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Abstract — Primers were derived flanking a microsatellite motif of the cloned Z-locus. The
PCR product of the Z-locus was variable in size and up to four alleles were found in a sample
of 11 workers within one colony. Using the combination of three loci, the Z, the Q (both
linked to the sex locus) and a royal jelly protein gene (RJP57-1) we were able to discriminate
five patrilines in the 11 worker sample. Using the well established microsatellite technology,
however, seven and six patrilines could be identified. The technique may enable laboratories
which lack an isotope facility and equipped with only a PCR thermocycler and agarose gel
apparatus to study the polyandrous mating system of the honeybee in a variety of different
contexts. © Inra/DIB/AGIB/Elsevier, Paris
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1. INTRODUCTION The multiple mating system results in a
genetic subfamily structure of a honeybee

The number of matings of honeybee  colony: super-sisters are sired by the same
queens can vary dramatically from six up  haploid drone father, while half-sisters
to 28 in natural populations [10, 16, 18].  have different drone fathers. This causes a
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large intracolonial genetic variance, which
is of substantial interest for both evolu-
tionary and behavioral genetics [6, 17, 20].

In recent years a wide range of different
DNA techniques have been established
for honeybees to identify the subfamily
structure of colonies such as multilocus
DNA fingerprinting [5, 15] and RAPD
(random amplified polymorphic) marker
technology [11, 12]. More recently micro-
satellite technology has been developed
for honeybees and proved to be a power-
ful tool for exactly determining the num-
ber of patrilines and the intracolonial rela-
tedness [10]. However, this technique is
time consuming and requires sophisticated
equipment such as a radioactive isotope
laboratory and large polyacrylamide gels.

Here we present a very simple and fast
method for identifying patrilines of the
honeybee, which does not require radio-
nucleotide labelling. We used sequence
specific primers of the Q-locus [13], the
Z- locus [3, 4] and the locus of royal jelly
protein RJP57-1 [1, 14], which produce
distinct and highly variable DNA products
in the PCR reaction. The obtained DNA
fragments have sufficient size differences
to easily be distinguished in agarose or
small polyacrylamide gel electrophoresis.

2. MATERIALS AND METHODS

2.1. Bee samples

Adult honeybee workers were taken from
the outer frames of two colonies A and B (11
workers and 7 drones each) at the apiary of the
Bayrische L.A. fiir Bienenzucht (Germany) in
June 1995.

2.2. DNA isolation

DNA was phenol extracted from single wor-
kers following routine protocols [2] with some
minor changes:

1) workers were incubated in insect ringer
solution (127 mM NaCl, 1.5 mM CaCl,, 5 mM

KCl, pH 7.4 with NaOH) for at room tempe-
rature before extraction,;

2) worker thoraces were homogenized in
400 uL of DNA extraction buffer (100 mM
NaCl, 100 mM Tris-HCI (pH 8.0), 10 mM
NaCl, 0.1% SDS);

3) DNA was resuspended in 30 uL ddH,O.

2.3. Microsatellite fingerprinting

We used a set of DNA-microsatellites
which was developed by Estoup et al. [9]. Mul-
tiplex PCR was performed using two pairs of
loci (A43-B124, A76-A107) and the standard
protocols of Estoup et al. [9, 10].

2.4. Non-radioactive fingerprinting:
the Z, Q and RJP 57-1 locus

The 1.7 kb cloned Z-locus fragment [3, 4]
was sequenced using an automated sequencer
following the manufactor’s instructions. Pri-
mers (figure 1a) were designed which flanked
an approximately 130 bp long microsatellite
(TTTC), motif in this fragment. The overall
length of the resulting PCR product was about
650 bp, which can be resolved in an agarose
gel. The primers for PCR amplification of the
RIJP 57-1 locus were designed from the cDNA
sequence of RJP 57-1 [1]. The primers were
derived from region R1 (nucleotides 1261 to
1284) and R2 (nucleotides 1640 to 1666)
(figure 1b). The primers (figure Ic¢) and the
PCR conditions for the Q-locus have been pre-
viously described [13]. PCR amplifications of
Z, Q and RJP 57-1 were carried out as descri-
bed in rable 1.

