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ABSTRACT

Beekeeping, performed in many parts of the world, has a very large place in the world trade market
with bee products such as wax, bee venom, propolis and royal jelly, especially honey production.
However, honey bee diseases are quite common and restricted the production of bee products. One
of the most important of these diseases, Nosema, is caused by spores in intestinal epithelium cells of
the honeybee. Nosema apis and Nosema ceranae are the factors of this disease and also common in
our country. These two species can be distinguished from each other by molecular diagnostic
methods. In this study, materials collected from 152 apiaries located in 13 districts of Mugla province
and 62 water sources close to these apiaries. The spores were counted using Thoma lame under light
microscope. DNA isolation was carried out from spore positive samples. 218MITOC FOR-REV and
321APIS FOR-REV primers were used to figure out the N. apis and N. ceranae species. After DNA
sequence analysis of the obtained amplifications, it was determined that all samples formed 3
haplotypes according to studied sequences for the first time. In Mugla region, the presence of only N.
ceranae as a disease agent was determined and the prevalence of the disease was detected at a rate
of 71.53+6.02%. Moreover, blast analysis showed that the N. ceranae sequence detected high similarity
(94-100 %) with the previously reported in Lebanon, France, Morocco and Thailand samples.
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OZET

Diinya’nin pek ¢ok yerinde hayvansal iiretim faaliyeti olarak yapilan aricilik, basta bal iiretimi olmak
lizere bal mumu, an zehri, propolis, an siitii gibi an uriinleri ile de diinya ticaret pazarinda oldukca
genig bir yere sahiptir. Ancak, ariciliktan elde edilecek verimi kisitlayan bal arisi hastaliklari oldukca
yayginlagsmis durumdadir. Bu hastaliklarin en 6nemlilerinden biri olan Nosema, bal arisinin bagirsak



epitelyum hiicrelerinde sporlarin neden oldugu hastaliktir. Ulkemizde de yaygin bulunan bu hastaligin
etmeni olarak Nosema apis ve Nosema ceranae gosterilmektedir. Bu iki tiir birbirlerinden en iyi sekilde
molekiiler tani yontemleri ile ayirt edilebilmektedir. Bu galismada, Mugla ilinin 13 farklh lokasyonunda
bulunan 152 arihiktan ve bu ariliklara yakin 62 su kaynagindan alinan érneklerde Nosema sporlari isik
mikroskobu altinda Thoma lami kullanilarak spor sayimi yapilmistir. Nosema sporu gézlemlenen
orneklerden DNA izolasyonlar gergeklestirilmistir. Nosema tiir taramasi i¢in 218MITOC FOR- REV ve
321APIS FOR-REYV primerleri kullanilarak ilgili gen bolgeleri cogaltilmigtir. Yapilan network analizinde
bu gen bolgelerine gore ilk kez 3 haplotipi belirlenmistir. Mugla yoresinde Nosema hastaligi yayginhgi
%71,53+6,02 oraninda tespit edilmis ve hastallk etmeni olarak sadece N. ceranae’nin varhgi
belirlenmistir. Ayrica, blast analizi, daha 6nce Liibnan, Fransa, Fas ve Tayland iilkelerinden bildirilen
N. ceranae 6rnekleri ile yiiksek benzerlik (%94-100) tespit edilmistir.

Anahtar kelimeler: N. apis, N. ceranae molekiiler tespit, Haplotip, Mugla, Turkiye

