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Abstract [Objectives] Apisceranais an economically essential insect that plays a significant role in pollination and that is
well adapted to different ecological environments in China. Population genetic research can provide a basis for the discovery,
protection and utilization of the genetic resources of this species. Guangxi province is the main A. cerana producing region in
China. [Methods] Genetic differentiation, genetic characteristics and genetic diversity of A. cerana were analyzed in
Guangxi using 33 morphological markers, 38 microsatellite markers and a mitochondrial marker of a tRNA™-CO 1l fragment.
[Results] None of a suite of analytical methods, including morphological stepwise discriminant-cluster analysis, principal
component-cluster analysis, microsatellite DAPC, structure analysis, cluster analysis, Fy value, mitochondrial F value or
AMOVA, found evidence of genetic differentiation in A. cerana in Guangxi. However, although microsatellite genetic
diversity of bees from different sample sites in Guangxi was relatively similar, differences were apparent in mitochondrial

markers which are susceptible to influence by human factors. Acmt01001 was the main mitochondrial haplotype at 9 sample
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sites with little human influence. However, the mitochondrial genetic structure at the Beiliu and Beihai sites obviously differed

from that at other sites in that 2 or 3 haplotypes other than Acmt01001 were the main haplotypes, a situation probably caused

by unscientific breeding and other artificial interference. [Conclusion] The population size of A. cerana in Guangxi is large

and gene flow is frequent. There is no evidence of genetic differentiation over a range of 650 km. In order to protect and utilize

the locally adapted genetic resources of A. cerana we suggest that a nature reserve be established.

Key words Apis cerana; Guangxi; genetic differentiation; genetic diversity; genetic resources
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A= 2 RE MR RN A 25 2R G0 - 4 1 LA
A Y (Gallai etal., 2009; Garibaldi et al.,
2013; Sluijsetal., 2013; Stanley etal., 2017 ),
K7W Apis cerana STk [ FAUAS F LR
TR, RS LZAER&MT, 4 A5 41l
BRI B B Ak, TR T R T A A
Tk, S &R FH 3R AR 4 Wit A% R R B T )
LAl (Agth, 2001 ),
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Wt A=Ak 19.4 km, RG5O #4 S KBE R 7
R AE A (AehR, 2001; EKRE &k
RYERZ 2, 2011; JRIRIESE, 2012; #Ropgt
4% 2013a; Zhao et al., 2016; Zhou et al., 2018 ),
P T 7 ) ) o VA A R, R S M A R e
ARG VDT | 2B YT 45 o) 5 R BEL OB, % 2E
FREERAL b s 7677 9 e A o0 Al S VDT L
ZULI A, TSRS A ESL, 30
SR 4 PN 3 R IR W % 2B RISt 45 431 ( Zha
etal., 2017 ), EUE L EIEFE S LA FEM, M
P g 3-5 km, WS 28 1 100-1 400 m, 7R3
B 4 DRSS RAE BT R, ik
1 770 m (A5 #5145 HifE4R 305-720 m 1
FEA R AR AL A CARFIZR S, 2011 ), 3
Wb, WEREN S EOLRR G . A5 Bt
BIWEERAF R T, 2B nets &