2.5. Electrophoresis
and determination of genotypes

Non-radioactive amplification products
were separated on 3 % agarose gels (Ultra Pure
DNA grade, BioRad Laboratories) at 7 V/cm or
on small 8 % polyacrylamide gels for 2 h at
200 V with a 100 bp ladder as size standard.
Each electrophoresis was performed following
the routine protocols of Sambrook et al. [21].

Radioactive amplification products were
electrophorized on 6 % polyacrylamide sequen-
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a. Z locus primers

Zi 5'-AGCCGACTAATATAATTTC-3"
z2 5'-GGAAAGAGGGTTATTATAC-3"

b. RJP 57-1 locus primers
R1 5 TGTAGATGACTTAATGAGAAACAC-3’
R2 5-ATGTAATTTTGAAGAATGATGAACTTG-3"

¢. Q- locus primers

Ql 5-AGTGCAGCCAGCTACTGAGAG-3’
Q2 5-AGTGCAGCCACGTGCCTGAAT-3"

Figure 1. Primers used in the non-radioactive fingerprinting designed from sequences of the Z,

RPJ57-1 and Q-locus.

Table I. PCR conditions of the Z, Q and RIP57-1 primers.

Z primers Q primers RJP57-1 primers
MgCl, 1.5 mM 1.5 mM 2.5mM
primer 400 nM 400 nM 500 nM
number of cycles 47 47 30

step | 3 min 94 °C 3 min 94 °C 3 min 94 °C
step 2 30594 °C 1 min 94 °C 30594 °C
step 3 45549 °C 1 min 55 °C 30554 °C
step 4 1 min 72 °C 2 min 72 °C 1 min 72 °C
step 5 10 min 72 °C 10 min 72 °C 10 min 72 °C

cing gels for 5.5 h (A76/A107) or 5 h
(A43/B124) together with M13mp18 control
DNA sequencing reactions as size standard on
the same gel. Alleles were scored as fragment
lengths in base pairs.

3. RESULTS AND DISCUSSION

The PCR fragment of the Z-locus [4]
proved to be polymorphic even in the pro-
geny of a single queen (figure 2a). Four
alleles were detected in a sample of 11

workers of colony B, three DNA length
polymorphism ranging from 610 up to 670
bp and a ‘null allele’. These ‘null alleles’
occur if PCR products are lacking at the
tested locus [7, 19].

The protein of the cDNA clone RJP57-1
[1, 14] possesses on its C-terminus, a 100
amino acid residue long repetitive region
consisting of a 20-fold repeated sequence
motif XQNXX. Amplification of this
region revealed length polymorphism
(Albert et al., unpublished data). Four and
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Figure 2.a. Polyacrylamide gel showing the Z-locus PCR product of 11 workers and two drones
of colony B. The Z-tocus PCR product showed a high variability within one colony: three length
polymorphism and one ‘null allele’ (see text). The fragment size of the alleles were: 670, 640, 610
bp and ‘null allele’. The allele length was determined in comparison to a 100 bp DNA ladder M
as a size standard (GIBCO BRL, a 650 bp band (above 700 bp band) is indicated by an arrow).
b. Agarose gel showing the RIP57-1 locus PCR product of 11 workers and four drones of colony
A. The RJP57-1 locus PCR product is highly variable within one colony and four different alleles
(460, 435, 420, 405 bp) could be identified. The allele length was determined in comparison to
a 100 bp DNA ladder M as a size standard (GIBCO BRL, the 600 bp band is indicated by an

arrow).

two alleles were found in the 11 worker
progenies of colony A (figure 2b) and
colony B, respectively, ranging from 405
up to 460 bp in size.

