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ﬁ%iE: WIEIRANINEE ( Deformed wing virus, DWV) [ IZAETE TR EABAGTRIE A R b, A W B 0 205 A7
WA, DWV AW B A= 5240 B R L B R4, G e B 1) 2 A e B e 4w 88 B Y Aethina tumida o
BJ@?*%K%EKEEE{E‘?EP R W Apis cerana 53 KRB W Apis mellifera W) SEFH 71 55 e FH 4 R 1 8 0 2,
(ERVAA AR F R — e 5 EmERER 2B TH—WEE, HAEb A LER. RFREHEE TRET
[ — 0 ) e e T W 27 e B TP R Y R B 00, R B R T B R R A B (DWVA) , REBH . X
DWV-A (1§ 3 4 Fy B A /iR, B4R DWVA [A)ifi e T rh s s fe AR a2 B 1, HJE VP3 BRI [A 1 2
Fri R RORFEIR RGO R o 3K — 45 e e R o R A 2 e B B A T AR T R, PR
S R TEAN W) 27 W] B A5 4 5 i A 1 A
KB WGBTS PR BAEARER: M BRRE L
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Occurrence and phylogenetic analysis of deformed wing virus in Apis

cerana and Aethina tumida

ZHANG Li-Na'?, DENG Yan-Chun'?, HOU Chun-Sheng'*" (1. Institute of Apicultural Research,
Chinese Academy of Agricultural Sciences, Beijing 100193, China; 2. Graduate School of Chinese
Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Deformed wing virus ( DWV) is prevalence widely in managed honey bee colonies with an
apparently seasonal characterization in China. Recently, DWV was expanding to wild bee species and
other insects including an emerging parasite of honey bee, Aethina tumida. Our previous studies had
showed that A. tumida from Apis mellifera and Apis cerana had been infected by several honey bee viruses
but we did not investigate the difference in phylogeny of one virus infected simultaneously bees and A.
tumida. Here, we examined the occurrence of honey bee viruses in A. tumida and A. cerana, and found
that although DWV-A infected simultaneously A. tumida and A. cerana, phylogenetic analysis of VP3
showed DWV-A was difference in phylogeny in different hosts. This study provided the evidences that
DWV might employ the different strategy in different host during evolution.
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B FE PR 5 b H o 40 55 R F 98, %
B R S A R AN IR 1 0, 3B & B R MR
JUEE S A A e A . Horh, M AR
Aethina twmide (¥ H: SERWEH) M0
NRPEE B, e BUE R AT B, B SR
W DL K Y AR e R ORE X 0 ™ A AR AE L
( Neumann et al. , 2016) . ¥Fia & EF R P EH
v kB, Bty @R A SE . B AT
( Neumann et al. , 2016) . 2017 S=4EF [E 5k &M
AR A7 R e TR AR TR IR, T3 ™ Y 52 )
G F A A e = i (XLLEE 4R, 2018)
M H A T 2 Fh e 58, £ 45 % 18 5k 3 i 7
( Deformed wing virus, DWV) ( $X£1 8%, 2019) .

DWV 2 i 35 42 BR 4 W R K Je o o 2 ) 14
Z—, NIEXHEE RNA W EE, & T/NMEBEZ IR W
B Picornaviruses K & W 1% Yt M K 8 N & B
Iflaviridae. DWV FEZEAJLEM E A B VPL. VP2,
VP3 Fil VP4 PUFPEE (20 B IF 45 48 2R 1160 95 A i
fitf. 3CAEFME (3Cpro) F1 RNA K RNA R4
it (RdRp) ( Berényi et al. , 2007) . HETE &
GET =R FE AR EERER IS A B (Eugene
et al. , 2014) . B %I ( Juliette et al. , 2004) FI1 C %I
( Mordecai et al. , 2016) ,

W T ] v e A A A 0 M AT R R H R S
#EAF DWV R AR, A SCLAR) — W37 AN [] e
BER TR AR W Apis cerana FIEFEZTFREH Aethina
tumida NAEAS, 853 RT-RCR $7 A X} 28 1 WL 75
AT . T 2RI R T DWVA, A SO 5t
DWV-A fEdE— 253 Hr. [AIIE X DWV-A [y 32 2245
W VP3 FEELS & RdRp Lp JE[A 705l 2047
PG, PRIT DWV-A TE [F]— e fi [ B Jak e i
AP R AR R 22 R S P E R .

