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Veteriner Hekimlik

USAGE AREAS OF ARTIFICIAL
INTELLIGENCE TECHNOLOGIES (DEEP
LEARNING, MACHINE LEARNING, FUZZY
LOGIC) IN VETERINARY MEDICINE

Semine DALGA*
Evin KACMAZ?

1. INTRODUCTION

Artificial intelligence is used in many areas such as animal
health, animal welfare and herd health management. In many
areas of herd breeding, it is also an assistive technology in issues
such as performance management and body condition score of
dairy cattle. Artificial intelligence, which has been widely used in
recent years, is thought to provide benefits such as prevention of
zoonotic diseases, accurate diagnosis and treatment, development
of pharmacovigilance reporting processes, determination of new
medical strategies, reduction of unnecessary drug (antibiotic) use
through diagnosis and treatment protocols. Artificial intelligence-
based decision support systems help veterinarians to create
individualized treatment plans, taking into account factors such
as animals' medical history, genetic makeup, and reactions to
drugs (AlZubi, 2023).

Al-assisted decision support systems help physicians
create personalized treatment plans, taking into account factors
such as the animal's genetic makeup, medical history, reactions to
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drugs and susceptibility to anaphylaxis. This development guides
physicians in drug selection, dose calculations and evaluating the
effectiveness of different treatment modalities. Using extensive
data analysis and modeling, artificial intelligence systems provide
veterinarians with evidence-based recommendations and
treatment plans that comply with global standards. Artificial
intelligence improves the accuracy of decision-making by
suggesting personalized treatment options for each patient using
information from scientific literature, similar cases and treatment
outcomes (Akinsulie et al., 2024). Thanks to its ability to process
large data sets, Al also plays an important role in analyses
covering animal reproductive physiology, genetics and
environmental factors. By combining and interpreting this
information, Al algorithms improve decision processes that
increase the success of artificial insemination procedures by
helping to determine optimal mating times. Furthermore, artificial
intelligence allows the creation of predictive models that take into
account various parameters affecting reproductive success. These
models guide farmers and veterinarians to predict fertility cycles,
select strategic reproductive techniques and improve
insemination protocols, which will contribute to improved
reproductive outcomes. Al-supported image recognition
technologies also play an important role in monitoring the
reproductive health of animals (Akinsulie et al., 2024).

In a study, it was reported that artificial intelligence
accurately determined the need for surgical intervention and the
probability of survival of horses with acute colic (Fraiwan and
Abutarbush, 2020; Korkmaz Akar and Yildirim, 2022). Another
study modified an existing communication system to allow
patient owners to consult with a coded veterinary consultation
program, and suggested that this program could provide accurate
information about the health of their animals (Huang et al., 2021;
Korkmaz Akar and Yildirim, 2022). In a review, the benefits of
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digital transformation were discussed. In this review, digital
transformation in animal husbandry as well as related
developments in animal health, disease detection, productivity
increase and problem solving were examined (Fuentes et al.,
2020; Korkmaz Akar and Yildirim, 2022).

Thanks to sensor technologies that appear as wearable
technological devices, real-time evaluation is possible. Thanks to
these garments, reference values such as body temperature and
heart rate can be monitored continuously. In addition to devices
that contain sensors on the animal, environmental sensors can
easily detect environmental changes that may affect the animal'’s
welfare. It is also possible to observe and interpret videos
recording animal behavior. This shows that artificial intelligence
can easily analyze huge amounts of data and make predictions.
The evaluation of subtle changes and stress, which can be
considered as disease markers, is also possible with this
technology (Neethirajan, 2024).

According to a systematic review of 131 research papers
published in the last four decades, there is a high concentration of
studies specifically focused on the detection and recognition of
animal behavior. Most of these studies were concentrated on pigs
(37.95%), cattle (37.44%) and poultry (16.92%) (Bao and Xie,
2022). In one article, research was conducted on PADI-web.
PADI-web is a biosurveillance system for monitoring online
news sources for the detection of animal infectious diseases. It
features a fully automated process focused specifically on animal
health and based on machine learning methods. This study
addresses the new functionalities of PADI-web (Valentin et al.,
2021).

There are also examples of the use of artificial intelligence
for animal performance analysis in dairy farms. It helps to
diagnose the disease at an early stage and start treatment
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accurately and quickly, and makes assumptions about the animal'’s
current milk yield as well as future milk yield by analyzing
parameters. Thanks to artificial neural networks, the time of birth,
estrus symptoms and periodic periods can be controlled. Thanks
to deep learning and machine learning, the individual feed intake
of animals can be evaluated, as well as their metabolism and
fattening status (De Vries et al., 2023). In enterprises with
artificial intelligence systems, cooling can be done with automatic
water spraying systems for animals that will be affected by the
change of environmental factors and air temperature. It has been
observed that there are positive effects on milk yield with doors
that open automatically at milking time in milking units. The use
of sensor technologies in herd management technologies and
automation systems is increasing day by day. This contributes to
an easy and reliable production model (Kopuzlu, 2023). With
machine learning modeling, it was tried to increase the milk yield
of the animal by controlling environmental factors in dairy cattle
farms. Here, according to the information received from a
meteorological station, the environmental temperature of the
animals was adjusted and measures were taken to prevent heat
stress (Fuentes et al., 2020). New methods derived from the
intersection between software engineering and artificial
intelligence can increase transparency and reproducibility in
mechanistic modeling (Ezanno et al., 2021).

Today, with the acceleration of technological
developments called 'Agriculture 4.0', artificial intelligence and
artificial intelligence-based technologies have started to be
applied in the field of agriculture. Since agriculture and animal
husbandry are considered as a whole, these developments have
become widespread in the animal husbandry sector. Thanks to
these technological methods, it provides a great advantage in
many areas such as the correct use of available resources on the
farm, yield increase, monitoring and protection of animal health,
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monitoring and management of the production process. One of
the most important impacts in the livestock sector is that artificial
intelligence performs big data analytics and thus provides
progress and convenience in data-driven areas. In addition to its
production-based contributions, artificial intelligence also helps
in breed selection, genetic efficiency and prevention of genetic
diseases. About farm management, the 'FMS (Farm Monitoring
and Management System)' project was established in 2017. It has
basic nodes with descriptions such as animal registration, animal
detail card, feeding, herd and breeding summary. These contents
have a mobile application and laboratory application (Sevli,
2023).

2. MACHINE LEARNING (ML)

Machine learning (ML) is an important subfield of
artificial intelligence. It is a learning-based algorithm that is
trained to perform a specific task (Korkmaz Akar and Yildirim,
2022). Any of the ML algorithms, including supervised, semi-
supervised and unsupervised algorithms, can be used for a given
task and associated data. Supervised ML algorithms are used
when all data is labeled (or classified) and the task is to classify
new input data into known output responses (also called
structured prediction). Unsupervised ML algorithms are used to
perform data inference, or to draw logical conclusions or potential
hypotheses from the dataset. These algorithms are able to
partition large datasets into meaningful and interpretable data
groups (clustering) and subgroups. Semi-supervised ML is a
branch of artificial intelligence that combines both supervised and
unsupervised ML, useful when there is a combination of labeled
and unlabeled datasets (Gevrekci and Takma, 2022).

In Reinforcement learning, which tries to solve a problem
with different approaches, it is rewarded (or punished) depending
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on the actions taken (Basran and Appleby, 2022). Machine
learning is the learning of machines created using certain
algorithms that can make their own decisions and present the
result to the user. Machine learning methods are applied to large
data sets. This is defined as data mining. Support vector machines
(SVM) is a machine learning method that provides the solution of
classification problems in data when the patterns between
variables are unknown (Gevrek¢i & Takma, 2022).

Artificial intelligence can help in steps such as gathering
data obtained from the field related to animal health, surveillance
of epidemiological steps, data analysis and review. Artificial
intelligence enables more dynamic and effective processing of the
data collected, avoiding redundant and repetitive data. Methods
such as phylogenetic reconstruction can be used in combination
with these learning methods. This contributes to knowledge about
pathogens that may play a role in new evolutionary scenarios and
to predict transmission pathways. The resulting phylogenetic
models offer an interesting perspective to identify environmental
bacterial species with high infection potential or to predict the
presence of possible host reservoirs, vectors (Ezanno et al., 2021).
Artificial  intelligence-supported ~ Veterinary  informatics
applications are used in Biosurveillance in vivo and are used in
situations such as detection of zoonotic diseases in animals
consumed for nutrition, antimicrobial resistance in food animal
populations, extended outbreak detection. This can also be used
to diagnose environmental impacts and rare diseases that affect
humans and domestic animals (Lustgarten et al., 2020).

In a study using machine learning for computer-aided
diagnosis, machine learning methods were utilized for early
disease diagnosis in lambs. As a result of the research, it was
stated that the pure bayes method gave more successful results in
the computer-aided diagnosis process compared to the other
methods used in the study (Cihan et al., 2020). In another study,
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the areas where various artificial intelligence applications are
used were examined under headings and recent developments
were closely examined. Artificial intelligence applications are
mostly used in areas such as real-time monitoring and behavioral
analysis, early detection of diseases, predictive analysis,
treatment optimization and data-driven decision-making
processes (Ali and Al-Zu'bi, 2023). Machine learning is used in
livestock production in areas such as disease detection, behavior
recognition, environmental management and growth assessment.
Specifically, artificial intelligence is used to evaluate teats and
lameness in dairy cows, to predict parturition based on behavior,
and to assess meat quality in production animals (Hennessey et
al., 2022). Artificial intelligence provides a wide range of uses
from irregular clinical data entry to regular data generation
(Korkmaz Akar and Yildirim, 2022). A machine learning based
algorithm was developed for the diagnosis of chronic
hypoadrenocorticism in dogs. Medical records of dogs between
2010-2017 were collected and initial cortisol levels were
measured. Blood count and serum chemistry tests were
performed. Cortisol levels were measured one week later. The
sensitivity of the developed algorithm model was determined as
96.3%, specificity as 97.2% and ROC value as 0.994, showing
superior performance compared to other screening methods such
as logistic regression analysis (Reagan et al., 2020). Using
machine learning and computer vision, a database of 1642 sheep
images was created and sheep breeds were classified. This
classification was found to work with 95.8% average accuracy
and 1.7 standard deviation (Jwade et al., 2019).

In their study, Taneja et al. (2020) developed an loT
(Internet of Things) application using machine learning and data
analytics techniques to detect lameness in cattle at an early stage.
A herd of 150 cows were fitted with long-range pedometers and
their movements were monitored. As a result of the study, it was
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shown that lameness can be detected by the application with an
overall accuracy of 87% 3 days before the farmer visually detects
it (Taneja et al., 2020). Big data plays an important role in the use
of advanced technologies in animal husbandry applications.
Storing large amounts of data on a remote server provides a
scalable solution. Advanced artificial intelligence and machine
learning algorithms analyze this extensive data and notify farmers
to detect anomalies and make predictions (Neethirajan, 2020).

3. DEEP LEARNING

Deep learning, a subset of supervised ML, is a field where
training is performed in multiple layers in a neural network
(Basran and Appleby, 2022). It is inspired by the structure of the
human brain. It constantly analyzes the algorithms it has in a
certain logical structure. Deep learning aims to reach the results
that the human brain will reach. Therefore, it uses a multi-layered
algorithm called artificial neural networks. The neural network
design is similar to the structure of the human brain (Korkmaz
Akar & Yildirim, 2022). Deep learning, a sub-branch of machine
learning, has been more successful than other methods in solving
computer vision tasks. For this reason, it has been widely adopted
in the field of medical image analysis, especially for pathology
images. Deep learning models are artificial neural networks
(ANNSs) that aim to mimic the neuronal connections in the human
brain (Zuraw and Aeffner, 2022). Al-based approaches
(especially deep learning) have been shown to be more successful
than other algorithmic methods in solving complex computer
vision tasks such as object recognition in photographs. In
pathology, Al-based approaches are used for complex problems
and large data sets. Examples of Al-based image analysis include
spermatogenic stage assessments in rats, DSS-induced colitis
identification in mice, cardiomyopathy, retinal atrophy,
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hepatocellular hypertrophy in rodents, bone marrow cellularity
screening in non-human primates, and detection of mitotic figures
(Zuraw and Aeffner, 2022).

A study evaluated the feasibility of deep learning based
automatic segmentation of GTV (gross tumor volume) in dogs
with HNC (spontaneous head and neck cancer). Manual GTV
contours of 36 canine patients with HNC were used in the study.
Automatic segmentations for canine patients were evaluated
using Dice similarity coefficient (Dice), positive predictive value,
true positive rate and surface distance metrics calculated in a four-
fold cross-validation strategy. CNN models trained from scratch
on canine data or trained using transfer learning achieved mean
test set Dice scores of 0.55 and 0.52, respectively, indicating
acceptable automatic segmentations (Groendahl et al., 2023).
Recently, research with deep learning artificial intelligence
techniques to detect left atrial enlargement from chest
radiographs of dogs yielded results similar to those of physicians'
diagnoses. These findings suggest that Al could be a potential tool
for detecting left atrial enlargement (Li et al., 2020; Korkmaz
Akar and Yildinnm, 2022). A deep learning based diagnostic
model for knee joint diseases in dogs was developed and its
accuracy was compared with the results obtained by
veterinarians. The dataset was obtained using knee joint X-rays
of 2382 dogs in total. Four radiographic findings observed in the
knee joint, patella deviation, pull sign, osteophyte formation and
joint effusion, were used to train a residual network (ResNet)
classification model. All deep learning-based classification
models achieved over 80% accuracy. These accuracies were
proportionally slightly lower compared to the accuracies achieved
by physicians (Shim et al., 2023).

A method based on a deep learning algorithm (YOLOvV3)
and a relative step size characteristic vector was developed to
improve the welfare of cows. Lame and non-lame cows were
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classified with a trained memory (LSTM) classification. A total
of 210 videos were selected for validation using LSTM, Support
Vector Machine (SVM), K-Nearest Neighbor (KNN) and
Decision Tree Classifier (DTC) algorithms. The results showed
that the accuracy of LSTM was higher than the other algorithms
(Wu et al., 2020).

4. FUZZY LOGIC

Fuzzy logic is a theory developed by Lotfi A. Zaden in
1965. It is a mathematical discipline that we often encounter in
daily life and allows us to interpret our behavior. Fuzzy logic is
used in supervisory systems; first, it is decided what to do, then
the fuzzy logic rule table is extracted and the system is controlled
as aresult of these rules (Tosun et al., 2019; Ayan & Senol, 2016).
It is seen that fuzzy logic, a sub-branch of artificial intelligence,
is used in many different fields such as monitoring milk yield,
determining the amount of feeding in relation to body weight and
milk quantity, looking at the quality of raw milk, monitoring
estrus in cows, and monitoring udder health (Isik et al., 2021). In
a study, it was aimed to determine the correct determination of
estrus by using fuzzy logic model based on the movement
characteristics of cows and the time elapsed after the last estrus.
In the study, 117 cows of black pied breed were used. A precise
data entry was made according to whether the cows were moving
or not and as a result of the study, it was seen that 98% of the
cows in heat were detected (Memmedova and Keskin, 2011).

In a study, gender prediction was tried to be determined
using fuzzy logic by looking at the sperm cells of cattle. The
results of the study were compared with the numerical results
obtained from the laboratory and it was seen that successful
results were obtained for the gender data of the calf to be born
(Saday, 2019).

