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ABSTRACT 

The world population is growing and becoming more connected whereby disease transmission is 

becoming an increasingly important issue. To learn more about disease spread, honey bees (Apis 

mellifera) could provide an animal-model system for network transmission. The honey bees have 

both an individual and a social defense against pathogens, their diseases are well studied and 

they enable studies on hundreds of individuals. The genetic relatedness is believed to be one of 

many important factors for disease transmission. A hypothesis is that the more closely related the 

honey bees are the more interactions will occur. In this study, the genetic relatedness in honey 

bees was analyzed by the use of microsatellite-DNA primers, in a multiplex PCR. Of the 18 

microsatellite-DNA primers that were evaluated, the loci HB-C16-05, A007, AC006, HB-C16-

02, AP043 and UN351 showed the highest variation. However, when applied on a larger 

material, the PCR-products did not yield any chromatograms that were possible to score. Many 

factors possibly affecting the result are discussed and further efforts will be made to improve the 

method and thereby determine genetic relatedness.  
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INTRODUCTION 

The total human world population is increasing and expected to from today’s 7 billion become 9 

billion in 2045. We are not only growing in population densities, the global transport network is 

expanding too. People are traveling around the world more than ever before. Airplanes, ships and 

cars allow global transportation in a much faster rate and transported goods can carry and spread 

pathogens or vectors to new places in the world. This modern global transport network increases 

the likelihood for infectious disease pandemics, vector invasion events and vector-borne 

pathogen importation [1]. Most previous research on disease spread is focused on data collected 

from past courses of natural epidemics and computer-generated contact networks [2, 3]. One 

reason is that it is hard or presumably impossible to do a large-scale disease-transmission study 

with humans or mammals. Also, mathematical models and collected data of infected individuals 

assume homogeneity amongst individuals and thereby no social structure or random contacts. 

There is therefore a need for an animal model for contact networks, which is taking into account 

such variation.  

To learn more about disease spread in social networks, honey bees can be studied since the 

diseases of honey bees are well studied and the organization structure in a colony is complex [2]. 

The honey bees enable studies on hundreds of individuals, and ethical approval is not needed on 

studies with insects. It is believed that in a social network system there are some individuals who 

are more important than others for the spread of disease depending on various factors such as 

number of contacts in the network, age, genetic relationship and the individual’s immune system. 

One type of interaction of importance for disease transmission, and therefore of epidemiological 

significance, is called trophallaxis [2]. It means exchange of food between two honey bees by 

one honey bee putting its tongue into the mouth of another honey bee. 

The honey bees resist diverse pathogens both individually and at the colony level. The 

immune system starts different defense mechanisms if the honey bee is infected by 

microorganisms, but in comparison to other insects the number of immune genes is lower, 

possibly due to their social behavior [2, 4]. As examples of social behavior in response to 

infection, bees perform grooming, which means removing foreign particles, pollen and parasites 

from the body. Also, when bees detect infected brood they remove it as a behavioral defense 
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called hygienic behavior. Hygienic bees have high sensitivity for the odor of infected brood and 

can detect and remove brood before the pathogen cause infection. Less hygienic bees have lower 

sensitivity for the odor and detect and remove infected broods when the infection is already 

established, which increases the possibility for disease transmission [5]. Another behavioral 

defense mechanism is bee-nest temperature regulation. The temperature can for example be 

raised by a group of bees and thereby generate heat in the nest, a phenomenon similar to how 

fever functions as a response to pathogen infection in vertebrates [4]. 

As mentioned above, the genetic relationship in a social network might be an important 

factor for disease spread. There are several methods for studying genetic variation between 

individuals belonging to the same species and one of them is analysis of microsatellite DNA, 

which is used when studying for example population genetics, evolutionary relationships and 

when performing gene mapping [6]. Microsatellite DNA consists of repeated sequences of 1-6 

base pairs of genomic DNA and can be repeated 5 to 40 times. As an example, for the 

microsatellite (TA)n, TA are the repeated base pairs and n is the number of repeats, which varies 

between alleles. If n=50 the sequence will be 100 base pairs long. Each individual has a specific 

length of microsatellites inherited from its parents. Each microsatellite has a specific position in 

the genome and can be amplified by PCR. Once a microsatellite locus is found in the genome, 

the primers can be designed by using the flanking sequences as the primer target. 

