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WE: [ ATABRFTEIRR KAY KRB EEBHERSMET E 2T 4 F ¥ Apis cerana
cerana ¥ LR F W0, AR B E W F R AR, [FR|ARAPELEE LS R T I AT B3R
FHI A4 R60-64 hats S MIENL pL R E BSR40 R 60 %64 (85 £ R Fedh 09 R AR B 5
#A0,0.1%,1.0% % 10.0% )  fFEEh FEn s TmAF AT JTAZBMPLE T,
AR R K Z & PCR M 2 ¥ X 97 £ 97 % R & @ K W Vitellogenin (Vg), 2 k455K G AR
hexamerin70b (hex70b) F= hexamerin110 (hex110) 89 % 5%, [ R 2B KRG LA PR3 AT
BEE R RS IE(1.0% ¥ A 2 B8 85 . 16. 0% F A& I FRBR B5 A= 35. 0% W A h 8RB ) , R B IR E
IR TR R (L) MR F W, 2SI E AN TR R F EA;0. 1% Fe
1. 0% # JE AL PR 2035 E BN P L% R F 3G Am; R PR AL LI Vg Ao hea70b #9 R X FH R B H X
1,42 1. 0% #= 10. 0% #JF A T2 LA T 99 49 hex110 A AT R F &, 4 #43 &F 85 £ R4 M 4E
(4.5% F RAZAR BB 1. 0% P 2 I3y 8% 85 . 16. 0% 7 A& T ki B A 35. 0% W Ak iy B2 % ) K. 48 2
A 10.0% R FA I 203 F 970 £ F Ao 2P L F BB REF LI (P <0.05),0.1% F= 1.0% K
AT T ANRL BRI AT EHA(P>0.05);0. 1% 42 1.0% R A Ve 09 £k 5.
10. 0% 3R 4 3248 hex70b 45 %35 24 B 1.0% F= 10. 0% R JF A 7248 hex110 69 £ ik 53 2 % L4t
(P<0.05), 10 #43 & & Bs kb4 10E(4. 5% FIRARHBR B 2. 5% F IR NS 82 \35. 0% F AL iy
BRES 1.0% WA T b BR B 16. 0% F Ik TRBRBS 3. 5% CHAAZABR B 1.5% T I A0 A5 R B5 . 18. 0%
LR HBRES 0.5% LA T BB o 17. 5% T3k T JRBRBS ) K Ib 40, &N IR B AL 2238 E 640 2k & VA
B Vg Fo hex110 69 (A ¥ R F T H(P <0.05) 128 F 6 M Jp £ & R AR IAR L 22 T
(P>0.05),10.0% A JEAL 220} hex70b 89 R K FH B ZFHAR(P <0.05), [L#] FPALE%HF £
R RM1.0%H3E #10.0% 9 4E $h Rz B E B A TIUE— S BRE IR SR I RS,
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[ Methods] Queen-

rearing technology without larvae-grafting was employed to rear queen of A. cerana cerana. Using a micro

technology without larvae-grafting, and to find a way to rear high-quality queen.

sampling syringe injector, 1 pL of mixture of brood pheromone esters with the concentration gradients of
0,0.1%, 1.0% and 10.0% was added into queen cells,
60 —64 h old. The body weight, the weight and width of thorax, the number of ovarioles in one ovary of

respectively, when the queen larvae were

the newly-emerged queens were tested. And the gene expression levels of wvitellogenin (Vg ),
hexamerin70b ( hex70b) and hexamerin110 (hex110) were quantified by qPCR. [ Results] The results
showed that the body weight of the newly-emerged queens of A. cerana cerana was increased significantly
(P <0.05) in the treatments with the mixture of three brood pheromone esters (3E) (1.0% methyl
linoleate , 16.0% methyl linolenate, and 35.0% methyl oleate) at all the three concentrations, while the
width and weight of thorax of reared queens had no significant change as compared with the control
(paraffin oil) (P >0.05). The number of ovarioles in one ovary was increased significantly (P <0.05)
in 0.1% and 1.0% treatment groups. The expression levels of Vg and hex70b in all 3E treatment groups
had no significant change, while that of hex110 in 1. 0% and 10. 0% 3E treatment groups increased
significantly (P <0.05) as compared with the control. When the queens were reared with the mixture of
16. 0% methyl
the body weight of the newly-emerged queens and the number of

