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Worker nepotism during emergency queen rearing in Chinese
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Abstract To study worker nepotism during emergency queen rearing in Chinese honeybees Apis cerana cerana, we identified sub-
families composed of larval queens and their nurse workers. Three microsatellite loci (A14, A107 and B124) were used to identify
individuals in three colonies ( I , Il and [l ), in which emergency queen cells were built as a result of losing a queen. Our
results showed that colony I, Il and [l consisted of 11, 13, and 14 sub-families, respectively. There was no significant
difference in distribution of worker bees among the subfamilies. However, emergency queen cells appeared in three sub-families in
colony |, four in colony Il , and five in colony Il , there are significant differences in emergency queen cells between sub-
subfamilies. The nurse workers which nurse the larvae of emergency queen cells did not come from the same sub-family. They
derived from a number of sub-families, and there were no significant differences among sub-families in distribution of nurse
workers. Our results suggest that, during emergency queen cell building, worker nepotism exists during selection of larvae, but
does not exist between the nurse workers and the larval queens in Apis cerana cerana [ Acta Zoologica Sinica 54 (4): 695 - 700,
2008] .

Key words Apis cerana cerana, Worker nepotism, Microsatellite DNA

ERH ST RERE-BEZH) KEYERK (Ben-Shahar et al., 2002; Kishi and Nishida, 2008)
R, EIEIEPﬁE%Mﬂ%wR?IJ%%?AM’F%ﬁ i&zo@ﬂé BRTTERREEE-—HERE®MLR
MR ERNE, 5T RRERTELITH¥HRER FTIESEFROBITREZ — (Jodan et al.,
DO SO0 e ok /K= %) ﬁ%%&“kﬁﬁ%ﬁﬁﬁm%ﬂﬂ 2008)0 THRXBRRMERKIBRATHRECEEX

2007-09-24 WL # , 2008-05-06 3%
» HMEBRPEES (No.30560114, No.30760035) . FMIBBEH: B9 H (No.2007KJ004) [ This research was funded by grants from NSFC
(No.30560114, No.30760035), and Quanzhou Normal University (No.2007KJ004) ]
** JIR/E#E (Comesponding author). E-mail: bees1965@ sina.com
© 2008 Bh¥2¢ M Acta Zoologica Sinica


http://www.cqvip.com

696 il 7|

PO 00 hitp:/Awvww.cqvip.com|

¥ i 54 3%

REEMAREL A" MEZHRACEERR
BB /DB KMTT A (Barbara et al., 2006;
Wenseleers, 2007)

BT FE—ERER L% E (BRI 46 5 %)
BIEGXFREEE 0.75, WA RKEZ @M T
¥ (BEFRHEK) BEEZXREHRRA 0.25,
F Mgk TS, WE TY5m G H AN FR% X
RERNYRRETFE EMEE. WRFEERR
B, FoITuBHAEHBECER - TRENLR
XEEFE¥ T, Lacy and Sherman (1983) % FFEFE Iy
EWe (Apis mellifera) T, THERRFEELZXR
BB MG HOREE S E 2 w1 R 4 [E] A 0H 4%
AR RE KL A, T#Z ot eEEmR
2R MIH K4 B (Moritz and Neumann, 2004); 41
e 7 9 O AN T4 PR A OR B, T4 A LAAE 24 h
R TR0, H 99% HiE KR E 1] (Ratniks
and Kvesscher, 1989), Tarpy and Fletcher (1998) #F
RTEGRBABYEIE LN, RIUEE T,
BRTBASMMERRELELCRBLOLMN R, A
BEPLE, RELRBBOEMBR ERIEREES
FHMBETF . Page et al. (1989) AN, 1R H
PR EANSTILEREREE T RS MR R
B, A B N %R ERE L BN R,
Wenseleers and Ratnieks (2006) Xt 109 Fp it 2 B
HT A, EREAKMFERPHALERBINE
HE

R (Apis cerana cerana, THFRH ) 2
REEZHREMER, B PHFERREESTHS
WIEFHI, M PR DNA BEAREERAYF £
NS E R (i, 2002), B, ALKiE
FHE ¥ TR DNA ARG T HEESRHNRE
FEMMTHRERBMEME, # BB RTHHEE
YR

1R

1.1 XRHH
1.1.1 EBERIE

SC B0 2 W R SR M D 91 2 e A AR M BT P 1)
FH P EEE,

1.1.2 EERRF LR

FE R F: Chelex-100 (5%); Ringer buffer
(130 mmol/L NaCl, 1.5 mmol/L CaCl,, 5 mmol/L KCI,
pH 7.4); DTT (1 mol/L); Proteinase K (10 mg/pl);
Rnase (10 mg/ml); Tag DNA Polymerase (5 U/pl);