GENISLETILMiS$ OZET

Amag: Bal arilari ekonomik ve biyolojik ydnden
oldukg¢a énemlidir. Bal arilari bal, propolis, ar1 sitd,
polen, bal mumu, ar zehri gibi ari Grtnleri sayesinde
dinya pazarinda 6énemli yer almaktadir. Aricilik,
Dunya’nin hemen hemen her yerinde yapilan
tarimsal  bir faaliyettir.  Arncilik faaliyetlerini
engelleyen en énemli nedenlerden biri de ari zararli
ve hastaliklaridir. Nosemosis, ergin balarilarinda
oldukga yaygin goérilen Nosema apis (Zander,
1909) ve Nosema ceranae (Fries et al., 1996) adli
mikrosporidialarin neden oldudu bir hastaliktir.
Hastallk  kolonilerde  genel olarak  koloni
performansini etkiler ve populasyon sayisinin
dismesine neden olarak koloninin yok olmasina
sebebiyet vermektedir. Farkh turdeki Nosema
sporlarinin birbirlerinden ayirt etmede en etkili yolu
molekuler tani ydntemleridir. Bu ¢galismada Mugdla ili
genelinden toplanan bal arisi 6rnekleri ve kovanlara
yakin su kaynaklarindan alinan su numunelerinde
Nosema hastaliginin mikroskobik ve molekdler
teshisi yapilarak Dinya genelinde ciddi koloni
kayiplarina neden olan bu hastaigin Mugla
yoresindeki varligi ve yayginhdinin belirlenmesi
hedeflenmistir.

Yontem: Bal arisi 6rnekleri, Mugla ilini temsilen 13
ilceden belirlenen 152 ariliktan, her ariliktan tesadfi
olarak belirlenmis ortalama 20 kovanin girisinden
yaklagik 100 adet olacak sekilde ar1 Ornegi
toplanmistir. Su 6rnekleri ari kovanlarina yakin 62 su
kaynagindan (Bunlardan 12 tanesi ariliklarin igindeki
aricilar tarafindan yerlestiriimis olan suluklar, geri
kalanlari ise ariliklara yakin olan akarsular, su yollari
ve gesmelerdir) en az 50 ml olacak sekilde su
numuneleri alinmistir. Arazi calismalari ilkbahar

Nisan-Mayis ve sonbahar Ekim-Kasim aylarinda
2017 yilinda tamamlandi. Laboratuvara getirilen ari
drneklerinden Dinya Hayvan Saghg: Orgiitii (OIE)
uygulama kilavuzun gére homojenatlar hazirlandi.
Sporlarin tespiti, sayimi ve hesaplanmasi 400x
bayatmeli mikroskop altinda thoma lami kullanilarak
yapilmigtir. 13 ilgeden ortalama en yuksek spor
sayisina sahip 3 ariliktan alinan &érneklerde ticari
izolasyon kiti (PureLinkGenomic DNA Mini Kit)
kullanilarak DNA izolasyonlari yapildi. 218MITOC
For-Rev ve 321APIS For-Rev primerleri, ilgili gen
bélgeleri Polimeraz Zincir Reaksiyonu (PZR) ile
gogaltildi. Sekans analizine toplam 35 PCR sonucu
génderildi ancak 30 tanesinin sekans sonucu
degerlendirilebilir bulundu. Degerlendirilen
sonuglarin MEGA 6.0 programinda sekans dizileri,
SplitsTree programi kullanilarak filogenetik agag
goruntusu ve Network programi kullanilarak haplotip
belirlemesi yapildi. BLAST veri tabani Uzerinden
sekans benzerlikleri analizi yapildi.

Sonug: Mugla vyoéresinde Nosema hastaligi
yayginligi %71,53+6.02 oraninda tespit edilmis ve
toplanan 62 su o6rnedinden sadece 5 tanesinde
Nosema sporlarina rastlanmistir. Hastalik etmeni
olarak sadece N. ceranae’nin varligi belirlenmistir.
PZR sonrasinda DNA dizisine gdnderilen 35 6rnegin
yalnizca 30'unun dizi sonucu degerlendirilebildi.
BLAST analizi sonucunda ornekler Liibnan, Fransa,
Fas ve Tayland érneklerinde belirlenen N. ceranae
dizileri ile%94-100 benzerlik géstermistir. Hit dizileri
MEGA 6 programinda hizalandi. Yapilan network
analizinde bu gen bdlgelerine goére 3 haplotipi
belirlenmigtir. Filogenetik agaca gore Ula ve out grup
farkh dal Gzerinde yer alirken, Mugla’dan alinan
diger ornekler Mugla'dan gelen diger gruplar ise
diger ana dal Uzerinde yer almaktadir.
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INTRODUCTION

