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Abstract: [ Objective | There are three groups of black honeybees, namely the Northeast Black Bee (Apis
mellifera—northeast black bee) , the Xinjiang Black Bee (Apis mellifera—Xinjiang Black Bee) , and the Black
western honeybee (Apis mellifera sinisxinyuan) in China. This study aims to conduct a comprehensive
comparative analysis of these three black western honeybee species through integrated morphological and
molecular biological methods to gain a deeper understanding of their evolutionary relationships and adaptive
characteristics. [ Method | In this study, 18 morphological traits of the three black honeybee groups were
measured and compared, with the Italian bee (Apis mellifera ligustica) serving as a control. Concurrently,
mitochondrial genes (ND2, COI, and COI-COII intergenic sequences )were analyzed to investigate their genetic
structure and evolutionary relationships. [ Result ] (1) Morphological analysis revealed that the Xinjiang Black
Bee and Northeast Black Bee are similar in most morphological traits and generally larger than the Black
western honeybee.All three black bee species showed significant differences from the Italian bee in certain key
features (such as proboscis length and number of wing hooks) , reflecting possible local environmental
adaptations. (2) Genetic analysis unveiled a more complex evolutionary pattern.ND2 sequence—based analysis
showed the closest phylogenetic relationship between the Xinjiang Black Bee and Northeast Black Bee , which is
consistent with morphological results. However, analyses of the COI and COI-COII intergenic sequences
indicated varying degrees of genetic overlap with the Italian bee, with the Black western honeybee as an
exception.The Black western honeybee consistently clustered independently in all genetic analyses, suggesting
it may have undergone a unique evolutionary process. [ Conclusion ] Both Xinjiang black bee and Northeast
black bee can be classified within the C lineage ; while Western black bees belong to the M lineage , which may
have undergone a unique adaptive evolutionary process, thus demonstrating distinct genetic backgrounds and
morphological traits.These findings not only deepen our understanding of the genetic diversity of native Chinese
honeybee species but also provide important scientific basis for honeybee conservation and breeding efforts.The
results highlight the importance of preserving native honeybee genetic resources while offering new insights for
future breeding strategies.
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SRR FERERNA 3 MR AT &, RIAR ISR (Apis mellifera—northeast black bee) , #75 M4 1% (Apis
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1 #MR5EFE
1.1 R EE

AL (Apis mellifera—northeast black bee ) i T 3B [ My VT 56T 45 b SR {4471 [X (46°4878.500" N,
134°1'36.728" E) ; i 35 S % (Apis mellifera—xinjiang black bee) i T. 3 B [ 5 55 J& #h va E Fh i 25 37
(43°43'38.788" N, 83°30'20.740" E ) ; P 215 (Apis mellifera sinisxinyuan ) i T3 B 5850 5 B 7 &
L D S L MG A0 1537 (437327 12,4447 NLE 83°16750.592" E) 5 B R F W6 (Apis mellifera ligustica ) i T 1 HX
F VTG ARV K2 8 M AIF 5 T S 56 1 377 (28°4579.490” N, 115°5179.313" E) A3~ R 3 #F , A3 70 B P14k
T8 60~70 H A 100% 158 (To/K L) vz /A7 . A0 E T e 25 Fn 42 BUDNA {8 .

1.2 FEREKFIRNE LS

PRET YL i3] s TooK L1 5 StarSpin #0804 DNA $EHUA & (D111, GenStar) ,2xXTag PCR StarMix with
Loading Dye(AOlZ—lO ,GenStar) , R 44 Bl (E111-01, GenStar) , DLLI000 DNA Marker(Takara) , DNA #¢ I
Pk Al ki) & (EG101-02, TransGen) , BG4 (100 g, Biowest Agarose) , SOXTAE 2% i , 5+ P BE 45

WARUBE 5 TN AR TR 285 T 1 5 85048 23 B 3 e R4 5 e i A 2L S 4% (OSE-Y30, RARA: 4k | i i
PR % 8% (MX=S,SCILOGEX) , %R B0 HL(S1010E, SCILOGEX ) , 18 850> ML (LX =300, KYLIN-BELL) , #
i 28 41 43 966 B2 1 (NanoDrop One , Z8 8K R /R BHE A PR A W] ) | 55 K K 4 ( Zealway , G154DWS)
£ 2 5 25 AL (Eppendorf, Centrifuge 5430R) , 8 & PCR X (T100™ Thermal Cycler, BIO-RAD) , £%
PR OK T AR (HHS4 , 432 XOKJE RS SEIRANER ), B F-40 7 K- (ME204, Mettler Toledo, il 1 4% B oy
0.1 mg) , B IK AL HL B (PowerPac™ Basic, BIO-RAD, ) , 7K ¥ B 3k Al (Jb 5 S — AW RHE A BRA F], DYCP-
31DN) , BEHL 18 R 4t (GelDoc Go, BIO-RAD) , # 6 VI (G500312 EQU312, A T) , il b, Ep-
pendorf F W %% 55
1.3 AAFEETEEENE

