APEMND!A _

o .STANDHGE KOMM!SS!ON FUR BiENENBIOLOGiE '

 PAARUNGSKONTROLLE
~UND SELEKTION
" BEI DER HONIGBIENE

. LUNZ AM SEE, OSTERREICH
- 1972



Controlled mating znd gclection

of the Loney bee |
Intern.Syup. ,Lunz am See, l97¢ | - -
Apimoncla Sci.oull.,Bucharest 1972 PART THREE

SELECTION
'SEX ALLELES AND CONTROLLED MATING

. WOYKE

Agricultural Umversity of Warsaw Aplcultural sertmn
‘ POILLAMN

| Chairman of the “Instrument:: Inseminatimn" _Wﬂrkmg
Group of the Bee Biology Standing Commission of APIMONDIA

In order to obtain highly productive bees, stress should be laid on sex alleles. Maximum
productivity is obtained only from the colonies with high survival rate of brood. The egg:
of a queen with ab sex alleles mated with a drone (abXxc) are all heterozigous, with a 1007,
survival rate, The queen with ab sex alleles mated with an a drone will lay two kinds of
fertilized eggs: aa and ab. From the heterozigous eggs worker bees will emerge. From the aa
homozigous eggs diploid males will emerge which are eaten by worker bees, when newl:
hatched. Conseque:n:ly, only 500/ of the hatched eggs will develop into worker bees. Tha bron:
of such a quzen will have gaps, the colony will be weak, and will never yield a-high crop.

The naturally mated or instrumentally inseminated queen receives sperm from severa!
drones. |

When a virgin queen has the same sex alleles as the queen of the father &olany, after
mating she will lay abxab eggs, with the following combination of sex alleles: aa, ab, bs
and bb. It results that workers will emerge from not more than 5C%, of eggs. When a virgin
queen has only one sex allele similar to that of the mother queens of drones, for instance b,
she -will lay, after a bexa, b mating, four kinds of eggs: ab, ac, bb, and be. Worker bees
will emerge only from 750/, of the heterozigous eggs. Such mating is very frequent in mating
stations where only one father colony exists, and the virgin queens are related to the queen
which produces the males. The colonies including the descendants of the queens mated at the
station will never have a strong population. When a virgin queen has both sex alleles, for
instance de, différent from those of the queen producing the drones, after a dexa, b, maim;;;._
she will lay ad, ae, bd, and be eggs, all of them having different sex alleles. All eggs laid by
the young queen will have 100t/ survival rate. |

We shall now consider a number of problems of controlled mating practice in a2 mating
station- or of instrumental insemination. First, the case when all males are produced by onc
queen alone, but two generations of young queens mate with them. The best mother queen is
inseminated, according to abxcd variant, with the sperm taken from an outbred queen, The
queen of the father colony, which produces drones, has efx? sex alleles which are different
from those of the mother queen producing queens. The sex alleles of drones which had fertilized
the queen of the father colony are of no concern to us, as the drones develop by parthenogenesis.

{ The combination of sex alleles given in Table No. 1 will be achieved by reproduction. All

TABLY 1 — COMBINATION OF THE SEX ALLELES WHEN THE SAME QUEE‘\I IS USEE)
IN THE FATHER COLONY TWO YEARS RUNNING

Queen of the Queen of the | |  Survival rate

Yéar mother colony father colony Inseminated queens ©of the brood
I ab X c¢,d et X .., . acxef; adwef: bexef bdwef 1029/,
I1 ac % e,f ef ... . aexef; afxef ce ef cfxef 759/
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young queens descending. from the. ab><c d first-rate qucen, matcd with e, f dranes will have
no similar ellele and will produce brood with 1000/ survival rate. All yaur:g queens are thus.
~ likely to also become first-rate queens. But, when the subsequent generation of queens will
- become adult and will mate with drones produced by the same queen of the father colony,
- 250/ of tire eggs will be homozigous as illustrated in Table No. 1. Consequently, when the
queens of tne second generation mate with drones produced by the same drone laying queen

as of the previous generation, the survival rate of the brood hatched by all queens will be

