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Summary

Mutant queens were mated instrumentally with their brothers of wild or mutant genotype, and 20
queens producing scattered brood were chosen for further investigation.

Phenotypes of haploid drones, and of workers originating from those queens, were determined.
Using the method for rearing diploid drones, 691 drones were reared from eggs laid in worker cells.
Participation of the father, as well as the exclusion of androgenesis or parthenogenesis, was demon-
strated in some of these drones. Maling of 5 queens homozygous for one mutant gene with
brothers mutant for another gene allowed 302 drones of wild phenotype to be reared, proving
genetically their biparental origin.

Introduction

Woyke (1963a) showed that drone larvae hatched from one half of all the eggs laid
in worker cells by a sibling-mated queen honeybee (4pis mellifera). Spermatozoa
were found in almost all these eggs (Woyke, Knytel & Bergandy, 1966), and normal
fertilization occurred in them (Woyke & Knytel, 1966). These findings suggested
that drone larvae hatching from eggs laid in worker cells by sibling-mated queens
are diploid. Nevertheless, there was no direct proof of the diploid character of the
drones, nor was evidence obtained of their biparental origin.

The presence of spermatozoa in an egg is not a sufficient proof of the zygotic
origin of the individual which develops from that egg, because of the androgenetic
origin of certain male tissues in the honeybee (Rothenbuhler, Gowen & Park, 1952).

Rothenbuhler (1957), and Drescher and Rothenbuhler (1964), presented genetic
evidence for the biparental origin of some patches of tissue in the eyes of mosaic
drones. But these drones could not have been of completely zygotic origin because
they would have been eaten by the worker bees as very young larvae (Woyke, 19634).
Genetic evidence of the participation of a father in the origin of the latter zygotic
drones was obtained by Woyke (1965a) in larvae and pupae reared outside the colony
(in an incubator). But the possibility of androgenesis was not excluded.

After the method of rearing diploid drones in the colony had been described
(Woyke, 1965b, 1969), genetic evidence of their completely zygotic origin was pre-
sented as a preliminary report (Woyke & Adamska, 1966) of the present paper.
The main part of the investigation described here is the rearing of drones in which
parthenogenesis, as well as androgenesis, can be excluded: other individuals are
also described.

* This investigation was supported in part by a research grant from the United States Department
of Agriculture, authorized by Public Law 480.
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Materials and Methods

Queens and drones carrying mutant genes for cordovan body colour (ed), and brick
(bk) and chartreuse (¢ with or without the m modifier) eye colour, were used. All
the mutant genes are recessive to the wild type. and they all occupy different loci.
Interaction of bk and ¢k results in a buff (bk,ch) phenotype. The ¢h! gene is affected
by an m modifier gene, and c¢hl,m produces a brown body colour.

Genetic investigations were conducted on the offspring of 23 queens, of which 20
were sibling-mated and produced scattered brood. Altogether 691 drones reared by
the diploid-producing method were individually examined. Phenotypes of 3082
haploid drones and 3638 workers originating from the same queens were determined.

In order to obtain the diploid drones, their parents should have one sex allele in
common (sibling mating), and to detect their origin the parents should differ in
certain mutant genes.

The virgin queens were the progeny of queens heterozygous for one or two mutant
genes, and mutant drones. The virgins were, therefore, homo- or heterozygous for
these genes. Each virgin was mated instrumentally with one mutant brother or one
wild-type brother. Thus parthenogenesis or androgenesis could be excluded in some
of the offspring. The biparental origin of diploid drones was proved by mating
queens homozygous for one mutant locus with their brothers which were mutant
for another locus. Any mutant offspring would then indicate parthenogenesis or
androgenesis, and the wild-type offspring would indicate a bi-parental origin.

The inseminated queens were introduced into hives with entrances covered with
queen excluder. After the queens started to lay eggs. the survival rate of brood in
worker cells was checked. Diploid drones were reared from queens producing brood
of 5079/ survival rate, using the method described by Woyke (1969).

