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Abstract: [Objective] This paper studied the phylogenetic relationship of different geographic Apis cerana in China as
inferred from mitochondrial DNA. In order to provide the basic datum for study of the divergence among Apis cerana subspecies as
well as to protect and rationally develop the Apis cerana resources in China. [Method] The mitochondrial DNA tRNA*~CO Il
gene of 11 different geographic Apis cerana was amplified using the reported primer pair E2/H2 and sequenced. The alignments were
performed using related softwares or online. [Result] The length of PCR product was 471 bp. There were nine variation loci in all
sequences and their similarity were more than 99%. The restriction endonuclease map showed that one Swa [ site was absent in
Baoshan sample. The alignment of the encoding protein sequence indicated that there was one amino acid mutation in Haikou and
Antu sample respectively. Compared with the reported alignments of Apis cerana inside and outside of GeneBank concluded that
using the sequence of the non-coding region alone was unable to discriminate Japanese bees from the bees of the mainland China.
Based on the analysis of the encoding sequence of COIl gene, the mtDNA of Asian Apis cerana can be divided into eight types:
Japan-Korean type, Mainland of China type, Chinese Taiwan type, Malysia Sabah-India black morph type, Chinese Hainan type,
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India yellow morph type, South Tailand type and India black morph type. [Conclusion] There were quite apparent hereditary

divergence among different geographic Apis cerana in China. The bees of Hainan Island formed a distinct group gradually due to the

island isolation. The result was consistent with the available morphologic appraisal that Hainan bee was a new subspecies of Apis

cerana. Some of the sequence products have been submitted to GeneBank of NCBI and the access numbers are DQ385854,

DQ388602~DQ388609.
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J5 B W RAFAEHE 2 4. Ruttner XK 0 1 45 7
HIERI T 4 AR, B, BRI, HA
A YN xii: o SEHE S SR A 37 o i e S ES N |
Hey BUEVF. EEETAALEEER, i rp 2 AN,
AT T EEE A AR T B SE S AR, e
RESR 7S N I (1 21 7 LN S o i S T 12
Ffe U530 (E A ATT 349 S LA RS 25 R 0 R b 8 A 04 3 B4
Pio TR, Fmhnid U R RK DNA Frid
TNEERTTE W28 REENET MR Tz
(0 FE1 RIS 1R 7 s NS W) (I 00 2R 7 3 B AR
(1) BEN B AARE DR A 1) BRI P g D)7 55, 21 PCR 470
RARIE A B, FH BRI PR D) A7 i 80T F1IR T
A5, HETE ¥ mtDNA 12 AR X C )2
TN EWEA R DR RAKE KRR, LS
fi3[X. (non-coding region or D-loop) FI4H i {25 5 (L1
II (CO T MMM HMZER . [APFFRHIVIN
MY 1A R0k, KBRS A R A 2k H R
MPIENEE. WrHLAR, AREWZRRE. JEEE. Sk
W BRI, DLRARWHHA, shiEAHE G
L AR SR, Sz kBT ORI BRI
IRITEWEREA . LA IR DG B n) j ] AR 2
FFI B2, H2 51400k o 58 P AN [ 1 20 70 2R 0
mtDNA (RNA'~CO [[ 4T T PCR &34 W7 &
FEHG AT, R AR T7 B 1) 43 AT 9 S b I AR 77
TR I OR3P 5 5 B AR SR AR BE AL DL