four brood pheromone esters (4E) (4.5% methyl palmitate, 1. 0% methyl linoleate,
linolenate , and 35.0% methyl oleate) ,
ovarioles in one ovary significantly increased in 10. 0% 4E treatment group (P < 0.05), while no
significant difference of developmental indexes existed in 0. 1% and 1.0% 4E treatment groups (P >
hex70b in

10. 0% 4E treatment group and hex110 in 1. 0% and 10. 0% 4E treatment groups all significantly

0.05). The expression levels of Vg in ovaries in 0. 1% and 1. 0% 4E treatment groups,

increased as compared with the control (P <0.05). When the queens were reared with the mixture of 10
brood pheromone esters (10E) (4.5% methyl palmitate, 2. 5% methyl stearate, 35.0% methyl oleate
1.0% methyl linoleate, 16.0% methyl linolenate, 3.5% ethyl palmitate, 1.5% ethyl stearate, 18.0%
ethyl oleate, 0.5% ethyl linoleate, and 17.5% ethyl linolenate ) , the body weight of the newly-emerged
queens, and the expression levels of Vg and hex110 in ovaries in all treatment groups significantly
decreased as compared with the control (P <0.05) , while the number of ovarioles in one ovary and the
thorax indexes showed no significant change (P >0.05). The expression level of hex70b also reduced
significantly in 10% 10E treatment group (P <0.05). [ Conclusion] To a certain extent, the 1.0% 3E
and 10.0% 4FE added in queen-rearing process of A. cerana cerana could improve the queen quality.

Key words: Apis cerana cerana; brood pheromone; hexamerin gene;

vitellogenin gene; reared queen

quality
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FRAEER I Apis cerana cerana ( TR FR AP 14 ) J& 36 [
FEA AR 0Bl HAT 008 BT e i S oA e fig

iy HLR B W, BEAEAR 4 A % A2 fa#ﬁ:/ﬁ,xﬂtlﬂ
MRS RGE AN B DL IR 0l ¥ 3 B 2

AOPE (/A 2013) o H A e fid 7= g i L) K= B
REJTI A S VY J7 6 4 A. mellifera, H 5y B . 5) 73 % |
By Kb XE LAHERF 5 A , 1 B RF AL EAT o e Ak T 3
2, P R AR R B R O3 A XU BT R
(ARMRA, 2007) o TE SR b DR B T 06 I 0 LA K%
ALK B T A, 9 A A B A v o — AT e R AR A
BT A, JHE i T 25 R A 1) 2 SR, I 11

FiE N %%A“ﬁu&ﬁﬁﬂﬂf ERARSRST = a iy
B ARG (E AR, 2003) ﬁEﬁEI’JEF'i%?ﬂ!%E_I
DIMIT IR Sy T HERFd T, %‘%%ﬁ%ﬁﬂ@hﬁﬁ RET]
A NINTBE 2 rh e 1 SRS 4 0, (i g e SR 1Y
K DRI, 55 00 o e T o) v e 9 R A R FE T
REAEREL,
W, N TF EEEZEPER R
WIE, M B R R A E A R E—E R
BE RS T B R DL M ) i (Doolittle,
1889; PFiithEE, 1989), AT.H EMNM L 4 Hid LU
RS % L, H 40 B H 58NS B 0 9% T i A .
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W R ITE LA A4 dUH BN & 1R
ERCINTE Nee YN e YNNI E LR e S
BUHER 2 BT (Woyke, 1971) Bl BESE
(1991) 4 H3 BF Y R /IN 5 Wi e o &, R 428 7 B
(05 AR IBCR I I 45 6 52 UR JUS S G & s 700
Ji#e T . Gabka 45 (2011) I HIAS R H /Y 5R 5 7 i
LRI H RO 52 R

