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GENETIC DIVERSITY IN TURKISH HONEY BEES

Deborah R. SMITH
University of Kansas, Department of Ecology and EMationary Biology, Lawrence, KS, USA

Abstract: Apis mellifera shows geographic variation in morphology and imegie characteristics. Allozyme
polymoprhisms and mitochondrial DNA variation a@gtgularly useful tools for the study of genetimdageographic
variation in honey bees. Mitochondrial DNA (mtDN#griation reveals four lineages of bees: West Eesiop East
European, African and a newly recognized Middle Hastmeage. In Turkey, mtDNA study shows that m.
anatoliacaandA. m. caucasicdelong to the East European group. Approximately & %ample colonies oA. m.
anatoliacain Thrace share genetic traits with m. carnicaA. m. caucasicantDNA was found in 77% of colonies
examined near the Georgian border, 29% of sampdmies in Erzurum, and 25% of sample colonies froos, NBitlis
and Van. Samples from Hatay showed that 57% ha®Nv belonging to the Middle Eastern group. These ar
believed to represert. m. syriaca Allozyme variation also exists among Turkish pagians, but a high frequency of
Mdh1*® is characteristic of all populations examined. Bher still much to learn about genetic variationoam
Turkish honey bees, but much variation may be last h migratory beekeeping, large scale queen ptmatufrom
limited stocks and distributing them to all ovee ttountry.

Keywords: Apis mellifera subspeciéyrkish honeybees, Allozyme, mtDNA

TURKIYE BALARILARINDA GENET iK FARKLILIKLAR

Doc¢.Dr. Deborah R. SMITH
Kansas Universitesi, Ekoloji ve Evrimsel Biyoloji Bliimi, Lawrence, Kansas, ABD

Ozet: Apis melliferamorfoloji ve genetik karakterler bakimindan fatkligostermektedir. Enzim ve mitokondri DNA
(mtDNA) farkhliklarinin incelenmesi balarilarindgenetik ve cgrafik farkhliklari géstermede oldukca yararl
metodlardir. MtDNA farkliliklari 4 ari soyunu @@ c¢ikarmaktadir. Bati Avrupa, Bo Avrupa, Afrika ve yeni
aciklanan Ortadiu soy kitigudur. Turkiye'de mtDNA c¢agymalari Anadolu ve Kafkas arisinin §o0 Avrupa'ya ait
oldugunu gotstermektedir. Trakya bolgesinde toplanan Aheadrki numulerinin yaklgk %86’s1 Karniyol arisinin
genetik karakterlerini paydenaktadir. Erzurum’da toplanan ari numulerinin % &%, Bitlis, ve Van da %25 Kafkas
irkini temsil etmektedir. Hatay'dan alinan drne#k657 sinin Suriye arisima ait oflina inaniimaktadir. Enzim
farkhliklari Turkiye'de arilarda genetik farkhh@it acisindan grenilecek ¢oksey olmasina gamen bu farkliliklar
degisik nedenlerle gezginci aricilik, az sayida, ayrkedilen gelen kralige arilar kullanilarak her bolgéeendine has
ari irki veya ekotipinin kaybedilmesi gibi ciddrbéhlike s6z konusudur.

