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The correlation between bee ( Apis mellifera) emergence
temperature and replication dynamics of the deformed wing virus
HE Shao-Yu' ™"

650201 , China;
Bee Research Laboratory, USDA-ARS), Beltsville , Maryland 20705 , America)

ZHANG Xuan'?™ CHEN Yan-Ping® ZHOU Dan-Yin'

(1. Eastern Bee Research Institute, Yunnan Agricultural University , Kunming

Abstract Understanding the replication dynamics of viruses is vital to the study of disease pathogenesis. The dynamics of
the deformed wing virus (DWV) in honeybee hosts was investigated. Pupae from a colony with no apparent DWV infection
were bred at different temperatures. Newly emerged worker bees were collected and virus titers calculated. We found that
unsuitable emergence temperatures cause a sharp decline in adult emergence from pupae. Simultaneously, DWYV titers
significantly increased in the adults that did emerge. These results partly explain abnormal colony losses during periods of

low temperature in winter and early spring. Our laboratory studies support the correlation between abiotic stress factors and

the dynamics of virus replication in honey bees.
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Varroa destructor FI1E W% 75 3 [7] % 78 W B £ 8
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EEAN L (Chen et al. ,2004) . — &I T ,DWV
ARG 8 g Jr 23 dok %8 06 8] 1) B AR AT Ry R AT A%
5, B AT B AL 46y TR S T 9 i R e e £ 22
YUAEHE 2 718 ( Chen et al. ,2006; Yue et al. ,2007;
de Miranda and Fries 2008 ; Mockel et al. ,2011) {5
ANFIRAE . FFE S5 DWV AT B0 | Sl
BEE AR I EAR . BUUHY DWV R HE
TIE R PR B 2 i B e, IR o in i, B AR 2= 4,
KERITHES,1 ~2 d WFET: (Bailey and Ball,
1991,1997 ; Kovac and Crailsheim, 1988) , DWV 7F
A ERVE R AT R M M IR IR R —
ANEEJRRE, G DWV W5 N4 2= AE R ik 1%
AAIESE B UK R B (EZ2 X T DWV g #Ea
AT PR SRR N PR Bt IR A e A8 Sy S P BOAE R
TR Z EL /D S T E B B 16 1Y 38 1)
W5, N2 DWV 3 7347 18K 38 ik | 2 e
PN B Sl AR S T R AN s o AR LR i F 9T A
JENEE,

i RE A A RV AR RN M AR G PR R AR A7 SR
W, T 3 A o R R A S K R R
PEEGERY H i, AR, i 2 19 2 il sh Sl 545
AP R ARG . o 73R4S TR0 09 ¢ T 3
B R HILAR A9 R, FATTEL DWV g Ji A A6
AL A [] 3 BE 4% 1 2P AL S B AR A 1) DWV I
JE AR CPIAIRLEE ) DR 2 A B2 B 3 R A i
BRSNS HIFEAT AT, 38 2o LA F ol i B AN
TSR P AL E AN DWV MR 255, DL T
i i B X — A ) DR 3R 0 B F B AR Y DWV 3
SRR

1 MR5RE

1.1 EREANLESKE

(1) —T5 T s 2 L T —HE NN E
NLIBEA— DWV Bt ey i i 1y = i i 1, FR
iP5l 24 h J5 RO JERE BRI R AE A E
WIFE 259 RE#E(E1);

(2) B3t 55 MGG FESE g = T 381543
3t 55 N 29 100 A3 35 1 /N A /N
PR (K 2) ;

() fFHH 6 AN TS % (Forma Scientific
Inc. +0.2°C), 75l & 6 ~Pbsh IR (29,
30,31, 33.35 F137°C) . 7N 1 A B 4
TEIN T 0y /ANPGRS 76 R B 45 T

P 3) 5

(4) AR 4k 55 A e B TR DR IR B ) 22 S BUE A
ERAKMTREARENIE, Bt —E g
Pl (X ), fEBCHBEHILET 3 dE, BA
30CHHIRAMILE 3 d, 25 ARk a1 3] 33°C H A
B3 d, FHXAE3 d A — IR E R AR i
H R L) R