Le Conte 45 (1989, 1990) J ¥ 74 J7 & M 14 4

FEE B 10 R g 5 B 1 BP P A4 B2 5 ( methyl

palmitate, MP) . B 3 W7 3l fi2 li§ ( methyl linoleate,
ML) | % P (methyl oleate, MO) | 1 KA lig %
fig ( methyl stearate, MS) ., B %t 3V R fiR BiE ( methyl
linolenate, MLN) | Z, %& % #4 2 fi§ ( ethyl palmitate,
EP) | ZHEME PR (ethyl linoleate, EL) | Z &R
fi (ethyl oleate, EO) | 3 AEFR I (ethyl stearate,
ES) F1 Z, % W FR 2 I ( ethyl linolenate, ELN) ) 24 Ji%,,
Hrr MP, EP 1 ML Bl 35 TR R0 FH 7 g Wi 5 | e
i (Le Conte et al., 1989) ,MO, ML #1 MLN 3 F
FIR A EL 10 FhESS TR AR RE e F T £ 35 (Le
Conte et al., 1990) , %y {5 B R 7EVH 7 & My e
Fa v B AE T, MS AR & F G #5246, ML
AT E T RN E A N EH T MP AT
FEshdiE R (Le Conte et al., 1995) , B ~UE4E
(2010) W52 KM, AEN T B Eid BB 0. 1% 1y
MP 7] DLEE e A S e iy 4 e d i, R RS 4
FE RN SV Ty e R AR, o e A ] Y 10 Fib
NRITRBRAL, (B £ 55, 2009)  {HESRAY MP &)
ML 7Er i & b iy W TS R 135 4 e e 09 o
i (ARFEMSE, 2016h)

WE9E R B, B0 B LR 1 B A vitellogenin (Vg) il
B i B hexamerin70b  ( hex70b ) I
hexamerin1 10 (hex110) [ 3515 52 1) 1 TR A5 415
FOKP R, e Y O S M Y BT A
K (Engels, 1974; Jeff4s, 2017a) N T #E— 2L 4%
FE4 HUE B R BRI e & £ 52, A58 i
AR Fid B IR B2 IR AR IR R ) 5 B K R
XS £ R F 8 bn (AR E M B B
YA ) LK Ve, hex70b il hex110 3 A LD
KA, N E LR E AR S

1 #R5ET%

1.1 IRy
T T R AR A TP A M R 2 B WIS T ] 3R

[ e A TRER FH RS ECAR M AR IR 97 o 1l R I i
FARWE RS (S EAE ) FIMERE 5 AL PR B A —
B 3 FEREAE D A R S B 1R IR R
U RS R A A B A 2 ™ O
1.2 FERFNENSE

DEPC 7K. ddH,0O. Nuclease-Free Water Ll
Trizol G Tt XS EVHARGIRAH, &
B (3 hral) A0 S IR i B AR T A TR
JBetiy A7 B 28 w] B 44, ROX A1 SYBR GREEN 11 iy T
TaKaRa i) A ], A 6715 B R (4 =99% )
K& T Sigma 557 2w o

TSR GRS I F A A (VL PU AR R 2 2
WERFFE IR ) | L7 KF- (MINQIAO, JN3103N) , {8
MR E R 5748 (BINDER) |, M TAE & (TR 5 H]) ,
T R A s (VLR G HL) |, SE) 3 & PCR X
( Applied Biosystems, 7500 ), B .0>» ¥l ( Anke, TGL-
16B) ,PCR 1% ( Eppendorf, Mastercycler) , /N & =
YR UL ( Eppendorf, Centrifuge 5424R)
1.3 HEEREELREH