1 ARSI

1.1 #H
111 ZRITEBRA RSP R T7 SIS FEACK
HAE 9 ANET 12 Ml (), B, | 4R, 1T
PEANIL S REARE BN TAZR bR R 4h, HAthy
O HEE TR B ARIERE . BN TR 1~5 BEIEASE,
FEBEHLE 50~100 2, JANTKLEE Orbrig) H,
H—18°CIMUKFH IR A7 2 DNA $2HL,
1.1.2  FEZUSE PTC200 A PCR ¥ H{; MAXIMA
AUBAF K RS, DYY-11-12B £ =18 2 ] B kA
SBDS50 fHIE /KB HEIR; DY Y- Hi vk i, Z233MK-2
RA & R OPL; BIRRG 2% (USA) .
11,3 FEAR IR (Tris) « 42
JEDU 288 — 4k (EDTAD . + hidEfiReh (SDS)
W s RN W HAESEAEY) TR AR Tris 1
gy 0 A AC s B E SRR K s AR K
(Proteinase K) . RNA % (Rnase) 4 Merck 2 ]~
s ANTP. Marker (50bpDNA ladder) . Taq DNA §
Gl PCR Al a: 1 3 b s R AARHE
AR
1.2 7%
1.2.1 KR4I DNA 3L Jo/K SRERIARAT 1)
IEFEAT PBS ¥R 24 h, FEHGUEIG B g
HE 1.5 ml RO, /N BT, i A
WY SSCWAIER, AR5 4 1B I/ A
DNA, TE (pH8.0) ¥#ifi#)5 T —20CIRA7F#%H o
1.2.2 PCR ¥ 5WF PCR 85107515
E2 : 5-GGCAGAATAAGTGCATTG-3 #1 H2 :
5'-CAATATCATTGATGACC-3'. E2 Al H2 43547 T
P 7 B ML BRI 4L (RNA L (A2 3363)
A COMIER (A7 F 3934) 1) 5 Auit's, 51¥H Fifg
A T A e

RINAAZR (25 ul) = iR DNA 1 pl, 10xbuffer
(& Mg*) 25 ul, 2.5 mmol'L"' ff] dNTPs 2 ul,
10pmol- L™ (514 0.8 pl, 2.5 U-pl™ [¥) Taq ¥ 0.4 pl,
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Table List of honeybee samples for mtDNA analysis

¥ Populations A1 Code T2 No. of colonies KRR 55 Location

IR T IE A c.hainana HNHK 5 #§F4¥E 0 Haikou, Hainan

M 4 J7 % A. . in Fujian FIFZ 5 HEEAE M Fuzhou, Fujian
YLVEZRJ7 %% A. c. in Jiangxi JXNC 5 J" 2N Guangzhou, Guangdong
J"HRARTTE W A c. in Guangdong GDGZ 5 YLV4F4 5 Nanchang, Jiangxi
LA JTE Y 1 A, c. in Yunnanl YNXSBN 4 LM PEXARYN Xishuangbanna, Yunnan
AR TITEE 2 A, c. in Yunnan2 YNBS 1 itk Baoshan, Yunnan
HlZ= 77 %1% A. c. in Gansu GSTS 5 Hlt K7K Tianshui, Gansu
IIVG 7R J5 %4 1 A. c. in Shanxil SXQS 5 1IPG307K  Qinshui, Shanxi
LLIPG 73 J5 % 4% 2 A. c. in Shanxi2 SXZQ 1 1P Zuoquan, Shanxi

JEa AT % ¥ A c. in Beijing BJFS 5 JestBs il Fangshan, Beijing
WIS 1 A. ¢ in Jilin] JLHD 5 MM Huadian, Jilin
TR B % 2 A, c. in Jilin2 JLAT 5 FM 2z Antu, Jilin

KEAFEAK 183 ple RN 96°CTHIAZNE 4 min;
95°C 30s, 50°C 1min, 72°C 1.5 min, 30 MEFF; #ix
Jii 72°C 10 min.

¥ PCR F=lifh )5, Bt RV EH ARG B A
A REAT AL
1.2.3 4508 #H DNAStar.DNAMAN. dnauser
J¢ BLAST Z58PE, Kl i 1 AS ] M 35 70 2R 7 8 e
tRNA'~CO 1 3 K7 AT HBUEE 0 . PR sk
BEDIAT 2534, DA Al e 3 5840 1T (CO DD 43
Gt Fe A SR IR R P 41 0, JFalid NCBI 93
X ith X564 F1 R i 4 52 A T (COTDD 38
5315115 GenBank H 2 (1 At BB 5K R A X 2R 77 % 0
mtDNA AN 751 43 AT PR L, F Treeview
AT R R
2 HRENR
2.1 PCRIIELER

DAIFEDNZH DNA WA, E2 il H2 514, %k

o E 9 AN 12 N S 47 265347 T PCR A
(D . WEFR, I8 5 BoA%E, KN 500 bp.