Using the combination of the two
variable loci described here and the Q-locus
[8, 13] we are able to discriminate several

patrilines of the honeybee colony. Although
Q and Z are two linked markers (both lin-
ked to the sex locus), this does not neces-
sarily influence the detection of patrilines.
The characteristic combination of alleles at
all three three loci (Q, Z, RIP57-1; table II)
was used to determine the number of patri-
lines. We compared the power of this tech-
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nique to the number of patrilines deter- Five patrilines were detected in colony
mined by four informative loci micro- A using the non-radioactive fingerprint
satellite fingerprinting [10] using four  technique, but seven patrilines were iden-
informative loci (A76, A107, B124 and tified using the microsatellite technique
A43; tables Il and I1I). (table Ila). Using the information of both

Table II. Informative genotypes of the three loci Z Q RIP57-1 of colony A and B. The genotype
of the queen was determined by the haploid drone offspring. Only informative bands (‘father
alleles’) different to those of the queen are listed in the worker progeny. Some ‘father alleles’ can-
not be unambiguously determined as they either be identical to one or two of the queen’s alleles
or represent a ‘null allele’. The resulting patrilines (a—e) were compared to the microsatellite
technology (= ms technology) (1-7). Combining both data sets an overall number of nine patri-
lines was identified (I-1X). (nd = missing value).

Sample Genotype (bp) Genotype (bp) Genotype (bp) Patrilines Patrilines by Overall number

RIP57-1 locus Q-locus Z-locus ms technology of patrilines
a. Colony A
Queen genotype 405/460 700/0 560/0
Worker
6 700 a 1 I
7 700 a 1 I
27 700 a 2 II
12 nd nd a 2 II
13 435 600 b 3 I
9 420 600 c 3 v
4 d 4 v
5 600 e 4 VI
20 700 a 5 VII
32 435 600 b 6 VIII
39 420 600 c 7 IX
5 patrilines 7 patrilines 9 patrilines
b. Colony B
Queen genotype 405/460 700/700 610/0
Worker
3 680 640 a 1 I
21 680 640 a I I
15 nd 670 b 2 I
18 670 b 2 II
26 c 3 I
32 670 b 3 v
12 600 670 d 4 \Y
19 600 e 4 VI
34 670 b 5 VII
7 670 b 5 VIl
20 670 b 6 VIII

5 patrilines 6 patrilines 8 patrilines
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techniques, nine patrilines were identified.
In colony B the resolution was similar:
five patrilines were detected using the
single locus data of Q, Z and RJP57-1,
whereas six patrilines were found in the
microsatellite fingerprinting (table 11b).
The resulting overall number of patrilines
using the information of all loci was eight.

The number of patrilines determined
by the non-radioactive fingerprinting was
less than the number of patrilines found
in microsatellite fingerprinting. The ave-
rage number of alleles per locus was 3.3
(colony A) and 3 (colony B) in the non-
radioactive fingerprinting while the ave-
rage allele number in the microsatellite
fingerprinting was slightly higher: 4.7
alleles per locus in colony A and 3.7 in
colony B. The higher number of patrilines
found in the microsatellite fingerprinting
could be explained by the higher number
of alleles detected per locus and by using
a 4th locus in the microsatellite finger-
printing approach. A higher resolution of
patrilines was obtained using the combined
data of both techniques.