Turkiye cgrafik olarak Avrupa, Asya, ve Orta Bonun birlgme noktasidir ve sinirlari igerisinde ¢ok géir iklim
ve bolge yelpazesine sahiptir. Bu durum bigredik ¢alsmalar icin ideal bir konum odturur. Bu yiizden tahmin
edilecegi gibi Turkiye deki balarilari gigorini, davrany, ekoloji, ve hastaliklara diren¢ agisindan ondarkliliklar
gosterir. Enzim ve mtDNA analizleri morfolojik soglarla benzerlik géstermenin yaninda yeni bilgitkr acga
cikarmstir. Ruttner (1988) Turkiye'de 4 ari irki 6nesti; Anadolu, Kafkas,iran ve Suriye arisi. Kafkas arisi
Kuzeydgu Anadolu, Dgu Karadeniz kiyilariiran arisi Giineydm, Suriye arisi Glneyga ve Suriye ile sinir
kisimlarinda ve Anadolu arisinin Trakya dahil TUekiyin geri kalan kisimlarinda bulungitnu belirtmitir. Ruttner
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Kafkas, Anadolu, Ermeni ve Girit arilarini Oryantglip i¢ine almgtir. Fakat genetik ¢agimalar Anadolu ve Kafkas
arisinin D@u Avrupa grubu iginde Karniyol vialyan arilari ile C grubunda olmasi gergkti géstermgtir. Trakya
bdlgesindeki Anadolu arisi, Anadolu’daki Anadoluserdan bazi farkhliklar, Karniyol arisina ise herlik
gOstermgtir. Bu genetik farkliliklar aricilikta sorunlarivgmenin, Or. hastaliklara direngli ari hatlari glinenin
hammaddeleridir. Bu farkl irklarin kaybedilmesirdmnunda glenecek hammadde olmayacaktir.

Tarkiye'deki bal arilarinin genetik farkliliklari Ha yeni ¢cakilmaya balanmstir ve DNA calsmalari daha ayrintil
bilgilere ulggmamizi sglayacaktir. Bu genetik farkhliklar ekonomik yondeidukga 6nemlidir. Clnku her bélgenin
kendi arisi o bélgenin ekolojik kollarina adapte olmyi ve bdlgesinde nasil hayatta kalabif@oebilen arilardir. Yeni
ulasim vasitalari ve gezginci ariciik Or. Varroa gimastaliklarin ¢cok hizli bugmasina neden olrauve farkli
bolgelerin arisi yeni bdlgedeki iklime uyumgtamasinin zorlgu yaninda yeni bélgedeki hastalik ve ari zararlilar
mucadelesi olduk¢a zordur. Bugin Turkiye arilariganetik farkliliklarin belirlenmeden kaybedilmesiski
bulunmaktadir.

Anahtar kelimeler: Apis melliferaalt-tirleri, Turkiye balarilari, Allozyme, mtDNA

Overview of Variation in Apis mellifera (Ruttner 1988, 1992, Hewitt 1996). When Europe
was experiencing glaciers, much of Africa was
experiencing arid conditions, and when Europe
eexperienced warm periods between glaciers, Africa
experienced moist conditions (van Zinderen Bakker

color, the relative proportions of body, limbs and 1976, H.amllt?r;.;QSZ). This ca:f]ef).expansmr; and
wings, wing venation, disease resistance, tendenC)(/‘omraCtlon of different types of habitat throughou

to swarm, colony defensiveness, etc. The bees Oﬁfrica, especially during the past one million ysi?gr
Turkey are particularly exciting for studies of (Potts and Behrensmeyer 1992)' These conditions
honey bee biogeography. Turkey is the geographiccreated small, isolated populations of honey bees.
crossroad between Europe, Asia, and the MiddleSmall isolated populations can easily become
East, and it encompasses a wide range of climatedifferent from one another. New genetic mutations
and habitats within its borders. Not surprisinghe ~ constantly arise in any population. In small
honey bees of Turkey are also very diverse, asPopulations, new mutations can spread rapidly by
shown by morphometrics (e.g., Guler 1996, Gulerchance alone (called “genetic drift"). New
et al 1999), behavior, ecology, and diseasemutations may also spread if they produce some
resistance (e.g., Adam 1954, 1964, 1977, 1983 benefit, such as disease resistance (the process of
Ruttner 1988, 1992). Variation among honeybeehnatural selection). Because populations are istlate
populations may be attributed to two factors: from each other, mutations that appear in one

adaptation of honey bee populations to their dvers Population cannot spread to the others, and over
local environments, and history. time each population accumulates its own set of
genetic characteristics.