By the use of several microsatellites, the relatedness between individuals can be 

established since it is the polymorphism of microsatellites that differ between individuals and 

gives information about relatedness. Full siblings have the same parents and therefore have more 

identical alleles than half siblings. When analyzing several microsatellites it is important that 

they can be distinguished from each other when run in a multiplex PCR. The repeated sequences 

of different loci can many times have the same length and some variants of alleles for different 

microsatellite loci can overlap each other in size which makes it difficult to distinguish them 

from each other. The microsatellite-DNA primers are therefore labeled with different 

fluorophores to distinguish the fragment PCR products. Also, good quality multiplex primers 

bind well to a unique region in the DNA, have similar melting temperatures and do not bind to 

themselves or other primers, which can lead to primer dimers, hairpins or loops. 



5 

 

The results from the fragment analysis can be processed in a program called Peak Scanner 

which is a free downloading program from Applied Biosystems (www.appliedbiosystems.com). 

Using this software, the length of the microsatellites can be determined in a chromatogram by 

scoring. Scoring means determination of all the peaks and their size. The later the fragment 

peaks appear on an x-axis, the longer the sequence. Since each primer is labeled with a HEX, 

FAM or TET fluorophore, the peaks can be distinguished in the chromatogram. If two peaks are 

seen for one microsatellite, two alleles have been amplified indicating heterozygosity at that 

particular locus. If instead only one peak is found, it indicates homozygosity at that particular 

locus. 

The data from scoring a chromatogram can be used in further programs and equations to 

determine the genetic relatedness between individuals. A honey bee colony consists of one 

female queen, tens of thousands of female workers and several hundred male drones. Honey bees 

are haplodiploid; the female honey bees are diploid, but the drones have only one set of the 

genome, which makes them haploid. The queen mates with on average 15 drones and can lay 

several thousand eggs per day during high season. The offspring of fertilized eggs become 

female and those with the same father are called super-sisters and are on average 0.75 related. 

The offspring with different fathers are called half-sisters and are on average 0.25 related [7]. 

When the queen lays unfertilized eggs, the offspring become drones. The genetic relatedness will 

then be shown by a number between 0 and 1. If groups of half- and super-sisters obtained from 

an inseminated queen are analyzed, the result will be around 0.25 and 0.75, respectively for the 

bees [7]. If instead several different unknown fathers are involved, the level of relatedness can 

vary from 0.25 to 0.75.  

The genetic background of honey bees within a colony has a major effect on the social 

organization [7]. In an experiment made by Meixner and Moritz it was shown that the space 

between individual honey bees in groups of super-sisters was less than in groups mixed with 

both super-sisters and half-sisters [8]. This phenomenon was seen when the two groups of honey 

bees were kept and filmed in two separate petri dishes. Therefore a hypothesis was that the more 

closely related the honey bees were the more interactions would occur. Shaibi et al. [9] present a 

set of 18 microsatellite-DNA primers, which are useful for studying the number of honey bee 

colonies in a population and also for looking at the parentage of drones and workers. These 18 
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microsatellite primers can be run in two multiplex PCRs and have been verified to work when 

analyzing two honey bee populations from North Africa and South Africa.  

The current study evaluated the Shaibi et al. set of microsatellite primers for investigating 

the genetic relationship between honey bees in a Swedish colony. The future aim is to see 

whether genetic relatedness influence the honey bees interactions, since genetic relatedness could 

be a factor with impact on disease transmission in a social network. 

 

MATERIALS AND METHODS 

1. Honey bee samples 

In the 2011 season, hundreds of honey bees were marked with unique tags on the back of their 

body by the research group at SLU. A total of 338 tagged honey bees were collected to a jar kept 

at -20°C and transferred to individual Eppendorf tubes and stored at -70°C for the current study 

until analyzed. Honey bees from the same apiary and from the same season that were found dead 

outside the hives from the winter were also used in the current study as test samples. The test 

bees were stored in a petri dish at -20°C before and during the analysis period. The test honey 

bees were used to determine the optimal tissue to be used as a template for PCR and also as 

templates when evaluating microsatellite-DNA primers. 

2. Evaluating different tissues working as DNA-template for PCR 

Initially, templates for PCR were selected by testing different tissues of one test honey bee. 