Honeybees (Apis mellifera L.) provide not only bee
products such as honey, propolis, royal jelly, pollen,
bee wax, bee venom to be placed in the market by
ensuring the production of World trade (Ozbek 2002)
but also pollinating the wild flora and industrial crops
(Van Engelsdorf and Meixner 2010). However, bee
diseases and pests affect beekeeping activities and
the quality of the products obtained from
beekeeping. Bee diseases and pests spread all over
the world in a short time because of the trading of
the bees, bee products and beekeeping materials
between countries (Oztirk 2001). Also, migratory
beekeeping activities are an important factor in the
rapid spread of honey bee diseases and pests within
the country (Gulpinar 2005). Because of these
reasons, honey bee diseases and pests are one of
the most important factors that slowing the progress
of beekeeping in our country and decrease the
efficiency of production (Dogaroglu 1999).
Nosemosis is a disease caused by microsporidia
called Nosema apis and Nosema ceranae, which are
quite common in adult honeybees. N. apis was first
described by Zander (1909) and has a worldwide
distribution (Matheson1996). N. ceranae was
reported in 1996 in the Asian honey bee, Apis cerana
(Fries et al.1996). Later, Higes et al. (2006)
mentioned that A. mellifera in Europe was infected
by N. ceranae.

Shortly after, the existence of N. ceranae has been
confirmed in the America and Asia (Chauzat et al.
2007, Cox-Foster et al. 2007, Klee et al. 2007,
Huang et al. 2007, Paxton et al. 2007, Chen et al.
2008, Sarlo et al. 2008, Wiliams et al. 2008).
Scientists has also been suggested that N. ceranae
may replace with N. apis at the same time period
(Klee et al. 2007, Martin-Hernandez et al. 2007,
Paxton et al. 2007, Higes et al. 2009, Yoshiyama and
Kimura 2011). It has been reported by scientists in
many countries that N. ceranae has spread all over
the world. (Klee et al. 2007, Fries 2010, Higes et al.
2010, Ivgin Tunca et al. 2016, Mohammadian et al.
2019, Shumkova et al. 2020). It was reported that
N. apis cause infection in the middle intestinal
epithelium of adult bees (Fries et al. 2006, Huang et
al. 2007), while N. ceranae infects other tissues and
impairs intestinal tissue integrity (Chen et al. 2009,
Gisder et al. 2010, Dussaubat et al. 2012).

Nosema spores depend on their hosts to meet the
ATP requirement and use transporters to draw
energy from the host cell (Paldi et al. 2010). It has
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been shown that the routine regeneration in the
intestines is not possible because of the suppression
of the genes that sustain homeostasis in colonies
infected with N. ceranae and early death occurs
(Dussaubat et al. 2012). Latest, Higes et. al. (2020)
examined tissue tropism of N. apis and N. ceranae
in worker honey bees as well. It has been shown that
the expression of the gene encoding vitellogenin
(Vg), a glycolipoprotein produced and stored in the
honey bees' fat body, is significantly reduced in bees
infected with N. ceranae (Antunez et al. 2009,
Goblirsch et al. 2013, Garrido et al. 2016, Badaoui et
al. 2017). Recent studies have shown that N.
ceranae C-type nosemosis has been reported to be
the most common bee pathogen and has a major
impact on global colony losses (Higes et al. 2007,
2010, 2013, Paxton et al. 2007, Cox-Foster et al.
2007, Fries 2010).

