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Abstract

The aim of this study was to determine changes in total sialic acid (TSA), malondialdehyde (MDA), nitric oxide (NO), inducible nitric oxide synthase (iNOS)
and endothelial nitric oxide synthase (eNOS) levels on sera and CSF and reduced glutathione (GSH) levels on blood in cattle with Malignant Catarrhal Fever
(MCEF). For this purpose 17 cattle which clinically diagnosed “head-eye form” of MCF and clinically healthy 10 cattle were evaluated. Blood and cerebrospinal
fluid (CSF) were taken from the animals on the MCF diagnosed group MDA, GSH, NO, eNOS, iNOS, and TSA values were 25.65+0.42 pmol/L, 37.21+1.12
mg/dL, 30.61+£0.41 pmol/L, 4.05+0.09 U/L and 10.98+0.35 U/L, 88.33+£1.03 mg/dL, on the control group 13.77+£0.55 pumol/L, 60.06+1.73 mg/dL, 11.27+0.4
pumol/L, 3.12+0.18 U/L, 5.55+0.3 U/L and 63.60+1.86 mg/dL respectively, and all parameter changes between the groups were determined to be statistically
significant (P<0.001). On the CSF, no statistically significant difference between taken from MCF diagnosed group and healthy group. NO value and iNOS
activity obtained from control groups CSF were relatively higher than the same group’s serum whereas eNOS activities were found to be low. The study group
consisting of MCF diagnosed cattle’s serum were found to have NO value, eNOS and iNOS activities relatively higher than the same group’s CSF values. As a
result, it was concluded that there is a need for more comprehensive studies for better understanding the reason of failure to obtain the significant changes
of animals diagnosed MCF that determine in blood but not in CSF.

Keywords: Malignant catarrhal fever, GSH, Nitric oxide, eNOS, iNOS, Cattle

Koriza Gangrenosa Bovum Bas-Go6z Formlu Sigirlarda Serum, Kan ve
BOS’ta Bazi Oksidatif Stres ve inflamasyon Belirteclerinin Tespiti

Ozet

Bu calismanin amaci Koriza Gangrenosa Bovum'lu sigirlarda serum ve beyin omurilik sivisi (BOS), total sialik asit (TSA), malondialdehit (MDA), nitrik oksit (NO),
induiklenebilir nitrik oksit sentetaz (iNOS) ve endotelyal nitrik oksit sentetaz (eNOS) ile kan rediikte glutatyon (GSH), diizey degisikliklerinin belirlenmesidir. Bu
amagla klinik olarak Coryza Gangrenosa Bovum’un (CGB) “Bas-G6z Formu” teshisi konulan 17 adet ve kontrol amaci ile klinik olarak saglkli sigirlardan olusan
10 adet sigir degerlendirildi. Hasta ve kontrol gruplarindaki hayvanlardan kan ve BOS alindi. CGB teshisi konulan grupta MDA, GSH, NO, eNOS, iNOS ve TSA
degerlerinin sirasi ile 25.65+0.42 pmol/L, 37.21+1.12 mg/dL, 30.61+0.41 pmol/L, 4.05+0.09 U/L ve 10.98+0.35 U/L, 88.33+1.03 mg/dL kontrol grubunda ise
13.77+0.55 pmol/L, 60.06+1.73 mg/dL, 11.27+0.4 pmol/L, 3.12+0.18 U/L, 5.55+0.3 U/L ve 63.60+1.86 mg/dL oldugu ve tim parametre degisikliklerinin gruplar
arasinda istatistiksel olarak 6nemli (P<0.001) oldugu belirlendi. Saglkl ve CGB teshisi konulan gurubun BOS'larindan elde edilen degerler arasinda istatistiksel
olarak 6nemli bir farkin bulunmadigi tespit edildi. Kontrol grubunun BOS'undan elde edilen NO dederi ve iNOS aktivitesinin ayni grubun serumlarindan
elde edilen degere gore nispeten yliksek, eNOS aktivitesinin ise distik oldugu, CGB'li sidirlardan olusan ¢alisma grubunun serumlarindan elde edilen NO
degeri, eNOS ve iNOS aktivitelerinin ise ayni grubun BOS'larindan elde edilen degerlerden nispeten yiiksek oldugu belirlendi. Sonug olarak CGB’li hayvanlarda
yangisal slreg ve oksidatif strese bagli olarak kanda ortaya ¢ikan anlaml degisikliklerin BOS'ta elde edilememesinin daha iyi anlasilabilmesi icin yeni ve daha
kapsamli calismalara ihtiyag oldugu kanisina varildi.

Anahtar sézciikler: Koriza Gangrenosa Bovum, GSH, Nitrik oksit, eNOS, iNOS, Sigir
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INTRODUCTION

Malignant catarrhal fever (MCF) is usually fatal lympho-
proliferative disorder of cattle and other hoofed
animals 3., Disease is caused by alcelaphine herpes virus-|
(circumstances-l) and Ovine herpesvirus-Il (OHV-II) carried
by sheep as reservoir *°. Agents located on Macavirus
genus . OHV-II leads to subclinical infection in sheep and
sheep serves as the reservoir for the disease occurring
in cattle . Clinically fever, muco-purulent rhinorrhea,
corneal opacity "#, erosive stomatitis (especially erosion
of the buccal papillae ends) and gastroenteritis, tear
flows, blepharospasm, upper respiratory tract erosion,
encephalitis, cutaneous exanthema and enlarging
in lymph nodes were observed. The reservoir sheeps
infect environment with agent with nasal discharge. The
maximum virus excretion to environment takes place
when the sheeps are 6-9 months of age. Contact with
sheeps should be prevented through the control of the
disease ¥,

