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EHKX AT EEEFRSRhENZN

FEE . IRE, R, 2R

(L. VLPGAO e S BT BT, 9 B 3300455 2. YLPUA FRIENSTNT, MG 330052)

WE: [ AZRE AL ES FRE R RIKA G EHE Apis mellifera ¥ L35 R EW# 0.
[ 77 s |38 e A I R Ao RO R RIAE 2 & M & 2 & F 21 4 4 AR LA E 097 &K (0,
10, 100 #= 1 000 pg/kg ¥645)  FlA, =4 2 =90 6 h, 3 d &, ¥t 1 B#E6 L koA HA
BHMEIGT SFHNEBEET, BREFH I 6 ROMNAIHEAEE T RYBZ T3t 5 &
HER N, AR R EE MR IR AT M E TR KRR KR F PCR
(qPCR) H A M T 3 £ 97 P Jp 5 RE G LB (Vg) A& G LB (hex110 Ao hex70b) #4834 & &
F., [£R]100 pg/kg #HebAe 1 000 g/ kg HE2biX 3 ANvg RAK A 200G 7 BHH TR 5 R4
FAKT 0 wg/kg Bt Fo 10 pg/kg HHEH 240, ™ 0 ng/kg B L5 10 ng/kg B2 F 402 14 & 100
pe/kg ¥t 5 1000 pe/kg ¥R ZAZ A B Z R EZFREF; X4NMFNBAN I EH RETH
R ERENIE I EET AERATHREEZ2F, PCREREF, Vg AR WM R KT
KRR L 83 it T e, 1 000 /g HEE ) 20 Vg SR B 9 AR AT R E 8 R FAKT 10 pe/kg
YRR F 2 Ae 0 ng/kg B A A, EA S FN THUZLNEZFREE; X 4 MFHZLZ ) hex110 A=
hex70b X R Rk AT ZFAREF, (L) B F BH I & Prw KA GHRT 100 ng/kg HHH &
B, 2P EH AR B h

KB By i HERT; WK T6; ABEKE; WRAHR; PHRES; kg
hESHES: 0968 XEFRIREG: A NERS: 0454-6296(2019)11-1279-07

Effects of acetamiprid on queen rearing in the western honey bee, Apis
mellifera ( Hymenoptera: Apidae)

SHI Jing-Liang' , JIANG Wu-Jun’, YAN Wei-Yu', WU Xiao-Bo'* (1. Honeybee Research Institute,
Jiangxi Agricultural University, Nanchang 330045, China; 2. Apicultural Research Institute of Jiangxi
Province, Nanchang 330052, China)

Abstract: [ Aim] The aim of this study is to determine the effects of acetamiprid residue in queen cell on
queen rearing in the western honey bee, Apis mellifera. [ Methods] Queen cells were made with dissolved
beeswax and by adding acetamiprid solution, and queen cells containing four different doses of
acetamiprid (0, 10, 100 and 1 000 pg/kg beeswax) respectively were obtained. Meanwhile, a queen
was restricted in a comb to lay eggs for 6 h. When the larvae hatched from those eggs, 1-day-old larvae
were grafted into the above queen cells followed by feeding in bee colonies. On day 3 and day 6 after
graft, the acceptance and capped rates of larvae in queen cells of each group were respectively counted.
The number of emerged queens in all groups was recorded, and the birth weight, thorax weight and thorax
width of these queens were measured. The relative expression levels of vitellogenin gene ( Vg) and
hexamerin genes ( hex110 and hex70b) in queen ovaries were detected by qPCR. [ Results] The

emergence rates of reared queens of A. mellifera in the acetamiprid dose groups of 100 wg/kg beeswax

