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The history of honey bee importation into North America began in the 17th 

century.  Between 1622 and 1859 eight subspecies were brought into North America.  

Small numbers of queens representing these subspecies were initially brought over and 

are the genetic ancestors of the populations that remain in the United States today.  In 

1987 Varroa destructor, a parasitic brood mite, was found in the United States.  It has 

been responsible for the near elimination of the once flourishing feral honey bee 

population, and has annually reduced the commercial honey bee populations.  The 

reduction of honey bee numbers by Varroa caused a second genetic bottleneck of the 

U.S. populations.  A third genetic bottleneck can be attributed to current queen breeding 

practices.  Queen breeders typically use a small number of breeder queens to make a 

large number of replacement queens for managed colonies.  My data shows that 473 

breeder queens were used to make replacement queens for 1/3 of all managed colonies in 

the United States.   

These three population bottleneck events underlie our concerns for the genetic 

diversity of the honey bee in the United States.  To better understand changes in the 



 vi

genetic diversity of honey bee populations, feral populations collected between 1980 and 

1992 and commercial populations from the southeastern and western United States 

collected in 1993-1994 and again in 2004-2005 were analyzed using mitochondrial and 

microsatellite DNA. 

The results indicate that feral populations collected between 1980 and 1992 were 

genetically different from the managed populations, and the feral populations probably 

served as a source of allelic diversity for both the managed populations.  The genetic 

composition of the two managed populations was different. The western managed 

population experienced a significant loss of original alleles over the ten year sample 

period, likely due to genetic drift and or bottlenecks caused by Varroa destructor and 

breeding practices.  However, there was also a simultaneous gain of “new” alleles into 

both the western and southeastern managed populations probably reflecting contributions 

from additional introductions of Russian or Carniolan strains or from Africanized honey 

bees.   
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General Introduction 

The genus Apis contains close to a dozen recognized species, with all but one endemic to 

eastern Asia.  The exceptional “western” honey bee, Apis mellifera L., had an original 

distribution allopatric to the rest of the genus Apis that included Africa, Europe and 

central and western Asia.  Within this expansive range, more than 2 dozen subspecies of 

A. mellifera have been recognized, based on multivariate analysis of morphology 

(Ruttner, 1988; Sheppard et al. 1997;Engel, 1999; Sheppard and Meixner, 2003).  

Although intraspecific classification of A. mellifera is based on morphology, substantial 

differences in behavior and physiology also occur among subspecies, associated with 

their adaptation to divergent climatic and ecological conditions.   

 

Humans have been instrumental in increasing the range of the honey bee.  Honey bee 

importation into North America began in the early 17th century and by 1622 the Dark bee 

of western Europe (subspecies Apis mellifera mellifera) had established feral populations 

(Sheppard, 1989).  These populations expanded in advance of European settlers, such that 

Native Americans considered the local presence of honey bees to foretell the impending 

arrival of European settlers and referred to the insect as “white man’s flies” (Jefferson, 

1788).  No additional introductions of honey bees are known to have been made until 

1859 (Sheppard, 1989).  However, between 1859 and 1922, seven additional subspecies 

from Europe, Africa and western Asia were introduced into the United States, with 

varying measures of commercial success (Sheppard, 1989; Schiff and Sheppard, 1993).  



 2

Of the eight subspecies brought into the country, only three found favor with the 

beekeeping community and remain available today as selected “strains” from bee 

breeders.  These subspecies (and the commercial designations under which their 

presumptive descendents are commonly sold) included: Apis mellifera ligustica, (Italian 

honey bees), Apis mellifera carnica (Carniolan honey bees) and Apis mellifera caucasica 

(Caucasian honey bees).   

 

The degree of similarity between the strains of honey bees currently sold and the original 

subspecies that were introduced remains largely unknown.  In 1929, Alpatov compared 

morphometric variation in U.S. “Italian” honey bee populations to A. m. ligustica from 

Italy and reported that beekeeper selection in the U.S. had led to higher levels of yellow 

coloration in the U.S. strain compared to the original subspecies (Alpatov, 1929). 

 

In the years following the Alpatov study, Italian honey bees became the predominant 

strain used by U.S. beekeepers.  However, analysis of feral honey bee populations in the 

U.S. showed that measurable genetic influences remain from early introductions of other 

European and African subspecies.  For example, the mean frequency of mtDNA 

haplotypes typical of A. m. mellifera was 37% in 692 feral colonies sampled from the 

southern U.S. and as high as 67% in feral colonies from Arizona (Schiff et al. 1994).  

Although A. m. mellifera was the first subspecies introduced into North America in the 

17th century, it has not been commercially available for many decades.  Similarly, about 

2% of the feral colonies sampled in these studies had a mtDNA haplotype characteristic 
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of A. m. lamarckii, a subspecies endemic to the Nile River valley in Egypt and Sudan that 

was introduced into the U.S. in 1869 (Sheppard, 1989; Schiff et al. 1994).   

Past analyses of commercial breeding populations revealed little influence from A. m. 

mellifera mtDNA, suggesting that queen producers had maintained control of the 

maternal lineages of their selected strains (Schiff and Sheppard, 1995; Schiff and 

Sheppard, 1996).  However, one limitation of the mtDNA test employed in these studies 

was the inability of the marker to discriminate among subspecific maternal origins of A. 

m. ligustica, A. m. carnica and A. m. caucasica.. 

 

Allozyme analysis of feral populations from three states (North Carolina, Georgia and 

Alabama) in 1991-92, revealed a higher frequency of the malate dehydrogenase 80 allele 

(Mdh
80) compared to commercial populations (Schiff et al. 1994, Schiff and Sheppard 

1995, 1996).  Mdh80 occured in high frequency in the Old World species A. m. mellifera 

(Badino et al. 1984; Sheppard and Berlocher, 1984; Cornuet et al. 1986; Schiff et al. 

1994) and the finding of higher frequencies of the allele in feral stocks likely reflected the 

historical influence of A. m. mellifera.  Commercial populations in the U.S. were 

characterized by a low frequency of this allele, as are their presumptive ancestral 

subspecies, A. m. carnica and A. m. ligustica.   

 

The genetic composition of honey bee populations from the two main queen breeding 

regions of the U.S. has been analyzed using mitochondrial and allozyme methods (Schiff 

and Sheppard, 1995, 1996).  In a mtDNA analysis of queen mother colonies from the 

southeastern U.S., Schiff and Sheppard assessed 142 breeder colonies from 22 apiaries 
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and found that 4 % exhibited representative M lineage mtDNA haplotypes known from  

A. m. mellifera.  Representatives of the C mtDNA haplotypes, characterizing A. m. 

carnica (C1), A. m. ligustica (C2), and A. m. caucasica (C3) , were found in 96% of the 

breeder colonies.  These results differed significantly from those found in the feral 

population where M lineage haplotypes persisted.  The low frequency of A. m. mellifera 

mtDNA haplotypes in the commercial managed population supported the hypothesis of 

restricted maternal contributions from the feral into the managed populations (Schiff and 

Sheppard, 1995).  Analysis of malate dehydrogenase allele frequencies also suggested 

that managed populations were more homogeneous than the feral population.  The 

similarity of the findings from both mtDNA and the allozyme studies suggest that 

commercial and feral populations have experienced some barriers to gene flow.  

 

 

From the western queen producing area, Schiff and Sheppard genetically characterized 

178 breeder queen colonies from 22 apiaries (1996).  Relative to the feral populations 

sampled, low heterogeneity was also found in the western breeding population,  Two 

colonies out of 178 breeder colonies had a M lineage mtDNA haplotype that likely 

originated from A. m. mellifera, while the other 176 colonies a mtDNA haplotype 

associated with the C lineage subspecies A. m. carnica and A. m. ligustica..  Malate 

dehydrogenase allele frequencies were significantly different from those reported from 

both the feral and southeastern commercial population.  Overall, these studies showed 

that the feral populations were distinct from both commercial managed queen breeding 

populations.  The two geographically isolated commercial queen breeding populations 
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were also genetically different from each other.  These authors suggested that the feral 

population could serve as a reservoir for genetic variability useful for breeding and that 

genetic differences between queen producing populations in the southeastern and western 

U.S. could provide a source of genetic diversity useful to the commercial queen 

producing industry.  

 

The purpose of this research project was to assess the current genetic composition of US 

honey bee populations and to compare them to the composition of a parallel set of honey 

bee samples collected in 1993-1994.  I investigated whether there have been measurable 

changes in genetic variability in the U.S. commercial queen breeding population in the 

past decade and whether genetic differences between the two queen producing regions 

still remain.   

 

Chapter 1 characterizes extant western and southeastern commercial breeding 

populations in the U.S. using mitochondrial DNA and microsatellite markers.  These 

populations are compared to a previously collected set of honey bee samples for the same 

genetic markers. This chapter will be submitted to the Annals of the Entomological 

Society of America.  Drs. Marina Miexner, Nathan M. Schiff and W.S. Sheppard will 

also be authors on this paper due to their contributions to this work. 

Chapter 2 evaluates the influence of feral honey bee populations on commercial 

populations based on analyses of microsatellite and mtDNA variation. This chapter also 

examines whether the ensuing loss of feral populations due to Varroa differentially 

affected the two commercial breeding populations. This manuscript is being prepared for 
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Molecular Ecology and will have multiple authors; Drs. Marina Miexner, Nathan M. 

Schiff and W.S. Sheppard. 
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THE GENETIC CHARACTERIZATION OF COMMERCIAL HONEY BEE 

 (Apis mellifera L.) POPULATIONS IN THE UNITED STATES USING 

MITOCHONDRIAL AND MICROSATELLITE MARKERS 

Abstract 
 
 

By Deborah A. Delaney, Ph.D. 
Washington State University 

August 2008 
 
 
 

Chair: Walter S. Sheppard 
 
 

Honey bee populations introduced into North America probably experienced three 

major genetic bottleneck events that led to potential reductions in genetic diversity.  The 

first certainly occurred during the sampling of subspecies for importation, when settlers 

introduced a small number of subspecies representing only 1/3 of the known subspecies 

diversity.  Varroa destructor, a parasitic brood mite, likely caused a second bottleneck, as 

its outbreak was associated with the virtual disappearance of feral honey bee populations 

and annual reductions of commercial populations by as much as 50%.  A third bottleneck 

may be ongoing and stems from current queen breeding practices that use a small number 

of breeding mothers to supply annual replacement queens for 1 million managed 

colonies.  Due to these bottleneck events, concerns arose about sustaining genetic 

diversity in these populations. 

In this study we examined samples from two commercial breeding areas, the 

western commercial breeding population (WCBP) and the southeastern commercial 

breeding population (SCBP) sampled in the 1993-1994 and again in 2004-2005.  The 
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goal of this study was to characterize the genetic composition of these populations and to 

measure potential changes in genetic diversity and composition across the sampling 

period.  Diversity levels within and between the two commercial breeding areas in the 

U.S. were analyzed using the DraI RFLP of the COI-COII mitochondrial region and 10 

polymorphic microsatellite loci.   

The mitochondrial DNA haplotypes C1 and C2, characteristic of the most popular 

bee strains (Italians and Carniolans, respectively) sold in the U.S., were the dominant 

haplotypes at both sample dates.  The frequency of Apis mellifera mellifera M 

haplotypes, M4, M7, and M7’, decreased during the ten year span.  An A1 haplotype 

characteristic of Africanized bees was found in the SCBP from 2005.  Microsatellite 

analysis showed there was a loss of alleles in both the WCBP and SCBP but these losses 

were not found to be significant due to simultaneous gains of new alleles into these 

populations between 1993 and 2005.  Genetic differences that occurred between the 

WCBP and SCBP were still detectable a decade later, suggesting that these populations 

could be useful sources of diversity for each other in the future. 
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Introduction 

Honey bees are the most economically valuable pollinators of agricultural crops 

worldwide. One third of the total human diet is dependent on plants pollinated by 

insects; predominately honey bees (McGregor, 1976).  In North America, honey bees 

pollinate more than 90 crops, about 14.6 billion dollars annually (Morse and Calderone, 

2000).  Production of almonds in California is a $2 billion enterprise(National Research 

Council, 2007) and is almost entirely dependent upon honey bees.  However, the honey 

bee, Apis mellifera L., is not native to the Americas.  Across an endemic range of Europe, 

Africa and western and central Asia, the honey bee evolved and adapted to a large variety 

of climatic and ecological conditions. Currently, 26 different subspecies are recognized 

within the endemic range, with classification based on morphology (Ruttner 1992).  From 

this large pool of honey bee subspecies a modest subset was exported to North America 

early in the seventeenth century.  

