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FEE: NI RMABGINTE (ToCV) XFHAZTENM AR T Bemisia tabaci EFA W) FFEIY M, AR SCHEFE T #;
7 ToCV 1y Q BUMAD B AR IR 75 2 FAEPIAEAE Gossypium spp L HUAEY)EI8F5, FHIE T 5 A JCEE MR L = 2R
PRI EERG TG . SSRRY], TEMERRR b, AR B R B I PPN R A Ty TS DGR Ry EUC
BELS, (MR R TR A TSR, AP E LA (caalase, CAT)
TEPER B4R, RICEEM R 3.36 £ (P <0.001) , #EAAYEALEE (superoxide dismutase, SOD) Flid S (L4
fiff ( peroxidase, POD) JVEVEICME 2. AT, WD ERBRNEES ( carboxylesterase, CarE) VG E T
M, TGRS EUGTER) 54% , SBEH K S ¥4 ( glutathione—s-transferase, GST) 1 Z B AHBJiEEE ( acetylcholin
esterase, AChE) 3P E 2R,
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Impact of ToCV on important biological parameters, and activities of

protective and detoxification enzymes in Bemisia tabaci Q

LIU GuoXia"?, LI JiaoJiao', ZHANG An-Sheng'" (1. Plant Protection Institute, Shandong Academy of
Agricultural Sciences, Jinan 250100, China; 2. Biotechnology Research Center, Shandong Academy of
Agricultural Sciences, Jinan 250100, China)

Abstract: To explicit the impact of Tomato chlorosis virus ( ToCV) on main biological traits of its vector
Bemisia tabaci, the biological parameters of B. tabaci Q infected by ToCV were detected on cotton ( a non-
host of the virus) , and activities of main protective and detoxification enzymes were detected in B. tabaci Q
virus infected and non-infected one. The results showed that the developmental period, fecundity and
longevity were not different apparently between infected and non-infected B. tabaci. The body size of
female adult of infected ones was shorter than non-infected ones. Compared to non-infected B. tabact,
activities of catalase ( CAT) in infected B. tabaci increased to 3. 36 times ( P <0.001) , while activity of
superoxide dismutase ( SOD) and peroxidase ( POD) in infected B. tabaci didnt change significantly. In
detoxification enzymes, carboxylesterase ( CarE) activity in infected B. tabaci decreased significantly and
which was only 54% of that of non-infected ones. Glutathiones-ransferase ( GST) and acetylcholin
esterase ( AChE) showed no difference between infected and non-infected B. tabaci.
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AR K 7 4B 4 5 T2 8 ( Tomato chlorosis
virus, ToCV) FEZTN Lycopersicon esculentum 7= [X 3%
AR, B Ak Tl B A R A S —
O E o R R R R B Dk R A B, i Dk 6
O, R ERARNE, RI/N. BEk I, R
i B2 BN E SR (X AOGEE, 2014) o FAiER Sk
TATEAESE E  IRAGE (Wisler et al. , 1998) , Fifif5
1E MK M ( Accotto et al. , 2001; Dovas et al. ,
2002) . M HEHLIX ( Segev et al. , 2004) DL K3
S HLIX ((Tsai et al. , 2004) A4k % . FIE
T 2012 ARAEJE AURE I ) ToCV ( Zhao et al.
2013) , BEJG7E L4 ( Zhao et al. , 2014) . VI.7%
( Karwitha et al. , 2014) Z s P H, i AV S
RE PGB (BESE, 2016) , HEFAME
i IEPN T

JHA B Bemisia tabaci J&>38 H Hemiptera. 5
BBE Aleyrodidae, 2 7 jiii il £ 5 75 B EAL FE 1A
WFFE B Q Bk EXF ToCV HAEHEDY B B A H 5
YEFS (Shi et al. , 2018) o JEERTHEST B HUA A= 4
FRVEIRAE bR AT RE A A A R RO FE Y S
( Stout et al. , 2006) , 4N+ HF 7 hih 2 1k il 0 2
( Tomato yellow leaf curl virus, TYLCV) [ B BU4RA;
CARCRTE SNSTI = N e e I K2 N L R Y
Aid, MR ZNEE R Q BYAEEY B N A8 R R 52
S, UH] TYLCV X B BUMH A BUHAT A0,
xs Q BAHH By B Wl f % ( Pan et al. , 2013) .
WE9E & BUAEHET ToCV i H IR 19.Q HUMH ) ml
FRERERE AN, KE AR, A7 RN A R 2
SR, T ELARE Q B m B 1 e IBCR i R AR A
AU TIREFEY H (Shi et ol , 2018) o 1 Li %
(2018) MWFFE4E R Bn Q BUME BUEHEH ToCV 1Y
i b IBCR, H R e A T DR
TR, MBI (Liet al. , 2018) o IR
B X Q BYJH Ky B AL ToCV LA 5 % 52 i
( Bello et al. , 2019) .

