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TE: W E TR PR e 4l R (5 8 3K o R SRR IR R TR A E-B - s Xt vh AR e T R AR, AR
WG RB T THA, 410 60 ~64 h B E&MEA 1 uL BELEER (REBES SR 0% 0.1%
1.0%  10.0%) , £y 5 e e e E AR AR S i F IR 5L Ve hex70b 1 hex10 FHe[H {3k K. Has {xT R
ML, BN 10. 0% Vi B (1) E-3-2 ks 2006 1 (1) A4 TR B0 B9 545 40 i 3 m .  [WIis Vigs hex70b Fl hex110 $E [
FIRAKPAL 3 L TE BRI 1. 0% () E-3-2 ks e 1 SO B S A5 A0 S 0, Vie 0 kel 10 FEPR (W 558 B4 0 3%
LTbs N LA AR IRER N 3 e TR AE T . HOERAR AR AN DR AR G R R A B e, {3 1.0% F1 10. 0%
F18y FEY S g TSR 7 04 0 SRS o (b o S5 IR R IITE T E Ea R i E-B- MG T LIE — e R iR
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Effects of methyl stearate and E-beta-ocimene on the reared queen quality

of the Chinese honeybee, Apis cerana cerana ( Hymenoptera: Apidae)

HU JingHua' *, ZHAO Fang-Yuan', ZHANG Li-Zhen', JJANG Wu-Jun®, LIAO Chun-Hua', YAN Wei-
Yu'" (1. Honeybee Research Institute of Jiangxi Agricultural University, Nanchang 330045, China;

2. Apiculture Research Institute of Jiangxi Province, Nanchang 330052, China)

Abstract: In order to explore the effects of the components of brood pheromone, methyl stearate ( MS)

and E-beta-ocimene ( eB) , on the reared queen quality of Apis cerana cerana, 1 pL of compound with the
concentration gradients of 0% , 0. 1% , 1. 0% and 10. 0% was added into queen cells respectively using a
micro sampling syringe injector when queen larvae was 60 ~64 h old. Newly emerged queens were sampled
and analyzed for the index of queens and the expression level of Vg, hex70b and hexI10 genes in queen
ovaries. Compares with the blank control group, 10. 0% treatment of e significantly increased the newly—
emerged weight and the ovarioles number in one ovary, as well as increased the expression level of Vg,
hex70b and hex110 genes significantly in queen ovaries. In 1. 0% treatment of 8, the ovarioles number in
one ovary and the expression of Vg and hex10 of queen were all increased significantly. Adding MS has no
obvious effect on the newly-emerged weight, the ovarioles number and the expression level of the genes.

But in 1. 0% and 10. 0% treatment of MS, the number of ovarioles decreased notably. The results showed
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that ef added in queen-—rearing process can improve the queen quality to a certain extent.

Key words: Apis cerana cerana; methyl stearate; E-beta-ocimene; quality of reared queen

AR 1 Apis cerana cerana ( TR FRYPYE) 18T
SRAETE R R H BT e K e i RE D BR, 2K
FEREA Y 2 S e b, 0 30 5 0l 1) & e LA B A=
SRGEWFEYAEEZMMERN (&%,
2013) o (HE FPE &R RETIA, PR
G A LA BT R BRI, R A 0 A A X
WYLRAE T (M, 2007) o 8% AR Rt h
ME—MEPEA AR B R B e e, HLPUES 2
PR, PRI 8 BT O 45 X e A 1) AR A
RESE R OCH B LT 1Y 36 A OUA F T e B 4E£r
SR, HAE ™ OPPERE. Briditk D R ATl 5
A EEE L (EFAR, 2003) o FiL, HEL
JBT I B AT S R R A Y 2R R R AR N SE
e

I h L U Ry &S T AL
Flea T, R E X E—LrfE T
FEREZAMEEFE (Doolitde, 1888; BRilEE,
1989) . Le Conte 78 KB, TE1; T V6 7 4 e g T
PR P AS N A dUE R A R AR R TR ( MS)
AR EAEAZ AR, P RN (ML) W]
P T e IR SRR 0 S E AR, H R AR
RN (MP) B fdi A0 vl 2 T 5 v 4 e
(Le Conte et al. , 1995) . ¥ ~IESETEEE FHEH i
FHRIEER, KIO0. 1% MP $#5 1 g i
EHREERE (E oS, 2010) o ARTEMAETE
WeH Ead A ain MP f ML, fiff 53 45 L 32 0 MP
ML I B 45t w5 o e 0 F BT & (4R IR M 4R,
2016) .

