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Highly polymorphic DNA markers in an Africanized honey
bee population in Costa Rica

Jorge Arturo Lobo Segura

Abstract

Two genetic markers (the mtDNA COI-COll intergenic region and the microsatellite A7) with high levels of variability inf8oathafd
European honey bees were analyzed in wild swarms of Africanized honejpisasélliferd from Costa Rica. Allelic or haplotypic
frequencies revealed high levels of genetic variability at these loci in this population. Most of the alleles were A& afthdegh some
European-derived alleles were also present. Differences in the frequencies of African alleles between African and Adincpleizecbse
minor, which could be explained by founder effects occurring during the introduction of African honey bee populationk iktoeSmat

INTRODUCTION suggest that levels of gene flow vary among Africanized
honey bee populations.
Assessment of the genetic diversity in populations How much of the genetic variability of ancestral Af-

of Africanized honey bees has been conducted with gefican bees is present in Africanized honey bees is an im-
netic markers and multivariate morphometry (Daly and portant question. The existence of founder effects in

Balling, 1978; Hall and Muraldiharan, 1989; Loéial, Africanized bees may have reduced the actual levels of
1989; Smithet al.,1989; Hall and Smith, 1991; Moritz genetic variability in these populations. The initial intro-
and Meusel, 1992; Sheppatial, 1991; Rindereet al, duction of the African stock to Brazil consisted of 26 in-

1991; McMichael and Hall, 1996). These studies haveseminated queens from African stocks selected from
focused on the identification of Africanized honey bees Transvaal (South Africa) and Tanganica (Kerr, 1967). The
during their migration into new regions. Genetic and mor- number of queens that effectively contributed genetically
phometric approaches have also made it possible to studp the initial founding of the Africanized populations is
the dynamics of gene flow from these migrant popula- unknown. Genetic markers with high variability in South
tions to existing populations of other honey bee races inAfrican populations are needed to evaluate the loss of
South, Central and North America (Del Laatal. 1990; genetic variability in Africanized honey bees compared
Shepparctt al, 1991; Rindereet al,, 1991; Lobo, 1995; to the ancestral African genes. Moreover, if the allelic
Quezada-Euan and Hinsull, 1995; McMichael and Hall, frequencies of these loci are known with sufficient ac-
1996). Although conflicting conclusions have been re- curacy in different honey bee races, the incorporation
ported for the degree of admixture between African andof new alleles at the same loci by hybridization can be
European genes in Africanized honey bees, the generadvaluated. Morphometric differences between South Af-
pattern of the genetic data demonstrates that Africanizedican and Africanized honey bees (Bustoal, 1987),
bees are essentially an African-derived population (fromalong with differences in behavioral traits, may be par-
the South African subspecig@pis mellifera scutellaja tially explained by genetic drift or hybridization with
There is, however, an increasing degree of admixture obther honey bee races. McMichael and Hall (1996) evalu-
European races in regions where climatic regimes or pasated the diversity at the pB178 locus in two Africanized
intense beekeeping have allowed greater gene introgredioney bee populations and some Old World honey bee
sion from European honey bee rac@pi§é mellifera  populations. This locus, which has the desired allelic di-
melliferaor Apis mellifera ligustica(Loboet al,, 1989; versity mentioned above, revealed that both genetic ad-
Quezada-Euan and Hinsull, 1995). Some relevant aspectixture (between African and West European honey bee
of the behavior of Africanized bees, such as the moreraces) and genetic drift may be involved in determining
frequent swarming and absconding, further support thethe allelic diversity in Africanized honey bees.

genetic data. A recent multivariate morphometric analy- Other genetic markers that possess the desired prop-
sis of Brazilian honey bees showed that morphometricerties for the study of genetic drift in Africanized honey
clines correlated well with allele frequency clines at the bees have been discovered. One of these is the COI-COII
MDH loci (Diniz-Filho and Malaspina, 1995). These data intergenic region of mitochondrial DNA. Cornugital.
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(1991) showed that this genic spacer has properties haswarm was collected, and the hive left in place for further
mologous to the mtDNA control region Brosophila collections. Sixty wild swarms were collected during the
Garneryet al.(1993) studied the extensive polymorphism dry season between December 1995 and April 1996. Most
of this genic region, caused mainly by tandem duplicationsof the swarms were collected at the end of the dry season,
of a 54-pb sequence, in different honey bee races. Moritavhich corresponds to the hottest and driest weeks of the
et al. (1994) documented the frequencies of different year, and were classified as reproductive swarms, based
haplotypes of the COI-COII region in coloniesAgfis on the large number of drones present.