it BE AN ORI B RV B R PR R
Xof T A AR PR BT AR, R AU
WM PER) E AR ( Lozinskaya et al. , 2004) o #H
By R R TYLCY B35 55 BUR N = RAR 3 T
FifA LWl (POD) | M ALY EALEF (SOD)
it AL AR (CAT) WEPERFLeThi, fif 25 MR
PRI (CarE) FIASBEH K S ¥ A% W ( GST)
PEJCHR S S R, DRI i 2 I M 00 28 Al X
TR B AR B A B E A AR (o

HIAE, 2015) o ARSCRHHEAF ToCV 1Y Q YR BLFE
e & EAEYARAE L LTI, IR AL
WA AAR K SEATARSE, FH e T 4 8 A S W
Ml o 2O P RN B AR W TR . DL R
ToCV XFHRFy B ED 5K 9 52, 4 T ff# ToCV f&
& B AT 2 ML 25 JEA

1 #REFIE

1.1 i HRiESEY

e AR TR MR BUR A 1L AR A BBl
PRSI A AR AR AR R, H2 3 HOGIR % @ R 7
A (F7S) b, EIREE 26°C £ 1°C, AH X
60% +5% , YGJHM L:D =16 h:8 h ()54 T 1
Fo MBSTZLL miCOI Jy IR CAPS Jrik il
QY (XIEFES, 2014) .

BRI R REAE PR A A0 T AR H A T A
MR HOGIRE, K AR 4 2 1L R R BB
R AT HOGIR 2 AR AL, 2 A Q RUKRARY EUAK L,
JE AV N A T AR AV R A i, R A
WERT-FH AR, IER kLT E. &
PCR A6 I 4Ry BV 25 8 4k 90%

B HS ~7 MR (BMEE3T)
TAY =T .

1.2 HMEIET ToCV fmEKN

KA ToCV BG4 AR MR L HH A BB R
WP R4S 10 3k, S HRZWrT4 (2018) Hsk
HARSRFH Trizol J7 4280 RNA, FJH RT-PCR 5
HEA B HT ToCV 1500 MKy ELZEAR AL L 7= 5P 24 h
Je s W BRI R4 T s 4 B RNA, G 0 A A
A RETE DL o
1.3 ToCV XX B 4 W FIEtREI T
L3.1 K& IAUE ALK I e

FANAZ 2 em' 5 0.5 em A VLI &
120 H By A/ [ R gE, B 10 X417 3 A1 G 3% 0
B E B E TR, BETEMRIE (6 ~7 i)
MR, BTN TR (IREE 26°C, AHXY
TR 60% , Ye/MWI L:D =14 h:10 h), 24 h J5%
FHEA B AU, At B AR e, R R
( Nikon, CDSS230) T4t/ On%iE. HRKAH
GREAR S 1 . 2 . 3 i 4 0% A pl R iy $ i
( B RS, 2006) o WPk B B AE ff 04 X
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M, FHIGORN B AR . 5280 10 AN E AR
1.3.2 p=opE i a

s B A1 TG 8 A mUR) 3 40 A e 1 X, 4351
T 1% g RB AL BB b, BBk
FATAMER T (HEE26°C, FIRE 60%,
JIL:D =14 h:10 h) , 3 d st 0h, iR
MR . BRI ARG O, AR
FET-WIRN TR, EEMEHRAET. ERE 30 Ko
1.4 ToCV XEMBEERIFEBMBEHEITAN
=AU
L4 1 Jks mUAR o R4 B il

Sy HIEL 100 3k 7 35 TG #4540 Ry mUME B,
500 wL A HER K 7KIE2I% . 8 000 rpm 0> 20 min
BRI o R D52 0 G250 1 I 2 il U
R S .