Gilley 257 WA I T3 ML I EB-2 il , oK
RERLENAT R 3 T ERF IV . EB-X a5 B e —
JAW — B 4b T A G AR K P ( Gilley et al.
2006) o F3HMEVE T W IERE TR ds BB s ]
DL 35 P 0 T T 0% F 0 32 2 R ( Degrandi-
Hoffman et al. , 2007) . {EIE ¥ 4E8E T h T 70
EREERMYBAFER, LG TEmRLH,
MBS 1E T 84761 . Maisonnase S5F57 & B 4) LA
RAFE— M R Y BT EB-2 MM, W] LIA &%
T T BP 889 &% F ( Maisonnasse et al. , 2009) .
EB-HHGE N — M AEFE LR, RESHTE
REASERE R YL, b 2% O B T AR 8 R AT g 1
SIS o Maisonnasse S5 5% ¢ B 4 iy e A oh

E-B- e e I T (0 R AR HIR 23 42 5L, LA
TYIREAE L, O W A RN &) He AR AR B 00 5T RN 7 2 1Y
HF (Maisonnasse et al. , 2010) . L4, EBH
B n] DA F T 0 FIMRA AT, DT 52 e g
EHEor U ( Traynor et al. , 2014) , [H 4 HAF
BEREBFG S gy B BEHK. 5 KE
WFECUESE, E-B-2 i o i 2l L LS B R
EHERE PRGBS, AT E L
1R[] B 3 4 3 A W BE Y SR B2 4T 0 ( Maisonnasse
et al. , 2010; Traynor et al. , 2014) .

N T 2B 4 HUAE R RS Y A R R
BEFN E-B-2 il xf rh g & F 0y 52, A58
TER F b B b i i S 5 i R IR F E-B - W04
WFEH I EoI Az E . MO, Mg S BE LA
BRI Vg hex70b Kl hex110 3 />3 K 23K 5 )
SO, OB E DB e e AR Y L

1 #REFE

L1 RIeEas

Y A R S T, A R VLT RO R A
MR TRl 3 o IR I U B 3 (5 R HE) | 1%
FEIs A% PR I AR 0 # BEAS AR (L1 3 eI AR
AR o3 I 1 JEmE 1 7= O MR R R 45 i fal B 4
FEABEABEH T 70 & EAEWE B h 17,
REZEADE F 3 W I HE, XTI R 1T 2 )
AW B T R B
1.2 &BHAFE

FIH AR R F EF A8 (LR
KPR R ) HEE® T, "B REEN
AAREAES RAREEWSF (2016) AYER 7 i 64T .
[FAEF, 7E4hH 60 ~64 h B, fEEHGTHEAL pL A
[l B2 (v B2 A6 B2 43 il ol 0%« 0.1% + 1. 0% -
10.0%) 4 B /5 B R B2 4 ( Sigma £ 5] 2>
A, 4ifE=99%) 56N TERRIREG, BMUKE
FREBE 3 MY EE, 3 M ERER. EEEH
GrEn 1 d PO E FAE, RSN E T
Bl £, JF — [F s T R E R R SR A
( BINDER) #4704k (35°C, RH 70%) , 0%
1 h XREL0E T ) Bt Ol -
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1.3 #EFSMEBIEFRUE

KRR g 1 B Ja or 20 B ORI i
FoAEL M E; [FRF, SR CCD WAL &R
4 (VLR ARFOCHABRAE]) DG F M sE. D
E W B gE A BRI R Oy 1 2 RO R AR SR
(2018) (kI I EA TN E , T SRE -
1.4 HEFIPEEITH

fiff o)t T B LA B O T T O LA Y R B
W E B R IV TR B (U2 ~4 h) , JHFERR

W KI5, ZH P ESE (1984) WYL Tr
TR 9 T O SRR AT A A

1.5 HEE PCR 5| MHYRIT R HKEE PCR
We B e fE v B P i IR, JF

S RERRLT BRI )y 1% B B AT RNA qu&
B 5% ML cDNA (B Rk 2L, 2013) o 850
PCR X5 "7, Vg hexI10+ hex70b F:IH DA B N £
B (Bractin) 15197 50 T AN T I 56
RIS IS (I sAESE, 2018) ( LigAE T
B, # 1) o POk R PCR VAR (10 pL):
1 wL #£fh cDNA, 3.0 pL Nuclease¥ree Water, |-
WA RS 445 0.4 pL, 5 uL SYBR GREEN
LA 0.2 wWL ROX RIEW - R 2544k 95°C AR
P30 s; 95°C, 10 s, 58.9°C, 1 min (40 4> PCR
TR+ 48 R 45 R s A 55%”?5%71[1% (56 s
FHE 1C) E95°C, HLEMIhL. A
W3 ANER.