TG M RS AP A REBEAL 15 T RE | BV SR i 45 HUT R B 28 . TR A 1 At )
FE 77152 IR Ruttner " AL A B R S50 T DASCHE , ATJG7K 2 Tt rb BRCHE A s 52 4 11 T 86 7 i 4
b ARYCOR B R T Sk BOER RUEE LJE S R B 2 TN 3 AR B 4 T S AR BB 3 AR
55 6 AR T R A A TEK LB 24 FLAR Y, FEr S 3 IE AR © R A ) FL A 40 G €5
FrYe ey, PRI 2 AR e 4R i 1, 35 B389 R A AR T, B N AR 280 i 5 808 b R4
B HEAT SR B R . H e BE A2 K (snout length) , Fif# K (forewing length) | Fij ¥ %E (forewing
width) | Jif ik 48 %% (cubital index) | J5 #1240 (No.of hindwing hook) | J&5 /& J& 174 (length of hind leg tibia) . J&
JE BT K (length of hind leg fermur) | J5 f2 B 75 £ (length of hind leg metatarsusL) | i /& 3 Mt 5 % (width of
hind leg metatarsus ) 5% 3 ¥ Hi 1 (length of third tergite ) .5 4 75 Hi 1 (length of 4th tergite) .55 5 L E K
(length of 5th tergite hair) % 3 I #i £ (Length of 3rd sternite) , %% 3 I Hit it % 1 (Length of 3rd sternite wax
mirror) 2 3 18 M 4% i (Width of 3rd sternite wax mirror) . 25 3 I 4 I 45% 8] #E ( Distance of 3rd sternite wax
mirror) . 5} 6 JHi < (length of 6th sternite ) .55 6 JE A ¥ (width of 6th sternite )55 18 WUEASFFIEFE AR
1.4 DNAREX

S 2R R AR T 1k, 3 0 N 4 ARG 4 b BEATLER 5 T AR L, B SR B BT e
BB, IFIOAN 15 mL KO8 . BJE , 7ECE T T sl 2 2 s T i AR B 1k K, 3 # IR
StarSpin #3214 DNA $2 G & 016 W AT BRAEHUE DNA
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1.5 5|¥EFEF PCR Y 1

PR E 5 %F B A RE i 2R DNA F 9 ND2 3L K COTFEIR . COI-COIT IR 8] [X 7 51 & g AT 5
W5 E R WL E 1, PCR WA Z N 20 wL, DNA templates 1 wL, 2xTag PCR StarMix 10 wL, Forward
primer 1 wL, Reverse primer 1 pwL,ddH,0 7uL. 5|4 ILE 1 LLff F§ PCR ¥ # %2 /5D : 94 “CHIAE 1 3 min;
94 °CZE M 1 min, 50 °CiR ‘K 2 min, 72 ‘CHEAH 3 min, HeiE4T 35 AMEIA ;72 "CHEMH 10 min, 21k ™, Higx
3% 58 PCR P B FE 7 @) : 94 “CHIUEYE 3 min; 94 ‘CZEVE 30,55 ‘CiB k30 5,72 “CIHEAH 45 s, i FT
34ERR 572 “CHEAH 10 min, Z1E ) o

&1 mtDNA3|¥FEF]
Tab.l mtDNA Sequences

14 PR 527 Z25 3k
Name of primers Sequences Reference
ILE 5'-TGA TAA AAG AAA TAT TTT GA-3’ .
Arias S5
L1 5'-GAA TCT AAT TAA TAA AAA A-3'
CO-1F 5'-TTA AGA TCC CCA GGA TCA TG-3’ .
Kandemir Z&"7
CO-IR 5'-TGC AAA TAC TGC ACC TAT TG-3’
E2 5'-GGC AGA ATA AGT GCA TTG-3' .
Garnery &hsl
H2 5'-CAA TAT CAT TGA TGA CC-3’
col-coll ¥ 5'=TCT ATA CCA CGA CGT TAT TC-3’ .
Kandemir Z&!"7
COI-COTl R 5'-GAT CAA TAT CAT TGA TGA CC-3’