Sialic acid (SA), increases quickly after the inflammation
and injury process %" Until today, some researchers
reported increased serum SA concentrations during the
course of many diseases ['>19,

Malondialdehyde (MDA) content increases due to the
induction of lipid peroxidation. This process activates
antioxidant defense mechanisms %, Reduced glutathione
(GSH) and MDA concentrations can be used as indicators
of oxidative stress in some diseases but no studies
determined the oxidative stress in MCF on sera or CSF
previously 222 In inflammations, via stimulation of
inducible nitric oxide synthase (iNOS), nitric oxide (NO)
production increases. This situation leads to NO mediated
tissue injury I,

On many physiological and pathological processes
nitric oxide acts as a biologically active molecule with
different effects . Nitric oxide is a cytotoxic factor which
is generated from the terminal guanidine nitrogen atom
of L-arginine by NO synthase and released by a variety
of cells 228, |ts plays a primary defence against some
pathogens 239 But it has also been reported to be
immunosuppressive 1132,

A large spectrum of pathologic events cause oxidative
stress in farm animals B3, Oxidative stress and lipid
peroxidation may end up with cellular and tissue damage
if the production of reactive oxygen species are
excessive B3 Both enzymatic and non-enzymatic anti-
oxidative mechanisms used in the elimination of these
reactive oxygen species 343637,

This study was therefore designed to determine changes
in TSA, MDA, NO, iNOS and eNOS levels on sera and CSF
and GSH levels on blood in cattle with MCF.

MATERIAL and METHODS

Animals

A total of 27 animals, age 2-4 years used in the study,
consisting of 17 patients with clinically diagnosed MCF,
which were referred to the clinic of the Internal Medicine
Department of Kafkas University, Faculty of Veterinary
Medicine and 10 healthy cattles. In this study, control group
were provided from the faculty farm animals which found
to be healthy during routine examination. The study was
approved from the Kafkas University Animal Experiments
Local Ethics Committee (KAU-HADYEK/2016-137).

Blood (n=27) and CSF (n=17) samples were taken
from all the animals. Blood samples were taken from vena
jugularis and CSF were taken from L6-S1 intervertebra
with Tuohy epidural needle® (Perican epidural needle,
18G-80 mm. Braun, Germany). The blood samples were
centrifuged 3.000 rpm x 10 min and serum was obtained.
The whole blood samples with EDTA were taken for GSH
analyses. The obtained samples stored at -20°C until
analyses are done.

NO, MDA, iNOS, eNOS, TSA and GSH Analysis

Serum TSA levels were measured by the method of
Sydow B8, serum MDA concentrations were determined by
the method of Yoshoiko et al.®, serum NO was determined
according to the method of Miranda et al.“*%. Also levels
of GSH was measured according to the method of Beutler
et al.®" iNOS and eNOS activities were determined
commercial ELISA kits (MyBiosource®). Same procedures
(excluding GSH) were performed during the measurement
of the CSF and serum samples.

Statistical Analysis

The data obtained in this study were evaluated by
SPSS® (SPSS 20, USA) programme using the t test.

RESULTS

The serum MDA, NO, eNOS, iNOS and TSA levels and
whole blood GSH levels are shown in Table 1, CSF; MDA,
NO, TSA levels and eNOS, iNOS activities are shown in Table
2 which are obtained form study.

Clinical Examination Findings

In the clinical examination of the group consisting of
diseased animal, typical clinical symptoms; keratitis on the
cornea which starts from periphery and directs to center,
keratoconjunctivitis and increased opacity, photophobia,
mukoprulent lacrimation and nasal discharge, high fever
(40-41°C), redness of the mouth and nasal mucosa, necrosis
and erosive lesions in the mouth and buccal papillae,
growth in all lymph nodes that are palpable, dysphagia
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Table 1. Analysis results of serum and blood in control and amimals with

Parameter sentel McF P
(meanzstd error) | (meanzstd error)

MDA pmol/L 13.77+0.55 25.65+0.42 P<0.001
GSH mg/dL 60.06+1.73 37.21+1.12 P<0.001
NO umol/L 11.27+0.4 30.61+0.41 P<0.001
eNOS U/L 3.12+0.18 4.05+0.09 P<0.001
iNOS U/L 5.55+0.3 10.98+0.35 P<0.001
TSA mg/dL 63.60+1.86 88.33%£1.03 P<0.001

Table 2. Analysis results of CSF in control and animals with MCF

Parameter S McF P
(meanzstd.error) | (meanzstd.error)

MDA pmol/L 19.38+0.43 19.48+0.69 P>0.05

NO pmol/L 21.22+0.58 20.84+0.69 P>0.05

eNOS U/L 1.95+£0.07 1.93£0.07 P>0.05

iNOS U/L 7.71£0.26 8.07+0.26 P>0.05

TSA mg/dL 104.15+£1.88 102.55+1.85 P>0.05

and the findings which are reported by researchers. Clinical
symptoms associated with encephalitis such as somnolence,
staying head put on a place, staggering gait, indifference
to the environment were not evident in patients which
were clinically diagnosed with head-eye form of MCF.

In addition, from anamnesis received from animal
owners, it was determined as infected animals are being
hosted along with sheep.