%1 qRT-PCR 3|¥15E5|

Table 1 Primer sequences used in real time quantitative PCR

N5

Reverse primer (5° -37)

FR 2 Bk LR
Gene names Forward primer (5°-37)

Vg CGTGTTCCAGAGGACGTTGA
hex70b GAGGACGGTAGCGAGTCCTT
hex110 CCTGTCGTCCGTTATGCAAG
B-actin GGCTCCCGAAGAACATCC

GGACTTCGTGGCTCTCCATC

ATGTTGCGGCCCAATACAGG

GCGCCTTGGACTTGAGAGTT
TGCGAAACACCGTCACCC

1.6 HiEFGIHS5SH

Vg hexI10 I hex70b FLN ik 5% Livak
LS 2 AR HEAT TS ( Livak, 2001) o F)
H StatView X HASBIE A TS 00T, 15
FEAAINTAEIRLL SN SR I EFIbRIE RS o

2 #ER5HH

2.1 HETEIEER AL X i F FTE R R0
2.1.1  FRERS HRIR MR X e EAMATEAR 1Y S0

TER T B v s i AS [l v B Y HY 66 il i 1R T
PATAE PR, 45 REH, 0.1% . 1.0% F1 10% ¥e Ji
P 6 2 B T ) AR EE R M PR AR AR 1 o B 2 = R
(P>0.05); {H1.0% F110. 0% Wik 2H, % F 50
HEBE TR (P<0.05) (%£2).

2.1.2  FJLAE AR IR e Xt IR SR Vg, hex70b i
hexI10 FE3RE 200

TET F i B2 as A [m] e B (%) F 6 i 7R i
Xfig F O Ve hex70b Fil hex110 KeH Fik T 0
S (P>0.05) (K1) .

2 FPEEREBRITETEMEERI T
Table 2 Effects of MS on the index of queens

MS WS (%) KR (mg)

T3+ #5 Thorax index

BN B EATRL (49

MS concentration Newly-emerged weight

i 5 ( mm) Thorax width  Ji§ 5 ( mg) Thorax weight

One side ovarioles number

0 179.67 £2.13 a 4.69 £0.02 a 55.38+1.00 a 93.11 £0.79 a
0.1 180.01 £1.64 a 4.64£0.03 a 53.67+0.78 a 92.89+0.72 a
1.0 183.21 £1.71 a 4.54 £0.02 a 53.33+0.71 a 90.67 £0.76 b
10.0 182.54 £2.32 a 4.56 £0.02 a 53.31+1.07 a 90.56 £0.65 b

T SR R A R PR R R 2557 3 (P <0.05) .

mean significant difference ( P <0. 05) .

23 f13 4 [F]. Note: In the same rank, values with different letters
The same for table 3 and table 4.
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Fig. 1

T EREd o PR« b 2s: A EARVNG FHREFRRZEREE (KK, P<0.05) .

mean + SD, and different lowercases above bars indicate significant difference ( t-test, P <0.05) .

2.2 ESFHEM T RENZM
2.2.1  E-B-% #ldxt i T AMARFG AR 5200
FER Tad B iR I BB M A i 45 SR %
3 /\WﬁmfiéﬂﬁﬂfﬂmﬂiB@Hﬁiﬁ%ﬁiﬁﬂﬁﬁ%ﬁ
S (P>0.05); {HIEM 10% W ¥ 1 E-B- 4%,
i%ﬂi%ﬂdziﬁ%%‘ﬁﬂ (P<0.05); [Em, 1%
10% e J5 E-B3-28 s 4b T AT 1L I 35 348 i e 2
PR (P <0.05) (#£3) .

Effect of MS on the expression level of Vg ( A) ,

hex70b ( B) and hex110 (

C) in queen’s ovary
T Ao Note: Data are

The same below.

2.2.2  ER-% ¥ Ja %t % T U0 E Ve. hex70b Al
hex110 3%k & HYFZ A

10. 0% W & 1) E-B-% §Mis b BRAH , 14 1 5P 5
B Vg hex70b FIl hex110 K:H Tk &3 W F W0
(P<0.05); 7£ 1.0% WAL BRAL, KA Vg f
hex110 W3 R (1) 4 18 1 35 39 m (P <0.05) ;
MO0 1% JELTRAH, Vg hex70b Fl hex110 H:[H
Fikm SX ALK LR FEER (P >0.05)
(KEl2) .