KA ALY RS (POD) W& WA Y
B ALEE (SOD) ik & it E AL S ( CAT)
RE (B M Y TR IR ) He il
TR B AR RN A Y 2 AR Ry LA G B R R LA
N POD. SOD Fil CAT i Jyo i 2457 44 5% A3 51
EREN A E I (U/mgprot) o AN EH
HE 3 WK
14,2 JRAs mUpAR o8 A 2 S

A3 5IEL 100 3kt 35 FJC 25 00 mUME L, Hic ]
RIRFGR I ( CarE) MIAK GZRHIFAERS, AT
D E A e H IR S Fetom ( GST) il & A & It 1B 7
Bkl ( AChE) AR Ll 45 ik A 1.3, 1. 4% 37
& (B et A Y TRV ) SR
U 4 75 40 by UG 5 40 Ry BRI CarEL GST Al
AChE {5 770 T P 557 381 R Pt ) 60 20 1) S0 A7 /
HrHEM (U/mgprot) » BMMEHEL 3 K.
1.5 ZmEHH

K HH SPSS 17. 0 GEit i st St BEAS ¢ 46 50 a0
A7 Ab P ) S 9 40 1 25 S M A . R B 1O
AP BIEAbREZ (SD) .

2 #RE5SH

21 JEHESE ToCV MR

SRACER S T ) L — o F
AR S R A B 1 S ML
RYRIBAERAAIN AT SN 1 2

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved.

AEP HEE) ToCV JRFEREF AW (B 1A) , iR
y 88.89% , VWA BEMRA B AT FH TR S Y AR 2
SNV PR S Mo A BE AR A EUZE AR AR L O
B 24 h J5, HR24 AR mUG AT S s L, RIA
62. 5% WIHRR EHEA ToCV ([ 1-B) o 1B KA &
TERRAE L HUE 24 h W], KA MR 4 -

£ ToCV JRYL &AL, 1A Ry ml 7 Sk i
HORT 3 Sk B 19 3 ToCV B rE R A (B 1-
A) L 1 SkE R YR R, UL ) P Ak B R
WEEF N 100% o ULEHTE ToCV JEYL 1) il L9721
A 53 EURT R 300 2 7 24 FME R 5 X

TEAE BT L U (1R R B A 3] ToCV

1 Mg E LR ToCV pia; RT-PCR A5

Fig. 1 ToCV detection in Bemisia tabaci
T A, 7E ToCV BRYE A E AR (1 ~7: 9131k
Wi, 8 ~ 10 WIBIfLAER, 11 ~18: M, 19: HEh)
ToCV §738; B, FEMAE_LELE 24 h j5 4Rk Bl ToCV §7 3
M, DL2000. Note: A, ToCV detection in B. tabaci feed on
ToCV infected tomato (1 ~7: newly-emerged female, 8 ~10:
newly-emerged male, 11 ~ 18: female, 19: male) ; B, ToCV
detection in B. tabaci feed on cotton for 24 h; M, DNA marker
DIL.2000.

2.2 ToCV 3R R £ W FIeFrHI M0

7 B FIJC B AR TUEAR A L& I 0 & &
Wi 1. PR 1 AIG, BRAN 4 W kB W
K, H6.35d 44, HkRF1#K, H3.5~3.94d,
PR B A KT IR 21 d A Ao A T A A
1A R R, (AERARE,
e Dy 1 KA & B D5 0 B M A mUA L
REHH 2257

R P i) s DU i Tl 5 R I B AR L AE AR AR
P R AR, MER 2 0.8 mm, HfEH2y
0.74 mm. 7 7 MK BUME ALK R L G B ME LS

http://www.cnki.net
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(P<0.05), MR AK LS. A EY 2.3 ToCVEMAEEMRSEINEIPEIEN
80 ki, FFMr#y 18 d, a4 d MG & A BU7E MR AL b =A
) L D A A A OB B 2 5. SR 2% i i A 1 o o R M T 2k
XHRIC A B TGS A S R S AT e, R
ik FEFE 0. 25 ~0. 30 mg/mL.