The first detection of Nosema disease in Turkey
were reported in 1952 (Uygur and Girisgin 2008) and
the presence and effects of Nosema disease were
first identified by Kutlu (1988) in the Eastern
Mediterranean (Adana) and the southwestern
Aegean (Mugla). In the following years, molecular
studies were carried out the existence of N. apis and
N. ceranae by 3 different researchers in the same
year. (Utuk et al. 2010, Muz et al. 2010, Whitaker et
al. 2010). Later studies, N. ceranae has shown to be
more common in our country (lvgin Tunca et al.
2016, Saribiyik and Ozkirim 2018).

In 2020, Tokarev et al (2020) informed that “the
family Nosematidae is redefined and includes the
genera Nosema and Vairimorpha comprising a
monophyletic lineage of Microsporidia” However,
Grupe and Quandt, (2020) also informed this new
classification but they used as Nosema in their article
in order to evaluate their study with previous
literatures. In the current study, it is mentioned as
Nosema in order to make a healthy comparison with
the existing literatures.

The aim of this study is to determine the presence of
Nosema in Mugla province in South West Anatolia.
According to Beekeeping Registration System
(ACS), there are 80.675 registered beekeepers and
bee hives 8.12836 million in 2019 inTurkey. The
registered local bee colonies in Mugla are around 1.2
million. During the pine honey production season,
the number of bee hives reaches 3-3.5 million
colonies with migratory beekeepers from other
provinces. 90% of Turkey's pine honey is produced
in Mugla. Therefore, Mugla is a very crowded and



important area for beekeeping activities. Microscopic
and molecular diagnosis of Nosema spores were
done from worker bee samples collected in different
apiaries in 13 districts of Mugla and water samples
taken from water sources which were close to
apiaries. Thus, the presence and condition of
Nosemosis in Mugla, which is one of the important
centers for the honey bee sector, was determined by
this study.

MATERIAL AND METHODS

Honey bee samples were collected from 152
different apiaries located in 13 districts of Mugla
province in the spring and autumn period separately
from the local and migratory beekeeping. An
average of twenty hives were determined randomly
from each apiary. Average five bees were taken from
each hive and a total of one hundred bee samples
were put into alcoholic tubes from the entrance of
these selected hives from in each apiary (Table 1).
At least 50 ml of water samples were taken from the
62 water sources (12 of them stable water resources
inside the apiaries, rest of them water channels,
streams and fountains) used by the bees near the
apiaries (Table 2). Field studies were completed in
May, April (Spring period) and in October-November
(Autumn period) in 2017. Homogenates from honey
bee samples were prepared according to the World
Organization for Animal Health (OIE) application
manual (2008). Detection, counting and calculation
of the spores were done with thoma lame under 400x
magnified light microscope using OIE terrestrial
manual (2008).

Kruskal-Wallis test (SPSS 24IBM Corp. Released
2016. IBM SPSS Statistics for Windows, Version
24.0. Armonk, NY: IBM Corp.) and ANOM analysis
(MINITAB 18) were applied in order to determine the
differences between sampling locations according to
spor numbers.

DNA isolations were made in samples having
highest number of spores taken from an average of
3 apiaries with from 13 districts. Commercial
isolation kit (PureLinkGenomic DNA Mini Kit) was
used for the isolation study. 218MITOC For-Rev and
321APIS For-Rev primers were used replicate the
relevant gene regions.

Each PCR reaction mixture contained 10 ng DNA,
0.5 U Tag DNA polymerase, 10XPCR buffer, 2.5 M
MgClz, 0.4 uM 218MITOC F/R, 0.5 pM 321APIS F/R
primers and deonized water. Final concentration

volume was 20 pl. PCR conditions included initial
denaturation at 95°C for 2 min and 35 cycles were
performed in 45 seconds at 95°C, 45 seconds at
59.3°C, and 1 minute at 72°C and finally 7 minutes
at 72°C. PCR products were controlled in 2%
agarose gel (Fries et al. 2013, Martin-Hernandez et
al. 2007). A total of 35 PCR products were sent to
sequencing but 30 of them gave evaluating results.
30 sequence results were analyzed using MEGA 6.0
(Tamura et al. 2013), phylogenetic tree image
obtained in SplitsTree (Huson and Bryant, 2006),
and Network (Bandelt et al. 1999), haplotype
determination was made using the program and
sequence similarity analysis was performed via
BLAST database.