Three parts of the honey bee were chosen, a leg, half a wing, and a piece of the thorax muscle 

since the density of cells in thorax muscles is higher than in wings. The wing and leg were either 

put directly into a PCR tube or Chelex extracted (Bio-Rad® Chelex 100 Resin) before used as a 

template. When Chelex extracted, a piece of the thorax muscle, a leg and half a wing were cut 

and put in individual Eppendorf tubes, containing 200 µL of 1.5% Chelex and boiled at 100°C 

for 10 min, and stored at 4°C over night. The Chelex resins were pelleted for 3 min at 18,000 g 

and the supernatant containing DNA was used as template for PCR. Before use, the DNA 

concentrations were measured by a NanoDrop (Saveen Werner ND-1000 Spectrophotometer) at 

260 nm. For the PCR, a concentration of 10-100 ng/µL DNA was needed as mentioned in the 



7 

 

protocol by Shaibi et al. [9]. The DNA quality of the wing and leg samples was evaluated by 

amplifying with PCR using actin primers (Eurofins MWG Operon). Each of the four templates 

was amplified with the primers, β-actin forward (5’-CCT GGA ATC GCA GAT AGA ATG C-

3’) and β-actin reverse (5’-CAA GAA TTG ACC CAC CAA TCC ATA-3’) [10], in one of the 

multiplex PCRs (in this case multiplex 1) [9]. The PCR-products were then verified with gel 

electrophoresis (using the protocol described in step 3 in the method), which enabled evaluation 

of the DNA quality of the different template samples. The thorax samples were only evaluated 

with microsatellite PCR as in step 6. 

3. Microsatellite PCR amplification and gel electrophoresis 

A PCR instrument (Bio-Rad® Mini Opticon real-time PCR System) was used to amplify the 

different templates to see which template that would give the expected amplicons. Two multiplex 

PCRs were run for each template with AccuPrime (Invitrogen SuperMixII) and 9 microsatellite-

DNA primers in each multiplex. The PCR-program and all 18 microsatellite-DNA primers were 

the same as in the study by Shaibi et al. [9]. Thereafter the PCR-products were verified with gel 

electrophoresis on a 1.5% (w/v) agarose gel at 100 V for 1 h, stained with GelRed (Bionuclear 

Scandinavia AB) and visualized with UV-light. 

4. Singleplex PCR of the 18 microsatellite-DNA primers on one test honey bee 

In order to become familiar with the appearance [size and shape of peak(s)] of each 

microsatellite, the supernatant of the Chelex-extracted half wing of a test honey bee was 

amplified with each microsatellite-DNA primer pair separately. By analyzing the primers 

separately, the evaluation of the results from the multiplexes was facilitated. To perform a larger 

number of PCRs from the same individual, the Chelex-extraction was required. The PCR-

products from the 18 singleplex PCRs were sent to Uppsala Genome Center for fragment 

analysis. 

5. Evaluating the 18 microsatellite-DNA primers on test honey bees by two multiplex PCRs 

Since half a wing as a template resulted in PCR products, this was the body part of choice in the 

study. The evaluation was performed on 13 test honey bees with the 18 microsatellite-DNA 

primers to see which primers were polymorphic. This was done because a locus that shows no 

polymorphism in the data set will not give any information about genetic relatedness. The same 
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PCR-program and the same two multiplex PCRs for each of the 13 test honey bees were used 

and all the PCR-products were sent to Uppsala Genome Center for fragment analysis and further 

analyzed with the Peak Scanner program (Applied Biosystems). 

6. Multiplex PCR on the tagged honey bees by 7 microsatellite-DNA primers 

Half a wing from each of all the tagged honey bees was amplified with 7 chosen microsatellite-

DNA primers in one multiplex-PCR still using the PCR protocol described in step 3, but with a 

new PCR instrument (Bio-Rad® CFX Connect Real-Time System) since the previous PCR 

instrument got out of order. The tagged honey bee samples were kept on ice to avoid degradation 

during PCR preparation, and stored at -70°C if needed to be reanalyzed. To distinguish the 

results from the multiplex PCR in the Peak scanner program, two of the tagged honey bees were 

amplified by singleplex PCRs with 4 of the microsatellite-DNA primers, A007, HB-THE-03, 

AC006 and HB-C16-02. All the PCR-products were sent to Uppsala Genome Center for 

fragment analysis.  

 

RESULTS 

Evaluating different tissues working as DNA-template for PCR 

Initially, different templates were tested for the DNA extraction and PCR. The template samples 

were legs and half a wing and they were either Chelex extracted or put directly into a PCR-tube. 