(5) WA R] P A0 I B2 4 4 B T 0 4 i 48
H, —80°C P17 A RE: 3 K, I st P ALt a]
MG PR,

1.2 EHEREAR S RNA FUIRENFN IR I E

AN REREATIA 1.5 mL 04 R
IS P PR 1, 20 1200) & R BT AL 500 L
TRIzol i1 24 f#% 7] ( RNA extraction kit, Invitrogen,
Carlsbad ,CA ,USA) , G405 Fll & TR B 26 B 5 0
A RNA PLIE, i A 100 pL 25 RNA fif§ /K
(Invitrogen , Carlshad , CA , USA) &% . 466
71 ( Ultrospec 3300 pro, Amersham Biosciences) F*
260 nm K EAEA S RNA 9% E, F 260 nm
15280 nm WA LE(ELAG P A A B RNA BOSIEE
JE RNA FEAR T - 80°C IKARIRAT3 ]

1.3 PCR 5| ##ns R AR T HOIZ 1T
H4E GeneBank B A A (1) DWV #4251
(J¥51'5 :NC_004830) FIPH J5 # (1) B-actine R
¥ 51 ( 7415 . AB_023025 ), 1 F§ Primer Express
version 1.0 %K 4 &% 31 )2 ¥ % PCR ( Reverse
Transcription-PCR , LA T 18 R RT-PCR) # TaqMan
Bi B} =2 & RT-PCR ( TagMan
quantitativeRT-PCR , LI T fi #k qRT-PCR) (1975 | ¥) Fl
S PEERER, DWV R RE S PRSI W 09 R Y 4 a0
T EWF 5% (5'-ATCAGCGCTTAGTGGAGGAA-
3, TS5 % (5-TGCACAATTTTCGGACATCA-
3") s DWV £ 45 M. (6-carboxyfluorescein [ FAM ]-

5'-CGCATGAACAAGTTCGGCGTT-3'-6-

carboxytetramethylrhodamine [ TAMRA ], PAZKfS—

ANMKEE A 702 bp A PCR 538724
B-actine JZ I A9 45 5 P R £ ( Apis-B-actin-
probe ) & ( FAM-5'-ATGCCAACA-CTGTCCTTTCTG-
GAGGTA-3'-TAMRA ) ; B-actine JZ W 15144 1F [f]
51 % ( Apis-B-actin-sense ) ( 5'-AGGAATGGAAG-
CTTGCGGTA-3"), Jx [a] 5| ¥ ( Apis-B-actin-
antisense ) (5'-AATTTTCATGGTGGATGGTGC-3")

real-time
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E1 H#EXEARRA®HELH

Fig.1 Same instar larvae of worker bee prepared
e EFAMEX N LN 24 h HHAESEE BT
] H e B, % i T, 76 HE X IR 8 P BB A
WERENIEE 9 d, BRI TR 20,

Queen of colony was limited 24 h to lay eggs in a clean
comb. Then we moved queen back to hive. The egg
comb in frame was kept in hive to breed till these larva

cells have been sealed in 9 days.

Cut into smaller pieces about 100
cells in it

Small
emergence cage

B2 SEIHZEM
Fig.2 Cut wax comb in same size
R TR) H % A JF 25 DT S /MR, 2985 100 ASEf
1IN IR R ARRIC IR B/ R A
Cut capped comb into small pieces and put one piece of
comb into a small cage. Every piece has 100 sealed

cells.

AR R 181 bp Y PCR 724
HA5#H Invitrogen 23 7] A A, TagMan 4+
H Biosystems 23 A #244t

1.4 HNEEXITEHFELRDWY FHEREM
TagMan IEREE RT-PCR [ 5745 4 £ 36 1F

Pupae emergence at different temperature in artificial
climate box

3 PNHZEEHH
Fig.3 Incubation of bee larvae
B 6 MHATE Z T I/ NRE/NPERT E T AT
SRR N B IR A& 1F R R
Small capped combs in cages were incubated with

different temperature in incubator.