RESULTS

The different densities of the spores were found in
almost all of the samples from different apiaries
(Figure 1).
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Figure 1. Nosema spores from bee samples at 400x
microscope

In general, Nosema spores were found in all
samples (100%) from Dalaman. This was followed
by Yatagan with 92%, Milas with 90%, Ula with 84%,
Ortaca with 83%, Marmaris with 80%, Kdycegiz with
75%, Bodrum with 70%, Mentese with 69%, Fethiye
with 54%, Seydikemer with 30% and Kavaklidere
with 29% (Table 1). As a result, Nosema spores
caused Nosema disease by 71.5316.02% were
found throughout Mugla. The highest number of
spores was observed from Yatagan samples and the
lowest one was observed for samples from
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Seydikemer honeybee samples (Table 1). A total of
62 water samples were examined and an average of
5.16 £ 0.64 water samples were analyzed at each
location. Nosema spores were not found in the water
samples taken from Mentese, Marmaris, Datca,

Bodrum, Seydikemer, Ortaca, Kdycegiz and Fethiye
(Table 1). However, the spores were determined in
one sample from Kavaklidere, Dalaman and
Yatagan, and in 2 samples taken from Milas and
there were no water samples from Ula.

Table 1. The number of apiaries where bee samples were collected, Nosema positive apiary number, the rate of the
positive apiaries, and Nosema spore numbers, the number of water samples, spore positive water samples, and ratio of

positives.
Number Number
Cocaton %,y BN Ratop) SIUE | Mmbersofwater P g
Apiaries  apiaries
Mentese 13 9 69.23 2.1X10° 3 0 0%
Marmaris 10 8 80.00 0.7 X108 4 0 0%
Milas 10 9 90.00 0.8X10° 7 2 28.57%
Datca 12 7 58.33 1X10° 7 0 0%
Dalaman 13 13 100.00  2.2X10° 5 1 20%
Bodrum 10 7 70.00 1X10° 8 0 0%
Seydikemer 13 4 30.77 0.3X108 9 0 0%
Ortaca 6 5 83.33 1.9X10° 6 0 0%
Koycegiz 4 3 75.00 1.3X10° 2 0 0%
Ula 19 16 84.21 1X108 No sample
Fethiye 22 15 68.18 0.5X10° 3 0 0%
Yatagan 13 12 92.31 9.3X108 5 1 20%
Kavaklidere 7 2 28.57 2.6X10° 3 1 33.33%

Normal distribution tests (Kolmogorov-Smirnov and
Shapiro-Wilk) were applied to decide which tests can
be performed before starting the statistical analysis
of the data obtained from the spore numbers. When
all data were evaluated together, it was determined
that the data did not show normal distribution (P
<0.05; 0.01). The same results were found when
normal distribution tests were performed for the
measurements made on the basis of the districts
where samples were collected. Since the data sets
do not show normal distribution, the nonparametric
alternative of ANOVA, Kruskal-Wallis Test (SPSS

12

24) was applied. According to the result of Kruskal-
Wallis analysis, there are statistical differences
between districts in terms of the number of spores (P
<0.01) (Figure 2).

