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i E [Bf) H—LTHRKERNRSER Apis cerana (Fabricius)BH{ARITE S EIKIR , ARIPFIS
B BiX—F RSN ERIREECHKE. [FZ] REATNEXS YK EESER 19 MEXRSE
BEERRIPR tRNA" ~ ND, 55 16S rRNA BERIES BT TH 4. F , HSEBX RS EIEAERF
FIHHTTELIIOMT. [4R] 7 I85K569 (RNA" ~ ND, BERIZS FHIHKE S 471~474 bp , FFFIs+E 13
MNP ; 16S rRNA BEEAIERS FHIHKE 581~585 bp , FF5IHit 6 NERAIMR, ND, EEESEH
LU ER B | RUUFGOREAERE—MIREELR. [Fit] ETRERSSFIIFMEZNRSE
BWRE  BRERASEEPEX FEMBRNARSER | it XORSEEDT R TRkt Xa—
MESE  KAFHPMEA—MNIMIGEL S 3 MERNESEEZ BESXRRE , aeET—
MNMESE , ZRRHEBRNERRFE.

X®iT FRAOEE, SUAER , BESEN  FIDN  RREE

Study of the population structure of Apis cerana based on
mitochondrial gene variation

TIAN Song-Hao'™ ZHAO Zhao-Lin* ZHAO Hui-Ting> MA Wei-Hua"® YANG Shan-Shan'
MENG Jiao" JIANG Yu-Suo"™"
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Abstract [Objectives] To clarify the taxonomic status of Apis cerana (Fabricius) subspecies in China as well as provide a
theoretical basis for protecting and rationally developing honeybee resources. [Methods] Mitochondrial DNA tRNA"-ND2
and 16S rRNA genes of A. cerana collected from 19 locations in China were amplified using two previously developed pairs of
primers and sequenced. Sequences of these two genes were compared with the corresponding sequences from other locations.
[Results] The results indicate that the length of the tRNA"®-ND, partial sequence was 471-474 bp with 13 variable sites. The
length of the 16S rRNA partial sequence was 581-585 bp with 6 variable sites. The alignment of the partial ND, gene protein
sequence indicated that there was only one amino acid mutation in the Qinyuan sample. [Conclusion] A phylogenetic tree
based on tRNA"®-ND, and 16S rRNA partial gene sequences indicates that the A. cerana population from Hainan was

significantly different from the other 18 populations. The A. cerana population from Aba may be a high altitude ecotype. The
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result did not, however, support the conclusion that the Aba population was a separate subspecies. Three populations from Jilin

may belong to the same ecotype. The variation between A. cerana populations in Yunnan was high.

Key words Apis cerana, mitochondrial gene, genetic diversity, sequence analysis, phylogenetic

BESEANRSEES M T IRITENAER
HALEBIMOS KX (17EIES% | 1986 ), BT
KHERIBAER  WHRESMRIEDRR £
TIRARNERBES] EEFESTERESH
MAEERTIFEEENER . BLHEY,
FALEESINKELLCE BT EMERES LG TF
SH | NZKE, KBRS ZERLARESIR
BRIASBRIAR BN X AR S EEHIRE S
RS ( XIFTFAERER | 2009 ), FLt , &7
MSEA AR AX—FRAEMRIRBEST.

KTFFERANRAEEDERNR  —BF
FEEZ . Maa (1944 ) B m T IoErEaRaY
AETFEOELMNEE GRS Apis cerana
skorikori ( Maa ), Kellogg ( 1954 ) {5 EEEY
HEFhTESR 9 Apis cerana peroni ( Kellogg ), 3E
I\ EE 7T RsEFRY 9 h LB aE T AR ( B
EFRMNER |, 2007 ), Ruttner (1988 ) {KIEAZS
FHIESTTIRER S EES 4 N IIF | BIshselr
. ENETM, BATMIISEDAETM , HB
BB IEEERIEFN Apis cerana philippina
(Skor. ) AJRER—HTRIILF, Damus F Otis

(1997 ) BE X IRE W AR T B SIS
R, ERE TR EENIFRETM. KEF
EEIE (1984 ) RFE— WFSKERE ( 2000 ) WY
BHENRASEES S 5 NI D BIRFPETT
. ErIrR, IR, PR LA AIED LR,