REB AL IR R WARIE . FEZ IS FIR L L X, 650
km 5 B3 N 9 7R O B e T A R AR R R IR S o Ak
(FREESE, 2016 ).
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1845 5 52 3 & B P58 0[] 2010 55 DX 2R 1 52 )
(BRBESE, 2004 ), TEEEERHES L2 PIE
i KBRS . A ChRIC . BA DGR
SEHEAT/0 4 (Ruttner, 1988; Zhuetal., 2017;
Zhou et al., 2018 ), 7rFHricHZokiiA DNA 2
BER G, BA S 5878 BRI — oA &40k 35 1% 22
FEVE RN AP BRI AL 25 F AR ic ( Garnery et al.,
1992 ; Smith and Hagen, 1996 ; Palmer et al.,2000;
RRZ M5, 2001 ). WP EMRICHAILE
e MR, 2 BRI i iz 01
PRicz—, W HIT o st il 34k S 5 40 AR L
HHIHFFE ( Kuwahara et al., 2014; Chae et al.,
2015; Ren et al., 2018), JAFPHERY B ILL5H
S5¥HIE (Elesawi et al., 2016; Xiang et al., 2016;
Demastes et al., 2018 ), #ATFPRES L ZREPERE
Il( Loucif-Ayad et al., 2015; Stoffel et al., 2018 ),
DL PR AE [a] Y BE PR 12 375 S5 0F 5K ( Hirao et al.,
2017; Machado et al., 2018 ), 7E& WML
WFFE P iR t(RNA™-COTl .CO 1 .COTl \ND2
8 BO R B Frbric (il e 4%, 20135 Tan
etal., 2016; FtkiES, 2016), W ILEIRCH
2 PR A7 28 0 P e 33t A% 20 AL A Z AR PR 1 BF 52
( Miguel et al., 2015; Nikolova et al., 2015;
SREEAE, 2016 ),
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WA 7= X (ZRIUERSE, 2016 ), 20 40 70 4-4X,
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XY E45, 20155 3§ HE4, 20155 Zhao et al., 2016 ).
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Tablel Sampleinformation of Apiscerana collected in Guangxi

AL AR MR RAEREEL S g B (m)
Sample code Collecting site Number of colonies Latitude Longitude Altitude
GXNP TR 78 105°38.628' 23°06.441' 711
GXBS JTEREN 51 106°12.372 24°16.701" 729
GXTE PN 64 107°04.219’ 24°57.959' 815
GXBM e 70 107°11.196' 24°13.568' 781
GXSS I 5 79 108°00.873' 22°03.887' 287
GXHJ IR 69 108°05.519' 24°50.828' 304
GXNN SR T 46 108°19.302 22°45.527' 83
GXBH i |3 90 109°23.827' 21°36.937 22
GXBL i 60 110°32.021" 22°27.795' 171
GXZP JTPERA 67 111°01.255' 24°17.177 109
GXQZ JPE A 63 111°01.731" 26°12.282' 314
1.2 EHEHZE FLAE SR TSI L 26 3 R . 2R 4

121 FEEWREME K Ruttner (1988) K
kR (2001) A% M8 St e bnic ik,
LM 33 s AR E SRS L bR id
(Zhou etal., 2016, 2018; Zhuetal., 2017 ),

AR 55 AR S 4 ARG, BR 4 AR
Bk WEBTRHS . BB 5 7 BRI, B 7
BEMRTE L TR BRI SRR | JEHT T,
AR AT AR | A AT T | A KA R
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Bk a. WK b RSO 11 SRk A4,
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FENE, 2016 ), HEAE I SMER A F
( GENEWIZ ) #F473EH /AL,

LERARTRIC R 2 i SR A B tRNA-CO
P53, 5190751 . PCR ¥ 4k Z Ry
WFLF S % Harpur % (2012) J5ik., PCR 24
352 bp J¥H, MFH LR (Invitrogen )
EMHARFR AR S, MF{CH ABI PRISM
3730x1, A SLERAF RN T 5 H Clustal X BT
FEHTECXT, I 00 7 BEAZ XA o A A S )R
HEATEEMY, Rk HAER
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AFRicii it G AR, PR A BULANRE 7R 03
N 25 05 B bRIC, FFRI SPSS 20.0 AR 44 £
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WD 2R R 8 v3.3.2 (R Core
Team, 2016 ) iz17 adegenet 2.0.0 package #17E

51505087 ( DAPC ) 1R 4r 41 503IE, DAPC
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2 B Ao g4 R (Kass and Raftery, 1995),
TR 90%728 57 19 T #E AFI B 74T o GenAlEx
6.5 HEAT)T YR TT B IR HIMER) AMOVA 73 #r

( Peakall and Smouse, 2006 ), Genepop TEZ&5)
BB A 18] 19 38t 1% 5346 2 21 ( Rousset, 2008 ).
Poptree 2 t%E R4t & & W ( Takezaki et al., 2010 ),
Structure (AT ImAL 25 M /38 ( Falush et al.,
2007; Hubisz et al., 2010 ), f#HTEL Structure
Harvester [ T35 AK {8, LLVES & 50 1043
ZHHC, FIF Ne estimator 2.01 ZRAFRINA SR HEER
/N, S “Linkage Disequilibrium”, 55
74 0.05 (Do etal., 2013), Excel Micro-Satellite
Toolkit 3.1 FFAMIERINGE (Heo . MEIRG

(Ho ). “FHZEEE & & (PIC), PopGenel.31
A AN, ) MRS 501 )( Park,
2001 ).