One-Way ANOM test was performed using Minitab
18 program to determine which districts differ in
terms of the number of spore (Figure 3). In the graph,
the number of spores obtained from Yatagan
location (red box) is higher than other districts and
have created a statistically significant difference.
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Figure 2: Box-plot for the distribution of spores’ value in the samples collected areas. Circle and asterix indicated samples
having extreme number of spores. The numbers above the circles and asterix are the sample order. The vertical axis
shows the spore numbers and the names of locations where samples were collected on the horizontal axis are given.
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Figure 3: One-Way ANOM Test (1: Dalaman, 2: Fethiye, 3: Yatagan, 4: Mentese, 5: Kavaklidere, 6: Datca, 7: Ula, 8:
Seydikemer, 9: Marmaris, 10: Koycegiz, 11: Ortaca, 12: Bodrum, 13: Milas) Red lines indicate upper and lower
boundaries. The blue dots indicate the locations that do not differ, and the red box indicates the location that differs from

the general average in terms of the number of spores.
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Molecular Analysis Results

Molecular analysis has shown that the observed
spores belong to N. ceranae and N. apis spores
were not found in this study. The sequence result of
only 30 of the 35 samples, which sent to the DNA
sequence, could be evaluated. As a result of the
BLAST analysis, the samples showed 94-100%
similarity with the Nosema ceranae sequences
determined in Lebanon, France, Thailand and
Morocco samples.

Hit sequence sequences were aligned on the MEGA
6 (Tamura et al. 2013) program. As a result of the
Network (Bandelt et al. 1999) analysis, it was
determined that all samples formed by 3 haplotypes
according to studied sequences for the first time in
Turkey. Haplotype analysis was performed to
determine common genomic sequences shared by
all individuals in the studied populations. The widest
frequency was obtained in haplotype 1. The out

OUTGROUP
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MARMARIS
FETHIYE

BODRUM

[ ORTACA ©

MENTESE

SEYDIKEMER

DATGA

kOYCEGiz

YATAGAN

KAVAKLIDERE

IMiLAS

group was in haplotype 1 and the out group referans
sequence was from NCBI gene data bank
(GenBank: Accession LC510254.1). According to
the data obtained from the sequence results,
haplotype 1 was detected from 21 sequenced
samples from 13 location in Mugla and one
sequence data from out group. Haplotype 2 was
detected only in 8 samples belonging to Datca,
Yatagan, Ula, Ortaca, Milas and Mentese locations.
Haplotype 3 was detected in only one sample
belonging to the Ula location (Figure 4). A philogram
constracted in SplitsTree (Huson and Bryant, 2006)
was drawn to visualize the genetic similarities or
differences identified in the populations studied
(Figure 4). According to the phylogenetic tree, the
Ula and out group (GenBank: Accession
LC510254.1) were in different branch, the other
groups from Mugla were located in other main
branch.

ULA 0.1

Milas ) Bodrum
Marmaris Bl Out group

§ Ortaca

Figure 4: Dendogram from sequenced data for N. ceranae and the haplotypes obtained as a result of Network analysis of

genes belonging to N. ceranae
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DISCUSSION

Molecular detection of the animal and human
pathogens is known to be more sensitive than
microscopic analysis (Fayer et al. 2003, Giersch et
al. 2009, Kahler and Thurston-Enriquez 2007,
Valencakova et al. 2011). The most reliable way to
distinguish and diagnose the N. ceranae and N. apis
is using molecular methods (Gatehouse and Malone
1998, Sagastume et al. 2010, Tay et al. 2005).
Nosema disease is effective all over the world as
well as in our country. From time-to-time
Nosematosis cause significant colony losses. In our
country, the first findings of Nosema disease were
reported in 1952 and other studies on Nosema
disease continued in later years (Uygur and Girisgin
2008, Blylk et al. 2014). The prensent study,
Nosema spores detected from worker honeybees
and water sources found in or near the apiaries.
Statistical differences between Nosema spores were
found to be significant among the sampled locations
in Mugla. In the study, it is thought that number of
Nosema spores increase in the hive due to heavy
rainfall and humidity in the spring. Previous studies
have also reported that the linear relationship
between Nosema spore density and humidity is
statistically significant (Buyiuk 2016, Tosun 2012,
Gisder et al. 2010, Martin-Hernandez et al. 2009).
Traver and Fell (2012,) also mentioned that N.
ceranae spores have been reported to occur at high
levels in spring and low levels in fall and winter. In
the study, a very small proportion of the collected
water samples were contaminated by nosema
spores according to the water analysis. Water
samples were collected from apiaries (the bee
samples were taken in the same apiaries) or near
the apiaries. The few number of spores were found
in the water samples due to the fact that the water
sources were mostly them are flowing water (stream,
water channel, fountain, etc.). But nematodes and
protozoa species have been observed rather than
the spores. In addition, the pollution was observed in
the water containers placed in the apiaries in order
to meet the water supply fro the bees. Because the
water containers were not cleaned and changed
frequently enough. At this point, it should be taken
into account that bees benefiting from stable water
resources may be exposed to other diseases due to
dirty containers and water. In the current study, N.
apis were not found both molecular and microscopic
analyses in worker bees and water samples. N.
ceranea spores were the only spores in both sample