 

The first recorded importation occurred in 1621, when the Virgina Company sent ships 

full of seeds, fruit trees and various animals, including bees (Horn, 2005).  The majority 

of honey bee importations occurred between 1859 and 1922.  In 1922, in response to the 

Isle of Wight disease, a law was passed which prohibited the importation of adult honey 

bees into the U.S. (Sheppard, 1989).  Between 1859 and 1891 seven additional 

subspecies were brought into the U.S. (Table 1).   However, only three subspecies found 

favor with the beekeeping community (Apis mellifera carnica, Apis mellifera caucasica 

and Apis mellifera ligustica) and remain available as selected strains today in the U.S.   In 

1990 Africanized honey bees expanded their range to North America, representing 
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descendents of the ninth subspecies ( Apis mellifera scutellata) to colonize the U.S. 

(Sugden &Williams, 1990).  

 

Honey bee importation to the U.S. was based on only a partial sampling of the original 

diversity contained within the species (only 9 out of 26 subspecies were brought to the 

U.S.).  Not only was this a modest sampling of the species-wide diversity, but within 

most sampled subspecies only a few queens of each were initially imported to the New 

World (Sheppard, 1989).   

 

There are currently two geographically distinct commercial queen producing regions in 

the U. S. producing roughly equal numbers of queens for sale.  The western queen 

producing region is primarily located in central California with some operations in 

southern California (Fig.1).  The second queen producing area is in the southeastern U.S., 

with the majority of operations located from Florida westward to Texas (Fig.1).  

Commercial honey bee breeding populations are maintained by queen producers who 

typically select for traits desirable to the beekeeping industry, including honey 

production, colony growth, colony survivorship and temperament.  Coloration is also a 

major criterion used for the selection of different strains (Delaney et al. unpublished 

data).     

 

As a whole, the honey bee breeding industry uses a small number of queen mothers (less 

than 600) to produce nearly 1 million replacement queens for beekeepers in the U.S. 

(Schiff and Sheppard 1995, 1996).  The genetic basis for these replacement queens is 
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determined by the number of queen mothers used by queen producers and the total 

genetic diversity of males to which they mate.  These 1 million daughter queens are 

sufficient to requeen close to one third of the total estimated population of 3.2 million 

managed colonies in the U.S. (National Research Council, 2007).  Thus, breeding 

practices create the potential for another genetic bottleneck for U.S. honey bee 

populations and a further loss of diversity.  

 

Queen producers from the western portion of the U.S. market two main strains of queens, 

the Italian honey bee originally derived from Apis mellifera ligustica, and the Carniolan 

honey bee, derived from Apis mellifera carnica.  Due to the open aerial mating behavior 

of honey bees, the queens produced are some admixture of the different gene pools that 

are present at these central California sites.  

 

The southeastern queen producing region also produces A. m. ligustica and A. m. carnica.  

However, the presence of feral populations may have affected the genetic make up of this 

southeastern population (Schiff and Sheppard 1995).  Genetic remnants of Apis mellifera 

mellifera, the “dark bee” from northern Europe, were still present in the southeastern 

managed population in 1993 in low percentages, reflecting genetic contributions from the 

feral population.  Schiff et al. (1994) found that the 1991-1992 feral population from this 

region contained over 30 percent mtDNA representative of A.m.m. Thus, the feral 

population in 1991-1992 represented a somewhat separate "gene pool”, that reflected the 

historical introduction and spread of A. m. mellifera.  
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In 1987, a parasitic mite (Varroa destructor) became established in the U.S. and rapidly 

spread (Wenner and Bushing, 1996).  Untreated colonies often died within 2 years and 

feral populations were, for the most part, eliminated (Ritter, 1988; Sanford, 2001; Seeley, 

2007).  Large annual winter losses of managed colonies also occurred due to the mite, 

although beekeepers could usually recover numbers by making colony splits in the spring 

(Korpela et al. 1992). The apparent mite-induced loss of the feral honey bee and mite-

associated overwintering losses of managed colonies represents another possible loss of 

genetic diversity for U.S. honey bee populations, both from loss of A.m.m. genes and 

possibly reduced effective population sizes of breeding stocks.   

 

This research addresses three main questions:  1) Has there been a change in genetic 

diversity in the western commercial breeding population (WCBP) and southeastern 

commercial breeding population (SCBP) during the past decade? 2) Do genetic 

differences that were detected over ten years ago between the WCBP and SCBP still 

remain? 3) Did the disappearance of feral populations disproportionately affect the 

SCBP?  The bee breeding populations were chosen for this study because the daughter 

queens produced and sold by queen producers annually are sufficient to requeen about 

1/3 of the managed colonies in the U.S.  Therefore the genetic composition of the queen 

breeding population is representative of the managed honey bee population in the U.S.  

Results from this work will provide data applicable to discussions of the need for further 

importation of new honey bee germplasm into the U.S.   
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Materials and Methods 

Collection protocol 

Western commercial breeding population 

In 1993 and 1994 samples of adult honey bee workers were collected from 178 colonies 

from 21 commercial apiaries in the western United States (Figure 1) (Schiff and 

Sheppard 1996).  A sample consisted of 200-300 workers from each queen mother 

colony.  Of these 178 colonies 176 were reanalyzed in the current study.  All samples 

were stored at -80ºC until analysis.  In May of 2004, the western queen producing area 

was resampled, with 212 colonies sampled from fifteen queen producing operations. Of 

these fifteen queen producing operations, eleven had been sampled in the 1993-1994 

sampling period.  Two to three hundred adult workers were collected from each of the 

212 colonies.   

 

Southeastern commercial breeding population 

In 1993 and 1994 honey bee workers were collected from 185 colonies from 22 different 

queen producers in the southeastern United States (Figure 1) (Schiff and Sheppard 1995).  

All samples were stored in -80º C temperatures.  Of these 185 colonies, 155 colonies 

were reanalyzed in the current study to ensure that microsatellite and mtDNA 

measurements are comparable with recent samples.  In June of 2005, the southeastern 

queen producing region was sampled.  Adult honey bee workers were collected from 132 

colonies from 20 queen producing operations. Of these 20 operations, eleven had been 

sampled in the 1993-1994 sample period.  Two samples were also collected from a 
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commercial beekeeper concerned with the temperament of particular stock.  A sample 

consisted of 200-300 adult workers collected directly from the hive.   

 

Sampled adult workers were daughters of the queen mothers used by queen producers 

during the sampling season, and represented the genetic stock currently being sold to 

beekeepers.  After collection the samples were stored in 95 % ethanol.  Survey data on 

the numbers of queens produced, the selection criteria and source of stock were gathered 

from each queen producer.  

 

Molecular analysis 

DNA extraction 

Total DNA was extracted from half the thorax or the middle leg of a single adult honey 

bee worker from each queen mother colony and placed in 150 µl of 10% chelex and 5 µl 

proteinase K solution (Walsh et al. 1991). These samples were placed in a thermocycler 

for 1 h at 55º C, 15 min at 99º C, 1 min at 37º C and 15 min at 99º C.  The extracted DNA 

was stored at -80º C until used for polymerase chain reaction (PCR) amplification. 

 

Mitochondrial DNA analysis 

Mitochondrial DNA analysis was performed on the intergenic region between the COI 

and COII genes.  This region was amplified from one worker bee from each colony using 

PCR and primers E2 (5’-GGCAGAATAAGTGCATTG-3’) and H2 (5’-

CAATATCATTGATGACC-3’) (Cornuet et al.1991; Garnery et al. 1992). Each sample 

reaction was performed in 25 µl containing 2.7µl Taq buffer (Promega), 1.5 mM MgCl2, 
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25 nmoles of each dNTP,   25 pmoles of E2 and H2 primers, 0.001mg bovine serum 

albumin (BSA), 11.8µl of distilled water, 0.6 unit of Promega Taq polymerase and 1.25 

µl of DNA extraction.  The conditions for PCR amplification were 30 cycles at 92º C for 

30 s, 1.5 min at 47º C and 2 min at 63º C.  

To determine the size of the amplified region, a 6µl aliquot of PCR product was 

electrophoresed on a 1.4% agarose gel.  Amplified fragments were visualized for size 

scoring using ethidium bromide.  The remaining 19µl from each sample were digested 

for 6 h at 37º C with 4 units of restriction enzyme Dra I.  The restricted DNA fragments 

were separated on a 10% acrylamide gel and stained with ethidium bromide.  Fragment 

sizes were estimated and mtDNA haplotype names within honey bee “mitochondrial 

lineages” were assigned to each sample based upon Garnery et al. (1993). The Dra I test 

differentiates up to 50 distinct mtDNA haplotypes within the three mitochondrial lineages 

of A. mellifera (Frank et al. 2000).  AMOVA analysis was performed among and within 

populations and pairwise Fst values for each population and the overall Fst value were 

calculated using the software program ARLEQUIN 3.1 (Excoffier, L.G. Laval, and 

S.Schneider, 2005).  Populations were defined as four regions: SCBP93, SCBP05, 

WCBP94 and WCBP04.  Chi-squared tests were performed to test for changes in 

haplotype frequencies between sampling dates in WCBP of 1994 and 2004 and the SCBP 

of 1993 and 2005. 

 

Microsatellite analysis 

Ten variable microsatellite loci were characterized for all samples: A7, A24, A28, A88, 

A113, B124 (Estoup et al.1995), Ap43 (Garnery et al. 1998), Ap55, Ap66 and Ap81 
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(Solignac et al. 2003).  Amplification of the ten loci was split into two multiplex 

reactions.  Amplification of extracted DNA was performed using 10 µl PCR reactions 

containing 1x Promega reaction buffer and 1.5 units Taq polymerase (Promega, Madison 

WI), 3mM dNTP mixture, 1.0-4.0 mM of florescent dye-labeled primer, 0.001 mg bovine 

serum albumin, 1 µl DNA and MgCl2   The loci in plex one, A24, A28, A88, Ap66 and 

B124 had a final concentration of 1.5mM MgCl2. The loci in plex two, A7, A113, Ap43, 

Ap55 and Ap81 had a final concentration of 1.2 mM MgCL2. All reactions were 

amplified at 95º C for one 7 min cycle, 30 cycles of 95º C for 30 sec, 54º C for 30 sec, 

72º C for 30 sec and 72º C for a 60 min cycle.  The amplifications were processed using 

an Applied Biosystems 3730 automatic sequencer.  Microsatellite fragment sizes were 

scored using GeneMapper™ software (Applied Biosystems). 

 

Allele frequencies and single locus (and multiple locus genotype) frequencies for each of 

the four populations (WCBP 1994, WCBP 2004, SCBP 1993 and SCBP 2005) were 

summarized in GENETIX™.  Allelic richness (ag), which is calculated by adding the 

number of alleles seen in a population to the expected number, given the number of genes 

examined in the population and the allele frequencies observed over a set of populations, 

was calculated using HP-RARE 1.0 (Kalinowski, 2005).  The number of private alleles, 

alleles unique to a particular population, in each of the populations was also calculated in  

HP-RARE 1.0 (Kalinowski, 2005).  ARLEQUIN 3.1 (Excoffier and Schneider, 2005) 

was used to calculate pairwise FST values by locus and over all loci. The number of 

alleles at each locus and the loss and gain of alleles at each locus across the two sampling 

periods were calculated from GENETIX™ allele frequency data.  Paired-T tests 
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(SPSS™) on the number of alleles at each locus (n = 10) for each population were used 

to test for significant losses or gains in diversity between 1993-1994 and 2004-2005.  