519 ILE A L% mtDNA ND2 J¥ 8 #4793 514 CO- T FAICO- T RXF CO I FEE BEATH 14" 514 B2 il H2"™58
1 PCR 4 COI-COT L[] [X 2 #843 CO MM ;51495 CO T -CO T FAICO T -CO Tl RXFCO T -CO I 3 PH ] X 1) 576 % )5 51
PEATY I [ S> CO T ATCO TN

Primers ILE and LI were used to amplify mtDNA ND2 sequences"”; Primers CO = I F and CO — I R were used to amplify
the CO I gene!"”; Primers E2 and H2"¥ were used to amplify the COI-COII intergenic region and some COII genes by PCR ; Prim-
ers COIl = COIl Fand CO I -COIl R were used to amplify the complete sequence of the CO I — CO Il intergenic region, while
partially amplifying the CO I and CO Il genes.
1.6 DNA it &l

EId AR5 9 PCR M2 1% BN HEEE RS AL TRAG I (1 g OIS HE L 100 mL IXTAE ZE0h i 10 pL A%
JeRE) BN H B9 90 9 584 5 28 2% SN R BERE F UKk (2 g Bl H L 100 mL IXTAE 22 i 10 pL A% IR
Gebh) i, 4% IR DNA B bR 2 A 1) & 0 1 B AL BRIE T D4l , #4264 5 7 DNA 28 31 5} A ik
A3 Xy P I D%
17 RERBHUNEE

P I REA DEE S, SEid i BioEdit B4 XS5 73 e A1 9547 B ) EAN , F i MEGA 1T K AF#E4T Clust-
alW FL X}, 88 5 H Neighbor—Joining J7 i R 48 & B ™, ff F Maximum Composite Likelihood 734435
LIRS, I DL A BB 2 e i BRLA
1.8 HiEGZIT SR

TR AR K H SPSS 25.0 B AFK B IEZS 20417, IR H Statview HAF A “ANOVA" AT G404
FAs B R TV Y8R R (mean+SE ) 3R

2 HERE5HMH

21 RE3MEBEAFEBERSNESER

ASBIFSE N 3 1] 3 Fof F 5 Y 75 e (ORI PR e i it R 06 T Y Sl R 8 ) 1) 18 OO A R AT 17 0 A
OB, I ARG R B e A D o IR o 4 RN 2 B /s < S i R e RTT AR I PR e 9 5 1 I 25 T P Bl 0 (<
0.05) , H 3y T 7 R A 2 e (P<0.05) o 737 i R e, 7 I PO e R 0 DR 2 e T I 88 2 S AN WA (P>
0.05) , 4 8 3F K T PY IR (P<0.05) o 7t S 06 1) il 8 12 2 3% i T P R 8 (P<0.05) , A TR KA 3
B RACTRSE TR 2 (A] BT IR I | PR AR SRS R RN 0 4 B P T B I BRIE RO A
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F (P>0.05) o 7 HR 86 R 2 0 L e ) S 0 A 4 0 3 22 7 DU el R B AR R ROR B 8 (P<0.05) o S i R B
AR R A J P I DR T G B R B R R A B e (P<0.05) o Jim AR M 9 SRR 1 4, 4 7 Y 7y 2 e )

YA B 257 (P<0.05),

TET 4 S5 % 36 1S R 8 e 8 TV

RS E T AT R A 2R L P

LR R

m%a@%4 CHr K /N A 3 (P<0.05) , VG IR SR e A5 BH 040 5 35
5 3 AR 2 S T G e SR T KR R i (P<0.05) , ZR L BB MG A T 3 22 6] (P<0.05) . 114 g B e g s

CANERIAESORTE NS E S

ML (P<0.05), 453

MIE(P<0.05), H =& ¥ B EK TARILEK(P<0.05), &I
S 7 B (P<0.05) . 75 Bk Y

AR TS

R L BRI (P<0.05) , IS T B K FI 2 15 (P>0.05 ), 17 e B ] A B 2

AT . ATNERENEE 6 A 22 AN W3 (P>0.05) , {HBT S RIS Y 5 6 Al 5 B8 fe oK, P PR e A
ARAE RS U 4 1 3 i TR R  (P<0.05) o
F2 HE3MERATEE TEMSHE