10
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5. CONCLUSION

Since artificial intelligence is a computer-based system, it
plays a major role in the diagnosis, treatment and management of
diseases and helps to facilitate this process. It facilitates data
tracking by using it in enterprises. It increases success in the
diagnosis and treatment methods of diseases in veterinary
medicine. With this success, the decrease in the possible error rate
also affects the widespread use of this technology. We think that
the necessary trainings should be provided to the producers by
expanding its use in agriculture and animal husbandry based
enterprises.

11
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KISRAKLARDA REPRODUKTIF
ULTRASONOGRAFiI

Mehmet Fatih OZBEZEK!

1. GIRIS

At endiistrisi gerek yarig at1 yetistiriciligi gerekse spor ati
yetistiriciligi acisindan diinyada genis bir alana yayilmustir.
Yetistiricilerin yilda bir tay elde etme istekleri ekonomik agidan
bir sezonun bos gegirilmesinin Oniine gegmeyi amaclamaktadir.
Dunyada at yetistiriciligi ve ekonomisi hizla artmaktadir. Artan
bu talebi karsilamaya yonelik damizlik kisraklardaki reprodiiktif
fizyolojileri ile patolojilerinin yani sira gebelikleri de at hekimligi
icerisinde dnem arz eden konular olmustur. Bu sebeple damizlik
kisraklarin reprodiiktif olaylarini takip etmekte ultrasonografik
muayeneler, temel diagnostik yontem olarak gérilmektedir.

Kisraklar kisa siiren bir ilireme sezonuna sahiptirler.
Mevsime bagli olarak gelisen Ostrus olaylart giin 15181 siiresinin
uzamasiyla faaliyete baglayarak birkag¢ hafta sonra ovaryumlarin
gelisen aktivasyonunu saglamaktadir. Mevsim sonlandiginda
veya Ureme mevsimine gegislerde ostruslar sakin, belirsiz veya
gerceklesmeyen ovulasyonlar gozlenmektedir. Diger yandan
kisraklarda, 6strus ve ovulasyon zamanina bagli olarak 1rk, viicut
kondiisyon skoru, var olan infertilite problemleri, kullanilan
ilaclar ve hormonlarla bireysel farkliliklar 6n plana ¢ikmaktadir.
Bu nedenle ovaryumlarla ilgili degisikliklerin takip edilmesi,
ovulasyon zamaninin belirlenmesi ve gebelik elde edilmesi igin
ultrasonografik muayeneler bir ihtiya¢ haline gelmistir (1,2).

L Doktorant, Istanbul Universitesi-Cerrahpasa, Lisansiisti Egitim Enstitiisii,

fatihozbezek@hotmail.com, ORCID: 0009-0003-5375-8130.
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Ovaryumlarin muayenesi ve ovulasyon zamaninin belirlenmesi,
rektal muayene ve ultrasonografik muayeneler araciligiyla
yapilmaktadir (3). Bu muayeneleri gergeklestirmek amaciyla
yaygin olarak B-mod real-time ultrasonografi kullanilmaktadir.
Anostrus  doneminde ovaryumlarin  rektal yolla yapilan
muayenesinde ovaryumlar, sertkiiciik ve icerdigi yapilar ayirt
edilemez durumdadir. Yapilan ultrasonografik muayeneyle
andstrus doneminde, ovaryum Uzerinde belirgin bir follikil
saptanamamaktadir. Geg¢is doneminde yapilan muayenedeyse
ovaryumlar (zerinde 2-5 mm arasinda degisen Olgiilerde
follikiiller tespit edilmeye baslanir (3,4). Ostrus donemindeyse bu
ici sivi dolu yapilarin sekli yuvarlak ve siyah renkte goriintii
olusturmas1 sebebiyle kolaylikla ovaryum iizerinde ayirt
edilebilecek vaziyete gelmistir. Ovulasyonun gergeklesmesine
kisa bir zaman kala bu follikiillerin biiyiiklikleri hizla
artmaktadir. Ovulasyon zamaninin belirlenmesinde art arda
yapilan muayenelerde follikiil ¢apindaki hizli degisimin
belirlenmesi 6nemlidir. Ovulasyondan 8 glin 6nce preovulatorik
follikal, ortalama olarak 2.5-5.6 mm’lik bir ¢apa sahiptir. Bu
biiyiime doneminde follikiil cag1 giinliik olarak 2-5 mm arasinda
blytidiigli gozlenmistir. Artik ovulasyona hazir hale gelen
folliktl son 12 saat icerisinde kuculebilmektedir (2,5,6,7,8,9).
Cap1 30 mm’ den kii¢iik olan follikiillerdeyse ovulasyon nadiren
olusabilmektedir. Genelde ovule olan follikiiller i¢in standart 6l¢ii
ise 35 mm ve lizerinde olmaktadir (2,10).

Kisraklarda reprodiiktif fizyolojinin takibinin yaninda,
temel infertilite problemlerinden olan endometritis gibi
reprodiiktif patolojilerde de usg aktif olarak kullanilmaktadir.
Ultrasonografi muayeneleri ile kisraklardaki uterus ve ovaryum
kaynakli infertilite problemlerinin biiyiikk bir bolimii teshis
edilebilmektedir. Gebeligin erken donem teshisi, fizyolojik
devami1 ve gebelik patolojilerinin tespitinde de temel bir
goriintiileme araci olan usg muayenesi, erken mudahalelerle
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tedavi edilebilecek gebelik patolojilerinin tedavi edilmesine
imkan saglarken, tedavi edilemeyen olgularda ise yapilan teshis
sonucunda gebeligin sonlandirilmasi ile kisragin lireme sezonu
igerisinde tekrar gebe kalabilmesine olanak saglar (11).

Bu calisma damizlik kisraklarda reprodiiktif fizyoloji ve
patolojilerin teshisinde ultrasonografik muayenenin Gnemini
kavramak i¢in yapilmstir.

2. FIZYOLOJIiK DURUMLARDA USG
MUAYENESI

Yarig ati yetistiriciliginde resmi asim ve resmi dogum
sezonlarinin tarihleri belirlenmistir. Bu tarihler iilkelerin
konumuna ve hangi yarim kiirede olduguna gore degismektedir.
Ulkemiz igin kuzey yarmmkiirede yer aldigindan dolay: resmi
asim sezonu 15 Subat-30 Haziran tarihleri arasindadir. Bu tarihler
araliginda kisraklar giftlestirilerek gebe kalmalar1 saglanmalidir.
Bu tarihlerin disinda giftlestirilmesi yarig atlar1 otorite birligi
tarafindan yasaklanmistir (12).

Asim tarihleri dncesinde gebe olmayan kisraklarin veya
maiden kisraklarin reprodiiktif muayeneleri yapilir. Bu
muayeneler ile tay alinmasi diisiiniilen damizliga ayrilmis
kisraklarin reprodiiktif profilleri belirlenir. Ayrintili olarak
yapilan rektal ultrasonografik muayene ile s6z konusu kisragin
uterus, ovaryum, vagina gibi lireme organlarinin fizyolojik veya
patolojik durumlari ortaya konulmus olunur (12,13).

Kisraklarda genital kanalin rektal muayenesi veya rektal
ultrasonografik muayenesi yapilirken en énemli husus kisragin
zapturapttir. Kisragin zapturapt altina alinmasi muayene yapan
hekimin giivenligini saglamasiin yaninda, yapilan muayenenin
stiresini kisaltmakta ve muayenenin saglikli yapilmasini saglar.
Ciftlik kosullarinda zapturapt i¢in travay kullanilir(12,13).
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Rektal ultrasonografi teknigi, rektal muayenede oldugu
gibi diskiy1 uzaklastirma ile baslar. Bu isleme baslamadan 6nce
rektal muayene eldiveni ve rektal muayene onligl giyilir. Bol
kayganlagtirllmis bir rektal muayene eldiveniyle, rektal
muayeneye baslanilir. Ineklerden farkl olarak kisraklarda hassas
davranilip, yavas ve yumusak hareketlerle rektuma girilir. Rektal
ultrasonografide iyi bir goriintii elde edebilmek adina rektumdaki
digkilar tamamen bosaltilmalidir(12,13).

Akabinde ultrasonun probu avug icindeyken, probun
dorsal yiizeyi isaret parmagiyla kavranir, prob bas ve orta parmak
ile yonlendirilecek bi¢imde kavranmis olunur(13).

Yavas ve yumusak hareketlerle rektuma girilir ve
goriintiilenmek istenilen organin {izerine dogru yavasca
yonlendirilir. Anisu gectikten sonra ilk gorinti idrar kesesinden
gelir. Idrar kesesini gecip kraniale dogru uterus goziikene kadar
prob ilerletilir. Uterusun bifurkasyo uterii noktasina kadar
dokularin dorsalinde tutulan prob, ovaryumlar goziikene kadar
cornu uterii boyunca lateral yonde ilerletilir. Ters yonde
ilerletildigi takdirde diger ovaryum gozlenir. Cornu uterii ve
corpus uterii géruntulendikten sonra, prob cervix uterii hizasina
kadar gekilerek goriintiileme islemine devam edilir (13,14).

Kisraklarda ultrasonografik muayene yapilirken 2-10
MHZz’lik lineer proba sahip real-time B-mod ultrasonografi
cihazlar1 kullanilmaktadir. Ovaryumlarin muayenesi istendiginde
genellikle 7,5 MHz ‘lik prob kullamlir. Ileri gebeliklerin
degerlendirilmesi istendiginde 3,5 MHz’lik probun kullanilmasi
daha uygundur. 5 MHz’lik prob ile uterusun genel muayenesi ve
cevreleyen dokularin goriintiillenmesi gergeklestirilir. Transrektal
B-mod (gri skala) ultrasonografi, atlarda iireme organlarinin
fizyolojik durumunu degerlendirmede, fizyolojik ve patolojik
olarak reprodiiktif olaylarinin  teshisinde ve takibinde
kullanilmaktadir(14,15). Doppler ultrasonografi ise farkli hayvan
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tirlerinde organlarin islevlerini ve hemodinamik yapilarii
incelemek i¢in kullanilan noninvaziv bir Ozelliktir. Renkli
Doppler (RD), gu¢ Doppler (GD) ve spektral Doppler
ultrasonografik gorlintiilleme, iireme organlarinin dolasim
sistemini degerlendirmek icin bariz bir sekilde ¢esitli yaklagimlar
saglar (16). Kisraklarda RD ultrasonografi ile preovulator folikiil
ceperindeki damarlasmanin erken gebelik tanisi ile iligkisini ve
endometritisli  kisraklarda preovulator folikiil duvarindaki
vaskiilarizasyonu degerlendiren ¢alismalar mevcuttur (17, 18).

Farkli ultrason modiilleri de atlarda iireme sisteminin
degerlendirilmesi i¢in kullanilmigtir. Bunlar arasindan B-modu
ultrason, farkli organlarin anatomik Ozellikleri ve ekotekstiirii
hakkinda bilgi saglar ve yapilarin 6l¢iimiine olanak tanir (19).
Doppler modiilleri ise bu tiirde testis, uterus ve ovaryumlarin
damar hemodinamiginin incelenmesini saglamis, bu organlarin
hem fizyolojik hem de patolojik yonleri hakkinda bilgi
edinilmesine katkida bulunmustur(20). Bu modidiller, geleneksel
ultrasonun tani potansiyelini artirarak organlarin perfiizyonuyla
ilgili baz1 patolojilerin erken teshis edilmesine ve tibbi veya
cerrahi tedavilerin izlenmesine olanak tanimistir(20, 21).

2.1.0varyumlarin Muayenesi

Kisraklarda ovaryumlarin muayenesi seksiiel siklus
fazinin belirlenmesine yardimci olur. Yapilan muayenelerle
kisragin ovulasyon zamaninin belirlenmesi ve agim zamani i¢in
onem arz etmektedir.

Kisrak ovaryumlart 7,5 MHz’lik lineer prob kullanilarak
rahatlikla ultrasonografide goriintiilenebilir. Ovaryan aktiviteleri
yaz aylarinda en iist seviyeye ulasirken, kis aylarinda yoktur veya
cok azdir. Ayrica ilkbahar ile sonbahar aylarinda gecis donemi
dizensizlikleri ile karakterizedir(12, 22).Birbirlerine baglantili
olan cevre dokular ekojenik gorlntl verirken, ovaryumlar
tizerindeki i¢i sivi dolu follikiiller ise anekoik goriintii
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vermektedir. Ditstrus doneminde corpus luteum’un gorintisuyse
homojen bir sekilde dagilim gosteren yapidan, yer yer ekojeniteye
sahip heterojen bir yapiya varan degiskenlikler igeren hiperekoik
bir goruntiye sahiptir. Korpus luteumun komsu yapilardan farkli
kilan en onemli 6zelligi smirlarinin belirgin olmasiyla cevre
dokulardan rahatlikla ayrilmasidir.

Ovaryumlarin periovulatdor donemdeki muayenelerinde
follikiilllerin say1s1, lokasyonu, hacmi ve sekli belirlenebildigi
gibi rektal muayene esnasinda fark edilemeyen ve ayni ovaryuma

ait birden fazla sekillenen ovulasyonlarda gozlenebilmektedir
(23).

Kisraklarda preovulator follikiiliin gelisimi daha onceki
aragtirmacilar tarafindan bildirildigi {tizere, transrektal B-mod
ultrasonografi kullanilarak degerlendirilir(24). Preovulatuvar
follikiiliin ¢ap1 genellikle 40 mm ile 50 mm arasinda degisir ve
ovulasyon Oncesinde sekli kiireselden konik hale gelir(12, 24).
Onceki bulgularla tutarli olarak, yapilan bir ¢alismada
gbzlemlenen preovulatuvar folliklerin ortalama g¢apt 44 mm
olarak belirlenmistir (25). Baz1 durumlarda ovulasyondan bir siire
once follikiiler siv1 ekojenitesinde artis gozlenebilir. Ovulasyon
anindaysa bu sivinin aniden veya asama asama azalmaya
bagladig1 gozlenir (12, 24).

2.2.Uterus Muayenesi

Uterusun ultrasonografik muayenesi ile uterusun
fizyolojik durumu ile olasi patolojik durumunun goriintiilenmesi
saglanmis olunur. Seksiiel siklusun fazlarma gore degiskenlik
gosteren uterus ovaryumlari, gelisen folikiiller ve korpus
luteumun varligina gore fizyolojik farkliliklar gosterir. Uterusta
patolojik bir durum gézlenmemesinin yaninda fizyolojik olarakda
seksiiel siklusun gerekliliklerini tasimasi beklenir (12).
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2.3.Gebelik Muayenesi

Kisraklarda erken  gebelik doneminde  yapilan
ultrasonografik muayenede, ovulasyondan 6 gin sonra morula
veya erken sekillenen blastositin, uterusa dogru yonelmesine
ragmen 4mm ¢apinda, yuvarlak ve anekojenik olarak belirlenen
konseptus 10.gune kadar ultrasonografiyle belirlenebilecek
diizeyde degildir. Kisraklarda gebeligin kontrol muayeneleri
baslica iic asamadan olusur. Gebeligin baslica kontrol
muayeneleri olan bu muayeneler, gebeligin kontrol 1 (K1),
kontrol 2(K2) ve kontrol 3 (K3) muayeneleri olarak adlandirilir.
Bu muayenelerin birincisi ovulasyondan sonraki 14. giinde
yapilmaktadir. Boylelikle 14 giinliik gebelik muayenesinde olasi
bir ikiz gebelik durumu varsa kontrol edilmis olacaktir. K1
muayenesinden gecen kisraklar gebeligin ikinci kontrol
muayenesi i¢in programa alinir, gebeligin 24-26 glnleri arasinda
K2 muayenesi yapilir. Bu muayenede embriyonik kalp atiminin
varliginin saptanmasi amaglanir. Bir diger muayene olan K3
muayenesi embriyonik kaplar olusmadan 35-38. giinler arasinda
bakilir. Bu muayene ile gebeligin devamliligina, embriyonun
gelisimi ile de kalp atimina bakilir(26, 27).