BT EBEEFNER T SEEINERIK
DNA ( mDNA ) EEBREEGR |, BIELI
K DNA ( mtDNA ) #/iZ N R FZ iR A0
BIRNARRRBTIRHARES AT ( Smith and
Hagen , 1996 ; {R¥R#E , 2009 ), Arias ] Sheppard

(11996 ) SKF ND, EEF5IXI 7875 ZERHARYIE
DHIRNRBAT TS , HERM 20 MESFEE ,
RRRBDITEER 3~4 NEETHM |, ZERE5E
HHRASZHRERNNGEIC—E. Irfan & (2006 )
BT LR ND, EERNIRALE ST, FEBK
Hr KER o XEE NS EE C 9.
Sheppard #1 Meixner ( 2003 ) @I I #aF L
KWK FASFZEEIL M Apis mellifera
pomonella B9 ND, FFFISHEIANAG , EETFFS
Eig C 9. llyasov 3F (2011 ) @I XIHSHR
SHURME =M= ND, EEATE
NEFFDHFED , BRNELEE Apis mellifera
mellifera ( L. ) 2FAAZEE M #4437 EAYH45RY
—NIM KBS R=EHNNEREERRES
Apis mellifera macedonica ( Kiesenwetter ) IFfd,
Tan £ (2006 ) ¥ I T HERRN 19 MESFRIR
FEE ND, 2R , AFKEEYIIEFFIFRZE
5, Z8ER  ND, EENFFIZRSHESFH
WL R—E, FIFFEBLHAIR 16S rRNA EE
HTMADEARRER D SRR TZE
EEMAELRIRST. Sittipraneed F (2001 ) 73
PREMEEET) TR EIR AR TS RV RL IR
16S rRNA &[H , 31587 4 FIAERIREE, B
= (2009 ) WarEE 16 MHIEEEHNERS
EIELRITR 16S IRNA ERER S FR5ITY 150
2T AETIEEFNERFYITE—E

KNAFRKRALRTTRIS IMIXIPERA 19 M

XH5/5 % mtDNA ND, #1 16S rRNA EEZB
DEFFIBTT G, WRRFIDHT  LAH—ET
R ER MRS EENEH AL SRR | SRR
MEEFAX—E RS R RIR IR,



-450- M FEHZHR Chinese Journal of Applied Entomology 51%

1 MRER*E
1.1 HARRRE

RAEENARBELE 10 MM 19 MBX
(% 1), BRIRMEENFEARERE A LERRY
SRR Bt | BEEARR0ERE. BME
MOBIK 1~5 B , EFFR 50~100 LT , BF
ToIKZEE (2B ) &, (RTFTF - 20°CIkFEF |,
Z= DNA 12EY,

1.2 DNA BY$2EX. PCR ¥ &N FF

= DNA FYIREXNK A TIANamp Genomic
DNA Kit( WBILRRIBENRBIRAT] ) iR
Bz A Gel Extraction Kit ( D2500-01 ) ( W8
OMEGA 28] ), 52fER A PGM-T Cloning Kit
BItRRIBENWRIBRAF ),

SCIS A5 1%( Cameron et al. ,1992 ;Arias and
Sheppard , 2005 ) EHItRANEHEAER LTS

(% 2). ND, EERIRRAZR (40 pL): DNA
1R 2 1L, 10>Bufefer (& Mg?* )4pL , ANTP3.2
bl , iS5 1#( 10 pmol/L )0.8 pL , RS 14( 10
pmol/L ) 0.8 pl , Tag DNA BR&Es ( 2.5 U/l )

0.6 L, REWNZEIK 28.6 L, HIEFKM 1 94CTR
25 3 min ;94°C 1 min ,46°C 1 min ,72°C 1 min ,
35 MEIR ; &fg 72°C 10 min, 16S rRNA EEx
RI{RZE (40 b ): DNA #&E#y 2 pL , 10>Bufefer
(& Mg¥) 4, dNTP3.2 WL, L34 (10
pmol/L ) 0.8 WL, %5 14 ( 10 pmol/L ) 0.8 L,
Tag DNA BB&TE (2.5 UL ) 0.6 Pl , KEIGE
7K 28.6 P, IS 94 CTRESME 4 min ; 94°C
30s,55C 30s, 72°C 1 min, 35 ME ; &5
72°C 10 min,

