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Genetic variability of MDH I gene in six subspecies of Apis mellifera
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Abstract: The malate dehydrogenase (MDH? isozyme in six subspecies of Apis mellifera> i.e., “ Zhejiang Agriealtural

310029, China: 2. Institute of Biochemical Research: Zhejiang Universitys Hangzhou

University” No.1 A. m. ligustica (Ea)» A. m. ssp. (Db); A. m. camica (Cnd: A. m. carpatica (Cp>: A.
m . cancasica (Cels and A. m. acerorum (Ac)s was studied with isoelectrofocusing polyacrylamide gel electrophore-
sis CIEF-PAGE), and their genotype frequency allele frequency, homozygous and heterozygous degree were analyzed.
Ea, Cp and Ce showed high homozygous degrees but the allele with the highest frequency was ¢ in Ea; b in Cp: and a
in Ce. Dbs Cn and Ac are highly heterozygous subspecies, but the frequency differences of the allele a- b and ¢ in Db
were less than the others; and the frequencies of the allele a- ¢ were higher, while the allele b was rare in Cn and Ac.
There were highly significant differences in the genotype frequency. the allele frequency and the heterozygous and ho-
mozygous degree among six subspecies. These differences provided some genetic clues for the discrimination of six sub-
species.
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Tris-HCl 22874, pH 6.5 ~7.0: & 0.25% Triton X-
1000. WFEE, 7E4~10C, 12 000 t/min 5c1F F 5
L2 2 min. B EVEHE AEE.
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ce STEER, MELLIERETF ac BERBME L
R 2BIRT73.19% MT79.29% (F1. F2).
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B, A 81.7%;: Cp T b HEAEXMNMRE, He6l.4%:
Co 72 a BN MY, 5 70.4%. Db BEMEF ¢
BZ, H54.7%. Cn MAcPEEEH o c HIEH
FFEEL CnBlaH40.9%. c HS58.1%: AcFla Wy
47.9% ¢ H46.9% . FAEEFE b HIRL, af
FE1.1% Ac 1A 5.2%.

Eas Cps Ce RIEEEEH ., 788 63.4%-
43.5% 1 45.2%; 1M Db Cn. Ac HIFG& HH =,
A4 70.8% 75.3% F189.6% (K 2).
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Table 1 Number of MDHII genotypes in six subspecies of A. mellifera

I F MEHE EFERHE Number of MDH || genotypes

Subspecies Number aa ab ac bb be ce
Ea 112 0 0 31 0 10 71
Db 96 0 19 24 0 25 28
Cp 92 2 31 15 38 6 0
Ca 93 3 2 68 0 0 20
Ce 93 51 7 22 0 13 0
Ac 9% 4 8 76 0 2 6

Fa.

mRA1 BEE Apis mellifera ligustica: Db. HRIEERE 4. m. spp.: Cp. BEREFTE 4. m. carpaticas Cn
CEIERE A om. concasicas Ac. BTREE AL m. acervorume T8 The same for the following tables

. FESRE 4. m. camica:

F2 BAAEEAETH MDHI EREEEE. BERNE. HE48E
Table 2 The genotype frequency, allele frequency, homozygous and heterozygous degree of
MDH || in six subspecies of A. mellifera

ERENEE (g EEME () BEE (q) WA (@)

Suizptties Genotype frequency Allele frequency Heterozygous Homozygous
aa ab ac b be oo a b o degree degree
Ea 0.0 0.0 27.7 0.0 8.9 63.4 13.8 4.5 81.7 36.6 63.4
Db 0.0 19.8 25.0 0.0 26.0 29.2 2.4 22.9 4.7 70.8 29.2
Cp 2.2 33.7 16.3 41.3 6.5 0.0 27.2 61.4 11.4 56.5 43.5
Cn 3.2 2.2 73.1 0.0 0.0 21.5 40.9 1.1 58.1 75.3 24.7
Ce 54.8 7.5 237 0.0 14.0 0.0 70.4 10.8 18.8 5.8 45.2
Ac 4.2 8.3 79.2 0.0 2.1 6.3 47.9 5.2 46.9 89.6 10.4

2.2 6 MIEFZEENEERES

FEHE aa 7 Ea 7 Db PEREI, Cpv Cn.
Ac PHIUMLZR A, &&ENH 4.29%, BTE e F
WERIRE; HEFEA bb 7 Eav Db Cns Cos Ac ST
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BEH o BIEE Ce PHRE, Cn M Ac PIRZ, A
R Db A Cpe Ea Bb: SRR b HFE Cp
FEmE, Db M Ce 8/, M Eas Cos Ac TR
SRR o ) MEE Ea & E, AJEE Dby Cn.
Ac, Cp P& /Do Fav Cpy Cc MG HERE, M
Db. Cn. Ac BEEAREMEM. 6 MEMIEIL 3
miteds LRIER, AIAEEFELEERENINE
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Table 3 The result of significance test for genotype frequency. allele frequency,
heterozygous and homozygous degree of MDH I in six subspecies of A. mellifera
TP Ff Subspecies FEAEE
(P t;pﬁ) ERE Genotype I Ao Heterozygous and homozygous degree
(Paired comparison) dF XZ aF Xz daf f