1 tRNA"™'~CO Il & Y PCR §/ 1845 R
Fig. 1 PCR product of tRNA'*~COIIl gene

2.2 MFLER

ARBFFEAERT 12 ASRAE R 22 HR T g AT T
W CRERE 1 SO, o leZhill F i 12 ANMFERTH
15 N, e, oo HoRR L & AR
RIFHN AN, BIS 5 G877 TRy 11
Ao KB Aifb R tRNA~CO TT 5k PR
IPEEz. WPgs R, ZPHIKEER 471 bp, B
tRNA" B3 51 (1~60bp) + AE4ifi X 5842
F1) (61~154 bp) FIH Mt 2 AEEIT (COTD) 5
JF4) (155~471bp) 3 N4y . FRald A+T BT diif bt
B4 2 HFEEIE Il 83.78%, ARELEIN . YLVG RS £
T7ZRTT AN MRMEAD A 83.65%, =FaffIl. 2 PEX
WA g ZeRt. Jba RS ARz By 83.44%, 1
RIKA 83.42%.
2.2.1 RNA™~CO Il 3K AT R FE 5104
2R, 11 AMREARPA P AT 9 MR RAL AL, i
Y (AoG B ToCO) 7 84, Hifk (A—T) 14y
e (TS) /8 (TV) 4 8« 1; JoBiFEdR Nk .
AL 3 ANKRAEEAERILIX, 6 MR ALY
X (COMAERD o AEgatdX 1) 3 MEFALR A 100
B EHRRKRAET A-G e, 102 7 Eilipy /e
BRIk AT A—G 1, 142 £7 b =i
WARAET T-C 1. galidlx 6 NEFA TN : 177
P LR G—A #2167 LRz BT
T—C #He; 270 47 F 2 FPEXNURANT) A—G #e ks 375
P EHR KK A—G #4247 Bk BT
G—A ¥4e; 444 (7 LG Ra 11 A>T Widk .
2.2.2 MRMESHT ORI 110 AFERFH, R
DNAMAN SAFEAT AU 2307, 4 Sl 3.
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Fig. 2 Variation loci of the tRNA'"~CO]II region segment nucleotide sequence

M 3 LU, H S A AS ] S 3 R ARy i
FIARALPEIILE 99% L Lo FLrhisEpgiie 1. H R R
T BAR I BAL, b 99.2%; TAEEAEM . 1T

VR B AR AT MORE A I ARALEE A 100%, 1l
P ZEACRIAE 555 L AR A 100%; e -+
99.4%~99.8% [f] .

HNHK 100%

FIFZ 99.6% 100%

JXNC 99.6% 100.0% 100%

GDGZ 99.6% 100.0% 100.0% 100%

YNBS 99.4% 99.8% 99.8% 99.8% 100%

YNXSBN 99.4% 99.8% 99.8% 99.8% 99.6% 100%

GSTS 99.2% 99.6% 99.6% 99.6% 99.4% 99.4% 100%

SXZQ 99.4% 99.8% 99.8% 99.8% 99.6% 99.6% 99.4% 100%

BIFS 99.4% 99.8% 99.8% 99.8% 99.6% 99.6% 99.4% 100.0% 100%
JLAT 99.2% 99.6% 99.6% 99.6% 99.4% 99.4% 99.2% 99.4% 99.4% 100%
JLHD 99.6% 100.0% 100.0% 100.0% 99.8% 99.8% 99.6% 99.8% 99.8% 99.6% 100%

B3 11 AFFIHEIERER

Fig. 3 Similarity matrix of 11 sequences

2.2.3 BRI S8 R DNAMAN #ff
X 1T AS A B RE DA, O34T 2 b, 45 R
FEat 3ty Aha L A1 Dra I BYIA7 2% 3 4; EcoR 1
1 Vsp I BEVIAL 5545 2 /N; Bg I, Ssp 1. Swal fil Mfe
I BEOIN 5% 1A FTAFRE, T o R
FPHILE 142 bp MRA T e (T-C) , BbT—A
Swa I BFVIAT 25 (ATTT/AAAT—ATTT/AAAC) .