Exact tests for Hardy-Weinberg equilibrium for each locus, genotypic linkage 

disequilibrium among loci, and genetic structure over all loci using F statistics, were 

computed in GENEPOP (web version 3.4; Raymond and Rousset 1995).  Population 

structure was also analyzed using a Bayesian model-based clustering method provided in 

STRUCTURE (Pritchard et al. 2000).  This program infers population structure of 

populations using allele frequencies of unlinked markers (microsatellites).  The parameter 

set was programmed for independent alleles and individuals to have a mixed ancestry.  

The program was asked to place individuals from all four commercial populations into 

1,2,3 and 4 groups and the analyses consisted of 105 burn-in replicates and a run length 

105 replicates.  The best estimate of K or number of populations was determined by 

looking at the values of log Pr(X/K) and the value of α.  

 

The software program BOTTLENECK (Piry et al. 1999) was used to test whether 

bottlenecks could be detected in the commercial breeding populations from 1993-1994 to 

2004-2005 in the west and southeast.  This program determines reductions in effective 

population size by calculating excesses in heterozygosity using three kinds of statistical 

tests: sign test, standardized differences test and the Wilcoxon’s signed rank test. This 

program has been evaluated against other genetic diversity indices and is moderately 

sensitive in detecting genetic changes from source populations but is not as sensitive as 

some other genetic indices for assessing the magnitude or severity of the bottleneck event 

(Spencer et al. 2000).   
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Results 

Collection survey 

In 1994, the 21 western queen breeders used 295 breeder queens to produce 406,800 

queens.  Thus the mean production from each breeder queen was 1379 daughters/queen 

(Schiff and Sheppard 1996).  In 2004, the western queen breeders used fewer queen 

mothers (218) to produce 430,000 daughter queens.  Thus, each breeder queen produced 

an average of 1972 daughter queens.  

 

The southeastern queen production numbers were similar.  In 1993, the 22 southeastern 

queen breeders used 308 breeder queens to produce 483,900 queens for sale.  On average 

each breeder queen produced 1571 daughter queens (Schiff and Sheppard 1996).  In 

2005, the southeastern queen breeders used 255 breeder queens to produce 439,500 

marketable queens, making the mean production 1724 daughters/queens.      

 

Mitochondrial DNA 

Three mtDNA haplotypes were detected in the WCBP sampled in 2004 (Table 2 a), and 

four mtDNA haplotypes were seen from samples from a decade earlier.  The most 

common mtDNA haplotype for both years was C2 (52% in 1994 and 57% in 2004).  The 

haplotype frequencies were significantly different between 1994 and 2004 (χ2 = 21.7, df = 

4 and P = 0.0002).  The frequency of the C1 mtDNA haplotype increased during the ten 

year span from 38% in 1994 to 43% in 2004.  The C3 mtDNA haplotype occurred in 6% 
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of the sampled colonies in the 1994 WCBP, but was not detected in 2004.  The frequency 

of the M3 mtDNA haplotype was 3% in 1994 and 1% in 2004.  

 

Six different mtDNA haplotypes (C1, C2, M3, M7, M7’ and A1) occurred in samples 

collected from the SCBP in 2005 (Table 2 b).  The haplotype frequencies were 

significantly different between 1993 and 2005 in the SCBP (χ2 = 17.4, df = 8 and P = 

0.03).  Frequencies of mtDNA haplotypes from the two sampling periods (1993 and 

2005) again show the dominant haplotype increasing:  C1 increased from 45% to 56% 

from 1993 to 2005.  The M3 and A1 mtDNA haplotypes were absent in 1993, but were 

seen at 1% and 2%, respectively in the 2005 SCBP.  The frequency of mtDNA haplotype 

C2 decreased from 47% in 1993 to 40% in 2005.  In 1993, M7 and M7’ mtDNA 

haplotypes made up 2 and 3% of the SCBP, respectively, while they both occurred in 

about 1% frequency in the 2005 population.  Two samples analyzed from a commercial 

beekeeping operation in the south had the A1 mtDNA haplotype.   

 

Based on mtDNA, Fst values were not significantly different from zero within the two 

regions WCBP (1993 v 2004, Fst = 0.003) and SCBP (1994 v 2005, Fst = 0.012).  A 

higher level of genetic divergence was found between the SCBP of 2005 and the WCBP 

from 2004 (Pairwise Fst values = 0.044).  The Fst value is significantly different from 

zero (P = 0.001).  The overall Fst value was 0.04 (P = 0.001).  The Analysis of molecular 

variance showed that most of the variation was from within populations (Sum of squares 

= 334) rather than among populations (Sum of squares = 11).  The percentage of 

variation within populations was 96.2 whereas, 3.8 among populations. 
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Microsatellites 

WCBP 

In 1994, the number of alleles per locus ranged between 4.9 (Ap66) and 25.4 (A7) in the 

WCBP, and in 2004 the numbers of alleles per locus in the WCBP ranged from 5.5 (A88) 

to 18.5 (A7) (Table 3.).  The mean number of alleles per locus for the WCBP from 1994 

was 12.8, and 11.5 in 2004.  The mean expected heterozygosity values for the WCBP 

from1994 and 2004 were 0.667 and 0.633, respectively.  The mean observed 

heterozygosity values for the WCBP from 1994 and 2004 were 0.575 and 0.531.  The 

number of private alleles per locus for 1994 and 2004 in the WCBP is given in Table 3.  

A single locus, Ap66, showed an increase in the number of private alleles in the west in 

1994 from 0.00 to 6.01 in 2005.  However, reductions in the number of private alleles 

were found for nine out of ten loci.  Loci A7 and A81 experienced large losses of private 

alleles over the ten year span in the WCBP (8.70 to 1.77 for locus A7 and 7.82 to 1.79 for 

locus A81). 

 

In the 1994 WCBP a total of 128 alleles were found in the 10 screened loci.  Of the 128 

alleles detected in 1994, only 92 were found in the samples taken in 2004 for the same 

population, a loss of 36 alleles.  Therefore, 25% of the alleles found in the WCBP in 1994 

were not present in 2004.  This represents a significant loss, based on a paired t-test, (p = 

0.004) of the original alleles.  All of the 36 alleles lost during the sample period were 

found in very low frequency (below 0.03) in 1994.  Twenty-two new alleles were 

detected in the 2004 WCBP.  In combination with the 92 previously known alleles, a total 

of 114 alleles were thus detected in the 2004 WCBP.  The decline from 128 total alleles 
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in 1994 to 114 total alleles in 2004 was not significant based on a paired t-test (df = 9 and 

P = 0.3).  Eight of these 22 new alleles are known to occur in established U.S. 

populations (Feral 1980-1990, SCBP 1993); 14 alleles were new to U.S. honey bee 

populations. 

 

The allele frequencies in WCBP from 1994 compared to 2004 were different and highly 

significant in 7 (A28, Ap66, B124, A7, Ap113, Ap43 and A81) out of 10 loci, based on 

probability test (or Fisher exact test) as described by Raymond and Rousset (1995).  All 

pairs of populations across 6 loci (A28, Ap66, B124, Ap113, Ap43 and A81). had 

significantly different genotypic distributions between the two sampling dates, WCBP 

1994 and 2004.  

 

 

SCBP 

In 1993, the number of alleles per locus for the SCBP ranged from 3.4 (locus A28) to 

15.2 (locus A7) (Table 3).  In 2005, the number of alleles per locus for the SCBP varied 

from 4.7 (locus A28) to 13.6 (locus A7) (Table 3.). The mean number of alleles per locus 

for 1993 and 2005 samples was 10.2, and 9.9, respectively.  The mean expected and 

observed heterozygosity for all 1993 samples and loci were 0.6424 and 0.5702, 

respectively, and for the 2005 samples and loci 0.6223 and 0.5293, respectively.  

 

In 1993 the SCBP had a total of 102 alleles.  Of the 102 alleles detected in 1993, only 77 

were found in the samples taken in 2005 for the same population, a loss of 25 alleles.  
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The 25 alleles that were lost during the sample period were found in very low frequencies 

(below 0.009) in 1993.  Twenty-two new alleles were detected in the 2005 SCBP.  In 

combination with the 77 previously known alleles, a total of 99 alleles were detected in 

2005 SCBP.  Of those twenty-two alleles, 19 were present in other established U.S. 

honey bee populations (Feral 1980-1990, WCBP 1994).  Three alleles were unique to the 

2005 SCBP and undetected in previous populations.  The SCBP experienced a significant 

gain in alleles from 1993 to 2005 based on a paired t-test (df = 9 and P = 0.02).   

 

Allelic richness (corrected for population sizes) and the amount of private alleles per 

locus for the SCBP are shown in Table 3.  Seven out of ten loci gained more private 

alleles during the ten year sample period for example, Ap66 increasing from 1 in 1993 to 

3.5 in 2005.  Three loci show a reduction in the number of private alleles, notably A7 and 

Ap43, which dropped from 4.5 to 2.9 and 5.7 to 3.1., respectively.  Once again these 

results are supported by allele frequency data (Table 5.), and can be explained by the 

acquisition of new alleles into the 2005 commercial breeding population.  

 

The population differentiation test (Raymond and Rousseau, 1995) indicated that genic 

differentiation occurred at 6 loci (A24, B124, Ap113, Ap43, Ap55 and A81) between the 

SCBP of 1993 and 2005.  Genotype distributions were also found to be significantly 

different between the SCBP of 1993 and 2005 for the same 6 loci. 
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WCBP v SCBP 

The genic and genotypic differentiation tests (below) across all loci were significant 

when comparing WCBP and SCBP in both 1993-1994 and 2004-2005.  This suggests that 

the two commercial breeding populations are still genetically different from one another.  

 

The analysis for linkage disequilibrium found no significant deviation from equilibrium 

among the 45 locus pairs at the 5 % level for any of the commercial populations.  In both 

commercial populations (west and southeast) at both sampling times (1993-1994 and 

2004-2005), significant departures from Hardy-Weinberg equilibrium were detected 

using the “exact HW test”.  The U- test for heterozygote deficiency showed these 

deviations were caused by a deficiency of heterozygotes.    

 

The output of the Bayesian-Markov assignment algorithm implemented in STRUCTURE 

supported the differences found in the allelic composition of the WCBP and SCBP.  The 

probability of K = 2 was most strongly supported (LnP(D) = -21552, Var [LnP(D)] = 

446.4 and a1 = 0.05)(Figure 2 a. and 2 b.), where K=2.  Population pairwise Fst values 

(Table 4) ranged from 0.002 to 0.017 for the 6 unique pairwise comparisons.  The within 

region FST values of 0.002 and 0.005 during the ten year span indicate little genetic 

divergence occurred within SCBP and WCBP, during that time span.  The Fst values 

between the WCBP and SCBP had a 10 % difference (0.012 in 1993-1994 and 0.017 in 

2004-2005) indicating genetic differences between the two queen producing areas still 

remain (Table 4).   
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The statistical tests used to measure excesses in heterozygosity as implemented in the 

program BOTTLENECK did not detect the occurrence of any bottlenecks for the WCBP 

or SCBP under the IAM (Infinite alleles model).  Changes in allelic diversity between the 

two sampling periods were not significant (based on a paired T test).  However when the 

newly gained alleles that were not seen in U.S. populations before 2004 and 2005 were 

removed from the analysis there was a significant loss of alleles (P= 0.01, paired T-test) 

from 1994 to 2005 for both populations combined.   