Konseptus 16.gune kadar uterus icerisinde bir uctan bir
uca hareket eder haldedir. Yapilan rektal ultrasonografik
muayenede embriyo 21.ginde vitellis kesesinin ventralinde
gbzlemlenir. Ovulasyonun sekillenmesinden 40 giin gectikten
sonra vitellis kesesi ultrasonografide goruntulenmez(28).
Allantois kesesi 22.glinde gelisir ve 25.giinde fetiisiin ilk kalp
atimlar1 ultrasonografiyle takip edilebilir. 40.giin embriyo, kornu
uterinin dorsal duvarina dogru goébek kordonu vasitasiyla
baglanmistir. Fetal hareketler ise ilk olarak 45.gtinden itibaren
gozlenir.

Kalp atimlarinin 25.giinden sonra belirlenememesi erken
embriyonik 6liimii diislindiirlir. Erken embriyonik o6liimlerin
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ultrasonografik olarak belirlenmesi, anekojen olmasi gereken
konseptusun ekojenitesinde artis ile miimkiindiir. Bunun sebebi
embriyonik stvilarda seliiler igerigin toplanmaya
baslamasidir(29). Fetal midenin gorilmesiyse 60. gunlerde
miimkiin olmaktadir. igi s1v1 dolu bir yap1 oldugu i¢in anekoik
gbzlenir. 60.glinden itibaren fetal orbitanin ¢ap dl¢limii, fetiisiin
kag giinliik oldugunun belirlenmesinde dnemlidir(27).

Gebeligin 55-90.giinleri arasinda yapilan ultrasonografik
muayeneyle, genital tiberkuliin pozisyonuna gore erken donemde
fetal cinsiyet tayini yapilabilmektedir. Diside klitoris, erkekte ise
penise karsilik gelen bu yapi, fetiisiin ventralinde pozisyon
almakta ve gobek kordonuyla kuyruk arasinda yer alan
hiperekoik bir géruntiye sahiptir. 5 MHz’lik prob ile yapilan
muayene en dogru neticeyi vermektedir(29).

Kisraklarda ikiz gebelikler, toplam gebeliklerin ortalama
%3,6'sin1 olusturur ve erken gebelikte (30. giinden Once) ikiz
gebelik oran1 %2,6 ile %2,8 arasinda degisir. ikiz gebeliklerin
%85'l, gebeligin son trimesterinde abort ile sonuglandig
bildirilmistir(28, 29, 30). Tum gebeliklerin %20'sinin, g¢ift
ovulasyon sonucunda ikiz  gebelik olarak  basladigi
diistiniilmektedir(30). Coklu ovulasyonlarin goriilme sikligi,
kisragin cinsine, yasina ve fertilite durumuna gore degiskenlik
gostermektedir. Mezbaha O©rnekleri ve deneysel kosullarda
yapilan ovaryum palpasyonlarindan elde edilen veriler, cift
ovulasyonlarin tek bir ovaryumu (tek tarafli ¢ift ovulasyonlar)
veya her iki ovaryumu (gift tarafli ¢ift ovulasyonlar) esit siklikta
etkiledigini gostermektedir(31). Yaslt kisraklar (6-10 yas arasi),
geng kisraklardan (2-5 yas aras1) daha fazla ¢oklu ovulasyon
gosterir. ikiz gebelikler distosiye (zor dogum) neden olabilir ve
hatta annenin kaybedilmesine yol acabilir. ikiz gebeliklerin tekil
gebeliklere dondurilmesiyle, abort ve distosi dnlenebilir, ayrica
kisraklarin {ireme sezonunun bosa gitmesi de engellenmis olur

(32, 33).
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ikiz gebeligin kontroliiniin yapilmasi amaciyla ilk
muayene ovulasyon sonrasi 14.giinde yapilir. Bu donemde
konseptus oval yapida olup, dorsal ve ventral kutuplar1 anekoik
goriintii vermektedir. Ikiz gebeliklerde konseptuslar birbirine
yapisik vaziyette ya da ayr1 ayr1 gozlenebilmektedirler. Fakat bu
yapilarin hareketli yapilar olmasi nedeniyle genital kanalin
dikkatli muayenesi o6nemlidir. Var olan ikiz gebelik
durumlarindaysa daha kiigiik capta olan konseptus ezilerek
gebelik sonlandirilabilir ancak 2-3 giin sonra kontrol muayenesi
gereklidir. Gebeligin 21. ve 22. giinlerinde ikinci ultrasonografik
muayenesi yapilan kisraklarda gebelik tanisinin  konmast,
gebeligin  tek  konseptustan  olustugunun  dogrulanmasi,
konseptusun cornu uteriilerden birinin tabanina yerlestiginin
gozlenmesiyle rutin kontrol muayenesi tamamlanmis olur(31).

Ileri gebelik déneminde yapilan ultrasonografik muayene
ile fetiisiin gelisimi ve saglik durumu goézlenebilmektedir. Bu
donemde fetal iskelet yapisi, bas, omurga, kaburgalar anekoik
goriintii  vererek rahatlikla Dbelirlenebilmektedir. Gebeligin
5.ayindan itibaren fetiis abdomene dogru pozisyon alacagindan
dolayi, fetiistin tamamini etkili bir sekilde gézlemlemek miimkiin
degildir. Gebeligin son trimesterinde ise amniyon sivisinda artis
sekillenir ve ultrasonografide kiigiik, ¢ok sayida ekojenik
parcaciklar gozlenir (31).

3. PATOLOJIK DURUMLARDA USG
MUAYENESI
3.1. Endometritiste USG Muayenesi

Kisraklarda  endometritis en  Onemli  infertilite
nedenlerinden biridir. Ultrasonografi kullanilmadan 6nce,
endometritisi saptamak i¢in ¢esitli yontemler uygulanmaktaydi.
Bunlar; spekulum ile cervixin muayenesi, cervikal veya vaginal
muayene, uterusun kultir ve sitolojik muayeneleri, sitolojik ve
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bakteriyolojik muayene, uterus biyopsisi gibi. Fakat gelisen
teknolojiyle uterusta var olan bir endometrit olgusu, kisraklarda
belirli donemlerde yapilan rutin ultrason muayeneleriyle veya
endometrit slipheli olan kisraklarda daha erken ve pratik bir teshis
metodu olarak yaygin bir sekilde kullanilmaya baslandi.
Endometritisli kisraklarda uterusta gézlenen sivinin en onemli
ozelligi, sivinin ekojenitesindeki artistir. Uterus liimeninde
biriken seffaf sivilar gogunlukla anekojenik goriintii vermektedir.
Yapilan ultrasonografik muayenede tamamen anekoik (siyah) bir
goruntu verir(34). Ciftlesmeyi takiben uterus lumeninde sivi
birikmesi, ¢iftlesme sonrast sekillenen endometritis veya
endometritise duyarli kisraklarda, ciftlesme sonrasi 6. ve 12.
saatte ultrasonografik muayene gerekmektedir. 12 saat gectigi
durumlarda hala uterus limeninde sivi gézleniyorsa artik kronik
endometritis diistiniilmelidir(35). Kisrakta kronik endometritis
olgusu, uterus liimeninde anormal s1v1 birikimi ile karakterize bir
durumdur. Prognoza gore biriken sivi miktar1 kisraktan kisraga
farklilik gosterir. Bu durum hangi siklik asamada olduguna
baglidir. Ornek verecek olursak ostrus déneminde biriken sivi
fizyolojik kabul edilirken, didstrus doneminde sivi birikimi
patolojik olarak kabul edilir(36). Ostrus déneminde uterusta sivi
birikmesi ile gebelik oranindaki azalma dikkate deger bir sekilde
iliskilidir (37). Ostrus sirasinda, ciftlesmeden 6-36 saat sonra
uterus i¢i s1v1 hacminin 2cm3 veya daha biiylik olmasi, kisragin
ciftlesmeye bagli endometritise duyarli oldugunun iyi bir
gostergesidir(38).

Bununla birlikte, 6strus sirasinda biriken uterus i¢i sivi her
zaman bakteriyel endometrit ile iliskili degildir. Bakteriyel
organizmalar (E. coli, Staphylococcus aureus, Pseudomonas spp.,
veya patojen olmadigi disiiniilen bakterilerin (micro-coccus,
alpha streptococcus veya bacillus) izole edildigi safkan
kisraklarin <%40 ‘inda intrauterin sivi, yapilan g¢aligmalarda
gozlenmistir(37, 38).
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3.2. Uterus Kistlerinin Teshisinde USG Muayenesi

Kisraklarda endometriyal glandular veya lenfatik kistlerle
karsilagsma olasilig1 yiiksektir. Ultrasonografi muayenesinde igi
sivl dolu olan bu yapilar anekoik gozlenirler. Kistlerin ¢aplari
birka¢ mm den birka¢ cm e kadar degismektedir. Luminal olanlar
erken gebelik teshisinde gozlenen ve ovaryumlarin iizerinde
bulunan folikiillere benzedigi i¢in karistirilabilir. Bu durumu
onlemek i¢in, daha once yapilan ultrasonografik muayenelerde,
uterus kisti tespit edilen kisraklar kistin biiyiikligi, sekli ve
pozisyonu yoniinden kaydedilmelidir. Kistlerin ultrasonografik
muayene esnasinda gorilintiilenen fiziksel 6zellikleri sunlardir;
Ceperleri diizensizdir, genellikle lobludurlar, pozisyonlari
degismez ki bu muayene esnasinda en c¢ok faydalanilan
Ozellikleridir.

Klinik olarak ii¢ morfolojik kist tiirli taninmaktadir.
Bunlardan birincisi tek veya c¢oklu, genellikle sapli ve siirlari
belirgin uterus Kkistleri (endoskopi ve otopsi incelemelerinde
goriiliir), ikincisi uterus duvarinda ultrasonla goriilebilen,
genellikle kuiguk (3 ila 7 mm ¢apinda) transmural kistler ligiinciisii
ise genellikle lenfatik olarak smiflandirilan, ¢oklu, yassi ve
boliimlere ayrilmis kistik yapilar (37,39).

Uterus kistlerindeki genislemelerin lenfatik tikanmaya
bagl oldugu belirlenmistir. Kistik uterin yapilar, boyut ve sekil
acisindan kendi aralarinda farkliliklar gosterirler. Ostrus
doneminde belirgin endometrial kivrimlar mevcutsa kistik yapilar
genellikle g06zlenemez(40). Ultrason kullanilarak ovaryum
folikiilleri ile periovaryan kistleri ayirt etmek bazen zor olabilir.
Rektal palpasyon yapinin ovaryumun bir pargasi olup olmadigini
daha dogru bir sekilde belirleyebilir. Hidrosalpinks, kisraklarda
nadiren rapor edilir, ancak i¢i siv1 dolu bir yapt oldugundan
ultrason 1ile kolaylikla tespit edilebilir (41). Ayrica son
zamanlarda yapilan deneysel calismalarla uterus Kkistlerinin
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olusturdugu hemodinamik degisimler de ortaya konulmustur
(42).

3.3. Ovaryan Neoplazmlarin Teshisinde USG
Muayenesi

Ovaryan neoplazmlar 3 baslik altinda incelenmektedir.
Bunlar sirastyla bahsedecek olursak; Yiizey epitelyal tiimorler,
germ hicre tumorleri ve seks kord gonadal stromal
tumorlerdir(43, 44).

Kisraklarda gozlenen ovaryum tiimorlerinin, diger evcil
hayvan tiirlerine kiyasla olduk¢a yaygin oldugu goriilmiistiir.
Goriilen tiim neoplazmlarin %5.6'sinda goriildiigi bildirilmistir.
En yaygin iki tiimor, graniiloza-teka hiicre timori ve teratomdur.
Granuloza hiicre tiimorii, kisraklarda en sik karsilasilan seks kord
stromal timordir(43). Kisraklardaki tiim timor vakalarinin
%2,5’ini, genital kanal tumorlerinin  %85’ini  GHT
olusturmaktadir (45, 46). Graniloza teka hicre tumorleri
genellikle baydk, iyi huylu ve steroid Ureten timorlerdir
genellikle davranig degisiklikleri ve diisiik tireme performansi ile
iligkilidir. GHT olgularinda etkilenen ovaryum, her zamanki
boyutlarindan ¢ok daha biiyiik ve multilobuler bir yapida olup,
periferal veya fokal kistik alanlara sahiptir(44, 46).

GHT ile ilgili yapilan bir ¢alismada rektal palpasyonla
genital organlarin muayenesi ve jinekolojik ultrasonografik
muayene neticesinde; uterusun simetrik ve normal boyutlarda
oldugu, sol ovaryumun atrofik ve inaktif oldugu, sag ovaryumun
ise 11 cm capinda ve solid yapida kitleye sahip oldugu saptanmis
ve ultrasonografik muayenede, sag ovaryumdaki Kkitlenin

sinirlarinin belirgin ve multikistik bir yapida oldugu goriilmiistiir
(44).

Ovaryum teratomlari iyi huylu ve sekresyon gostermeyen
timorlerdir. Bu tiimorler, germ hiicrelerinden koken alir ve
genellikle epitel dokusu igerir. Kikirdak, deri, kemik, sinir ve yag
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materyali icerebilir. Kati veya kistik olabilirler. Genellikle
dogurganlig etkilemezler ve rutin rektal muayene esnasinda
karsilasilir. Ultrason muayenesi, anovulator hemorajik folikiiller,
gecis doneminde baskin olmayan folikiil gibi diger biiyiik
neoplastik olmayan yapilari ayirt etmeye yardimci olabilir.
Ancak, kesin teshis genellikle etkilenen ovaryumun histolojik
veya patolojik muayenesine dayanir(43, 44, 45).

4. SONUC

Sonug¢ olarak kisraklarda transrektal yolla uygulanan
ultrasonografik muayeneler, Greme sistemindeki fizyolojik ve
patolojik degisikliklerin degerlendirilmesi, var olan follikiil, kist
ve tiimoral yapilarin teshisi, ikiz gebeliklerin erken teshisi ve
sonlandirilmasina ydnelik girisimlerin kolaylagsmasi, damizlik
olarak kullanilacak verimli kisraklarin degerlendirilmesi, erken
gebelik teshisi gibi klinik muayenelerde rutin olarak kullanilir
(47,48). Ayn1 zamanda damizlik kisraklarda gebelik doneminde
gbzlemlenebilecek yavru kayiplarmin laboratuvar testleri ile
tespitine de ultrasonografik muayeneler 151k tutmaktadir (49,50).
Ultrasonun diger spesifik kullanim alanlarina 6rnek verecek
olursak; tek ve cift preovulatuar folikiillerin ve ovulasyonlarin
tespiti,bir kisragin ovulasyon periyodunda olup olmadigini
degerlendirme, kalici korpus luteum, anovulator follikil veya
andstrus durumlarindan ayirt etme, Ostrus dongiisiinde hangi
evrede oldugunu tahmin etme, postpartum uterus involusyonunu
degerlendirme, pyometra ve uterus kistleri gibi bazi patolojik
durumlarin teshisi, embriyo liimiiniin tespiti sayilabilir (51).
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CURRENT STATUS OF GENETIC STUDIES
EMPLOYING GENETIC MARKERS AND
VARIOUS APPLICATIONS IN LIVESTOCK

Ozden COBANOGLU!