MgCl, (25 mmol/L); 10 x Buffer (100 mmol/L KCI,
80 mmol/L ( NH, ),S0,, 100 mmol/L. Tris-HCI, pH
9.0, NP-40); dNTP (10 mmol/L); Primer; Mark
(100 bp); 30% PAGE (145 g N4 BERE, 5 g W H XL
PR, MAKERZE S0 m); REK (BHRK
%) (3.6% NaOH 4.2 ml, 20% AgNO, 3.6 ml,
FK2ml ZBAK190m); BEK (BRKEFE)
(1%FF R 1 ml, HE 100 ml, FEME/K 200 ml),
PA R KW B Sigma 24 ) o

FEAMS: & #E B KE O P (Eppendor
5415R) . PCR 1Y (Eppendorf 96 holes) . It i ¥ &F B
Bk 240 (Tanon EPS300) . HEHWBIRBEEREK
(Tanon GIS2009) 1 H B Ik (dL N — DYY-
M24A) %,
1.2 ELWHE
1.2.1 BEERHR

ERFEBERF TS, BRI BEHAREND
¥, KBEelP e IR EMMEEHANLKE, 2-3
dERHPHALETE. BIOZR X &R 1T
Jaly iR R
1.2.2 HESMIREE

EERERGE —, BEHEREG 10 M2AEEE,
FHMEEEEER Y RWRARER, BMEEK
EE T 20 R, WHEFBRETE, LZHEX N
TETHBEEY RBRETF, BB EHRE
IORTHIFATEBNURELYE. AR
SIEBA - 20 CHKR KA H R
1.2.3 E%HF 4 DNA A9

N 4 DNA &2 8 Walsh (1991)
B Chelex-100 77 22 8L,
1.2.4 PCR ¥ 3 & 5

L RT3 X RS ¥ % GeneCore 2
Al FHRELD, EfERTEEMEET
FRET DA R Th T 1 (Estoup et al., 1994), PCR N
KZ N 50 pl, HHEE MgCl 6.0 pd;s 10 x Buffer
5.0d; k. FTEI#4 2.0 pl; dNTP 1.0 pl; Tag B8
0.75 pl; AR TR SR DNA HERE 1; )
FTHA ddH,0 #M B . PCR RN &k fF: 94CHZEM 5
min; 94CAEM60s, BK60s (ARHETEN IR
KIBBEMTER BN 1), 72°CHEMH 120 s; 72°C
FE 10 min; &5 4CHF
1.2.5 PCR ¥ 3% 7= ¥y i) 5 B8 W 368 JBE v TK A T

PCR ¥ RO R E NS R W 44,
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Table 2 Sub-families in each colony and the larvae stayed in emergency queen-cells

WA BE Sub-families

5 6 7 8 9 10 11 12 13 14

[23::4 Colony
1 2 3 4
KRN A 233 231 216 235
Genotypes of paternity 177 169 165 170
(A14/A107/B124) 232 220 226 224
1 REEOE (%)

Rate of emergency queen-cell

TR (%)

Rate of worker

10° 13 10 30

KEERY 200 219 233 213
Genotypes of paternity 158 178 182 149
(A14/A107/B124) 220 232 220 220

I AETEARE (%)

30" 0 0 20"
Rate of emergency queen-cell

THAGELR (%)

10 6.7" 3¢ 10
Rate of worker
RFEEHMY 233 213 227 23]
Genotypes of paternity 170 159 156 170
(Al14/A107/B124) . 240 220 232 220

it ABEEXR (0)

Rate of emergency queen-cell

0" 0* 0° 10"

THGHEER (%)

Rate of worker

7 21° 7 14*

226 233 248 226 226 226 222 0 0
170 163 175 175 175 183 179 0 0
220 232 220 230 237 240 220 0 0

0* 0 0 0" 30" 0 20" 0 0 0

to* 10" 10* 10° 10" 10" 3¢ 0 0 0
227 227 231 248 229 226 217 231 211
156 161 170 82 168 i70 179 182 170

232 2200 220 222 226 224 230 240 220

0 30" 0" 0* 0 0 0° 0 20" 0
6.7 10 10° 10

227 219 217 222 222 243 235 227 219 233
170 183 179 183 163 178 175 175 156 180

230 240 224 220 232 220 220 222 232 240

0* 0 o 0 20" 0" 10" o o 50"

21" 14* 7" 21" 21 14* 14¢ 21* 14* 14*

ZRIRE () BRI ARTFEZNMMN2GETAENBEHELRENES (BB L df=10, x* =28.909, P=0.003; ¥H 1 : df =
12, ¥2=28.308, P=0.021; ¥R : df =13, x> =24.857, P=0.048). [T PR LARREER BE, RTKEZH N LEIHIFLE

BAEFE (One-way ANOVA, F, ,, =2.073, P=0.157.)

