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TAKDIM

Tirkiye Bilimler Akademisi (TUBA), giincel konularda, bilimsel 6nceliklerin saptanmasi
amactyla incelemeler, raporlamalar ve danigmanlik yapmakta ve bu baglamda bilimsel etkinlikler
yuratmektedir.

TUBA Bilim ve Diisiince Serimizin “Molekiiler Biyoloji ve Genetik” isimli “Saghk Alaninda ve
Biyoteknolojide Tleri Uygulamalar” alt baghkli bu eser son ¢eyrek asirda bu alanda gerceklegen
hizli gelismelerin sonucu olarak ortaya ¢itkmistir. Giintimiizde bir¢ok molekiiler biyoloji ve saglik
temelli bilimsel aragtirmalar ileri diizey yéntem ve teknolojiler yardimi ile yuratilmektedir.
Molekiiler biyoloji, molekiiler genetik ve biyoteknoloji gibi gelismekte olan bilim alanlarinda,
hiicrelerin, besinlerin ve cevresel faktorlerin fizyolojik ve metabolik aktivitelerinin molekiiler
diizeydeki etkilesimlerini anlamak igin ileri diizey ¢alismalar yapilmaktadir. Bu anlayis, sadece
bireylerin yasam kalitesini artirmayr hedeflememekte, ayni zamanda saghk alaninda
hastaliklardan korunma, teshis ve tedavi siireglerini kolaylagtirmay: da amaglamaktadir.

Bilim insanlarinin yogun sabirli gayretleri sonucu, Molekiiler Biyoloji ve Genetik alanindaki
giincel gelismelere neden olmakta boylece ileri diizey bilimsel ¢alismalarin planlanmasi ve
gerceklestirilmesi miimkiin olabilmektedir. Bu ¢aligmalarin sonugclari, klinik rutin uygulamalar
i¢in bir¢ok yeni ve ileri diizey yontemin gelistirilmesini saglamigtir.

Yapay Zeka temelli, Biyoinformatik, Biyoteknoloji, Biyomedikal alanlarinda ortaya ¢ikan yeni
gelismeler CAR-T hiicre tedavisi gibi yeni gelismeleri ve bireye 6zel tedavi yaklagimlarini
miimkin kilmigtir. Bireysel Tip sayesinde erken dénemde teghis, tan1 ve tedavi protokollerinde
bireye zarar vermeden kisiye en uygun, en etkin ve en ekonomik alternatifli tedavi yaklagimlar:
olusturulabilmektedir. Tipta tedavi siireglerine molekiiler genetik analizlerle destek verilmesi
giderek artmakta, temel tip bilim alanlar1 basta olmak tizere saglik alaninin diger paydaslar ile
birlikte gergeklestirilen disiplinler arasi yaklagimlar, Kalp Damar hastaliklari, nérodejeneratif
hastaliklar, otoimmiin hastaliklar ve bazi kanser tiirleri gibi kronik hastaliklarda yeni bilimsel
aragtirma yontemlerinin sonuglarindan yararlanilabilecegini gostermektedir.

TUBA olarak Molekiiler Biyoloji ve Genetik alaninda yeni nesil yontemlerin getirdigi gelismeler
1s1g1inda bu eserin giincel igeriginin tani ve tedavi hizmeti saglayanlar ile bu alanda arastirma ve
gelistirme yapmaya calisan bilim insanlarina yardimci olacagina inaniyoruz.

Eser, TUBA uyeleri, TUBA édiil sahipleri, 6gretim tyeleri ile alaninda uzman bilim insanlarinin
titiz, 6zverili katkilart sonucu 29 boliim olarak hazirlanmigtir. Giincel ve kapsaml bilgiler iceren
bu eser, molekiiler biyoloji ve genetik bilim disiplini basta olmak tizere temel bilimler ve saglk
alaninda yararlanilacak faydali bir temel bagvuru kaynagi niteligindedir.

Cumbhuriyetimizin 100. Yil kutlamalar1 cer¢evesinde 2023 yilinda basimini planladigimiz bu
eserin, talebimizi kirmayarak editorlugini tistlenen TUBA Seref Uyemiz Saym Prof. Dr. Mustafa
Solak Hocamiza ve degerli bilgi ve deneyimleri ile yazar kadrosunda yer alarak katki sunan tiim
bilim insanlarimiza ve TUBA calisanlarimiza tesekkiir ederim.

Prof. Dr. Muzaffer SEKER
TUBA Baskani
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PREFACE

The Turkish Academy of Sciences (TUBA) conducts studies, reports and consultancy on current
issues in order to determine scientific priorities and carries out scientific activities in this context.