Tab.2 Morphological characteristics of worker bees three black western honeybee species in China

Yo% s o
Morphological index

Apis mellifera—

VBRI
Apis mellifera

R R
Apis mellifera

R
Apis mellifera

xinjiang black bee sinisxinyuan northeast black bee ligustica

K /mm Snout length 5.733+0.136" 4.756+0.117" 5.541+0.179* 6.275+0.052°
B K /mm Forewing length 9.7130.079" 9.306+0.036" 9.727+0.050" 9.765+0.075"
A $%/mm Forewing width 3.252+0.039" 3.156+0.021" 3.194+0.025" 3.124+0.015"
T IKFEEL Cubital index 2.507+0.126" 2.362+0.094° 2.375+0.050° 2.460+0.042"
J5 AL No.of hindwing hook 22.267+0.330° 20.533+0.336" 22.000+0.378" 20.333+0.398"
J5 A /mm ‘ ] 1

2.715+0.020° 2.513+0.009" 2.671+£0.037° 2.567+0.032"
Length of hind leg fermur
& R /mm ‘ . - ]

3.181+0.027* 3.061+£0.021™ 3.108+0.023* 3.013+0.034"
Length of hind leg tibia
J& R BT K /mm |

2.333+0.016" 2.133+0.022" 2.225+0.032° 2.292+0.022°
Length of hind leg metatarsus
J5 BT 8 /mm , , ,

1.167+0.012° 1.094+0.023" 1.159+0.016° 1.166+0.013"
Width of hind leg metatarsus
55 399K /mm  Length of third tergite 2.258+0.011° 2.418+0.004" 2.195+0.017° 2.283+0.013*
254K /mm Length of 4th tergite 2.196+0.008" 2.208+0.011° 2.129+0.015" 2.200+0.024"
55 E E K/ mm Length of 5th tergite 0.271+0.005* 0.369+0.011" 0.291+0.009" 0.270+0.009*
3 IEMA/mm Length of third sternite 2.555+0.018" 2.945+0.009" 2.772+0.012¢ 2.939+0.023"
55 3 AR B2 K /mm , .

1.430+0.015* 1.499+0.011" 1.462+0.013* 1.476+0.011™
Length of third sternite wax mirror
5 3 AR BT 98 /mm ; , ‘

2.271+£0.017* 2.403+0.019" 2.327+0.020" 2.392+0.028"
Width of third sternite wax mirror
55 3 WA B2 5] B /mm ,

0.245+0.013" 0.239+0.005* 0.255+0.006" 0.253+0.008"
Distance of third sternite wax mirror
256 ALK /mm Length of 6th sternite 2.601+0.013" 2.655+0.024" 2.634+0.026" 2.640+0.026"
55 6 MR 5E/mm Width of 6th sternite 3.297+0.042° 3.204+0.040" 3.123+0.026" 3.089+0.030°

[T/ NE FRAR R R R 255 83 (P>0.05) , RIE/NG FHE:RR 25 8 3% (P<0.05)

The same lowercase letter in the same line indicated no significant difference (P>0.05) , different lowercase indicated no sig-

nificant difference (P<0.05).

22 REB3MERAFTEESREHLITER

NG

S TR ] 3 o B e 5 3 R ) e AR 1) a5 A% OC R AR Ab it B, BE B ND2 . COT R COI-COIT %

BEAE M BIESE B AR, COTSEFVE R DNA Z5JE 5% (DNA barcoding) 8 FH T4 4, HAR S 35d op 16 S48
VF 5T B LR A R B S i B

ANFHRER] I A 22 57 ND2 B 2 5 ZORD (R I B 52 S IR B T BE , 2
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K. COI-COIFE H [R) 7 5140 A B o i st A% 28 Sk, o T 3 e P 03 R 0T o A e 28 W R B st

%%ﬂ?{tﬁé@ﬁzmﬂﬂ,ab@z&ﬁ?%m@ﬁﬁlﬁ]ﬂ%ﬁﬁm ARSI OE R o S0 ND2 T 53547 4%
(1), BEAS VU7 8R0S NI P T S AR AR SR S A — i, B R e S AR B R X R il
G e S e 1 A B e SR 2 S RIS . [RIREREE T COTFE R 751 (1 2) U AN B 1 # Y COI-COll [ JF
51 (P& 3 FE 4) 135 15/%;‘&4?(&\7%%:/%7@@@&E&izﬁ‘ézs/\w?%z*f A, AR 3R —E R
KIS BERRNE SN ZEMIG . Han, EFLRARILE COIF I RS Kk B WK AR R 5
RN 1B AR — 4, 24 B T AORAR LR COI-CONTTa T A ) R G L B s 1T g

