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Abstract — With increased globalisation and homogenisation, the maintenance of genetic integrity in local
populations of agriculturally important species is of increasing concern. The western honeybee (Apis mellifera)
provides an interesting perspective as it is both managed and wild, with a large native range and much larger
introduced range. We employed a newly created 95 single nucleotide polymorphism (SNP) test to characterise the
genetic ancestry of the Australian commercial and feral honeybee populations. We found that most individuals were
hybrids of mainly Western and Eastern European ancestry. Introductions of bees from North Africa are known from
the historical record, and we show here the presence of alleles of African ancestry in some Australian bees, at levels
comparable to those seen in the commercial populations of European-derived bees in North America.

Australia / beekeeping / single nucleotide polymorphisms / honeybee subspecies / hybrid

1. INTRODUCTION

Maintaining genetic diversity in domesticated
animals is of increasing concern (Hall 2004;
Ajmone-Marsan & GLOBALDIV Consortium
2010; Groeneveld et al. 2010; Lenstra et al.
2012). In general, domestication leads to a loss
of genetic diversity, although this is not evident in
the Western honeybee Apis mellifera (Whitfield
et al. 2006; Harpur et al. 2012, 2014; Wallberg
et al. 2014). Nevertheless there are legitimate
concerns over the loss of genetic diversity and
increasing homogenisation in A. mellifera, both
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between and within populations (De la Rua et al.
2009; Dietemann et al. 2009; Meixner et al. 2010;
De la Rua et al. 2013; Harpur et al. 2013), and the
maintenance of genetic diversity within colonies,
which increases honey production, nest homeo-
stasis and disease resistance (Palmer & Oldroyd
2003; Tarpy 2003; Tarpy & Seeley 2006; Mattila
& Seeley 2007; Oldroyd & Fewell 2007; Seeley
& Tarpy 2007; Tarpy et al. 2013).

Though its native range was originally con-
fined to Africa, Europe and the Middle East
(Seeley 1985; Winston 1987; Ruttner 1988), the
distribution of A. mellifera now extends over
most of the world. The honeybee was spread by
humans for its value in honey and wax production
and crop pollination. It has been estimated that
84 % of world crops depend on insect pollinators,
including honeybees (Klein et al. 2007). In
Australia, 35 industries and 65 % of agricultural
production are wholly or partially dependent on
honeybee pollination (Keogh et al. 2010).
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There is considerable controversy over the
number of evolutionary lineages and subspecies
within A. mellifera , and which subspecies belong
to which lineage (Ruttner 1988). Four major line-
ages (clades) are generally recognised—African
(A), Eastern European (C), Western European (M)
and Middle Eastern (O) (Ruttner 1988; Garnery
et al. 1992; Franck et al. 2000; Whitfield et al.
2006; Harpur et al. 2014; Wallberg et al. 2014)
although up to two additional lineages have been
suggested (Franck et al. 2001; Alburaki et al.
2011; Alburaki et al. 2013). The commonly used
subspecies by commercial beckeepers are 4. m.
ligustica and A. m. carnica from the Eastern
European lineage.

A number of subspecies have been introduced
to Australia. The earliest imports were from
Western Europe—A. m. mellifera (and perhaps
A. m. iberiensis (iberica) Chapman et al. 2008).
Descendants of these bees quickly spread
throughout the country (Coleman 1956; Ruttner
1976; Weatherhead 1986; Oldroyd et al. 1995).
Several decades later, A. m. ligustica (early
1860s) and A. m. carnica (from 1890s) were
introduced from Eastern Europe as well as 4. m.
caucasica from the O lineage (from 1880s)
(Hopkins 1886; Eckert 1958; Weatherhead 1986;
Woodward 1993; Gulliford 2005; Rhodes 2011),
along with A. m. intermissa and A. m. lamarckii
from Africa in the late nineteenth century
(Weatherhead 1986; Gulliford 2005; Rhodes
2011), A. m. cypria from Cyprus between 1896
and 1952 (Goodacre 1935; Gulliford 2005) and
A. m. syriaca from Syria in the late nineteenth
century (Gulliford 2005; Rhodes 2011) and per-
haps others not known from the historical record.
Today, the favoured subspecies in Australia are
‘Italian’ or ‘Ligurian’ (4. m. ligustica),
‘Carniolan’ (4. m. carnica) and ‘Caucasian’
(4. m. caucasica). An online search for
‘Australian bee breeders’ yields 13 breeders, ten
who propagate A. m. ligustica, four A. m.
caucasica and one A. m. carnica , while two did
not specify a subspecies.