1. INTRODUCTION

Dairy cattle play an essential role among farm animals. In
researching the productivity level of livestock, it is crucial to select
genetically superior animals as breeding stock and use them as dams
and sires. For this purpose, in classical selection methods, the best
breeding animals are selected and used depending on the breeding
values calculated according to the animals' external appearance and
productivity levels. In this process, the offspring obtained is expected
to be superior to the previous generation in terms of productivity
traits. However, achieving this genetic progress with classical
selection methods, which are based solely on the observed
productivity levels and the estimation of genetic variability, is a
complex and costly process that requires a long time due to the
generation interval of the animals.

Genetic markers are short DNA sequences, specific DNA
regions in the animal genome that show the variation between
individuals, and these regions are DNA sequences that are associated
in a way that will have a positive or negative effect on specific
characteristics of the animals. Different DNA fragments or genetic
variants in animals are called allelic genes, and each individual
inherits two alleles, one from the mother and the other from the father.
If the two allele genes in question are identical to each other, the

L Prof. Dr. Bursa Uludag University, ocobanoglu@uludag.edu.tr, ORCID: 0000-
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individual is homozygous; if they are different from each other, the
individual is heterozygous.

DNA marker testing or genotyping studies determine which
gene allele an animal carries for a DNA marker. Therefore, it is
possible to reveal the genotypic structure of an animal for a specific
trait by applying a marker allele test. Since specific alleles of genes
are called marker alleles that control a trait, the physical or
morphological characteristics called the phenotypic structure of the
animal are directly related to the alleles of this gene. For example,
there have been different commercial tests on the market for a long
time that allow us to test such characteristics of animals, the resistance
to genetic diseases such as BLAD (Bovine Leukocyte Adhesion
Deficiency), and DUMPS (Deficiency of Uridine Monophosphate
Synthase), animal skin color, and horniness. However, the most
economically important traits in animal husbandry are complex in
structure and controlled by the many different genes with additive
effects and environmental factors. Such complex traits include the
animal's growth, carcass characteristics, and reproductive
performance. Any DNA marker is associated with only one of the
many genes that affect these complex traits (Avanus and Altinel,
2017; Turkmen etal., 2023).

The principle of animal breeding involves selecting
animals with high yield capacity and transferring these traits
across generations, which, when combined with molecular
selection methods, leads to more accurate predictions of genetic
potential and accelerates the identification of genetically superior
animals. With the developments in DNA technology, marker-
based selection methods have become faster and more effective
and play an essential role in increasing the genetic capacity of
animals regarding their economic efficiency. The continuous
progress in molecular genetics and biotechnology expands the
scope of genetic markers, making them indispensable for
improving livestock breeding, health, and conservation efforts.
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By applying DNA markers in the breeding selection process,
animal genetic diversity can be determined more accurately in a
shorter time. Therefore, the success in selecting genetically
superior animals is higher with marker-based selection methods.
This chapter provides information about different marker systems
and discusses the various possibilities of using these systems in
livestock animals.

2. GENETIC MARKERS

Genetic markers have become essential tools in livestock
studies, offering valuable insights into the genetic architecture of
traits and improving breeding programs by facilitating the
identification of genes associated with economically important
traits like growth performance, reproduction rates, disease
resistance, and milk production. Various genetic marker types,
such as morphological, chromosomal, biochemical, and
molecular markers, have recently been used to increase animal
production. Among these, chromosomal marker types such as
morphological, structural, or numerical variations such as skin
color pigmentation and other features are types with low
polymorphism levels. In addition, biochemical marker types such
as isoenzymes and blood polymorphisms, although widely used
in studies, are not recommended type markers due to gender-
limited features, age-related conditions, and significant effects of
the environment. In such cases, sometimes various genetic classes
cannot be distinguished at the phenotypic level due to the effect
of the dominant allele. In addition, such markers represent a
region of less than 10% of the genome, which does not fully
reflect the diversity observed in DNA sequences coding for
genetic attributes (Montaldo and Meza-Herrera, 1998).

However, the molecular markers are far from such
limitations, are more polymorphic than other markers, and are of a
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type that can accurately determine genetic variation at the DNA
level. In addition, these markers are frequently encountered
throughout the entire animal genome and allow us to analyze the
genome regarding genetic diversity. Genetic markers are multi-
allelic structures that follow typical Mendelian inheritance, are
expressed as codominant, and have a heterozygosity rate of more
than 70% (Geldermann, 1975). These markers are of a type that is
not affected by environmental factors and pleiotropic effects.
Depending on the developments in DNA technology in recent years,
such markers reveal many types of genetic polymorphism at the
DNA level and clarify the genetic basis of the phenotypic diversity
observed in the population. Therefore, these markers used to
determine genetic polymorphism at the DNA level are essential in
animal genetics studies. These markers, including RFLPs,
microsatellites, and SNPs are essential to parentage verification,
population genetics, and marker-assisted selection (MAS), which
enhances productivity and genetic diversity management. The
commonly used molecular markers are given in Table 1, and the
technical requirements and properties of developing molecular
markers are given in Table 2.

2.1.RFLP as Co-dominant Marker

PCR- Restriction Fragment Length Polymorphism (PCR-
RFLP) is a molecular technique that can be used as a PCR-based
co-dominant marker for detecting genetic variation. In RFLP
analysis, specific DNA sequences are amplified using PCR and
then digested by restriction enzymes that cut at specific
nucleotide sequences. The resulting fragments are separated by
gel electrophoresis, allowing for the identification of
polymorphisms based on the size of the fragments (Botstein et al.,
1980). These differences in fragment length are indicative of
variations in the DNA sequence, such as mutations or allelic
differences. RFLP markers are widely used in genetic mapping,
plant and animal breeding, and forensic studies due to their high

39



Veteriner Hekimlik

reproducibility and ability to detect co-dominant alleles (Brown,
1996; Weising et al., 2005).

2.2.Bi-Allelic Dominant Markers

RAPD, The Randomly Amplified Polymorphic DNA
method is a molecular marking method that allows variant analysis
of the target chromosome region after PCR is used to amplify the
DNA segment (Williams et al., 1990). This method started in the
1990s and is based on amplifying random chromosome regions
throughout the genome with specific small DNA segments called
primers, usually 8-10 base pairs long. Since the primers are short
sequences, there is a possibility of binding to many different loci in
the genome. In this method, the number of products amplified by
PCR is directly proportional to the number of genomic DNA
fragments combined with the primer oligonucleotide sequence.
The most significant advantage of this method is that there is no
need for prior DNA sequence information when designing primers
(Vignal et al., 2002). The RAPD system is simple, fast, and
relatively cheap. It is widely used in marker-based selection
studies, such as determining the desired trait, creating genetic maps,
and population diversity. However, its most significant
disadvantage is that the dominant RAPD marker cannot determine
the difference between homozygous and heterozygous individuals
for the gene allele in question (Mburu and Hanotte, 2005).

AFLP, Amplified Fragment Length Polymorphism, is a
combination of PCR technique and RFLP and is based on the
principle of cutting genomic DNA with the help of restriction
enzyme and amplifying the relevant region with PCR (Vos et al.,
1995). In this technique, developed in 1995, after the genomic
DNA is cut with appropriate enzymes, small DNA fragments
called artificial fragments or adapters are added to the ends of
the cut DNA fragments that emerge throughout the genome and
are amplified with the help of primers developed by the
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nucleotide sequence of these adapters. The fragments obtained
are then separated in a gel medium that can distinguish even the
most minor base differences between individuals and are
displayed  autoradiographically. In  this  technique,
polymorphism occurs in the DNA sequence differences in the
restriction regions or the nucleotides determined with the help of
primers or in the 50-100 PCR fragments amplified
simultaneously. As in the RAPD system, AFLP is a dominant
marker type and does not require prior knowledge of the DNA
sequence order. However, unlike the RAPD system, the most
significant feature of AFLP is that it is peculiar and reproducible
due to the use of specific adapter nucleotide sequences and
certain DNA-cutting enzymes (Mburu and Hanotte, 2005).

2.3.STR/Microsatellites

In the genome of eukaryotic organisms such as farm
animals, in addition to regions called exons, which play a role in
protein synthesis, multiple repeated sequences called introns do
not code for genes or encode genes. These repeated chromosome
sections contain satellite or satellite DNA sequences, which
appear as thousands of consecutive nucleotide repeats. These
regions are called minisatellites and microsatellites, depending on
the number of nucleotide repeats (Turner et al., 2007). As multi-
allelic codominant markers, minisatellites are usually 10-100
base pairs long and are highly repeated regions. Although
minisatellite and microsatellite markers are frequently seen
throughout the genome in all eukaryotic organisms, minisatellite
repeats are generally located in the telomeric region of
chromosomes or regions with high recombination frequencies.
VNTR; Variable Number of Tandem Repeats, SSR; Simple
Sequence Repeat, or STR; Microsatellites, also known as Short
Tandem Sequence Repeats, are in the form of 2-6 nucleotide
repeats such as TGTGTG, and the length of microsatellite
markers varies between 100-300 base pairs (Tautz, 1989). With
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PCR amplification, specific primers designed with a length of 20-
25 base pairs are attached to both ends of the microsatellite region
and ensure the amplification of the target genomic DNA. The
PCR amplification product is then separated according to their
lengths in agarose gel and analyzed with an automatic method
(Morgante and Olivieri, 1993). These markers are codominant
markers detected in individuals and populations, respectively, as
binary or multiple alleles. In addition, since microsatellites are
highly polymorphic and reliable markers, they are type markers
with a wide range of applications, from population studies of very
different species to paternity tests, from genotyping and genetic
mapping studies of individuals to systematic taxonomy studies.
In addition, the long time it takes to study microsatellite markers
and the fact that it is an expensive method that requires labor can
be considered as the main disadvantages of this method (Mburu
and Hanotte, 2005). However, due to the development of
automation systems and the increase in the field of use, these
disadvantages have decreased and continued to decrease over
time.

2.4.Modern Type of Molecular Marker

One of the best examples of DNA chip and sequence-
based DNA marker systems, SNP (Single Nucleotide
Polymorphism) involves the substitution of one nucleotide with
another on the chromosome or the addition or deletion of one or
more nucleotides (IN-DEL) (Vignal et al., 2002). SNP markers
are biallelic systems, and only two alternative nucleotide
possibilities exist for a position in the genome. Although a single
nucleotide change in SNP markers reveals polymorphism
between individuals for that chromosomal region, the level of
polymorphism observed in SNP markers is low compared to
microsatellite markers with multiple alleles. For example, five
SNP markers can only provide information at the level provided
by a microsatellite marker. Therefore, approximately 2000 SNP
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markers are needed to cover an area equal to a ten cM (centi
Morgan) long microsatellite map on chromosomes (Beuzen et al.,
2000). However, RFLP type marker emerge due to SNPs
obtained in the DNA sequence recognition region of the
restriction-cutting enzyme. This is an indication of the
importance of SNP markers.

There are four main reasons for the increasing interest in
using SNP markers in genetic analysis studies. First, SNP markers
appear to be more potential markers than markers such as
microsatellites in or near the chromosomal region of interest. For
example, an SNP marker can be detected approximately every
1000 bases in the human genome (Landegren et al., 1998).
Second, some SNP markers are located in the coding sequence of
genes and directly affect the function of the synthesized protein.
Such SNPs may be directly responsible for the variation observed
between individuals regarding essential animal characteristics.
The third situation is that SNP markers can be transferred to
subsequent generations in a more balanced manner than
microsatellites. Therefore, SNP markers are more suitable for
long-term selection programs. Finally, SNP markers are a class of
DNA markers more suitable for high-level genetic analysis
studies using automated systems such as DNA microarray
technology (Lipshutz et al., 1999).

Many different molecular methods are used to determine
SNP markers. These are standard molecular techniques such as
sequencing, PCR, enzyme digestion, and various gel
electrophoresis systems applied in traditional gel-based studies.
SNP markers are genotyped using allelic gene hybridization,
primer extension, and oligonucleotide ligation methods. In
addition, SNP markers are preferred marker types in applications
such as genome mapping, marker-based breeding, and map-based
cloning because they are seen in large numbers and frequently
throughout the genome. The comparison of the primary markers
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frequently used in genetics and biotechnology studies regarding
both usage and cost is provided in Table 3. Apart from the
primary DNA markers mentioned above, many new types that
emerged as new-generation DNA markers have begun to be
widely used in human, animal, and plant genetics studies
(Maheswaran, 2004).

3. GENOME MAPPING STUDIES

Genome mapping studies such as genome-wide
association studies (GWAS), quantitative trait loci (QTL), and
marker-assisted selection (MAS) have significantly advanced the
genetic improvement of livestock species, especially for
economically important traits, providing new insights into traits
related to productivity, health, and adaptability. Genome mapping
involves identifying the physical locations of genes on a species'
genome. This foundational work provides the blueprint necessary
for identifying regions of the genome associated with
economically important traits, such as milk yield in dairy cattle,
growth rate in pigs, or disease resistance in chickens. Advances
in sequencing technologies have accelerated genome mapping
efforts, enabling the construction of high-resolution maps for
many livestock species, including cattle, sheep, and poultry (Zhu
etal., 2016).

Although the idea of creating the first genetic map among
farm animal species was started in the 1936s in the poultry
genome, in 1990, different poultry reference populations were
determined. Different research groups conducted many mapping
studies, which were later brought together to produce the first
poultry genome map (Bumstead and Palyga, 1992). In addition,
genetic mapping studies continue intensively, especially in cattle,
pigs, sheep, horses, and goats, and have even reached the
completion stage for some species. (Van Marle-Koster and Nel,
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2003). According to the latest data assemblies, the vast majority
of farm animal genome maps reach the point given in Table 4.
Although animal genome mapping studies are complicated and
require a long time, after the maps are completed, identifying
functional genes and QTL regions related to economic yield
characteristics and resistance to genetic diseases will be much
easier.

3.1.Quantitative Trait Loci (QTL) Analysis

QTL studies have similarly contributed to understanding
the genetic architecture of traits that are controlled by multiple
genes. QTL mapping links phenotypic data with genetic markers,
helping to identify regions of the genome that affect traits of
interest. These studies have been particularly important for traits
that are difficult to measure directly, such as disease resistance or
meat tenderness (Andersson & Georges, 2004). For example,
QTLs associated with fat deposition and lean meat yield have
been identified in pigs, guiding selective breeding strategies.

Many genetic traits of economic importance in farm animals
are quantitative. Therefore, to detect the QTL region related to a
specific trait, many markers on different chromosomes covering the
entire genome must be genotyped in many animals according to their
relatedness. In addition, phenotypic yield records are needed for the
relevant trait in this process. With the help of statistical analyses,
genotypic data related to marker alleles and phenotypic data related to
yield traits are brought together and analyzed to determine the region
or location range on the chromosome region most likely to affect a
particular trait (Bovenhuis et al., 1997). However, instead of whole
genome scanning in such studies, approaches aimed at determining
candidate loci or candidate genes are often followed and are a valid
path in QTL studies (Cobanoglu et al., 2005). Although the studies
on determining and verifying QTL regions are a complex, time-
consuming, and quite costly process, it will be possible to achieve
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genetic progress in a short time as a result, and thus increase the
economic yield levels of animals, which will directly affect the
breeder's commercial income positively.