This book, titled "Molecular Biology and Genetics" and subtitled "Advanced Applications in
Health and Biotechnology" in our TUBA Science and Thought Series, has emerged as a result of
the rapid developments in this field in the last quarter century. Today, many molecular biology
and health-based scientific researches are carried out with the help of advanced methods and
technologies. In the emerging fields of molecular biology, molecular genetics and biotechnology,
advanced studies are being conducted to understand the interactions of physiological and
metabolic activities of cells, nutrients and environmental factors at the molecular level. This
understanding not only aims to improve the quality of life of individuals but also to facilitate
disease prevention, diagnosis and treatment processes in the field of health.

As a result of the intensive efforts of scientists, current developments in the field of Molecular
Biology and Genetics lead to the planning and realization of advanced scientific studies. The
results of these studies have led to the development of many new and advanced methods for
clinical routine applications.

New developments in Artificial Intelligence-based, Bioinformatics, Biotechnology and
Biomedical fields have enabled new developments such as CAR-T cell therapy and individualized
treatment approaches. Thanks to Personalized Medicine, the most appropriate, effective and
economical alternative treatment approaches can be created without harming the individual in
early diagnosis, prognosis and treatment protocols. The support of molecular genetic analysis in
medical treatment processes is increasingly growing, and interdisciplinary approaches carried out
with the collaboration of various shareholders in the field of healthcare, especially in the
fundamental medical sciences, demonstrate the potential utilization of new scientific research
methods in chronic diseases such as Cardiovascular Diseases, Neurodegenerative Diseases,
Autoimmune Diseases, and certain types of cancers.

As TUBA, in light of the advancements brought by the new generation methods in the field of
Molecular Biology and Genetics, we believe that the current content of this work will assist those
providing diagnosis and treatment services, as well as scientists striving to conduct research and
development in this field.

The book has been prepared in 29 chapters as a result of the meticulous and devoted
contributions of TUBA members, TUBA award winners, faculty members and scientists who are
experts in their fields. This book, which contains up-to-date and comprehensive information, is
a useful basic reference source to be utilized in the fields of basic sciences and health, especially
in the discipline of molecular biology and genetics.

I would like to thank our TUBA Honorary Member Prof. Dr. Mustafa Solak, who undertook the
editing of this work, which we plan to publish in 2023 within the framework of the 100th-
anniversary celebrations of our Republic, and to all the scientists who contributed to the author
team with their valuable knowledge and experience, and TUBA staff.

Prof. Dr. Muzaffer SEKER
TUBA President
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ONSOZ

Molekiiler Biyoloji ve Genetik Bilim Alani, hiicresel diizeyde yapilan caligmalar ile molekiiler
genetik uygulamalar1 icermektedir. Son 25 yillik dénemde bu bilim alaninda 6nemli gelismeler
yaganmus, bu gelismelere Nobel Odiilii almig ¢aligmalarin da biiyiik katkist olmustur. Gergeklesen
hizli geligmeler ile yeni bir doneme gecilmistir. Bu gelismelerin tabii sonucu olarak; Insan
Genomu Projesi ile insan genomunun tamamlanmasi, gen haritasinin ¢ikarilmasi, ardindan
mutasyonlarin belirlenmesi, gen terapi uygulamalari, saglik alaninda énemli bazi maddelerin
biyosentezi ve nutrigenetik c¢alismalar ile enfeksiyon ajanlarinin tanimlanmasi, koruyucu
hekimlik, ¢evre kirliliginin énlenmesi ve biyogiivenlik gibi calismalar 6nem kazanmuistir.

Yine Insan Genom Projesinin tamamlanmasi ile molekiiler genetik ve bireysel tip alaninda da
yeni bir dénem agilmistir. Bu projenin 1s1g1inda baglayan molekiiler yolculuk, genetigin bazi temel
alanlarini giin ytiziine ¢tkarmis, Epigenom projesi ile de insan hayatinda gevresel etkinin genetik
yapiya etkisi ve fenotip olusumundaki énemi, molekiiler genetik ve klinik uygulamalar: birbirine
daha da yaklagtirmigtir. Bu kapsamda, genetik laboratuvarlarinda kullanilan konvansiyonel
yontemlere; Hibridizasyon Yontemleri, Polimeraz Zincir Reaksiyonu (PCR), Mikroarray
Teknolojisi gibi yontemler eklenmistir. Bu yontemler ile birlikte; Yeni Nesil DNA Dizileme
Yontemleri, Omik yontemler, Genom Diizenleyici Yontemler, Tiim Ekzom Dizileme Yoéntemi ve
miRNA uygulamalarinin da yaygimn kullanimi ile bir¢ok laboratuvar, arastirma merkezi haline
gelmigtir.