The DNA concentration of the Chelex-extracted leg was 16 ng/µL and the Chelex-extracted half 

wing 2 ng/µL as determined by a NanoDrop (Saveen Werner ND-1000 Spectrophotometer) at 

260 nm. Both the Chelex-extracted samples and the half wing were amplified by two multiplex-

PCRs, and the amplicons were verified by gel electrophoresis. The result of the gel 

electrophoresis was a faint band in almost all of the samples. The quality of the DNA was also 

verified by amplifying with actin primers and showed that half a wing worked best (Figure 1). 

Both the non-Chelex-extracted and Chelex-extracted half wing gave strong bands in contrast to 

the leg, which did not give any bands for either the Chelex-extracted or non-Chelex-extracted 

leg. As a result, half a wing, put directly into a PCR-tube, was chosen as template since it was 

easier and faster than using Chelex extraction. 
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Evaluating the 18 microsatellite-DNA primers on test honey bees by singleplex and two 

multiplex PCRs 

The purpose of the evaluation was to see which primers work for the local Swedish population of 

honey bees and which loci are most informative. After selecting half a wing as a template, the 18 

microsatellite-DNA primers were evaluated by amplification in two multiplex PCRs, 1 and 2, 

with 9 primers in each multiplex. A total of 13 test honey bees were tested for each multiplex. 

Singleplex PCRs were also run using each of the 18 primers with one primer pair in each 

reaction and a Chelex-extracted half wing from one test honey bee as a template. The PCR 

products were run with gel electrophoresis and sent to Uppsala Genome Center for fragment 

analysis.  

The gel electrophoresis resulted in faint bands and was therefore not a useful method for 

verifying the PCR. The results from the fragment analysis were analyzed in the Peak scanner 

program and the chromatograms for each sample got scored (Tables 1 and 2). All the 18 primers 

gave a positive PCR at some point, but it was shown that multiplex 1 was superior to multiplex 2 

since more individuals had most of their loci amplified in multiplex 1. The HEX-labeled primers 

were expected to be yellow in the chromatogram, and were completely missing from the first 

round of analysis, but it turned out that the reason for total failure was that they instead were 

green. This was discovered when re-analyzing the singleplex PCRs and complicated the scoring 

of the multiplexes at first, since the TET-labeled primers also are green. Based on the result of 

Figure 1. Gel electrophoresis of PCR products from different templates amplified 

by actin primers. Lane 1, 1 kB ladder; lane 2, one leg; lane 3, Chelex-extracted leg; 

lane 4, a half wing; lane 5, water (negative control); lane 6, Chelex-extracted wing. 
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the singleplex PCRs an assumption could be made that all the TET-labeled primers had double 

colored peaks with both blue and green color. The TET-labeled primers could with this 

assumption be separated from the HEX-labeled primers. 

The singleplex PCRs resulted in bands within the stated size range for each locus in table 1 

and nearly all locus in table 2. All PCRs resulted in peaks for specimen I (Tables 1 and 2) except 

for two loci, A024 and HB-SEX-02. These two are marked with 0/0 in the table. Five of the loci 

in multiplex 1 and three of the loci in multiplex 2 were reanalyzed in singleplex PCRs, one by 

one, on half a wing from different specimens (Tables 1 and 2).  

Table 1 compiles the results of the specimens that were analyzed with primers from 

multiplex primer set 1. The analysis of multiplex 1 on the 13 specimens resulted in both 

homozygote and heterozygote alleles for the 9 primer loci. For three loci only homozygote 

alleles were seen, HB-THE-03, HB-C16-02 and HB-THE-01. Two specimens, 7 and 8, gave no 

amplification at all. The primers that showed the largest variation were HB-C16-05, A007, 

AC006 and HB-C16-02. These four primers showed at least 4 variants of allele combinations. 

Table 2 compiles the results of the specimens that were analyzed with primers from 

multiplex primer set 2. The specimens that were amplified by singleplex and multiplex PCRs 

were the same as in table 1. All the loci were successfully amplified using the Chelex-extracted 

specimen and the PCRs resulted in bands that are within the expected size range or very close to 

it. The singleplex PCRs for the different loci showed both homozygous and heterozygous alleles. 

Many specimens had unsuccessful amplification for most of the loci. Three of the loci, 

HB-SEX-03, HB-THE-02 and HB-C16-01, did not work or were null alleles for all the 

specimens or all but one specimen. The number of alleles varied between one (HB-THE-04) and 

seven (UN351), both from six successful PCR amplifications including singleplex.  

Most of the primer loci producing useful peaks in the Peak Scanner program originated 

from multiplex 1. Therefore this multiplex was chosen in order to analyze the tagged honey bees. 