3.2.Genome-Wide Association Studies (GWAS)

GWAS play a pivotal role in identifying the genetic basis
of complex traits by scanning the entire genome for statistical
associations between genetic variants, usually single nucleotide
polymorphisms (SNPs), and phenotypic traits. In livestock,
GWAS has been instrumental in discovering genomic regions
associated with production traits, such as carcass quality, feed
efficiency, and reproductive performance (Hayes et al., 2013).
For instance, GWAS identified several loci associated with
fertility and disease resistance in cattle and sheep, helping
breeders target genetic improvements more efficiently
(VanRaden et al., 2011). The comparisons of the GWAS method
with other genetic analysis methodologies in terms of its potential
to improve animal productivity traits are given in Table 5.

3.3.Marker-Assisted Selection (MAS) Analysis

Marker-Assisted Selection (MAS) utilizes information
from QTL and GWAS to improve breeding decisions by selecting
animals based on the presence of specific genetic markers
associated with desirable traits. This approach accelerates genetic
progress by allowing for the early selection of breeding
candidates before phenotypic traits are expressed. In cattle, MAS
has been successfully applied to improve milk production and
disease resistance, contributing to more sustainable livestock
management (Dekkers, 2004).

Marker Based Selection (MAS) program in farm animals
is generally based on the principle of finding the QTL region for
a specific trait, testing this region in the target population, and
determining the genotypes of the animals in the herd and
statistically estimating the genetic quality of the animal.9 As a
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result of MAS studies, genetic gains for productivity traits in farm
animals have increased by 15-30% compared to classical methods
(Kashi et al., 1990). Therefore, the success of selection in the herd
can be increased by using the genotypic data of the animals
regarding the markers in the selection indexes prepared for the
herds. In studies conducted using genetic markers, many gene
regions have been identified for both milk and fattening in cattle
and structural characteristics of the animal (Khatkar et al., 2004;
Ibeagha-Awemu et al., 2008). Among these, genes such as
DGAT1 and ABCG2, which affect milk yield and components
such as milk protein and fat in dairy cows, and genes such as
myostatin (GDF8) and IGF2, which affect muscle mass density
in sheep and pigs, respectively, and myostatin, which affects
growth and carcass structure in cattle, can be counted. There are
commercial diagnostic tests such as geneSTAR* and DC Nicol &
Genetic Solutions to determine significant effective genes
responsible for characteristics such as the marbled appearance of
intermuscular fat and tenderness of meat in beef cattle (Casas et
al., 2000). The numbers of current QTL and MAS studies
conducted in various animal species in terms of the essential
health, production and reproduction traits searched are
summarized in Table 6. These advanced genomic tools and
methodologies have transformed livestock breeding, enhancing
the precision and efficiency of selection processes, ultimately
leading to healthier, more productive animals.

4. CONCLUSION

Determining genetic variation among animals accurately
and achieving genetic progress in subsequent generations requires a
long time in classical breeding and selection practices. However,
especially in recent years, molecular genetic markers or markers
have been widely used in many areas, from the selection of superior
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quality animals in animal breeding to the improvement of economic
yield traits in animal populations, in many areas such as QTL,
related MAS studies, determination tests of individuals and parents,
detection of some genetic diseases and determination and protection
of genetic resources, in research and commercial diagnostic tests
sold in the market. As a result, these markers constitute an essential
part of breeding and genetic studies in farm animals, and more
practical marker types with a wide range of uses and faster results
with less cost are also being developed.
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Table 1. Molecular Markers; including variation type and information content

Variation Type Information Content
. . Multiple
I\:Aolecular SN Inde  VNT Domina  Codomina Codompina
arkers nt alleles nt alleles
p | R nt alleles

PCR-RFLP + + + - " -
RAPD + + + + - -
AFLP + + + + + -
SSR/
Microsatelli - + + - - +
te
SNP + + - - + -

Table 2. Technical requirements and properties for the development of

molecular markers

Cutting PCR Specific Gel -
Marker Type Enzyme  Conditions Primer Electrophoresis Repeatability  Accuracy
PCR-RFLP Yes Stanc_ia_rd PCR Sp_ecmc Agarose gel High High
conditions primers
Optimized .
AFLP Yes  PCR No Polyacrylamide . jorpe  Moderate
. or agarose gel to High
conditions
RAPD None Stanc_ie}rd PCR Ar_bltrary Agarose gel Moderate Moderate
conditions primers
... Agarose or
SSR/ Standard PCR Specific . . .
Microsatellite None conditions primers ggllyacrylamlde High High
Optimized e .
SNP Yes  PCR Sﬁfr‘]’gr'sc Various (3\)”3 High High
conditions P yorg
Table 3. Comparisons of molecular markers with each other
Molecular Polymorphism . Required DNA s
Marker Degree Resolution Amount Cost Status Applications
} U . . . . Genetic mapping, linkage
PCR-RFLP Low-to-medium  Medium High (5-10 pg) High analysis, animal breeding
. . Genotyping, biodiversity,
AFLP High High gllgdlum (50-500 Moderate genetic mapping, population
9 genetics
RAPD Low-to-medium  Low-Medium Low (5-50 ng) Low dQ_uick‘scregning, gen_etic
iversity, fingerprinting
SSR/ Population genetics,
High High Low (10-100 ng) Moderate phylogenetics, genome

Microsatellite

SNP

mapping

Association studies,
personalized medicine, trait
mapping

Low-High
(varies)

Low (per locus)

but abundant Very High Low (10-50 ng)
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Table 4. Current status of genome maps for the latest assemblies of the
main livestock species.

Species Genome Size  Total Genes Total Sequence Variation Reference

p (Gb) Annotated Transcripts Features Year
SNPs, Indels,

Cattle 3.0 ~22,000 ~30,000 Structural Variants 2021

Sheep 2.8 ~20,000 ~25,000  SNPs, Indels 2020

Goat 25 ~20,000 ~24,000  SNPs, Indels 2021

Pig 25 ~23,000 ~30,000 SNPs, Indels, CNVs 2022

Chicken 12 ~22,000 ~30000  ONPS Indels, 2022

Structural Variants

Table 5. Comparison of GWAS with Other Genetic Analysis Techniques
for Selective Breeding

Characteristic GWAS MAS QTL Mapping
Scope Genome-wide (all Direct selection based on Specific traits, often in
P SNPs) identified markers controlled populations

Typically smaller than
GWAS (hundreds to
thousands)

Variable, but often

Population Size Large (thousands) moderate

SNPs and other Genotypic data from SNPs and phenotypic
Data Type variants identified markers data
Statistical High, due to large High, as it focuses on Moderate to high,
) - depends on population
Power sample sizes known associations size
Complexity of  Suitable for complex, Effective for complex g iyope for

traits, can also target

Traits polygenic traits specific traits quantitative traits
Outcome Identifies loci Improves efficiency of  Identifies QTL
associated with traits  breeding decisions affecting traits
Validation of Replication in different Validation through Requires independent
populations may be . validation of identified
Results breeding outcomes

required QTLs
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Table 6. QTL and MAS studies across various livestock species.

Total QTL Total MAS

Species Studies Studies Key Traits Studied
Growth rate, feed efficiency,
Beef Cattle (Bos 2000+ 150+ carcass quality, marbling,
taurus) - .
disease resistance
. Milk yield, milk fat and protein
Dairy Cattle (Bos 1500+ 200+ content, fertility, disease
taurus) . e
resistance (mastitis)
Wool quality, growth rate,
Sheep (Ovis aries) 500+ 50+ reproductive traits, disease
resistance (scrapie, footrot)
Milk yield, growth rate,
Soats (Capra aegagrus 200+ 30+ reproductive traits, disease
ircus) -
resistance
Pigs (Sus scrofa) 1800+ 200+ Grgvyth rate, meat qu'allty, feed
efficiency, reproductive traits
Poultry (Gallus gallus Egg production, feed conversion
domesticus and 1300+ 150+ ratio, meat yield, disease

Meleagris gallopavo)

resistance

Key Aspects:

QTL Studies: Studies mapping genes associated with important economic traits.

MAS Studies: Studies applying genetic markers to improve breeding efficiency.

Key Traits Studied: Traits that are prioritized for productivity, quality, and health

improvements.
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FARE VE SICANLARDA YAYGIN OLARAK
KULLANILAN DENEYSEL ROMATOID
ARTRIT MODELLERI

Meryem CALISIR!

1. GIRIS

Romatoid artrit(RA), ilerleyici eklem hasari ve eklem
dis1 bulgularla karakterize, kalici sakatliga yol acabilen ve genel
popiilasyona gore daha yiliksek oOliim oranina sahip kronik
romatizmal bir hastaliktir. Aym1 zamanda romatizmal
inflamatuar kas-iskelet sistemi hastaliklar1 arasinda en sik
gorulen sistemik otoimmdiin bir hastaliktir. RA tedavisi zor olan
ve genellikle dmiir boyu tedavi gerektiren bir hastalik olup, yeni
tedavilerin gelistirilmesinde onemli ilerlemeler
kaydedilmektedir. Fakat hem ilaglarin yan etkileri hem de
yiksek maliyetten dolayr tedavilerin uygulanma yontemleri
diinya capinda hastaligin heterojen yonetilmesine ve sonuglarin
degiskenligine neden olmaktadir(Bendele, t.y.; Finckh vd.,
2022; Kannan vd., 2005). Onlarca yillik arastirmalardan sonra
bile hastalifin ortaya c¢ikisi ve patogenezi ve altta yatan
mekanizmalar hakkinda hala yeterli bilgi elde edilememistir.
Genetik faktorler, yasam stili ve cinsiyet hormonlarinin
hastaligin gelismesinde 6nemli bir rol oynadigt bilinmektedir.
RA’nin etiyolojisi ve ilk tetikleyici olaylarin meydana geldigi
durumlar klinik Oncesi asamada yani heniiz hastaligin niiks
etmedigi asamada ger¢eklesmektedir. Dolayisiyla bu asamada
arastirma yapmak zordur ve bu kisimlar spekiilatif

L Dr. Ogr. Uyesi, Van yiiziincii Y1l Universitesi, Saglik Bilimleri Enstitiisii,

Laboratuvar Hayvanlar1 Bilimi ABD, meryemcalisir@yyu.edu.tr, ORCID: 0000-
0002-9890-8943.
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kalmaktadir(Kannan vd., 2005). RA hastaliginin spesifik
yonlerini goOsterecek ve altta yatan patolojinin daha iyi
anlasilmasini saglayacak, yeni ila¢larin denenmesi i¢in deneysel
bir hayvan modeline ihtiyag duyulmaktadir(Tuncel vd., 2016).
RA i¢in kullanilan deneysel kemirgen hayvan modellerinden,
Ozellikle hastaligin erken, ara donem ve ge¢ donemlerinde
altinda yatan mekanizmalarin anlagilmasinda c¢ok degerli bir
ara¢ olarak faydalanilmaktadir. Biyomedikal bilimlerdeki
gelismelerle birlikte, RA ve diger inflamatuar hastaliklar i¢in
yeni tedaviler gelistirme olasilig1 daha da artmustir. Insan artrit
modellerinin birbirine benzemedigi diisliniildiigiinde, 6zellikle
kontrollii sartlarda yapilan deneysel artrit modellerinin bile
birbirine benzemedigi gbéz Oniine alindiginda RA ile ilgili
deneysel klinik bulgular ve gbézlemler oldukca 6nem
tasimaktadir.

Diinyada farelerle ilgili deneysel ¢alismalar ¢ok olsa da,
ulkemizde mevcut test prosedirlerinin hala eski olmasi ve
analizlerde daha fazla serum ve dokuya ihtiya¢ duyulmasindan
otliri cogunlukla sigan kullanilmaktadir. Bu derlemede, RA’nin
patogenezisini ve patofizyolojisini anlamak ve ila¢ endistrisine
yeni ilaglarin kesfinde kullanilan, deneysel fare ve sigan modeli
olusturmada siklikla uygulanan protokollerden bahsedilecektir.

2. ROMATOID ARTRIT MODELLERIi

Romatoid artrit gibi kompleks bir hastaligin patolojik
stireglerini i1yi anlayabilmek i¢in kosullar1 taklit edebilen ve
hastalik durumuna benzerlik gosterebilen ¢esitli hayvan
modellerinden faydalanilmaktadir. Bu hastalik siire¢lerinin
anlasilmasinda c¢ogunlukla kemirgenler yardimci ve temel
aracilar olarak kullanilmaktadir. Kemirgenler kullanilmasinin en
Oonemli avantajlari; genetik standardizasyona sahip olmalari,
maliyetin diisiik olmasi, fazla sayida genetik modifiye soylarin
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olmasidir(Bendele, ty.; Choudhary vd., 2018). Bir modelin
secilmesindeki dnemli kriterler sunlardir:

1) Ajanlarin insanlarda etkinligini tahmin etme
kapasitesi

2) Modelin gergeklestirebilmenin kolayligi, verilerin
tekrarlanabilirligi ve test siiresinin makul olmast

3) Insan hastaligia benzer patoloji veya patogenez
olusturabilmesi

Romatoid artrit hayvan modelleri ayrica mevcut ve yeni
ilaclarin potansiyelleri, etkinlikleri ve gilivenliklerinin test
edilmesi i¢in de onemlidir. Yeni ilaglarin gelistirilebilmesi igin
RA’nin patojenik siire¢lerinin iyi anlasilmasi ve farkl tedavi
yaklagimlarmin ortaya konulmasi gerekmektedir. Dolayisiyla bu
siiregte deneysel hayvan modellerinin kullanimi kritik 6neme
sahiptir. RA deneysel hayvan modellerinin induklenmesi
genellikle kolaydir, verilerin tekrarlanabilirligi yiiksektir ve
genellikle kisa siirelidir. Modellerin ¢ogu insan RA’sina benzer
yonlere sahip olup 6nemli bazi farkliliklar sunlardir: 1) RA
hayvan modelleri, insan hastaligindan ¢ok daha hizli ilerler ve
bu nedenle oncelikle akut inflamatuar yanitlarla karakterizedir,
2) kemirgenlerin, eklem iltihabina yanit olarak belirgin kemik
rezorpsiyonuna ve kemik olusumuna yonelme egilimleri vardir.
RA’nin anlagilmasinda hayvan modellerinin kullanimi bu tiir
iltihaplanma, kikirdak yikimi ve kemik erimesi gibi siirecler
hakkinda genel bilgilere erismemize katkida bulunmus ve tedavi
yaklagimlarinda da 6nemli ilerlemeler saglamistir(Bendele, t.y.;
Kannan vd., 2005).

Deneysel RA modelleri genellikle disardan indiikleyici
bir ajanin kullanilmasiyla olusturulmaktadir. Hastali§in spontan
olustugu modellerde ise, immiinolojik olarak duyarli olan
hayvanlara belirli genlerin eklenmesi ya da yok edilmesiyle elde
edildiginden yine bir indiikklenme durumu vardir. Genellikle
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¢ogu model hem sicanda hem de farede kullanilmaktadir sadece
bazi modeller sicanlarda bazi modellerde farelerde daha iyi
sonuclanmaktadir.

Romatoid artrit modellerinde, adjuvan ile indiiklenmis
artrit  (Adjuvant Induced Arthritis-AlA-AA), Kkollajen ile
indiiklenmis artrit(Collagen Induced Arthritis-CIA), pristan ile
indiiklenmis artrit(Pristane Induced Arthritis-PIA) modellerine
deginilecektir. Kollajen tip-1l ile indiklenen artrit(CIA) hem
fare hem de siganlarda kullanish iken, AA ¢ogunlukla si¢anlarda
kullanilmaktadir(Bendele, t.y.; Tuncel vd., 2016).