Yeni nesil dizileme sistemlerinde toplam dizileme kapasitesi, (bu deger platforma gore
degismekle birlikte) 7.5 Gb - 6000 Gb arasinda ifade edilmektedir. Eski nesil teknolojide
gergeklestirilemeyen birgok iglem bugiin yeni yéntemler sayesinde miimkiin hale gelmistir.
Ornegin, yeni genlerin bulunmasi, genetik tanida ¢ok sayida (2700-4800 arasinda) hasta geninin
bir defada incelenmesi ve yeni nesil Dizileme Yontemleri ile bireysel bir¢ok teshis/tani ve tedavi
test ve yontemlerinin gerceklestirilmesi miimkiin olmustur. Giiniimiizde Kanser Paneli ve Tiim
Ekzom Dizileme uygulamalari rutin kullanimda yerini almistir. Bu yeni analiz yontemleri 6zellikle
kalitsal gecisli kanserler gibi daha 6nce ¢alisilamayan kanserlerin, herediter tablolarinin analizini
kolaylagtirmigtir.

Molekiiler Biyoloji ve Genetik Alanindaki gelismelerin insan hayatina dokunuslari, yeni
¢aligmalarin ve klinik uygulamalarin rutin kullanima gec¢mesi, insan yasamindaki olumlu
degisikliklerin etkileri, bilim insanlarini daha da heyecanlandirmaktadir. Bioinformatik, Yapay
Zeka ve CAR-T hiicre tedavisi gibi giincel bilimsel gelismeler ve teknolojiler takip edilerek, yeni
bilim disiplinleri bir arada kullanilarak, kisiye 6zel tedavi yaklagimlari sunulmaktadir. “Bireysel
Tip” yaklagimu ile hastaliklar1 6ngérmek, onleyici olmak, tani ve tedavi protokollerinde bireye
zarar vermeden en uygun kisisel tedavi modelini olusturmanin 6nt agilmistir. Klinikte tedavi
sureclerine, molekiiler genetik analizlerle destek verilmesi giderek artiy gostermektedir.
Multidisipliner yaklagimlar sonucu saglik alaninda yeni yontemler gelismekte ve buna bagh
olarak kalp damar hastaliklari, diyabet, nérodejeneratif hastaliklar ve bazi kanser tirleri gibi
kronik hastaliklardaki yeni uygulamalarin giderek yayginlik kazanmaktadir. Diger yandan, tani
ve tedavi hizmetlerinde yer alan uygulamalar, evrilmeye ve yenilenmeye agik bir alandir. Bu
yenilenme siireclerine destek vermek tizere Molekiiler Biyoloji ve Genetik alanindaki yeni nesil
yontemlerin, tani ve tedavi hizmeti verenler ile tim bilim insanlarima sunulmasi ve
paylasilmasinda yarar goriilmektedir. Bu bilgilerden hareketle, Turkiye Bilimler Akademisi
(TUBA) tarafindan 2023 yilinda yayimlanmasi 6éngériilen bu eser, TUBA’dan 6diillii 6gretim
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iiyeleri ile alaninda uzman 6gretim tiyeleri tarafindan hazirlanmistir. Giincel ve kapsamli bilgileri
iceren bu eser, molekiiler biyoloji ve genetik alami ile temel bilimler ve saghk alaninda
yararlanilacak faydali bir kaynak niteligindedir.

TUBA Bagkanimizin ricasi ve destekleriyle sizlere ulasan editérliigiinii iistlendigim bu eserin,
bilimsel niteligi ve giincelligi konusunda titiz ve yogun ¢aligmalar yiiriiten ve kitaba ¢ok degerli
oneri ve katkilar1 olan meslektaglarima siikranlarimi sunarim. Tiim okuyuculara yararli olmasi
dilegiyle.

Prof. Dr. Mustafa SOLAK
TUBA Seref Uyesi
msolak[at]biruni.edu.tr
ORCID: 0000-0001-5348-9645
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FOREWORD

The field of Molecular Biology and Genetic Science includes studies at the cellular level and
applications of molecular genetics. In the last 25 years, there have been important developments
in this field of science, and Nobel Prize-winning studies have contributed greatly to these
developments. A new era has begun with the rapid developments occurring. As a natural result
of these developments, studies such as completion of the human genome through the Human
Genome Project; gene mapping, and then identification of mutations; gene therapy applications;
identification of infectious agents with the biosynthesis of some important substances in the field
of health as well as nutrigenetic studies; preventive medicine, prevention of environmental
pollution and biosecurity have gained importance.