At this point, the discovery of the HEX-labeled primers having green color instead of yellow had 

not been made and therefore, the HEX-labeled primers were not included in the mastermix until 

after the analysis of the tagged honey bees. 
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Table 1. Evaluation of primer set multiplex 1 

Specimen FAMa 

HB-C16-05b 

(65-89)c 

4d 

TET 

A024 

(93-116) 

3 

FAM 

A007 

(95-123) 

4 

HEX 

A107 

(140-194) 

3 

TET 

AC006 

(144-166) 

5 

FAM 

HB-THE-

03 

(174-209) 

2 

HEX 

HB-SEX-

02 

(191-203) 

3 

TET 

HB-C16-02 

(245-279) 

5 

FAM 

HB-THE-

01 

(272-293) 

2 

Singleplex 

Ie 73/75 0/0 106/106 167/167 148/148 183/183 0/0 265/271 278/286 

IIf 75/85 99/101 ND ND 146/154 183/197 ND 245/265 ND 

Multiplex 1 

1 67/73 91/101 106/106 163/167 148/150 183/183 196/200 245/245 278/278 

2 0/0 99/101 99/106 167/167 146/154 183/183 196/200 241/241 278/278 

3 73/73 91/99 106/111 167/167 148/148 183/183 196/198 0/0 278/278 

4 75/75 91/101 106/111 167/171 148/156 183/183 0/0 241/241 278/278 

5 0/0 101/101 106/129 0/0 148/148 183/183 0/0 0/0 0/0 

6 0/0 0/0 106/106 0/0 148/148 0/0 0/0 0/0 0/0 

7 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 

8 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 0/0 

9 73/75 99/99 106/106 167/167 146/146 183/183 0/0 0/0 278/278 

10 73/75 99/99 106/106 167/167 146/146 183/183 196/200 0/0 278/278 

11g 73/75 99/99 106/106 167/167 146/146 183/183 196/200 0/0 278/278 

12
g 

0/0 0/0 106/111 0/0 0/0 0/0 0/0 0/0 0/0 

13g 73/75 99/99 106/106 0/0 146/198? 201? 196? 243/243 278/278 

ND Not determined 
a Fluorophore 
b Locus 
c Size range (according to [9]) 
d Number of alleles 
e Singleplex on a Chelex-extracted wing 
f Singleplex on random test honey bees 
g Chelex-extracted specimens 
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Table 2. Evaluation of primer set multiplex 2 

Specimen HEXa 

A079b 

(93-127)c 

3d 

TET 

AP043 

(126-175) 

5 

HEX 

HB-SEX-

01 

(142-165) 

2 

FAM 

UN351 

(142-187) 

7 

TET 

HB-SEX-

03 

(154-210) 

3 

FAM 

A113 

(205-240) 

3 

HEX 

HB-THE-

04 

(225-239) 

1 

TET 

HB-THE-

02 

(236-256) 

2 

HEX 

HB-C16-01 

(248-293) 

2 

Singleplex 

Ie 91/105 132/132 167/167 159/159 157/195 228/228 232/232 246/246 258/284 

IIf ND 142/146 ND 155/173 157/195 ND ND ND ND 

Multiplex 2 

1 101/101 146/146 163/163 155/155 175/175 214/220 232/232 0/0 0/0 

2 91/91 132/140 163/163 147/147 0/0 214/220 232/232 0/0 0/0 

3 91/105 142/146 163/163 155/157 0/0 214/220 232/232 0/0 0/0 

4 0/0 0/0 163/163 0/0 0/0 220/220 0/0 0/0 0/0 

5 0/0 0/0 163/163 0/0 0/0 0/0 0/0 0/0 0/0 

6 0/0 0/0 163/163 0/0 0/0 0/0 0/0 0/0 0/0 

7 0/0 0/0 163/163 0/0 0/0 214/220 0/0 0/0 0/0 

8 0/0 134/140 163/163 0/0 0/0 214/220 0/0 0/0 0/0 

9 91/105 132/132 167/167 0/0 0/0 0/0 232/232 0/0 0/0 

10 91/91 132/132 163/163 0/0 0/0 0/0 0/0 0/0 0/0 

11g 0/0 132/132 163/163 0/0 0/0 0/0 0/0 0/0 0/0 

12
g 

0/0 132/132 167/167 0/0 0/0 214/214 232/232 0/0 0/0 

13g 0/0 0/0 163/163 145/153 0/0 0/0 0/0 244/244 0/0 

ND Not determined 
a Fluorophore 
b Locus 
c Size range (according to [9]) 
d Number of alleles 
e Singleplex on a Chelex-extracted wing 
f Singleplex on random test honey bees 
g Chelex-extracted specimens 
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Multiplex PCR on the tagged honey bees by using 7 microsatellite-DNA primers 