LERLIAREIE ] Arlequine 3.5.1.2 A48 4%

FE R 2R AR 11545 73 R4 (Fy ) F AMOVA
41 #7 ( Excoffier and Lischer, 2010 ), /§ DnaSP 5.0
RSN IR TR ERE (K), ZiHTFR
ZHE (P) G Z 45 (Hd) ( Librado and
Rozas, 2009 ).
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ROTEY, NTTREERTERE, UK. %33
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K MEEAHG . 57 MK . SR 7 AR
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Table2 Alist of 33 charactersused in One-way ANOVA of Apis cerana in Guangxi, Ningxia and Hainan

5 bRIC Characters

FEs5 45741 Group

J"P4 Guangxi

T X Ningxia

13 ® Hainan

W& (mm) Proboscis length

%3 I (mm) Length of tergite 3
% 4 M (mm) Length of tergite 4
% 5 I (mm) Length of tergite 5

% 4 MK (mm ) Length of sternite 4

%45+ (mm ) Length of wax plate on sternite 4

WEBERHS (mm )

Transverse length of wax plate on sternite 4

AR RS (mm)

Distance between wax plate on sternite 4
% 7 Bt (mm) Length of sternite 7
% 7 M FE (mm ) Transverse length of sternite 7

B9 (mm ) Femur length
B K (mm) Tibia length
FEHHTT K (mm ) Metatarsus length
FPFT 9 (mm ) Metatarsus width
K (mm) Forewing length

WP (mm ) Forewing width

JE 4% Number of hamuli

JFf K a Cubital vein distance a

JiF K b Cubital vein distance b

JEH kAL Cubital index

4.945 0+£0.133 1 Aa
2.043 0+0.081 5 Aa
1.842 3+0.066 3 Aa
1.794 7£0.062 9 Aa
2.444 7+£0.071 0 Aa

1.109 2+0.054 8 Aa
2.082 6+0.070 0 Aa

0.272 8+0.050 2 Aa

2.227 6£0.073 8 Aa
2.691 7+0.089 2 Aa
2.435 7+0.080 2 Aa
3.007 7£0.101 8 Aa
1.842 6+0.070 9 Aa
1.029 3+0.046 7 Aa
8.339 5+0.186 8 Aa
2.870 7£0.083 9 Aa
18.3+1.5 Aa
0.520 6+0.033 1 Aa
0.143 7+0.019 6 Aa
3.693 4+0.598 3 Aa

5.137 7+0.095 5 Bb
2.198 1+0.082 9 Bb
1.950 0+0.052 6 Bb
1.918 8+0.052 6 Bb
2.604 3+0.060 9 Bb

1.261 4+0.053 1 Bb
2.322 9+0.087 9 Bb

0.208 7+0.035 8 Bb

2.342 5+0.074 1 Bb
2.886 2+0.083 7 Bb
2.564 2+0.060 9 Bb
3.199 9+0.099 0 Bb
1.993 9+0.065 8 Bb
1.096 6+0.038 1 Bb
8.780 5+0.160 6 Bb
3.037 7+0.060 6 Bb
18.1+1.5 Aab
0.564 3+0.024 1 Bb
0.149 3+0.019 9 Ab
3.848 7+0.560 0 Aa

4.559 6+0.130 9 Cc
1.952 1+£0.053 1 Cc
1.738 6+0.048 8 Cc
1.691 3+£0.053 2 Cc
2.328 3+0.070 1 Cc

1.044 9+0.049 1 Cc
1.993 7+0.050 9 Cc

0.282 6+0.050 4 Aa

2.076 5+0.066 4 Cc
2.478 2+0.080 7 Cc
2.318 8+0.056 4 Cc
2.898 5+0.071 5 Cc
1.726 8+0.057 2 Cc
1.011 9+0.038 4 Cc
7.820 6+0.147 3 Cc
2.723 9+0.047 7 Cc
18.7+1.5 Ab
0.495 4+0.030 5 Cc
0.133 1+0.021 7 Bc
3.822 6+0.681 6 Aa