Again, with the completion of the Human Genome Project, a new era has opened in the field of
molecular genetics and individual medicine. The molecular journey that started in the light of
this project has unearthed some basic areas of genetics, and with the Epigenome project, the
effect of environmental impact on genetic structure and the importance of phenotype formation
in human life have brought molecular genetics and clinical applications closer to each other.
Within this scope, methods including Hybridization Methods, Polymerase Chain Reaction (PCR),
and Microarray Technology have been added to conventional methods used in genetic
laboratories. Along with these methods; many laboratories have become research centers with the
widespread use of New Generation DNA Sequencing Methods, Omic methods, Genome Editing
Methods, Whole Exome Sequencing Method and miRNA applications.

The total sequencing capacity in new-generation sequencing systems (although this value varies
according to the platform) is expressed to be between 7.5 Gb - 6000 Gb. Many operations that
could not be carried out in the last-generation technology have become possible today thanks to
new methods. For instance, it has become possible to find new genes, examine a large number of
patient genes (between 2700-4800) in genetic diagnosis at once, and perform many individual
diagnosis/detection and treatment tests and methods with new-generation sequencing methods.
Today, Cancer Panel and Whole Exome Sequencing applications have taken their place in routine
use. These new analysis methods have facilitated the analysis of hereditary tables of cancers,
especially inherited ones that could not be studied before.

The touches of developments in Molecular Biology and Genetics to human life, the routine use
of new studies and clinical applications, and the effects of positive changes in human life make
scientists even more excited. Individualized treatment approaches are offered by following
current scientific developments and technologies such as Bioinformatics, Artificial Intelligence
and CAR-T cell therapy, and using new science disciplines together. The "Individualized
Medicine" approach has paved the way for predicting diseases, being preventive, and creating
the most appropriate personal treatment model in diagnosis and treatment protocols without
harming the individual. Supporting the treatment processes in the clinic with molecular genetic
analyzes is showing an increase. As a result of multidisciplinary approaches, new methods are
developing in the field of health, and accordingly, new applications in chronic diseases such as
cardiovascular diseases, diabetes, neurodegenerative diseases and some types of cancer are
becoming increasingly common. On the other hand, applications in diagnosis and treatment
services are an area open to evolution and renewal. In order to support these renewal processes,
it is beneficial to present and share the new-generation methods in the field of Molecular Biology
and Genetics with diagnostic and treatment providers and all scientists.
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TURKIYE CUMHURIYETi’NiN YGZGNCG YILI

Molekiiler Biyoloji ve Genetik

Saghk Alaninda ve Biyoteknolojide Ileri Uygulamalar

Molekiiler Biyoloji ve Genetik bilim alaninda yemi teknolojiler, bas dondiiren yeni
gelismeler, molekiller bakis agismi saglik ve yasam bilimlerinin merkezine
oturtmustur. Kitap bu alandaki temel bilgiler ile birlikte, giincel yaklagimlar ve
uygulama alanlart hakkinda da bilgi vermektedir. Molekiiler biyoloji ve Genetik
dunyasina girig anahtar1 olan DNA molekiiliinden baslayarak, hiicrede meydana gelen
molekiiler stirecler genetik uygulamalarm anlatiminda her basligin kendi iginde
organize bir akis saglamasi hedeflenmistir.

Kitap temel kavramlardan yeni nesil dizileme teknolojilerine, Insan genom

inden bireysel tip uygulamalarma, omik yaklasimlardan epigenetik

nizmalara, yapay zekanm tiptaki uygulamalarina biyogiivenlik siireclerinden

er genetigine kadar 29 baslikta, iilkemizin degerli bilim insanlarmm tecriibelerini

ve literatiirdeki son bilgileri sade bir dil ile okuyucuya sunmaktadir. Elbette ki bilgiye

ulagmanm bir tus uzakta oldugu bir ¢agdayiz. Ancak konunun uzmanlari tarafindan

giivenilir bir siizgegten gecirilerek metodolojik olarak derlenmis boylesi bir icerigin

kiymetli olduguna inaniyor ve kaynaga bagvuran her okuyucu igin pozitif katki
sunmasini Umuyoruz.

Bu eser, lisans ve lisans tistii 6grenciler, uzmanlar, klinisyen ve akademisyenler dahil
olmak tizere Molekiiler Biyoloji ve Genetik biliminin ir saglig1 tizerindeki
uygulamalarina iliskin bilgi arayan herkes i¢in bir kaynak olusturacaktir. Katki sunan
tiim paydaslar ve siz degerli okuyuculara saygilarimla.
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