The natural range oApis melliferaincludes most
of Africa, Europe and parts of the Middle East.
Every beekeeper and honey bee biologist is awar
that bees from different locations may differ inesi

At various times during the Pleistocene, glaciers
and cold temperatures made much of EuropeWh”e honey bee populations were isolated from
uninhabitable for honey bees, and probably led toone another in European refuges and habitat
isolation of small populations of honeybees in Patches in Africa they could accumulate genetic
relatively sheltered locations in southern Europe,differences through mutation, genetic drift and
such as the Iberian, Italian, and Balkan peninsuladiatural selection. After the Pleistocene glaciers
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receded formerly isolated populations could expandworkers and drones in a colony will share the same
their ranges and come into contact again. Thusmitochondrial DNA (mtDNA for short) as the
these two factors---historical patterns of popolati  queen.

isolation and adaptation to current environment---\/griation in the mtDNA of honey bees provides
contribute to the geographic variation in yremendous insight into the biogeography of honey
morphology, behavior, population biology and pees, and, like morphometric data, MtDNA
other characters observed among honey begsgriation reveals four main lineages ofpis
populations today (Adam 1983, Ruttner 1988, mgllifera (Smith and Brown 1988, 1990, Smith et
1992). al. 1989, Cornuet and Garnery 1991, Hall and
At present, 26 subspecies éfpis mellifera are Smith 1991, Smith 1991 a and b, Garnery et al.
recognized, primarily on the basis of morphometric 1992, Arias and Sheppard 1996 Palmer et al. 2000).
characters (Buttel-Reepen 1906, Alpatov 1929,The mtDNA groups are (1) Western (or "W"):
Skorikov 1929, DuPraw 1965, Ruttner et al. 1978, western and northern European populations, mainly
Cornuet et al. 1988, Ruttner 1988, 1992, CornuetA. m. melliferaand someA. m. iberiensis (2)
and Fresnaye 1989, Crewe et al. 1994, Sheppard déastern (or "C"). southeastern European plus
al. 1997, Engel 1999). Ruttner (1988, 1992) northern and eastern Mediterranean populations,
suggested that these subspecies could be groupeédcluding A. m. carnica A. m. ligustica Turkish
into four subspecies groups or lineages: (1)and GeorgiamlA. m. caucasicaand TurkishA. m.
subspecies from northern and western Europe an@natoliacg (3) African (or "A"): African
northern Africa; (2) subspecies of the northern populations north and south of the Sahara,
Mediterranean region and Eastern Europe; (3)including A. m. capensjsA. m. intermissaA. m.
subspecies of sub-Saharan Africa; and (4)litorea, A. m. monticolaA. m. sahariensiaind A.
subspecies of the eastern Mediterranean region anth. scutellataand (4) a recently discovered Middle
Iran. Eastern group (M) includingA. m. syriaca and

More recently, genetic tools, particularly DNA perhaps others. Variation is also detected among
sequence analysis and allozyme electrophoresisSome of the subspecies within each lineage (Moritz
have been applied to the study of honey bee€tal. 1994, Sheppard et al 1996).

diversity. The results of these studies are broadlyAllozymes: Allozymes are different forms of an
similar to results of morphometric studies, bubals enzyme produced by different alleles at a single
reveal new information. gene locus. Honey bees have few variable (or

Mitochondrial DNA studies: Mitochondria are the ~ "Polymorphic”) enzymes compared to other insects,
tiny organelles that provide energy to a cell. ttse but the few enzymes that are variable are very
flight requires a tremendous amount of energyt so i Useful tools for the study of honey bee populations
is no surprise that the flight muscle of honey bHses The most widely used enzyme in honey bee studies
packed with mitochondria. Each mitochondrion iS malate dehydrogenase (MDH1, Enzyme
contains its own small, circular chromosomes. Commission number 1.1.1.37; Contel et al.1977).
Unlike the genetic traits coded in the chromosomesSeveral authors have suggested that different forms
of the cell nucleus, which an individual can inheri Of the malate dehydrogenase enzyme --- which is

from both the mother and father, mitochondria arepart of the system that provides energy to the
inherited only from the mother --- thus all the Muscles and other tissues --- may enable bees to
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perform optimally in habitats with different

A. m. caucasican a separate Oriental group of

temperature regimes (e.g., Coelho and Mitton 1988,subspecies along witiA. m. armeniaca A. m.