 

Discussion 

Mitochondrial DNA 

In the early 1990s the production queens advertised for sale in the U.S. were mainly 

Italian, Carniolan  or Caucasian, with the exception of several commercial strains of 

variable genetic origin, such as Buckfast, Starline and Yugo (all typified by C lineage 

mtDNA).  This was supported by the mtDNA results for the 1994 WCBP and the SCBP.  

Based on the 2004-2005 interviews, 16 out of 36 queen producers now obtain their 

breeder stock from universities or government programs that have developed specific 

genetic lines.  However, the majority of the queen mothers used by the industry are still 

from producer-maintained Italian and Carniolan stock.  The reliance the beekeeping 

industry has put on the production of these two strains is mirrored by changes in the 

mitochondrial haplotypes frequencies, at least for the WCBP breeding population where 

both C1 and C2 haplotypes increased.  However, mitochondrial variation in the two 

commercial breeding populations, when pooled together, did not significantly change 

over the course of ten years.  High frequencies of the C haplotypes characterized the 
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commercial populations produced in both regions.  Differences within the two regions 

were characterized by losses of various M haplotypes that existed in low frequencies in 

WCBP and SCBP in 1993 and 1994 and the addition of an A haplotype found in SCBP in 

2005. 

 

In the WCBP, increases in frequency of the C1 (Apis mellifera ligustica) and C2 (Apis 

mellifera carnica) mtDNA haplotypes (Kraus et al. 2007) were evident over the ten year 

period between sampling.  The loss of the C3 mtDNA haplotype was probably due to 

drift and the selective pressure to maintain these other two strains of honey bees.  The 

presence of the M3 mtDNA haplotype typically found in western Europe and 

representative of A. m. mellifera shows that genetic remnants from early introductions 

still remained in the WCBP in 1994 and the SCBP of 2005.  However, the M3 haplotype 

frequency has continued to decline as less and less queen breeders are selecting queen 

mothers from local stocks and are using stocks supplied by universities which are limited 

to bees with C haplotypes representing A. m. ligustica and A. m. carnica.  Also both the 

western and southeastern queen breeders used fewer queen mothers in 2004-2005 than 

they did in 1993-1994.     

 

The mtDNA results in the SCBP are similar to the WCBP.  More M haplotypes were 

detected in the SCBP than in the WCBP, probably due to contributions from the once 

prevalent feral population that existed in that region. Several of these M haplotypes, M3, 

M7 and M7’, are known from western Europe, specifically the Iberian Peninsula (Franck 

et al. 1998, 2001).  However, as occurred in the WCBP, there was also a reduction of M 
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haplotype patterns from 6% in 1993 to 1% in 2005 in the SCBP (Table 2.), presumably 

caused by reduced use of local stock s and greater reliance on university stocks or simply 

sampling drift due to using fewer queen mothers, leading to reductions by chance of these 

uncommon haplotypes (Genetic drift can also cause haplotype frequencies to increase).   

 

The A1 haplotype (haplotype associated with Africanized bees) pattern found in the 

SCBP signifies the presence of the African mitochondrial lineage in U.S. honey bee 

populations.  Although the geographic origin of the A1 haplotype is still uncertain, it was 

reported that the frequency of A1 increases from south to north in Africa, forming a clinal 

gradient (Moritz et al. 1994, Garnery et al. 1995 and Franck et al. 2001).  This latitudinal 

gradient was supported by Collet et al. (2006), who reported that the frequency of A1 

increased towards northern and northeastern Brazil.  Sheppard et al. (1999) reported that 

colonies analyzed from Argentina characterized by the A1 haplotype may have originated 

from the subspecies Apis mellifera intermissa, which is found in northern Africa and is 

known to have been introduced into the U. S. independently of the African bee, Apis 

mellifera scutellata, which escaped in Brazil.    

 

Also an additional sample collected from a non-breeding commercial bee operation in the 

southeast had an A1 haplotype.  The presence of African mtDNA and nuclear DNA 

markers in the southern U.S. suggests that there has been introgression of Africanized 

alleles into U.S. honey bee populations (Whitfield et al. 2006 and Delaney et 

al.unpublished data).  When queen breeders use queen mothers with African mtDNA the 

dissemination of African haplotypes across the U.S. is inevitable.  The queen breeder 
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operation that contained the A1 haplotype used 8 breeder queens that year to make 6,000 

daughter queens.  Assuming that they all made equal numbers of daughters, the A1 

breeder queen would have produced 750 A1 daughters for sale to beekeepers throughout 

the U.S.   

 

Microsatellite DNA 

There has been no significant loss in overall genetic diversity in the WCBP or the SCBP 

over the past ten years; however, there has been a change in the allelic composition of 

these two populations.  The WCBP and the SCBP both lost alleles over the ten year span, 

which could be due to drift, sampling error or queen breeding practices.  However, the 

gain of new alleles into both of these populations due to sampling error or new sources 

such as Africanized populations, Russian stocks, or other unknown importations, helped 

to ameliorate the loss of alleles within these populations.  Due to the fact that there was 

only a 50 % sampling overlap of queen breeders between the two sample times (1993-

1994 and 2004-2005), allelic losses and gains were tested for significance in the 11 

overlapping operations using paired t-tests.  When only the data from the 11 queen 

breeding operations that were sampled in both time periods were analyzed there was no 

significant loss or gain in alleles in the WCBP between 1994 and 2004 or between both 

the WCBP and SCBP between 1993-1994 and 2004-2005.  However, there was a 

significant gain (p = 0.009) in alleles in SCBP between 1993 and 2005.   

 

Microsatellite data revealed no significant differences in the variance of allele 

frequencies between the two populations (WCBP and SCBP) based on pairwise Fst 
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values (0.041 for 1993-1994 comparison and 0.044 for 2004-2005), but pairwise Fst 

values were 10 % higher in comparison to within population divergence (0.005 and 

0.012) between 1993-1994 and 2004-2005.  The software program STRUCTURE could 

best separate sampled individuals into two populations.  Significant allelic and genotypic 

differentiation between the WCBP and SCBP revealed that different amounts and 

combinations of alleles made up these two populations.  Therefore, there are changes in 

the genetic composition between the WCBP and SCBP after ten years.  These differences 

may reflect the unique historical conditions under which the west and southeast 

incorporated their mix of source populations and honey bee subspecies, the lack of 

extensive E-W interchange between queen producers and the geographical barriers of the 

desert southwest that may play a role in retaining genetic distinctiveness between these 

two queen breeding regions. 

 

The WCBP experienced a greater loss of original alleles than the SCBP.  Reductions in 

the amount of private alleles occurred in 9 out of ten loci in the WCBP samples. Only 

three loci showed a reduction in the number of private alleles in the SCBP samples.  The 

SCBP resilience to allelic loss might be attributed to exposure to the feral gene pool.  The 

SCBP shared a higher proportion of alleles, (89%) with the once established feral 

populations compared to WCBP (77%) (Delaney et al.,unpublished data).  Therefore the 

historical presence and proximity of feral honey bee populations to the SCBP may have 

helped reduce the loss of alleles in this population.  The arrival and presence of 

Africanized bees and other new honey bee stock in southeast could also be responsible 

for the gain of alleles into the SCBP.       
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The importance of maintaining sufficient levels of genetic variation in managed honey 

bee populations is crucial to the long term health and stability of those populations.  

Three proposed bottleneck events may have affected genetic diversity within U.S. honey 

bee populations.  The goal of this research was to measure changes in genetic diversity in 

two commercial queen breeding populations sampled ten years apart using mitochondrial 

and microsatellite DNA markers.  The overall genetic diversity of the WCBP and SCBP 

did not change over the ten year span, however, the allelic makeup of these populations 

did change.  The WCBP and SCBP were genetically different from one another, and the 

SCBP actually gained alleles during the ten year span. 

 

Populations exposed to bottlenecks or reductions in effective breeding size are vulnerable 

to many genetic consequences.  Garza et al. (2001) identified some of these consequences 

as increased identity by descent and a reduction in genetic variation.   These changes can 

result in negative outcomes for populations such as extinction, reduced reproductive 

function, exposure to rare deleterious alleles and the inability to evolve adaptations to 

new diseases and parasites (Keller et al. 2001, Freeman and Herron, 2004).   

The affects of two genetic bottlenecks i.e., early importation of only a few subspecies and 

individuals, and the reduction of populations due to Varroa destructor) were not detected 

in this study.  Due to the lack of samples from the 19th century when honey bee 

subspecies were actively being imported into North America, there is no way to measure 

the extent of genetic loss from this early bottleneck.  However, molecular analysis of 

honey bee samples from the Old World, representative of the imported subspecies, could 
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be useful in assessing losses in diversity.  The absence of honey bee samples from 

populations before the establishement of Varroa destructor also creates difficulties in 

determining the effects this parasitic mite has had on the genetic diversity of commercial 

U.S. honey bee populations.  The third proposed bottleneck imposed by current queen 

breeding practices was evident numerically, but a significant loss of alleles was not 

detected using microsaellite markers.  The molecular markers used may not be suitable 

for detecting allelic loss at the population level and within a ten year span.  The 

significant loss of existing alleles in the WCBP between 1994 and 2004 should not be 

overlooked, but should be the impetus driving the future monitoring of these populations 

with markers better designed for assessing differences at the population level. 
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Table 1. The approximate arrival year of importation, and geographic origin  
of each subspecies of Apis mellifera introduced into the Americas. (Sheppard, 1989) 

Subspecies Origin Importation 

Date 

A. m. mellifera Europe north and west of Alps, 
Central Russia 

1622 

A. m. ligustica Italy 1859 

A. m. lamarkii Egypt, Nile river valley 1866 

A. m. carnica Southern Austrian Alps and northern Balkans 1877 

A. m. caucasica Central Caucus Mountains 1880-1882 

A. m. cypria Cyprus 1880 

A. m. syriaca Syria, Eastern Mediterranean 1880 

A. m. intermissa Africa, north of Sahara 1891 

A. m. scutellata Central and eastern equatorial Africa to 
 South Africa   

1956 

 



 39

Table 2. Mitochondrial mtDNA haplotype frequencies for the (a) WCBP(b) SCBP in 1993-1994 
and 2004-2005.n is the number of colonies sampled.  
 

 
 

 

MtDNA haplotype 
WCBP 1994 

(n=176) 

WCBP 2004 

(n=212) 

C1 0.386 0.425 

C2 0.517 0.574 

C3 0.063 0 

M3 0.028 0.011 

MtDNA 

haplotype 

SCBP 1993 

(n=155) 

SCBP 2005 

(n=132) 

C1 0.445 0.568 

C2 0.471 0.393 

C3 0.026 0.00 

M3 0.00 0.009 

M4’ 0.013 0.00 

M7 0.019 0.009 

M7’ 0.026 0.009 

A 0.00 0.015 

(a) WCBP 

(b) SCBP 
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Table 3. Number of alleles per locus (Allelic richness) and number of private alleles per 
locus for the WCBP and SCBP. Estimates based on rarefaction. 

