DNA analysis of genetic variation in Asian
honey bees

H. Allen Sylvester

USDA, ARS, HONEY-BEE BREEDING, GENETICS & PHYSIOLOGY LABORATORY, 1157
Ben Hur Roap, BaToN Rouck, LA 70820

and Siriwat Wongsiri

BzE BioLoGy Researcr UNIT, CHULALONGKORN UNIVERSITY, BANGKOK 10330,
THAILAND.

Introduction

This research was conducted to determine whether DNA markers from Euro-
pean honey bees, Apis mellifera, could be used to identify and characterize genetic
variation in Asian spedies of Apis. Being able to use the same DNA for all species
would have the advantages of eliminating the expense of developing the technology
for each species individually and would allow direct comparison of the results from
different species. Clones of Apis mellifera DNA (probes) isolated from a genomic
library havebeen isolated and found to detect variation in A. mellifera(unpublished
results), or restriction fragment length polymorphisms (RFLPs). These probes
were selected because they strongly hybridized to honey bee total genomic DNA,
indicating that they may be fragments of DNA which are highly replicated in the
honey bee genome. This is promising for use in honey bee population genetics and
contrasts to the situation with isozymes, which have shown relatively little variation
in honey bees (Sylvester 1986).

The RFLP patterns produced by these probes in A. melliferaare quite simple,
similar to those seen in isozyme electrophoresis. None have yet produced the very
complex patterns found in DNA fingerprinting. This produces results which are
much easier to interpret and whose inheritance should be simpler to establish.

The fact that drones are haploid is a great advantage in using RFLPs in honey
bee population genetics. Eachdrone producesacloneof genetically identical sperm
(ignoring the rare occurrence of mutations), so all daughters of one drone have
exactly the same arrangement of DNA from their father. This will make it easier
to separate super-sisters (offspring from the same drone) from half-sisters (offspring
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Figure 1. DNA from one colony each of Apis cerana (lanes 1-12), A. dorsata (lanes
13-24), andA. florea (lanes 25-28), hybridized to probe #47. The lanes are numbered
from number 1 on the left and the origin is at the top.

from different drones which are not brothers). Since drones are descended from
unfertilized eggs, a small sample of drones can be used to determine their mother’s
genotype without having to sacrifice the queen.

Methods and Materials

DNA was extracted from individual adult worker honey bees of Apis
andreniformis, A. florea, A. cerana, and A. dorsatafrom Thailand, usinga procedure
developed for A. mellifera larvae and pupae - the details are available from HAS.
Extracted DNA from each bee was then digested with EcoR1 restriction enzyme,
which cuts the DNA at specific base sequences, and then the fragments were
separated according to size by horizontal electrophoresis in a 1% agarose gel. The
DNA was transferred by Southern blottingonto Biosbrane®, nylon membraneand
bound by UV irradiation. Two probes were individually labeled using the Genius,
nonradioactive DNA labeling system from Boehringer Mannheim. Membranes
were then hybridized to a probe and the position of the hybridized probe detected
with the Genius®, nonradioactive detection system, which produces colored bands
on the membrane.
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Figure 2. DNA from one colony of A. dorsata (lanes 1 -12) and one colony of
A.andreniformis (lanes 14-25) bybridized to probe #44. The lanesare numbered [ from
number 1 on the lefi and the origin is as the top.

Results and Discussion

Clear results were only obtained in a few of the lanes. Figure 1 shows a
membrane which was probed with one probe. A. cerana workers from one colony
show clear bands in lanes 1 and 11. The presence of 4 bands in lane 1and 3 bands
in lane 11 indicates a probable genetic difference between sister workers in this
colony. An A. dorsataworker shows 5 bands in lane 16. An 4. floreaworker shows
6 bands in lane 26. Several of the bands in each species do not appear in those
workers examined of the other species.

Figure 2 shows a different membrane which was probed with another probe.
A. dorsataworkers from another colony, in lanes 1-12, show 5 bandsin lanes 1 and
3. An A. andreniformis worker shows 2 bands in lane 20.

The pattern of bands in A. dorsasa is clearly distinct between Figures 1 and 2,
showing that these probes hybridize to different areas of DNA in this species. The
differences between the banding patterns of each species are great enough that they
may be interspecies differences, rather than just intraspecies variants, but addi-
tional samples are needed to confirm this.

The amount of variation visible in Figure 1 indicates that it should be possible
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to obtain single probes which will simultaneously be useful for detecting variation
within colonies, among populations or races and among species.

Most of the lanes are uninterpretable because of too little DNA (nearly blank
lanes) or because the DNA was not adequately prepared by the purification
procedure (dark streaks).

These results, while preliminary, clearly show that it is feasible to use A.
mellifera DNA probes to study genetic variation in other species of honey bees. It
is also clear that detectable nuclear DNA variation does exist among A. dorsaza, A.
cerana, A. florea, and A. andreniformis. This system thus provides additional
markers for comparingand quantifying genetic variation within and among honey

bee species.
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Abstract

This research demonstrated that nuclear DNA markers from European honey
bees, Apis mellifera, could be used to identify and characterize genetic variation in
Asian species of Apis. DNA clones isolated from a genomic DNA library were
screened and those which showed variation in A. melliferawere selected. DNA was
extracted from individual workers of A. andreniformis, A. florea, A. cerana and A.
dorsata. This DNA was cut into fragments with a restriction enzyme, these
fragments separated by size in an agarose gel and transferred to a nylon membrane
by Southern blotting, The fragments were then hybridized to each probe individu-
ally and the probe binding sites visualized with a non-radioactive detection system.
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The DNA of these spedies did hybridize to A. mellifera probes and there was
variation among the spedies.
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