Biochemical Findings

The serum levels of MDA, NO, eNOS, iNOS and TSA were
significantly higher (P<0.001) in animals with MCF than
control group animals and whole blood GSH values were
detected significantly lower (P<0.001) (Table 1).

On the animals with MCF, levels of MDA and iNOS in
CSF were detected high whereas levels of NO, eNOS ve
TSA were detected low than control group animals. This
changings were not statistically significant (P>0.05) (Table 2).

DISCUSSION

This study aimed to demonstrate on sera, blood and
CSF some indicators of oxidative stress and inflammation,
which were determined different bacterial and viral
diseases, in cases of MCF in cows that parameters are not
fully investigated yet.

Clinical symptoms determined in this study like keratitis
on the cornea which starts from periphery and directs to
center, keratoconjunctivitis, corneal opacity, photophobia,
high/acute fever (39.5-41.0°C), disphagie, redness of the

mouth and nasal mucosa, necrosis and erosive lesions in the
mouth and buccal papillag, growth in the lymph nodes of
infected animals with consequent excessive mucopurulent
lacrimation and nasal discharge in agreement with those
reported for MCF but clinical symptoms associated with
encephalitis were not determined in patients "37., Further-
more from anamnesis taken from animal owners, it was
determined as infected animals are being hosted along
with sheep which are involved in the occurrence of the
disease in cattle as reservoir 145,

In this study, serum TSA level in MCF cases was found
higher than the control animals as reported previously
by some researchers in different diseases ">'%. Increased
sialic acid levels are reported in mammals during different
pathological situations ', SA is present in all biological
membranes. When the pathological situations mentioned
above occur, SA is released from the cell membrane to
circulation and rise in SA is observed ['"34243] TSA changes
in CSF were not statistically significant. This is may be due
to that symptoms of encephalitis do not occur sufficiently
in patients.

Another indicator of cellular damage and lipid per-
oxidation during the course of MCF may be increased
MDA, and decreased GSH. The MDA results of our study
are similar to foot and mouth disease in recent years 44,
According the present study finding that MCF causes
tissue damage in various organs and systems. Lower GSH
levels on the animals with MCF than healthy animals is
thought to be caused by oxidative stress on the animals
due to disease, similar to the previous reports on oxidative
stress situations >4,

NO is a free radical which is produced via inducible
nitric oxide synthase (iNOS) from activated leukocytes by
pro-inflamatuary cytokins ¥79, It is known that NO plays an
important role in the primary defense mechanism against
several pathogens and NO production can be induced
by various viruses which inhibit virus replication “45152,
In present study, NO levels in MCF cases was determined
higher than control animals in serum samples, therefore
our study results indicate that herpesvirus can induce the
production of NO.

NO level and iNOS activity obtained from the control
group’s CSF were relatively high compared to the serum
levels of the same group and eNOS activity was low. NO
level, eNOS and iNOS activities obtained from study group’s
serum with MCF detected relatively higher than the same
group’s CSF levels. Serum levels of NO, eNOS and iNOS were
found to increase significantly in the cattles diagnosed
MCF’s head and eye form compared to healthy animals,
this situation were found to be consistent with the studies
reported for these markers in pathological events 536,
Besides all these on the MCF group, iNOS, induced by such
situations like inflammation, and eNOS, known to locate
in vascular endothelia, were not observed as the expected
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increased level in CSF. At this point, it was concluded that
there is a need for new studies for a better understanding
that blood-brain barrier, or a different mechanism may
be effective and why statistically significant changes on
the blood of animals with MCF caused by inflammatory
processes and oxidative stress were not seen on the
CSF. Changes in the inflammatory and oxidative stress
parameters observed in the serum, are not observed in
CSF of animals diagnosed with head eye form may suggest
that the encephalitis did not developed/occured.

This is the first study to our knowledge in which some
oxidative and inflammation parameters was evaluated
on sera, blood and CSF in the MCF. In this study some
oxidative stress parameters can significantly increased in
the serum, but not in the CSF, produced from diseases and
oxidative damage to tissues along with other mechanisms
might have taken part in the pathogenesis of CSF and
further detailed studies at cellular level are needed to fully
understand the pathogenesis and clinical expression of
the disease in cattle, an important source of infection.
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Abstract

The objective of this study was to follow Nosema infection levels and species under hygienic bee breeding program for resistance to American
foulbrood (Paenibacillus larvae). The incidence of Nosema parasite infection levels and detection of the species of Nosema were evaluated in 5 periods
during 2012-2014 for Mugla honey bees known as an ecotype of Apis mellifera anatoliaca in the hygienic bee breeding program. During the hygienic
breeding program, no organic or synthetic chemical treatments were applied against nosemosis in the colonies. The incidences of Nosema spores
were followed in 123 colonies at five time periods. Although the correlations were negative for between spores-temperature (r =-0.115; P>0.01) and
positive for spores- humidity (r = 0.013; P>0.01) but not significant statistically. Molecular diagnosis showed that only N. ceranae spores were detected
from samples during 5 seasons. In conclusion, nosema infection levels decreased under hygienic bee breeding programme but further monitoring
studies should be performed in order to decide whether the nosema spores decrease due to hygienic behavior. To our knowledge, this is the first
long- term and unique study for observation of Nosema during breeding program in Turkey so far.

