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Mitochondrial DNA diversity of Apis cerana in Guizhou Province
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Abstract: To clarify the genetic diversity and genetic differentiation of Apis cerana in Guizhou Province
A. cerana mt DNA CO [ -CO Il of 79 locations from nine cities were amplified and sequenced then
genetic diversity genetic structure and relationship were analyzed. The results of sequence analysis
showed that the lengths of genes were 760 bp and the base composition was obviously A + T biased with
the averaging value 82. 3% . The haplotype analysis indicated that 33 haplotypes were found of which
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the main haplotype H1 was shared by nine geographic groups. The nucleotide diversity indicated that the
average haplotype diversity was 0. 802 the highest in Qiannan region the lowest in Zunyi region; and
the average nucleotide diversity was 0. 014 of which Liupanshui region was the highest Qianxinan and
Anshun regions were the lowest. The neutral test deemed that the populations of A. cerana may have
expansion in some areas of Guizhou Province. The average genetic distance of 9 locations was 0. 0012 ~
0.0044 and the maximum was 0. 0044 between Bijie and Qiandongnan the minimum was 0. 0012
among Anshun Qiannan and Zunyi. In clustering tree of haplotype A. cerana populations of 79
locations could be clustered into two groups. The above results provided a certain reference for genetic
differentiation protection of germplasm resources and utilization of A. cerana in Guizhou Province.

Key words: Guizhou Province; Apis cerana; mitochondrial DNA; genetic diversity; genetic distance
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1

Fig. 1 Information of Apis cerana sample collection

1

Table 1 Information of Apis cerana sample collection

(1m)

Locations and code Source type Latitude Longitude Altitude Collection date
HX1 Manage N26. 52972° E106. 58932° 1 294 2019-09-06
HX2 Field N26. 46726° E106. 68819° 1127 2019-0840
HX3 Field N26. 43494° E106. 66845° 1159 20190823
HX4 Field N26. 44958° E106. 65548° 1142 2019-08-09
" HXS Manage N26. 52972° E106. 58932° 1294 2019-09-06
HX6 Manage N26. 52972° E106. 58932° 1294 2019-09-06
HX7 Manage N26. 52972° E106. 58932° 1294 2019-09-06
HX8 Manage N26. 52972° E106. 58932° 1294 2019-09-06
HP1 Manage N26. 90554° E107. 64153° 959 20190914
HP2 Field N26. 89193° E107.70794° 919 2019-0944
HP HP3 Manage N26. 90554° E107. 64153° 959 20190944
HP4 Manage N26.97237° E107. 83237° 788 20190722
HP5 Manage N26.97237° E107. 83237° 788 20190722
SC1 Field N26. 24526° E105. 90324° 1 566 2019-09-21
SC2 Manage N26. 39003° E105. 09326° 1413 2019-09-20
SC3 Field N26. 32774° E104. 95782° 1716 20190921
SC SC4 Field N26.26095° E104. 83896° 1021 20190921
SC5 Field N26. 35959° E104. 99209° 1435 20190921
SC6 Manage N26. 39003° E105. 09326° 1413 2019-0920
SC7 Field N26. 31832° E104. 93742° 1 740 20190921
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1 Continued table 1

(m)

Locations and code Source type Latitude Longitude Altitude Collection date

LPS LPS Field N26. 33251° E104. 95361° 1724 20190921
P71 Field N26. 15811° E104. 63007° 2 664 20190921

p72 Field N26. 16084° E104. 63264° 2 541 20190921

Pz P73 Field N26. 15965° E104. 63822° 2513 20190921
pz4 Field N25.47551° E104. 41399° 2 093 2019-09-21

P75 Field N25. 48587° E104. 49238° 2173 20190921

HS1 Manage N26.03914° E106. 59813° 1 006 2019-09-09

s HS2 Manage N26.03914° E106. 59813° 1 006 2019-09-09
MT1 Manage N27.71584° E107. 47766° 1010 20190943

. MT2 Manage N27.71584° E107. 47766° 1010 20190943
PA1 Field N25.73671° E104.90372° 1 708 2019-0922

PA2 Field N25.75990° E104. 90049° 1723 20190922

A PA3 Field N25. 82334° E104. 95489° 1315 20190922
PA4 Field N25. 90060° E104. 98844° 1581 20190922

PB1 Field N26. 17168° E105. 85823° 1342 2019-09-20

PB PB2 Field N 26. 4097° E106. 36948° 1 228 20190348
PB3 Field N26. 42910° E106. 21067° 1 450 20190348

AS1 Field N26.24316° E105. 97940° 1369 2019348

AS AS2 Field N26. 01203° E106. 02862° 1251 20190523
QX1 Field N27.03536° E106. 21888° 1275 2019-0940

QX 0X2 Field N27. 10099° E105.98518° 1 296 2019-0321
QX3 Manage N27.03536° E106. 21888° 1275 2019-0940

DF1 Field N27.20758° E105.92193° 1 668 2019-0349

DF DF2 Field N27.30142° E105. 64920° 1653 20190349
DF3 Field N27.41084° E105. 64128° 1527 2019-0320