S A AR B 4 — 2 LU R A ) eSS
IRAEY 3E[1. 0% H Tl FR 1R (ML) (16. 0% HI &
MEFRERTRR (MLN) A1 35. 0% H 3SR TR (MO) | (4E
[ (4.5% P EERZ R AR IR (MP) (1. 0% HY JE MV 1 9% i
(ML) \16. 0% F 3k 7 JFR 2 P ( ML) A1 35. 0% H ik
MR IR (MO) | LA K2 10E [ (4. 5% HY5E A5 Al 1% 155
(MP) 2.5% HIFEAE IR IR (MS) 35. 0% H 3 Jif 2 i
(MO) \1.0% H H 7 FR R (ML) (16. 0% H P R
MelR (MLN) (3. 5% £ AR IRER (EP) (1. 5% £ 5
W e mRE (ES) (18.0% £ Hilf s (E0) 0. 5% &
Y IR AR (EL) F1 17. 5% £ 3%V KRR R (ELN) ],
FHFH A 5 i 43 300 4 45 B R 26 TR & W00 B vk By
0.1% , 1.0% F1 10. 0% R W15 5 LLalif sy 7F
HIXTRRZL (0% ) . TE4)1H 60 — 64 h B B F FAHEM
ERSLe i T VANV VO VIRl 6 e i = = 1 A W T I N i
JEMBRRIR G/ N O AEAE RN ER D, &
M3 DY ERE 3 M HORES , 3 FERKIR S
Yyvb i & 10 4 A5 R R BRI A0 L B an T

3E. ML: MLN: MO =1:16:35;

4E . ML: MLN: MO: MP =1:16:35:4.5;

10E. MP: MS: MO: ML: MLN: EP: ES: EO: EL:
ELN =4.5:2.5:35:1:16:3.5:1.5:18:0.5:17.5,

DL b 2% AR 25 B 43 19 L 9] 2 % Trouiller 4%
(1994) e it E4h B HBATARGEER S ELIL
BImCH .
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1.4 BHAFE

FIH AR I s M E T A7 4%, S AW
4 (2016a) MR IS LT B IRE T, E4 R
60 — 64 hist, HIF B il 4 A 15 B R ST AL 3, 0
AT —RKBURE T, PSRN T8 T 1%
i A% 2 fE R E R B R AR h AL (IR EE: 35«
0. 1°C , AHXHBEE . 70% £1.5% )
1.5 BFNMEEEIERNE

B F 0 B Ja Sr BT R AR ) AR L TSR
Bl s /AN TR BT BRI LB 2 8, iK1
PRt 1 B 10 SR AR 5 SR 5 SR TV R A B G2 A PR
75 F)] CCD UL EE I 3K 2 40 I £ W8 g s, 1 s) B i
(B SERRBE 9 Skl T ) .

I F NN AR S H I RS (1984) 1Y
Ji i, SR FH G F 1 53485 A 300 a7 o 2 B30 E AT 6 1
TR N AT, e T B S DUBREC NS TH AR Y
Ji 15 5 - A 185, B 0 T 75 % BTPERS H E E
7 [ G e AR A S R T A B O R
B THA ZERK B A B0 3 B Boh e Beib AT
Gutny, I A B B DR S R T B, B VR RS
JEWHLO Stk T
1.6 HEE PCRIIWHIZITRIENEEE PCR

R A 52 55 2 T A I DN A5 1) v e e S A 2 47|
(HHgHE, 2014) , 208 Vg, hex70b Fil hex110 JE[H

Fese )y 4, 1 PrimerS. 0 BB+ 51 9 77 41 (3R
1), B B-JILgh & F 3L A (B-actin) 1 NS FEN (5]
Yoshgeh B TR ARG ) o B R ST
TR S BVE THA , 25 2 RKEL(2013) 1Yk
B 7 XF O SR AT RNA IO 2 % 55 i cDNA
6 PCR ROWAR R K 4lizk ddH,0 3.0 L,
RS04 0.4 wl, SYBR GREENT 5 L, ROX
FIEW 0.2 L, e 1wl RS AR, 10 wl i1
R ZR o R 25t 95°C FiAS Pk 30 s;5 95°C 10 s,
58.9°CiE k& 1 min, 40 4~ PCR #FE, ¥ 1 J2 f
SRS N SSCAIEUMAR (B 6 s THim 1°C) 2= 95°C,
A2, TR 1 ST I 3 N ER
1.7 HEZItS5HH