Keywords: Nosema ceranae, Nosema apis, Breeding program, Mugla ecotype, Turkey

Tiirkiye'deki Hijyenik Bal Arisi Islah Calismasi Suresince Nosema
Enfeksiyon Diizeyinin Takibi

Ozet

Bu calismada, Amerikan Yavru CurlklGgu (Paenibacillus larvae) hastaligina direncli olan hijyenik balarisi 1slah programinda Nosema enfeksiyon
diizeyinin takibi amaclanmistir. Islah programinda Apis mellifera anatoliaca ekotipi olarak adlandirilan Mugla balarisinda 2012-2014 yillari arasinda
5 dénem boyunca Nosema turleri ve nosema enfeksiyon diizeyi belirlenmistir. Islah calismasi stiresince kolonilere nosema icin her hangi bir ilag
uygulamasi yapilmamistir. Bes donem boyunca 123 kovanin nosema sporu bulasikhgi takip edilmistir. Spor sayisi- sicaklik arasinda negatif korelasyon
(r=-0.115; P>0.01) ve spor sayisi nispi nem arasinda pozitif korelasyon (r = 0.013; P>0.01) bulunmasina karsin iliski istatistiksel olarak dnemli degildir.
Molekiler tanimlamada, bes sezon boyunca alinan drneklerde yalnizca N. ceranae sporu tespit edilmistir. Sonug olarak, hijyenik ari yetistirme
programi siiresince nosema enfeksiyon seviyeleri azaldigi gozlenmistir. Fakat nosema sporlarinin azalmasinin nedeninin hijyenik davranisa bagli olup
olmadigina dair karar verebilmek icin baska hijyenik calismalarda da gozlemler yapilmalidir. Bu calisma bugiine kadar Tlrkiye'deki i1slah program
stiresince Nosema diizeyinin takibini iceren en uzun sureli ve tek calismadir.

Anahtar s6zciikler: Nosema ceranae, Nosema apis, Islah programi, Mugla ekotipi, Tiirkiye

INTRODUCTION

The Microsporidia have more than thousand species
(160 genera and 1300 species) and Nosema species being
Microsporodian are parasitic for invertebrates 4. There
were two microsporidian species of genus Nosema, Nosema
apis and Nosema ceranae in honey bees. It was supposed
that N. ceranae was specific for Apis cerana and N. apis,

a pathogen specific for the Apis mellifera, gave rise to
nosemosis previously %,

However, other studies illustrated that N. ceranae could
infect A. mellifera. In the last decade, N. ceranae has expanded
its distribution in the world and the replacement of N. apis
by N.ceranae was reported by many researchers 7% The
serious colony losses referred to colony collapse disorders
(CCD) were observed in the last decade and attracted great
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attention of scientists, but the reasons are still unclear I'".
The studies indicated that Nosema was considered the
possible suspect for colony losses. Furthermore, the
researchers thought that many factors such as beekeeping
practices, host susceptibility and various combinations of
pathogens resulted in colony losses 213, Also researchers
indicated that synergistic effects of various pesticides and N.
ceranae combination increased honey bee mortality "+,
Recent studies illustrated that N. ceranae is the most
prevalent bee pathogen and it does not show any prior
clinical symptoms 7#17. The one possible explanation for
the higher pathogeny of N. ceranae is that it has better adap-
tation than N. apis to different temperature conditions 189,
Another finding is that N. ceranae infection exerts a
higher immune suppression than N. apis ?@ and N. ceranae
infection X imidacloprid affect the immune response "%, On
the other side, if honey bee colonies have enough protein
and energy reserves, honey bees can tolerate N. ceranae
infection as the host energy intake is increased by the
parasite. Otherwise, it experiences energy stress if the host
does not have enough energy reserve 222, Nosema is still
considered as the possible suspect for colony losses causing
economic loss. Many survey studies indicated that Nosema
infections led to colony losses worldwide %1323, Universities
and several governmental institutions in many countries
have performed breeding and selection programs supporting
to increase honey, pollen production and gentleness.
Recently, breeding programs for increased disease resistance
including hygienic behavior of colonies to American
foulbrood 2*%, and Varroa destructor were performed in
many countries 2639 |n Turkey, breeding programs have
generally been applied for conservation of subspecies or
native populations and used widely for enhancing desirable
traits (www.tagem.gov.tr). In contrast, the breeding programs
for disease resistance have not been widely applied
before. The negative effects of diseases could often be
compensated by pharmaceuticals, and other management
techniques.

This study was a part of a hygienic behavior breeding
program against American foulbrood which has been
coordinated by universities and Mugla Beekeepers
Association. The incidence and levels of Nosema infections
and the type of Nosema were determined in 5 periods
during 2012-2014 for Mugla ecotype in the program which
recorded the hygienic test values in colonies. In here,
Nosema spore monitoring results and types of Nosema are
given. More detailed results on breeding program will be
prepared for publications. The reason why Nosema spores
have been observed during this breeding program is that
selected populations are very important, and so Nosema
spores were observed during five periods in order to see
the effect of Nosema spores in any colony loss of selected
population considering the pathogen effect of nosema.

The objective of this study was to follow Nosema
infection levels and species under hygienic selection
program for resistance to American foulbrood. To our

knowledge, this is the first long- term study for observation
of Nosema during breeding program in Turkey so far.

MATERIAL and METHODS

The colonies used in the present study were screened
in order to detect the presence of Nosema spores using
microscopic method. During the hygienic breeding
programme, no organic or synthetic chemical treatments
have been applied against nosemosis. The honey bee
samples were taken from each colony in both spring and
autumn in 2012-2014 and kept in alcohol for spore counts
in 123 colonies.