In many cases, the resolution of the
non-radioactive technique might be suf-
ficient to resolve questions related to the
mating frequency. The procedure for deter-
mining patrilines is a relatively simple,
fast and cheap method compared to the
more labour-intensive and complex tech-
nique of microsatellite technology using
radioactive or fluorescent labelled DNA
fragments and large sequencing gels. In
our laboratory we found that the analysis
of the PCR fragments with just agarose
gels was about twice as fast as large
PAGE:s (which did not include the expo-
sure time of films) and reduces the costs to
two thirds. This technique may also enable
laboratories with just an agarose gel appa-
ratus and a PCR thermocycler to study the
polyandrous mating system of the honey-
bee in a variety of different contexts. This
non-radioactive technique may become
even more powerful, if primers of addi-

tional highly variable loci (e.g. STS pri-
mers (sequence-tagged site) derived from
RAPD markers) become available.
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Résumé — Une méthode d’analyse
simple et non radioactive d’empreinte
génétique pour identifier les lignées
paternelles des colonies d’abeilles. La
technique des microsatellites a été déve-
loppée chez I’abeille (Apis mellifera 1..)
pour déterminer le nombre exact de
lignées paternelles et le degré de parenté
entre membres de la méme colonie. Nous
avons mis au point une technique qui,
contrairement a celle des microsatellites,
ne nécessite pas I’ utilisation de radioiso-
topes et avons comparé les deux méthodes
quant a leur précision. Des amorces
(figure 1a) ont été développées a partir de
régions situées de part et d’autre d’un
motif microsatellite du locus Z et on a
trouvé par PCR jusqu’a quatre alleles dif-
férents dans un échantillon de 11 ouvrieres
provenant de la colonie B (figure 2a). A
I’aide d’un fragment RJP57-1, qui ren-
ferme un motif codant pour une protéine
de gelée royale, la PCR a permis de mettre
en évidence jusqu’a quatre alleles diffé-
rents dans un échantillon de 11 ouvrieres
de la colonie A (figure 2b). En combinant
les trois locus Z, Q et RIP57-1 (tableau I),
cing lignées paternelles ont ét€ mises en
évidence dans la colonie A et cinq dans
la colonie B (tableau II, échantillons de
11 individus par colonie). Par la technique
des microsatellites (tableau I1I), on a
trouvé un nombre de peres légérement plus
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élevé: 7 et 6 respectivement (fableau II).
Cette technique pourrait permettre aux
laboratoires de petite taille, équipés seu-
lement d’un thermocycleur PCR et d’une
cuve d’électrophorese pour gel d’agarose,
d’étudier le systeme de reproduction poly-
andre de I’abeille. © Inra/DIB/AGIB/Else-
vier, Paris

Apis mellifera / empreinte génétique /
lignée paternelle / PCR / accouplement

Zusammenfassung — Eine einfache,
nicht-radioaktive DNA Fingerprint-
methode zur Bestimmung der Patrili-
nienanzahl in Bienenvélkern. Es wur-
den Primer (Abb. 1a) aus flankierenden
Bereichen eines Microsatellitenmotivs des
Z-Locus entwickelt und etabliert. Bis zu 4
Allele des Z-Fragments wurden in einer
Stichprobe von 11 Arbeiterinnen einer
Kolonie in der PCR (Polymerasen-Ket-
ten-Reaktion) gefunden (Abb. 2a). Mit
Hilfe des RJIP57-1 Fragments, das ein
Motiv eines Gelée-Royal Proteins enthilt,
konnten bis zu 4 Allele in der Stichprobe
nachgewiesen werden (Abb. 2b). Durch
die Kombination der 3 Loci, Z, Q und
RIP57-1) (Tabelle I) konnten 5 Patrilinien
in einer Stichprobe von 11 Individuen
nachgewiesen werden (Tabelle II). Die
Anzahl, der durch die Mikrosatelliten-
Technologie (Tabelle IIT) nachgewiese-
nen Viter, war mit 6 und 7 (Tabelle II) in
der gewihlten Stichprobe nur unwesent-
lich hoher. Diese Technik kdnnte selbst
kleineren Laboratorien ermoglichen, die
nur mit einem PCR-Thermocycler und
einer Agarose-Gel-Kammer ausgestattet
sind, das polyandrische Paarungssystem
der Honigbiene zu studieren. © Inra/DIB/-
AGIB/Elsevier, Paris

Honigbiene / Begattung / Patrilinie /
Fingerprint / PCR
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