BEETUH : VLA T AEAA B B3 H (20162BCB23029 ) 5 VL.IY4 A AR EZE 4T H (20171BAB204012)
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and 1 000 pg/kg beeswax were significantly lower than those in the 0 pwg/kg beeswax dose group and the
10 pwg/kg beeswax dose group, while there were no significant differences among other dose groups.
There were no significant differences in the acceptance rate and capped rate of the larvae, and the birth
weight, thorax weight and thorax width of emerged queens among the four dose groups. The results of
qPCR showed that the relative expression levels of Vg gene decreased with the increasing concentrations of
acetamiprid. Among them, the relative expression level of Vg in the 1 000 wg/kg beeswax dose group was
significantly lower than those in the 10 pg/kg beeswax dose group and the 0 pg/kg beeswax dose group,
but there was no significant difference between the other dose groups. Furthermore, the expression levels
of hex110 and hex70b showed no significant difference among the four groups. [ Conclusion] When the

residue of acetamiprid in queen cells is over 100 pg/kg beeswax, it will generate negative effects on the

process of queen rearing in A. mellifera.
Key words: Apis mellifera;

queen rearing;

development ; vitellogenin; hexamerin

FIEEAER R S RGP R AR Z e DT
T 4733 AN AT B Y A 8, HOR R AR 3R 2 463 ik
55 32 T B 1R AR B 7 R BT (Klein er al.,
2007) o SR, I AF R M RF R B 2Rk TP L, 1 T A
SR RIE BRASH, BARE R BEHUE 5%
M 4¢P 5 TRl P D10 D R LR 0GR
HCIR RIS A% H 50 %o 28 WA ] S 0 (4 T 2 I ] 77
FE AT, T 27 5 A1 D0 R 20 4 532 o e e 43 2R 1 o Sk 4
[ A 3 2 A 22 B M 7% 17 ( Sanchez-Bayo and
Goka, 2014; 1 JZ525  2019), FL{¢ 2013 4F 12
A R AT B %5 5 MR B A 7% H 7 bk e bl g H IR A
WE HUE 3 A it o S it R FH OO, LA R AR 5 ke £ %) %5
WERPRER G (Godfray et al., 2014)

T MRS A HH 7 198 DR oy ol 24 e ) i e 52 39
J I U , EL BN Ay A T B e T A T
L JHE ( colong collapse disorder, CCD) ¥4 1y = %5
[X & ( Sanchez-Bayo and Goka, 2014) . MWi{E R =
ORI A5 SR B BE UK, i T BT 1S
oM D FRROI R A, HETE 302 0 1
T Az A2 A AR A b A K 2 % 7
[F)RE AT 1 T S e Ao 28 R 0 S M5 1) £ I B9 52
T, TR M A R AL T, AT ECE R AT
T-(Bicker, 1999) . 41 Ht KB W8 75 AR 22 19 T 46
T b, SR B 0 T 5 >R 4R A6 0y A6 20 2% He 5
Hupk— I3z 1R R 5 =5 1] 77 W R 185 it 245 1 sl
I, e 24 25 [WIAE T LURR B XS LA 242 1 07 2005
FEAE R, X AR AE — 8 AR B bl 1 N A T g
( Sanchez-Bayo, 2014; Tsvetkov et al., 2017 ),
Herrera-Lopez 25 (2016 ) ¥l H} 4% ~ 6% 1t W Itk A
st FP A TR, G e IE DK |tk bR e bk e

acetamiprid ;

queen cell; gene expression; ovary

BB B ik 4.0, 5.1 F11 10.4 ng/g. ARG
G 4 30 AN RE AT G P AELE 4 A i ViR B BE Pk gk
BRI A 11, 23, 36 F11 61 pg/kg (Jabot et al.,
2015) , Sanchez-Bayo il Goka (2014 ) 238 T 4645 FI
A5 T A7 A A e VR B () E T KR B, e e A R
SRR E BN 3 we/ke, fem ] ik 134 pg/ke, B
PRI ER B RN 2.4 pe/ke, B 13,3 pg/ke, il
W b ) SEPR A 2T B S B, RO B AR 1Y
S I A 24 % B 22 PR T oK (Daniele et al.,
2017) . A, Haarmann 25 (2002 ) i@ 5 B 57 & PR b
BT E A A AR 25 5% B L SR R T B s £
117 15 08 R 24 3 P A 2 5 W) B 1Y) A A R I o
(Pettis et al., 2004 ) ,

