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PREFACE

Biological sciences aim at the study of life and living organisms, their
life cycles, adaptations, and the environment. ‘Recent Advances In
Biological Sciences’ describes recent progress in various biological
sciences, such as microbiology, molecular biology, zoology, and
botanic. This book consists of a total of eight chapters, each of which
has been contributed by highly qualified professionals in the

respective fields of research.

I am proud to present this book, which contains recently updated
information on various research areas and techniques in the biological
sciences, which will benefit many researchers from different life

science institutions around the world.

We would like to thank Iksad Publishing house for their devoted work
to bringing together valuable scientists, editing, and publishing the

book named Recent Advances In Biological Sciences.
With my regards

Res. Assist. Dr. M. Burcu KULAHCI
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INTRODUCTION

Streptococcus thermophilus has long been exploited as a milk clotting
agent, starter, especially of yogurt manufacture, and recently, to a
much lesser extent, in cheese production. This species has often been
encountered in raw milk that constitutes its main natural source. It has
generally been accepted that this species came to being very recently,
as late as 30,000 years. Its genome has been considered at two levels
of organization: the one includes genes indispensable for its survival,
and the other, the remainder, may not be essential. Approaches
employing computational prediction methods have evidenced that
three main driving forces of evolution in prokaryotes, conjugation,
competence, and transduction, have all played substantial roles in the
shaping of its genome. These studies have also revealed 362 atypical
genes of exogenous origin that could have been inserted into the
genome of this new species through horizontal gene transfer (HGT)

phenomena (Eng et al., 2011).

The production process of industrial yogurts involves the exploitation
of two species of the lactic acid bacteria (LAB), Lactobacillus
delbrueckii subsp. bulgaricus, and Streptococcus thermophilus. These
starter species protocooperate by reciprocating their specific needs
during the fermentation process of milk into yogurt (Fig. 1), and they
appear to owe these precious attributes to the mutual events of

horizontal gene transfer (Liu et al., 2009).
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Figure 1. Schematic Illustration Of The Biochemical Interplay Taken Place
Between The Two Yogurt Starters (Sieuwerts et al., 2008).

Genomes of Lactobacillus delbrueckii subsp. bulgaricus and
Streptococcus thermophilus have been unraveled for some time now,
and this information has been used to identify the genetic basis,
established through the genomewide horizontal gene transfer (HGT)
events, of the biochemical interplay. HGT involves the interchange of
DNA segments of chromosomal- and/or episomal origin between
interspecies prokaryotes. It serves as a means of cohabitation, which is
largely made possible by diverse biochemical activities of distantly
related species (Nicolas et al., 2007; Liu et al., 2009).

In silico efforts, comparing genomes of three S. thermophilus strains,
LMG 18311, CNRZ1066, and LMD9, have provided insightful clues
on the HGT events, through which sets of genes, cbs-cbIB(cglB)-cysE,
for example, had been inserted into S. thermophilus (Table 1). This
gene cluster has been found to be involved in the metabolism of amino

acids, cysteine, and methionine. Data produced have also suggested
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that this species has evolved together with Lb. delbrueckii subsp.
bulgaricus (Liu et al., 2009).

Cysteine biosynthesis commences with the conversion of L-serine to
O-acetylserine by the product of cysE gene, serine acetyltransferase,
and the products of cgIB and cbs convert homocysteine to cysteine
(Fig. 2). It has been implied that these genes had originally resided in
Lb. delbrueckii subsp. bulgaricus as a shorter, truncated form and that
it had been disabled in the context of cysteine and methionine

production in this organism (Liu et al., 2009).
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Figure 2: The Role Of HGT In The Synthesis Of Cysteine And Methionine In S.
thermophilus.