PEGEE PCR AY45 2% Livak il Schmittgen
(2001) G714 2 78R, W MR B AR AR A
FER Fe R B HHE A A StatView #1044 “ ANOVA and
t-test” P “ ANOVA or ANCOVA” #4755,

2 #R

2.1 HHEEZHELXEGYIENFEETRE
EpA)

2.1.1 ®EMERERG A RGEERERESY
3E Xof e dde F B S I AR 2 iR, AR [R1R EE Ak

&1 qPCR3|¥F3

Table 1 Primer sequences used in qPCR

B LuEsIM(5 -39 NFsI#(5"-37)
Genes Forward primer Reverse primer
Vg CGTGTTCCAGAGGACGTTGA GGACTTCGTGGCTCTCCATC
hex70b GAGGACGGTAGCGAGTCCTT ATGTTGCGGCCCAATACAGG
hex110 CCTGTCGTCCGTTATGCAAG GCGCCTTGGACTTGAGAGTT
B-actin GGCTCCCGAAGAACATCC TGCGAAACACCGTCACCC

F2 3EXrhEREET MER B ERRM
Table 2 Effects of 3E on the developmental indexes of queens of Apis cerana cerana
W848 F5 Thorax indexes e (D)

#4955 (mm) g (mg) Number of ovarioles

¥4 (mg)
Body weight of

3E WRIE(% )

3E concentration

newly-emerged queens Thorax width Thorax weight in one ovary
0 169.67 +2.40 b 4.60+0.04 a 52.00 +£0.47 a 90.22 +0.83 b
0.1 182.00 £2.14 a 4.63+0.05 a 53.56 £0.60 a 93.78 £0.94 a
1.0 184.00 £1.73 a 4.67+0.02 a 52.44+0.71 a 93.67 £0.91 a
10.0 180.22 +2.81 a 4.68+£0.02 a 51.78 £0.66 a 92.89+1.36 b

3E: 3 fis B EEZIRS Y (1. 0% H R IHARER +16. 0% H KV BREREE +35. 0% H Rl AR ES ) Mixture of three brood pheromone esters (1.0%
methyl linoleate + 16.0% methyl linolenate +35.0% methyl oleate). &8 A A% = AriE 2 ; I EHE G AR/ING FREFRER B (0 K
I, P<0.05), 33 14 [6], Data are mean = SD, and different lowercases following the data in a column indicate significant difference (t-test, P <
0.05). The same for Tables 3 and 4.
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PR e EA) A A 2 R T AL (P <0.05) iy
T RN 4G B 3 A Ak, AN [ v R Ak B ) 2 5K
Z(P>0.05) ; 5XTHEZIAHEL ,0. 1% Fil 1. 0% ¥ BE Ak
FHLZH e - 1) S0 D SRR 2 RS I (P <0..05)

2.1.2 W& TEIH Vg, hex70b Fl hex110 Fik & :3E
A b PZH M T O LY Ve ]2 hex70b FeiA 8T

A 08 B 015,
=
2

1 £ 0.10 |
5}
(5]

E e 0.05 |
<
[a'=1

0
0
B 1 3E X
Fig. 1
3E: 3 FifF 2

BEEF(P>0.05) (& 1: A, B);0. 1% 4bFizH %
TP EL hex110 ik &8 5 5%F FAH L TC i % 22 5% (P >
0.05) /A 1.0% F110. 0% Kb FH2H 1% T 5 &L hex110
FIR B IR 2 T, H 10, 0% 434 3
F1.0% LhFZH (P <0.05) (Kl 1: C),

1.0 10.0 0 0.1 1.0 10.0
3EVKJE 3E concentration (%)