*1 IEAEBEFARREMS

Table 1 Honeybee samples and locations for mtDNA analysis

FEE %z By SRR

Populations Code Number of colonies Location
LUFERSZEE 1 A. c. in Shanxil SXTG 5 WFEAZ Taigu, Shanxi
LUFEZRF5ZEE 2 A. c. in Shanxi2 SXZQ 1 LUFEZAR Zuoquan, Shanxi
LLIFEZR/5EE4E 3 A. c. in Shanxi3 SXQY 5 LLFEUIR Qinyuan, Shanxi
LLIFEZRSZEHE 4 A. c. in Shanxi4 SXQS 5 WFEH 7K Qinshui, Shanxi
EMIRAERE 1A c.in Jilinl JLHN 5 EHHERS Huinan, Jilin
EMIRAELE 2 A. c. in Jilin2 JLAT 5 EMZE Antu, Jilin
EMIRAEE 3 A. c.inJilin3 JLHD 5 A Huadian, Jilin
ZEIZRJFER 1A, c. in Yunnanl YNKM 5 ZFgE A Kungming, Yunnan
ZEIGRAZEEE 2 A. ¢. in Yunnan2 YNBS 1 Z=EIELL Baoshan, Yunnan
“EERSFZER 3 A. . in Yunnan3 YNXSBN 4 Z=EAPWARZA Xishuangbanna, Yunnan
PO)11ZR75ZE4 1 A. c. in Sichuanl SCiz 3 74)11 1,38 Jiuzhai, Sichuang
P9) |5 F5284% 2 A. c. in Sichuan2 SCYB 3 PU)||EEE Yibin, Sichuang
PO)1|ER5 % 3 A. c. in Sichuan3 SCMEK 1 79)11 5 /REE Maerkang, Sichuan
BRIFRSEE A. c.in Hainan HNHK 5 i#8REE 0 Haikou, Hainan
BERIRSELE A c. in Fujian FIFZ 5 @%@ M Fuzhou, Fujian
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LIZRZRAZEE A. c. in Shandong SDFX
HMRESZEE A c.in Gansu GSTS
TR A c. in Guangdong GDGZ
T ARSZEE A c. in Guangxi GXQZ

LIZRZR & Feixian, Shandong
HrK7K Tianshui, Gansu
T~ Guangzhou, Guangdong
J~#EERM Qinzhou, Guangxi

g P, N W

*x2 IBASIHFT
Table 2 Primer sequences for research

E&H Gene 3 |¥pZFR Primers name 2|¥IE5 (5'-3 ') Primer sequences
ND, ILE TGATAAAAGAAATATTTTGA
L2 TGAAACTATTATATAAATTG
16S rRNA 16SmF TTATTCACCTGTTTATCAAAACAT
16S1R TATAGATAGAAACCAAYCTG

¥ PCR F=piliEIKH g , =it
EABHEAERATHITNENF.
1.3 FyoHh

FF8 DNAMAN XUFERFFIHHE | ERTR
ENFEEFTRIERY  BRFIRERRMYE,
I F3 DNAstar 3R{4E1F1 MEGA4.0 47 FR5 HI5
EBp. EHERK. F7RIEUARZERFIES
TRAIE, KA UPGMA FWERALRER , K
FA Bootstrap test fhit R R BEMAIATFHE Sl
#2739 1 000,

2 HER59R
2.1 tRNA""~ND, EE 5 FH &S EBFTI

2 PCR ¥ 18, mREFINR , 3XETHEE
K 19 MR AR ZEE (RNA™ ~ ND, EEEZS
FF5l , FEFKEER 471~474 bp , BFE tRNATE
EE5S 5 (1~52 bp/53 bp/55 bp ) F1 NADH
BHEES I EE (KEHN 418bp ), tRNACEE
BB FYERRERETRASRIREK, RFFN
FERBEHE GenBank ER , EXS D3N
KF663574 ~ KF663592, F5da A, T. C #1 G
WEAFIEEDFIF 38.5%. 45.7%. 9.6%F]

6.3%, Hh A+T S8 84.2% , G+C SEL
15.9% , ERAEHY AT (W&, 19 MNEHIFEEE
OSEEEMAVBIMERIR , 79 92.7% ; =/
BB =N RANEIMS RS , /997.9% ; &
b X FEFURBILEN T 94.0% ~ 97.7% 28] (
1), BEsOMNERRXKNFIIDKEERS  H
24 ; HitNF 0~22 2@ (E1)

SNE 2 F03% 3 A , FERTSEIRY 19 N5
PHEI 19 NERAR | HpiRiE 14 4, ik
24 HRME /BRI 7 0 1 IR EHRAFIERKALSR
31, BN ERNREREAEIRWEX  HR 13
MIFKEERBX (ND, R ), HEABEAN
FIRF A RRFETIERBX.