Determination of Nosema Infection Levels

Twenty older foragers from each colony were sampled
from in order to determine the number of spores per bee in
a pooled sample. Homogenates were prepared according
to the OIE terrestrial manual 3. Nosema spp. spores were
microscopically determined from each homogenate at
400x magnification. The spores were counted on the
haemocytometer B and the average number of spores
per bee was calculated B2,

Molecular Detection of Nosema spp.

Total DNA was extracted from each homogenate using
DNA isolation kit (Fermentas K512). Isolated DNA was
analyzed by multiplex PCR in order to confirm the Nosema
species of the spores as previously described using
321APIS FOR/321APIS REV and 218MITOC FOR/218MITOC
REV primers specific for N. apis or N. ceranae respectively 53,
PCR amplification was detected in agarose gel (1.5%)
electrophoresis and visualized under UV after ethidium
bromide staining 3. Molecular detection of Nosema spp.
was performed in all samples for each season. The positive
PCR products were compared with the controls for N.
ceranae and N. apis provided by Etlik Veterinary Control
Central Research Institute (Ankara, Turkey).

Statistical Analysis

ANOVA tests were used to determine the variation in
Nosema prevalence and the degree of infections over the
seasons. Multiple comparison tests were applied to spore
counts by Tukey B and correlation test were done using
SPSS for Windows Version 16.0 (SPSSInc., Chicago, IL, USA).
Selected three positive PCR products from positive samples
for N. ceranae were sequenced and the sequence similarity
analyses were performed using BLAST database search.

RESULTS

The Prevalence of Nosema Spores

During the hygienic behavior breeding program,
prevalence of Nosema spores was followed in 123 colonies.
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During the 2012-2014 period of breeding program,
we observed seasonality in spore densities in colonies.
The first year (2012) of the breeding program, Nosema
sporecounts were very high in May and November
(Fig. 1). The highest percentage of infected colonies was
observed in November 2012 (76%). In the second year,
Nosema spores were decreased dramatically and the
lowest percentage of infected colonies was observed
in November 2013 (18%) and nearly similar percentage
was observed in May 2014 (19%). Descriptive statistics
results of spore counts for sampling seasons were given
in Table 1. Spore numbers from sampled seasons were
decreased during years in breeding programs. The lowest
mean numbers of spores were observed in November
2013. Analysis of variance was performed to determine of
significance among variables (spore numbers in sampled
seasons). Variance analysis illustrated that the differences
among spores variables were highly significant (P<0.001).
Multiple comparison; Tukey B test was conducted
to determine differences which arise from variables.
According to multiple comparisons test, spore numbers
in May 2012 and November 2012 were different from each
other and May 2013-November 2013-May 2014 spore
numbers (Table 1).

Average temperature and relative humidity values
were obtained from Turkish State Meterological Service
(on electronic data base: http://tumas.mgm.gov.tr/wps/
portal/) for months during selection periods. Correlation
tests were performed between spores- temperature
and humidity spores. Negative correlation was detected
between spores temperature (r = -0.115; P>0.01) and
positive correlation spores- humidity (r = 0.013; P>0.01).
But the correlations were not statistically significant.
During the selection program, mean spore numbers,
mean temperature (Temp.), and relative humidity (RH%)
were given in Fig. 2.

Molecular Diagnosis of Nosema spp.

DNA isolation was done from Nosema spores positive
samples using commercial isolation kit. Multiplex PCR
were performed to detect of Nosema types, N. apis and N.
ceranae (Fig. 3). Molecular diagnosis illustrated that only
N. ceranae spores were detected from samples during
5 seasons. Selected positive samples for N. ceranae were
sequenced. BLAST database search illustrated that the
nucleotide sequences of amplification products from the
Nosema infested honeybees were 99% identical with N.

ceranae sequence from many countries

T e deposited in GenBank database in this
140 - study.

120 - DISCUSSION
100 - 76% The results in here were interpreted
with hygienic behavior values which
80 - 61% increased in colonies during 3 years of
selection. Selection on queens with an
60 - artificial insemination showed a steady
33% increase in hygienic bees from 43% in
40 A 2012 to 63% in 2013 and 91.7% in
18% 19% 2014. The percentage of bees with
20 A hygienic behavior was significantly
different among the years (P<0.001) B34,
0 - ' ' : The results revealed that hygienic
May.12 Nov.12 May.13 Nov.13 May.14 behavior increased, and on contrary,

‘ Fig 1. Studied and infected colonies in years 2012-2013-2014

‘ infected colony numbers and spore loads
significantly decreased in the 5 periods.

Table 1. Descriptive statistics results of spores for five seasons

During breeding program, 3-4% over
wintering colony losses were observed
through the years, and no suddenly bee

Group Mean N St. Dev. death was observed. Honey production

May 2012 52.10%b 123 12.10° was not measured. During these periods,
no Nosem mptoms wer rv

November 2012 106.10% 123 13.10° . ° Ose, a symptoms were observed
in colonies.

May 2013 7.10% 123 15.10°

oo = e 5 - The S|g.n|f|cant differences have been
detected in prevalence of Nosema spp.