2.2.4 MG EEAEEI (COID) #aFEMgmLE

R AAEE T (CO LD oI R gt & (17 5T L
B 4) o SEREIRT 2 M RERR: AN
WG RT3, M (BER) -1 (CRRER)
ST S 7 S W A VA W A S R W Gl
(ATG—ATA) ; J— MR EWLEIRTTEE, WV
(WAL —i GERgalR) , HTPslP 424 7k
TIEFE S L (GTA—ATA) .

2.3 MFLERE GenBank FEFHERNINEXFA

FPFI X R dnauser F1 DNAMAN A4t 40 Jifd BHEIZF 5B e Xy
ORIGIN
HNHK ISTFIFIFQESNSYYADNLISFHNIVIIIIIISTLTVYIIDLFLNKFSNLFLLKNHNIEITVIPIIILLIICFPSLKILYLIDEIVNPFFSVKSIGHQY
FIFZ m
JXNC m
GDGZ m
YNBS m
YNXSBN m
GSTS m
SXZQ m
BJFS m
JLAT m i
JLHD m

B4 COllERAEREMAIERFY L3S
Fig. 4 Alignment of the COII partial protein sequence of mtDNA of A.c. cerana
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2.3.1 At RAI LR HIE i 11 A A
tRNA' ~ CO 11 5[4 1] X A () Al G 1 X 58 42 17 41 5
GenBank 1 2> IF (¥ 30 A [5 58 F0 M X 1) 2R 5 2 0%
mtDNA [JAHR 77 3EAT YR PE LEER, A NCBI L1
TreeView SRR (B 5) » WE S o LIFEH,
NI BRI AR 7 B B S oy S = Ky s: (1)
HA, BRg. RfZE. ZRMBEILHEA D — K5
s () REFEH BRPGA NN — 53 (D
EIV R PR BN Ty — oy S

SE IR 11 /NAN TR Hh R 7Y 2R 7 #0i% mtDNA 41 i €4 324040
P 11 FE R 49 77 41 A GenBank P 23 FF (19 S Ath 6] SR 3
X IIZR 7 % % mtDNA AR R0 3T YR LA,
FIF NCBI L) TreeView KR KEE (K 6) .

B 6 1T LA, H AR 2R 7 = e —
0 hEBRER N E RN TEGEEREA—
s LRGN YA RE ) B TR — 2K R
FEL VA Pl B PR B0 R — 25 B RE IR m B SR — 2K
ZeEAME L W (Primorie) FIE MR —; HIEM 5
— BN —K,

- dbjIABO72435.1 (405 1F Malaysia)
: £bIDQO64572.T
ebIDQ381965.1 (E[1JE ! India: Black morph) (4515134 Thailand S)
5 gbIDQ381967.1 (ENEE Y India: Black morph)
eblDQ381966.1 (FIIEHA India: Black morph)

S5 IERBXZERFIIREER

Fig. 5 The dendrogram of non-coding nucleotide sequence

WRIBRER AL, FIHIZRI/K DNA PRASTE(AR] 4%

2.3.2  ANMto ARG TRy P o A Rl
abIDQ3RR607.1 (GSTS)
SKI_18146 (YNXSBN)
eblDQ269026.1 (*['[H China)
g 2 dbjIAB078735.1 (F14< Japan)
? © gblDQO092605.1 (HEHli4E Cambodia)
5 gbIDQ092600.1 (¥4 Lao)
; £blDQO64570.1 (4 HLILH Thailand N)
7 gbIDQ269024.1 (*1115] China)
s gblDQ269027.1 (1 China)
© gblDQ092601.1 (i1 Vietnam)
; £bIDQ388605.1 (SXZQ)
& £bIDQ388606.1 (BIFS)
2 ebIDQ388609.1 (YNBS)
? dbjIABOT8734.1 ([14< Japan)
= ghlDQ388603.1 (JXNC)
5 obIDQ269028.1 (1 [H China)
= gbIDQ388602.1 (GDGZ)
eblDQO64571.1 (4= |3 L Thailand N)
< £bIDQ092602.1 (AL Vietnam)
ebIDQ269025.1 (' [# China)
o gblDQO92603.1 (AL Vietnam)
5 v gblDQ092604.1 (HkfiZ Cambodia)
dbjlABOT8733.1 ([14< Japan)
o gblDQ385854.1 (HNHK)
eblDQ388604.1 (JLAT)
3 obIDQ388608.1 (JLHD)
‘ A Y
3 it