1 #R5ET%

L1 HRHRE

S0 B FH o145 5 4 A 5 R R R AT
2019 4 12 115 H, REHL& 00 T 00114 2 BT
WURHESS , AERE BN EE 3 AR TR FE
St 5 0 = 5 O 5 T 8 TR
S|, B ERIURE BB G, KRR A
BRREI. — . T A 4 R
S0 e 3 i = B R 4 4 51 R 45 7 5 PR
15 Sk RS 85 1 T 25 0 9 40 0 T
SRR I, W RIR BT - 80°C DR 1t

FE TR
L2 SRE#E5IRF

ARS8 B O RNA - 42 B3l ) Trizol W H
Invitrogen 7 ®), J2 % 5 i 7| & Goscript reverse
transcription system I [ 3% & 2 #% 2\ 7] ( Promega,
Madison, WI, USA) , B4 2 x Es Taq MasterMix
g A R L A YR A F (CW Biotech) , DNA
ali e 1 Wik ) & e A 4 X4 A A ( TransGen
Biotech) , DNA maker ( DL2029) Wyt 5i SEfidge
ARG ARAT BRA ], e K5 | & e btk
T. (Sangon, Shanghai) Sgi, HEAFFEA
= o Bl gt -
1.3 5 RNA BJ3REUAN cDNA H9& B

OIS ~7 B HEFN 3 Sk MR W fr R T
PRI AT UM AR S5 L2 0. 05 g ATA S 1 mL
Trizol FHAG 1.5 mL BG4 SR IBUS RNA, I ft
b RNA Pl b A% 9 4 0 2 (S0 2 A268 /280 L
HAE2.0 DA b SV B g 5 3 100 pg/pl, B2 pL
JH Goscript reverse transcription system [z 4% 5587 &
B R —H5E cDNA,  Firfy S22 0 SR 2 #4 Ud B 45 2R
PEATHRAE
1.4 RT-PCR &

B s fiTf ¢DNA B2 pL A AR 4T PCR
U LR E IR gy, BT IS 1 5 90 e 3 2%
PRI UL 1R 2.

F1 & DWV-A. B#F1CEK5|4
Table 1 Primers used for DWV-A, B and C detection

519 F1¥FE (5 -3) K (bp)
Abbreviation Primer sequence (5° —3") Length

DWVAF  GACTGAACCAAATCCGATGTC

DWV-AR  TCTCAAGTTCGGGACGCATTC 76
DWVB+  TACTAGTGCTGGTTTTCCTTT

DWVBR  CTCATTAACTGAGTTGTTGTC 1
DWVLC+  TACTAGTGCTGGTTTTCCTTT

DWV-CR  CTCATTAACTGAGTTGTTGTC 2

&2 PCRyBEH
Table 2 Conditions for PCR amplification

Elk7p0)

Primer pair

s

Amplification conditions

2 min at 94°C, 30 s at 94°C, 30 s at 55°C,
F/ R 30 s at 72°C for 32 cycles, 5 min at 72°C
(2 x Es Taq MasterMix used)
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JIif3 cDNA H2 WL A S R AR A FH e 20 g 2k
11 PCR, BT 51 9 5 50 B $8 2 ARl W3 3 A1
T4, B HGR AT, AR A F B 45 R
NCBI ( National Centre for Biotechnology Information)
) BLAST ( Basic Local Alignment Search Tool) 5
GenBank " P 1 AT HO AL S HT o

&3 15 Lp. RdRp 7 VP3 R IS4
Table 3 Primers used for amplification L-protein,
RdRp and VP3