mellifera scutellatgrom various localities in South Af-

rica. Hall and Smith (1991) analyzed the variation in the Molecular analysis

size of this region among different populations of honey

bees, including an extensive sample of Africanized honey Total DNA was prepared from the thorax of workers
bees, and found a significant change in the haplotype freand queens as described by Moegtzal. (1994). One
guencies of this region when Africanized (Mexico, Cen- worker from each swarm was used to determine the mtDNA
tral America and Venezuela) and South African populationsfrequencies. Twenty-five queens from different swarms

were compared. were used to determine the allelic frequencies of the
At the level of genomic DNA, some of the micro- microsatellite locus.
satellites discovered by Estoepal. (1993) could also The PCR conditions and primers for the analysis of

be used with the same objectives. As with microsatellitesthe intervening COI-COIl mitochondrial region were as
in natural populations of other organisms, these loci havedescribed by Hall and Smith (1991). The primers ( 5’
high intra- and interpopulational variability. Some of the TCTATACCACGACGTTATTC 3’ and 5 GATCAATATC
microsatellites, such as A7 and A43, show high heterozy-ATTGATGACC 3’) bound to nucleotide positions 3090 and
gosity in South African populations and most of the alle- 3940, based on the honey bee mitochondrial map of Cro-
les are different from those found in other honey bee popuzier and Crozier (1993), and allowed the amplification of
lations (Estouet al, 1995). part of the COI gene, tRNA leu, the intervening region (P
The objective of this study was to compare the hap-and Q repeats) and part of the COIl gene. The size of the
lotype or allelic diversity in the mtDNA COI-COll inter- amplified region varied depending on the particular haplo-
genic region and the microsatellite A7 between South Af-type of each individual. Five microliters of the PCR prod-
rican and Central American Africanized honey bees. Suchucts was electrophoresed in 1% agarose gels to determine
a comparison should allow inferences to be made abouthe size (in base pairs, bp) of the fragment. Aliquots{()L0
the influence of genetic drift and racial admixture on the of the amplified DNA were digested with restriction en-

allelic frequencies of these genes. zymesHinfl andDral to determine the restriction sites in
the intergenic region and the size of the P sequence within
MATERIAL AND METHODS the fragment (Garnest al, 1993). DNA restriction frag-
ments were separated in 3% Metaphor agarose gels and
Sampling of swarms stained with ethidium bromide, or in 5% denaturing poly-

acrylamide sequencing gels and silver stained, using the

The sampling of bees was done at Palo Verde Na-Promega silver sequence staining Kkit.
tional Park, Guanacaste Province, northwestern Costa Rica  Microsatellite variation was studied at microsatellite
(10°30’ N and 8830’ W). This area is described as tropi- A7 (core sequence (CI)),CCTTCG(CT),) (Estoupet
cal dry forest, with an average annual rainfall of 1.6 m andal., 1995). The PCR conditions were as described else-
a well-defined dry season from December to May where (Estougt al, 1995), with the exception that the
(Maldonadcet al, 1995). The landscape consists of a mix- assay was non-radioactive and was done in a final volume
ture of mature forest with extensive areas of secondaryof 30 ul. Aliquots (7 pul) of amplified DNA were mixed
growth, lagoons and cattle pastures. The vegetation conwith 5 ul of formamide solution and 3 of the mixture,
sists predominantly of deciduous trees and shrubs, manthen heated for 5 min at &5 prior to electrophoresis in
of which flower during the dry season. The main swarm- 6% denaturing polyacrylamide sequencing gels. The gels
ing season of Africanized honey bees occurs in the lastvere silver staining with a commercial silver staining kit
half of this period. The favorable climatic conditions at Palo (Promega). The size of the different alleles was determined
Verde led to beekeeping with European honey bees prior tasing the products of the sequence reaction of the plas-
the onset of Africanization, which in Costa Rica occurred mid pGEM -3zf(-) (Promega Catalog No. P 2261) as mo-
approximately from 1982 to 1986 (Spivak, 1991). lecular size markers.