WCBP 1994 WCBP 2004 SCBP 1993 SCBP 2005

Locus A24

Allelic richness 7.53 7.40 5.36 6.41

Private alleles 1.21 1.09 0.86 1.91

Locus A28

Allelic richness 6.67 5.48 3.42 4.72

Private alleles 3.29 2.10 0.34 1.65

Locus A88

Allelic richness 7.30 5.55 5.94 8.04

Private alleles 1.91 0.16 0.41 2.52

Locus AP66

Allelic richness 4.99 11.00 5.67 8.14

Private alleles 0.00 6.01 1.00 3.47

Locus B124

Allelic richness 12.73 12.68 11.14 11.45

Private alleles 1.51 1.47 1.17 1.48

Locus A7

Allelic richness 25.44 18.50 15.19 13.57

Private alleles 8.70 1.77 4.45 2.87

Locus AP113

Allelic richness 11.32 10.30 10.70 10.38

Private alleles 2.74 1.71 1.49 1.18

Locus AP43

Allelic richness 17.62 13.15 11.64 9.00

Private alleles 8.87 4.39 5.70 3.06

Locus AP55

Allelic richness 13.94 12.18 10.08 11.09

Private alleles 1.79 0.04 0.95 1.97

Locus A81

Allelic richness 15.06 9.04 5.42 5.98

Private alleles 7.82 1.79 2.11 2.66
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Table 4.  Pairwise Fst values for the commercial breeding populations of the U.S. based  
on microsatellite data 
 

WCBP 1994 WCBP 2004 SCBP 1993 SCBP 2005

WCBP 1994 //

WCBP 2004 0.00535* //

SCBP 1993 0.012* 0.01795* //

SCBP 2005 0.01468* 0.01697* 0.0020 //

* Fst value is greater than 0 with a P value less than 0.05 
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Table 5. Allele frequency data or 10 microsatellite loci used for analyzing the WCBP and 
SCBP from 1993-1994 and 2004-2005. 

A24 WCBP 94 WCBP 04 SCBP 93 SCBP 05

92 0.016 0.009 0.014 0.021

94 0.244 0.314 0.371 0.373

96 0.004 0.005

98 0.002 0.004 0.002 0.003

100 0.011 0.002 0.003 0.029

102 0.221 0.177 0.204 0.246

104 0.471 0.454 0.397 0.311

106 0.028 0.031 0.014

135 0.002

total 8 8 7 7

A28 WCBP 94 WCBP 04 SCBP 93 SCBP 05

100 0.002

101 0.034

104 0.048 0.004

123 0.005 0.003

126 0.003 0.002

128 0.116 0.088 0.215 0.161

130 0.005 0.007

132 0.008 0.018

135 0.786 0.897 0.77 0.805

137 0.002

139 0.002 0.003

141 0.005

total 7 7 4 6

A88 WCBP 94 WCBP 04 SCBP 93 SCBP 05

130 0.007

136 0.062 0.046 0.083 0.094

139 0.288 0.266 0.339 0.279

141 0.006 0.003

143 0.003

145 0.003 0.006 0.014

146 0.019 0.009 0.038 0.051

148 0.604 0.67 0.52 0.521

150 0.003 0.002 0.006 0.014  
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Table 5. Continued 

141 0.006 0.003

143 0.003

145 0.003 0.006 0.014

146 0.019 0.009 0.038 0.051

148 0.604 0.67 0.52 0.521

150 0.003 0.002 0.006 0.014

152 0.016 0.005 0.014

total 8 6 7 9

Ap66 WCBP 94 WCBP 04 SCBP 93 SCBP 05

87 0.003

93 0.159 0.239 0.077 0.103

95 0.539 0.525 0.654 0.676

97 0.007 0.004

100 0.232 0.163

101 0.235 0.117 0.009 0.01

102 0.007

103 0.061 0.022 0.019 0.012

104 0.044

106 0.011

107 0.004

113 0.003 0.012

115 0.003 0.003

117 0.003

129 0.004

135 0.018 0.004

total 5 11 7 10  
 

B124 WCBP 94 WCBP 04 SCBP 93 SCBP 05

210 0.002

212 0.014 0.002 0.009 0.011

214 0.355 0.219 0.268 0.42

216 0.187 0.288 0.222 0.061

218 0.043 0.099 0.03 0.007

220 0.133 0.159 0.147 0.192

222 0.092 0.036 0.114 0.112

224 0.086 0.089 0.114 0.091

226 0.041 0.031 0.033 0.036

228 0.008 0.005 0.006 0.003

230 0.014 0.055 0.036 0.025

232 0.014 0.005 0.003

234 0.003 0.012 0.025

236 0.003 0.011  
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Table 5. Continued 

242 0.005 0.002 0.003

244 0.002

total 13 14 13 13

A7 WCBP 94 WCBP 04 SCBP 93 SCBP 05

80 0.006 0.004

94 0.009

96 0.003 0.003 0.004

98 0.003 0.008

102 0.012 0.031 0.023 0.047

104 0.102 0.097 0.142 0.119

106 0.006 0.008

108 0.25 0.282 0.322 0.286

110 0.009 0.005 0.011 0.029

112 0.18 0.128 0.159 0.119

114 0.105 0.094 0.121 0.158

116 0.129 0.165 0.103 0.149

118 0.003 0.002 0.009

120 0.003 0.005

124 0.003 0.005 0.006

126 0.003

128 0.012 0.003

130 0.033 0.019 0.021 0.017

132 0.021 0.022 0.003

134 0.009 0.002

136 0.006 0.002

138 0.048 0.082 0.017 0.021

140 0.0151 0.024 0.023 0.017

142 0.004

151 0.003 0.002

155 0.009 0.005

157 0.012 0.019 0.014 0.008

159 0.003

168 0.003 0.003

170 0.002

171 0.003

214 0.002

total 27 21 20 15  
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Ap113 WCBP 94 WCBP 04 SCBP 93 SCBP 05

145 0.003

198 0.003

202 0.061 0.043 0.127 0.058

214 0.301 0.251 0.154 0.227

216 0.031 0.074 0.006 0.022

218 0.039 0.006

220 0.432 0.505 0.563 0.508

222 0.054 0.059 0.027 0.044

224 0.003 0.01 0.006 0.013

226 0.039 0.028 0.048 0.035

228 0.027 0.017 0.03 0.031

230 0.003 0.005 0.006 0.004

233 0.003 0.009 0.008

235 0.003 0.012 0.044

236 0.003

total 12 11 13 11

Ap43 WCBP 94 WCBP 04 SCBP 93 SCBP 05

110 0.003

114 0.007

116 0.007

121 0.007

127 0.04

131 0.015

133 0.007

135 0.06 0.04 0.11 0.073

137 0.14 0.086 0.113 0.029

139 0.013 0.026 0.029

141 0.033 0.075 0.004

143 0.08 0.183 0.136

145 0.426 0.433 0.428 0.397

147 0.117 0.111 0.09 0.4

149 0.016 0.019 0.015 0.029

151 0.003

155 0.005

165 0.033 0.013 0.045

167 0.013

169 0.003 0.007

171 0.003 0.011

173 0.003

175 0.005

177 0.007 0.003 0.015

187 0.008

189 0.003 0.008

total 18 14 13 9  

Table 5. Continued 
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Table 5. Contiued 

Ap55 WCBP 94 WCBP 04 SCBP 93 SCBP 05

150 0.006

171 0.019 0.011 0.025 0.005

173 0.191 0.231 0.148 0.081

175 0.426 0.419 0.412 0.518

177 0.092 0.091 0.058 0.057

179 0.105 0.088 0.093 0.042

181 0.082 0.113 0.167 0.133

183 0.015 0.005 0.032 0.033

185 0.012 0.011 0.019 0.019

187 0.009 0.008 0.032 0.009

189 0.006 0.003 0.019

193 0.009 0.003 0.006 0.014

199 0.015 0.002 0.003

202 0.006 0.011 0.005

total 14 13 11 12

A81 WCBP 94 WCBP 04 SCBP 93 SCBP 05

106 0.003

108 0.021 0.03 0.021

114 0.006

116 0.005

121 0.003

125 0.011 0.004

127 0.261 0.309 0.274 0.29

129 0.008 0.004

133 0.008

135 0.594 0.615 0.671 0.66

137 0.017 0.017 0.021 0.013

139 0.032 0.007 0.003 0.017

141 0.014 0.005 0.006

143 0.003 0.005

145 0.008

147 0.005

150 0.003

152 0.003

155 0.006 0.002

163 0.002

total 16 10 7 7  
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Figure 1. A map of the two distinct commercial queen breeding regions of the United States 
showing collection sites from 2004-2005. 
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Figure 2. a). Bar plot produced by STRUCTURE assuming 2 populations showing the 
SCBP and WCBP samples clustering into different populations 
 

SCBP 1993 SCBP 2005 WCBP 1994 WCBP 2004
1 432

Cluster 1

Cluster 2

 
b). Proportion of memebership of each pre-defined population in 2 clusters. 
 

Given population Inferred cluster 1 Inferred cluster 2 Known population

1 0.983 0.017 SCBP1993

2 0.976 0.024 SCBP2005

3 0.107 0.893 WCBP1994

4 0.058 0.942 WCBP2004  
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GENETIC CHARACERIZATION OF U.S. FERAL HONEY BEE POPULATIONS 

USING MITOCHONDRIAL AND MICROSATELLITE MARKERS 

 

Abstract 
 
 

By Deborah A. Delaney, Ph.D. 
Washington State University 

August 2008 
 
 
 

Chair: Walter S. Sheppard 
 
 

The genetic composition of 692 feral honey bee nests collected in the United 

States between 1980 and 1992 was analyzed by assessing variation in the COI-COII 

intergenic spacer region of the mitochondrial DNA and 10 microsatellite loci.  The 

genetic diversity and population structure of these pooled populations were compared to 

that of managed breeding populations in the southeastern and western U.S.   

The mtDNA analysis revealed that 28% of the feral samples had haplotype 

patterns representative of the subspecies Apis mellifera mellifera or Apis mellifera 

iberiensis.  Of the samples collected from Arizona, over 50% showed a haplotype pattern 

characteristic of honey bees found in Spain and/or Italy (M7).  A subset of samples from 

the feral population with the M7 haplotype were sequenced and shown to be previously 

unknown variants of M7.  These variants differed from the M7a and M7b variants known 

from Spain and Italy, respectively, leaving their origin unknown.  Haplotype patterns 

characteristic of the European races most commonly used by commercial queen breeders 

were found in 66% of the feral samples.   
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Based on the microsatellite analysis, significant allelic and genotypic 

differences were found between most of the states, and genetic differences were 

observed between the feral samples and the managed breeding populations based 

on Fst values and Bayesian analysis of allele frequencies.  The allelic and mtDNA 

diversity found in feral populations suggests that they may have been an 

important source of genetic diversity for U.S. managed honey bee populations. 
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Introduction 

 

Most populations exhibit some degree of substructuring; i.e.differences in genetic 

variation within the population (Hedrick 2000).  Genetic structuring can derive from 

different evolutionary processes including drift, founder events, non-random mating and 

selection (Hartl and Clark 1997).  Many studies have shown that geographic and climatic 

ecological barriers, historical events and biological attributes can affect the genetic 

structure of populations (Donnelly and Townson 2000, Gerlach and Musolf 2000, 

Balloux and Lugon-Moulin 2002).   

 

The “western” honey bee, Apis mellifera L, has an endemic range that includes Africa, 

Europe and western and central Asia.  Across these divergent climatic and ecological 

regions, substantial intraspecific variation is evident, with around 26 described subspecies 

grouped into four evolutionary lineages: M (western and northern Europe), C 

(southeastern Europe), A (Africa) and O (Eastern Mediterranean) (Ruttner, 1988; 

Sheppard et al. 1997; Sheppard and Meixner, 2003).  Mitochondrial analyses have 

yielded largely congruent classification of subspecies into “mitochondrial lineages”, 

although subspecies of the C and O evolutionary lineages are not typically differentiated 

with most mitochondrial approaches (Garnery et al. 1992, Franck et al. 1998, Franck et 

al. 2001).  

 

Although microsatellite and mitochondrial DNA (mtDNA) have been used to assess the 

genetic structure of honey bee populations throughout its native range and in Africanized 

regions of the New World (Hall and Muralidharan 1989, Smith et al. 1989, Rinderer et al. 

1991, Sheppard et al. 1991, Franck et al. 1998, Clarke et al. 2001, Clarke et al. 2002, 
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Franck et al. 2001, Arias et al. 2006, Pinto et al. 2005, Collet et al. 2006, Kraus et al. 