Ea/Dh 5 40.95%F 2 19.80* 1 22.19%F
Ea/Cp 5 143 .83** 2 106.60*" 1 7.19%*
Fa/Cn 5 55.45%% 2 19.42*% 1 28.76%%
Fa/Ce 5 127.19%* 2 794 1 1.18
FafAc 5 88 46" 2 28,20 1 58.00%"
Db/Cp 5 8970 2 4634 1 3.83
Dh/Cn 5 68.21%" 2 25.39"° 1 0.30
Dh/Ce 5 93.19%* 2 46.757" 1 12.49%*
Dh/Ae 5 72.26™" 2 21017 1 9.027*
Cp/Cn 5 133.41** 2 92,34 1 7.00%*
Cp/Ce 5 110.64** 2 536.55* 1 2.15
Cp/Ac 5 107.19** 2 T4 T3 1 26.10%%
Cn/Ce 5 109.63** 2 35817 1 17.67%%
CnfAe 5 14.67% 2 4.46 1 6.127
Cef Ac 5 88.58%% 2 18.20* 1 42.87%F

279.32** 25 781.04%% 10 5 84.03**

*, S BE .05 F 001 EEKE ¢,

R RE E RER, ERE B AFRER
o HT, TEAMRBHEP, MEERIAZ R - E
FIEFER . W ANTA T SEME—25 Hir, Zi7
e MMM AT BRI AT, (FREE R, BEMER
A, B=, EERBHMED, BEZERE, ©
RN AR E RN ENEERENRRZ —.
B0, BB R —BEEAMRIA, mTEE
PR RS R R BB R, s A
THIMERE, # U FZEEMERMERE N
A, BRERBESENEFRTERTEN. £47
PR R e RI4H &, {3 HOMREE i in, JgoRares
FRTFER, EFENEFRSEFRAE, RIS
PR N B RAEE DR, MO A2 ) B R A BB
EmE, ks Mo B R EME IR B R A
WAETE, RHMEERAEEEMBR T, — Mt
e B B ARGOT M, SR ES., BT
DL, BEORIAYANER . FLORAEE B0 E R M T R A B
HfrER, XMERTHATHHAEMEMANE
Al

3.2 ¢ IMMEREREGEXR

Significance at the P =0.05 and P =0.01 level: respectively

FARTE, 77 e K A TE MDH IT £ A £ 3
AFAEEES AR, JEME Apis mellifera
scutellata F1EM 44 ZE 8 ( Africanized honeyhees ) +
S EE . HIMER S (Nunamaker et al.
1984; Badino er al.» 1980; E 7 EBIEL WP 4,
m. mellifera P b HIWIERF, B A m. lin-
gustica F o AR (Sheppard et al.» 1985)-
HTHREXNFLHA, FETEHETEEAEAR
LI av by e BHUEE 3 DMEAIEER v by o BT
AR, £ ERE L RME ANFEE ML
g AR AR R 2 R

NI RET T T EE R 6 A, 35 s80 3k
Mr. hEERAIDES, RK 1 SEERTRE
T, FAREFERTOEIERELEMINE, &
mEERTAIFMEERE, RyEEER 9o HEXR
0MAEY, ABPEIAERILEENRSE LXK,
ZHREEMATHE MR — MR R, 7L
RE AL ERPED Wke (7 EEEE W —
MEEY MRS TEEL, HE R
FRAEMREMEENE, XEEREREL—
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‘& (Ruttner. 1986; X|5c%, 1998). B4 MDH
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N JB BR i IR B AR AR (L AR TR T, A
W75 4 WAPTEARER, FEF TR M. (AR
DHr, WHEENERARE, ERFRIHAARIZE
T mm ER R R B R AR 4. MEET M, HIlHL
AMET, BTREESE. ANT. T, 87FR
HRIEHEFRE, {FHmE BT, R
FAAER, BREMEMAEER. RERE, 5
RGN BERIE, BREMERRER, BEH
MEEFTREEER, MOAGEZAFEREE
Z5. BRIBSEREMN LS w228k i w2 AR
FLEA . B A RIBTAIEE oo R AME . o f15
FEREE T 2, 1M a. b FIEFESZERK
TEWEEE, n]RiXE Ryl T AT W T
FAEP s AR .
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Badine G» Celibrano G» Manino A, 1989. Population structure and Mdh-1
locus variation in Apis mellifera lingustica. J. Hered ., 74: 443 —
446.
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