Cornuet et al. 1995; Harrison et al. 1996, Nielsen
al. 1994, Hepburn et al. 1999).

MDH1 shows substantial allele frequency
differences among the four honey bee lineages
Bees in the western European or “W” group of have
high frequencies of th1dh1*® or "medium" allele,
ranging from 85% to 100% (Cornuet 1982;
Nunamaker et al. 1984, Sheppard and Berloche
1984). African bees exhibit high frequencies @& th
Mdh1*® or "fast" allele, ranging from 95% to 100%
(Nunamaker and Wilson 1981, Nunamaker et al.
1984, Ndiritu et al. 1986, Meixner et al. 1994,
Sheppard and Huettel 1988). Bees from

southeastern European plus northern and easterfegions.

Mediterranean populations (“C” group) show
regional variation in allele frequencies (e.g., Bjed

anatoliacaandA. m. adam{Ruttner 1992).
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Figure 1. Distribution of honey bee mitochondrial DNA
types in Turkey. Stars indicate collection siteRie
diagrams show frequencies of mtDNA types in 6
White indicates an East European type of
mtDNA found in AnatolianA. m. anatolia White with
stripes indicates an East European type of mtDNAdou

et al. 1996), but many subspecies have moderate t51 ThracianA. m. anatoliacaand A. m. carnica Black

high frequency of thevidh1®® (or "slow") allele,
which is rare in the W and C groups. Allozymes
have not been thoroughly investigated in the
Middle Eastern group.

Genetic variation in Turkish A. mellifera

indicates an East European type of mtDNA found\in
m. caucasica Grey indicates a Middle Eastern mtDNA
type found inA. m. syriaca

Within the Eastern groupA. m. anatoliacafrom
Thrace differed slightly from thé&. m. anatoliaca

Ruttner (1988) suggested four subspecies occur ifrom Anatolia. Some of the bees of Thrace share

Turkey: A. m. anatoliaca, A. m. caucasjcA. m.
medaand A. m. syriaca According to RuttnerA.

m. caucasicaoccurs in the extreme northeast of
Anatolia, with bees resembling. m. caucasica

mtDNA types with A. m. carnicafrom Austria,

Slovenia and Croatia (Smith and Brown 1990,
Meixner et al. 1993). This suggests some
interbreeding among the bees of Thrace, the

occurring along the eastern Black Sea coast as iaPalkans and southern Austria. It is possible that t

as SamsunA. m. medas found in the southeast,
and A. m. syriacain the extreme south, near the
border with Syria. A, m. anatoliaca occurs
throughout the rest of Turkey, including Thrace.

Mitochondrial DNA: Study of the mtDNA of
Turkish honey bees shows that m. anatoliaca
and A. m. caucasicadelong to the Eastern or "C"
mitochondrial lineage (Smith et al. 1997, Palmer et
al. 2000) as d&A. m. carnicaand A. m. Ligustica
(Figure 1). This differs from Ruttner's placement of
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bees of Thrace form a bridge between the Balkan
and Anatolian bees. The fact that the Thrace
MtDNA variation was not found in any bees from
Anatolia suggests there may be a barrier to
breeding between these two regions; more sampling
in northwest Anatolia is needed to test this.