ND, EEERS w3 XIS EERE RS
TR 19 NP ERTIIS ERENER
SR e ) 79 17.27% KA FBEREL Cys)
SRR (Arg), 1979 0, [UERRFFILLIIEE
BR, 19 NEFIRHET 1 MNERERT RIS
BOLLPEILIR 88 L= ENREERA Q ( AR )
—K (#aE ), 2ETRBX 262 {7 EAREER
5% (CAA—AAA ) (EI3),
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Percent identity

304 sl 6|7 [8[9o 1ol [12 1314151617 ]18]10

1 99.4199.6[97.9 [99.8]99.8]99.8 [99.4 [99.2 [99.6 [99.4 [98.3 [99.2 [99.4[99.2[99.8 [100.0] 1 | YNXSBN
2 |04 98.5[96.8 [98.7 [98.7 [98.7|98.7 [98.5 [98.9 98.7 7.9 [08.5[98.7 [98.5[98.7[08 5| 2 | FIFZ

3 [1.3]09 97.9 [98.9 [98.9 [98.9 [99.4 [99.2 [99.2[99.498.5 [99.2 [99.4 [99.6 [98.9[98.7 | 3 | GDGZ

4 lo6]0s 99.2[99.2 [99.2 [99.2 b8.9 [99.4 [99.2 [98.1 [98.9 [99.2 [98.9 [99.2 [99.4[ 4 | GSTS

5 |o4foal13] L 99.8 |99.8 [99.4 99.2 199.6 [99.4(97.9 [99.2 [99.4[99.2|99.8 [99.6| 5 | GXQZ

6 |22]22]2224] 2 98.1[98.1 [98.1 98.3 [97.998.1 [97.0 [97.9[98.197.9]98.1 [979] ¢ | HNHK

7 (020211 ]09]02]1. .0100.0[99.6 [99.4 [99.8 [99.6 [98.1 [99.4 [99.6 [99.4 [lo0.0[99.8 | 7 | JLAT

8 02|02 [1.1/09]02]19 00.0/99.6 [99.4 [99.8 [99.6 [98.1 [99.4 [99.6 |99.4 100.0[99.8 | & | JLHD

99.6

€]
f=]
[
o
%]
—
i

09[02]19]00
09[06(19]04]04 |04
1.1 09 1.7 06 |06 |0.6

99.4 [99.8 [99.6 [98.1 [99.4 [99.6 |99.4 100.0/99.8 | 9 JLHN
99.8 199.8100.0 [98.5 |99.8 [99.6 |99.8 |99.6 [99.4 | 10 SCJZ
99.6 98.3 199.6 [99.4 [99.6|99.4(99.2| 11 | SCMEK

_.
o
=
(=)
o
¥}
<
=)

Divergence

._.
-
=
V=1
e
I
(=
o

0.2

12 104 |00 (09 |06] 04]22[02]02[02 |02 |04 98.3 [99.6 [99.8 [99.699.8 [99.6| 12 | SCYB
13 {0602 [06]/09]|06|1.9[04][04[04 00 |02 |02 99.6 [99.899.6 [99.4| 13 | SDFX
14109 |09 (04 [ 11| 13]22 (11 |1.1[11]0.6 [09 [09 [0.6 . 98.7(98.1[98.3 | 14 | SXQS
15 (0904 09 ]| 1.1/09[22[06]06[0602 04 0402 99.6199.4199.2 | 15 | SXQY

09]06[19(04]04[04[04]06 0.2 [04 06

(=)
o
(=)}
o
o
o
=)

0.6

99.6199.4| 16 | SXTG

17 |09 04 |04 | 1109|2206 0606|0204 04 02]04 [04]06 SXZQ
18 (0202 11]o9]02]1900] 00 0004 060204110604 YNBS
19 [ 00|04 1306|0422 02]02]02 06 |09 |04 |06 [09]09]06 YNKM

1 2 3 4 5 6 7 8 9 |10 11 |12 |13 |14 [15 |16

1 194 ND, EEFBS 75153 5% B FtR 1 B BE
Fig. 1 Sequence divergence and percent identity of 19 partial sequences for ND, gene
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HNHK TGATAAAAGAAATATTTTGATAAAATATACATGTATAA TT-TATA(TATTACTTATTTTEITTCATAAATTTTAAACATAATTTATTCATTGCGTTA(TTTTAGCATTATTTATTCT'V 118
[ 4