WNI1 Field N26. 86844° E104. 29879° 2 325 2019-0627

WN2 Field N26. 90547° E104. 08696° 2 521 2019-0627

WN3 Field N26. 90698° E104. 08662° 2 408 20190627

WN4 Field N26. 87004° E104. 30100° 2 527 2019-0627

WNS5 Field N26.97614° E104. 03900° 2 139 2019-0627

WN WN6 Field N26. 97606° E104. 03874° 2 137 2019-06-28
WN7 Field N26. 86800° E104. 29900° 2 322 2019-09-28

WN8 Field N26. 87310° E104. 28503° 2 184 2019-09-28

WN9 Field N26. 87801° E104. 28305° 2217 2019-09-29

WNI10 Field N26. 84215° E104. 17187° 2 165 2019-09-29

WNI1 Field N26. 85989° E104.25979° 2283 20190743
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(m)
Locations and code Source type Latitude Longitude Altitude Collection date
XWI Field N26. 84259° E106. 58845° 1 250 2019-0330
v XW2 Field N26. 80241° E106. 59500° 1329 2019-0330
SQ1 Field N27.51681° E108. 21979° 638 20190748
>0 SQ2 Field N27.32367° E108. 14991° 810 20190749
SN SN Field N27.94169° E108. 24879° 685 20190720
YQ1 Field N27.21885° E107. 90096° 1043 20190748
e YQ2 Field N27. 15559° E107. 82963° 667 20190721
WA WA Field N27.06471° E107.47371° 1303 20190747
CJ CJ Field N25. 89064° E109. 10629° 263 20194040
RJ1 Field N25. 92838° E108. 52129° 260 20194040
i RJ2 Field N25.94932° E108. 53122° 259 20194041
DZ1 Field N26.20185° E107. 78478° 852 2019-08-08
v D72 Field N26. 29154° E107. 78961° 754 2019-08-08
TJ TJ Field N26. 66987° E108. 31780° 1 086 20190727
JH JH Field N26.73147° E108. 43673° 629 20190728
LS1 Field N26. 37576° E108. 08229° 1077 20190723
. LS2 Field N26. 38691° E108. 08763° 2178 20190724
LP1 Field N26. 23437° E109. 13243° 406 2019-08-09
H LP2 Field N25.96013° E109. 29503° 438 2019-08-09
ZF1 Field N25. 38948° E105. 64676° 748 2019-0629
. 72 Field N25. 36900° E105. 58859° 716 2019-0629
1.2 MasterMix 10 pL F R 1 pL DNA
1.2.1 DNA 2 L ddH,0 6 pL. 94°C 5 min
1 ( ). 95C 30 s ( ). 54C 30 s ( )~
1.5 mL 64°C 30 s ( ) . 34 72°C 5 min (
TL Buffer OB ) » PCR
55°C 4 he o
DNA DP302 ( 1.2.3
) o 79
1.2.2 9 (BJ) .
mt DNA ( Genbank (LPS) . ( QXN) .
Acession No: GQ162109) col-con (ON) . ( OQDN) . ( TR) .
(Tan et al. 2016) , R: 5- (ZY) . (GY) .
CTATACCTCGACGATACTCAG3” F: 5°-TCAGGG (AS) .
TATTCATAGGATC3~ mt DNA COI-COII Mega 6. 05 ( Kumar et al. 2016) 9

. PCR 20 pL 2 x Taq

N

A}



600 Journal of Environmental Entomology 44

N Kinura2 Parameter ( K2P)
; DNAsp 5.0 ( Rozas er al.
2017)
; DNAsp 5.0
Taunas (D) Fus Fs ( Fs)
: Mega 6. 05
Network 4. 61 ( Bandelt et al. 1999) ML
2
2.1
9 mt DNA COI-
COll 760 bp
A, T. C. G 39.2%
43.1% - 11.0% 6.7% A + T
82.3% C+6G 17.7%
A+T 0 19
14 33

A/G 10 T/A 7 T/C 8
C/T 6 C/A 1 T/G 1 &
2.2

9 33

H1-H33. 11
( HI. H2. H3. H4. HS. HIl. HI3. Hl4.

H16. H21. H23) 33.33%;

22 66.67% (

2). 9

HI. HII.
HI4. HI9. H20. H2l. H22. H23. H24. H25.
H26 11 11 17 :

H1. H3. HS5. H6. H7.
H8. H28. H30. H31. H32 10

19 .
11 HI 9
. HI
4 (SCl. PZl. PZ4. PZ5) .
5 (QX1. DF3. QX2. WNO9,
WN10) . 8 (CJ. RIL.

RJ3. DZ1. JH. LP1. LP2. ZF1) 9

33 : H3
(SC4. LPS) . ( HS1) .
( HXS) 4 . H4. HIl Hl4
2 H4 ( HX8)
(SC5); HI1
( WNI1); HI4
(WN2) .

(SC3)

(HS2)
H5
(HP3. DZ2. SS. 1S2) 4
HI3 (PZ2. PZ3) 2
HI6. H21  H23 .
22 . .
H19. H20. H22.

