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Genetic diversity in wild populations of Apis florea inferred
from nuclear SSR markers in Yunnan
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Abstract [Objectives] To elucidate the genetic characteristics of Apis florea, a wild species of Apis, and evaluate its

genetic diversity in China. [Methods] We used 14 microsatellite DNA markers to compare the genetic similarity of 13
colonies of Apis florea sampled from Yunnan province. A total of 53 alleles were detected. [Results] The mean number of
alleles, mean number of effective alleles, mean expected heterozygosity, mean observed heterozygosity and mean
polymorphism information content of 14 loci were 3.7857, 2.9420, 0.5708, 0.2184 and 0.5300, respectively. Phylogenetic and
genetic divergence analysis ranked the HH population as the most genetically distinct, followed by the MD and PE populations.
Based on Nei’s genetic distance, all A. florea from Xishuangbanna were one lineage. [Conclusion] The results indicate a
high degree of correlation between the genetic and geographic distance between A. florea populations.
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Fig. 1 The ecological environment of Apis florea
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Table 1 The information of 14 microsatellite loci and their genetic variability in the populations of Apis florea

GenBank
Locus o o, Alldles number IR AIES O ity hetenmsyaosity PIC
ATI165 AJ509603 2 1.7331 0.1600 0.4100 0.3255
ACO074 AJ509652 5 42715 0.2343 0.7117 0.6826
ATI22 AJ509565 3 1.6208 0.0329 0.3836 0.3468
AC306 AJ509721 2 1.3332 0.0124 02731 0.2355
AP274 AJ509486 2 1.0272 0.0639 0.2930 0.3164
AP225 AJ509454 4 2.7349 0.1743 0.5482 0.4897
AC105 AJ509667 7 5.0888 0.3999 0.8731 0.7753
AP313 AJ509504 4 3.6770 0.2714 0.7239 0.6726
A024 AJ509241 4 3.7448 02171 0.7332 0.6817
AP249 AJ509470 3 2.4460 0.2643 0.5808 0.5119
A107 AJ509287 5 4.5669 0.3257 0.7805 0.7437
AP273 AJ509485 3 2.8098 0.2457 0.6319 0.5589
AP243 AJ509466 4 2.4432 0.2186 0.5061 0.5465
AP092 AJ509364 5 3.6907 0.4372 0.5426 0.5332
MeanisisE 3.785740.3806  2.9420£0.3379  0.2184+0.0335  0.5708+0.0492  0.5300+0.0459
3.7857 15.77% Fi Fy
1.0272~5.0502 2.9420 ACI105 0.1909~0.9220  0.4188~0.9344 Fi
Fy 0.5672  0.6383
0.8731  0.7753 AC306 222 ZETHNEBRBESTHEMMT
0.2731 4
0.2355 13 DNA AMOVA
0.5708 3
0.5300 AMOVA
22 FENERBEEE L o 82%
A
221 ZEHENEE FRIESH F 704
Fis Fu  Fa Fu 223 ZEHENEEFRBRERESHEES
Fi #r 4
F 4 4
Fy Fy Fg N, I H. 3
13 14
F-statistics 2 13

14 Fy  0.0822~0.3011
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Table 2 The value of F-statistics at 14 microsatellite loci of Apis florea

F; Fy Fy
1 . o S Nm
Sum of inbreeding Inbreeding coefficient Genetic differentiation coefficient
Locus . . . Gene flow
coefficient Fig in clony Fj between clonies Fy
ATI165 0.7319 0.7903 0.0892 5.3012
ACO074 0.4209 0.4978 0.1429 0.8562
ATI122 0.9220 0.9344 0.2295 1.5684
AC306 0.8787 0.9254 0.1397 0.6945
AP274 0.1909 0.5228 0.3011 0.0098
AP225 0.5449 0.6098 0.2247 0.9956
AC105 0.4076 0.5172 0.0822 7.3621
AP313 0.5912 0.5945 0.2343 1.2365
A024 0.6994 0.6934 0.1592 2.0125
AP249 0.5512 0.5888 0.0889 6.3201
A107 0.6278 0.5821 0.0888 2.9623
AP273 0.5696 0.6711 0.1053 3.6231
AP243 0.4903 0.5903 0.1948 0.1269
AP092 0.3146 0.4188 0.1266 2.6512
+SE
0.5672+0.0589 0.6383+0.0482 0.1577+0.0301 2.5515+0.0108
Mean+SE
%3 /K AMOVA SR
Table 3 The results of analysis of molecular variance (AMOVA) of Apis florea
L L L Variance
Source of variation df  Sum of squares Mean squared deviation Percentage of variation (%) P value
component
Among regions 3 20.266 30.256 5 0.327  0.001
Among colonies 9 402.254 22.280 7 0.712 0.001
Within colonies 117 3130.600 10.161 88 11.161 0.001
999
Probability is based on 999 permutation.
x4 FREMXE/NEEREEZFEIR
Table 4 Genetic diversity of Apis florea among different regions in Yunnan
% N, |
Net's
Regions Percentage of the Number of Number of 1 H oene diversity inde
& total area varieties alleles Shannon index & versity x
Xishuangbanna 10.07 100 5.8261+2.0372 1.3011+0.4310 0.6406+0.1771
Puer 42.74 10 7.0435+2.2458 1.3005+0.4119 0.6297+0.1787
Burma 21.58 10 6.2174+1.9059 1.2365+0.3943 0.6096+0.1813
Honghe 10.37 10 3.6957+0.9261** 0.9525+0.3024** 0.5258+0.1581*
* k% 0.05 0.01

* and ** represent significant difference at 0.05 and 0.01 level, respectively.
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W Fig.2 UPGMA tree of phylogenetic relationships
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3.1 RIDEFRICHIEE genetic distance
20 90
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DNA DNA . . .
The letters in phylogenetic tree is acronyms of the name of
SSR RAPD RFLP AFLP sample area , HH Honghe; MD Miandian; BN Banna;
PE  Puer.
x5 NEE NelBIEES
Table 5 Nei' genetic distance of Apis florea
. BN1 BN2 BN3 BN4 BN5 BN6 BN7 BN8§ BN9 BN10 PE HH MD
Populations
BN1
BN2 0.0867
BN3 0.1150 0.0997
BN4 0.0774 0.1069 0.0525
BN5 0.0864 0.1574 0.1131 0.0820
BN6 0.0681 0.1078 0.0855 0.0580 0.0760
BN7 0.0924 0.0741 0.0930 0.0744 0.0957 0.0805
BNS 0.1207 0.0951 0.0800 0.0520 0.0669 0.1029 0.0583
BNO9 0.1231 0.1097 0.1534 0.1293 0.1321 0.1396 0.0692 0.1306
BN10 0.0797 0.0560 0.0824 0.0723 0.0995 0.0983 0.0316 0.0858 0.0329
PE 0.1076 0.1216 0.0804 0.0801 0.0893 0.0638 0.0909 0.0624 0.1511 0.1044
HH 0.1245 0.1667 0.1217 0.0949 0.1767 0.0794 0.1150 0.1379 0.1231 0.1252 0.1041
MD 0.0819 0.1130 0.1100 0.1061 0.1605 0.1091 0.0985 0.1209 0.1540 0.1080 0.1630 0.0974
HH MD BN PE BN1
1 BN2 2 BN3 3

The letters in table is acronyms of the name of sample area, HH Honghe MD Miandian BN Banna PE Puer; BNlis

the first colony from Banna area, BN2 is the second colony, BN3 is the third colony,then by this analogy.
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