GDGZ
GSTS

¥YNXSBN

JLAT

JLHD

JLHN

sCIZ

SCMEK

SCYB

SDFX

SXQS

SXQY

SXTG

SXZQ

¥YNBS

YNKM

HNHK ATG(TAAATTCAAA@ATGT(TTThTTCAATGAGT(ATTATAGAATTTAGTACAATTATCAGAATTAGATTAATTAAT&TTAAATCTCCAAATAAEATECCAAGATTAATTTATTATATT 238
FJFEZ’ LG T, 240
GDGZ g 238
GSTS I 238
YNXSBN Gt} 238
JLAT Gt 238
JLHD T 238
JLHN T IR 238
sCiz [IT 238
SCMEK N A 238
SCYB LG LT, 238
SDFX T 238
SXQS bk T 237
SXQY ST 238
SXTG LG T 238
SXZQ N P 238
YNBS Se G [ 238
YNKM S G 238

HNHK GTTTCAGTAATDTCAAGAATTTTTTTATTTTTATTTATTATTATATATTTAAGAT CADTAGATTTTACAAAAT EDGATCAATTTAATTTTTTAATTCAAATATTATTTTT CTTAAAAATT 358

GXQZ ST 358

FIFZ LT 360

GDGZ ST 358

ST T 358

YNXSBN T 358

JLAT LT 358

JLHD . I ----- %gg
JLHN .

SCIZ LT 358

SCMEK ST 358

SCYB T. 358

SDFX e 358

SXQS ST 357

SXQY T. 358

SXTG LT 358

SXZQ ST 358

YNBS T 358

YNKM ST 358

472

472

474

472

472

472

472

472

472

472

472

472

472

471

472

472

472

472

472

B2 19 MBXZFEE tRNA"~ND, & E &5 5L x4
Fig.2 Alignment results of partial sequence of tRNA'"®-ND, gene of 19 different locations

iE B SEREEAZRMSR B S5FE.

The bases inside the box are the variation sites, the same for Fig.5.

%3 tRNA""~ND, £EIBHFFIE RS
Table 3 Variation sites of tRNA"*~ND, gene partial sequences

St REZR (WA FhEF

Mutation types Bases variations  Sites Populations

44 HNHK

114 GXQz

219 HNHK, GXQZ, JLHD, JLHN, JLAT, YNBS, YNKM, YNXSBN

Eﬁ_ﬁ% T—C 234 GSTS
Transition
252 HNHK
288 GDGZ, SXQS, SXZQ

298 HNHK
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318 GDGz
£:3% 3 (Table 3 continued)
SRARKEY RETR = MR
Mutation types Bases variations  Sites Populations
43 HNHK, GDGZ, SXQS, SXTG
C—-T 135 HNHK, GSTS
369 GSTS, SXQS, YNKM, YNXSBN
63 HNHK, SCMEK
G—A
216 HNHK, GDGZ, SCJZ, SDFX, SXQS, SXQY, SXZQ, SCMEK
A—G 441 HNHK
it A—T 315 HNHK
Transversion C—A 319 SXQY
A 39 FIFZ
A
Insertion A 40 FIJFZ
ﬁg& T 41 SXQS
Delection

HNHK MLFMNFKHNLFI ALLLALFILMLNSNNVFI QWVI MEFSTITSISLINIKSPNKIPSLIVYIVSVISSIFL
GXQZ o o e e e
FIFZ i e e
GDGZ o o o e e e
GSTS
YNXSBN o v vttt e e e
JLAT e e e
JLHD e
1 I
SO e e e e
SCMEK o v vt e e e e e
SCYB o o e e
SDFX o ot
S QS e e e
SXOY ot e e
SXTG v v v e e e e
SXZQ e
YNBS oot e e e
YNKM  f v v ot i e e e e e e
HNHK FLFITMYLSSLDFTKSDQFNFLI QMLFFLKI GIFPFHFWMI YSYEMMNWKQI FLMSTLI KFIPIYMMVS

GXQZ  « + o o e e e

FIEZ t o o v e e e e e e e e e

GDGZ o+t vt vt e e

70
70
70
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3 19 MBXFEFERE ND, EEB A EBFFILLXTLE
Fig. 3 Alignment results of partial protein sequence of ND, gene of 19 different locations