All the tagged honey bees were analyzed by the 7 microsatellite-DNA primers in multiplex 1 that 

were TET- and FAM-labeled [9]. The PCR-products produced were sent to Uppsala Genome 

Center for fragment analysis and the results were analyzed in the Peak Scanner program. The 

results were not as expected since none of the peaks resembled the results obtained from the 

evaluation of the test honey bees (Fig. 2). As an example, all the peaks in figure 2A have one or 

a few peaks before the large peak; these small peaks are from so called stutter bands and are a 

result of DNA slippage during PCR amplification. In contrast, the peaks seen in figure 2B are 

missing stutter bands for all the peaks. In general, too few peaks appeared for all samples relative 

to the number of primers in the multiplex. The peaks had almost exactly the same size and 

appearance, for almost all the tagged honey bees, showing no variation. Four loci, A007, HB-

THE-03, AC006 and HB-C16-02 were run in singleplex PCRs, but did not yield any 

chromatograms that were possible to score. Some of the peaks appeared exactly the same both in 

length and color when run in singleplex PCRs despite running different microsatellite-DNA 

primers for the tagged honey bees, which should not occur. The peaks looked more like 

background noise than peaks and could not be scored.  

 

 

 

 

B 

 

Figure 2. Two representative results of multiplex 1 PCR analyzed with Peak scanner. A. Test honey bee. All the peaks 

have stutter bands before the large peak. B. Tagged honey bee. None of the peaks have a stutter band before the large peak. 

A

 A  
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Chelex extraction of thoraxes of two tagged honey bees 

Since the results could be due to low DNA quality, the thoraxes of two of the tagged honey bees 

were Chelex extracted and amplified using the respective multiplex PCR with the 7 primers to 

obtain a better result. The Chelex-extracted thorax gave a better result than the tagged honey 

bees, since a few peaks appeared compared to the half wing analysis when no peaks appeared. 

The Chelex-extracted thoraxes resulted in four loci, HB-C16-05, A024, A007 and AC006, for 

one of the tagged bees and two loci, A024 and A007, for the other tagged bee. Both HB-C16-05 

and A024 showed one allele and A007 and AC006 showed two alleles. 

 

DISCUSSION 

The aim of this study was to evaluate a microsatellite-DNA primer set for determination of the 

genetic relatedness between honey bees, A. mellifera, in a colony. The long-term goal is to 

connect the genetic background with the interactions between the honey bees to see whether the 

genetic relatedness influence interactions. A hypothesis is that the more closely related the honey 

bees are the more interactions will occur, since it has been shown that the distance between 

individual honey bees in groups of super-sisters is significantly less than in groups mixed with 

both super-sisters and half-sisters [8]. As a consequence, this could affect disease transmission.  

The amount of data is too low to with certainty select loci that are useful for analysis of the 

genetic relatedness in the local population: however, the primers that showed most variation of 

allele combinations (4-7 alleles) based on the results of the current study were HB-C16-05, 

A007, AC006, HB-C16-02, AP043 and UN351. In addition, all the 18 primers gave a positive 

PCR at some point when looking at the test honey bee samples and thus could be further 

evaluated. For a more certain and correct scoring, there is a need of singleplex PCRs on more 

individuals of test honey bees. The current study used only one individual for all the primers and 

two individuals for eight of the primers. Instead, a group of ten Chelex-extracted (to get enough 

material) test honey bee samples run in singleplex PCRs with all 18 primers would provide a 

better overall picture of the different alleles of the different loci, which would facilitate the 

scoring of multiplex PCRs. 
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When running the selected multiplex on the tagged honey bees, too few peaks appeared 

and almost all of the peaks in the chromatograms had the same size and appearance showing no 

variation. Some of the peaks appeared exactly the same when run in singleplex PCRs despite 

running different microsatellite-DNA primers for the tagged honey bees. The peaks also lacked 

any stutter bands; a possible interpretation of the peaks is background noise. This made it 

impossible to score the genetic relatedness of the tagged honey bees and many factors can be 

discussed about the obtained result. 

