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Genetic Analysis of Apis cerana cerana in Wuyi Mountain Nature Reserve Based on Microsatellite DNA
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Abstract: The genetic diversity and genetic differentiation of honeybees (Apis cerana cerana) from 6 samplings in
Wuyi Mountain nature reserve were studied with five microsatellite markers. The results were as follows: total 23
alleles were detected, mean polymorphic information content ( PIC) was from 0.402 9 to 0.497 8 and mean
heterozygosity ( He) was from 0. 452 5 to 0. 561 3. Through Fishers exact text, there were significantly difference
genetic structures among honeybees from the six sampling points (P<C0.01) and the genetic differentiation was
occurred. Genetic differentiation coefficients (Fsr) were from 0. 020 0 to 0. 143 5. Especially there was significant
honeybee population genetic differentiation between honeybees from Masu and others, and between the peak and the

west foot of mountain, forming independence populations. The gene flow interrupted by surrounding high
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mountains.
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He), GENEPOP VERSION 3. 4 # {4 #t 47 Fisher
G Bff A 0 R st A% o0 AL R A (Fsr) BT, DPS #
FRR A A A ) 382 A 23 3R B A T SRR AT

1 KRLBARPRPELEEHAER

Table 1 List of sample localities with geographic coordinates of Wuyi Mountain nature reserve

AR

(5273

Hh X P () m Z R Hi B
R 0 # 1 26 1770 E117°47' N27°52'
bINi) [iE 30 700 E117°46 N27°59'
RS 30 1250 E117°44’ N27°46'
pjites T 38 520~720 E117°32' N27°55'
PN 46 305 E117°10 N27°43'
R AR Hi A 4 720 E117°40’ N27°45'
PR 5 840 E117°41’ N27°47'
B 3 940 E117°42’ N27°48'
FEAK 3 380 E117°42' N27°38’
RIREMKY 3 270 E117°50 N27°32'
K2z 6 500 E117°52 N27°54'
A 3 270 E117°58' N27°47'
(=31 1 820 E117°43' N27°44'
- 3 490 E117°50 N27°41'
kX2 WMIEDNASIHEE
Table 2 Primer information of microsatellite markers
i 4 e 319 91 A
Ap085 Chr LG 12 5'-GATCAAACACACAAACGAAAGC-3' 63.5
3"-ACCGGAAGCCTAATCAAGG-5'
A107 Chr LG 7 5'-CCGTGGGAGGTTTATTGTCG-3' 57.9
3"-CCTCGTAACGGATGACACC-5'
Ap313 Chr LG 4 5'“TAGCGCCCTAACGTCCAAC-3' 58.1
3'-CCCTTCTACCACCGACGC-5'
AT101 Chr LG 12 5'-GCGTTCCAAGTGAATGAACA-3’ 57. 2
3'-GTTGGCTATTTTCGTATCGC-5'
Ap043 Chr LG 3 5'-GGCGTGCACAGCTTATTCC-3’ 60. 0

3'-CGAAGGTGGTTTCAGGCC-5'
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2.1.1 HMIETESAGEEFELAR SARE REI
HARAR X R AR B AR 5 At 1R 7 A5 3L K 5]
23 LR, PR AL 4.6 AR
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1356, Ap085 [y 217 F1 187, B 2 >4 Jk B AV
FE LSRR B, BT BT 50k 0. 37 %%,
0.57% . 4.60% . 2.02%. 0.76%.
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Ap043 fi g, PIC £ 0.3 Lk b, AT101 Z &M &
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FEPEREAR (R 4. BRI AR R X AL % 15
5 M B RN A B, P PIC 7E 0.402 9 ~
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Table 3 Allele frequencies of honeybee (Apis cerana cerana) for five microsatellite sites in Wuyi mountain nature reserve