Samples of wild swarms were obtained using Lang- Determination of the exact size of the alleles at
stroth hive traps, partially filled with old honey bee combs microsatellite A7 proved to be difficult with the above
and placed in trees. The traps were checked weekly fomethods, because the core sequence of the A7 locus in-
new swarms. Fifty hives were placed at four different sitescludes repeats of two and one nucleotides. Thus, even when
located 1 km apart. During each inspection, the entireusing a sequence reaction as a control, a given band often
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showed two sizes which differed by two nucleotides. To Determination of th®ral restriction pattern for all
solve this problem, a score of %2 was assigned to each aff the samples was difficult because some of the diges-
the two possible sizes for each band. The populational fretion patterns may have resulted from different haplotypes.
guencies were calculated using a sum of the scores for allowever, most of the samples clearly belonged to the
the allele sizes observed. This method provided an approxiA1(PoQ) and A4(PoQQ) haplotypes, both of them with
mation of the real frequency distribution, and was suffi- oneDral restriction site per Q sequence (Garnetrgl.,
ciently informative for estimating the genetic similarity 1993) (Figure 1). The haplotype frequencies are very simi-
with other honey bee races, due to the difference in thdar to those of the Transvaal population, but were not simi-
mean allele size between African and European racesar to the whole sample from South Africa (Table I). In
(Estoupet al, 1995). South Africa about 70% of the colonies have the PoQQ
haplotype. In the Costa Rican Africanized population, the
RESULTS frequency of this haplotype was around 33%. European-
derived haplotypes were also found at low frequencies in
Analysis of the COI-COIl region in the Africanized the Africanized population.
colonies from Palo Verde showed that most of the sam- Twenty-five queens were genotyped for the locus A7.
ples possessed some of the haplotypes defined by Estoufhe distribution of allele frequencies among Palo Verde
et al.(1995). Digestion of the amplified DNA witral populations was compared with selected populations from
andHinfl followed by agarose and denaturing acrylamide other continents (Figure 3). Johannesbukg . scu-
electrophoresis showed that the size of the amplifiedtellata), Forli (A. m. ligusticaand Avignon A. m. melli-
DNA varied according to the number of repetitions (1- fera) frequencies were selected from the data of Estoup
3) of the Q fragment (192-196 bp), as well as the pres-et al.(1995) because these samples are representative of
ence or absence of a P (54 bp) or Po (67 pb) fragmenthe races introduced into the Neotropics. The Palo Verde
(Cornuetet al, 1991; Garneret al,, 1993) (Figure 2).  allele frequencies were more similiar to those of the
The total size of the amplified DNA was similar to that sample from Johannesburg (Figure 3). However, compari-
described by Hall and Smith (1991). Comparison of son of the location of the distribution revealed some dif-
some of the haplotypes reported in the latter study withferences compared to the Johannesburg population. In the
those observed here was not possible because these aidfricanized populations, the alleles were most frequently
thors did not us®ral digestions. 105-108 bp in size, although some were 116-122 pb. This
contrasts with 100-103 bp for most alleles in the African
population, and the absence of alleles greater than 114 bp
in the African population. Alleles of greater size are char-
12345678 91011121314 15 16 acteristic of European honey bee races, particularly of the
Mediterranean races (Estoefpal, 1995). Unbiased esti-
mates of gene diversity (Nei, 1987) were higher in the
Africanized population (0.937) than the respective esti-
mates for the Johannesburg (0.898), Forli (0.810) and
Avignon (0.377) populations. No statistically significant
differences were found in the shape of the allelic fre-
guency distributions between the Palo Verde and
Johannesburg populations (Kolmogoronov-Smirnov test,
D = 0.27, P > 0.05). However, these statistics must be
interpreted with caution because of the allelic counting
method used in the Palo Verde population.