g T M A A AR AT Y R e O 0
IR BRI 262 o T 15 v A E o Bk PR
Xof U6 45 B o 1Y 52 e B 908 R DL GE . S R
L, 0 o i i ) AR RN 9 LA e B LA
Fe LR 1A K IEAH ¢ ( Guidugli et al., 2005 ; Tarpy et
al., 2012; Amiri et al., 2017) . Hrh, 5% F R %
B ARG Y B ] 32 B A B BT 4R 1 i (vitellogenin,
Ve) 38 (Vg) 12 E B 110 ( hexamerin 110,
hex110) K (hex110) FfiELEFE 14 70b ( hexamerin
70b, hex70b) £ A (hex70b) (Blank et al., 2013)
BT, FATE L AE NS F A s A [R5 & i g
HUBK, 2B HX P 5 i Apis mellifera % F 4)) HU 2
2R B A AR UL S T 5 AR R [A] 5 X
W AN A FE AR LA W T 00 55 & B AR OCSE R () 2%
RGO, LIRSS T T & v A ) 570 £ 0 He R A% B8 0k
U B I EEERUN
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1 MRS

1.1 #HfREH

IR P )7 28 AL mellifera , VLTGRO R
SFEWENIR TR I T AR AR IR 5 . SC T R
FF] A 2018 4E5 -7 A
1.2 f#fiF

99. 5% g k2 (A REFHE A RA W) |
(e gk e HAT BR S Bl AR P2 i Sl ) | S Ak4m
(FrHral, b AL T AR F]) , TRIzol £ RNA 42 Ht
A& (A 2 XSV ARAIRAA) , 55
2t # PCR X5 & SYBR® Premix Ex TaqTM I
(¥ H TaKaRa 2AH]) .
1.3 BEXRZHGMAE
1.3.1  EAHIVERMZGY) 0B . 25 1 IR KV 43 I
JN#E 68°C A4, i B h B HUE K I e 42
18 Z AL, AR R I, I ARE UK (2
) I 30 401 AT, WE HUBK AT LUK B[] i 52 60°C
DL B ERAN S (Fr 524, 2003) . 218 Jabot 5§
(2015) fiz 45 et v oh R B% BE R 11 ~ 61 pg/kg, ik
BBt AN a5 B E HUPK (0, 10, 100 £ 1 000 pg/
kg Wbt ) IS IREIE £ Ao
1.3.2 BEEH L EEEFAERN 3 NREREE R
B LR, AL T BE ™ BRI R i () I A R B AR
fo FEEZON 6 h, FAG =R GFE B LIX, 3 d
Ja NI Higg i T AEEG, H—flmd
IR 2y 16 3, DL 3 ANk i f & 3 Ik
55K E TAERAUFE L EXHE .
1.4 FEESE HZEREFTHERSIT

IS 3 KA 6 KoarHgiit &4 T 604
ZRMBER GE ER G2 d M E EERE 2
PR FER AR QIR 35°C , MXRE 75% +5% ) T
b, B R gt £ R (W5 AR5, 2018 B4R
& 2018),

HETHH
PyAb PR 5%

EHHEERE =% x100% ;