WM FORE Vg (A), hex70b (B) Fil hex110 (C) FTIiETR MM

Effects of 3E on the expression levels of Vg (A), hex70b (B) and hex110 (C) in queen ovary of Apis cerana cerana
VEKRRIEE Y (1. 0% B 3L IR AR + 16. 0% H L BRER TS +35. 0% W L7l AR R ) Mixture of three brood pheromone esters (1.0%
methyl linoleate +16.0% methyl linolenate +35.0% methyl oleate) . & FpEdE NFEI9E « brifE2E ;s # EAR/NG

THRFRERDE (KK, P<

0.05), E2 #13 [A], Data are mean + SD, and different lowercases above bars indicate significant difference (i-test, P <0.05). The same for Figs. 2

and 3.

2.2 HYHEBEBREAGYWIE NG EETHRE
AN
2.2.1 BENMREFRR - GHREERBERES

4E X i e F o i Y 52 LR 3, 50 BRAH A T
0. 1% F1 1. 0% Kb PELH ¥ T 401 A 5 g 3R 48 bx A K B
M on A o B 25 7 (P >0.05) 510. 0% 4b 3
2 e T (1)) A R B ) B SR A Rl B S i (P <
0.05) , {H 3 F iy 5 1 kg 5 5 % RERH 1L 35 22 55 K
2#(P>0.05),

2.2.2 HEFIIE Vg, hex70b Fl hex110 ik .

0.1% F11.0% AbFRZ W% TIN5 Vg BRIk 3 o 2%
T X B 10. 0% A BRZH (P <0.05) (& 2: A),
fH0.1% F1 1. 0% ¥ 4b B2 (0] JC 8 3% 22 % (P >
0.05) ;1M 0. 1% F1 1. 0% Ak FH2H i F 5P L hex70b 3
A 5% EAE T 3 22 (P >0.05) ,10. 0% Ak
PHIE T NI hex70b Fihfa i 1N (P <0.05) (&
2: B);1.0% F110. 0% AbFH T # T P 5 hex110 Ay
ki B TR AR 0. 1% 4R (P <0.05)
(E2: C) [HPAFRL R 22 5 A% (P >0.05)

®3 AE RS T MER B ISRRR0E

Table 3 Effects of 4E on the developmental indexes of queens of Apis cerana cerana

. 4T (mg) W47 Thorax indexes T
AE W (%) . )
Body weight of M 55 (mm) M5 (mg) Number of ovarioles
4E concentration
newly-emerged queen Thorax width Thorax weight in one ovary
0 171.67 £1.68 b 4.57£0.03 a 53.67 +£0.67 a 90.33 £0.78 b
0.1 173.56 £2.40 b 4.60+0.02 a 54.0+0.91 a 92.67+1.09 b
1.0 174.22 +2.74 b 4.61 £0.023 a 54.11 £0.66 a 93.11 £0.86 b
10.0 180.56 £2.40 a 4.63+0.03 a 53.11+1.09 a 94.89+1.20 a

4E: 4 FhER R BRI G (4. 5% W IELEHIER IR + 1. 0% W EIE M BRR + 16. 0% W EEM FRER TG +35. 0% HIJEJH BR MR ) Mixture of four brood

pheromone esters (4.5% methyl palmitate + 1.0% methyl linoleate + 16.0% methyl linolenate +35.0% methyl oleate) .
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: 4 UE B R BRI G Yxt rh AR 8 1 0 52
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B 0.5

C 050 -

0.10
0.25

FRX ek it

Relative expression level

0.05

0 0.1 1.0
AEHE AE concentration (%)

10.0

K2 4E XfrpRgigse FOEL Ve (A), hex70b (B) Fl hex110 (C) Fik i (50
Fig. 2 Effects of 4E on the expression levels of Vg (A), hex70b (B) and hex110 (C) in queen ovary of Apis cerana cerana
4E: 4 FE B R ERRIR AW (4. 5% W AR BRER + 1. 0% W 3L W I FR IR + 16. 0% H LW KR IR + 35. 0% W 3L MR 1K ) Mixture of four brood
pheromone esters (4.5% methyl palmitate + 1. 0% methyl linoleate + 16. 0% methyl linolenate +35.0% methyl oleate).