2.2 16S rRNA EEFFF

2 PCR 18, mEFMNFEXE T FER
I 19 MBXAIZRSZEEE 16S rRNA EEAYES
5 KE /9 581~585 bp, FHIEREEERT
IREABEAFRMERD . AFFINFESREE
GenBank tEHFR , BRE D51 KF572594 ~
KF572612, F5IF A, T. C 1 G BENFES
29579 37.3%, 38.5%, 9.4%7F1 14.8%, Hrh
A+T IS8 75.8% , G+C B 24.2%, THE
BEREN—ER AT (RE. 19 MEXIRSEERN
F5% , ) HE. SEREMS M EErIRaI
MEERAR , 7997.9% ; @&EM. TR, BR
FK. TTEERM. WAEL/KFILLAE RS EARX
RO HXAGHRILE S 100% ; S XAFESIE
EIHENTF 98.1% ~99.8% (& 4 ), BREOS5H
ftt 18 MBXRIFFIDIRES 0.2, HBHXE)Y
AO0(E4)

BIEXT 19 MEXFEFIHTEEXS |, AT
6 NMERM R , HPRERIGAIR 11, HERE
NLR 4, IBEREAIR 14, WE 5 A,
BRSSO 34 i1k G—A & ; SR, &
MZEFISEMHERTE 27170 272 (L LD BIEAN—

™A EWERHILERZRRE 371 L EBA—
T, 00| EETE 371 #1 372 (L LD BIHEN—T ;
=ERWAZEANRAE 370 i EfRKT—

NT,
23 RGELXEST

AAHFRFIAEHPESER 19 MIXERA
EHEEERIUR tRNA" ~ ND, 5 16S rRNA EEAIES
SEE , 53kE GenBank EIEEFE G
BRI RIMRIRFFIHITEET , KA
UPGMA ED BB RZELREH (Bl6, B 7),

ETF (RNA" ~ ND, BHERFFIFHE
NRALKEN (B 6) ATLIEL , HF 41K
o<, HPPEiE, SERALAZEE. 8EK
PEBEH—I9X , BERAEE. BHER
RAEEIIREEM 18 MEXKIERSEESR
— KD

BT FEFILLIT AT 16S rRNA EETEFRLL
BARST , MR GERE R ERINEE, BFE
PSS FTERIEAY 165 rRNA 2355 B E B3I FTiagEd
RpkEW (B 7) TLEY  SmsONK
PEEA—BEEISX , HER 18 MEXAR
HEEA—NDZ,
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Percent identity

314567 18 9o Jro]ur J12 [13 1415716 [17 [18 J19
1 100.0[100.0100.0[99.8 [99.1 {99.1 [98.3 [100.0] 99.1 {99.1 [100.0{100.0/100.0[100.0{99.1 [100.0[ 1 YNXSBN
2 |o. 99.1] 99.1{99.0 |98.3 |98.3 [98.3 [ 99.1[99.1 (99.1 [99.1{99.1[99.1]99.1[100.099.1| 2 FIFZ
3 100 00.0) 99.1 {98.3 [100.0 99.1 [99.1 [100.0/100.01100.0[100.0{99.1100.0| 3 GDGZ
4 100100 99.1]98.3 [100.0[99.1 [99.1 [100.0{100.01100.0/100.0]95.1 [100.0] 4 | GSTS
5 (0.0 ][00 99,1 [98.3]100.0]99.1 [99.1 [100.0/100.0[100.0[100.0{99.1|100.0[ 5 | GXQZ
6 10000 99.1 [98.3(100.0] 99.1[99.1 [100.0100.0]100.0100.0|gg 1 [100.0 6 | HNHK
7 10002 99,0 [98.1/99.8(99.0[99.099.8 [99.8 [99.8 99.8 (99.0(99.8 | 7 JLAT
5 [ 8 0.0]00]o0. . 100.099.1]99.1(97.9|98.1 [99.1]99.1]99.1|99.1 [98.3[99.1| § | JLHD
£ |9 [00]00]00[00]00[00][02]00 99.1/99.1(97.9(98.1[99.1[99.1/99.1{99.1{98.3[99.1| 9 | JLHN
8 1'10 (00 (000000000002 00]00 98.3]98.1(99.198.3/98.3[98.3]98.3(98.3[98 3| 10 | SCJZ
2 [11 0000|0000 [00[00]02]00]00]00 99.1 100.0{100.01100.0100.0[99.1 [100.0] 11 | SCMEK
A [12]00]00 00 00 ooloo][02]00]00]00]00 99.1[99.1[99.1{99.1(99.1[99.1 12| SCYB
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15/00]00]00]00|00]00[02]00]00]00][00 ][00 |00]0. 100.0100.0[99.1100.0] 15 | SXQY
16 00000000 [00][00[02]00][00[00[00 ][00 [00][00]0.0 100.0 16| SXTG
17 [ 0.0 [0.0[0.0]0.0 [00]00]p2]00]00]00][0000 [00]00]00]00 17 | SXZQ
18 10.0 0.0 [0.0[0.000[00]02]00[00][00]0.0]00 [0.0]0.0]0.0]0.0 18| YNBS
19 10.0[0.0]00/0.0[00]00]02[00]00]00/[00[0.0 00]0.0]0.0]00 19| YNKM
1 (2 3[4 ]5]e6e |7 18[9 [10]11 [12]13[14]15]16