B 5 A
YA PR T S AL
1.5 BFEBERNE

TP 2 h )9, L RP iR oy A
BY R W F B 0T 2 bR R FR AR e (R
) 5 B AR R RO M 5 B (M5 ) .
1.6 ZEE= PCRINE Vg, hex110 F0 hex70b £
E B RIEE
1.6.1 AR i 5 W HS B3 86 1 1 JE AT, SRAR XL
PP 442 2 1. 5 mL RNase-free [i§) EP & 11
WAL, e R T - 80°C KA T Je L
i
1.6.2 4 RNA HEHU S cDNA (485 LA 1 Skig
BPEAE R — D HES, B 4 P47, R 3R, B
RNA (Y2 HUFT cDNA 1 & 0 BRI 2 BRI R &
VA AT o (o FHAZ R A 11 I ASCRS D RNA () 4l i
(0D, /ODg fHAE 1.9 ~2.1 Z[A] fF G hnifE) , FA)
FHB NG B 368 B FL Uk (1. 5% ) DAL 18S, 28S F1 58
rRNA 571 1 S8 Bk
1.6.3 5I¥iit ¥t E & PCR: 14l GenBank
W SR AT H LR Y mRNA P50 505150 Ve,
hex110 il hex70b FER TR ES 9750, A T A=
WTAECLE) RARARG M (FE L), qPCR X
MWAKZ (10 wL): ¢DNA 1 pL, FF#E5I#(12.5
pmol/L) £ 0.4 pL, TB Green™ Premix Ex Taq™Il 5
pL, Rox 0.2 pL, ddH,0 3 pL, B.LESIERA
qPCR AL AT 18 N o NS5 : 95°C 30 s
95°C 10 s, 60°C 1 min, 40 MG ; 2 )5 50°C hn#aE|
90°C (%6 s Fimy 1°C) o A g LA H i 1 -3 - 1
AMGHEE (GAPDH) E NS, B HEAR T 3 K,
LRI WE BRI 5 NS B Gl

B E 1 % =

x100% ,

— PEZEAM oo (Wang et al., 2014) iz {2815 H AL A
2L T %L ’ Xt Fe 15 (Schmittgen and Livak, 2008 )
*1 IHEAEESIMER
Table 1 Information of primers used in real-time quantitative PCR
A Gene 514 Forward primer (5’ -3") T U514 Reverse primer (5’ -3")
Vg CGTGTTCCAGAGGACGTTGA ACGCTCCTCAGGCTCAACTC
hex110 AACGTGCCAGGCGCAGTTGT TTCACCAGCATGGAGGTTCTGGA
hex70b GAGGACGGTAGCGAGTCCTT ATGTTGCGGCCCAATACAGG
GAPDH GCTGGTTTCATCGATGGTTT ACGATTTCGACCACCGTAAC
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1.7 HIESH

Sefli AL AT A= 8 i B B o Je PR
IKHEAT S 6 (AL B, PR ] SPSS17. 0 B4 rh i
“log-rank tests” #ATGL /34T ; 1 £ B2 3 H
R T B AR SR AT BOE 2 A, FREAT O 254y
o 24 P<0.05,18 FH ANOVA ¥4 1 (1Y) LSD £ 5
HAEGHAT 50T o
2 #R
2.1 REHBNAAEEIAESE HEXRET
)RS A

i 2 T, 4% R 2 ] A 40 sh O 2% 3
ERARRE(F,, =0.744, P =0.555)  H5K%5R

WAL (Fy g =1.058, P =0.419) ; 8k7fi, 100 wg/
kg BEIEAT 1 000 pg/ke HE 71 1 2 0 1 1) 1Y s 0
FHELT 0 pe/ke BRI 10 pu/kg 166 b ) 5 41
(Fyy=11.481, P=0.003),0 g/ kg BEhEF1 10 ng/
kg SEE ) A 22 [A) b 100 pg/kg B BE AT 1000 g/
kg Wl A Z (8] 22 F R E [P, ), =0.208;
P 1oy =0-752],
2.2 EHBENAAEEETVEE MERBEN
=AU

HI% 3 W)L, WE SRUBKGT I i B i i AR
AN 58 S S EOTC B (W) AE R Fy o, =
0.972, P=0.411; Jfid. F,,, =0.251, P =0.860;
Mase. F,,=1.226, P=0.307),

R2 EHRIAFEEEEFETITARIXE HEXRETHERNZMN
Table 2 Effects of acetamiprid on the acceptance rate of queen cells, the proportion of capped queen cells

and the emergence rate of reared queens of Apis mellifera

BRI (e ke ) PR B (%) HER(%) (% )
Concentration of acetamiprid Sample Acceptance Proportion of capped Emergence
(pg/kg beeswax) size rate queen cells rate
0 48 96.49 £3.51 a 87.83+2.81 a 73.30£2.47 a
10 44 100.00 +£0.00 a 90.55 +6.98 a 77.98 £2.84 a
100 48 96.67 +3.33 a 83.06 +£0.98 a 59.46 £3.03 b
1 000 45 94.21 £3.22 a 83.08 £4.59 a 60.57 £2.52 b

LB M £ FRUEIR; BB G AR FHREREREE (P <0.05, LSD £ 1% ) . Data in the table are mean + SE.