519 I (57 -3) KB (bp)
Abbreviation Primer sequence (5°-3") Length
LP-F ATTAAAAATGGCCTTTAGTTG
653

LPR CTTTTCTAATTCAACTTCACC
RdRp¥ TCCATCAGGTTCTCCAATAACGGA

450
RdRpR  CCACCCAAATGCTAACTCTAAGCG
VP3+  CCTGCTAATCAACAAGGACCTGG
355
VP3R  CAGAACCAATGTCTAACGCTAACCC

&4 PCRyEEH
Table 4 Conditions for PCR amplification

ElL7pS)

Primer pair

PG AAE

Amplification conditions

3 min at 98°C, 10 s at 98°C, 20 s at 55°C,
F/R 30 s at 72°C for 30 cycles, 10 min at 72°C
( Super ¢DNA Synthesis Kit used)

1.6 REXENHWHEESSR

VePErh A g e LK HA Y Rl i) DWV B PRI
B2 )74 i ] MEGA7.0 5 ClustalW M R G A T
B, LA Tamura-Nei f£ 78] (Tamura and Nei, 1993)
SRR, SR & RSk ( Maximum Likelihood)
X HE T b aok B AT HE KT, AR B R AR
( Maximum Composite Likelihood, MCL) At i f) /4
PSR B RERA , 3 i &R % e R0 BioNJ 503 H 3l 4R 45
Ja &R IRR, SRS 8 HA B Epl
SRAE D, S3HTEE I 30 Z2 A% IRIT A, L4
HFA R L BARE B nR 5 R, A& =M
*ﬂ@%%ﬁ(ﬁ (A KR B 0 BR ( Kumar et al.
2016) o 38 = X B A A B R A AR %EQ% DWV
RdRp. Lp 1 VP3 BysefE S5y, R T 6 45
HF5) 342588 NCBI, 4394y %jﬁAethma tumzda—

RdRp ( MT885269) , Aethina tumidadp ( MT890634) ,
Aethina tumidaVP3 ( MT899248) , Apis cerana-RdRp
( MT885270) , Apis ceranadp ( MT890635) , Apis
cerana—VP3 ( MT899249) .

x5 AMRPERK DWVY F3I
Table 5 DWYVs sequences used in this study

e EMS Hb o 15 & Ay
ID GenBank Location Host Year
1 FJ347142 Aethina tumida

2 KY909333 Italy Vespa crabro 2016

3 JX878304 Korea Apis mellifera 2012

4 KP734715  East Asia Varroa destructor 2009
5 KP734719  East Asia Varroa destructor 2009
6  AB242569  East Asia Varroa destructor 2004
7 AB242590  East Asia Varroa destructor 2004
8  KF929245 Europe Bombus lapidarius 2011
9  KF929246 Europe Bombus lapidarius 2011
10 KF929247 Europe Bombus lapidarius 2011
11 KF929258 Europe Bombus lapidarius 2011
12 KF929259 Europe Bombus lapidarius 2011
13 KF929285 Europe Bombus lapidarius 2011

14 KP734803 New Zealand Varroa destructor 2008

15 KP734718 New Zealand Varroa destructor 2008

16  KP734804 New Zealand Varroa destructor 2008

17 KP734597 New Zealand Varroa destructor 2008

18  KP734551 New Zealand Varroa destructor 2008

19 JX679473  East Asia Apis cerana 2010
20 JX679474  East Asia Apis cerana 2010
21 JX679475  East Asia Apis cerana 2010
22 MN607197  Vitenam Apis cerana 2016
23 MN607198 Vitenam Apis cerana 2016

24 JX679477 China Apis cerana 2010

25 MF092818 China Vepids wasp 2017
26  MN542768 Malaysia Ant 2016

27 JQ413340  Argentina Stingless bees 2015
28  MT068464 New Zealand Vespula germanica 2018
29  MT068465 New Zealand  Vespula vulgaris 2018