75%. This means that commercial beekeepers are not reccmménde{i' 1o keep, in rnati'n'g
stations, the same queen in the father colony two years running, or to use thexr sons for -
“the instrumental insemination of queens of the second gcneratmn either. a
| Now we shall consider the case when the father colony is requeened wery -year. The
new drdne-laying queen is a queen already fertilized by drones, sons of the former drone-laying
queen. Table No. 1 shows that in the first year when the sex alleles of the mother queen giffer
from those of the dronc.laving queen, the brood produced by all daughter queens has a 100/
survival rate and all are likely to become first-rate queens. The following vear, the result.
obtained may be altogether different, even if the father colonies are of the best omes. The
result will substantially depend on the sex alleles of the queens of the mother and father
co.onies. Let us now consider the case when colonies are paken at random. The beekeeper i
likely 1o find queens with the same sex alleles in one of four cases (Table 2, second year, cass
No. 1). Consequently, the brood of all young queens descending from the mother queen mated
with the drones produced by a drone-laying queen having differing alleles will have a 757,
survival rate, In two cases of four, the beekeeper is likely to find queeas for the mother and
father colames having one simi.ar allele (Second year, case Nos. 2 and 3). Consequently, haif
of the young queens will produce brood with 750/, survwal rate, and the other half — with
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1000/, survival rate. At last, in one case of four, the beekeeper will find queens for the mather
and father colonies with' no similar allele. Consequently, all queens will produce brood with
1000/, survival rate, and each and every queen is likely to become a high-rate queen (Second
year, case No. 4). It is obvious that there ts a slight possibility to find a combination resulting
in queens producing brood with 1000/, survival rate. Hence the most frequent combination will
be that in which only half of the queens obtained produce brood with 750/, survival rate.
When the virgin queens descend from several queens, every combination is possible and conse-
quently haif of the queens will produce normal brood while the other half — brood with gaps.

The third year, the beekeeper will develop a third generation of virgin queens, oniy
from first-rate ‘queens producing normal brood. Whether no queen produces normal brood,
it means that the combination No. 1 had taken place already in the previous year. Consequently,
the former queen of the mother or father colony must be replaced and the breeding ‘program
taken from ‘the beginning. |

When two highly efficient queens had been selected for the mother and father queem
the brood prduced by their sisters must also be checked. Whether any of the sister queens
‘produce brood with gaps this means that the combinations Nos. 2 and 3 took place in the
previous year. In half of cases, the two queens — of the mother and father colonies — mav
have the same sex alleles (Table 2, third year, combination No. 1), while in the other half of
cases the sex-alleles of the two queens are different (Third year, combination No. 2). In the
first case, all new queens will produce brood with gaps with 750/ survival rate, and in the
second case, half of the queens will produce normal brood. As a result, when the queens for
the mother and father colonies are taken from groups of sister queens some of which produce
brood with gaps, there is no possibility for all queens to produce normal brood. At last,
when the queens for the mother and father colonies are taken from groups in which all sister
queens had produced only normal brood, this means that the combination No. 4 had taken place
in the second year. This situation is similar to that occurred at the end of the first year. This
means that the third generation of queens can produce four different groups (Table 2, third year,
combinations 1, 2, 3, and 4) according to the sex alleles of the queens of the father and mother
colonies. In 25¢/, of cases, all queens obrained will prodice normal brood (Table 2, third year,
combination No. 4). It is obvious that the result depends on the group from which the queens
for the father and mother colonies have been taken. When some of their sisters had produced
brood with gaps it is practically impossible o obtain normal brood from all new queens. When
all sister queens produce normal brood, there may happen that a few of them also produce
in their turn queens which after mating will produce normal brood.