The DNA quality is an important factor determining the success rate in PCR analyses and 

is dependent on for instance the storage of the samples. The tagged honey bees were all stored at 

-20°C from when they were collected in the 2011 season until analyzed. To minimize the risk for 

contamination, each tagged honey bee was put in an individual Eppendorf tube. The collection of 

the tagged honey bees differed between individual honey bees. Some of the honey bees were 

found dead when collected and some were alive and killed by freezing when collected. 

Therefore, the time from death to storage at -20°C varied for the individual bees. A hypothesis 

was that the result should have been better for some of the tagged honey bee samples, but no 

variation was seen at all in the results for all the tagged honey bees. The test honey bees were 

collected dead and frozen on the snow during winter, and most of the PCR from this material 

resulted in chromatograms that were possible to score. 

The DNA Chelex extraction step was excluded for the tagged honey bees since the results 

of the test honey bees showed that it was not necessary in order to obtain good results. The half 

wing put directly into a PCR-tube yielded results that were at least as good as the Chelex-

extracted half wing. However, the use of any extraction method needs validation and varies 

between studies. In a study of Scott et al. [11] an egg or the segment of one leg of a mosquito 

were used and put directly into a PCR-tube for a 5-primer multiplex for mosquito subspecies 

determination. In the study of Shaibi et al. [9] Chelex extraction was used on one honey bee leg. 

In two other studies, which used microsatellites for looking at genetic structure in honey bees, an 

insect buffer was used and the honey bees were rinsed for one hour before extracting the 

thoraxes [12, 13]. Using a cleaning buffer could be a helpful step prior to the Chelex extraction 

to obtain purer samples and DNA for the PCR since it minimizes contamination by avoiding 

cells and debris from other individuals that may be present on the honey bee. It could also be 
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worthwhile to try a more advanced DNA extraction method to get a purer DNA template if the 

DNA quality is of importance. 

One of the differences between the analyses of the tagged honey bee samples and the test 

honey bee samples was the PCR instrument, which could have had an impact on the result of the 

tagged honey bees. The tagged honey bees were analyzed on a new PCR- instrument (CFX 

Connect™ Real-Time PCR Detection System) since the previously used was out of order. The 

new instrument has a faster ramp rate than the old instrument and although the same PCR-

program was used, the protocol was not optimized for the new PCR instrument. If that has an 

effect on the primers binding to the DNA is not known, but by reducing the ramp rate it could be 

found out. 

The use of gel electrophoresis for analysis of the PCR-products enables confirmation of 

successful PCR amplification before sending the PCR-products for fragment analysis. In the 

current study nice peaks were obtained even if the gel electrophoresis showed weak or no bands 

at all. The reason could be that the amount of DNA was too low to be visible in the gel, but was 

enough for the fragment analysis instrument, which is very sensitive. The PCR-products from the 

tagged honey bees were therefore not verified by gel electrophoresis. However, if a gel show 

very strong bands, the samples probably would have to be diluted before sent to the Uppsala 

Genome Center, since too much PCR-product will affect the fragment analysis. 

Another reason for difficulties in achieving chromatograms that are possible to score could 

be the quality of the primers. The microsatellite-DNA primers used in the current study were 

purchased 2011 and used almost a year later. However, all the primer pairs worked for the initial 

PCRs in the beginning of the study (Tables 1 and 2). Since the primers are labeled with 

fluorophores, they are sensitive for light exposure and therefore all the primers were stored in 

darkness at -20°C and prevented from light exposure as good as possible at all times.  

The HEX-labeled primers were expected to have a green color but proved to be yellow 

instead. This was discovered after some experiments had been performed. The HEX fluorophore 

is available as both green and yellow and can be bought in different combinations depending on 

how many colors are needed and the instruments reading the fluorophore signals. The 

fluorophores in the current study were bought based on the study by Shaibi et al. (2008) in which 
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the HEX fluorophore was yellow. However, when ordering primers from Life Technologies it 

was not evident that the colors of HEX and TET were the same. 

The primers were designed for African honey bees. This could also have an effect on our 

results since Swedish honey bees were used in this study. Even though both African and Swedish 

honey bees are from same species, A. mellifera, the remote geographical distance possibly 

generating large genetic distance could influence the ability of the primers to bind to the primer 

sites since mutations can occur at any time. This could lead to null alleles, which means that the 

primers do not bind to the primer sites and no amplification is obtained. However, it is not 

obvious how much this has affected the current results since all the primers actually yielded 

chromatograms that were possible to score for the test honey bees. In a study by Estoup et al. 