3.1 RTLAIRDNA SN EEEN S EFTR
Zbi PR DNA 1E 0 FAZ B AR IRz i A ) ot
CRA LR PR UG R T
(M RE R LT AR m, AESHESI N 0 AR STk
B IWETTHARE] T2 N o AR Ak VAT
R, Al — Rl £ Hom 2 BT kg,
DAz 1~H00 A TP fe 16 1) 22 METR 5 52 K
il R DL 22 SRS (I SR [ B 18 4 ] J A
I BES AL M IEAE) o B TERifk DNA JE AT

AR S BT A RO A R — R Lol e AR e ([
TEERIEZ DNA)D B (/b0 b T45 25X R B AL
SPEFIRIBEARBEIT T, R Zkitk DNA #1745
B VFLL A% DNA FE ) 0 R R A SR ™), 78— ANy
SEFIERERL, BT MARIZR A DNA #EH R,

— AN REARR X AR A5 7 5, G TR
¥ DNA 73 HT i ERUEAA A AR S s R I 5 o AR
WP EE G, H— RS PR, Lk
btk DNAIRNA"™~CO II F B R 17 41 56 4= M
), dnifg e o RV R R K s B 2 b A7 5 A B R i
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@ gbIDQ388604. 1 (JLAT)
/KII1_19894 (YNXSBN)
8 gblDQ388602.1 (GDGZ)
& gbIDQ38R603.1 (JXNC)
3 obIDQ38S605.1 (SXZQ)
2bIDQ388606.1 (BIFS)
@ £bIDQ388607.1 (GSTS)
ebIDQ388608.1 (JLHD)
& ghIDQ388609.1 (YNBS)
dbjIABO78733.1 (F1 4 Jacan)
dbjIABO78734.1 ([14< Japan)
dbjLABO78735.1 ([1745 Japan)
;dhjl:\Bf}QMOS.l (14 Japan)
2gblz\l“|53|22.1 (114 South Korea)
& pblAF153123.1 (F A Japan)
i——a gblAF153119.1 (*['[H & Chinese Taiwan)
gbIAF153118.1 (*1'[# {57 Chinese Taiwan)
gbIDQ381966.1 (FPIE A India: Black morph)
4 dbjIAB091494.1 (H 2474 1. Malaysia)
8 gbIAF153116.1 (L 405 F Malaysia)
§dbj|,-\50?2435_| (52K 75 F Malaysia)
ebIAF153117.1 (X% Brunei)
gblDQ381967.1 (EPIE LY India: Black morph)

@gblDQ3B5854.1 (HNHK)
2 gbIDQ381963.1 (FIEEUTHY India: Yellow morph)

————

d:“ gbIAF153121.1 (#8 %' 7 Russia)

& gbIDQ381964.1 (ENJE ! India: Yellow morph)

— agblAF153120.1 (428 Thailand)

9 gbIDQ381965.1 (E1)% ¥ #Y India: Black morph)

E6 MpaeiRadiERTMZERFIRELE
Fig. 6 The dendrogram of partial nucleotide sequence of CO II gene

(1 L PEAIAE 5T, %R B IR P SR 2 5 A AH R 1
b W, FIHZRA DNA 2 20 R0T9T H R BEA
)RR C R I, ToVS AR SO Ll i e A Ty
Kb, BEEFLEEN DNA 20 F B3R, MiME
B DU PR R A AN T S R 583, ) AN [l M 30 8 2R Ty
EIELERIR DNA 28T LU AT, KR %
VIR R RGOSR L A . SRR
B
3.2 XF 11 NMIBERILKFHEEE mtDNA tRNA™~CO I

EFEMAZEHERFS 2

A 2% 5 A, AT BN 2R )
WEA 5 AR Gl - BIFh R, AR pg
ferp A R ot R A ARARRORIAR IR RO R,
I T MEEEATIL . SR VU AT J5 B LI
S NG A PSS i g arag s a1 vy PR B2/ 2 O
FEVY NIV AR UM X | 75 T 4330 B T 43 o 3 5
W Rl AR, A L RRIRE AR A
AR BIEEER, AT o M PSRN .
M Iy WX