Each colony had difference among the sub-families on the rate of emergency queen-cells appearance . (Chi-square text, df =10, x* =28.909, P =0.003 for the
colony I, df =12, y* =28.308, P =0.021 for the colony I , df =13, x° =24.857, P =0.048 for the colony [ ). Within the same row, the different

superscripts means significant difference. There were no differences in frequency of worker in each colony (One-way ANOVA, F, ,, =2.073, P =0. 157).

MEITH: F2EEGHLRAWEE T
L AR A ERE; SHEKAR - LRER
WE LR “2FRMEK &EZRH 0%, FLE
SEEETHBFBAE “2FEMEK” HE. &F
FRBEAI. F—BBN, FEREZR R W
BFISSTEREES, SHAMEIRSIEES
PRLY R Z B HATEE TR ER LA

3 U ®

KEAEBEEERY, WRBEPH N EEER
BEEEE, BAERNRELEEEFTMEE
O EHE, B s R R b R fth 2 X BB 15 3
REFHAR, T TENEBELFT. RMET
BHEMRESER, BRENMEZEHBL T
RBRREOW “HE” XRTH, BERLE
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Table 3 The distribution of nurse workers’ sub-family which breed the larvae

B L ER

1 2 4 5 6 7 8 9 10
Colony Emergency queen-cell
P 76 WK BE
s 9 4 11 It 4 4 4 9 9
Sub-family affiliating
B K (%)
I i ‘ 20 30 5 40 15 5 0 10 10

Possibility of same sub-family
x 9.16 8.63
it 4 WA HE
Sub-family affiliating

WL ZIERE & (%)
I 0 15
Possibility of same sub-family

¥ 9.01  9.25

JIF 44 % BE

14 7
Sub-family affiliating
PR EEE E (%)
Il 30 10
Possibility of same sub-family
x? 8.39 8.59

9.46 5.37 7.35 7.72 2.37 17.56 9.18

11.26 9.47 15.07 3.15 17.64 14.03 20.56 18.30

REARBRMNBEP R OB ERMIM TR AR ERE NIRRT LR (BB df=10, y*=18.31, P=0.06; BE [ : df=12, =

20.03, P=0.12; R : df =13, y2=22.36, P=0.72),

There was no difference among the sub-families in nurse workers of larae stayed in emergency queen-cells (df = 10, Xz =18.31, P =0.06 for colony | , df =

12, Xl =21.03, P=0.12 for colony Il , and df =13, Xl =22.36, P =0.72 for colony [ ).

(Barbara et al., 2006; Wenseleers, 2007),

Pagee and Metcalf (1982) LA A& Estoup et al.
(1994) WIBFFLEEREY, —REFHH 6 - 21 1~
WRBEAR, FHHh T T 0B, mk
BEMAXRERENEREMILT M (Fondrk et
al., 1993), R LHELEE FWEHAIFEZRE
SR K BEL R, AT {5 o B o AN [ ) 4 ) SR 4%
KEBBE/ERTIHFE, BF r 2RMHELK > -
eRM IR > r EFEMEK > r R, B
MNE FELRERUTERBMELEE. AHlkS
[ B 4 ok A0 R M AR kA, T R R vk B L Mg
SR IEAT PR R 5 T I 9 7 35 3 4 [ MO 5 55 2 [R] B S
HEt, WRESEWERR LR, M, THfEk
Rk mE LS, fJaEiERERRER
o

EALRF, SHEPTENEFTZ2EMSH S
11, 1370 14 R, Wik, X3 LK%
SRR 11, 13 14 DEREH R YA R
BHTHEEBES, BHES 2 ARFAREAT
BEEE, EINEHPEEEEEY BN EFE
RBRXRHTEE, HRRALETEHERTY

SEREREMERES, MEREFEILNTER
B, X—8RE5WITEYR (Apis mellifera) BFH 4
B —3 (Tilley and Oldroyd, 1997), MR T 4
MELEIEN, LM EHEIREFE LS
FEMER; MRERBUERLN, W\ET8ENX
HESFARRACER - EREMN ALK, &
MEARLKRS, RS TANAMERS4 R
HERBFA—TRKE, MEFIMAEESHERE
B, XRHASBAEHREETHAAFEERLENR
Fo X—HRBEBEBYTIHERA—B, A
AERESEEEMNEREFAEHMERRTH, W
REF—FHEN “RI” ARBREIRRE, IF
ARES PARE B AV AR A L, BIENILETR
T — 8. B LT, Eh R
WEFEFEFIBRPHFELEEREENS, B
BINEEAITAREEE, NAWER 5% TS
BZEFARFEEBEERER,
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