DISCUSSION

Neither the intergenic COI-COIl mitochondrial re-
gion nor the A7 microsatellite locus showed comparatively
Figure 1 - Agarose gel electrophoresisfal digests of the COI-COIl  |ower levels of variation in this Africanized population.

region amplified in workers from different colonies of the Palo Verde ; in i ; ; ;
Africanized population. Size standards in the outer lanes are 1-kb geneticHaplotypIC or allelic diversity was higher in the Palo Verde

marker from Life Technologies (left) agX174 digested withinfl (right). population Compare'd to other h_oney bee_races, possibly
Lanes 1 and 7 show Q haplotype (East European) in wild Africanized because of the admixture of a primarily African gene pool

swarms. Lanes 3, 4, 6, 9, 10, 11 and 15 show the digestion profile of the PoQyith European-derived genes. In our sample, six of 59 wild

haplotype (African), and lanes 5, 8, 12, 13, 14 and 16 are the PoQQ haplo ; ;
type (African), characterized by the presence of an extra band in the ZOO—SwarmS showeda European mitochondrial haplOtype' These
bp region. Lane 2 is a PQQ sample, with a large fragment resulting from aswarms were collected from a dry forest, far from any

segment withoubral sites, as revealed B3inf | digestion. apiary practicing beekeeping with European queens. Mor-
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Table | - mtDNA haplotype frequencies in the COI-COll region at different localities
in Central America, Africa and Europe.

Haplotypes PoQ PoQQ PoQQ PQ PQQ PQQQ Q Others  No. colonies

Locality

Costa Rica 0559 0.339 - - 0051 0017 0034 - 59
(Palo Verde)

South Africa 0430 0470 0.087 - - - - - 23
(Transvaah

South Africa 0.200 0.760 0.002 - - - - 0.020 100
(miscellaneous)

France - - - 0.069 0860  0.069 - - 29
(Avignony

Italy - - - - - - 1.000 - 12
(miscellaneous)

Spain 0063 0.718 0063 0031 0.125 - - - 32
(Southy

Spain - - - - 0920 0.080 - - sl
(Northeast)

1- This study; 2- Moritet al.(1994); 3- Garnergt al.(1993).
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Figure 2- Schematic representation of the most common mtDNA haplotype (PoQ) in the Africanized honey bee population of PalgVerde. Thi
haplotype corresponds to an African mtDNA lineage.

phometric analysis of a sample of workers from 10 colo- As regards the status of the South African genetic
nies from the same locality (Lobo, 1995) showed that thepolymorphisms in the Africanized population, it is notable
honey bees clearly had the Africanized morphometric pat-that most of this variation has been found during migra-
tern. These results are similar to those of Lobo (1995) tion of these bees through South America. If one com-
Moritz and Meusel (1992) and Quezada-Euan and Hinsullpares the Africanized sample with the data of Gareery
(1995), who found low but appreciable frequencies of al. (1993) and Moritzt al.(1994) from the Pretoria re-
European DNA mitotypes in morphometrically Afri- gion, the changes in gene frequencies have been minimal,
canized populations. However, other studies, such as thosexcept for the absence of the mitochondrial haplotype
of Smithet al.(1989), Hall and Muraldiharan (1989) and PoQQQ (frequency of 0.087 in Transvaal) and the appar-
Shepparet al.(1991), did not detect European mitochon- ent absence of a peak of frequencies in the A7 locus in the
drial DNA in samples of Africanized honey bees. If the 100-bp region. In the latter case, more extensive sampling
frequency of European mitochondrial DNA were low in in both regions is necessary to confirm this difference.
most of the Africanized populations, the contradictory When the Africanized COI-COIl haplotype frequen-
results above could easily be explained by geographicies are compared to the data for all of South Africa (Mo-
variation, temporal changes in frequencies, sampling methritz et al., 1994), a shift in frequencies is noted since
ods or the amount of racial differentiation in the mito- PoQQ is the most frequent haplotype in South Africa. This
chondrial DNA region chosen as a molecular marker.  observation may be extended to a comparison of other
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Figure 3- Gene frequency distribution for Africanized, African and European honey bee populations at locus A7. The data are from
Estoupet al.(1995), except for the Palo Verde populations (this study). N is the number of alleles sampled in each population. The
symbol P = 0.78 means an allele frequency of 0.78 for the 111-bp allele in the Avignon population.

