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IMPROVEMENTS TO THE MITOCHONDRIAL RESTRICTION
MAPS FOR ITALIAN AND AFRICANIZED HONEY BEES

M.C. Arias'?, A.E.E. Soares’ and F.G. Nébrega’

ABSTRACT

Mitochondrial DNA from New World descendents of the honey bee subspecies Apis mellifera
scutellata (africanized) and Apis mellifera ligustica (italian) was extracted and characterized by digestion
with the restriction endonucleases Acc I, BamH I, Bgl II, Cla I, EcoR I, EcoR V, Hind III, Pst I and Xho
I. The results obtained allowed the construction of a circular map about 16,600 base pairs long for these
subspecies. The two genomes could be distinguished by digestion with the enzymes Acc I, Bgl I and EcoR
I. The mitochondrial DNA of the African subspecies presented no sites for the endonucleases BstE II,
Kpn I, Sac I and Sty 1. v

INTRODUCTION

The mitochondrial DNA (mtDNA) of eukaryotes is an abundant and easily
extracted organelle genome of low complexity and high evolution rates (Wilson et ai.,
1985). Consequently, a number of interesting populational and evolutionary studies
in man (Brown, 1980; Cann et al., 1987), Drosophila (Wolstenholme and Clary, 1985;
DeSalle et al., 1986) and Xenopus (Roe et al., 1985; Carr et al., 1987) have relied upon
characterization of polymorphisms in mtDNA.

In the honey bee, comparative studies between species, subspecies and
populations have employed enzymatic polymorphism as detected by electrophoretic
procedures. Recently, study of honey bee mtDNA has resulted in subspecies charac-
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terization and detection of populational and subspecies differences (Moritz et al.,
1986; Smith and Brown, 1988 and Smith, 1989). As an initial step towards studying
population structure and dispersion of the Africanized honey bee in Brazil, we used
restriction endonuclease mapping to characterize the mtDNA genomes of Italian and
Africanized honey bees. Our study extends the results of previously published work
(Smith and Brown, 1988 and Smith, 1989) by using a number of additional enzymes
in the mapping procedures. Consequently, a new map containing a total of 43 defined
sites now describes the mtDNA of the honey bee.

MATERIALS AND METHODS

Samples of approximately 300 white-eyed pupae, about 11 days old (rough-
ly 35 grams) were collected from two africanized colonies (natural swarms captured
in Sao Paulo and Ribeirao Preto and maintained respectively in the apiary of the
Laboratério de Abelhas, Depto. de Ecologia Geral, IBUSP/SP and in the apiary of
the Depto. de Genética, FMRP/USP). Italian honey bees were collected from two
colonies of pure lineage maintained by instrumental insemination at the Depto. de
Genética, FMRP/SP. The pupae were homogenized to obtain a purified
mitochondrial fraction. The mtDNA was obtained by the procedure described by
Moritz et al. (1986).

The mtDNA was digested with the following restriction endonucleases (New
England Biolobs, Inc.) according to the manufacturers recommendations: Acc I,
BamH , BglII, Bst E1II, Cla I, EcoR I, EcoR V, Hind III, Kpn I, Pstl, Sac I, Sty I and
Xho I. The digests were analyzed by electrophoresis in 0.9% agarose gels, stained
with ethidium bromide and photographed under UV illumination. Molecular sizes
were estimated by comparison with bacteriophage lambda DNA digested with Hind
II1. Double digestions were used to determine the relative position of restriction sites
along the circular mtDNA molecule for the two subspecies.

RESULTS

The eight restriction enzymes that cut honey bee mtDNA defined 16 sites in
the Africanized mtDNA and 18 sites in Italian (Apis mellifera ligustica) mitochondrial
genome. Polymorphism was detected in three digests (Figure 1): Acc I exibits a
smaller second fragment in the Italian honey bees, EcoR I with three sites
(africanized) and four sites (italian) and Bgl II with one site (africanized) and two
sites (italian). The number of sites detected with the different enzymes and the size
of the mtDNA fragments generated is shown in Table I. The results from multiple en-
zyme digestions (not shown) were used to construct the circular restriction maps of
both subspecies (Figure 2). The size of mtDNA was determined to be somewhere be-
tween 16,000 and 17,000 base pairs (Table I).
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Figure 1 - Mitochondrial DNA fragments of honey bee subspecies Apis mellifera scutellata (lanes 1, 3, 5,

8 and 10) and Apis mellifera ligustica (lanes 2, 4, 6, 9 and 11) digested with the following restriction en-
donucleases: Bgl II (lanes 1 and 2). Acc I (lanes 3 and 4), Cla I (lanes S and 6), Hind III (lanes 8 and 9)
and Eco RI (lanes 10 and 11). Lane 7, size standards: 23.1; 9.4; 6.6; 4.4; 2.3; 2.0 kilobases (Hind III digested
lambda DNA) and 1.8; 1.0; 0.5 and 0.4 kilobases (pCL778/44 plasmid DNA digested with Hinf I).