Different letters following the data in the same column mean significant difference (P <0.05, Fisher’s LSD test). % 3 [i] The same for

Table 3.
R3 EHRNEFTEEETEIVNEE MERMFEH N
Table 3 Effects of acetamiprid on the birth weight, thorax weight and thorax width
of newly emerged queens of Apis mellifera
WE PR BE (g kg BE0E) E%N =y
A B T (me) W (mg) W35 (mm)
Concentration of acetamiprid Sample
Birth weight Thorax weight Thorax width
(pg/kg beeswax) size
0 18 238.22 +4.75 a 57.72 £0.77 a 4.49 £0.04 a
10 20 238.05 +3.58 a 58.90 £1.09 a 4.43 +£0.05 a
100 18 230.06 +4.56 a 58.83 +£1.67 a 4.43 £0.06 a
1 000 20 231.25 +4.65 a 57.75+£1.49 a 4.35+0.05 a

2.3 RRHMNALTEEEFINEERE Vg, hex110

. hex70b 183513 BRI R0

BEREFAI RN O g/ kg MU TR) 2 2H % 100 pg/ke #5

BT L 000 ek B 05 5 5 20 22 8] 22 53 4 (3%

qPCR Z5 B 1 R, FFE 1(A) AT, Vg 3
DR PR 0 28 22K B E R Bk B g 14 i e, e
1 000 wg/kg WS 2H Ve FEDNAAHXS 25 35
fIXT 10 pg/kg BT ZH A O pe/ke B I 5 20
I:P(IO.IOOO) =0.047; P(O,IOOO) =0. 0351 ,{B 10 Mg/kg

[P(o, 10) =0. 855; P(IOO, 1 000) =0. 251 ] o EE Fé—] 1 (B)
AT, A2 8] hex1 10 J PR A4 RH X 28 58 1 TG b 2%
2F(F, 4 =0.100, P=0.960); & 1(C)5-Hr4k
FEMA A5 2 17 hex70b FE DR B9 AH X 2 35 F L O
XS (F,,,=0.287, P=0.834),
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P

2.01

._
n
1

AR A
Relative expression level
=
1

0 10 100 1000
WE LR I (/e B8 )

Concentration of acetamiprid (pg/kg beeswax)

HHR AR
Relative expression level

! 0 100 1000
W HL PR IE (ke 4

Concentration of acetamiprid (ug/kg beeswax)

=]
W
)

AR
Relative expression level

0 10 100 1000
e L PRV B (/e g B S

Concentration of acetamiprid (pg/kg beeswax)

BT 0 RO PG B i BRI Vg (A), hex110 (B) K hex70b (C) AHXTE ik 19 5400
Fig. 1 Effects of acetamiprid on the relative expression levels of Vg (A), hex110 (B) and hex70b (C)

in the ovary of honey bee queens of Apis mellifera
P B P 3ME + bridfiis s B LRI FRERR 22 57 3 (P <0.05, 1SD Z & [LH) N ARARL IR 4. Data in the figure are mean + SE.

Different letters above bars mean significant difference (P <0.05, Fisher’s LSD test), and N represents the sample size of each dose group.