Genetic studies of Australian bees have identi-
fied signatures of the European lineages only
(Oldroyd et al. 1993; 1995; Koulianos & Crozier
1996, 1997; Chapman et al. 2008; Oxley &
Oldroyd 2009). The bees from Kangaroo Island,

20 km off the South Australian coast, are still
reputed to be the most ‘pure’ A. m. ligustica strain
in the world, despite carrying mitochondria of
A. m. mellifera origin (Oldroyd et al. 1993;
Koulianos & Crozier 1996, 1997) and allozymes
at frequencies associated with 4. m. siciliana
(Oldroyd et al. 1993). Bees from the Tasmanian
highlands have previously been characterised as
being of A. m. mellifera origin (Oldroyd et al.
1995; Koulianos & Crozier 1996, 1997), while
other, warmer, Tasmania regions have a mix of
A. m. ligustica and some 4. m. mellifera (Oldroyd
et al. 1995; Koulianos & Crozier 1997).
Mitotypes consistent with 4. m. ligustica
(Western Australia [WA], New South Wales
[NSW], Victoria [VIC], Tasmania [TAS]), 4. m.
caucasica (NSW) and A. m. mellifera (WA,
Kangaroo Island [KI], TAS, VIC, NSW) have
been found in Australia (Koulianos & Crozier
1997). Mitochondrial sequences associated with
A. m. ligustica (commercial population ) and
A. m. iberiensis (commercial and feral popula-
tion) have been identified in WA (Chapman
et al. 2008) while those of A. m. ligustica, A. m.
carnica and A. m. caucasica , and possibly 4. m.
macedonica , have been identified in commercial
colonies from the other states (Oxley & Oldroyd
2009).

In this study, we examine both feral and com-
mercial Australian honeybees with 95 single nu-
cleotide polymorphism (SNP) markers newly cre-
ated to differentiate between the African, Western
European and Eastern European lineages
(Chapman et al. 2015) in order to obtain a genetic
profile of Australian honeybees.

2. METHODS

We obtained samples from 102 colonies from the
commercial population (Figure 1; Supplementary
Information) and 104 feral (unmanaged) samples from
both colonies and drone congregation areas (Figure 2;
Supplementary Information). DNA was extracted from
one individual per colony with phenol-chloroform
isoamyl alcohol (Sambrook et al. 1989) and typed at
95 SNPs (Chapman et al. 2015) using the Sequenom
MassARRAY MALDI-TOF system (Sequenom, CA,
USA). The 95 SNPs were chosen on the basis of high
pairwise F g1 values between the African, Western
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European and Eastern European lineages (Harpur et al.
2014) or because they were hypothesised to be under
selection (Whitfield et al. 2006), had minor allele fre-
quencies greater than 5 % and more than two thirds of
genotypes successfully typed (Chapman et al. 2015).
SNPs were unlinked; on average, SNPs were separated
by 1,734,863 base pairs and the closest SNPs were
45,945 base pairs apart (Chapman et al. 2015).
Haploid data were coded as missing data at one allele
for each SNP marker (Pritchard et al. 2010). Ancestry
was assigned to individuals based on reference popula-
tions from the Western European (M; 4. m. mellifera
and A4. m. iberiensis ; n=13), Eastern European (C; 4. m.
carnica and A. m. ligustica; n=86) and African (A;
A. m. scutellata; n=128) lineages (Chapman et al.
2015) using STRUCTURE (v2.3.4 Pritchard et al.
2000) with three ancestral lineages assumed (but not
given a priori) and a burn-in phase of 50,000 iterations
followed by 100,000 iterations with admixture assumed
and uncorrelated allele frequencies.

3. RESULTS

The commercial and feral populations of
Australia carry a similar (low) proportion of al-
leles from the African lineage (3.83 versus
3.97 %). The commercial population carries more
Eastern European alleles (69.36 versus 57.39 %)
and fewer Western European alleles (26.81 versus
38.64 %) than the feral population, although the
difference in ancestry proportions from the three
lineages between the two populations was not
statistically significant (y %,=3.271, P=0.195;
Figure 3).