[14], seven microsatellites were used on both African and European Apis mellifera for 

determining the genetic variation. The results showed a large genetic variation [14]. Perhaps 

other microsatellite-DNA primers should be evaluated as well. 

The social network theory has been very helpful for the understanding of human social 

organization and can also increase the understanding of disease transmission [15]. But most 

previous research was focused on data collected from past natural epidemics and computer-

generated contact networks [2, 3]. Therefore the research group at SLU wanted to utilize a 

network model using honey bees and examining different factors such as number of contacts in 

the network, age, the individual’s immune system and genetic relatedness. It is still a long way to 

achieve the objective to build a network model since many factors still are needed to be studied. 

The analysis of the genetic background is only the start of the project and if a result would have 

been obtained then one important factor would have been known. There are still good chances to 

obtain a good result and of course also to gain a network model. An obtained network model will 

be a new and very important way to study disease transmission and hopefully lead to the ability 

to predict, control and decrease future disease outbreaks.  

 

 

 



18 

 

REFERENCES 

[1] Tatem AJ, Rogers DJ, Hay SI. Global transport networks and infectious disease spread. 

Advances In Parasitology 2006(62):293-343 

[2] Naug D. Structure of the social network and its influence on transmission dynamics in a 

honeybee colony. Behavioral Ecology Sociobiology 2008(62):1719-1725 

[3] Read JM, Keeling MJ. Disease evolution on networks: the role of contact structure. 

Proceedings of the Royal society of London Series B 2003(270):699-708 

[4] Evans JD, Spivak M. Socialized medicine: Individual and communal disease barriers in 

honey bees. Journal of Invertebrate Pathology 2010(103):62-72 

[5] Arathi HS, Ho G, Spivak M. Inefficient task partitioning among nonhygienic honeybees, Apis 

mellifera L., and implications for disease transmission. Animal Behaviour 2006(72):431-438 

[6] Selkoe KA, Toonen RJ. Microsatellites for ecologists: a practical guide to using and 

evaluation microsatellite primers. Ecology Letters 2006(9):615-629 

[7] Frumhoff PC, Schneider S. The social consequences of honey bee polyandry: the effects of 

kinship on worker interactions within colonies. Animal Behaviour 1987(35):255-262 

[8] Meixner MD, Moritz RFA. Clique formation of super-sister honeybee workers (Apis 

mellifera) in experimental groups. Insectes Sociaux 2004(51):43-47 

[9] Shaibi T, Lattorff HMG, Moritz RFA. A microsatellite DNA toolkit for studying population 

structure in Apis meillifera. Molecular Ecology Resources 2008(8):1034-1036 

[10] Roetschi A, Berthoud H, Kuhn R, Imdorf A. Infection rate based on quantitative real-time 

PCR of Melissococcus plutonius, the causal agent of European foulbrood, in honeybee colonies 

before and after apiary sanitation. Apidologie 2008(39):362-371 

[11] Scott JA, Brogdon WG, Collins FH. Identification of single specimens of the Anopheles 

gambiae complex by the polymerase chain reaction. The American Journal of Tropical Medicine 

and Hygiene 1993(49):520-529 

http://www.springerlink.com/content/t20rfg567621afxj/
http://www.springerlink.com/content/t20rfg567621afxj/


19 

 

[12] De la Rúa P, Galián J, Serrano J, Moritz RFA. Microsatellite analysis of non-migratory 

colonies of Apis mellifera iberica from south-eastern Spain. Journal of Zoological Systematics 

and Evolutionary Research 2002(40):164-168 

[13] De la Rúa P, Galián J, Serrano J, Moritz RFA. Genetic structure of Balearic honeybee 

populations based on microsatellite polymorphism. Genetics Selection Evolution 2003(35):339-

350 

[14] Estoup A, Garnery L, Solignac M, Cornue J-M. Microsatellite variation in honey bee (Apis 

Mellifera L.) populations: hierarchical genetic structure and test of the infinite allele and 

stepwise mutation models. Proceedings of the Royal Society B 1994(258):1-7 

[15] Krause J, Croft DP, James R. Social network theory in the behavioral sciences: potential 

applications. Behavioral Ecological Sociobiology 2007(62):15-27 

http://www.wiley.com/bw/submit.asp?ref=0947-5745
http://www.wiley.com/bw/submit.asp?ref=0947-5745
http://www.gse-journal.org/
http://rspb.royalsocietypublishing.org/