A HIF 58 0F AN [ 3t BE A AR 7 B 0 2Rk A

DNARNA" ~CO TT kPRI 1 R R 43 4 8 X 2 R
FEA AT Rl LUR (1D IR AR DT g T
IR FIRBE B B AR T — MR 2 . X 528

— AP A AT TR B A A — 8. (2)
MR B AT B TR — MR I A S R o H

RUVHRE 15 R PR AGIE N DIRE RELP 2047, #8785
W6 MNHLIX R T B g 2 b iA DNA JH45 M.
TR L 2R B SRR AR B0 AR AR ) -
FL 2R 5 B VT AR 7 - A it Ry B0, oy
MR L DR R 5 1) mtDNA & i T e H X
g 2k —> EcoR T BEVIAL AT E.  (3) HIlNRK
12 P LU 2R 5 B A R B8 7 Sl A2 ST ST A R 7 s T
P — AN, (4) 2 PSRN R 2R T 25 i B,
SRNAN LS b5 e X AR e W T 22
FB2020 o IR RR DNA #70 Fep 2 80 &, I
WAL o ARSEIG 8518 IR SCRRR = M R
(2R 7 B RV Ry B D, 1 B O i ) 2 R
TR R g B AR R kiR DNA 287 BT IR 458 A
—5, 5% EPE S AR TR AR A
gﬁo
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3.3 XTNMFLERE GenBank FEFRHIERNIINE X

KA EEIZFTIRBED R

MAEGRIL X 75 2T we IR BB R AR g
W S SR P 2R R R 1) 2Ry 2 0 5 L b X [ AR
TEBA RN, MAVKHE (BFEEE |
A, whE LR AW . g, 24, &E
JERHL X (¥ 4 7 B R PP B 2 5, X
15 Smiith 25115 5o 0§ 45 7 8 1% mtDNA i X I
FFTAFII G S — 50, B N ARG B X St A
B 1 A 25 e [ L K (10 4R 7 2 B X 1 K

MGt x CO NIRRT IR, W
PR T B W) mtDNA 1] 43 4 LUR JLANEIRL: H A
SRR, KRR, R EAE, R ER .
SKVGAV 0 B TR D3 i ¢ B TR | D B B TR
ZFE Y XS5BT 7> 5 Deowansh 25 i X6} 8
Iy HLIX AR B ki DNA £ RFLP 2047 BT 3R 151)
SR TR, Bk BB b A
X DA B A 2 R T B R AR DNA A8 5 d 5 (1)
SRS RZAE AT A, 1] LAHEN R )5 B AT T 2 (1)
LR R DNA K71,

TR B AR AL T B A s B AR, A
IR i ) 97 L R R TS L AR, X5 %3
(K147 B B AR T AR SR AR IR AS , SEIRIAS I
JEAREENE T I HARACAC R . H AR L
8 28 2 AR 7 B R Ak 0 A2 B S IR R o X
BRIZR T B0, AR REAE R T2 [ B 8 1 R e ik
A, PP AR T SMURR (1 AR S B A% R DB AR I
WP R A7 R T SRR, e K A AR
TER T — AR AR 2 A BRI . X — 4518 1)
BESZHE T 28— CEPIE T BN S R = N R R
P g i, RV rE AR 7 B R R T B — B
WA A8 5 el f 4512 R i B PO I A b
T 2R B W A B R R S R — K

4 ZEig

4.1 IS AN [ bR TR AR O B AR A A W] A, Tt
2RV &Rk DNA 20 FhridiE & B il
NI T

4.2 mEERLARTTEE R TR A 142
bp A RAET T—C e, 55 e HIX ) 4R 7 i AH LE,
BT —A Swa I BV i o

4.3 11 ANMHFER AT B % mtDNA 40 i 4 35k
Mg 11 CCOTDD B4 & Mgt (1 7 H1 Luxd & B, A
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Hift: AR A ERAERERETAEF, 52T A
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