2.3 HHRFEEKRBEXRESY I0E Wil T RE
HIR T

2.3.1 BEEMLFRRR: NE 4 TLUE I, AR
e JEE b PHLZH e T ) 40) A - 0 R A PR SR AR
(P <0.05), {H# T i & 55 b5 % 22 57 (P >

0.05) 5 FLFf 25 e J32 114 3% in 94 5 149 B0 B9 5145 40 22
TrREEE HESABE(P>0.05),

2.3.2 T O Vg, hex70b F1 hex110 323k f2::
0.1% , 1.0% 1 10. 0% 10E kb P4 AL T Vg
Hl hex110 AR LER(E3: A, C; P<0.05); 0.1%

&4 10E xtrh g F MEL BRI

Table 4 Effects of 10E on the developmental indexes of queens of Apis cerana cerana

W48 5 Thorax indexes

J#) 5 (mm ) i (mg)
Thorax width Thorax weight

WA (mg)
Body weight of

B B SLAT R (%)

Number of ovarioles

10E ¥ (% )

10E concentration

newly-emerged queens in one ovary

0 190.22 +2.80 a 4.59+0.02 a 51.67+0.94 a 94.78 +1.47 a
0.1 178.44 +1.69 b 4.58+£0.02 a 52.44 +0.77 a 93.44 +1.02 a
1.0 178.67 +2.69 b 4.58+£0.02 a 51.44+1.16 a 92.89+1.07 a
10.0 181.11 +1.89 b 4.60+0.02 a 53.11+0.75 a 91.78 +1.06 a

10E: 10 A5 BRBIIR G (4. 5% HHATHIBEN +2. 5% B ALARER +35. 0% WAL HIRTE + 1. 0% H1 1L R TR + 16. 0% HI H W R IR +
3.5% L IERFRABREG +1.5% L FEMFARIRNE +18. 0% L ILIMEREE +0.5% L FEWINBREG + 17.5% £ FE W R ER R ) Mixture of 10 brood pheromone
esters (4.5% methyl palmitate + 2. 5% methyl stearate + 35. 0% methyl oleate + 1. 0% methyl linoleate + 16. 0% methyl linolenate + 3. 5% ethyl

palmitate + 1.5% ethyl stearate + 18.0% ethyl oleate +0.5% ethyl linoleate + 17.5% ethyl linolenate) .
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Fig. 3 Effects of 10E on the expression levels of Vg (A), hex70b (B) and hex110 (C) in queen ovary of Apis cerana cerana
10E: 10 f {5 B ERIR A1 (4. 5% FIEAZHIBRIE +2. 5% HFIETERAR +35. 0% FF L AR + 1. 0% FH 3L HRR TR + 16. 0% HY 2L 37 RRAR I +
3.5% L IERERITRER + 1. 5% L FEAFNRBRTER + 18. 0% L ILIM R +0.5% L FE WM BRER + 17. 5% £ £ W KR 5 ) Mixture of 10 brood pheromone
esters (4.5% methyl palmitate + 2. 5% methyl stearate + 35. 0% methyl oleate + 1. 0% methyl linoleate + 16. 0% methyl linolenate + 3. 5% ethyl

palmitate + 1.5% ethyl stearate + 18.0% ethyl oleate +0.5% ethyl linoleate + 17.5% ethyl linolenate) .
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F11.0% 10E Ab X 8% T 51 5 hex70b 33K 5 JC i
F5M (P >0.05),1H 10. 0% 10E @ ZEREK T
hex70b 3235 7KF-(K 3: B; P <0.05),