45 i R PR %)
iz A 45 i 1A . -
e e 1 3 75t K T
Ap085 187 4. 84 0 3. 57 5. 00 0 0
193 1.61 0 14. 29 6.67 8. 70 3.95
195 29.03 17. 31 30. 36 20. 00 20. 65 11. 84
201 19. 35 11. 54 16. 07 31. 67 28. 26 22.37
203 6. 45 13. 46 5. 36 1.67 8. 70 10. 53
205 9.68 38. 46 14. 29 8. 33 17.39 34. 21
211 29.03 17. 31 16.07 26. 67 16. 30 14. 47
217 0 1.92 0 0 0 2.63
A107 160 0 25. 00 14. 29 1.79 0 0
165 31. 25 31. 25 30. 95 42. 86 31.08 16. 67
170 50. 00 43.75 45. 24 16.07 33.78 33.33
172 12. 50 0 9.52 39. 29 35. 14 50. 00
180 6.25 0 0 0 0 0
A313 342 84. 00 61.54 81.03 81.48 64.10 75. 86
345 0 0 3.45 0 0 0
348 12. 00 30. 77 10. 34 14. 81 32.05 20. 69
356 4. 00 7.69 5.17 3.70 3. 85 3.45
Ap043 130 20. 00 18. 00 8.62 15.52 5.95 15. 15
135 80. 00 82. 00 89. 66 56. 90 78.57 74. 24
140 0 0 1.72 27.59 15. 48 10. 61
ATI101 245 6.67 16. 67 0 6.90 6.67 14. 29
247 90. 00 83.33 43.33 91. 38 68. 89 85.71
249 3.33 0 56. 67 1.72 24. 44 0
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Table 4  PIC values of honeybee for microsatellite sites in Wuyi Mountain nature reserve
ZEFRBEFRPIO
(A=
v Al sl JHR 3 [N PN Tt
Ap043 0. 2688 0.2516 0. 1760 0. 5076 0. 3210 0. 3764
Ap085 0. 7442 0.7271 0.7863 0. 7404 0.7776 0. 7552
ATI101 0.1754 0.2392 0. 3705 0. 1515 0. 3998 0.2149
A107 0.5703 0. 5749 0.6128 0. 5615 0. 5917 0. 5355
A313 0. 2558 0. 4434 0. 3096 0. 2817 0. 3989 0.3298
Average 0.4029 0.4473 0. 4510 0. 4485 0.4978 0.4423
2.1.3 Zag RFILARARPKXREELT  ATION AL, BRI ASTS i i A A R
I S DML R R I B B AL T ARk B EERKE (R 5.
e, SEHAA A 0. 452 5~0. 561 3, I ILIEH FAERUPAR B AR Ap08S A mi % B

hAREE I TE A313 Ml AT101 h,m, BB 1 AR
WetE ATI01 v 5, JFRSE TP AR S e E Ap043 i 55,
iR Rk _&J%T ATI101 um, TRA AR, K

2N

SEISAE 0. 775 3~0.826 0, HkZE AL07 {5,

HE®WREMWEEE, FHH4 0.622 6 ~0.686 4,
Ap043, A313 ﬂl ATI01 7 s A4 BE BT 2 43531

F 0.3, B TELZ. VUHILAE Apo43 £, FRIETE 7 0.364 2, 0.391 1, 0.3080 (3&5),
®5 RRLBRRPRAPLEE S MIEMAUBRLAGENHELEE
Table 5 Observed heterozygosities and expected heterozygosities of honeybee for five microsatellite sites in Wuyi Mountain
nature reserve
WMEE 4 1 (Hod
(A=)
R AT sl PR 3R LR K Tt
Ap043 0. 2667 0. 3600 0. 2069 0.6207 0.1429 0. 3939
Ap085 0. 5806 0.6923 0. 8571 0. 8000 0. 5652 0. 6316
ATI101 0.0667 0 0 0.0345 0 0.0571
A107 0. 2500 0 0. 2381 0.1071 0.2973 0.1111
A313 0. 0800 0. 3077 0. 0345 0.2593 0. 3333 0. 2759
Average 0. 2488 0. 2720 0.2673 0. 3643 0. 2677 0.2939
SD 0. 0388 0.0411 0.0378 0. 0402 0. 0306 0. 0358
MBI G (He)
(A=
WA AT Esil JhR 38 (R K Tt
Ap043 0. 3254 0.3012 0.1918 0.5862 0. 3594 0.4210
Ap085 0. 7906 0. 7753 0. 8260 0. 7876 0. 8144 0.7951
AT101 0. 1876 0. 2837 0. 4994 0.1627 0. 4664 0. 2484
A107 0.6750 0. 6694 0. 6864 0. 6474 0.6749 0.6226
A313 0. 2841 0. 5309 0. 3345 0.3187 0.4912 0.3872
Average 0.4525 0.5121 0.5076 0. 5005 0.5613 0.4949
SD 0.1180 0.0977 0.1147 0.1137 0. 0811 0. 0960
2.2 RRUBARIPRPEZERESL K. FsrfHAE 0. 0499~0. 1435, Hy ¥ X 105 P4t