In other cases, the queens for the mother and father colonies are not takea from a

sister group but from two different groups. When the mother queen and the queen of the
father colony are taken from two different groups in which some sister queens had produced
 brood with gaps, it is possible that the two groups have the same sex alleles (for instance,
the two groups of the combination No. 3, second year). Consequently, only 1/4 of the
new queens will produce normal brood. In half of cases, the group of queens of the
second year wﬂl not be uniform; for instance, the mother queen may come from the
second group while the queen of the father colony — from the third group of queens
of the second year. In the third year, combinations Nos. 3 and 4 will take place. Hali
of the virgin queens descendmg from certain queens will produce after mating brood with
gaps, while the others, of other origin, will produce normal brood ; in all 3/4 of the new
queens will prod-uce normal brood. Finally the mother and father queens are taken from
two groups —- one in which half of the sister queens produce brood with gaps, and the
. other in which all queens produce only normal brood. Consequently, combinations similar

to those mentioned above may occur (3/4 of the new queens produce normal brood), or
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similar to those occurring in 1 the case when the queens come from a gmup of queens whmh |

all had produced normal brood (1/2 of the queens obtained ‘produce normal brood).

Conclusions szgmﬁcant for practice follow from the above experiments. The queens. for
the mother and father colonies must not be taken from a group of sister queens part cf which
had produced brood with gaps, because only a quarter of them will produce normal brood. The
two meother queens may be taken from a group of sister queens which produce only normal
brood. In this case, the new queens originating from part of the mother queens will produce
normal brood and for all combinations pﬂsszble half of the queens on an average will produce
normal brood. When taking the two mother ‘queens from two different groups of sister queens,
for all combinations possible, 3/4 of the queens will produce normal brood.

The new queen may mate not only with several drones originating from one queen
alone, but also with drones of different queens. When the sex alleles of the drones are difterent
from those of the queens, all new queens will produce normal breod. But a queen mated with
drones descending from a different queen, for instance abX<c.d, produces four kinds of queens.
Hence it is possible that some queens mate with drones having the same sex alleles. 12 sex
alleles were identified up to now. Consequently, 1/12 of the eggs laid by a queen mated with
12 drones with different sex alleles are homozygous, which means that the survival rate of the
“brood will be 91.7v/. Hence, a queen mated with drones originaung fmm one queen alone
can produce brood with 500/, 750/, and 100t/, survival rate.

The . pomrw egg-laying queens can be easily identified and removed. TIE queens mated
with drones orieinating from several queens will produce brood with a survival rate higher
than 758/, but often lower than 10004. It is difficdit to identity the respeq.,twe queens. In
breeding work, the queens are quite often mh,lated te a certamn extent 10 the drones they
mate with. | | | ,

We shall now consider the case when the queens of the father and mother colonies are
raken from those mated in a mating station with only one drone colony. This is the case when
all queens are instrumentally inseminated with the sperm of several drones originating from
the same queen. The queens of the mother and father colonies are taken from the young queens

of the second year (lable 2). "The combinartions of sex alleles obtained after the mating of
the queens with drones originatling from several queens are given in ‘lable 3. |

When two different gueens are used for producing drones, two possibilities exist : the
two queens either have one similar allele, or only one allele differing. In the first case, 1, 4 of
the young queens will produce brood with a 100/, survival rate {Table, 3, 2 colonses, variant 1).
In the second case, none of the gqueens will produce brood with 1009/, survival rate. The brood |
of each of them will have a survival rate of 87.50/,. (Tabie 2, 2 coolnies, variant 2). When the
drones oviginate from 3. dlfferem queens, half of the young queens mated with the respective
drones will produce brood with a survival rate of 83.3%/4, while the other half — of 91.70/,.
The average survival rate will be of 87.50/, (Table 3). When the drones Gngmanﬂ fmm 4 queens,
the young queens mated with them will produce brood with an 87.5 survival rate (Table 3).
Consequently, when the young queens are inseminated with sperm of drones originating
from a related queen, their brood will have either 1000/ or 75%/ survival rate. The latter
can be easily removed. When the queens are inseminated with sperm of drones originating from
several related queens, the brood of most of them will have an 87.5%/, survival rate. When
the queens are inseminated with sperm of drones descending from non-related queens, there
is a much slighter possibility of finding the sanie allele than in the case of related populations.
But the increase in the number of non-related queens producing drones leads to obtaining a
population which has all SeX alleles, It is perfectly possible that a virgm queen of thm D{)pulatmn
mates with a drone having at least one allele similar to hers. | |
It results that in improving bees one must pay constant attention 1o sex alleles and the
survival rate of the brood.
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