FITE RN e TR A a3

27 Northeast black bee 1

19 Northeast black bee 2
33 85 Northeast black bee 4
Northeast black bee 5
52 Northeast black bee 3

22 Xinjiang Black Bee 1
|_19|—|:Xin iang Black Bee 4
39 Xinjiang Black Bee 5

| 70— Xinjiang Black Bee 2
Xinjiang Black Bee 3

36 -Apis mellifera ligustica 1

83 60 Apt:s mellt:jéra ligustt:ca 2

77 Apis mellifera ligustica 5
l Apis mellifera ligustica 3
-Apis mellifera ligustica 4

95 -Apis mellifera sinisxinyuan 1
4'_]1)0':Apis mellifera sinisxinyuan 3

99 -Apis mellifera sinisxinyuan 4
82— Apis mellifera sinisxinyuan 2
Y Apis mellifera sinisxinyuan 5

BT FRIE 3 Fh R (0 J 2 e T LR (A K ND2 (519 ILE-LI) I 22 58 K 5 A

Fig.1 Phylogenetic tree of three black western honeybee species in China based

on mitochondrial gene ND2 sequences(primer ILE—LI)

38 Northeast black bee 1
24 Apis mellifera ligustica 4
7 Northeast black bee 2
Northeast black bee 5
2 34 Xinjiang Black Bee 1
38 27 Xinjiang Black Bee 2
5 64 Xinjiang Black Bee 5
l Xinjiang Black Bee 4
Xinjiang Black Bee 3
Apis mellifera ligustica 5
56 Northeast black bee 4
26 |—|:Apis mellifera ligustica 3
I—Apis mellifera ligustica 1
86— Northeast black bee 3
Y Apis mellifera ligustica 2
31 Apis mellifera sinisxinyuan 1
30 Apis mellifera sinisxinyuan 2
100 Apis mellifera sinisxinyuan 5
| Apis mellifera sinisxinyuan 4
Apis mellifera sinisxinyuan 3

K2 FRE 3 RGP # gL T 2R R IEH CONFHN (B COI R 5% B W

Fig.2 Phylogenetic tree of three black western honeyhee species in China based on mitochondrial gene COI sequences (primer COI)

41 Northeast black bee 1

35|—|ENortheast black bee 2

| Northeast black bee 4

Northeast black bee 5

Northeast black bee 3

99 Xinjiang Black Bee 1

27 78 Xinjiang Black Bee 4

7 Xinjiang Black Bee 5
52 Apis mellifera ligustica 2

30— Xinjiang Black Bee 2
43 L—— Apis mellifera ligustica 5

57 Xinjiang Black Bee 3

53 |—|:Apis mellifera ligustica 3

|_59|:Apis mellifera ligustica 1

Apis mellifera ligustica 4
36 Apis mellifera sinisxinyuan 1
49 72 Apis mellifera sinisxinyuan 2
100 Apt:s meIlt:fera st:nisxt:nyuan 4
l Apt_s meIlz_ffzra sinisxinyuan 3
Apis mellifera sinisxinyuan 5

B3 I 3 AP Py B T LR IE R COI-CON R F 3 (514 E2-H2) B R G4 B
Fig.3 Phylogenetic tree of three black western honeybee species in China based on mitochondrial
gene COI-COII sequences(primer E2-H2)
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'_81|:N0rtheast black bee 1
46 Northeast black bee 3
L Northeast black bee 2
43— Northeast black bee 4
L—————Northeast black bee 5
31 35] X@n iang Black Bee 1
59 Xinjiang Black Bee 2
Xinjiang Black Bee 3
85 87 Xinjiang Black Bee 4
79 Apis mellifera ligustica 4
55 Apis mellifera ligustica 5
42 Xinjiang Black Bee 5
42 Apis mellifera ligustica 3
Apis mellifera ligustica 2
Apis mellifera ligustica 1

—W:Apis mellifera sinisxinyuan 1
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Fig.4 Phylogenetic tree of three black western honeybee species in China based on mitochondrial

gene COI-COII sequences(primer COI-COII)
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