Ak ff A4 (°) Wing vein angles A4 30.9£1.9 Aa 30.8+1.9 Aa 32.1£1.5 Bb
Mk 4 B4 (°) Wing vein angles B4 108.9+4.2 Aa 108.1+4.4 ABab 106.9+3.8 Bb
Ik D7 (°) Wing vein angles D7 94.4£2.5 Aa 93.0+2.4 Bb 94.4+2.2 Aa
WKk K19 (°) Wing vein angles K19 76.8+2.9 Aa 78.3+3.0 Bb 74.5+£2.7 Cc
Wk G18 (°) Wing vein angles G18 89.0+£3.3 Aa 90.7+2.8 Bb 88.5+3.5 Aa
Wk 026 (°) Wing vein angles 026 34.0+£3.5 Aa 33.9+3.4 ABa 32.6+2.9 Bb
WPk N23 (°) Wing vein angles N23 85.4+3.6 Aa 84.3+3.1 ABb 83.5+4.0 Bb
Wk 116 (°) Wing vein angles J16 103.5+3.5 Aa 102.843.4 Aa 103.343.8 Aa
kA J10 (°) Wing vein angles J10 48.0£3.1 Aa 46.8+2.3 Bb 47.5+3.0 ABab
WKk B9 (°) Wing vein angles E9 20.5£1.3 Aa 21.5+1.1 Bb 21.1+1.2 Bb
WPkF L13 (°) Wing vein angles L13 13.6+1.1 Aa 13.0+1.0 Bb 13.8+1.1 Aa

1.046 2+0.126 2 Aa 1.302 7+0.108 7 Bb  1.008 9+0.078 2 Ac

%5 AR (mm)

Stripe of tomentum on tergite 5

FAEMRAERK (mm)

Length of cover hair on tergite 6
PR o F IR EZE , PV E b A A RRE TR 27 3% (P<0.01), AR AR/ING FRER R 2253 1
% (P<0.05),

Data are mean+SD, and followed by different capital letters indicate extremely significant difference at the 0.01 level, and
the lowercase letters indicate significant difference at the 0.05 level.

0.297 5£0.090 9 Aa  0.442 4+0.0457Bb  0.304 5+0.035 2 Aa
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(111a), UN373(178a), AT103( 154a ), UNEV2
(203a), BI225 (203a)., UN270 (122a), A313
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AT UL T BRI N F,  50% DL FARE
Ac-26 (136a. 138a ). ATI101 (244a, 245a),
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Fig.1 Contribution rates of discriminant function 1 (A) and discriminant function 2 (B) in
discriminant analysis of principal component

213 LRl tRNA'-CO || S EMS4E |7y
I BE AR (RNA"-CO TT A Be A6 I 5]
53 FPELAEARL, RS RE SR S R R 2 A
7-15 Fh, BAAERL Acmt01001 S 74 45 7 %6 1 e
FER—FAERL, 5 REEARER 58.62%. 7
HNEA T RPN B AR R B AR
B 1%L L, 2508 Aemt01030 ( 11.53% ).
Acmt01043 ( 3.53% ). Acmt01254 ( 3.26% ).
Acmt01015 ( 1.63% ). Acmt01012 ( 1.49% ).

Acmt01022 (1.36% ). Acmt01003 (1.22% ), F&
T UL 8 Rl B ERAEAL, TP 53 R
R 36 FhEAMEAL ZE 1 ARG S, Xt
B RUAS I 2 ) B A D | FEASHE s A A Hrh
I 5 EeAgA N

AT = =N 2 S i 21 AT | 0 N S Ay
KRG BT VG RE S AE LA 5t % 2549 | DL —Fh
FAERL Aemt01001 S, (5 4AR S A AR R
[ 49.02%-74.79% (&l 2 ), T 5457 Aemt01030
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VIR 2 KRR, 5 s fgm
Acmt01001 #H HeAs il 2] e D, (5B 77754t
VAN RR AT FE 25 AL BB ) 6.41%-13.73%.