2.1.Adjuvan ile indiiklenmis Artrit (AIA-AA)

Adjuvan artrit (AA), klinik ve klinik 6ncesi dénemde
anti-artritik ajanlar1 ve halih azirda hastaligin tedavisinde
kullanilan ilaglar1 test etmede kullanilan ve yaygin olarak
olusturulan deneysel hayvan modelidir. Modelin avantaji
giivenilir bir baslangic ve poliartikiiler inflamasyon, belirgin
kemik rezorpsiyonu gibi kolayca olculebilir bir progresyona
sahip olmasidir. Kullanilacak adjuvan tiirii: 1s1 ile Oldiiriilmiis
Mikobakteri icreren Freud komple adjuvan(Complete Freund’s
adjuvant-CFA), eksik Freud adjuvan(Incomplete Freund’s
Adjuvant-IFA) veya sentetik adjuvan olan Avridin( N,
Ndioctylddecyl-N', N-bis(2-hydroxy-ethyl) propanediamine)
kullanilmaktadir(Joe & Wilder, 1999; McNamee vd., 2015).
Freud adjuvani yag i¢inde su emiilsiyonu bulunduran ve uzun
stireli antijen salinimi1 yapan adjuvanlardir. Peptit temelli asilarin
formiilasyonlarinda da kullanilmaktadir. CFA ve IFA olmak
tizere iki cesittir. Her iki tiirii de yag fazi olarak mineral yag
(Marcol 52) ve siirfaktan olarak da disnhidromannitol monooleat
(Arlacel A) icermektedir. Ikisi arasindaki fark CFA’nin ek
olarak  inaktive edilmis  Mycobacterium  tuberculosis
icermektedir(Aydin vd., 2022). Hayvanlara kuyruk tabanina
veya ayak tabanlarinda birine intradermal olarak adjuvan enjekte
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edilir. Hastalik baglangici deneysel ¢alismada kullanilan etken
madde ve yonteme gore degismekle birlikte 9-15 giin arasinda
olabilmektedir. Bu model icin DA(Dark Agouti) ve Lewis
sicanlarinin kullanilmasi ideal olsa da diger sican soylar1 da
kullanilmaktadir. Hastalik hem disilerde hem de erkeklerde
gelismektedir fakat baslangic zamani ve hastaligin siddeti
cinsiyete gore degiskenlik gosterebilmektedir.

2.2.Kollajen ile Indiiklenmis Artrit (CIA)

Kollajen kaynagi olarak genellikle sig1r, insan, domuz ve
civciv kaynakli tip II kollajen kullanilmaktadir. Kollajen Tip 1,
150 I, 0,1 M Asetik asitte c¢ozduralir, Eksik Freud
Adjuvani(IFA) ile birlikte esit oranda emiilsifiye edilmektedir.
Hayvanlarin, arka pengesine, kuyruk tabanina ya da sirt
bolgesine 3 farkli noktada olacak sekilde (100-150 pl)
intradermal/subkutan ~ olarak  enjekte  edilmektedir.  Ilk
uygulamadan 7 giin sonra booster denilen bir ek doz enjeksiyon
yapilmaktadir. Kollajen ile olusturulan RA modelinde ¢esitli
sican soylar1 kullanilirken, farelerde genellikle hastaliga duyarli
genetik modifiye soylar kullanilmaktadir(Choudhary vd., 2018).

2.3.Pristan ile Indiiklenmis Artrit (P1IA)

Pristane  (2,6,10,14-Tetramethylpentadecane)  artrit
olusturmada kullanilan diger bir sentetik immiinolojik
adjuvandir. Kuyruk tabaninin dorsal kismina intradermal ya da
subkutan olarak 100-150 pl olacak sekilde uygulanabilmektedir.
Hastalik baslangici genellikle 2-3 haftada ortaya c¢ikmaktadir.
PiA’nin diger artrit modellerine gbre avantaji, modeli
olusturmak i¢in tekrarlt dozlara ihtiya¢ olmamasi ve uygulama
kolayligidir. Tek bir doz ile RA semptomlar1 elde
edilmektedir(Leichsenring vd., 2016).
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2.4.Deneysel Modelin Olusturulmasinda Dikkat
Edilmesi Gereken Hususlar

Hayvanlar ¢alismaya alinmadan once (tercihen birkag
gun once) gruplara ayrilmali ve etiketlenmelidir, bdylece
calismaya ve arastirmactya uyum saglamalarina 6zen
gosterilmelidir. RA modeli olustururken hayvanlar anestezi
altinda olmali ve enjeksiyon isleminin eksiksiz ve diizgiin
yapildigindan emin olunmalidir. Modelin olusturulmasinda hem
erkek hem de disi hayvanlar kullanilabilmektedir. Ozellikle
calismada kullanilacak hayvan cinsiyeti ve soyu i¢in literatiire
bakmak ve model ile uyumuna dikkat etmek gerekmektedir.
Hayvanlarin agirliklar1 yaklasik 200 g civarinda olmasi ve her
deneysel grupta tercihen 7-8 hayvan olmasi idealdir. Bu
sayillarin deneysel c¢alismanin tiiriine goére degisebilecegi
unutulmamalidir.

3. DENEYSEL MODELIN TAKIBIi VE
LABORATUVAR ANALIZLERI

3.1.Artritin Skorlanmasi

Hastalik modeli olusturulduktan sonra, hangi ydntemin
kullanildigina bagh olarak, genellikle haftada iki ya da l¢ kez
hayvanlarin pengeleri kontrol edilmeli ve skorlanmalidir. Deney
siiresince hayvanlarin pengelerindeki artrit gelisimi haftada i
kez kontrol edilecek ve makroskopik skorlama sistemi
kullanilarak su sekilde yapilmaktadir: 1-bir eklemde sisme ve
kizariklik; 2- iki eklemde sisme ve kizariklik; 3-ikiden fazla
eklemde sisme kizariklik; 4-pengenin tamaminda siddetli artrit
gelismesi. Genellikle hayvanlar 1 artrit skoruna ulastiginda
hastaligin  olustugu varsayilmaktadir(Kannan vd., 2005;
Leichsenring vd., 2016). Skorlama ayni giinlerde ve ayni
saatlerde yapilmalidir. Akut artrit baslangicinda ve hemen
sonrasinda daha sik inceleme ve gozlem gerekebilmektedir.
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GoOzlemsel olarak skor yapabilmek igin deneyimli olmak
gerekmektedir. Clinkii hastaligin ilk giinlerinde pencelerdeki
parmak eklemlerinde inflamasyonu ayirt edebilmek kolay
degildir. Bununla birlikte penge genisliginin/inflamatuarin
olctlmesinde kumpas veya pletismometre de
kullanilabilmektedir.

3.2.Hastalhik Parametreleri

Deneysel modelde, hayvanlardan alinan kandan elde
edilen serumda siklikla TNF-a(TUmor Nekroz Faktort), IL-
1B(Interlokin), IL-6 ve IL-17 gibi proinflamatuar sitokinlerin
yani sira CRP(C-reaktif protein) ve Kortikosteroid de
bakilmaktadir(Mclnnes & Schett, 2007). Ayrica histopatolojik
parametre olarak, ozellikle arka pence ve gerekli goérulirse
cesitli dokulardan boyama yapilarak tedaviye yanitlar
incelenebilmektedir. Laboratuvar parametreleri, ¢aligilan hayvan
modeline  ve  calismanin  biitcesine  gdre  azaltilip
artirtlabilmektedir.

4. SONUC

Bu derlemede hem akademik hem de endstriyel alanda
hayvan deneylerinde yaygin olarak kullanilan RA hayvan
modellerine deginilmistir. Ozellikle son yillarda siklikla
calisilmasina ragmen RA, hala tam olarak bilinmeyen etiyoloji
ve spesifik bir tedavi yontemi olmayan kompleks bir hastalik
olarak kalmaktadir. Derlemedeki amag, arastirmacilara RA ile
ilgili caligmalarinda, giivenilir ve yeniden tekrarlanabilir
sonuclar verecek deneysel kosullari olusturmasinda yardimei
olabilmektir.
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RUMINANT CRANIUMLARINDA GEOMETRIK
MORFOMETRIK CALISMALAR

Sevval OZDEMIR!
Mehmet CAN?

1. GIRIS

Fenotipik olarak birbirlerine benzer hayvanlar, iskelet
sistemlerinde ayirt edici 6zelliklere sahiptirler. Blackith (1965),
hayvanlarin sekillerini karsilastirmaya yonelik kaydedilen en eski
girisimlerin, M.O. 5. yiizy1l gibi erken bir tarihte Pisagor okulu
tarafindan yapildigina dikkat ¢ekmistir (Reyment, 2010). Sahip
olduklar1 farkliliklar hayvan tlrleri arasindaki ayrimin
yapilmasinin  yan1 sira, adli ve arkeolojik delillerin
degerlendirilmesi agisindan da 6nemlidir (Tecirlioglu, 1983).
Taksonomistler, popiilasyonu olusturan tiirlerin hangi farkliliklar
ile aywrt edildiklerini morfometri  kullanarak  ortaya
cikarmaktadirlar. Morfometrik analiz yalnizca taksonomik a¢idan
degil aym1 zamanda zooarkeolojik caligmalarda ve osteolojik
degerlendirmelerde sekil farkliliklarinin ortaya konmasinda
tercih edilen bir yontemdir (Ketani ve Sagsoz, 2009; Cakir ve
ark., 2012). Gunimiuzde diger pek ¢ok bilim dali da morfometrik
analizleri kullanmaya baglamistir (saglhk bilimleri, biyoloji,
jeomorfoloji, antropoloji ve sanat). Bunun yani sira morfometri,
adli bilimlerde oldukca genis yer edinmistir, ayak izi veya

Balikesir Universitesi, Saglik Bilimleri Enstitiisii, Veterinerlik Anatomisi Anabilim
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ayakkab1 izinin sekli gibi pek c¢ok verinin analizinde de
kullanilmaktadir (Reyment, 2010).

Morfometrik inceleme yontemleri son yillarda ilerleme
kaydederek gelismis ve artik geometrik morfometri olarak
adlandirilan bir yontem haline gelmistir. Gelisen morfometri bir
nesnenin seklini bir biitiin olarak uygun istatistiksel yontemlerle
hem niteliksel hem de niceliksel olarak tanimlamay:1 saglar
(Claude, 2008). Geometrik morfometri, sekil 6zellikleri hakkinda
bilgi edinmek i¢in etkili bir yoldur. Bu yontemle materyaller sekil
biitiinliikleri korunarak analiz edilir (Pares-Casanova ve ark.,
2020). Geometrik morfometri ile yapilan incelemeler, materyal
tizerinde dogrudan olmayan yontemlerle gerceklestirilir.
Incelemeler igin materyallerden elde edilecek goriintileme
metodlarindan fotograflama, rontgen ve tarama ile iki boyutlu
veya li¢ boyutlu lazer tarayici ve bilgisayarli tomografi ile U¢
boyutlu ¢alismalar yapmak miimkiindiir (Ozdemir ve Can, 2023).
Morfometrik yontemlerdeki en 6nemli gelismelerden biri de 3
boyutlu incelemelerin yapilabilir olmasidir (Reyment, 2010).

Bir organizmadaki karmasik sekilli yapilar yalnizca
dogrusal dlgtimler ile agiklanamaz. Daha kapsamli analizler i¢in
kafatas1 gibi karmasik yapilarin geometrik morfometri
yontemiyle incelenmesi ka¢inilmazdir. Bu gibi bi¢imsiz yapilarin
incelemesinde geometrik morfometrik yontem kapsaminda semi-
landmark olarak adlandirilan noktalama metodu ile kivriml
alanlardan veri elde edilmektedir (Pares- Casanova ve ark., 2020).

Iskelet sistemi iizerine yapilan morfometrik ¢alismalarda
oldugu gibi geometrik morfometrik calismalarda da en ¢ok
inceleme cranium iizerine yapilmistir (Slice, 2007). Craniumun
boyut ve sekli, evcil hayvan popiilasyonlarin1 ve 1rklarini
incelemek icin yaygin olarak kullanilmaktadir (Pares-Casanova
ve ark., 2020). Kranial bolge anatomisi, yasamsal organlari
bulundurmasi sebebiyle 6nemlidir (Bayram, 2022). Yasamsal
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organin korunmasinin yani sira kafatasindaki sinir delikleri
topografik agidan anestezi uygulamalarinda 6neme sahiptir (Hall
ve ark., 2000). Kafatasinin canlilar icin hayati Oneminin
kesfedilmesi sonucu bu yapinin incelenmesi oldukca eskiye
dayanur. Ibni Sina, El-Kanun Fi’t- T1ibb kitabinda kafatasini konu
edindigi boliimde anatomik ve fonksiyonel 6neminin yani sira
sahip oldugu seklin incelenmesi ve sekil farkliligina gore
smniflandirma yapmaktadir (Ozden ve ark., 2024).

Cranium tizerindeki geometrik morfometrik c¢aligmalar
kendi iclerinde ¢esitlilik gosterir. Bunlar craniumun belli bir
yonden (lateralden veya dorsalden gibi) goriiniisii iizerine
olabilecegi gibi craniumu olusturan kemikler veya bu kemiklerin
birlesim yerleri iizerine veya Craniumun yalnizca belirli bir
boluminl kapsayan incelemeler de olabilmektedir (orbita,
foramen magnum).

2. RUMINANTLARDA CRANIUM CALISMALARI

Ruminantlarin kafatasi 6l¢gtim ¢aligmalari, bu hayvanlarin
kokenini  belirlemek amaciyla sikikla  kullanilmaktadir
(Bartoslewicz, 1980). Riitimeyer’in (1867) yapmis oldugu
calismalar Ozellikle sigirlarin kokeni ve tiir tayini amaciyla
gerceklestirilen ¢aligmalarda kafatasi Ozelliklerine odaklanan
incelemelerin baglangici kabul edilir (Felius ve ark., 2011). Bu
caligmalarn takiben kafatas1 dlglimlerinden yararlanarak yapilan
ilk siiflandirma Wilckens (1876) tarafindan gerceklestirilmistir.
Ruminantlarda gerceklestirilen bu ¢alismada kafatasinin sekli,
boynuz uzunluklar1 ve egriligi gibi 6zellikler kullanilmigtir. Tiir
ayriminin yani sira cranium boyutlarinin cinsiyet ayrimini tespit
etmede etkisi oldugu bildirilmistir (Ozkan ve ark., 2019). Tim bu
calismalar gelisen yeni inceleme metodlar1 kullanilarak
yapilmaya devam etmektedir.

67



Veteriner Hekimlik

Sekil 1. Wilckens’in (1876) sigirlar: siniflandirma ¢alismalar: (A),
Manuta ve ark. (2024) ivesi ve Sharri irki koyunlar sekil analizi

(B).