types.

The distribution and effects of Nosema disease in
Adana and Mugla provinces was carried out by Kutlu
(1988) and 15600 worker honey bee samples
collected from 312 apiaries were studied as a result
of microscopic analyses. Their results showed that
the disease level was determined as 31.3% in
Mugla, 29.8% in Adana, 29.6% in Dalaman, 28.6%
in Aydin, 25.7% in Datga, 25.0% in Milas, 23.8% in
Fethiye, 23.3% in Kdycegiz and 20.5% in Marmaris.
In present study, the ratio of disease in all Mugla
region is 71.53%. A 2.5-fold increase in the
percentage of disease is observed from Kutlu's study
in 1988 to 2017 in which our study was conducted.
N. ceranae has a more severe effect than N. apis.
The study was conducted in 1988 on the basis of
Nosema apis, whereas today N. ceranae has an
impact on the whole region. This situation shows that
the effects of Nosema disease in Mugla region are
more serious.

In other study for Mugla region, Nosema was
effective in winter and spring periods, and also the
disease was the most intense in the Thrace region
and Mugla (Basar 1990). Another study investigated
the density of N. apis on 7820 honeybees between
in August 1988-June 1989, they found that Nosema
infection pevalance was highest in April-November
(Keskin et al. 1996). At different time periods,
Nosema spores were determined by microscopic
method in Mugla (Simsek 2007, Simsek et al. 2010).
According to different studies, N. ceranae was found
from the bee samples in Mugla (Whitaker et al.,2010;
Utuk et al. 2016; Ivgin Tunca et al. 2016) Saribiyik
and Ozkinm (2018) collected 51 samples from
Mugla province in 2 periods including spring and
August in Mugla province. In 102, they found N.
ceranae in 20, N. apis in 13, and both spores in 69
samples.

Since molecular techniques were not so widespread
in the past, Nosema disease was shown as N. apis.
On the other hand, N. ceranae was thought to infect
only Apis ceranae until twenty years ago. The later
studies revealed that N. ceranae also infects
western European honey bees. In a recent study in
Thailand to understand the biology of N. ceranae,
the genetic diversity in different hosts (A. mellifera,
A. ceranae) was investigated using both PCR and
genome-based methods, and that N. ceranae
populations shared many SNPs with other global
populations and it was observed to be clonal.
However, on the contrary of previous studies, it has
been determined that these populations carry many
SNPs that are not found elsewhere, and these
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populations have evolved in their current geographic
location for some time (Peters et. al. 2019).

In current study, Nosema spores have not been
detected in flowing water resources as a result of
water analysis but it does not mean that there are no
spores. This study shows that N. ceranae is
widespread in Mugla province. At the same time, the
molecular haplotype of N. ceranae gene regions
from mediterrenean samples were determined for
the first time in Turkey. It will be possible to examine
the determining role of haplotypes on the wintering
ability and reproductive performance of bees with
current data.

As a result, beekeeping contributes the economy of
the countries directly and indirectly. Bee diseases
play effective role in the quality of bee products and
the sustainability of colonies. Therefore, periodic
monitoring of bee diseases and investigation of their
effects is important in terms of sustainable
beekeeping activity.
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