Table 1: The Genes, epsIM and epslL, Responsible For The Exopolysaccharide
Synthesis Genes, On The Other Hand, Have Been Reported To Have Been
Transferred From S. thermophilus Into Lb. delbrueckii subsp. bulgaricus And It Has
Been Suggested That This Event Might Have Been Mediated Through Physical
Contacts During Cocultivation Or In Yoghurt (Liu et al., 2009).
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1. PHAGE GROUPS OF STREPTOCOCCUS THERMOPHILUS

Infection of a bacterium starts with phage adsorption on the surface of
the host that necessitates the presence of a specific receptor and a
phage ligand, sometimes called “anti-receptor”. As in most of the
other topics of molecular biology, insight gained in this area has been
derived from studies on the infection of E. coli with its specific phages
(Goldberg et al., 1994). Infections with T4 phage for example is
largely mediated by the protein of orf37 gene, gp37 (Wood et al.,
1994). This protein constitutes the large subunit of the distal part of
the T4 tail and performs the act of an anti-receptor via its C-terminus
in a wide host range. Three of its known receptors are B
lipopolysaccharide, OmpC, and OmpF (Te’tart et al., 1998). The
phage A anti-receptor, protein J, also interacts with its receptor through
its carboxy-terminus. These two phage proteins, thus, appear to be the
main determinants of the host specificity (Duplessis and Moineau,
2001).

Mostly Siphoviridae family of phages have been isolated from S.
thermophilus cultures and they have been divided according to the
ends and the packaging mode of their genome into two groups,
cohesive or headful (cos and pac, respectively), (Le Marrec et al.,
1997) (Fig. 3). Later on, a third group, known as 5093-like phages,
have been included (Mills et al., 2011; Mahony et al., 2014). As could

be seen below, so far, the number of groups increased to five.




FEECEERREEERREERRRRRARARRELE

Figure 3: Morphotypes of Common LAB Phages. A: Siphoviridae (With Prolate-
Head). B: Siphoviridae (Isometric-Head). C: Myoviridae Phages (With Long
Contractile Tail). D: Podoviridae (With Short Non-Contractile Tails) (Mahony et
al., 2014).

The first group, cos, has two major structural proteins (MSPs of 27
and 32 kDa). The latter, packaging, group has been characterized with
three MSPs, having molecular weights of 15, 25, and 43 kDa).
Computational analyses of the seven phage genomes have suggested
that the ordering of the phage genes had a modular structure and that
their evolution has followed a modular course (Figs. 4 and 5)

(Duplessis and Moineau, 2001).
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One of the well-characterized S. thermophilus phages, DT1, consists
of an isometric head, 60nm in diameter, and a 260nm long, non-
contractile tail with 8 nm diameter. Its genome is 34 820 bp linear
DNA with cohesive ends. It has two major structural proteins with
molecular masses of 26 and 32 kDa. The genome is poor in guanine
and cytosine, approximately 39%. So far 46 open reading frames
(ORFs) have been mapped, and 20 of these putative functions have
been allotted. The protein encoded by orfl8 could be acting as the
anti-receptor (Tremblay and Moineau, 1999) because the weight and
location of its gene appear to be the same as the gpJ and J gene in
Lambda phage. The two proteins also have the same isoelectric (pl)
points. Some evolutionary features of orf18 also has resemblances to
those of the other phages in terms of the distribution of conserved
regions (Te” tart et al, 1996; 1998; Lucchini et al., 2000).
Furthermore, ORF18 of DT1 has similar amino acid composition at its

N-terminus to those of seven other phages, including DT4, MD1,




MD2, and Q5, in which coding sequences for collagen-like repeats has
been mapped. The carboxy-terminal region of ORF18 also included
collagen-like repeats and a variable region (VR2, 145 amino acids)
(Duplessis and Moineau, 2001).

Genomic sequencing studies and following computational analyses
have shown that the genome of an S. thermophilus phage is organised
into four large modules: (1) containing genes responsible for the
packaging of DNA and tail genes, with cos configuration (Sfi21 type)
or with pac configuration (Sfill type) (Lucchini et al., 1999); (2)
spanning structural tail genes, and the genes of lysis and lysogeny; (3)
often a Sfi21-type replication module, divided into two different gene
clusters (Desiere et al., 1997), and (4) a 5kb long module, constituting

the 3"-end of the genome (Bru“ssow and Desiere, 2001).
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Figure 5: Alignment of The Siphoviridae Genomes (Bru“ssow and Desiere, 2001).
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In 2016, a third phage type, forming the group 987 with four
members, has been reported. The members appeared to have been the
products of hybrid genomes of those phages (Fig. 6.) that have been
shown to be able to adsorb onto dairy strains of S. thermophilus as
well as Lactococcus lactis. Thus this discovery has added another
dimension to the vulnerability of dairy industries regarding the
capability of infectious agents and to the possibilities of
countermeasures that should be taken to challenge these devious
entities (McDonnell et al., 2016).