= Duachueephaliss. o A_Y
= \S“.qd}\):qws‘_‘\.. ety O

(A) (B)

Craniumun farkli yonden incelendigi calismalarin en
giincel Orneklerinden biri Simental ve Holstein ki sigirlarin
craniumu (Cakar ve ark., 2024) iizerine yapilan ve craniumun
dorsal, lateral, caudal ve ventral yonden incelenen caligmadir.
Calismadaki lineer 6l¢iimler sonucu, Holstein irkinin daha uzun
craniuma sahip oldugu ve geometrik morfometrik incelemeler
sonucu iki tiir arasinda orbital ve occipital bolgelerde farklilik
orani On plana ¢ikmistir. Buna gore Holstein’lar daha oval bir
orbitaya sahipken Simental irki daha genis orbital yapiya
sahiptirler. Bununla birlikte Simental 1rk1 sigirlarin daha genis bir
oksipital bolgeye sahip oldugu bildirilmistir. Bu farkin sebebinin
muhtemelen daha fazla viicut agirligmma sahip olan ve kas
baglantis1 i¢in daha genis bir yiizey alan1 saglayan Simental
kafatasinin daha biiyiilk yanal goriinimiinden kaynaklandigi
sonucuna varilmigtir. Ayni1 ¢alismada belirlenen farklarin 1rk
ayriminin  yami sira bu farkliigin sahip olunan islevsel
farkliliklardan kaynakli adaptasyonu da ortaya koyacagi
belirtilmektedir. Gilindemir ve arkadaslart (2023) bes farkh
iilkenin koyun irklar1 (Bardhoka, Dubska, ivesi, Lara e Polisit,
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Ruda ve Sharri) arasinda yaptigi calisma ile craniumlarin dorsal
yonden incelemesi sonucunda irklar arasi sekil farkliliklarini
tespit etmek amaciyla kullanish bir ara¢ olduguna ve taksonomik
acidan basarili sonug saglayacagina deginir. Incelenen irklar
arasinda en belirgin farkliliklar Bardhoka koyunlari iizerinde
tespit edilmistir. En belirgin 6zellik olarak fossa temporalis’in
daha kaudalde bulundugu ve daha gelismis oldugu belirtilmistir.
Bunun yani sira Bardhoka koyununda cranium genisliginin
incelenen diger koyun irklarina gore daha dardir. Dorsal yonden
inceleme yapilan bir baska calismada farkli koyun irklarinin
craniumlarinda asimetrik degisimleri ortaya koymustur (Manuta
ve ark., 2024). Buna gore craniumun dorsal yonden incelemeleri
sonucu 1rklar arast asimetri oranlari farkli bulunurken bu
hayvanlarda cinsiyet ayriminin tespitinde herhangi bir fark
olmadigin1 ortaya koymustur.

Bu ¢aligmalarin yani sira craniumun olusumuna katilan bir
kemik bolumi kapsayan incelemeler de mevcuttur. Pares-
Casanova ve Doménech-Doménech (2021) yapmis oldugu
calismada koyun ve ke¢i craniumlar1 arasinda sphenoid
kemiklerin boyut ve seklinin iki hayvan tiirii arasinda farkli
oldugunu ortaya koymustur. Bu ¢alismada koyunlardaki sphenoid
kemigin daha biiyiikk, daha uzun ve genis oldugunu ve bu
farkliliktan irk ayriminda yararlanilabilecegini bildirmistir.
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Sekil 2. Sphenoid kemigin incelemek i¢in elde edilen landmark
gorintiileri

Kaynak: (Pares-Casanova ve Doménech-Domenech, 2021).

Cranium tizerindeki bir yapinin incelenerek hayvan tiiri
ayrimi yapilabilecegini gosteren caligmalar da mevcuttur.
Demircioglu ve arkadaslar1 (2023) koyun ve kegilerin foramen
magnum ve condylus occipitalisi lizerine incelemelerde
bulunmusglardir. Bu incelemeler sonucunda condylus occipitalisin
sekil degisiminin koyun ve kegiler arasinda ayirt ediciliginin daha
yiiksek oldugu belirtilmistir. Ayn1 c¢alismada bu farkliligin
nedeninin  iki tiirin  otlama aligkanliklarmin  ¢esitlilik
gostermesinden kaynaklanabilecegine deginilir. Bir bagka yap1
olan orbita 1rk ve cinsiyet ayrimi agisindan koyun ve kegilerde
incelenmistir (Akslinger Karaavci ve ark., 2023). Bu ¢alisma ile
kegi 1rklar1 arast sekil ayriminin koyunlara gore daha belirgin
oldugu bildirilmistir. Orbitada yapilan incelemeler sonucunda
%70’ten daha fazla dogruluk oraninda cinsiyet ayriminin
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yapilabilir oldugu bildirilmistir. Koyun ve kegilerde yapilan
orbital inceleme ile ilgili bir baska ¢alismada orbitanin geometrik
morfometrik  yontemle tiir ayrimi  yapmak amaciyla
kullanilabilecegi desteklenmektedir (Giirbiiz ve arkadaglari,
2024). Yapilan ¢alismada kegilerde orbitanin dorsal ve lateral
acisinda, koyunlarda ise orbitamin dorsomedial agisinda daha
yuksek oranda varyasyon gozlenmistir. Bu sekil farkliliginin
cigneme kaslarinin baglandiklar1 kemik tizerindeki baskilarindan
kaynaklanabilecegini belirtilmistir (Sekil 3).

Sekil 3. Koyun ve kecide orbita sekilleri
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Kaynak: (Gurbiiz ve ark., 2024).

Cranium iizerindeki yapilardan biri olan disler iizerine de
incelemeler yapilmistir. Clauss ve arkadaslarinin (2022) yaptigi
calismada at ve sigirlarin disleri {izerindeki incelemelerle dis
sirast  uzunlugunun viicut boyutu ve kafatas1 uzunluguyla
iligkisini ortaya koymak amac¢lanmistir. Yapilan ¢alisma sonucu
hem atlarda hem de sigirlarda daha kiigiik kafatasina sahip
hayvanlarin nispeten daha uzun bir dis sirasina sahip oldugunu
belirtmislerdir.

Bunun yani sira kranial bdlgenin daha kapsamli
incelendigi cranium ile mandibulanin da dahil oldugu ¢aligmalar
bulunmaktadir. Ivesi koyunlarinda (Demircioglu ve arkadaslar,
2021) yapilan incelemeler sonucunda cranium {izerinden cinsiyet
ayrimi yapilabilecegi fakat mandibulanin bu ayrimi yapmayi
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saglamadigin1 ortaya konmustur. Abbasabadi ve arkadaslari
(2020) yapmis olduklari calismada hem geleneksel hem de
geometrik  morfometrik  yontemlerden yararlanarak  veri
toplamislardir. Bu ¢alismada alageyikler iizerinde hem craniumun
tiim 6zellikleri hem de mandibula {izerinde incelemelerle disi ve
erkek hayvanlar kiyaslamistir. Bu incelemeler sonucunda
alageyiklerin cranium ve mandibulalarinda cinsiyet ayrimi i¢in
geometrik morfometrik verilerde anlamli bir fark bulunmadig:
ancak geleneksel morfometrik verilerde cinsiyet ayrimin
saglayan farklilarin oldugu bildirilmistir.

Sekil 4. Alageyiklerin craniumlarinin (A) dorsalden, (B)
lateralden ve (C) mandibulalarinin sekil degisimleri. (Kirmizi
cizgi: disi, Mavi cizgi: erkek)

Kaynak: (Abbasabadi ve ark., 2020).

iki boyutlu goriintiiler iizerinden yapilan galismalarda en
cok tercih edilen yontem fotograflama olsa da radyografik
goriintiileme ile yapilan ¢alismalar da bulunmaktadir. Alizadeh ve
arkadaslar1  (2024) Saanen kecilerinde yapmis olduklar
calismada kuru kemik materyallerin radyografilerini g¢ekerek
incelemislerdir. Yapilan c¢alismanin Saanen kegilerine ait
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morfometrik 6zelliklerinin ortaya konulmasi ile farkli tiirlerde
yapilacak olan c¢alismalarla kiyaslanabilecegi ifade edilmistir.
Literatiirle kiyaslanan c¢alisma sonucunda Saanen kegilerinin
daha kisa cranium uzunluguna, zigomatik genislige ve orbital
actya sahip oldugu bildirilirken bir diger ayirt edici 6zelligin ise
sert damak {lizerinde foramina bulunmasidir.

Sekil 5. Saanen kecilerinin iki boyutlu incelemelerinde
fotograflama ve radyografi yontemi

Kaynak: (Alizadeh ve ark., 2024).

Geometrik morfometrik incelemeler iki veya ii¢ boyutlu
olabilmektedir. Bu yontemle hem iki hem de ii¢ boyutlu
goriintiiler canli hayvanlardan veya 610 hayvanlarda maserasyon
islemlerine gerek kalmadan inceleme imkani sunmaktadir.
Cranium tizerinde yapilan incelemeler de iki ve ii¢ boyutlu olarak
cesitlilik gosterir. Koyun, ke¢i ve ceylanlarin craniumu iizerinde
bilgisayarli tomografi araciligiyla elde edilen goriintiilerle orbital
hacim hesab1 yapilmistir (Kogyigit ve ark., 2024). Bu ¢aligma ile
ayni tiir hayvanlarin sag ve sol orbital hacimlerinde bir farklilik
bulunmadiginin yani sira 6zellikle koyun ve ceylanlarin orbital
hacim farkliliginin ayirt edici bir 6zellik oldugu vurgulanmustir.

Bunun yani sira kuru kemik iizerinden yapilmayan
dokulariyla Dbirlikte goriintelenerek incelenen calismalarda
mevcuttur. Akkaraman ve Kangal Akkkaraman koyunlar1 (Bas
Ekici, 2023) iizerinde yapilan bir tez ¢aligmasinda koyun kafalar
bilgisayarl1 tomografi yoOntemiyle gorlintilenmis ve bu
goruntilerden yararlanarak 3 boyutlu modelleme yapilmistir. Bu
modelleme islemi sonrast elde edilen goriintiiler {izerinde
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geometrik morfometrik yontemle cesitli Olctimler
gerceklestirmistir. Dorsal yonden yapilan incelemeler sonucu
tespit edilen en belirgin degisimler arasinda suturalarin birlesim
yeri ve fissura nasomaxillaris bulunmustur. Bu olusumlar burun
boslugunun dorso-lateral duvarini olusturdugundan iki tiir arasi
bu farkliligin nedenin hayvanlarin yasadigi bolgenin rakim ve
iklim farkindan dolay1 gelisen solunum adaptasyonuyla burun
boslugunun  genislemesinden  kaynaklanabilecegi  ifade
edilmektedir. Tiim incelemeler sonucunda elde edilen verilerin
tir ayrimi yapmak i¢in kullanilabilecegi ortaya konulurken
uygulanan yoOntemle incelenen materyallerde herhangi bir
tahribat yasanmadan anlamli sonuclar elde edilebilir olmasi
yontemin avantajlarindan biridir.

Sekil 6. Cranium’un kuru kemik (A) ve dokulu (B) halinin 3
boyutlu modelleri

(A)

(B)
Kaynak: (Bas Ekici, 2023).
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Morfolojik  verilerin elde edilmesinde geometrik
morfometrinin kullanilmasinin sebepleri arasinda lineer dl¢iimler
gibi sadece genislik ve uzunluk Olgiimlerini saglamak yerine
materyalin sekli ve boyutunun dogru sekilde ortaya konmasi en
onemli etkendir (Lemic ve ark., 2014). Bunun yan1 sira yalnizca
dogru wverilerin elde edilmesini degil aym1 zamanda sekil
degisikliklerinin gorsellestirilmesini de saglamaktadir. Ayrica
geometrik morfometri kullanim1 kolay, diisiik maliyetli ve hizl
olma avantajindan dolay1 da tercih sebebi olmaktadir. TUm bu
ozelliklerinden dolayr geometrik morfometri  geleneksel
morfometriye gore tercih edilen bir yontem haline gelmistir
(Pares- Casanova ve ark., 2020).

Cranium iizerine inceleme yapilirken farkli yontemlerden
yararlanilmis olsa da geometrik morfometri ve lineer Ol¢iim
sonuglarimi1  kiyaslayan ¢alismalarin sayist azdir. Araukanya
atlarina ait craniumlar {izerinde hem lineer hem de geometrik
morfometrik incelemeler yapilarak elde edilen sonuglarla iki
yontem kiyaslanmigtir (Pares- Casanova ve ark., 2020). Yapilan
calismada eriskin ve yash atlarin ayriminin her iki yontemle
yapilabilecegini ancak geometrik morfometrik yontemlerin
%97,5 oraninda daha dogru sonu¢ vermesinin yani sira sekil
hakkinda daha fazla bilgi edilebildiginden daha iyi ve
kullanilabilir olduguna deginmistir. Literatiirde ruminant
caniumu iizerine geleneksel ve geometrik morfometri
yontemlerin kiyaslandigi bir ¢aligmaya rastlanilmamustir.

Cranium, beyin, duyu organlari, solunum ve sindirim
sistemlerinin baslangi¢ kisimlarini icermesinden dolay1 olduk¢a
onemli bir yapidir. Bu yapinin 6zeliklerinin bilinmesi incelenen
hayvanin o6zellikleri, tiir ayrimi ve tiir icinde cinsiyet
farkliliklarinin tespitini saglar. Kafatasi yapisindaki farkliliklar,
tirler arasi veya aym tir icinde cinsiyet farkindan
kaynaklanabilecegi gibi bu farkliliklar yapi, yas, cevresel etkiler
ve beslenme durumu gibi pek c¢ok farkliliktan kaynaklanabilir.
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Kafatas1  Olglimleri, canlilarin  anatomik  Ozelliklerinin
taninmasinda, klinik agidan tani ve teshisin yani sira operatif
miidahaleler i¢in 6nemlidir.
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WELFARE STANDARDS IN SHEEP

Ayse UYSAL!
Ekrem LACIN?
Ugur OZENTURK?®

1. INTRODUCTION

Sheep are a widely used species due to their high twinning
rate, short parturition period and good utilization of roughage
(Uysal et al., 2024). Sheep are highly adaptable to various
climatic conditions and terrains, making them suitable for
different geographical regions. This good adaptability reduces the
need for infrastructure and provides the opportunity to utilize
unproductive lands (Celik and Tufekci 2023). Economically, it
increases the financial sustainability of farming by providing
multiple income opportunities through sheep, meat, milk and
wool yields. Sheep wool is a valuable product that contributes to
sustainable agricultural practices in the textile industry (Oztiirk
and Odabasioglu 2011). Additionally, sheep have a relatively
lower feed requirement compared to larger livestock, meaning
lower maintenance costs (Alcicek and Yurtman 2009).

Sheep are often exaggerated in terms of being a species
resistant to unfavorable environmental conditions and inadequate
care and management. In addition, the fact that sheep breeding is
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more widespread than other farm animals has created the
perception that welfare assessment is unnecessary in this species
(Sevi et al., 2009). However, this perception has started to change
slowly in recent years (Sevi et al., 2009). In recent years,
consumers pay attention to whether the food they consume is
produced within welfare standards. This brings the issue of
animal welfare to the agenda (Dodd et al., 2012; Kili¢ and
Bozkurt 2013). In addition, the importance given to welfare has
increased in farms in an effort to comply with the quality
standards demanded by national and European regulations in
terms of welfare (Sevi et al., 2009).

The term welfare is a broad concept covering physical and
mental health and natural life (Sheep Welfare 2024; Gen¢ and
Ozentiirk 2024). Although there are many definitions of farm
animal welfare, it is a complex term that includes concepts such
as health, disease, behavior and care and management
(Fitzpatrick et al., 2006). Established in 1965, the Brambell
Committee defined animal welfare as the physical and sensory
well-being of animals (Uysal and Sabuncuoglu 2021).

The Farm Animal Welfare Council (FAWC) expanded on
the Brambell Committee's report and identified 5 basic freedoms
for animals. These 5 basic freedoms; It is the state of animals not
being hungry or thirsty, being provided with a comfortable resting
area, being free from pain, injury and disease, exhibiting their
natural behavior and being free from fear and stress (Fitzpatrick
et al., 2006). The five basic freedoms cover both the physical and
mental conditions of animals. This freedom does not mean that
animals are never stressed; It means preventing suffering in
animals. Because if an animal cannot cope with stress, it will be
doomed to suffer (Webster 2001). In assessing the physical and
mental health of animals in general, Fig. 1 the information in is
used (Uysal and Sabuncuoglu 2021).
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Fig.1. Principles and Criteria Used to Measure Animal Welfare
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The first animal-based welfare assessment protocols were
conducted on dairy/beef cattle, poultry, and pigs. Later, small
ruminant evaluation protocols were published within the scope of
the Animal Welfare Indicators (AWIN) Project (Silva et al.,
2022). The AWIN protocol was developed for breeds raised in
different breeding systems such as extensive, intensive, dairy and
meat sheep enterprises. While this protocol has been tested for
ewes over 1-year-old; Not tested for male sheep (AWIN 2015)).