FWEFEAR N DWV ¥ B TH LT PCR )
PIWREE (CO) = — DR T IR IR R AR
ANFIREASAE AR R R 4544 2647 PCR 9734, 4845
—ANHW R, 5B RN B-actin [ PCR X
T E AR I ( ACt = Cyyy = Ctg,e, ) EATHBRFEAS 1]
BRI 2% . LU/ ACH (AR A IEMH, IR A
AN AACEH= ACH(REIAE AR ) — ACH( I IEFEA
{ED) TR TR 25 AR A 20 2 728 15 B4 I A A
A DWV AHXTHE (Chen et al. ,2005) .

XFPFET C (EAYH XTI B2 52 1 DWV i 7 1Y)
Jrik , BRFEZR N B-actin 1Y Real Time qRT-PCR
PR AT, AR X — 7 I AR R SE 5
HRG I, 72 EA TR A ARG I T —FE R B RNA
R AL 1.,0. 864 0. 728 0. 592 .0. 456 1 0. 32 ng/
L 5 A~ 55 43 0 Tk BE R B, DL S A8 A, O B
qRT-PCR [w] s 4G 00 668 3 ¥k & AR AS h DWV 1 B-
actin U4 IV, BAMAEIWEER 3 1K,
BOF- Y2 bR e h %, FHLLHSE gRT-PCR #EA
SEBG T AEAS IR ZIE R R P 1S 1R 25, 45 10
FRANTRVBSFE IR f Y Cr {H 2 IEAH S, DWV Fl B-
actin FYAHIC REST 1 0. 9822 1 0. 9572,

T REAS AL RNA JRE AR 22, B R Ik
B-actin( AC) {EH#E 5] A, DWV Fl B-actin FJAHXF
PIRR A ACE= (Ct(DWV) — Ci( B-actin) ) S HE
A RNA (ng) X EI A R, A5 215k — vk B
FEEERIERT qRT-PCR SE HEbRifERNZE (& 4) , Hp
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P <0.1(0.056) , 575 DWV Fl B-actin [ 15k
AFTE) , TAF BA AR S 56 114 A X i 925 0 A %8 04 2 RNA

FEAS DWV ¥ BEHER A 5L,

10

Y=0.056X+6.609

ACt=(C(DWV)-Ct(B-actin))

(o)}
—r—t
—r—t—t

l—’——l

-2 -1 0

1 2 3

Log of total input RNA(ng)

4 EiEE RNA #AB DWV 5 B-actin B qRT-PCR ¥ 1 & M 8 31 76 &2 iR FE BObR A i 2%
Fig.4 Validation of amplification efficiency for DWYV and B-actin by TagMan qRT-PCR
B H RNA BEARZ | ~5 (R RE 3R75 6 DL 1 wg 2 0. 32 ng AYREEEH BEREAS | BN EEREAS PCR 4§
383 U OB X0 R ARE R 22 B R Hh 2 . S TR AU BB R DWV AT B-actin 3R 22 4 4%

SR RER T 2 R,

The amplification of six five-fold dilutions of total RNA ranging from 1 g to 0. 32 ng per reaction was pertableed in

triplicate and the standard curves for DWV and B-actin were generated by plotting the Ct value against the

corresponding input RNA. The difference between the Ct value of DWV and that of B-actin (ACt) was plotted

against the log of the corresponding amounts of input RNA.