JUPRIEIEEAE A LL 3 AP EAE AL Acmt01001
Acmt01010, Acmt01030 S FEE AR, /350

JUim ke SAREA R 1Y 33.33% . 28.89%F1 34.44%,
JUPGAC AL S DL 2 ARy B AR A Horp
AR Aemt01001 (5 BE AR B 1 36.67%,
Acmt01254 HEEARR) 40% (& 2), XFFE
S LA B v A B B RS2 Aemit01001
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P
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9
e
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\

0 65 130

260 km
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GXHJ

A Acmt01209 + Acmt01210
K , * Aemt01211 + Acmt01212
Acmt01222 * Acmt01226
GxXNN " Acmi01228 - Acmt01229

" GXBL

N @YGXSss

* Acmt01001 * Acmt01002
Acmt01003 * Acmt01010
* Acmt01011 * Acmt01012

‘ * Aemt01015 * Acmt01018
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Fig. 2 Distribution of sample collection sites and mitochondrial genetic structure
in Guangxi, Ningxia and Hainan

JUPEREAAUS R 1, AMREREASIURS NX HN 235002 7 = AR
Guangxi sample codes same as Table 1, and the outgroup sample codes NX and HN
are Ningxia and Hainan, respectively.
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Fig. 3 Theprincipal component analysis and discriminant analysis of Apis cerana in Guangxi, Ningxia and Hainan
on 33 morphological markers

A ERS A HTHUAIE; B, BT RZEE s C FIBIHTHURIE D TR EIE . ARSI 1.
A. PCA plot; B. Tree diagram for PCA; C. DA plot; D. Tree diagram for DA. The sample codes same as in Table 1.
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Fig. 4 Discriminant analysis of principal component (A) and UPGM A phylogenetic tree by F4 (B) of
Apis cerana in Guangxi, Ningxia and Hainan on 38 microsatellite markers

FEARMISE 2 1, The sample codes same as in Table 1.
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Fig. 5 Genetic structure analysis of Apis cerana in Guangxi, Ningxia and Hainan

FEARMISF 2 1, The sample codes same as in Table 1.
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Table3 Diversity parameters of Apis ceranain Guangxi, Ningxia and Hainan on
microsatellite and mitochondrial markers

FHIZE O ARSEM BRMER PRI BHR

BEAACRS IR GE WEREE BRI cE A AN LR R P
EFON P )2

Sample code H. H, | PIC N, Hd K P
GXNP 0.442 7 0.4102 0.978 2 0.416 7 2.969 4 0.682 1 1.823 0 0.005 22
GXBS 04191 03917 0.899 2 0.3903 2.6326 09114 1.9380 0.005 93
GXTE 0.4129 0.396 8 0.876 7 0.384 0 2.620 6 0.609 8 09750 0.002 78
GXBM 0.422 4 0.3950 09174 0.3952 27174 0.7300 0.900 0 0.002 86
GXSS 0.431 8 0.398 4 0.929 7 0.403 3 2.783 7 0.523 5 0.558 0 0.001 60
GXHJ 0.422 4 0.414 8 0.906 0 0.394 3 2.7177 0.617 6 0.7450 0.002 12
GXNN 0.4370 0.4120 0914 7 0.404 2 2.702 0 0.647 3 0.797 0 0.002 28
GXBH 0.432 8 0.3993 09119 0.404 5 2.714 6 0.701 1 0.961 0 0.002 73
GXBL 0.423 6 0.418 6 0.887 7 0.3924 2.640 7 0.716 9 1.162 0 0.003 41
GXZp 0.4318 04152 0.929 8 0.402 3 2.806 8 0.565 4 0.6790 0.001 94
GXQzZ 0.421 6 0.408 9 0916 6 0.394 7 2.8417 0.430 6 03590 0.001 02

NX 0.4377 0.407 6 0.899 6 0.401 8 2.5809 0.598 0 0.744 0 0.002 11

HN 0.408 2 0.367 6 0.849 4 03758 2.628 4 0.661 8 1.454 0 0.004 13
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