The brood reared was covered with a screen cage a few days before emergence of
the imagines. The phenotype of the drones reared was examined on the day of
emergence. Haploid drones and workers of particular queens were obtained from
brood combs placed in the isolators in an incubator a few days before the emergence
of the imagines. The genotype of the queens was checked by examination of their
haploid drone progeny.

Results

Participation of the father in the origin of drones reared by the
diploid drone method

Queens homozygous for one mutant gene were mated with a brother of a wild type
gene for the same locus. Table | shows that mutant (haploid) drones developed
from unfertilized eggs laid in drone cells, as was expected. All the workers were
of the wild phenotype.

Drones were also reared, by the diploid drone method, from eggs laid by 5 sibling-
mated queens in worker cells. Table 1 shows that all the 161 individuals were of
the wild phenotype, like the father and the workers. This is, therefore, confirmation
of the participation of the father in the origin of all the drones reared.

Exclusion of androgenesis in some drones reared from brood of

low survival rate

Queens heterozygous for the c¢d gene were each mated with one cordovan brother;
they produced (in drone cells) haploid drones of ¢d and wild type (Table 2). (Drones
from queens no 63 and no. 175 were used for other purposes before the phenotype
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workers). The wild body colour of all the drones reared indicated their paternal
origin, and the wild phenotype of the eyes excluded androgenesis in half the drones
reared (paternal eye mutant).

Queen no. 206 was homozygous for the chartreuse mutant gene (ch) and hetero-
zygous for two additional genes (bk and c¢d). She was mated with a brother mutant
for both these last genes. Lack of chartreuse phenotype indicated paternal partici-
pation in the origin of all the drones reared by the technique for diploids. The
presence of the paternal phenotype in a quarter of the males reared (hk and c¢d in
the same individual) excluded androgenesis in three-quarters of the remaining
individuals.

Participation of the father and exclusion of androgenesis in all the
drones reared (i.e. biparental origin of all the drones)

Queens homozygous for one mutant gene were each mated with one brother mutant
for another gene. (In some parents, modifier m of the c¢h! gene was present in
addition.) Phenotypes of the haploids presented in Table 6 confirmed homozygosity
of queens for one mutant gene. All the workers produced by those queens were of
the wild type. Table 6 shows also that all the 302 drones reared by the new method
and originating from 5 queens were of the wild phenotype. This absence of the
mutant phenotypes expressed by the genes carried by the mother excluded partheno-
genesis n all the drones, while lack of the phenotypes expressed by the genes of the
father excluded androgenesis in all the individuals. The wild phenotype of the
drones reared by the new method could be obtained only after the two gametes
carrying mutant genes of two different loci united. This indicates participation of
both parents in the origin of the drones reared by the new method.

An additional test was carried out to ascertain that no error had been made, and
that the given mutant genes were actually present in the cross produced. For this
purpose daughter queens were reared from the brood of queen no. 439 (bk/bk,
ch*jch= X bk*, ch), which produced diploid drones. The daughter queens
(bk[bk . chjch+) were black-eyed (wild type). Table 7 shows that they produced
haploids of four phenotypes: those expressed by the maternal gene bk and by the
paternal gene ch and the other two phenotypes as expected. This proves that the
genotypes of parents and of the crosses had been correctly determined. Thus drones
reared from that queen by the method for producing diploids were undoubtedly of
biparental origin.

TaBLE 7. Proof of the presence of mutant genes reported for queen no. 439
(bl bk, cht|eh™ x bk 1, ch) which produced diploid drones, from the phenotypes
of haploid drones produced by her daughters.

bk = brick mutant ¢h = chartreuse mutant
bk~ = wild type cht = wild type

No. of haploid drones of phenotype

Daughier Genatype =
queen no. of queen buff’ brick chartreuse  black
544 blbkt, chich 21 17 35 34
687 blelbk+, chich™ 62 63 50 47
688 ble /bl ehfch 151 160 169 155

Tolal 234 240 254 236
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Conclusions

Our data (Tables 1-6) exclude both parthenogenesis and androgenesis in the pro-
duction of diploid males, and also prove genetically the biparental origin of diploid
drones that were obtained by the method described by Woyke (1969).
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