2007), studies addressing the genetic diversity of honey bee populations in the U.S. were 

performed prior to the decimation of the feral population due to Varroa destructor in 

areas free from Africanized honey bees (Sheppard 1988, Schiff and Sheppard 1993, 

Schiff et al. 1994, Schiff and Sheppard 1995, 1996, Kraus and Page, 1995, Wenner and 

Bushing, 1996, Sanford, 2001, Seeley, 2007).  These studies of U.S. honey bee 

populations provide baseline data useful for comparison with data sets from these same 

populations collected after the arrival of Varroa destructor and Africanized bees, such a 

time series approach can measure changes in the genetic structure of these populations in 

response to parasite establishment and invasive movement of Africanized honey bees. 

 

U.S. honey bee populations were established over 400 years ago during the early 

settlement of North America (Sheppard, 1989; Horn, 2005).  Between 1621 and 1922 

eight subspecies were successfully imported into North America (Sheppard, 1989; Table 

1).  In 1990, Africanized honey bees, descendents of an additional subspecies, Apis 

mellifera scutellata, moved into North America and became established in the U.S. 

However, it was during the early settlement of North America when feral populations, 

largely composed of descendents of the subspecies Apis mellifera mellifera, became 

established (Sheppard, 1989).  These feral or unmanaged populations flourished well into 

the early 1990s until the arrival and dispersal of a parasitic brood mite, Varroa destructor 

(Anderson and Trueman) drastically reduced these populations (Wenner and Bushing, 

1996; and Sanford 2001).  The current status and genetic composition of feral populations 

20 years after the arrival of Varroa destructor remains largely unknown. 
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The U.S. honey bee population can be divided into two sub-populations. The managed 

population is composed of populations managed and maintained by beekeepers and bee 

breeders in moveable frame hives (Schiff et al. 1994).  The second population is the 

unmanaged feral population that consists of bees living in a variety of nest sites, both 

artificial and natural.  Schiff and colleages (Schiff et al. 1994; Schiff and Sheppard 1995, 

1996) analyzed these two honey bee populations in the U.S. using allozyme and 

mitochondrial DNA variation.  They reported significant heterogeneity among U.S. feral 

honey bees and found that feral populations contained genetic remnants from early honey 

bee importation events.  Subsequent studies showed that the western and southeastern 

managed breeding populations contained little within population variation, although Mdh 

allele frequencies were significantly different between the two managed breeding 

populations (Schiff and Sheppard 1995, 1996).  Differences were also found between the 

western managed population and U.S. feral populations (Schiff and Sheppard 1996).  

These findings suggested reduced gene flow between the three populations.   

 

Recent (1992-present), drastic reductions of feral populations and the annual 50% loss of 

managed honey bee populations in the U.S. (National Research Council, 2007) have 

raised concern over the genetic integrity of U.S. honey bee stock.  Because significant 

heterogeneity was found in U.S. feral populations sampled between 1980 and 1992, it 

was thought that feral populations once served as a possible source of genetic diversity 

for the less diverse managed honey bee populations.  Therefore, the loss of the feral 

populations may have resulted in the loss of a possible source of genetic diversity. 
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The purpose of this study was to characterize microsatellite and mitochondrial DNA 

variation in previously collected feral honey bee populations.  These new markers 

provide a greater a better estimate of diversity for these populations.  The genetic 

differences measured for feral populations from 11 southern states were compared to 

similar data from two previously analyzed managed breeding populations.  A further goal 

of the study was to determine whether the apparent loss of feral populations had a 

measurable effect on the genetic composition of managed breeding populations.  

Mitochondrial haplotype and microsatellite allele frequencies were established for feral 

populations.  Pairwise fst values and heterozygosity measures were calculated to 

determine the genetic structure of feral populations.  Data gathered from the feral 

populations and the managed breeding populations from 1993-1994 and 2004-2005 were 

compared. 

 

Materials and methods 

Collection protocol 

Feral population 

From 1980 to 1992, samples of bees from 692 feral nests were collected (Schiff et al. 

1994).  Of these 692 samples, 546 were used for the current mtDNA analysis and 625 

were used for microsatellite analysis.  This collection represented feral populations that 

existed in the southern United States.  Samples were collected from 11 states: Alabama, 

Arizona, Georgia, Louisiana, Mississippi, New Mexico, North Carolina, Oklahoma, 

South Carolina, Tennessee and Texas.  For analysis, the Oklahoma samples (n=3) were 
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combined with the Texas samples, and the Tennessee samples (n=2) were combined with 

the Georgia samples due to small sample size and geographic proximity.  Adult workers 

were frozen in liquid nitrogen for transportation and stored at -80°C until analysis.    

 

Molecular analysis 

DNA extraction 

One adult worker leg or thorax from each colony was used to extract both nuclear and 

mitochondrial DNA (mtDNA) following the chelex method (Walsh et al. 1991).  The 

chelex /honey bee preparation was placed in the thermocycler for 1 h at 55°C, 15 min at 

99°C, 1 min at 37°C and 15 min at 99°C.  Ninety-six well PCR plates of extracted honey 

bee DNA were stored in the freezer at -80°C for future analysis and amplification.   

 

Mitochondrial DNA analysis 

The COI-COII intergenic region of the mtDNA was polymerase chain reaction (PCR) 

amplified from 1.25 µl of DNA extraction product from each sample with primers E2 and 

H2 in 25 µl reactions (Garnery et al. 1992).  PCR conditions for the amplified region 

were as follows: 30 cycles at 92°C for 30 s, 1.5 min at 47°C and 2 min at 63°C.   Aliquots 

of 6 µl of the PCR product were electrophoresed through 1.4% agarose gel, and 

fragments were visualized with ethidium bromide.  The remainder of the amplified PCR 

product (19µl) was digested with 4 units of the restriction enzyme DraI (Garnery et al. 

1993).  The digested DNA products were separated on a 10% acrylamide gel and 

visualized with ethidium bromide.  Haplotype names were assigned to each sample based 

on fragment patterns described in the literature (Garnery et al. 1993, Garnery et al. 1995, 
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Garnery et al. 1998, Franck et al. 1998, Franck et al. 2000a, Franck et al. 2000b and 

Franck et al. 2001).  For problematic samples, previously stored extractions based on a 

total nucleic acid protocol (Sheppard and McPheron 1986) were used.  The software 

program ARLEQUIN 3.1 (Excoffier, L.G. Laval, and S. Schneider, 2005) was used to 

calculate pairwise Fst values for each population pair.  

 

The COI-COII intergenic region of two to three samples with the M7 haplotype from 

each state was sequenced.  The PCR conditions for the cycle sequence protocol was 25 

cycles of 96°C for 10 sec, 50°C for 5 sec, 60°C for 4 min.  Products were sequenced on a 

ABI 3730 automated sequencer (Applied Biosystems).  Alignment and sequence 

comparisons were made using Multalign (Corpet 1988).  

 

Microsatellite analysis 

Individual honey bee samples from feral colonies (N = 625) collected in 12 southern 

states were analyzed for variation at 10 microsatellite loci: A7, A24, A28, A88, A113, 

B124 (Estoupe et al. 1995), Ap43 (Garnery et al. 1998), Ap55, Ap66 and Ap81 (Solignac 

et al. 2003).  These were compared to data taken from managed breeding populations 

from the western and southeastern U.S. that had been sampled both in 1993-1994 and 

2004-05 (Delaney et al. in review). 

 

Two multiplex PCRs were used to amplify 10 µl reactions of extracted DNA containing 

1.0 - 4.0 mM of flouresecent dye-labeled primer (Applied Biosystems), 1x reaction 

buffer, 1.5 units Taq polymerase, 3mM dNTP mixture, 0.001 mg bovine serum albumin, 
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1µl of DNA extraction product and 1.2 to 1.5 mM of MgCl2 (Delaney et al. in review).  

The reaction products were analyzed using an ABI Biosystems 3730 automatic sequencer 

(Applied Biosystems).  The allele sizes at each microsatellite locus were determined with 

the aid of GeneMapper™ software (Applied Biosystems). 

 

Statistical analysis 

The population genetics software GENETIX™ was used to calculate allele frequencies 

and to convert files into formats appropriate for other software programs.  Hardy-

Weinberg equilibrium, heterozygote deficiency, heterozygosity (observed and expected), 

genic and genotypic differentiation and population pairwise Fst values were estimated 

using the GENEPOP package (web version 3.4; Raymond and Rousset 1995).  The 

average number of alleles per locus (na ), allelic richness (ag ) and expected 

heterozygosity (He) were calculated for each feral population (Leberg 2002) using the 

software HP-RARE which corrects these diversity measurements for sample size 

variation (Kalinowski, 2005).  Reductions in effective population size were determined 

for each sample grouping (most by state) by calculating excesses in heterozygosity using 

three kinds of statistical tests: sign test, standardized differences test and the Wilcoxon’s 

signed rank test found in the software program BOTTLENECK (Piry et al. 1999). 

 

Results 

Mitochondrial DNA 

DraI RFLP analysis of the COI-COII intergenic region revealed nine different haplotypes 

in the feral population (Figure 1): three from mitochondrial lineage C (C1, C2, and C3), 
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five from lineage M (M3, M4, M4’, M7, M7’) and one from A lineage.  The haplotypes 

for four percent of the samples could not be identified due to degraded DNA. 

 

The number of haplotypes found in each sample population from each state can be seen 

in Table 2.  Honey bee populations sampled from North Carolina displayed the fewest 

number of haplotypes (3), whereas populations from the rest of the states each exhibited 

between five and seven of the nine reported haplotypes.  The M7 haplotype, reported 

from Apis mellifera iberiensis and Apis mellifera ligustica (Franck et al. 2000), was 

found in 57% of the samples from Arizona.  The haplotype M3, characteristic of 

subspecies of western European origin and also found in Italy (Kraus et al. 2007, Franck 

et al. 2000), was found in low frequency (0.028 to 0.122) in populations sampled from 

five states.  Haplotypes M4 and M4’ occur in honey bees from France and Belgium and 

more recently variants of M4 were found in Italy (Garnery et al. 1998, Franck et al. 1998, 

Franck et al. 2000).  These two M haplotypes were found in 7 % of the feral samples and 

were more common east of the Mississippi River, reaching a maximum of 19% in 

samples from Georgia.  Two percent of the feral population had a haplotype pattern 

characteristic of the African subspecies, Apis mellifera lamarckii.  This subspecies is 

endemic to the Nile River Valley and was introduced into North America in the 1860s 

(Sheppard 1989, Schiff et al. 1994). The most commonly occurring haplotypes were from 

the C lineage: C1 and C2.  These haplotypes are common in Apis mellifera ligustica and 

Apis mellifera carnica, respectively,whose descendents form the basis for the commercial 

strains currently favored by U.S. beekeepers (Franck et al. 2000, Schiff and Sheppard 

1995).  Together these two haplotypes constituted 63 % of the feral population sampled 



 61

(Figure 1.).  The C2 haplotype occurred in 75% of the colonies sampled from North 

Carolina. 

 

Sequence comparisons of the COI-COII intergenic region for 13 samples (sequences 

submitted to genbank, acession numbers EU831095-EU831107) with the M7 haplotype 

uncovered two substitutions characteristic of the M7a variant found in honey bee samples 

from Spain (Franck et al. 2000) (Figure 2).  However, a deletion that is characteristic of 

the published M7a variant was not found.  Other substitutions and deletions were also 

found in the feral sample sequences, further differentiating these sequences from the 

published M7 variants (Franck et al. 2000). 

 

Microsatellite DNA 

The average number of alleles varied from 6.2 ± 2.6 (Louisiana) and 9.9 ± 3.7 (Arizona) 

(Table 3).  Allelic richness measures after rarefaction ranged from 4.7 ± 1.7 in 

Mississippi to 5.5 ± 1.8 in Alabama (Table 3).  The average gene diversity measured as 

expected heterozygosity was similar across all the states sampled and ranged from 0.60 ± 

0.2 for New Mexico to 0.66 ± 0.08 for Alabama (Table 3). 

