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Genomic analysisreveals genetic diversity of Apis
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Abstract [Aim] To investigate the genetic diversity of Apis cerana cerana populations across different geographical
locations in Shaanxi and its adjacent areas, and to provide a reference for the conservation and utilization of 4. cerana cerana
genetic resources in Shaanxi. [Methods] Whole-genome resequencing was carried out on 49 A. cerana cerana populations
collected from western Shaanxi. The raw data was analyzed using PCA principal component analysis, ADMIXTURE
population genetic structure analysis, phylogenetic analysis, and genetic variation analysis in combination with previous
studies and GenBank public data. [Results] Population genetic structure and PCA principal component analysis showed

distinct genetic differentiation between the northern plateau population of Shaanxi and the central plain, western plain, western
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mountainous, and southern mountainous populations of Shaanxi. Genetic differences were also observed between WShxiPn
and WShxiMt. Genetic variation analysis showed that the average Fy value between the NShxiPl and other populations in
Shaanxi was 0.050 9. This value was higher than the average F value of 0.029 61 between populations in other geographical
locations within Shaanxi. WShxiMt had a low Fy value of 0.039 7. In the adjacent areas, TailvMt also had a low Fy value of
0.044 3 similarly, a low Fy value of 0.022 1 was observed for WshxiPn and ShenFr. Compared with other populations,
WShxiPn and WShxiMt had relatively high nucleic acid polymorphisms of 0.001 430 62 and 0.001 483 04, respectively. This
indicates a relatively high level of genetic diversity within their populations. Phylogenetic tree analysis showed that WShxiMt,
NShxiPl, and TailvMt shared a close genetic relationship, whereas WShxiPn was found to be closely related to ShenFr.
[Conclusion] A high level of genetic diversity was exhibited among the different geographical regions of Chinese bees in
Shaanxi. There was pronounced genetic differentiation between populations in the northern plateau of Shaanxi and populations
in other geographical regions of Shaanxi. Our analysis revealed two possible independent historical transmission routes for 4.
cerana cerana in Shaanxi. One route appeared to be in north Shaanxi, and the second in south Shaanxi. This study is the first
of its kind to demonstrate the genetic diversity of 4. cerana from the perspective of whole-genome resequencing. Additionally,

we revealed the genetic relationship between different geographical locations. This study contributes valuable genetic

61 4%

information for the protection and utilization of germplasm resources of A. cerana in Shaanxi.
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Tablel Samplesize and geographical distribution

i FEAKR

Populations ~ Number of individuals

i YR [X 33k
Geography location Area

WShxiPn 26
WShxiMt 23
CShxiPn 10
NShxiPl 10
SShxiMt 10
Minx 10
Jiuzg 10
TailvMt 13
ShenFr 9
WSichPl 9

BepEE B Longxian, Shaanxi
BepEE B Longxian, Shaanxi
BePivE % Xi’an, Shaanxi

BEPEIAK Yulin, Shaanxi
B4k Ankang, Shaanxi
HitlRE Minxian, Gansu

PU)il fLZE Jiuzhaigou, Sichuan

1 B 5 Lvliang, Shanxi
BIAE AR HLARIX Shennongjia, Hubei
PO /K B Barkam, Sichuan

PUHEFJ5L Western plain

PEER L Western mountains
SR Central plain

Jb&B i Northen plateau
FA#RILH Southern mountains
ASRITHLIX. Adjacent area
SRITHLIX. Adjacent area

LB X Adjacent area
ZRITHLIX Adjacent area
ZRITHLIX Adjacent area
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Fig. 1 Population genetic analysis
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A. Principal component analysis based on SNPs; B. Variation of population genetic structure with the number of subgroups
(K); C. Genetic differentiation index (F). Population codes are the same as in Table 1 and the same below.
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Table2 Genetic variation index within each population

#HEK Population  %#& N Number A EZ iR A R B fii AR Fi S REL Gi
CShxiPn 10 0.001 201 52 0.783 3 0.8158 0.5751
WShxiPn 26 0.001 430 62 0.764 9 0.803 3 0.5816
WShxiMt 23 0.001 483 04 0.757 8 0.786 1 0.558 4
SShxiMt 10 0.001 163 45 0.785 8 0.816 0 0.570 7
ShenFr 9 0.001 375 60 0.779 8 0.8115 0.572 0
TailvMt 13 0.001 514 17 0.756 7 0.768 7 0.524 7
Minx 10 0.001 057 32 0.797 9 0.842 8 0.6111
Jiuzg 10 0.001 030 26 0.807 2 0.8450 0.598 0
WSichPI 9 0.001 127 89 0.821 6 0.8397 0.550 8

7 iR 2745 Nucleic acid polymorphism; fii: #6402 %X Coefficient of coancestry; Fi: #1358 241 Coefficient of inbreeding;

Gi: 14k &% Differentiation coefficient.
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Fig. 2 Phylogenetic tree of Apis cerana ceranain Shaanxi and its neighboring areas based on
SNPs constructed by the neighbor-joining method
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