H24. H25. H26 6 QX3. DF1. WN3,

WN4. WNI. WNS8 6 ; H6-HS .
H28. H30-H32 7 HP2. HP4. HP5.
TJ. CG. LS17 ; H9. HI10.
HI2 3 SC2, SC6 SC7 3 ;
H17. H18 2 PB1 AS2 2
; N N 1
H27. H29. H15. H33 XW2.
SN. MTI1. ZF1 4 ;
2.3
0. 802
1. 000 0. 500;
0.014
0.102
0.002 ( 3).
Taunas (D) Fus Fs ( Fs)
-0.162 -1.330. -0.797
-1.514. - 1.048 - 0.186. - 0.707 -
0.227
( 3).
2.4
9 0.0012 ~
0. 0044
0.0044; .
0.0012 (4.
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2 33
Table 2 Distribution of 33 haplotypes

Location
Haplotype BJ LPS QXN QN QDN TR ZY GY AS Total number
H1 5 4 3 1 8 1 3 5 3 33
H2 - - - - - - - 2 - 2
H3 - 2 - 1 - - - 1 - 4
H4 - 1 - - - - - 1 - 2
H5 - - - - 4 - - - - 4
H6 - - - - 1 - - - - 1
H7 - - - - 1 - - - - 1
H8 - - - - 1 - - - - 1
HY - 1 - - - - - - - 1
HI0 - 1 - - - - - - - 1
Hil 1 1 - - - - - - - 2
H12 - 1 - - - - - - - 1
H13 - 2 - - - - - - - 2
H14 1 - - 1 - - - - - 2
Hi5 - - - - - - 1 _ - 1
H16 - - 2 - - - - - - 2
H17 - - - - - - - - 1 1
HI18 - - - - - - — — 1 1
H19 1 - - - - - - - - 1
H20 1 - - - . - - - _ 1
H21 2 - - - - - - - - 2
H22 1 - - - - - - - - 1
H23 2 - - - - - - - _ 5
H24 1 - - - - - - - - 1
H25 1 - - - - - - - _ 1
H26 1 - - - - - - - - 1
H27 - - - - - - - 1 - 1
H28 - - - - 1 - - - - 1
H29 - - - - - 1 - - - 1
H30 - - - - 1 - _ _ - 1
H31 - - - - 1 - - - - 1
H32 - - - - 1 - - - - 1
H33 - - 1 - - - - - - 1

“-” “0” o Noté¢ “—” meant the number here was “0” the same below.
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3
Table 3 Nucleotide diversity and neutral test results
Fus
Population  Haplotype  Nucleotide Tounas D s
diversity diversity s
GY 0. 844 0. 003 0. 068 -1.637
QDN 0. 801 0. 005 -0.162 -1.330
LPS 0.910 0.102 -2.402  6.591
QN 1. 000 0. 003 -0.797 - -1.514
7Y 0. 500 0. 006 -0.612 0.172
QXN 0.733 0.002 -0.676  0.540
AS 0. 700 0.002 -1.048 -0.186
BJ 0. 897 0. 003 -1.529 -5.139
TR 0.833 0. 003 0.798 0. 461
Average 0. 802 0.014 -0.707 -0.227
2.5
ML 33
2 0
H6. H15. H18 H23 4
3 ( H22 H25 + H27 H28
~ H4 H29 )
( 2).
2.6 2 ML
9 33 Fig. 2 Construction of haplotype phylogenetic tree
H1 H1 based on ML method
4 9 K2P
Table 4 Average genetic distance of K2P among 9 sampling locations of Apis cerana
GY QDN LPS QN 7Y QXN AS BJ TR
GY - - - - - - - - -
QDN 0. 0043 - - - - - - - -
LPS 0. 0027 0.0038 - - - - - - -
QN 0. 0023 0. 0037 0.0017 - - - - - -
7Y 0. 0028 0. 0037 0.0019 0. 0018 - - - - -
QXN 0. 0031 0. 0039 0. 0024 0. 0022 0.0019 - - - -
AS 0. 0022 0. 0030 0.0013 0.0012 0.0012 0.0016 - - -
BJ 0. 0033 0. 0044 0. 0026 0. 0022 0. 0026 0. 0030 0.0019 - -
TR 0. 0032 0. 0042 0. 0024 0. 0023 0. 0023 0. 0027 0.0016 0. 0031 -
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H1

3

H6. H15. HI8. H23  HI9
; H22. H25. H27-
28  HI14; ( 3o

Fig. 3 Haplotype network mediation diagram

33

o Note: The relationship among 33 haplotypes could be obtainedby the haplotype network intermediary

diagram. Different colors represented different geographical populations and the circle area represented the number of

samples.
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3.2
9 0. 0012 ~
0. 0044 8
0. 0030;
8
0. 0030, (2014)
0.0018 ~0.0049 ;
(2016)
0. 0004 ~0.0012 o
( 2019; 2019) ,
3.3
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(2019)
(2019)
(2019)
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