4 19 1 16S rRNA FB 53 FF 51 53 15 BE R AR 0014 %6 b
Fig. 4 Sequence divergence and Percent identity of 19 partial sequences for 16S rRNA
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HNHK TTATTCA(CTGTTTAT(AAAACATGGCCTATTGAETATAATTTTAGGTCGATCTGCTCCATGAAATAAATTTAAATAGCTG(AGTATATTGACTGTACAAAGGTAGCA?AATAAATTGTC 120

GXQZ 20
EIFZ 120
GDGZ 120
GSTS 120
YNXSBN 120
JLAT 120
LHD 120
JLHN 120
SCIZ 120
SCYB 120
SDFX 120
8XQS 120
SXQY 120
SXTG 120
120
%Zé% 120
YNKM 120
SCMEK 120
HNHK 240
GXQZ 240
FIFZ 240
GDGZ 5:3
GSTS
YNXSBN %13
LAT
JLHD 240
240
JLHN W
sclz
240
SCYB 240
SDFX 240
SXQS 240
SXQY 240
SXTG g%
e 240
YNBS 240
YNKM 20
SCMEK
HNHK GAATTTTATTTAATATAATTATTTATTTAAA TTATTTGTGAATATATAATTAATTTAAATTTGATTGGGAGGATTGGTAAATAAAAATAACTTTATCTAAAAATTAATTTTGATGAAA 358
GXQZ . . coee. 358
FIFZ 358
GDGZ 338
GSTS 358
YNXSBN 358
JLAT 360
JLHD 360
JLHN 360
SCIZ 398
SCYB 358
SDFX 358
SXQS 358
SXQY 358
SXTG 358
SXZQ 358
YNBS 358
SCMEK - - . 358
HNHK AGATTTTTTTT GACTTATAATTTATGATTAAAAGAATAAATTACCTTAGGGATAACAGCGTAATATCTTTTGATAGACCACATTGATAAAGATGTTTGCGACCTCGATGTTGAATTAA 476
476
476
476
476
475
478
478
479
476
478
477
476
476
476
476
475
YNKM 476
SCMEK 476
HNHK 582
GXQZ 582
FIFZ 582
GDGZ ey
GSTS 582
YNXSBN 581
JLAT S84
JLHD 584
JLHN
SCIz i#
SCYB 584
SDFX 583
SXQS 582
SXQY 582
SXTG 582
SXZQ 582
YNBS 581
YNKM 582
SCMEK 582

B 5 19 MhXZ 5 EE 16S rRNA EEI Y FHILL 4R
Fig. 5 Alignment results of partial sequence of 16S rRNA gene of 19 different locations
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BRE—MRGHNRE STRIASAEIOSEAR A RAPD XHEIER 8 M 28 BIRAE
FEEAL SRR, B (2008 )
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Viet Nam

GXQZ
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FIFZ

15|=— SCYB
SXTG

)3 Nepal

YNKM

YNXSBN

T
68 GSTS
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37 SXZQ

SXQS
72 21 SXQY
SCIZ

21

SDFX
32

SCMEK

HNHK

Thailand

Apis koschevnikovi

0.020 0.015 0.010 0.005 0.000

Bl 6 ET tRNA"~ND, o EEFFILL UPGMA EFMEN ARG L B M
Fig. 6 The phylogenetic tree reconstructed by UPGMA using the tRNA'"-ND, gene partical sequences

iE : SMEFAY GenBank EREDHINIVEEE (AY_712677 ), BEERITEL ( AY_849569 ), ZRERITELE ( AY_849566

FMBHRAREEE ( AY_849568 ),
The acession number of outgroup are Apis koschevnikovi (Buttel-Reepen)(AY_712677), A. c . in Viet Nam(AY_849569),
A .c.in Thailand(AY_849566) and A .c . in Nepal, respectively.
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KEDE |, KR SRR SIRSM |, FURL
TEESMENENSHELES (HRE