 

The proportion of alleles of feral “origin” that were found in managed populations 

decreased between 1993-1994 and 2004-2005.  The feral samples contained 138 different 

microsatellite alleles across the 10 loci.  Of these 138 alleles, 111 alleles (80%) were 

found in the managed populations sampled from 1993 and 1994 and 102 alleles (74%) 

were found in managed populations sampled in 2004 and 2005.  
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The proportion of alleles from the managed populations that may have originated from 

feral populations increased in the western breeding population between 1994 and 2004.  

Ninety-nine out of 128 alleles (77%) found in the western managed breeding population 

sampled in 1994 were also found in feral populations, whereas 89 out of 114 alleles 

(87%) found in the western managed breeding population sampled in 2004 were also 

found in feral populations.  The proportion of alleles from the southeastern managed 

population that could have originated from feral populations decreased between 1993 and 

2005.  Ninety-two out of 102 alleles (90%) found in the southeastern managed breeding 

population sampled in 1993 were also found in feral populations, and 85 out of 99 alleles 

(85%) found in the southeastern managed breeding population sampled in 2005 were also 

found in feral populations. 

 

No significant linkage disequilibrium was detected in any of the 45 locus pairs for each 

state (at the 5% level).  The exact test for Hardy-Weinberg equilibrium (HWE) found 

only population samples from Mississippi and New Mexico to be in HWE (0.451 ≤  P ≤ 

0.580).  The other six population samples (Texas, North Carolina, Arizona, Alabama, 

Georgia and South Carolina) significantly deviated from HWE (0.000 ≤ P ≤ 0.001).  U-

tests revealed significant heterozygote deficiency (0.000 ≤ P ≤ 0.001) for each of the six 

sample populations not in HWE likely due to combining multiple subpopulations by 

sampling design. 
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Population pairwise Fst values are reported in Table 4.  Population samples from Georgia 

and Louisiana showed little genetic differentiation (Fst = 0.003) as did other intra-region 

comparisons.  In contrast, inter-regional comparisons such as between population 

samples from Alabama and Arizona (Fst = 0.065) and Alabama and New Mexico (Fst = 

0.068) showed moderate genetic differentiation.  The Fst values between most of the feral 

honey bee populations sampled were one order of magnitude higher than between the two 

managed breeding populations.  The pooled feral honey bee populations sampled from all 

the states were highly diverged from all the commercial populations, based on Fst values 

that ranged from 0.258 to 0.313.  

 

The genic differentiation test (Raymond and Rousset, 1995) performed on population 

pairs across all loci (Table 5) showed significant allelic differentiation between 8 

population samples (0.000 ≤ P ≤ 0.011).  Population samples from Louisiana and Georgia 

did not show significant genic differentiation (P = 0.305.).  This supports the 

insignificant Fst values found for this population pair.  Genotypic differentiation for each 

population pair across all loci (Table 5) was significant for 75 out of 78 population pairs.  

Three population pairs did not exhibit significant genotypic differences: Louisiana and 

Texas (P = 0.215), Georgia and Louisiana (P = 0.601) and Alabama and Georgia (P = 

0.131).  The number of alleles/locus and allele frequencies are reported in Table 6. 

 

Sample populations from North Carolina, South Carolina and Mississippi exhibited 

significant bottlenecks when analyzed with the BOTTLENECK software.  The values for 

population samples from North Carolina were statistically significant for the standardized 
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differences test (P = 0.036) and the Wilcoxon’s signed rank test (P = 0.003).  Population 

samples from Mississippi also had significant values for the standardized differences test 

(P = 0.049) and the Wilcoxon’s signed rank test (P = 0.012).  Population samples from 

South Carolina exhibited significant excess heterozygosity using the sign test (P = 0.037) 

and the Wilcoxon’s signed rank test (P = 0.004).  The results were unchanged when loci 

that were not in HWE were removed from the analysis. 

 

Discussion 

Because of the many beneficial services honey bees provide, humans have expanded the 

original range of honey bees globally.  The history of the importation of honey bee 

subspecies is based on ship logs, journals and advertisements.  It has been proposed that 

the first honey bees to arrive in North America entered into the U.S. from Mexico in the 

1500s from early Spanish settlements (Brand, 1988), although there was no direct 

evidence presented to support this theory.  The feral collection used in this study 

represents a sampling of the U.S. feral honey bee population between 1980 and 1992, 

almost 400 years after the first recorded arrival of honey bees into the New World.  The 

ancestry found within these sample populations reflect the history of subspecific 

importations into the New World from the Old World during the settlement of North 

America by European settlers. 

 

The mitochondrial DNA analysis of the feral populations clearly demonstrates a more 

diverse maternal ancestry than the managed breeding populations we sampled in 1993-

1994 and 2004-2005 (Figure 3).  The feral populations had a higher proportion of 
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mitochondria from the M lineage than the managed breeding populations sampled in 

1993 and 1994.  Twenty-eight percent of the feral colonies had mtDNA haplotypes 

characteristic of the M mitochondrial lineage, whereas 4 % of the managed breeding 

colonies sampled from 1993 and 1994 had mtDNA haplotypes attributed to the M lineage 

(Delaney et al. in review).  This lineage includes the subspecies Apis mellifera mellifera 

and A. m. iberiensis (Garnery et al. 1998).  These findings support the theory that A. m. 

mellifera established a feral population and flourished in North America during its 

settlement.   

 

The high occurrence of mitochondria from the M lineage is especially apparent in 

populations sampled from Arizona.  The M7 haplotype was found in 57% of the sample 

populations from Arizona.  Founder events exacerbated by genetic drift and geographic 

isolation could explain the particular high frequency of this haplotype in these 

populations.  The M7 haplotype was thought to be unique to Spain and therefore 

representative of A. m. iberiensis (Garnery et al. 1998), but has since been discovered in 

Italy (Franck et al. 2000, Clarke et al. 2001).  Franck et al. 2000 reported that two 

variants of M7 (a and b) could be differentiated based on sequence differences in the 

COI-COII intergenic region.  The variant M7a was observed in Spain, whereas the M7b 

variant was found in Italy.  However, the M7 pattern we found in U.S. feral honey bee 

samples exhibited sequence differences from both variants reported by Franck et al. 

(2000). 
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The origin of this haplotype is of particular interest because of the implications it has to 

determine the source of the early North American honey bee importations.  Additional 

sequencing studies on honey bees from the Old World with M7 haplotypes will be 

necessary to identify the origin of these new variants and to fully resolve the chronology 

of importation events into North America (Watkins, 1968; Brand, 1988; Sheppard, 1989). 

It is possible that these new variants arose in the U.S. feral populations through 

mutations. 

 

MtDNA and microsatellite data verified that feral populations were an important source 

of diversity for the managed populations in the U.S.  However, due to recent bottlenecks 

imposed by breeding practices and impediments to gene flow, such as geographic 

barriers, the two managed sub-populations have retained significant genetic differences.  

The mtDNA data help to explain the effect that humans have had on U.S. honey bee 

populations.  Over a century of selecting for Italian and Carniolan queen mothers led to 

the dominance of these subspecies in terms of maternal ancestry.  Of the managed 

breeder population samples from 1993 and 1994, 96% have mtDNA characteristic of the 

C mitochondrial lineage which is found in subspecies Apis mellifera ligustica and A. m. 

carnica.  

 

The microsatellite analysis of the feral honey bee samples we observed supports previous 

findings that found the genetic composition of the feral population was more 

heterogeneous than the managed breeding populations (Schiff et al., 1994).  The feral 

populations were highly differentiated from the commercial breeding populations based 
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on Fst values.  In addition, significant differences were found in the genotypic and allelic 

composition between the 1980-1992 feral populations sampled and the managed breeding 

populations. Together, these findings suggest that barriers to gene flow existed between 

feral populations and both managed breeding populations and may continue to this day.   

 

Reports of established feral populations east of the Mississippi early in the 18th century 

are well documented.  The establishment of these feral populations in this region supports 

the large proportion of shared alleles (90%) between the feral populations sampled and 

the southeastern managed population.  The decreased amount of alleles (77%) shared 

between the feral population and the western managed population is not surprising due to 

the geographical distance and topography that separates these two regions.  What is 

surprising was the increase in shared alleles (87%) between the feral population and 

western managed population in 2004.  New alleles were found in both the managed 

populations in 2004 and 2005 and these alleles were known to occur in the feral 

population samples collected between 1980-1992 (Delaney et al., in review).  The 

decrease in shared alleles (85%) between the feral population and the southeastern 

managed population in 2005 could be a result of the loss of allelic input once provided by 

the allelically abundant feral population.  Therefore, transfer of alleles from the feral 

population to the western managed population in 2004 and the decrease in shared alleles 

between the feral population and southeastern managed population sampled in 2005 

implies that the feral population was likely a source of allelic variation for both managed 

populations.  
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Analyses of genetic variation using molecular tools have been used to explain species 

dispersal (Ibrahim et al. 1996; Eldridge et al. 2001), relationships between population 

genetic structure and environmental variables (Gerlach and Musolf, 2000), historical 

information and phylogenies of domesticated animals and plants (Fan et al. 2002; Geffen 

et al. 2004).  Examining genetic structure and assessing diversity in natural populations 

has been critical in understanding the affects of reductions in effective breeding size and 

in developing appropriate conservation management strategies (Hoelzel et al., 2002; 

Harley et al., 2005; and Brown and Gladden et al., 1999).  

 

Conclusions 

This study set out to characterize the genetic composition and allelic variation of 

representative feral honey bee populations collected in the U.S. between 1980 and 1992 

to determine if they could have provided genetic variation to potentially inbred, managed 

honey bee populations.  The variation found in mtDNA and microsatellites in feral 

populations was compared to that of the managed honey bee populations collected at two 

different time periods: 1993-1994 and 2004-2005 from two regions, southeastern U.S. 

and western U.S.  The collection times of these managed populations are significant 

because the most recent collection occurred after reductions in feral populations, and the 

earlier collection occurred while the feral population still flourished.  These comparisons 

enable us to use the perturbation of feral populations (their dramatic reduction) to test if 

there is evidence that the feral population served as a source of genetic variation for the 

managed populations.  
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The results showed that feral populations had more allelic diversity than either of the 

managed populations collected in the early 1990s.  Also, the mtDNA haplotypes diversity 

was greater in pooled feral populations than managed breeding populations.  The higher 

diversity found in feral populations may reflect accumulated diversity from the history of 

multiple subspecific importations from the Old World during the settlement of North 

America by European settlers.  The increase in the proportion of alleles shared between 

pooled feral populations and the western managed population collected in 2004, the 

decrease in the proportion of shared alleles between the feral population and the 

southeastern managed population collected in 2005 and the identification of known feral 

alleles newly found in both of the managed populations collected in 2004-2005 strongly 

indicate that the feral population was a source of allelic variation for both managed 

populations. 
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Table 1. 
The approximate arrival date, and geographic origin of each introduced subspecies of 
Apis mellifera into the Americas. 
 

Subspecies Origin Importation Date 

A. m. mellifera Europe, North and west of Alps, 
central Russia 
 

1622 (known to be 
present) 

A. m. ligustica Italy 
 

1859 

A. m. lamarckii Egypt, Nile River valley 
 

1866 

A. m. carnica Southern Austrian Alps and northern 
Balkans 
 

1877 

A. m. caucasica Central Caucus Mountains 
 

1880-1882 

A. m. cypria Cyprus 
 

1880 

A. m. syriaca Syria, eastern Mediterranean region 
 

1880 

A. m. intermissa Africa, north of Sahara 
 

1891 

A. m. scutellata Central and eastern equatorial Africa 
to 
 South Africa 

1956 

 



 

Table 2.