4, 4 . . .

iy AU o e = b U from 1990s until now by many studies in

The group means having the different letter (a, b and c) in the same column were different from the world. The first period examination of

each other, P<0.05 Nosema spore distribution was carried
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study performed in Sweden in 2007 7.,
With intend of determining the pre-
valence of Nosema spp. in Germany,

Temp # of
RH
(°C) (%) Spores
180
May.12 17 71 52.10°
160 -
Nov.12 19 59 106.10*
140 -
May.13 18 62 7.10°
120 A
Nov.13 25 47 5.10"
100 A
80 -
60 -
40
20 -
0 -
May.12 Nov.12 May.13 Nov.13
B Temp (°C) RH (%) B # of Spores

the long term studies has been made
during the five years B¢. Each spring
and autumn periods, samples were
collected from these colonies and there
were no relation between colony losses
and detectable levels of infection with
N. apis or N. ceranae in this report 5,
Although, the samples collected in
Finland from the 1990s infected with N.
apis, collected samples from colonies
after 2000s infected with either N.
ceranae or association with N. apis .
Although the climatic conditions are
quite similar, the prevalence of N.
ceranae has been determined to be
higher in Finland than in Sweden or
Norway . The Nosema spores were
detected during four years and the

May.14

under selection

Fig 2. Average temperature (Temp.), relative humidity (RH%), and mean spores numbers

infection level altered both winter and
summer periods during this four year

Ladder Negative N.apis N.ceranae Mayl2 Novl2 Mayl3

Nov13

period as a decrease in winter 2009-
2010 and 2011-2012 in Poland B7. N.
ceranae has been reported in France
since 2002 and a high variability in spore
was observed in studied colonies B8,
The study completed in order to
determine the prevalence of Nosema
spores in Slovakia during the period of
two years (2009-2010) reported that
the prevalence of N. ceranae gradually
increased whereas the prevalence of
N. apis decreased B9, In Iran, the per-
centage of Nosema positive samples
changed according to regions and
seasons and N. ceranae was the only

May14

Fig 3. PCR results of positive samples on gel: Line 1: 100bp DNA ladder, line 2: negative

control, line 3: N. apis, line 4: N. ceranae, line 5- 9: Positive samples

Nosema species in studied colonies #4043,
The study completed in Eastern part

out between 1999 and 2002 "%, During this period,
the smallest numbers of Nosema positive samples were
detected during the summer and the spores looked like
N. apis. In the other years among 2003-2005, Nosema
positive samples in all months showed tendency to
increase of spores % In Spain, the high number of
colony losses had been related with N. ceranae more
common than N. apis ©™. The coexistence of both
N.ceranaeand N. apisin colonies with the higher prevalence
of N. ceranae, a sign of a developmental advantage
over N. apis, and different developmental preferences
according to prevalence under the different climatic
regions in Spain has been revealed through the other
studies B, The majority of colonies were found to
be infected with mixed Nosema spp. in another survey

of world illustrated that the percentage
of N. apis and N. ceranae varied from 28% to 61% in China
and 33% and 73% in Taiwan, respectively ©@. All these
studies above contained seasonal variation of Nosema
spore loads but not during breeding projects in
long term.

In Turkey, the survey studies for colony losses
and diseases have shown that the presence of Nosema
spores in different regions. The percentage of Nosema
changed from 2% to 9% during years and regions
according to these studies but the species of Nosema
spores were not distinguished ***! Up to now, many
studies have reported the presence of N. ceranae and N. apis
from different regions of Turkey "8, Also the replacement
of N. apis by N. ceranae was indicated 1",
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Nosema ceranae is the only species in sampled colonies
in our study. The sequence results for present study also
showed high level identity of N. ceranae sequences from
many European countries and also Australia, Iran, Lebanon,
and Thailand according to BLAST database search.

This study is the unique in that the levels of Nosema
infections were followed in colonies under selection for
resistance to another pathogen. In the world, bee breeders
in Denmark informed that they have aimed to improve
resistance to Nosema spp. in their breeding stocks 52,

The infected colony numbers and spore loads were
observed in three years. During the five seasons, the
number of infected colonies and spores were decreased. In
studied colonies, there were negative correlation observed
between spores-temperature and positive correlation
spores-relative humidity. But these correlations were not
significant statistically. In conclusion the Nosema infection
levels decreased under hygienic bee breeding programme
for American Foulbrood disease but further monitoring
studies should be performed in order to decide whether
the Nosema spores decrease due to hygienic behavior.
The level of Nosema spores observed in colonies under
breeding programme for resistance to another pathogen
is the unique and long term study in Turkey
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Abstract

In this study, it was aimed to investigate polymorphisms in seven genes (GH, PRL, STAT5A, OPN, PIT-1, LEP and FGF2) related to reproductive traits in dairy
heifers. Frequency distributions of the genotypes between fertile and repeat breeder heifers groups were investigated. Allele effects on fertility were
also analyzed. Blood samples were taken from a total of 160 Holstein-Friesian heifers and they were divided into two groups according to their artificial
insemination numbers (Al). The heifers becoming pregnant after the first Al were used as the fertile heifers (FH, n=80) and the heifers with 3 or more equal
Als were accepted as the repeat breeder heifers (RBH, n=80). All the animals were genotyped by the PCR-RFLP method for seven genes and the association
works were performed for 145 animals (RBH, n=79; FH n=66). For all loci investigated, two alleles and three genotypes were found for overall population with
the exception that PRL locus had two alleles and two genotypes. The chi-square test (x?) revealed that the whole population and the two groups separately
were at Hardy-Weinberg equilibrium. The genotype distributions of PIT-1 and STAT5A conspicuously differed between the FH and the RBH groups; however,
these differences were not found significant. Association of GH-AB genotype was found significant on Al number for the first pregnancy. Mixed effect logistic
regression model was used to investigate the allele effects on fertility. No linkage disequilibrium was detected between the investigated loci.