DISCUSSION

The reduced polymorphism detected between the samples analyzed from
these two subspecies parallels the results of Moritz ef al. {(1986) who found differen-
ces only in Bgl II digests among seven other restriction endonucleases tested in the
mtDNA of three subspecies (Apis mellifera carnica, Apis mellifera caucasica and Apis
mellifera ligustica). One subspecies (Apis mellifera caucasica) exhibited two sites for
Bgl II while the other two had single sites for this enzyme. The authors proposed that
the reduced variability was caused by the use of domesticated populations. In our case
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Figure 2 - Composite physical map of the honey bee Apis mellifera mitochondrial DNA. Restriction sites
located in the outer circle (9 enzymes) are adapted from the data of Smith and Brown (1988) and Smith
(1989). Inner circle data (8 enzymes) derives from the present work. This representation exibits a total of
43 mapped restriction endonuclease sites. The asterisks indicate the 10 polymorphic sites found in dif-

ferent subspecies or populations studied.

we analyzed the mtDNA from honey bees derived from only two colonies for each
subspecies, Smith and Brown (1988) studied mtDNA polymorphism in 3 colonies of
european descent and five brazilian africanized colonies and the patterns analyzed
clearly showed that the differences between samples within the same lineage weren’t
smaller than the differences between subspecies. Recently Smith (1989) reported the
study of additional subspecies (Apis mellifera capensis, Apis mellifera caucasica and
Apis mellifera ligustica) along with two africanized honey bee colonies from Mexico,
and a few more polymorphic sites were found. In the present work, three of the en-



‘(6L61) Ms[eqAzZS pue 1ys|eqdzs

00S°L1

00S°L1 009'91 000°LY 0ST91 00091 08b'L1 006'L1 006'L1 oTT'Ll ovL91 leloL,
osv'1 008
00S'T 008C 00T'1 01S 01s
00T'1 008°€ 008°€ o8v'1 006°€ 006’V 0ESY sjuswery
00S°L1 00S'LL 00b'ST 000'L1 00v'6 00t'6 000°+1 0001 006'L1 0oLl 00L11 uonoLSIY
(9] m @ (9] (€)) © )] €4) (9] © )
11/4v 11/dv 11/dv 11/4v 11 av 11/dv 11 av 11 AV sogeaury
1 OHX 118d MANIH  A¥ 004 M 00F IVID 1171049 100V sowkzug

-a1ydiowsjod aq 03 punoj sais
WAZU SMOYS YSLI)SE Y ], ‘uwin[od SulpuodsarIod ay) 2A0qe pIIBJIPUI ISBIINUOPUS Y} Yim UONSITIP 19)J8 PIATIISGO $)IS UOIIOLISAI JO sjudwery Jo Jaquinu

ay) sayearput uoljeudisap sarpadsqns ay3 1apun sisayiusaed ul raquinu YT, I11 ANIH Y pa1sadip N epquie] a8eydouaioeq sem pasn piepuess 9zis 3y,
(11) pousnSy vafiow sidy pue (V) pipamnos viafyjaw stdy woiy syusawdery uonoulssI YN 1w Jo (sired aseq ur) sazis ajewixordde pue Jaquiny - | 9|qe].

505



506 Arias et al.

zymes used by us were also utilized by Smith and Brown (1988) and Smith (1989) for
mapping purposes. This allowed for the necessary comparisons between our study
and theirs. In addition, we used five new enzymes and our combined data can now
define a total of 43 sites in honey bee mtDNA (Figure 2).

The overall size of the mitochondrial genome was estimated to be between
16,000 to 17,000 bases pairs. The uncertainty in the evaluation of molecular size is
considerable and we fear that the estimates of Smith (1989) proposing 100 to 270 base
pair differences in genomes about 17,000 bases long are quite risky. Nevertheless we
have some evidence that goes in the same direction: the Acc I digestion (Figure 1)
suggests that the africanized honey bees we studied exhibit a restriction fragment
about 370 base pairs larger that the corresponding fragment in the digest of mtDNA
from bees of italian descent. The simplest explanation for this difference, seen only
in the Acc I digest, is the presence of one or more extra sites for this endonuclease
about 300-400 base pairs away from one of the three mapped sites; the resulting small
fragment(s) could be easily overlooked.
‘ Because our sampling was limited we think that the present data does not

allow any solid conclusions about the degree of polymorphism between the two sub-

species studied.

Further molecular studies encompassing the 24 subspecies of Apis mellifera
and also utilizing larger sample size will certainly help towards a better understanding
of the population dynamics, phylogeny and evolutionary rates within honey bees.
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RESUMO

O DNA mitocondrial (mtDNA) de abelhas locais descendentes das subespécies Apis mellifera

. scutellata (africanizada) e Apis mellifera ligustica (italiana) foi extraido e caracterizado por digestao com

as endonucleases de restrigdao Acc I, Bgl II, Cla I, EcoR I, EcoR V, Hind III, Pst I ¢ Xho I de maneira a

definir um mapa circular compreendendo cerca de 16,600 pares de bases para o genoma mitocondrial des-

tas subespécies. Os dois genomas podem ser diferenciados por meio de digestdo com as enzimas Acc I,

Bgl II ¢ EcoR I. O DNA mitocondrial da subespécie africanizada ndo apresenta sitios para as enzimas de
restrigdo BstE II, Kpn I, Sac I e Sty L.
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