®3 EPFHHEMETMEERHZIT

Table 3 Effects of E-beta-ocimene on the index of queens

oB W (%) WAEE (mg)

MR 845 Thorax index BTSSR (4

ef concentration Newly-emerged weight

% % ( mm) Thorax width

One side ovarioles number

Jig 5 ( mg) Thorax weight

0 173.95 +1.28 b 4.56 £0.12 a 52.57 £0.47 a 90.43 £0.56 b
0.1 174.26 +1.43 b 4.61 £0.06 a 53.31 £0.51 a 91.76 £0.73 b
1.0 174.62 +1.57 b 4.57 +£0.07 a 54.02 £0.45 a 93.51 £0.69 a
10.0 181.36 +1.48 a 4.62+0.04 a 53.21 £0.49 a 94.78 £0.87 a

08 1 & 01s B
= a
Eﬂﬁ b b b
i 0.10 F
ﬁgnA
rogy
=R 0.05

E

T

= 0 0

0 01 10 100 0 01 10 100

eBIfE (%) epconcentration

K2 EB-ZHimxiieTOE Ve (A) .

Fig. 2 Effect of E-beta-ocimene on the expression level of Vg ( A) ,

hex70b (B) Fl hex110 (C) FEiA BRI
hex70b ( B) and hexI10 (

C) in queen’s ovary
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3 itips%n

IR BRI AR RN (Vi) e R0k m] DL e i o
TR AT, HERETFMm (Engels, 1974;

Amdam et al. , 2005; 5K T R4, 2014) . % FIK
N Vg Fiki '3%213(%5(%‘? JHIII) u&ﬁ&ﬁ%%

HIE A ( hexamerin, hex) W) ik FH 5% ( Corona
et al. , 2007; Martins et al. , 2010) , JHIII ¥ 5%
WY AR LA KRB 3 AAE DG, T hex Ay B M 4) e
FH SR R B AR R ( Burmester &
Scheller, 1999; Barchuk et al. , 2007) . #F5% &
W T4 HUR A THILL B9 55 515 hex70b FI hexI10 )
Rk R IEMX (JEMFS%, 2017a; JE 1 %,
2017b) , i hex70b L% hex110 A1k /K5 A
BTN DR AE « FF s B ) DL KA ) S
IIEEAH % ( Bitondi, 2006; Martins et al. , 2008;
, 2010) o HHULATHEN Ve hex70b Fi
hex110 BEPA R 55 T AR JHITL KFEAH I 2
HiREEENINELR, S EMREMX.

W F LM RIF LB ESA T T8 BRIEE .
IO K R SRR MRV E M G B R 2 —,
Z 5PN TIEX R E T N, VT EEE
Ao A S o PR R A R T s AR T AR R
PRER R F £ 4527 (Le Conte et al. , 1995) . JIf
ZAEH T R b in Y A AR R R R A R
et THe RS, (g EL ik F IR hEE
WEMEFRYBT, & e AR E? A
FRAMA R g R L E T8, £F g
PR INAS [) Ve B ) WY L BR R i, R L& £ )
A MR E S AR AR T R, 1%
1 10%% e B2 Ak FHLZH F9 AN B SRS R 2l b, Vg
hex70b FlI hex110 F& [N Rk 0w & 22 5% ihiit
AT UL, F RS R R T 01 K AE Wk 3 B v b e i

s IXECF R T T BB A A R R 1 S
ﬁﬂ%ﬁﬁﬁ%#, R A 75 T i — L HA
W

CAIRRY EB-P MG NIVRE B RN
— PR o AT DR HE T s S (T YT A, 2016)
M FREE T N 3 HIRLINY i FZE Y,
DRI I A v B2 Bl 0 ok 3 5 e A ) U R R
BWREA K AWFFRERERY], hiEF ELBES
I 10% W E E-3-% B M ml L)L 25 14 I 1 i E4)
Az E AN BE S, I Ve hex70b Fl hexI10

Cristino et al.

SRR E B R E TR BN 1% R ER-4 )
Rl DL 3 5 8 T A0 B R A B K Ve
hex110 PIAJEIN ARk drgnl W, #hn—s&
W E-B=% 0 ] LASRE o e 1 A AR SR VR R, X nl
RESE T E-R-2 M A oS i A 2E 1 0l 3 06 ) AR AR
P, XFEG PB4 RUAR R B O AR, il 4 e 3
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