Keywords: Polymorphism, Fertility, Infertility, Dairy Heifers

Holstein-Friesian Diivelerde Fertilite ile GH, PRL, STAT5A, OPN, PIT-1,
LEP ve FGF2 Polimorfizimlerinin iliskileri

Ozet

Bu calismada sutcl duvelerde reprodiiktif 6zellikler ile iliskili yedi gendeki (GH, PRL, STAT5A, OPN, PIT-1, LEP ve FGF2) polimorfizimlerin arastiriimasi
amaclanmistir. Genotip frekanslarinin fertil ve repeat breeder diive gruplarindaki dagilimi arastirimistir. Ayrica fertilite Gzerine allel etkisi de incelenmistir.
Toplam 160 Holstein-Friesian diiveden kan alinmis ve bu diiveler tohumlama sayilarina (ST) gére iki gruba ayrilmistir. ilk tohumlamada gebe kalan diiveler
fertil duive (FH, n=80) olarak kullanilmis ve ¢ veya daha fazla ST'si olan diiveler repeat breeder diive (RBH, n=80) olarak kabul edilmistir. Tim hayvanlar
yedi gen bakimindan PCR-RFLP metodu ile genotiplendirilmis ve iliskilendirme calismalari toplam 145 hayvanda yapilmistir (RBH, n=79; FH, n=66). iki allel
ve iki genotipin bulundugu PRL hari¢ incelenen tiim lokuslarda iki allel ve {i¢ genotip belirlenmistir. Ki-kare sonuglari (x2) tim populasyonun ve ayri ayri
gruplarin Hardy-Weinberg dengesinde oldugunu ortaya koymustur. PIT-1 ve STAT5A lokuslarinin genotip frekanslarinin dagihmlan FH ve RBH gruplari
arasinda belirgin bicimde farkli olmasina ragmen bu farklilik istatistiksel anlamda énemli bulunmamistir. GH-AB genotipinin fertilite Gzerine etkisi dnemli
bulunmustur. Fertilite Gizerindeki allel etkisini incelemek icin karisik etkili lojistik regresyon analizi kullanilmistir. incelenen lokuslar arasinda bir baglant
dengesizligi belirlenmemistir.

Anahtar sézciikler: Polimorfizm, Fertilite, infertilite, Stitcii diive
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INTRODUCTION

Although female reproduction is essential for the
prolificacy of animal production, decreasing reproductive
performance is one of the major problems in dairy industry ™2,
As it is well known, the use of conception rate as an
indicator of reproductive performance has decreased in
the last decades . Repeat breeder heifers (RBH) cause
economic losses due to both the high insemination cost
and the increased age of heifers at first calving, which is
a source of complex health problems. Identifying dairy
cattle with superior genetic potential for improved fertility
might increase dairy farm profitability.

This dramatic reduction in reproductive performance
of dairy cows is unlikely that this decline could be reversed
only through improved management conditions ©l. In
the minimization of these problems, the use of molecular
markers may provide rapid genetic gains .

As Khatib et al.”! noted, it might be useful to use the
whole pathway rather than a single gene in a selection
scheme. This seems logical due to the well-known multi-
locus combined effect variations observed in quantitative
traits. We selected seven different mutations in different
genes involved growth, development and other essential
actions for maintaining the pregnancy or other reproductive
performance and examined their associations with the
conception number for each pregnancy ¢,

We targeted heifers for not only their economic
importance but also avoiding evaluation of endocrinologic
and oestrus problems found in repeat-breeder heifers "7,
The number of studies on heifer reproductive performance
is limited ¥, The aim of the present study is to investigate
the frequency distributions of seven loci, considered to be
assocaiated with the reproductive traits, in the fertile and
the repeat breeder Holstein heifer groups. We also aimed to
examine the associations between these polymorphisms
and fertility in dairy heifers.

MATERIAL and METHODS

The study was approved by the Ethics Committee of
Uludag University (UUHADYEK), (approval date: 04.06.2013;
no: 2013-11/1). This study was carried out in seven
different lactating dairy farms located in the Marmara
region of Turkey with an average 400-800 milking cows.
The reproductive management of the dairy heifers in the
farms was based on the artificial insemination following
the estrus detection after spontaneous or PGF,a (one or
two doses of PGF,a apart from 14 days) induced estrus.
The first insemination age of the heifers was average 15
months in all the dairy farms. The artificial inseminations
(Al) were performed by the farm veterinarians.

The Holstein-Friesian heifers (h=160) between 14-28

months of age were included in the study and the heifers
were divided into two groups: fertile and repeat breeder.
The heifers that became pregnant after the first artificial
insemination (Al) were determined as the fertile group
(FH, n=80) and the heifers with 3 or more equal Als were
placed in the repeat breeder group (RBH, n=80). The first
and the second pregnancy checks were performed on the
30t and 60" days following the Al in the fertile heifers. If
the embryonic loss was detected on the 60th day of the
pregnancy check, the heifers were excluded from the
fertile group. The blood samples were obtained from the
coccygeal vein for DNA isolation.