HEHF ToCV 14 M TG 75 M0 LA P4 L 47 it
FIAREEG B 0 UL 3o PR AN mUAR Y R SR Ak ik

*1 HENETSEMANEZERH
Table 1 Developmental period of ToCV-infected and

non-infected Bemisia tabaci

. R TBRIRD gy (SOD) B F AR, 52254 5
Stage Virus-infected Non-infected 2 (P>0.05) . 800k AT A4 S B ( CAT)
b9 Egg 6.43 £0.28 6.31 £0.12 R T A 3.36 1, ZRREE (P<
| {450 1Minstar nymph ~ 3.97£0.39  3.58 +0.24 0.01) o i & M AD ALt S fk W) B ( POD) 7 PEF%
2 0 2™ instar nymph  2.31 £0. 15 2.32+0.19 R, ZERARE.
3 2t 37 instar mymph 2, 16 20,25 5 375017 el AR BURMREER ( CarE) 1%

TIBEAR, R EFMH A 54% , ZHFEBE (P<
0.05) o W aEMARY B4 BE H K SHLA2 M ( GST) Al
LIBEARGKAREE ( AChE) i J7 5 25 M0 A mUS (IR T
B BUE NI + FRUETR . Note: Values were mean + SE. FHME, ZRAEE,

4 3= 4™ instar nymph  6.37 0. 50 6.38 £0.34

GF R Ege to adult  21.22+0.71  20.96 +0.53

R2 EEHENTHEAMBEMBRGEK. FIREMERSES

Table 2 Adult body size, fecundity and female longevity of virus-infected and non-infected Bemisia tabaci

AR (um)  Adult body size PR (R Weth Zar (d)

W Bt Female it Male Fecundity Female longevity
R EL Virus-infected 791.34 +6.21° 744.79 £5. 32 76.42 £5.72 18.16 £0. 56
TeE MK EL Non-infected 812.58 +5. 60 739.36 5. 40 84.77 +5.25 18.23 +0. 62

A BB N % + bR WEiR," TR AL ] 22 % 3% (P <0.05), Note: Values were mean + SE, * indicated significant
difference between treatments at P <0. 05 level.

R3 HENMEHEMEEARIPENESEEN

Table 3 Activity of protective and detoxification enzymes of virus-infected and non-infected Bemisia tabaci

W REMHA Bl Virus-infected TCHE MM B Non-infected

AL kg (SOD) 73.71 9. 68 68.64 +17.72
{%ﬁ'@ S E ALY ( POD) 7.57 +1.35 9.53+1.43
Protective enzyme
W EIL S (CAT) 22.29 £3.31** 6.63 +3.34
JRILTERG ( CarE) 0.13 +£0.02" 0.24 +0.01
_ A BE SEERSEE (GST) 207. 47 +36. 09 241.59 £3.52
Detoxification enzyme
Z B DLESEE ( AChE) 0.21 +0.02 0.26 £0.03

W BUE B £ s, i TR EF B E (P <0.05) mikEE (P<0.01) ., Note: Values were mean =+

SD, " or ** in the same line indicated significant difference between treatments at P <0. 05 or P <0. 01 level.

USRI R OB B4 ( W55, 2016) , B AU

3 éﬁi@l—ﬁiﬁﬁé ¥y BN S 8 Ky B Bemisia striata 15 2 30 R 5
( Wintermantel and Wisler, 2006) . I 4F W58 &

ToCV J2 W AR BR T e 25, A AR 1T H g B Q AU A B AL AT A AL #E ToCV (22107 107 45,
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2018) , T ToCV K Bl Q HUAR Ky mU i 45 =
B B RDE R I T (fREE A, 2016) o
LA ToCV ()12 (545 5 Q BUKEKY B A & A 1
TV TR TR AF 5 0 43 K T )
FE T, Li 55 (2018) WF5E T ToCV Xf Q %Y
HE R B RIS, A B Q UMKy EUTEJER Y ToCV
i b= B A 7 O R EIORME A K I 2 AR
NK ToCV (244X Q BUMRB EAT AFIEM, P ARIR
ToCV 2% {12 fff 7 i B 2 1 i Ak & WA ¢
( Fereres et al. , 2016) . AR W5 T ToCV Xf
Q BUNRAR B ELHE R, & IAE ToCV (3R ¥ 41
YitAe b, R B R B T R . M
A TR G R A BTG i 22 5, S AR
AR I B T IR I, BEEH ToCV Xf Q #U4R
WAV K & B FRR G A B A N #EA
TYLCV () Q BUKRA ELAE 27 FAE A AL L 1% 45 301
HEYFARARE AR (Pan et al. , 2013) , ERZRHF
3¢ ToCV X Q B BE: W) # B2 M 25 SR — 5. 4
FEN T 501 20 2 A B OB B A B (5K ok A%,
2003) , FEA AL bl 5 A0 A E R ] AE K AR Y
ToCV JREEEHITH I, 5T K BUME B K Fr B 5 [A]
HJ7d (Weietal , 2019) , [KIAEAR SCH 04
AV S B AR A Z 295 8 B, M AUk
KU /N o] BEXT T Q AR &S mUFP BE I KA — &2
R o