1.5 AR

1.5.1 EHE#AHN DWV B R 2 A RT-PCR
i i RT-PCR AR (—7% RT-PCR i
%, Promega Co. ) A5 il 5 55 e 28 WA AR B DWV
YR, R R Y B Y A IE W 51 5-
ATCAGCGCTTAGTGGAGGAA-3", I [a) 5] ¥ 5'-
TCGACAATTTTCGGACATCA-3', JH LA 3R Bl — Bt K
J& A 700 /B 3 X ( base-pairs ) ) DNA R Bt H T
SEPEREIN , WSCER O A IR A 2 BE 6 1Y
1% FAICIE i Br R IS R4 68 M LUK S AR, I 2R 47 ]
PEXT IR, DUBA 2 TORE 15 Y RO T 1 PCR 2
N, [ P PR BE A B PCR 738 7= ) ( Wizard
PCR Prep DNA purification system, Promega Co. ) Jf:
T, AT A% R 515 5 GenBank H1 Y DWV
IR TE 9 X LLSEPE PCR 4738724, I oh 4%
SEETA R DWV FHPEREAS F T 5 22 0 1 55 5
1.5.2 TagMan IE Bt £ 2 RT-PCR #& iUl # &
DWYV iREE  fifi € & PCR ¥ ( Stratagene Mx3005
PTM Multiplex Quantitative PCR System ) Fll— 2%

RT-PCR i& #] £ ( Promega, Madison, WI) & 0.2
pwmol/L ¥ TagMan #R%} ( Biosystems Co. ) X} DWV
FH P f) 2 0 5 RNA FEAR AT E B (n = 101K, 35 3
), RT-PCR SN 27 K :48°C 45 min, 1 P 1f
#£;95°C ,30 s —55°C,1 min—68°C ,2 min, 40 4>
PEFR  [R] s —— XoF 1 8 B AR B RNA AR A fifi
B-actin 5|1 HEATH 3G S g, FH LAH BRAS [R] R
AT AR 22 5, R W) I ARk £ 0 i
I 1. 5% B A THER LT AR S5, OF
PEAT B R, A 2 TORE T e SOk T Y
PCR N4,

2 HRESSM
2.1 FEBLRERHESERLEM DWY &
ik

6 I EE R E P2 R IR A T AR 3 T SR P4k
BRI AR fE %R, EA 3 W, BOFE, IR RT-
PCR #5145 40 Z W REA DWV JERYLIRIL (n = 10)
HOFYIE, IRAS 4 S 00 41 B i) | opI b 2 R 4%
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B IEREA DWV R HRBIE (F 1),

®1 FRBEFHTEETEPLE
Table 1 The emergence rate of worker bee under

different culture temperature

HEA DWV
WE R R e
Temperature Emergence Emergence The detection
(C) time(d) rate( % ) rate of sample
DWV(% )
37 10 18.96 20.15
35 11 79.80 33.06
33 12 91.00 43.00
31 14 -15 55.76 51.44
30 16 -18 31.00 15.50
29 >20 0 —

s

2.2 E¥ DWV FHSH AR qRT-PCR # &£k

3]
qRT-PCR A9 B8 th 2618 (] 5) T W2 21 4% KR

TR SR P B AR DWV % DL B 7E b 1t &=

16 ~20 AEH I 5t H BRI (EL , 1 o 128 IR A5 1R )

LB EREAE DWV £ DUECEY 18 2 30 MG IRR)

A BRIE(E

2.3 RREAEHAEE DWV AEEANKS
RE

1 qRT-PCR G A A 90 25 R %o vk 7 f
THEA 2, SR A5 AN R i BE 2% 1 2P Ak 28 e A 1 1Y
DWV AUAHXS M (£ 2) . 4R oK 30°CPML 2
oo 75 5% % 25 R FH P A A O i R R R e K, e S
33°CPIMEXTRALL 47 643 £%5,31 ~33°C IR i sh ik
FHZH {14955 5 v B =5 1 33°C Pk T B ZH 6 165 1%
(%2),

K2 EEHADWYHREREE PCR EMNEMNRERE
Table 2 qRT-PCR data was coverted in DWYV titer of bee samples in comparative Ct method