2006 ), NATAFTATEAISHY 19 MR IR TT
tRNA'™ ~ ND, ] 16S rRNA 8> EEFEFHaLL

Y s TFEENERAZEESEID 18 MEXAY
RAEBRERSRA, (RNA"~ND, FFIRg 19 4

YNKM
YNXSBN
YNBS
SXZQ
SXTG
SXQY
SXQS
SDFX
SCYB

sCIZ
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JLHD
JLAT
GXQZ
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FIFZ

SCMEK
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0.0008 0.0006

0.0004

0.0002 0.0000

B 7 ET 16S rRNA B EEFFILL UPGMA SERTHERN R G L B R
Fig. 7 The phylogenetic tree reconstructed by UPGMA using the 16S rRNA gene partical sequences
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HiNmabARD B EA— P RIER R
Bl Fh Apis cerana abansis ( Yang ), A5EIE
£ (11995 ) B A T AR KN E T AIUESE T fafil
ERERRSEEHITM. EEF (2005 ) IAAH
ERSEED /5 MEIERR | HAfiniEs
— IR,

)| &tk Bia DR EE 2
MRS mXRFD (FIMBESE | 2009 ), ZAH
RET tRNA"™ ~ND, FIIMBRNEFEERE
BE kBRI X S/RRFINFERR S EE S
REBEEMUFGURNRD BEESRRRIL. M
tRNA" ~ ND, EREEE 7 FFIL 3 ERRE 1)l
SIREAERMERAR ) INFE— MR
=R WERBEE—MIRRER SR  ILIFLRE
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10 METHHY 21 BRI BEERISRIA cyth BEE A
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ISR, KEES (2011) KA AFLP &
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B, SRS EET e A— MRS NESE,
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REEN=MEIRRSEEER—MIR
KRR M 16S IRNA B EZBOFFILLITRE |
X=MEXSER—NUEBBAEN A, EF
tRNA'" ~ ND, EEZS FIHEENRFE L BN
R, X=EMEIRNRAEEFEXRRIA,
RIRRERKE , KESHK=EANFEBXAIER
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tH ATREE T —MESE, X 5B € 2008 )
IRKBEEZF (2011 ) HIAREIC—H. BTAE
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E. At , BXENRADEEN S EMA , F
BiFH—EHR.
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FAPENUARANAZR /S ZEAE A R ENE T, EFBHRAN
ZER (1990 ) INAD T T EAEILHRNEREAE
EETAERLM 5T =rEramespiRS EiE
BFENEILM, F|EF (2001 ) FERENYT 15
Z7 DNA NI AN =ERA ERBESHENS
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MEESEM. ERSE (2003 ) FMARSUE
ENTERABRERRERI , BRSO EE
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MRAEESHN "KRX" fl "X, =
1% (2012 ) BTN =R R ISR SIS D
Hr NS X RREENR AR AR
RIS,

M RNA" ~ ND, EEZRS FHILLIIRE |
REZEE=MIRNRAEETRMARIEE
Bl = MERE— MRS  ZEE
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BRI B R MERIBVERIR AR, M
16S rRNA EEZDFFILLXIRE | =EefRLUFD
SEAMRANER— I RERSRE— T, EF
tRNA" ~ ND, ERZBS FHIHWBNRZ LB
R, =R, =EraXGRMNFEIRRIERS
EENFSEXARL MamRUNRLEES
BRI EMIFEERRERIL, XKRPRFEANIR
NIRRT RE S RERE IR A— 1 K8, =
FAfRLIRYR S E g SRaRRRYMRS . ZRABRIS 75H0
ERACEIEMA—K RBsERARETR
LEREE. ZEIRE5EESF (2001) BERE
(2003 ) FIZ4EEE (2012 ) FRAREEICEAR—EL
AT ZARPRZ KB T A= abE
HXAEARRBXREIE ReEH— S RIETEIE
% (1986 ) SEMEMZHER (1990 ) HLEL.
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