A total of 160 Holstein Friesian heifers were analyzed
for polymorphisms in the seven genes and seven different
gene regions by using the PCR-RFLP method. However,
the association works were performed for a total of 145
animals, 79 from the RBH group and 66 from the FH group.
Fifteen of the 160 animals could not been genotyped
for all loci. Due to this limitation these animals were
not included to association analysis. The total DNA was
extracted by using a genomic DNA purification kit (K0512,
Fermentas, Lithuania) according to the instruction manual.
The quantity and quality of the DNA were checked with
a NanoDrop 2000 spectrophotometer (Thermo Scientific,
USA). The primers and restriction enzymes used for PCR-
RFLP analysis are given in Table 1.

The PCR amplifications were performed in reaction
mixtures of 25 ul containing 12.5 pl of 2x PCR Master
Mix (KO172, Fermentas, Lithuania), 0.5 uM of each primer
and 25-75 ng of genomic DNA. The amplification was
performed by using a Techgene Thermal Cycler (Techne,
Cambridge, UK). The restriction enzyme digestions were
performed according to the manufacturer’s protocols. The
digested restriction fragments were directly analyzed via
electrophoresis on 2% and 2.5% agarose gels in 1XTBE
buffer, stained with SafeView™ Classic (Applied Biological
Materials Inc., Canada) and visualized under UV light.

The allele and genotype frequency calculations as
well as the chi-square (x?) test were carried out by using
the Popgene32 29 program. The linkage disequilibrium
between the investigated loci was analyzed according
to Weir ?7 by using the Popgene32 % program. The
differences in the genotype frequency distribution between
the FH and the RBH groups were analyzed by the likelihood
ratio chi-square (x?) 28,

Mixed effect logistic regression in framework of
generalized linear mixed model was applied to estimate
the parameter of linear predictor contains vet and farms as
random effects in addition to a set of our fixed explanatory
variables (OPN, STAT5A, GH, PIT1, PRL, FGF2, LEP). Parameter
estimates of both random and fixed effects were obtained
by using the PROC GLIMMIX in SAS 2%, We used a CONTRAST
option to test the hypotheses for the comparison of alleles
within genotypes.
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RESULTS

The distrubutions, numbers of the Als and the ages of
the heifers were shown in Table 2 and numbers of the Als
and the ages of the heifers were greater (P<0.01) in the
repeat breeder heifers (4.5£0.18 and 20.9+0.50) than in
the fertile heifers (1.00+0.00 and 15.7+0.52, respectively).
All the loci investigated were found to be polymorphic
with two alleles and three genotypes for each with the
exception that the PRL loci had two alleles and two
genotypes (Table 3). We found limited variation on the LEP
locus with a quite low frequency of B allele. There was only
one animal carrying BB genotype at this locus.

The observed allele and genotype frequencies and
the expected heterozygosity values as well as the x?
values and the number of investigated individuals from
each group are given for each investigated loci in Table
3 and Table 4. The population was found to be in Hardy-
Weinberg equilibrium for the investigated loci. The linkage
disequilibrium anaylsis showed that there was no linkage
disequilibrium between these loci.

The genotype distributions of some genes were different
in the two aroups (Table 3). While aenotvpe AB of GH was

higher in RBH group, genotype AB and GC of PIT-1 and
STAT5A loci were higher in the FH group (Table 3). While
these differences were not significant for PIT-1 and STAT5A
loci, GH locus was found to be differ between groups
(P=0.05). Heterozygote genotype (AB) at GH locus seems
to be unfavorable for Al number for the first pregnancy.
The heterozygote genotype (AB) at GH locus frequency
of the FH group was different from that of the RBH group.
Odds Ratios with 95% Wald confidence limits graphic and
logistic regression graphics are given in Fig. 1 and Fig. 2,
respectively. The index plots of the Pearson residuals and
the deviance residuals in Fig. 2 indicate that no cases are
poorly accounted for by the model, causing instability in
all parameter estimates and goodness of fit. In addition,
according to both logistic regression and association
analysis, farms and inseminaters effects were found
insignificant on fertility.

DISCUSSION

Two alleles and three genotypes were found for
SNPs located between in exon 6 and intron 5 of the PIT1
gene (Table 3, Table 4). Similar to other studies on the
B allele, a positive effect on arowth and develooment

Table 1. Gene locations of loci, size of PCR products, primer sets and restriction enzymes (RE) used for RFLP analysis

Loci Primers (5’ — 3') R.E Location within Gene Pi?zzr&:';d References
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Table 2. The numbers of the Als and the ages of the heifers according to groups

N Age of Heifers* Numbers Al of Heifers
Farms
FH RBH RBH FH RBH
Farm 1 7 1 16.55+1.46 23.10+3.00 1.00+0.00 4.18+1.40
Farm 2 20 15 15.58+1.16 22.87+5.05 1.00+0.00 5.20+1.93
Farm 3 9 11 14.64+1.17 17.91+2.97 1.00+0.00 4.54+0.93
Farm 4 14 12 14.38+0.95 19.01+1.66 1.00+0.00 5.00+2.33
Farm 5 10 12 15.35+1.49 18.87+0.63 1.00+0.00 4.50+0.90
Farm 6 10 12 14.70+0.26 18.80+1.39 1.00+0.00 4.16+1.93
Farm 7 10 7 15.47+0.70 18.88+1.89 1.00+0.00 3.86+0.80
* Month, FH: Fertile Heifers; RBH: 