30 MT068468 New Zealand Polistes chinensis 2018
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2 #ER5H9H

2.1 DWYV PRMERE BLER

FIFH RT-PCR A5 W 43 1] 46 0 rp 42 % i A
3y, WEATERRIAES 2 . SR L. Hrp
1 A B8 i A i rp R I 2] DWV-A, i Ae 5 i
i SRR 2R 33. 3% 5 2 e 47 8 B F R i v
KPR 2] DWV-A, S 4 A 55 2 H R i BH P A6 T 52
K 100% o HrAREE RS /B DW-A [ B2 R
RAEDAT AR I S 0 RE, RN R %
T RN R 27 57 e W 1) — 5 N =S e, G F
YRR A 5 2 WL DWV-A, 78 rh AR 2 i vh R G
UEIR

K1 DWV iz &
Fig. 1  Detection the presence of DWV
H: M 7R DNA maker, JKGE 1 -5 50 5)3Fm— SRt
B, SRR . 5 K
SRR, = SRR A BT Now M,
DNA maker, the lane 12 represented Apis cerana and Aethina

tumida of colony No. 1; the lane 3 represented Apis cerana
cerana of colony No.2; the lane 4-5 represented A. cerana

and A. tumida of colony No. 3.

2.2 DWV RZ X BEWMOH
ANFIEEA R B i 2E Ak 0 B B A5 B A SR 2% ¢ &R
SRR SR . 5T RdRp 1 Lp Wi FE A
IR TR T A R G HTEE R (K 2) RET, ok
U5 T he A i 2 R AR B 1 DWV SRZOC R
ik 96% , P DWV R ECAEY]. 1
FET VP3 B AT IR 7 51 1 2 Ge Ak 2= W R IR
TUEFE AT iR e R h AR B I 1Y) DWV ISR Z% L R AL
T, BT 55 To s K T FO I Y DWV R Ry

3 gigSitie

ABIFTE R 0 1| ] — e 37 A ] e 14 v 46 2
I B 7 5% FE AR AR, A RT-RCR AGIH:
I DWV, 45 53R U] v 405 i 4 7 % e
e DWV-A, o rfr e A S e Ao fat B P A ) 36
7y 33.3% , WA TYER R ORE A BH R A R Oy
100% ot TAMFFEARR AR, ZEQERIFAN
AEARF A IR A SR YL 10 o

DWV 75 BR 1M RE K 7 AR 95 5k 30 BL gl vh Ay
AT N T HEIRALE DWV 7EA8 R 2F &
MR SR A, ASBFSENT DWV-A 8k i 45 1)
HH VP3 FIAES5# 8 H RdRp FI L-protein #£4T T
RGERB N A R RWIAR R LA Y 5 91 AL )
ZIAER R WA X5 RdRp Hl L-protein 7L I
H5HFEIFTLRKKER, 1M VP3 F BIRBLR 5 1)
FE2E5bk. RdRp X T 2E 2 K 4 A 52 1 L K 32 0
1501 1 T RN 240 i R TR 3R A B B S R 0 N AT /D Y
(Ng et al. , 2008) , ‘ETERRREIEAL P HAT 5 BE AR <F
P ( Elena and Sanjuan, 2005) , JRE:FIEE A IZIX 38,
SR AR B B AT LA A AR 208 7 AR AL o AH B B
BN FEERAE (Crotty et al. , 2001) o ARHEA
WF5EH RdRp RGEKH 04T, YL ARG 5 i 2 HY Y
DWV IH-3A L i S7 19 7 3. BT Lp Y AL 45
5 RdRp AHZEMRL, XKW, DWV Al gEIF AR
W25 AR AR A HSE LT VP3 FEK 5
[ R GE Ak 43 Bt 32 W e e 0 4 A 5% R WY Y 40 52
HATER —78, Ko RRE L. AR B ARR
FIEFE 7T B R H I DWV 5k 307 FOllh i sE 23 ok
T R DWV 5 HE C i 18 Y R G g Y
DWV BEAHIT . fh G HEWT, 46 47 68 2 1 i DWV
FIREARIE T 2K FU I, A 25, R HA K
SR O PR I — PR E. B — 5w, R Y
DWV {1 VP3 Al GEXS 5 2 fif 3 A LE £ HAT 2L 1
FH, DAMEET L M8 R 1 2358 . X SeHEWT, )
XX 3 AR B KA Lo A e, KW
NS HiE#: T VP3, L-protein, RdRp 3 AHEA
MR i BOE AT AR o BT, AT RES R EUE AR
EXTE

