H R B, B
T 2R AR BOR , PEAT 10% + e LR IR EN-R 1A
I TR G 8 J52 HE, K ( SDS-PAGE) (130 V, 80 min) , H,
WKESH G MR Z R A KR EEIR T 8T A 3%
PR E, 370 o/minf# & 1 h, FHBERRE IR 22 P (1x
PBST) ¥ 3 WK, 47K 5 min, DL a-ToMMV 5 H i
Biik (R TTESL I B R AE ) VE A —HiiEfk 1.5 h
J& 0 1xPBST ¥ BEML 3 YK, 47K 5 min, JT] HRP
FRIE =P (B RAE 5, T E) T @R R 5
BEE 1 h 5, FE I IxPBST %W Ve 3 W, Bk 5
min, {8 ECL(fb2: R CIRY ) 12 KOk
TR G (T A PR AR R R A RS WD 7 ) A
D E 3 A I R S IS B 1 ml fb2% BB
(ECL) Buffer A .1 ml ECL Buffer B A& IR 2]
Ja A R ME RS 5 I R A O L A= IR T
B 1~2 min J5HUE 2R K AR AL ES (Tanon 5200
2 A OB T R G ) T EREE R,
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Ui 3K 2 A X B Gy e i sk e B i, ol ik PRI S ) A
BRI R R E He 25 ILIE 1B,

M H4

1000 bp
750 bp

500 bp
200 bp
100 bp

A

NAHE HEAr &K CAI

|
1aa 25 aa 31 aa 42 aa 50 aa
B

77 aa83 aa 95aal02aa

AR ASER He B ERELE R B AR Ha 4514,
E1 AZF8EFE H4REMEAER H4 EMTE
Fig.1 Cloning of histone gene H4 and structure of histone H4

2.2 ToMMV %%ZER(CP)54HEH H4 HEE
I

IR, 9L E Wi B M4 ( Luciferase comple-
mentation imaging, LC1) 7 AR K B 1] 51k | & R
VI R T 26 2 1 IR ARG TP ) 2 R S AR
RGO 1 7T CP 541 1 He Z R T
fEXZ, nLUC-CP 5 cLUC-H4 FL32 A [ AH 2 d
Je X K I R it 2 R, AR 2R R RIR R 5
B R BTG PE, & 2A Fim, 55 A 2
PRI AT P — AR 1 BT A B X B 515
BT R Ok, HUA R SR A ) nLUC-CP +
cLUC-H4 iR 5G4 ARG I 2B 1 2655 . Lk
JRELH ToMMV CP 5415 11 H4 RE 76 HH0 52 4H ffg v
RAEAEAER,

N Tt BGAIE CP 545 1 Ha FEFE YR N
I EAENS L, 5 CP JE R Ha FE R 435 8 A XL
S F U H AN (BIFC) #ifk YN YC 1, FIARAT 2
TEMEE IR 2 d 5, 3 A B 3 5 A LA R 40
MBS, BIFC 2583k, YN-CP 1 YC-H4

R R i 7 5 T DR A A A L 8 SR
YFP %5, 2] ToMMV CP FIZH % 1 H4 GES 751
T R A h AR, o AL A 2 R AR B 5Ok (]
2B> o

N\

| 2 — -
- ™~
nLUC-CP nLUC-aLx
cLUC-H4 | cLUC
L {

\ nLuc | nLuc
\cLUC-H4 | cLUC  /

YFP %

3 YN-CP

50 um

50 um

A TOER B I ANURIRX I IE ToOMMV CP 54 RN E 11 H4

PIEAE S ZR (ZEM G, A AN ] DX BB 2 4 7R

HED) B W PO AMR IR B E ToMMV CP 5 A [ AR 2 2

F H4 BEAERR,

B2 FMHBEMRS(ToMMV)5EEE(CP) 5ARKAA
£H H4 BEERIIE

Fig.2 Verification of interaction between coat protein and his-

tone H4 of Nicotiana benthamiana in plants

23 ToMMYV CP MIARKHAZH H4 79I 20 i
E L

T B ToMMV CP K AR FCIRZL B H4 13E
Y RE N7, A 55 43 ) 44 2 pHYG-CFP-CP  pHYG-
YFP-H4 20 £k &k, N1 & A pHYG-CFP-CP,
pHYG-YFP-H4 JFUKL 1) AT 1 18 ¥ #1175 4 mCherry-
H2B ORI AT T 7 R 3 i 1 A [ i e, Herp
mCherry-H2B 1) 3= 24 F 0 40 A% 21 685 e brid,
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FAE 2 d, i O R BB, 4R
7R, ToMMV CP N FUIAZ ApE b, A

PHIEIE mCherry ifi i&

50 pm

K

=
(@

YFPilE CFP

—
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H4 SENL T ARz o (B 3A) , P 3 0 T 4il i %
F1(E3B),

pHYG-CFP-CP+mCherry-H2B

pHYG-YFP-H4+mCherry-H2B

Hl
=
op

pHYG-YFP-H4+CFP-CP

50 um

A:ToMMV CP 57 [CHIZH 5 1 H4 (04N E 7 B ToMMV CP 578 [GHIZH A6 11 H4 (0 4t 4,
B3 HFMMBEEMHS(ToMMV)5MEEH(CP) 5SRKMAETH H4 BT 40 E (L

Fig.3 Subcellular localization of coat protein and histone H4 of Nicotiana benthamiana

2.4 AEKMEITE H4 ERIH ToMMV B2 3%

R T — L L& HA X ToMMV {2 4 A
Ry, A TRV 755 09 5 B TR R DR He
LA LLTRV-GUS , TRV-PDS J3 %} B, TRV -H4 3 it
PAT TR R /S A [C I AT He FE TR,
L R UL E 4, Y BAPEXT BETRV-PDS i 2L H ik
PR VN LN W W e 1 I L o o M R/ il
PCR, Kl H4 JEPR B TTBRASCR . S5 R BoR , He 3
PRI AR X A i i 2 TR (1 4B)

XTUUBR G WA MR IR T 2Rl ToMMV , I T 5

5 4 d BUL R Gt 4T 520 2¢O 2 PCR AR I
SRR, 4SRRI, He RN PUES , ToMMV CP
FERTEAR A R B AL (B 4A) W ER
gty S K BT X IR (18 4B) R He
FE TR S5 ToMMV [R42 5% , 41 1 H4 7] fig
& ToMMV 12 4 4 i) S8 [ 7

3 17 8

RS TE R H A EE IR A TS, PRI
AL, LIBIREAR ORI, B T 45K RESh , A1
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A TRV-GUS
PSR ToMMV

TRV-H4
ToMMV

B

B 4
Eﬂ 1.5 ]ﬂz L5
@é 1.0 10
= =y
=05 m05
5 a,
E e )
O “IRV-GUS TRvV-H4 TRV-GUS  TRV-H4
sz AL
C TRV-H4 TRV-GUS

17 500

A FEFPREEE 4 d JERIARIYZIL; B . He SE I 0 TUBRACRAG U A4

WATE 4 d JE AT IR (CP) MIX e k di A 45 2R (s 3R

RFEF L, P<0.000 1) ;C LMK 4 d J5 CP Y Western Blot

LioalllEne

4 TLERAICKE H4 B FEHD ) & A0 53X 2 i % 3 ( ToMMV )
=%

Fig.4 Inhibition of tomato mottle mosaic virus infection by si-

lencing H4 gene in Nicotiana benthamiana
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IP-L A EAE SR i 6 A VE T, AT 5 | RS R i
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RPL14 {76 HAE  3X Bl BLAE AT B 23 52 Wil s 75 1Y 1 7E
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