3 SR

B W T L SR AR AN AR B AR FUK S B YR 4
FREREAYIE 7 & B 5 ST TAE, A7 Se 4 I AE I
SR 2 , 5 W 25 HE AR B AR 24 1) B s [l B
DA A, 45T Yu e N e 1 B 9 3 W) 8 0 T i %%
KB T A HIRIEA 2] B ) (Kessler et al., 2015)
W HRAE Ry — o L 1) AR R ORI T2
T H A R IE , 1 H XA AUBESS JPI5R 45 R
FE I PR RS2 B 9 3 HAT R A A 2% IUR .
AESE H, AF 5 N B3 U AGE N 3 e il w5 A v YR R W ol
Jk5% B3 (Jabot et al., 2015) , ASLH SEMRES
H AN [ 30 (14 W EL DK 7 P o PG 2 W T e T R o
(s, 255920100 pg/kg HElEFT 1 000 we/kg
BEE B K 2 A W HL DR R o 4 4 S BRI 0
FROMAREA LG WEZEMEHZTET 0 pe/kg
WU A B A = ) 22 SRR B 3 (R 2) , U4 A
4 HhHU 1 A0 R P R R Y BB e UK ) —
AR, M E A s HUBKER B T 100 wg/kg

SRS INT e E A AR B W S R AR T S . B
L SE e -t B A8 0 WE R IR B i 1 AR (B T
10 ~100 pg/kg Wl 2 [A], 1 Jabot 55 (2015 ) 3B (Y
s g R PR B R AR B R 61 we/kg, SEPR IR AR 7
b A A2 e HUPKTS G F B ] BE SO B B R R
I A ) 3 B A . 34k, 10, 100 F1 1 000 wg/
kg Bl 3 AN IE HUPK TR e 4L R 0 AR A TR
HAIN ST TS O e/ kg SRR 2 W) 22 2 AN
F(FR3),TREE I T 5 rhie B bk ak B vk AN
S 4 B SR A &, IS /2 DA B0 F AR IE
SRR R AL, T LA 22 ] 22 5 A8 1 3

B J5L AR (Vi) 2 28 0 O B A 110 S R 3
FWIT, S TN A A R A B, T B B AR )
oL ERNIIE = i S DAL R A SR B
MINRETEI T (£ 757555, 2015) , HERah K- 5 g
FRY A AT B0 ELRE LA R RE ) SR AR G
(Engels, 1974; Amdam et al., 2005; 5k T2 FIE R
16, 2014) . PR, Vg PR 3R I8 7K P AT AR 0 Al i
U R PR R B SR bR . qPCR 45 2R B, Vg
PR AR AF X 2 0 ek A W E R VAR B8 1 1 A B
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#1000 pg/kg WEBE | 2H Vg BEPIAHXS RIA 5 2
FILT 0 pg/kg B A 10 pg/kg 1 5 50 45 20 (&
1), U 5 Hh 0 BE DK B8 i s B2 X067 e - B9 81
REFTEAREN, 7 E A (hexamerin, hex) &
B A R AL LU R 8 2 s A ey a1, A
FE A IUARATHE A 23k 5 Ml B ™ B 8 ) %% D0 AH
% ( Hahn and Wheeler, 2003; 4% 3 #, 2016),
hex110 Fl1 hex70b # )@ T hex 3K % ji% ik 51 ( Martins
et al., 2010) . ARBFFELER B, A [F] BE HLUPK T 5 2H
Xif # AR hex110 1 hex70b JE DA 9 HE X 26 35 B 15
0 wg/kg I b5 ) £ 4 2 () 1 22 R 1B 3, W] RE SR Bk
B EAY WAl e R X R RAGTEE S PRE A
S LA A AR P R PR 3R B9 D AR B B A A7
AR VR LI AT BB A 7E 25 57, X SE A
Tk

Zi B ik, 4 A R RE UK ER BB 100
g/ kg BRI, 2% i 25 5 MR e Y L 35 2Bk BR i
IKF] 1000 wg/kg Wbl mf | 25 G EFRAR Vg L1
KK SR, A & B Uk R HEE T TR
AR DL S T A A AR AR PR A S R 1 AN
XA RFTHE— D, R, SR A R
I AR E O PRTE S R rh sk B T DR TH SS9, /D i
JPR B B X i G B RS
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