¥z Eil Avg DWV  Avg B-actine  ACt[Ctpyy) +  AAGI[ACE - 5380
Group(°C) Ct Ct Ct(praetiner 1" ACH upraony 1
30 17.99 £0.66  16.71£0.93  1.28+1.12  —15.54=1.12 47 643.77(103 552.29 —21 920.60)
33 31.07£0.56  14.25+0.30  16.82 0. 93 0 1.00
35 29.72+1.01  14.90+0.24 14.82+1.08  —-2.00 +1.08 4.00(8.45-1.89)
37 24.08+0.41  14.96+0.64  9.83 +0.93 ~6.99 £0. 93 127. 11(242.19 -66.71)
X CK  15.29£0.53  19.52£3.07  4.23+2.97  —12.59+2.97 6 165. 49 (48 308. 85 —786. 88)
3 it 33°C X HREH 47 643. 77 A5, iR BE P SNACFRAH (X 2H)

%W BN R R E R 4 RF £ 33 ~ 35C
(Heinrich, 1980 ; Winston, 1987 ) , {H & BE % T 29°C
B T 37°C B, % 1 JGi: P4 b7 (Groh et al.
2004) , SCEEE N Bl S O B il PR E 33
~35°C X [R], % W ) 35 4y HOPIL W T B, 2450
AT AR T i AR UL 29°C 55 5 T 1lfs Bt i i 37°C
PUER, AR AP IR B B B DWV BH M
AKE R 2 A KRR R DWV 5T
TR SRR B T O I, H R [R] 3R )k 2
1) DWV BHPEREAS K qRT-PCR AHX & - 04 /s
AN A B 2E 0 P AL T 6 FEA DWV o5 35 9 )&
LS, 30°C kb FEL DWV ¥k B it K, o i

A5 75 1% B2 5 11 33°C X HR4H 6 165. 49 £5,37°C 5
B id 2 (33°C) AH b i 127, 11 4%, T 33°C N
35°C Hod PR UL R 25 55 R B 3

SEBGUEBIAE A AR S F R, RS [R) 34 e i o)
THRRRE 2R S R R S Y Bk
BB 5 52 A RO AR A (KR 5 TR ) 15
Wi, SRR B, N2 ) I AR A T B AR )
PR RE ( DWV ) Fifi AN 335 305 5 ) 1 25 e G 98 7K SF- 1)
B, DWV 75 2 F2 A 1 52 3 A 7 kAT
KA ANTT 3 ] R N DWV 48 DL 7E A
I TE] PR3 R EE R

SEEGEE I UE T AN K B R E A S5
(iR R I 3 ) B AE 3R (AN IR O 3 ) 4 19 21 Ak B[]
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Fluorescence(dR)
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A e

B5 FEHERETNLIERARN DWV qRT-PCR 1 i £
Fig.5 The representative QqRT-PCR amplification plots of DWV
A I C B FROPIEIR BE 15 il PG TR EE A DWV §7 2R
B Al D Sl B-actin 5 1WA E5 IR B I 2k
A and C are qRT-PCR amplification plots of worker bee samples; B and D are

qRT-PCR amplification plots of B-actin.

(Groh et al. ,2004) 1] H23 355 % 1 | 1o i 28 1>
KT 2 R, ARSI T SRR B 2
B 50 1) T R A A o e SR R BOAR IS TR
JEE SR AT S A e A PN i B R R VRO e e
I % b T R i) A W Rk R R U8 B AR Y 2R
TR R R T, MR E A S
AR 11 e S R Y BB ) A T 1 BRI A, T
DI At R A S AT IR i 170 i B
AN R NG | LRI B AR U e RIS, FRAT
HIBFIE S A — R 7R T D AP R i A e i
Kt BR AR F BRI 0 e A, JF ik — 20 55k
T DWV 7EAE L A T R A N RN, 3 55 %
e | Y& R REAR 1 B 451 2% (Highfield er al. ,2009)
AT FUE B SN ALY ) IR ) Wl 5
M TSI S A, X —IFR A R B UAET

HE— I IHEN 25 T I A 8] an g A AR T, 45
AT F IR AN R 3 SR KT 1 34 A ML
T R Ak DAy 7 e A 7 S B o R B/ NS ST T (IR
AW | B i R A B LA SIS 1) A BT B
TRARLA K
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