The "homeland" ofA. m. caucasicais in the

Caucasus Mountains, southern valleys of the
Caucasus, and the higher reaches of the Little
Caucasus mountains (Ruttner 1988), primarily in
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Georgia and neighboring republics. There is somebees. We called this the Middle Eastern, or "M"
debate over the range of this bee in Turkey. Ruttne lineage (Palmer et al. 2000). The bees from Hatay
states that bees resembliAg m. caucasicavere appear to bé\. m. syriacawhose range is reported
found along the Black Sea coast of Anatolia as farto include the eastern coast of the Mediterranean
as Samsun (Ruttner 1988; 178, 192-198). Anorth of the Negev desert, including parts of Israe
detailed look at the mtDNA ok. m. anatoliacand Jordan, Syria and Lebanon. The M type of mtDNA
A. m. caucasicahowed DNA sequence differences has subsequently been found in Israel and Jordan
between the two. As expected, colonies sampledD. Smith and S. Shafir, unpublished data). Little
near the border with Georgia showed a highgenetic work has been carried out on the native
frequency (77%) ofA. m. caucasicamtDNA. honey bees of the Middle East, principally because
However, A m. caucasicantDNA also occurred importedA. m. ligustica A. m. carnicaand other
far to the south of the proposed range/Aofm. races have largely replaced the native honey bee
caucasica Twenty-nine percent of colonies where modern apiculture is practiced (Y. Lensky,
sampled near Erzurum and 25% of coloniespers. com.).

sampled around Lake Van ha&l m. caucasica Allozymes: A high frequency of theMidh1®° (or
mtDNA. On the other hand, we have no evidence Offast) allele is sometimes considered typical of
the Caucasian mtDNA along the Turkish Black Sea african honey bees (e.g., Nunamaker et al. 1984).
coast, though we had very few samples from thisqowever, this allele is also present in high
region and may have missed it. frequency in many Eastern subspecies, including
If the mtDNA sequence that our lab and othersthe bees of Turkey. Thdh1'®allele frequencies
(Garnery et al. 1992) found iA. m. caucasicas reported in the Eastern group of honey bee
truly characteristic of alA. m. caucasicathen our  subspecies range from a low of approximately 23%
results indicate a wide zone of overlap betw@en in north ItalianA. m. ligustica(Badino et al. 1985,

m. caucasicaand A. m. anatoliaca at least from  Sheppard and Berlocher 1985) to nearly 100%.in
Lake Van to the Georgian border. This could be m. caucasicandA. m. anatoliacan Turkey (Asal
due to natural gene flow and dispersal, or toet al. 1995, Kandemir and Kence 1995, Palmer et
transportation ofA. m. caucasicédy humans. More al. 2000). We have no information yet on allozyme
extensive collections from the north-eastern afea o frequencies in Middle Eastern bees suchAasn.
Turkey and the heart of th&® m. caucasicaange  syriaca

in Georgia would enable us to determine if the preserving the diversity of Turkish honey bees
DNA sequence we call "Caucasian” is actually The study of genetic diversity of Turkish honey
characteristic of all or mosh. m. caucasicaand bees has only just begun, and work remains to be

help us to determine the true range Af M. gone. In the future, techniques such as the stfidy o
caucasicain Turkey. Nothing in our mtDNA data mjcrosatellites and DNA fingerprinting (e.g.,

suggested that the bees from the Lake Van regionEstoup et al. 1995) may show a more detailed
supposedly in the range &f m. medawere in any  picture of the diversity that exists among Turkish
way distinct from other Anatolian populations. honey bees. Some of this variation may prove to be
In southeast Anatolia, 57% of colonies sampledof economic importance. Local populations of
from Hatay were found to have a type of mtDNA honey bees are generally adapted to the ecological
that, at that time, had not been found in any otherconditions found in their native habitat. For
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exampleAdam (1983) noted that the Anatolian Science Foundation, and the U. S. Department of
honey bee, A. m. anatoliaca shows superb Agriculture NRICGP 51.2.

resistance to the cold winters and hot dry summers
of central Anatolia.
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