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Polymorphism Analysis of csd in Five Populations
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Abstract: [Objective] The objective of this study is to analyze the polymorphism of csd in different geographical populations
of Chinese honeybee (Apis cerana cerana) (Hymenoptera: Apidae). [Method] Worker bees collected from Changbaishan (Jilin),
Haikou (Hainan), Nanning (Guangxi), Shennongjia (Hubei) and Jing’an (Jiangxi) were used as materials, and genome DNA was
extracted from each sample for PCR amplification of the csd region 3, PCR products were cloned and sequenced, polymorphism of
csd in different geographical populations were analyzed by using the obtained sequences. [Result] The genomic region 3 of csd in
Apis cerana cerana from 5 geographical populations were cloned and 32 csd haplotypes were obtained. The polymorphism of csd in
Changbaishan (Jilin) and Jing’an (Jiangxi) populations were significantly higher than those in Nanning, Haikou and Shennongjia
populations, while the polymorphism of csd between Changbaishan (Jilin) and Jing’an (Jiangxi) populations, and that between
Nanning (Guangxi), Haikou (Hainan) and Shennongjia (Hubei) populations showed no significant difference. Meanwhile, population
analysis based on csd haplotypes showed that the nucleotide divergence and genetic distance between Changbaishan (Jilin) and
Jing’an (Jiangxi) populations were maximal, while those between Shennongjia (Hubei) and Nanning (Guangxi) populations were
minimal. The phylogenetic analysis showed that all the haplotypes from these five geographical populations were mixed on the
phylogenetic tree, not from 5 clade according to different geographical origins. [Conclusion] csd has a high level of polymorphism
in all these populations, moreover, the polymorphism level showed some difference among populations.
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Table 1 Distribution of csd type | haplotypes in five Apis cerena cerena populations

1A Population

Hf%A Haplotype

FHHK 1L Changbaishan, Jilin
R Haikou, Hainan

JUPER T Nanning, Guangxi
WA shAR e Shennongjia, Hubei

Rt

YLVG¥E% Jing’an, Jiangxi

H1,
H10,
H3,
H6,
H6,

H2, H3, H4, H5, H6, H7, H8, H9, H10, H11
H12, H13, H14, H15, H16, H17, H18, H19
H6, H11, H15, H20, H21, H22, H23, H24
H23, H25, H26, H27, H28, H29

H28, H30, H31, H32

FET 2 UL BRI A5 RURA R 28 Haplotypes exist in more than two populations are expressed in bold characters

R2 SAHEERHE csd 3 [X type | BERIMRHEERZSM

Table 2 Nucleotide polymorphism of csd type I haplotypes in the region 3 from five Apis cerena cerena populations

R FAER AR AL AL TR 2945 BAL AL [ERERIvE 2N A
Population Haplotype Variable site Parsimony informative site  Ucleotide polymorphism (1)
F MK AL Changbaishan, Jilin 11 196 91 0.09425+0.01205a
IR Haikou, Hainan 9 92 73 0.04612+0.01223b

I 7R T Nanning, Guangxi 9 118 45 0.05096+0.01387b
ks ZE Shennongjia, Hubei 7 74 22 0.03588+0.00953b
YLVG¥E% Jing’an, Jiangxi 5 146 75 0.09987+0.01897a
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JL: Jilin; GX: Guangxi; HN: Hainan; HB: Hubei; JX: Jiangxi. The same as fig. 3. Bootstrap percentages are shown on internal branches

1 5 NHREERHA csd 3 XET B RGN ME 5 F RS H
Fig. 1 Minimum evolution tree of csd haplotypes in the region 3 from five Apis cerena cerena populations
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Fig. 2 Variable sites in type | haplotpyes
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3) o HorHAL AR AR L i b ) R 7 g ) A3 B R
/N, 24 0.03977; VLVGu; % g b i AR 1 g 4y
WS oK, D 0.09208; Y1165 22 HH i 5 i b ph fe 22
W T T PP ) 3 B AR K

®3 5 A ThEEMIREAEZ TR D E (Dxy) FIRfEERS

FIF csd 3 X HAERYF AT 5 /> A gt 2 A4
) kimura XU HOEAE IR RS, B H S PO ) E AL R B AE
0.02367—0.05728 (% 3) i hig S E K A
Ly HP e (3B A% R B K, AL A B R S T e T

Table 3 Nucleotide divergence ( Dxy) and genetic distance among five Apis cerena cerena populations

SN HMKA L R TR T WAL 58 TG 3% %
Population Changbaishan, Jilin Haikou, Hainan Nanning, Guangxi Shennongjia, Hubei Jing’an, Jiangxi
FHHK AL Changbaishan, Jilin 0.07872 0.08054 0.07981 0.09208
WA 0 Haikou, Hainan 0.04826 0.04978 0.04500 0.08329

J PEE T Nanning, Guangxi 0.04871 0.02974 0.03977 0.08165
WIAEAA 22 Shennongjia, Hubei 0.04849 0.02615 0.02367 0.08510
YLPEYE % Jing’an, Jiangxi 0.05728 0.05111 0.05141 0.05181

=M RESRE (Dxy): R =Rk ey

Upper diagonal is nucleotide divergence (Dxy); Lower diagonal is genetic distance



4916 i ol B 44 %

Hh e (R 38A% B RS f5e /N o

MR B4 BE 25317 UPGMA T, S5 ER
JoR AL AR S R e 5T R T IR, B
R O PR3, A S E MK A g A
i, BEA SIS L PIERA R (F3) .

GX
_| HB
HN
«l_ JL
IX
L L L L L )

0.025 0.020 0.015 0.010 0.005 0

B3 5 FRighIBRHAR R EERS UPGMA BRK[E
Fig. 3 UPGMA diagram of five Apis cerena cerena populations

based on genetic distance
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