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Queen mating frequency and maternity of drones in honeybee colonies

detected with VNTR molecular markers
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Abstract The determination on the mating frequency of queens and maternity of drones is exactly among the
key factors to understand the behavioral and biological characters of honeybee sub-family. In this study the
mating frequency of queens and maternity of drones were detected based on major royal jelly proteins MRJPs
various number tandem repeat VNTR in Apis cerana cerana colonies of which the queens were
instrumentally inseminated with 1 or 2 drones or mated naturally respectively. The results showed that the
mating frequencies of queens were 1 and 2 in colonies whose queens were instrumentally inseminated with 1
and 2 drones respectively in other two colonies whose queens mated naturally the mating frequencies of
queens were 8 and 5 respectively. In addition all the drones originated from the unfertilized eggs laid by
queens in all of these colonies that is to say the queens not workers were the maternities of drones. Thus
the MRJPs VNTR can be used as molecular markers to detect the mating frequency of queens and maternity of
drones simply and effectively.
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Taq 5 U/pL 0.3 pL DNA 1
1.2.4 PCR PCR ddH, 0 PCR 94C
20 pL MgCl, 25 mmol/LL 2.4 pL. 10 x 5 min 94°C 60 s 60 s 1
Buffer 100 mmol/L KCI 80 mmol/L. NH, ,SO, 100 72°C 120 s 1 72 10
mmol/L Tris-HCl pH9.0 NP-40 2.0 plL min 4C
0.8 pL 1 dNTP 10 mmol/L 0.4 pL
1 MRJPs VNTR PCR
Table 1 Sequences of primers and PCR conditions for MRJPs VNTR
DNA pl C n b
Name of S e of vri Volume of template Annealing Number of Size P
primer equence of primer DNA temperature cycles 12e range
F 5'-TTAATGAGAAATACTCATTGCG-3’
MRJP2 R 5'-AACGACGAACTTGATTATCATTC-3' 2 38 40 160=270
F 5'-CGAATTTTGGGTGCGAATG-3'
MRJP3 R 5'-ATGTGATTTTTAAGAATGATGAGCTTG-3’ 2 60 37 330750
F 5'-AGACACTTCAAACGGTCGTTG-3’
MRJES R 5'-CTGTAATTTCATACTTAAAGCCATC-3’ 6 63 40 500 =700
1.2.5 PCR PCR
S5pL 1 pl 6 x Loading Buffer 1.3
2% 0.5 x TBE 100 V
60 mA 1~2h = /
x 100%
1.2.6 PCR
Biolmaging Systems of P.=2a + y + 7y, + + i, !
LabworksTM Image Acquisition and Analysis Version 2N P, I i
4.0 Pharmacia Biotech ji T 1 1 n
1.2.7 2
2.1 MRJPs VNTR PCR
1 12
Palmer et al. 2002 MRJP2 VNTR PCR 2%
1
2.2
1 Relatedness4.2 Godnight and Queller 1994
P GS
2 Foster et al. 2000 n 2
¢ b ABC D
N, = 1- 1-0.5P; | N, 1
Z( l,l N 1.09 1.21  1.95 2.21
N= 1-x" 2 11 22
l; N, n J MRJPs VNTR
P, l
x E F 7.59
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Fig. 1 PCR results of workers from the colony whose
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Table 2 The mating number of the queen in each colony
P
Colony Locus Alleles in colony Allelic frequency GS mean+ SD Number of matings n
A MRJP2 252 260 266 0.50 0.33 0.17 0.74+0.06 1.09
MRJP3 612 661 741 0.19 0.50 0.31
MRJP5 586 629 641 0.21 0.50 0.29
B MRJP2 229 237 270 0.21 0.29 0.50 0.75+0.03 1.21
MRJP3 632 700 750 0.23 0.50 0.27
MRJP5 586 629 641 0.27 0.23 0.50
C MRJP2 230 245 252 0.50 0.25 0.25 0.50+0.08 1.95
MRJP3 627 661 674 0.25 0.25 0.50
MRJP5 606 612 641 0.50 0.25 0.25
D MRJP2 179 197 207 263 0.23 0.17 0.27 0.33 0.49+£0.06 2.21
MRJP3 671 683 697 732 0.26 0.27 0.23 0.24
MRJP5 563 567 593 652 0.27 0.26 0.23 0.24
160 169 171 178 0.29 0.08 0.07 0.21
E MRJF2 181 182 183 188 0.09 0.08 0.07 0.11 0.37+0.03 7.3
571 590 600 613 0.21 0.10 0.08 0.90
M 641 670 732 0.11 0.12 0.29
MRIPS 588 592 614 617 621 0.10 0.06 0.04 0.08 0.08
628 650 692 712 0.29 0.08 0.21 0.06
160 167 171 181 0.08 0.09 0.29 0.09
K M 182 188 195 0.21 0.08 0.07 0.09 0.36:+0.09 5.3
RIP3 571 627 655 685 0.10 0.21 0.08 0.90
M 700 716 748 0.29 0.11 0.12
MRIPS 603 607 617 621 0.09 0.29 0.09 0.07
635 639 646 661 0.21 0.08 0.08 0.09
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Table 3 The determination of the maternity of drones

Colony Locus Alleles of paternity Alleles of queen Alleles of drone  Number of drones holding alleles other from queen
A MRJP2 252 260/266 260 266 0
MRJP3 661 612/741 612 741 0
MRJP5 629 586/641 586 641 0
B MRJP2 270 229/237 229 237 0
MRJP3 700 632/750 632 750 0
MRJP5 641 586/629 586 629 0
C MRJP2 245 230/252 2307252 230 252 0
MRJP3 674 627/661 627/661 627 661 0
MRJP5 606 612/641 612/641 612 641 0
D MRJP2 179 207 197/263 197 263 0
MRJP3 671 697 683/697 683 697 0
MRJP5 567 652 563/593 563 593 0
E MRJP2 160 167 181 188 195 171/182 171 182 0
MRJP3 571 655 685 716 748 627/700 627 700 0
MRJP5 603 617 621 639 646 661 607/635 607 635 0
F MRJP2 169 171 181 182 183 188 160/178 160 178 0
MRJP3 590 600 613 641 670 571/732 571 732 0
MRJP5 588 592 614 617 621 650 712 628/692 628 692 0
r=0.25 2
r=0.25 DNA
r=0.25
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