Understanding sheep welfare requires a comprehensive
approach that integrates animal behavior, physiology and health.
However, there are some shortcomings in welfare assessment in
sheep farming. The aim of this review study is to emphasize the
importance of sheep welfare. It also indicates the environmental
factors affecting the welfare of sheep and the importance of
welfare determination procedures.
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2. FACTORS AFFECTING THE WELFARE OF
SHEEP

2.1. Disease (Health)

Disease is a critical factor that can have a long-term
negative impact on animal’s welfare (Fitzpatrick et al., 2006;
Keskin 2021). Although sheep are generally considered resilient
to environmental conditions, they remain susceptible to a variety
disease. For example, clostridial diseases and pregnancy
toxaemia, to chronic debilitating conditions, such as footrot or
maedi-visna are highly susceptible to diseases. In intensive
farming systems, pneumonia poses a major threat, while parasitic
diseases are prevalent in extensive breeding systems (Fitzpatrick
et al. 2006). External parasites notably reduce growth,
development and production performance in sheep (Sheep 2022).
In addition, mastitis and foot-leg problems are important diseases
that affect animal welfare, especially in a dairy farm (Keskin
2021). Veterinarians play a crucial role in the management or
control of these diseases and thereby significantly contributing to
animal welfare (Fitzpatrick et al., 2006).

2.2. Practical Practices

Tail docking and castration are practical practices that
negatively affect the welfare of lambs. (Fitzpatrick et al., 2006;
Sheep Welfare 2024). In general, castration is performed with or
without anesthesia (applying a tight ring, clamp) to increase the
fattening properties of male lambs and reduce reproduction. Tail
docking in lambs is done to keep the tail area cleaner and to
prevent lesions or infections that may occur from flies (Sheep
Welfare 2024).

In Turkiye, tail docking can be done to obtain lean-tailed
sheep from fat-tailed sheep, to increase carcass quality and to
facilitate mating (Sinmez et al., 2016). However, tail docking is
still a matter of debate because it causes pain and suffering in
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animals and the inability to fight flies (Sinmez et al., 2016; Sheep
Welfare 2024). Tail-docking is carried out with a knife, hot iron
or tight ring around the tail (Sheep Welfare, 2024) Such practices
reduce the quality of welfare of lambs by causing inflammation
and pain on their skin (Fitzpatrick et al., 2006; Sheep Welfare
2024). Moreover, lambs often injure themselves while engaging
in natural behaviors, making additional painful procedures
particularly detrimental. The Farm Animal Welfare Council
(FAWC) advises against unnecessary castration and tail docking,
emphasizing the need to avoid causing extra pain to these animals
(Sheep Welfare 2024).

2.3. Transport

Transport is generally one of the most stressful moments
in the lives of animals (Ekiz et al., 2013). Sheep and lambs may
be exposed to long journeys at least once in their lives (EKiz et
al., 2013; Sheep Welfare 2024). This journey is especially
common in animals raised for fattening (Sheep Welfare 2024).
Since sheep are generally transported in a very cramped
environment, the basic needs of the animals such as resting,
feeding and drinking water are often ignored during
transportation (Yanar 2020; Sheep Welfare 2024). In such a case,
sheep become stressed due to poor quality air, fatigue, thirst and
hunger (Sheep Welfare, 2024). The blood cortisol and
catecholamine levels of stressed animals increase, the immune
system is suppressed, and their welfare quality decreases (Celik
2013; Yanar 2020).

In New Zealand, it has been recorded that many lambs
died due to heat stress, especially during transportation in hot
weather (Fisher et al. 2005). Because the temperature inside the
vehicle is higher than the outside environment due to the
metabolic heat produced by the sheep (Celik 2013) Heat stress
occurs as a result of the mixture of hot air and high humidity. High
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humidity prevents the body cooling mechanism from working in
animals or all living things (Fisher et al., 2005). Therefore, to
prevent heat stress in living things, environmental conditions
should be kept under control and temperature and humidity values
should be compared (Autukaite et al., 2020).

In general, the transportation time for sheep is a maximum
of 12 hours (according to the SCAHAW Report). However, it has
been reported that the maximum transportation time for lambs
younger than 6 months and weighing less than 20 kg should not
exceed 8 hours (Celik 2013).

2.4. Shelter Conditions

The use of on-farm welfare assessment protocols has been
made mandatory to assess the welfare of all farm animals,
including sheep (Marcone et al., 2022).

Sheep farming is a branch of production that is both
intensive and extensive (Kili¢ and Bozkurt 2013). However, as
the demand for high profitability increased, intensive farming
increased more. The welfare of animals in open environments is
considered to be of higher quality than in closed environments, as
they can exhibit their natural behaviors and are away from
ambient gases (Fitzpatrick et al., 2006; Kili¢ and Bozkurt 2013;
Herlin et al., 2021). However, in extensive breeding, sheep
grazing on poor quality pastures face various diseases due to
malnutrition and their welfare quality is negatively affected. In
addition, neonatal deaths are frequently observed due to
insufficient care given to the lamb during lambing. In addition,
harsh climatic conditions in the field also cause stress in sheep
(Silva et al., 2022).

2.4.1.Placement frequency

Intensive sheep farming is a system characterized by
dense settlement density and long-term accumulation of dung.
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Therefore, in sheep shelters, settlement density, litter
management and environmental climatic condition are the most
important factor affecting welfare (Sevi et al., 2009). While an
average settlement area of 0.7 m2/head is recommended for straw
bedding for sheep whose weight does not exceed 60 kg; For sheep
weighing between 60 and 90 kg, it is recommended to increase
the area by 30% (Sevi et al., 2009). Additionally, on average, the
height of a pen should be 2.13 £ 0.8 m. It has been stated that the
resting area for each animal should generally be between 1 m2
and 1.4 m2 on average. For pregnant and lactating sheep, this area
varies between 2.25 and 2.50 m2 (Koyuncu et al., 2006; Karaman
et al., 2012). According to AWIN protocol, 1.5 m2 area for each
lambless sheep; For sheep with lambs, an area of 2 m2 is deemed
appropriate (AWIN 2015).

2.4.2. Litter

The quality of the litter used in intensive breeding is an
important element that affects both animal welfare and animal
productivity. Poor quality litter can cause a decrease in milk yield,
mastitis and lameness in animals. In addition, it has been stated
that harmful gases formed in the environment cause respiratory
problems (Altingeki¢ 2014; Uysal et al., 2023).

In general, the litter used in pens should be dry, and
precautions should be taken to prevent animals from slipping on
the concrete floor. 88.2% soil litter and 11.7% concrete litter are
commonly used in sheepfolds (Koyuncu et al., 2006; Keskin,
2021). Although the cleaning of the pens is mostly affected by the
litter, it is stated that the cleaning of the pens is generally done in
December and March (Dalgi¢c and Demircan 2018).

2.4.3.Ventilation

In-pen ventilation is an important parameter that affects
both the performance and productivity of sheep (Sevi et al.,
2009). Ventilation varies according to seasons (Yilmaz 2008;
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Sevi et al., 2009). A ventilation rate below 40 m3/hour per sheep
in the summer months causes behavioral disorders, milk yield and
immune system decline in sheep. In addition, inadequate
ventilation inside the shelter increases the percentage of bacteria
in milk (Sevi et al., 2009). Ventilation in pens is generally
adjusted so that the temperature inside the pen does not exceed
the outdoor temperature by more than 1-3 °C. Ideal ventilation
ensures that harmful gases are removed from the pen (Kocaman
and Giinal 2007; Y1lmaz 2008; Kili¢ and Bozkurt 2013). Ambient
gases in the sheepfold must be at levels NH3: <10 ppm, CO2:
<2500 ppm, H2S: <2.5 ppm (Sevi et al., 2009).

2.4.4. Temperature, Humidity, Lighting

Ventilation is an important factor in adjusting the indoor
temperature. The ideal ambient temperature desired in sheepfolds
is over 7 °C; It has been stated that it is appropriate to be between
10-13 °C (Ekmekyapar 2010). Yilmaz (2008) reported that the
ideal environmental temperature for sheep should be between 10-
20 °C. In general, the maximum temperature inside the pen is 25
°C; It has been argued that the minimum should be 5 °C (Sevi et
al., 2009). In addition, the desired relative humidity level inside
the sheepfold is desired to be between 55-60% (Yilmaz 2008;
Ekmekyapar 2010). Another important environmental condition
inside the sheepfold is lighting. In general, in pens where natural
lighting is used, the window area should be 3-5% of the floor area.
For artificial lighting, it has been stated that a 100 W lamp is
sufficient for every 37-46 m2 of the sheepfold floor area
(Ekmekyapar 2010).

2.5. Feeding Conditions

Sheep are more prone to stress due to nutrient deficiencies
as they are commonly reared extensively. Malnutrition poses
significant risks, especially for pregnant sheep. Pregnancy
toxaemia, caused by inadequate nutrition during the last six
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weeks of pregnancy, leads to a decrease in milk yield and
increased neonatal deaths (Sevi et al., 2009). The neonatal period,
which comprises the first 28 days after birth, is crucial for
profitable sheep breeding. During this period, a high rate of death
occurs in lambs exposed to starvation and hypothermia (Aydogdu
2016). Currently, neonatal lamb deaths are seen as a welfare
problem (Uysal and Y0rik 2024).

Additionally, adequate water consumption is essential for
the welfare and health of sheep. To assess the welfare and quality
of pens, drinkers are scored based on cleanliness levels: dirty,
slightly dirty, and clean (Kili¢ and Bozkurt 2013; AWIN 2015).

2.6. Personnel

Regular health checks carried out by veterinarians,
vitamins and minerals administered to animals under the
supervision of veterinarians, fatigue and pain and suffering of
animals are welfare evaluation parameters. (Kilic and Bozkurt
2013). Besides this operating personnel are other environmental
factors that can cause stress on the animal. The caregiver's
education level, behavior and attitude towards the animal directly
affect the welfare and efficiency of the animals (Keskin 2021).
Other studies have also reported that human-animal interactions
have a significant impact on the behavior, physiology,
productivity and welfare of farm animals (Kilig and Bozkurt,
2013; Stafford, 2014). To evaluate the interaction between
humans and animals, an observer slowly approaches the sheep
and the human-sheep distance where the sheep moves is recorded.
Besides, it remains quiet for about 5 minutes near observer. If the
sheep approaches the human and smells it, the observer records
this as 1; otherwise, it records it as 0 (Hernandez et al., 2020). In
general, both normal behavior and stereotypical behavior are
determined by observing for 20 minutes (AWIN 2015).
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3. MEASUREMENT OF WELFARE
3.1. Subjective Measures

Normal (lying, walking, standing, eating, drinking,
defecation, urination) and abnormal (licking or biting walls,
aggression, etc.) behaviors are commonly examined to
subjectively determine the welfare quality of sheep (Ekiz et al.,
2013). The simple descriptive scale (SDS), the numerical rating
scale (NRS) and the visual analog scale (VAS) are used in the
behavioral rating of sheep (Fitzpatrick et al., 2006). Additionally,
Precision Livestock Farming (PLF) provides information about
the behavior, health, welfare and production of animals (Herlin et
al., 2021; Silvaetal., 2022). It can be determined whether animals
are happy or unhappy by looking at their behavior. In addition,
temperament is an important tool used to understand the behavior
of animals. Temperament is the response of the neuro-endocrine
system to stress. It has been determined that temperament has a
significant effect on the growth and development of sheep (better
feed utilization and live weight gain in calm sheep), maternal
ability and fleece production. Therefore, temperament is one of
the indirect selection methods used in the selection of sheep with
high survival rate and good meat quality (Dodd et al., 2012).

The welfare quality of the sheep, plasma cortisol level,
thinness (body condition score; BCS), fleece condition, fleece
cleanliness, lameness, mastitis, wound, somatic cell count
(EFSA, 2014) and pollution score rating are important parameters
in determining welfare (Fitzpatrick et al., 2006). In addition,
parameters such as respiratory rate, nasal discharge, mucosal
color (Figure 2), ocular discharge, body, leg and head lesions, and
mastitis are also used to determine the quality of welfare
(Hernandez et al., 2020; EFSA 2014).

BCS is performed to obtain information about the fatness
status in an animal's body (AWIN 2015). A score is given by
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palpating the muscle and fat status in the waist area (Koyuncu et
al., 2018). Those with values <= 1 and <2 on palpation are
considered weak; Those with >2 and <4 values are good; Those
with a value >4 are considered obese. For the dirtiness score
(fleece), values between 0 and 1 are generally considered clean;
Values 2, 3 and 4 are used for progressive dirtiness. Laminitis is
performed to evaluate the presence of infection in the nails of
animals and is generally done by giving points to the gait (AWIN
2015)

Glucocorticoids (cortisol) are a hormone secreted from the
adrenal glands and measured in determining stress (Ralph and
Tilbrook 2016). In the study, it was determined that serum cortisol
levels were higher in ewes against stressor factors (Dodd et al.,
2012).  Additionally, catecholamines (epinephrine and
norepinephrine) are other parameters used in stress measurement.
In addition, non-invasive monitoring of glucocorticoid
metabolites from feces is also used to measure stress (Dodd et al.,
2012). This method is a method that is used to determine the
glucocorticoids in the bloodstream of stressed living things
without interfering with the living thing and has become
increasingly popular in recent years (Balc1 and Coban 2024). In
addition, plasma cortisol, creatine kinase (CK), Lactate
Dehydrogenase (LDH), glucose and neutrophil: lymphocyte ratio
and concentrations are important elements in determining stress
(Ekiz et al., 2013).

3.2. Objective Measures

Sheep, which are farm animals, may not reflect pain and
suffering because they are resistant to diseases and the
environment. The method that provides an indirect measurement
of pain, used and tested in humans and animals, is hyperalgesia.
Hyperalgesia is applied when the animal moves and the pressure
is increased until the animal responds; In addition, it is a method
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measured with a gas-powered device (Fitzpatrick et al., 2006). In
a study, inflammatory agents were administered to the hind legs
of mice for pain testing, and this device was attached to the mouse
and gradual pressure was applied (Ren and Dubner 1999). It has
also been used to determine hyperalgesia and lameness (laminitis)
in sheep and cows (Whay et al., 2005).

4. CONCLUSION

Welfare assessment is more commonly performed in
intensive sheep farming due to the inherent challenges in
managing animals in extensive systems. However, because sheep
are generally resistant to diseases and can adapt to various
climatic conditions, welfare assessment criteria have often been
overlooked. The multi-productive nature of sheep and their
successful breeding in both large and small holdings have
contributed to a perception that sheep can yield under all
conditions, leading to a neglect of welfare quality. Despite this
perception, welfare quality is critically important for sheep, as it
is for other species. To achieve higher yields from sheep, it is
essential to raise them under proper welfare standards. The
literature indicates a significant need for more research on the
welfare standards of sheep pens. Key areas requiring further
investigation include the quality and structure of bedding, udder
and hoof health, and the control of harmful gases in the
environment. Ensuring these aspects are properly managed is
crucial for improving the overall welfare and productivity of
sheep.
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