Number of haplotypes in each state of the feral population

C haplotypes M haplotypes A haplotype

State C1 C2 C3 M3 M4 M4' M7 M7' Apis mellifera lamarckii

TX (n=73) 21 34 2 2 1 10 3

NC (n=32) 6 24 2

AZ (n=150) 20 35 2 86 4 3

LA (n=44) 15 16 2 3 7 1

GA (n=52) 10 29 1 9 1 2

AL (n=33) 2 17 3 3 3 4 1

MS (n=36) 10 14 3 4 1 2 2

NM (n=57) 11 33 7 2 1 2 1

SC (n=69) 17 36 2 8 6

Total 112 238 17 12 14 23 111 7 12  
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Table 3.

The average number of alleles (na), allelic richness (ag) and expected heterozygosity (He) for each state   

Population na ag He

TX 8.8±3.6 5.3±2 0.64±0.1

NC 5.8±2.5 5.1±2.1 0.65±0.1

AZ 9.9±3.7 5.4±1.7 0.62±0.1

LA 6.2±2.6 5.1±2 0.63±0.1

GA 6.6±2.3 5.4±1.8 0.65±0.1

AL 7.1±2.7 5.5±1.8 0.66±0.08

MS 6.2±2.9 4.7±1.7 0.63±0.09

NM 7.6±2.9 5.3±1.8 0.60±0.2

SC 7±2.4 5.1±1.6 0.64±0.1  
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Table 4.
Pairwise multilocus Fst estimates of 13 Apis mellifera  populations based on microsatellite frequencies

TX NC AZ LA GA AL MS NM SC WCBP 94 WCBP 04 SCBP 93

NC 0.019

AZ 0.022 0.021

LA 0.013 0.018 0.032

GA 0.015 0.021 0.034 -0.003

AL 0.021 0.039 0.065 0.040 0.018

MS 0.014 0.038 0.052 0.022 0.009 0.006

NM 0.025 0.049 0.028 0.042 0.047 0.068 0.050

SC 0.018 0.037 0.044 0.026 0.029 0.039 0.035 0.040

WCBP 94 0.266 0.268 0.280 0.263 0.258 0.259 0.277 0.289 0.278

WCBP 04 0.289 0.292 0.301 0.287 0.285 0.281 0.298 0.313 0.301 0.007

SCBP 93 0.273 0.268 0.284 0.273 0.269 0.268 0.284 0.300 0.291 0.016 0.018

SCBP 05 0.284 0.283 0.293 0.287 0.281 0.281 0.298 0.310 0.301 0.023 0.016 0.002  
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Table 5.

P -values for genotypic (above diagonal) and genic (below diagonal) differentiation for 13 Apis mellifera populations based on microsatellite data

NC TX AZ LA GA AL MS NM SC WCBP94 WCBP04 SCBP93 SCBP05

NC 0.000 0.001 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

TX 0.000 0.000 0.215 0.011 0.000 0.003 0.000 0.000 0.000 0.000 0.000 0.000

AZ 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

LA 0.000 0.011 0.000 0.601 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000

GA 0.000 0.001 0.000 0.305 0.130 0.002 0.000 0.000 0.000 0.000 0.000 0.000

AL 0.000 0.000 0.000 0.000 0.002 0.007 0.000 0.000 0.000 0.000 0.000 0.000

MS 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 0.000

NM 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

SC 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

WCBP 94 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

WCBP 04 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

SCBP 93 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

SCBP 05 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000  
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Table 6.

Allele frequncies of honey bee samples collected from nine southern states where n = the number of samples from each state at each locus.

A24 TX NC AZ LA GA AL MS NM SC

(n=80) (n=34) (n=198) (n=51) (n=36) (n=39) (n=50) (n=63) (n=72)

alleles

90 0.086

92 0.019 0.015 0.054

94 0.512 0.516 0.541 0.512 0.468 0.513 0.592 0.232 0.479

96 0.006 0.003 0.008 0.013

100 0.006 0.003 0.041

102 0.141 0.083 0.086 0.122 0.156 0.175 0.118 0.267 0.116

104 0.294 0.4 0.333 0.329 0.343 0.27 0.289 0.465 0.28

106 0.019 0.012 0.024 0.015 0.04 0.017 0.013

133 0.019

140 0.012

A28 TX NC AZ LA GA AL MS NM SC

alleles

101 0.026

104 0.026

112 0.003

126 0.026 0.015 0.021

128 0.324 0.362 0.245 0.21 0.328 0.486 0.385 0.129 0.292

130 0.006 0.007

132 0.013 0.034 0.01 0.013 0.015 0.013 0.017

135 0.642 0.603 0.711 0.684 0.609 0.486 0.614 0.853 0.678

137 0.006 0.016 0.015 0.013

139 0.006 0.013 0.013 0.015

A88 TX NC AZ LA GA AL MS NM SC

alleles

116 0.003

130 0.006  
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133 0.032

136 0.037 0.112 0.045 0.013 0.015 0.027 0.052 0.094 0.077

139 0.407 0.338 0.254 0.381 0.453 0.486 0.473 0.206 0.338

141 0.029 0.013 0.014

146 0.037 0.032 0.025 0.039 0.04 0.026 0.025 0.028

148 0.487 0.451 0.606 0.526 0.531 0.378 0.434 0.655 0.514

150 0.012 0.032 0.019 0.054 0.013 0.008 0.028

152 0.018 0.009 0.039 0.008

Ap66 TX NC AZ LA GA AL MS NM SC

alleles

87 0.025 0.02

93 0.08 0.08 0.112 0.088 0.104 0.258 0.053 0.081 0.344

95 0.58 0.4 0.653 0.588 0.479 0.344 0.464 0.653 0.442

100 0.198 0.005 0.176 0.27 0.344 0.446 0.183 0.18

101 0.11 0.52 0.193 0.147 0.083 0.017 0.035 0.03 0.016

103 0.022 0.005 0.02 0.02 0.016

107 0.01

113 0.007

115 0.02

117 0.005 0.02 0.017

129 0.017

B124 TX NC AZ LA GA AL MS NM SC

alleles

212 0.031 0.013 0.032 0.013 0.009 0.007

214 0.37 0.375 0.469 0.153 0.209 0.175 0.303 0.509 0.45

216 0.148 0.781 0.118 0.192 0.29 0.121 0.03 0.027 0.064

218 0.012 0.031 0.016 0.096 0.054 0.009  
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220 0.228 0.156 0.125 0.269 0.225 0.283 0.378 0.209 0.164

222 0.074 0.062 0.047 0.057 0.08 0.04 0.09 0.118 0.078

224 0.098 0.14 0.054 0.115 0.096 0.229 0.045 0.036 0.157

226 0.012 0.031 0.01 0.038 0.048 0.013 0.036 0.035

228 0.018 0.003 0.019 0.013 0.014

230 0.012 0.013 0.019 0.016 0.027 0.06 0.014

232 0.015

234 0.024 0.046 0.057 0.038 0.027 0.06 0.045 0.007

236 0.046 0.067 0.015 0.007

238 0.003

A7 TX NC AZ LA GA AL MS NM SC

alleles

96 0.009

102 0.047 0.041 0.016 0.025 0.009

104 0.123 0.214 0.207 0.306 0.2 0.089 0.097 0.113 0.112

106 0.006 0.037

108 0.349 0.428 0.293 0.306 0.4 0.487 0.413 0.264 0.411

110 0.02 0.017 0.016 0.038

112 0.102 0.053 0.092 0.129 0.066 0.089 0.217 0.113 0.233

114 0.116 0.089 0.197 0.032 0.15 0.141 0.141 0.198 0.072

116 0.143 0.142 0.092 0.193 0.083 0.089 0.097 0.16 0.121

118 0.006 0.003 0.033 0.012 0.008

120 0.012 0.009 0.008

124 0.003

126 0.013 0.003 0.01

128 0.015 0.012 0.009

130 0.006 0.015 0.024  
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132 0.013 0.006 0.016 0.01

134 0.017 0.003

136 0.009

138 0.006 0.017 0.033 0.009

140 0.034 0.017 0.003 0.01 0.037 0.008

142 0.006 0.003

153 0.003

157 0.003 0.016 0.018

171 0.012

Ap113 TX NC AZ LA GA AL MS NM SC

alleles

198 0.013

202 0.157 0.129 0.071 0.138 0.112 0.184 0.218 0.071 0.093

204 0.006

206 0.013 0.01

210 0.026

212 0.005

214 0.198 0.145 0.1 0.111 0.096 0.078 0.125 0.196 0.195

216 0.02 0.008

218 0.005 0.032

220 0.513 0.58 0.688 0.611 0.645 0.526 0.531 0.616 0.671

222 0.027 0.064 0.02 0.027 0.032 0.105 0.041 0.026 0.007

224 0.02 0.04 0.055 0.02 0.015

226 0.006 0.032 0.028 0.013 0.032 0.026 0.01 0.035

228 0.027 0.016 0.017 0.016 0.013 0.031 0.035 0.015

233 0.013 0.013 0.016 0.013 0.008

235 0.006 0.032 0.01

236 0.006

237 0.013 0.002 0.016 0.026
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Ap43 TX NC AZ LA GA AL MS NM SC

alleles

135 0.042 0.117 0.127 0.047 0.08 0.039 0.031 0.096

137 0.074 0.205 0.158 0.4 0.381 0.24 0.368 0.212 0.129

139 0.01 0.029 0.048

143 0.071

145 0.297 0.147 0.147 0.366 0.214 0.06 0.105 0.127 0.435

147 0.521 0.352 0.519 0.233 0.238 0.54 0.394 0.5 0.209

149 0.01 0.147 0.031 0.023 0.04 0.026 0.063 0.032

151 0.023 0.013 0.021 0.016

167 0.01 0.003 0.013

171 0.003 0.021

175 0.016

177 0.013

181 0.013

183 0.01

187 0.01 0.003 0.013 0.016

189 0.021 0.003 0.01

192 0.02

Ap55 TX NC AZ LA GA AL MS NM SC

alleles

163 0.003

165 0.003

171 0.007 0.122

173 0.088 0.023 0.061 0.023 0.038 0.042 0.058 0.072 0.112

175 0.411 0.5 0.391 0.547 0.384 0.257 0.337 0.406 0.306

177 0.066 0.095 0.057 0.047 0.038 0.114 0.069 0.114 0.081

179 0.066 0.071 0.258 0.047 0.096 0.028 0.093 0.104 0.03

181 0.257 0.19 0.078 0.214 0.346 0.428 0.383 0.187 0.244

183 0.022 0.071 0.091 0.047 0.038 0.028 0.011 0.031 0.02

185 0.029 0.01 0.023 0.019 0.014 0.011 0.031 0.071

187 0.029 0.047 0.03 0.023 0.057 0.034 0.041 0.01

189 0.01  
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191 0.023

193 0.01

195 0.014 0.003 0.014

199 0.019

202 0.007 0.019 0.014

A81 TX NC AZ LA GA AL MS NM SC

alleles

108 0.007 0.054 0.023

114 0.003 0.027 0.032

127 0.388 0.44 0.446 0.452 0.553 0.319 0.391 0.278 0.293

135 0.597 0.52 0.42 0.523 0.41 0.583 0.554 0.634 0.672

137 0.02 0.05 0.035 0.069 0.019 0.025

139 0.02 0.018 0.021 0.057 0.008

141 0.007 0.007 0.009  
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Figure 1.  
Percentage of 9 haplotypes found in the feral population collected between 1980 and 1992. 
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Figure 2. Sequneces of 13 feral samples with the M7 haplotype and the two M7 variants (a 
and b) reported in Franck et al. (2000).  



 

Figure 3. Distributions of the COI-COII mitochondrial haplotypes in honey bee collected from feral nests from 9 southern 
states. Pie charts represent the frequencies of nine haplotype patterns (C1, C2, C3, M3, M4, M4’, M7, M7’ and A). 
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