DWV 7 Hr [ LA 2 4 35k 50 R R 2 A 1 DL i
W T, H A2 2K 30T U W Y 5 e B R ( Wilfert
et al. , 2016) . TEARYAEN A DWV-B Fl DWV-C %t
REUEIR L, ] BE R AN SRR AR S D
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1111

KF929246
KF929247
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KF929285
[ KF929258
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92: MN607197 4%1:0 MT890635
MN607198 < MT890634
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] IX679474 - KY900333
r AB242569 | ga AB242569
41& AB242500 L aB242500
KY909333 JQ413340
JXB78304 JX878304

- KP734551

KP734803
L kprass0a
97— MN607197

" MN607198
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89

JX679475
[ JX679473
JX679474
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\_Lq_: FJ347142
MN542768

KF929246
KF929247
KF929245
KF929285
KF929258
——— KF929259
KP734715
KP734718
KP734597
KY909333
MT068468
MT068464
——— MT068465
KP734551

4 ¢ MT899249
- KP734803
JX878304
———— KP734804

g AB242569
AB242590

|:<> MT899248
JQ413340
MN607197
MN607198
JX679473
JX679474
JX679475
JIX679477
MF092818

1_151: FJ347142
MN542768

L

6

Vespa crabro -
Vepids wasp

Ant

Apis mellifera
Apis cerana
stingless bees
Bombus lapidaries
Varroa destructor

Polistes chinensis

I_ZE FJ347142
MF092818

Vespula germanica/Vespula vulgaris e ——

Aethina tumida

K2 XRET AR EH DWV 488 bk B
Fig. 2 Phylogenetic analysis of DWV strains from different hosts
{E: (A) 2T DWV RdRp A Bl RGHALH . (B) 2T DWV Lprotein Jy BEFY R MM . (C) HTF DWV VP3 F B
ARG o RAFRMIRIEE (ML) Al bootstrap HRAE (1 000 KHE) MERBLTW. RELFTWATE EEH
3 bootstrap . (1 000 IRFEZ) , ARIBEAM LR AR DWV IEGL AR Y FE . & AAERASCHRG Rk A s i
i) DWV 751, OfRFEAR ISR A5 AR EH ) DWV £ 5. Note: Phylogenetic analysis based on the DWV RdRp
(A) , Lprotein ( B) and VP3 ( C) fragment. The phylogenetic tree constructs were used the maximum likelihood method ( ML) and
bootstrap resampling ( 1 000 repetitions) . The number on each branch of the phylogenetic tree represented the bootstrap value (1 000
repetitions) . The branches with different colors indicated different species infected with DWV. 4 and represented the Apis cerana

and Aethina tumida.

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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WA Al fE R % 4 7 JF R DWV-B HIl DWV-C,
PR A Hh i S B AR B T g g L A0S, BRIV e T
A F 5 BTE BT O BB RS BR ﬁﬁkﬂ;ﬁﬁﬁlﬁﬁ
X R AN BRI o ASBIE ST AR A A A BR
Hrh 5] DWV, FEA ) VP3 H&Eﬁ%’i'ﬁ#ﬁ
W Bk S, (HJE VP3RS vES0WR M I B R
MAFHE—UESE . S 4h, IR DWV 5 A A
Fa e 2 A X AT BRI e T i — P M E
PR A AR A 40 o Xk AR Ml 00 o 114 £ 25 B g J A% 4
#rae A EE AR (REES, 2019)
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