Africanized populations with that of African bees in South not produce the observed mtDNA variability. The high al-
Africa. A shiftin mtDNA frequencies was also noted by lelic diversity at the A7 locus may be explained by the rep-
Hall and Smith (1991) when they compared the frequen-resentative sampling of nuclear genes when mated queens
cies of different “insert sizes” between South African and were the founder stock of new honey bee populations.
Africanized samples from Venezuela, Costa Rica and HonMultiple mating during the nuptial flight of honey bee
duras (36 Africanized colonies). This shift was interpreted queens assures that each mated queen carries a sample of
as reflecting genetic drift. Moritet al. (1994) showed 12-18 unrelated drones in her spermathecae (Lobo and
that the frequency of the PoQ haplotype increased proKerr, 1993).
gressively from 0% to 50% along a south-north transect McMichael and Hall (1996) found that Africanized
in South Africa. Thus, the differences between South Af- (Mexico and Honduras) and African (Transvaal) popula-
rican and Africanized samples could be partly a result oftions did not share most of the RFLP alleles revealed by
the selection of an ancestral sample of queens from théwo restriction enzymes at a highly polymorphic locus
Transvaal region, which would not be representative of thedetected with a genomic probe (probe pb178). However,
diversity of gene frequencies from all of South Africa.  African and Africanized alleles were highly related, and
The mtDNA haplotype frequencies of the Palo Verde many African alleles clustered with Africanized alleles in
populations in Costa Rica did not differ much from those dendrograms. These two facts can be interpreted as the
of Africanized populations from other Latin American expected loss of low frequency alleles during the intro-
countries (Hall and Smith, 1991). This fact, combined with duction of Africanized bees, but also shows that Africa-
the similarity in the gene frequencies at the A7 locus be-nized alleles at this locus did not originate from a few
tween the Johannesburg and Palo Verde populations, showsfrican ancestors. Again, for both the A7 and the pb178
that dramatic reductions in the effective population sizeloci, more samples of Africanized and African colonies
during the initial settling and posterior migration of are necessary to provide a better picture of the effects of
Africanized populations were very unlikely, and that most genetic drift and hybridization in Africanized bees.
of the founder queens survived and swarmed successfully, =~ The above considerations indicate that Africanized
given that the founder population consisted of the 26 eshoney bee populations are very representative of the ge-
caped queens from Rio Claro, Sdo Paulo State, in 195®@etic variation of African bees from the Transvaal region
(Kerr, 1967). A high level of relatedness between the ini-of South Africa. The loss of some rare alleles during the
tial colonies can also be rejected since a founder populaiitial introduction has been balanced by the introgression
tion consisting of sister or mother-daughter queens couldf European alleles through posterior hybridization. As a
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result, the introduction of new genetic material from South  analysis of morphometric datvolution49: 1172-1179.
Africa or from other continents with the aim to improve Estoup. A., Gamery, L., Solignac, M.and Cornuet, J.M. (1995).

. . . . Microsatellite variation in honey beagis melliferal.) populations:
the genetic d|ver5|ty for breedlng programs (FletCher! hierarchical genetic structure and test of the infinite allele and stepwise

1991) is not supported by the present data. Instead, breed- mutation modelsGenetics140 679-695.
ing programs using selected queens from feral and manEletcher, J.C.(1991). Interdependence of genetics and ecology in a solu-

; ; ; tion to the African bee problem. Mhe “African” Honey Be€Spivak,
aged Africanized populatlons would be a useful strategy M., Fletcher, D.J. andereed, M.D., eds.). Westvie>\//v Psesz, Boulder,

for producing improved commercial lineages of African- CO, pp. 77-94.

ized bees. Garnery, L., Solignac, M., Celebrano, GandCornuet, J.M. (1993). A simple
test using restricted PCR-amplified mitochondrial DNA to study the
genetic structure dfpis melliferal. Experientiad9: 1016-1021.

Hall, H.G. andMuraldiharan, K. (1989). Evidence from mitochondrial DNA
that African honey bees spread as continuous maternal linddaes.
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