3 i

DI ¥ A 1 O i O SR R B AR LE SR AT fg
PEY BT, HAT VT B S K 5 S DI RE (5K TR A
HORAE, 2014 ), 5 8 F (% 4E 58 B8 J1 A 5C (Engels,
1974 ; Amdam et al., 2005) . BP &% JF 4R 3 K F# ik
it e A e A A ) DR 4l IR (JHIT) A G ( Corona
et al., 2007) , i JHIIT 2 55915 % 8 1) % & F0ME 1R
WA B 434k ( Barchuk et al., 2007 ) . JHII A 5B
Hufigi A7 45 AL (hexamerin gene, hex) (IFIRAHC,
B4 25 JHITT AR 30 0T L7 5 hex PR 78 3R 3
( Martins et al., 2010) , B RAEAECL NE M4
3 ) AR 2 SRR BT R AL AN OR R, 7E B A
BEB LD EA 2 CHEZAEMN (Burmester and
Scheller, 1999) , #2340 5 B d i 5l e sE L7 IR g
I3 G LA K A5 7155 HE 17 D REAH OC (Martins et
al., 2008, 2010; Cristino et al., 2010) . 7ZE4IHREH
Wi B 1) e T B0 S 0 Al e 52 L X A T B hex 700 I
hex110 [{)%E F 78 ( Martins et al., 2010) . UPE LA F
1 T8 55 O 5K R B 1 0 LA, hex 110 SRR ) 26
AT BB R L W hex110 1T fil 55 B 55 & 75 AR 56
(Bitondi et al., 2006) . & T i [l & % d H #& 1) 14
i, e E 2l B Py THIND &5 & W38 R B (5 45,
2017b) , hex70b F1 hex110 4B A TR A BN T E
TRE(FERSE, 2017a) o NI, Ve, hex70b Fil hex110
FE R A 2R 3K T BB A7 B i TR Y THIID 7 9 9 422
0 T BN R R S A BT EAE G

WS R W], T AT DL ok 4 dUA SR B R
FPBZ R A KB U KRN BN Z
B>, DT 1 R4 58 W B 35 55— R IIE 3) (Le
Conte et al., 2001) . F &4 RIARE BRG]
L o T AT R T s ma i R AE KRR E
AWK I E B WEM 1. 0% ¥ FE R ML, MLN
MO IRGY) 3E AU F 4 1 E ) A4 B A
GBS HROR , hex 110 BN Y R IA L W T o T
&5 (2017h, 2017¢) WEFE LB, i T 4] A 5 5 O 5L
B EENECR, I 1 HIRY L F 1 £9)
AR B LA RO M U0 B hex1 10 JEIAI R IK i W 35
ETAIH 2 HIRA 3 H g4 duih & i £, X 2R
T hex110 JEPN T AE-55 8 T /9 BEAHAE I A OC, ok

TRAT R T 0 e B MR

TEIEE E I 6 NS A MP A] DL 2% 4
AR E R R G R 3R TR A A
IR SRR IT A S A (8 =S, 20105 4f
FEMAE, 2016b) o 7E 3E ELfill EHSN T MP [y 4E 3K
Kb K B, 10. 0% ¥ J3E 14 b P2 e 40 A= o A B
R R HRZAAR L W e, e rh e gh lUE R
1R MP 7] 585 HA PR — 2 3 [W] 4 52 o e
MEE . ANFHEER) 4E X Ve, hex70b Fl hex110 K&
PRI TRt Y A7 7E 22 5, FOCHLIRA 17 T — 20
RAWFF

TE 10 FPERZEIR A Wi ge rh | & v B b FH 28 e
TR A 38 o) BRI I, 0 E O EE Vig AN
hex110 K& [K ) 3% 3K 5 0 349 Wb 35 1 %, 3O ME i e
T 10 FhERR Lo & R e 4 JUE AR E 1 d Y8
FEARFNE R ONIBIT IR R B 7T K) , HEZAEH]
54 B 5547 AHIC (Trouiller et al., 1994) | iiAa]
H % p 4 AR R RS AETEAR R 22 5% (Le Conte,
1994) , A e = &)y i A7 23R 0 ZE RN & 5 T RE R A
g L R AR A& AR A2 A . S T S A A5 v e
G HERERNE R, % i — i
ANTA] H e 4y HUARRAR LR U0 1 2 57
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