The bees from the highlands in the centre of
Tasmania have a high proportion of Western
European alleles (commercial, 86.3-92.0 %,
Figure 1; feral, 81.1-90.0 %, Figure 2). In con-
trast, bees collected from elsewhere in Tasmania
(commercial, 11.7-30.9 %; Figure 1) and
Australia (commercial, 1.0-53.1 %; feral, 10.9—
77.5 %) have a much lower frequency of alleles of
Western European origin. A number of feral sam-
ples (seven NSW, three VIC, one SA and seven
WA) had a high proportion (>50 %) of Western
European alleles (Figure 2), while only two (VIC)
commercial individuals had more than 50 % al-
leles of Western European ancestry (Figure 1).
Few individuals could be considered ‘pure’ in
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either population. In the commercial population,
only three individuals had greater than 90 %
Eastern European alleles (two NSW and one SA)
and another three had greater than 90 % Western
European alleles (all from the Tasmanian high-
lands; Figure 1), while in the feral population,
one individual carried 90 % Western European
alleles (from the Tasmania highlands; Figure 2).
Most individuals had few alleles that are pres-
ent at high frequency in the African lineage refer-
ence population 4. m. scutellata (Figures 1 and
2). In the commercial population, 80.77 % of
individuals carried fewer than 5 % African alleles,
while in the feral population, it was 75.49 %
(Figure 4). Only 6.73 % of commercial samples
carried greater than 15 % African alleles, while in
the feral population, it was 4.90 % (Figure 4).

4. DISCUSSION

Using a SNP panel designed to differentiate
between the African, Eastern European and
Western European lineages (Chapman et al.
2015), we found that the commercial and feral
honeybee populations of Australia are hybrids of
mainly Eastern European and Western European
ancestry. While the feral population generally
carries more Western European M alleles than
the commercial population (38.64 versus
26.81 %), the difference is not statistically signif-
icant. This is expected as the first reported intro-
duction of honeybees into Australia were of 4. m.
mellifera from Western Europe, which were
allowed to go wild and spread quickly across the
country (Ruttner 1976; Weatherhead 1986;
Oldroyd et al. 1995), and thus, feral populations
have repeatedly been found to be of predominant-
ly Western European origin (Oldroyd et al. 1995;
Koulianos & Crozier 1997; Chapman et al. 2008).
It is noteworthy that these alleles have persisted in
the feral population despite continuous input of
Eastern European lineage alleles from the com-
mercial population for more than 100 years. This
may suggest that the feral population is largely
independent of the commercial population—as
has previously been noted in Western Australia
(Chapman et al. 2008). Alternatively, selection
may be acting on the unmanaged feral population,
such that genes with a selective advantage derived
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Figure 1. Geographical distribution of sampled individuals from the commercial Australian population with the
proportion of ancestry from Eastern European (C; yellow ), Western European (M; black) and African (A; pink)
lineages. / Samples from Norfolk Island, 1412 km east of mainland Australia. 2 Samples from the Western
Australian Better Bees breeding programme (Chapman et al. 2008) for which no location is given.

from the Western European lineage are main-
tained in the feral population, making them more
adapted to the local environment (Harpur et al.
2014). Such a pattern has been found in the
Africanized population from Brazil and USA,
where some alleles from the Western European
lineage are retained but those from the Eastern
European lineage tend to be lost (Schneider et al.
2004; Harrison et al. 2006; Whitfield et al. 2006;
Harpur et al. 2012; Wallberg et al. 2014). These
Western European alleles may not be retained in
the commercial Australian population as bee-
keepers select for productivity and other attributes
that may be at a selective disadvantage in unman-
aged populations. Selection may also be acting to
retain the African alleles given their persistence

and the limited historical introduction of bees
from North Africa.

For the first time, we found a genetic signature
associated with reference samples from Africa in
Australia. The historical record suggests that there
were a small number of introductions of bees from
North Africa to Australia in the late nineteenth
and early twentieth centuries (Weatherhead 1986;
Gulliford 2005; Rhodes 2011). The African refer-
ence samples are 4. m. scutellata , which has not
been imported to Australia, and the identification
of alleles associated with Africa does not imply
that 4. m. scutellata was ever imported. There
were also some limited introductions from the
Middle East (Goodacre 1935; Gulliford 2005),
and more extensively of 4. m. caucasia which

@ Springer



30

r

N.C. Chapman et al.