PRI RR A AR EY) R, SOD. CAT
1 POD J& B R EZL PR R, Hh SOD
T @ AL AL H,0,, CAT 1 POD Al {4k /3 i
H,0, 8 H,0 A1 O,, M40 N [ b L4 R57E
A, PRI HLUA S Z 0% ( Krishn and Kodrik,
2006) o A5 IESE AR S P ERAR Ry L A S N
A (JEETE %, 2011) o #54HF ToCV [ Q A
&\ SOD F1 POD 7% £ 5 Jo 8 4 #p Bl 12 3 25 5%,
CAT 5 M & X HE Y 3.36 £, 25 53k B H i 2 K
-, LRI ToCV AR YL T il HLIA ™ A8 T Ko
) Hy0,, Q RURY EGE i $2 5 CAT 306 1 i 48 1o 43
fift HyO, [ fE 1, RS DR S 3Z A 52 3% .
ARWFFRER G WA (2015) |« BRIRAE (2016) AF
AR —E, B AURR EUE TYLCV J&s 25 i 1 B
3 Fi{dHE (SOD. CAT 1 POD) i MRt
. 1 Q AUMRA EUCE 72 h J5 SOD 1 POD {if #4: 7t
=, HUE 30 d 5 CAT A1 POD Jif 1 Ho X AR 5 3% i

(W48 4, 2015), [ 75 KA Sogatella furcifera
( Horvath) MR R 75 K8 B SRR AR B ( Southern
rice black-streaked dwarf virus, SRBSDV) J5iX 3 Fh
TRAPEHE T B (RRSE, 2016) o

CarE 2045 B A X 2% B R A7 i 2 A RS Y
WER ARG, HEBIPES R Cark {5 PE U] & T
AR (fTEANSE, 2007) o AChE Jg [ i A K i
SR EEM LB T - LTRALGT 53 i, TR
N 2 A BIL B3 T 2 A T R T 288 % H5H) ) A Il
(BIRRAE, 1996) , GST ] fiEAk IR 45 56 H ik
Ejfla % s v B A B BRI A o L SR A 25 A
HER RSN (A E4E, 2011) , Xb TRy Bl
AHEZEN (BFWHE, 2001) o ARF5E P, e
HHAR BAR A CarE 35 PE W] WAK T LB MM &L, GST
Fl ACE {6Vt AT PR ARG, (H225 A 3, XU
Ry EUBCE e TYLCV B9 & il Al ¢ TYLCCNV Y
JH¥E Nicotiana tabacum L. J5 fif 25 B 15 T FEAK ) B
FELER—F (Luan et al. , 2013; ®HEZE 2015)
Hy BB TYLCV A= G 14 35 i I fife 2 S M 1 175
S, {230 d J5 CarE I GST % Pk FFAIG (8 645,
2015) , AW AR R B AT i 38 Aok AR AT figp 2 S e o 20
R M AE MG A 2F E4EY) A& & ( Luan
et al. , 2013) o J#; &\ CarE FlI GST 3514 2% g
GrPEMI A, TERB 427 & LRI YRR, 7EAErE
W BT, CarE Al GST 1k 4F — @ f2 B bl
VE Ry My B 25 38 W M S 8 bn (R AR A4,
2010) , PHAMFFE A EE Q BUIR Bl CarE T 14
AR ERE Q H R A BN ToCV 42 G i 2 it ok 1 1k
B
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