2 Fisher 55 5 Et%m HARRY X 6 4
FE, 5 AT TR 7 m B 8t 45 A0 A A B 2 2 R
(P<<0.01) ($%6), ﬁwﬁﬁmlﬁjﬂﬁ/\%%ﬁmﬁ

A% A i

R . RS ST A e A R Y

2AMER ) P AR E AR R L L. FofEoA
0.0955. F38h, B L5 R HT Y Hh A 2 8
FAAE — % W3t 1% 0 4. For {8 73 90 2 0. 0465,
0. 0508 (& 6),
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Table 6 The Fs; value and test of the significance of genetic structure difference of honeybee from Wuyi mountain nature
reserve in all sites

R K Tt R F T # JBR SR RN

K — 0. 00000 0. 00000 0. 00000 0. 00000 0. 00001

Tt 0. 0200 — 0. 00005 0. 00000 0. 00000 0.00011
v A TR 0.0326 0.0372 — 0. 00015 0. 00021 0. 00000

i 1L 0. 0465 0. 0508 0. 0209 - 0. 00000 0. 00000
3 0. 0499 0. 1304 0. 0780 0. 0992 - 0. 00000
VO3t 0.0345 0.0348 0.0398 0. 0955 0. 1435 -
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Fig. 1 Heredity differentiation of Wuyi mountain nature

reserve
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kg ) AR e S A 0. 428 0 ALY

3.2 XFRF L AR AR B X H AR W TR A a1 )
BB, o A 8 i LU 5 B R LU PR DT I B
A B 22 5, BRI AR i B RN,
B ES  ARUF5ERIX 2 A FRESZERIY 5
AT RS b fFEFERCR s S k. sl ik
B JE DR AT R LU DS B BE DN . RS2 F
B R 32 i 32 B

3.3 MM R P AR T /NE R Se X EE £
o, 5SHMSRESfFERERERY, AR

S PR SR rh AR e B W R AN R ) s AR A A . HE—
UESE TR SE h A Sy — PSR . BRI AL
TP 1L WA FR 58 A T R BHL g Hh A8 5 06 PR

3.4 (EWFFErh AR MR AL ZREVE . PPRE O340 55 1)
B, RN SRS RAARKKER. H
HIE AN R PRAT A 005, EHEILA AL A RE ST 47
TR B35t 15 Z2 AR PEFRD G AL 4 4 . BRI D0 0 Bk
HAREMER AL BRI AT SR ERR 25 R, (HIR WA XF
rhAR I AR 2 T TR A S P, T SR 2 B Y
MR,

3.5 Z/DREAS R REWE R S e b A e DR A gt AL
ZREPERB AL S5, W AT . FE A AR Rl 2
GRS FIN R TR AR 5 W AE 20 ~50 A
., IP5E B (coalescent theory), KA HIF
20~50 Z [ REAS I B Rl A N SAG AL A 95 06 L B
AR A bR 3545 2 A AR BIE . AR AR IR RN A
SEOT IR Ky 0. 03 IF, FORFER N 50, SRR
0.05 B, 30 FEA LRI 7E 38t {2 B 58 vh 2 4K
K 30 LR MREACEE . 40~50" 1 AN RIEF AL
AR HERE 90 ~ 10071971 B e B} 2 4 I W R AR
HAE 25~40 #F, 1 H/BEKEETY L AR R
Z A PEA R B AL SO AR A B ZOR WA . 23k
TR B TR AL . ) RE A i AR A S R AT S e b A
ML 45, 28T E WAL T B MAEA
A BB D SE IR 25 . B S W R 5 A A A
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