A

/

B A

00
‘

Ve
—

-

ba
A
4
®

1\./
\‘4

A

/)

| a

"B 9 Y

:

e

|\

’
|

/
r"earamsasaanaa

A\
QS
74
)
A
a AW \-”“‘- |

aag

¢

¢4
eqrs

Figure 2. Geographical distribution of sampled individuals from the feral Australian population depicting the
proportion of ancestry from Eastern Europe (C; yellow ), Western Europe (M; black ) and Aftrica (A; pink ). Sampling
locations outlined in blue were sampled by collecting drones at drone congregation areas.

has been identified as both Eastern European and
Middle Eastern. The Middle Eastern lineage (O)
derived from the Eastern European (C) lineage,
but has had more recent (in evolutionary time)
hybridization with the African (A) lineage
(Wallberg et al. 2014). Thus, it is likely that some
of the African alleles detected were introduced
through importations from the Middle East. A
similar proportion of African ancestry has also
been shown in commercial populations of the
USA, Canada and Europe (Schiff et al. 1994;
Whitfield et al. 2006; Wallberg et al. 2014;
Chapman et al. 2015). It is clear that these bees
are not ‘Africanized’ as populations of
Africanized bees from Brazil carry 80.33 %
African alleles on average when genotyped with
this SNP panel, while those from America carry
62.42 % on average (Chapman et al. 2015).

@ Springer

Our data and the historical record of imports of
honeybees into Australia indicate that like the
North American population, the Australian popu-
lation is likely to be highly hybridised and genet-
ically diverse (Harpur et al. 2012, 2013). While
Australian bee breeders tend to advertise queens
of a particular subspecies, most often this is not
true because commercial queens mate with a pro-
portion of feral drones or any other strains that are
in the area. Genetic diversity provides opportuni-
ties for selection of desirable traits and may ben-
efit individual colonies via direct heterosis (Cale
& Gowen 1956; Oldroyd et al. 1985; Oldroyd &
Moran 1987; Oldroyd et al. 1987) and social
heterosis wherein mixtures of genotypes within
colonies can improve the task allocation system
and colony performance (Oldroyd et al. 1992;
Jones et al. 2004; Chapman et al. 2007; Mattila
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Commercial

Feral

Figure 3. Proportion of ancestry from Eastern European (C; yellow ), Western European (M; black ) and African (A;
pink) lineages in the commercial and feral Australian populations.

& Seeley 2007; Oldroyd & Fewell 2007) and
disease resistance (Palmer & Oldroyd 2003;
Tarpy 2003; Tarpy & Seeley 2006; Seeley &
Tarpy 2007). Thus, the hybrid origin of bees in-
troduced to Australia is likely to promote the
health and productivity of Australian honeybees;
if a limited number of colonies from a single site
had been introduced, then we are likely to have
experienced problems with inbreeding. Concerns
over inbreeding have been addressed in previous
studies (Chapman et al. 2008; Oxley & Oldroyd
2009).

Within the native range of the honeybee, there
are strong arguments for conservation of local
ecotypes as sources of genetic diversity, including

100 -
90 4 W Commercial

80 1 Feral
701
60 4
50 4
40 4
304
204
10 4
0-

% Population

T T e T T ]
<5 <10 <15 <20 <25 <30 <35
% 'African’ Alleles

Figure 4. Proportion of the commercial and feral pop-
ulations with African ancestry, in 5 % increments.

local adaptations to environmental conditions and
pathogens (Strange et al. 2007; De la Rua et al.
2009; Meixner et al. 2010; Oleska et al. 2011;
Chavez-Galarza et al. 2013; De la Rua et al.
2013; Harpur et al. 2013; Pinto et al. 2014). The
cooperation of local beekeepers in keeping only
the desired strain is central to the success of such
conservation programmes (Jensen et al. 2005;
Jensen & Pedersen 2005). The SNP panel used
in this study provides a new tool to measure the
success of such conservation programmes and to
identify the ancestry of introduced populations.
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