Hybrid genomes of the 987 group seemed to have been dependent,
within the confines of the dairy industry, on horizontal gene transfer
cases, involving the replication- and structural modules of S.
thermophilus and L. lactis, respectively. This group has been
morphologically related to those of the L. lactis phages. This could be
expected but one other striking feature of the new group has been that
the genomes of 987 group harbored significant divergence from
within, as opposed to the previous data obtained from other groups of
the S. thermophilus phages. The highly mosaic and diverse nature of
the novel hybrid genomes calls to mind both the production of
bacteriophage-insensitive mutant (BIM) strains of S. thermophilus and
the implementation of related rotation programs to alleviate the
problem of inadvertent hybrid phage damage in fermentation plants
(McDonnell et al., 2016).
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Arrows: predicted ORFs (their assignments have been indicated with
the colored boxes, above). Gene products have been indicated with
grey and dark shades (McDonnell et al., 2016).

A fourth type phage assigned for S. thermophilus has been 5093,
found in a cheese starter, CSK939. Its genome contained 37,184 bp
DNA, with a rather dissimilar sequence composition to those of either
cos or pac group. Surprisingly, however, it has shown a significant
similarity to the genomes of other streptococci, suggesting that this
phage could have a rather large streptococcal host range and that it has
experienced substantial interspecies DNA exchange phenomena by

HGT or recombination mechanisms (Mills et al., 2011).
2. PHAGE GENOMIC DIVERSITY

Cos group contains the most comprehensively investigated infectious
entities and it has so far been the most recurrent and most diverse
group in the dairy industry (Fig. 7). These concordant findings could
imply that they hold the longest evolutionary history among the S.
thermophilus phages. It appears, on the other hand, that such a high
diversity in nucleotide sequence has not changed the ordering of the
genes (Lavelle et al., 2018).

Pac group also allows a highly significant sequence diversity among
its isolated members (Fig. 7). One extremely important feature of this
group was that the nucleotide sequence encoding the “the anti-
receptor” device displayed very high percentages of dissimilarity.

Similarly, gene clusters forming both the modules of lysogeny and




replication seem to have been highly diverged. These findings have
also been in concordance with the rather wide host range of the pac
phages (Lavelle et al., 2018).

Hybrid phage genomes, of 5093 and 987, appear to display lesser
diversity from within than those of either cos or pac phages (Fig. 7).
This could be accounted for by the fact that the hybrid phages are
much newer entities with respect to the other groups. Nucleotide
comparison studies have also revealed that hybrid phages divergence
had been generated by the small insertion and deletions (indels) rather
than shuffling of the large DNA fragments (Lavelle et al., 2018).
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Figure 7: Genomic Diversity of S. thermophilus Phage Groups (Lavelle et al.,
2018).
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Proteomic data, built in a phylogenetic tree (Fig. 8) at first glance
seems to differentiate cos group into a single phylogenetic entity and
that the three of the remaining four groups were evolutionarily closer

to the cos proteome than that of the pac group (Philippe et al., 2020).

cos

b2 ¥
: R ;
D 4 -
m &, ” Py
P 2% o
£ % >

iy
b
¢
i
~
w
o

987
Figure 8: Phylogenetic tree reflecting the proteomic data.

Amino acid comparison studies on the carbohydrate-binding domain
of receptor-binding proteins (RBPs) have suggested that these host-
specifying devices have evolved independently from the remaining
genomic modules in a highly diverse range of phages (Fig. 9). This
recalls the possibility to mind that phage modules are not necessarily
to have co-evolved. The “independent” evolution could be driven by
the gene shuffling mechanism. Hence, phages seem to obtain

carbohydrate-binding modules in order to be able to diversify their




host range. Here, the members of Brussowvirus and Moineauvirus
(BVs and MVs, Fig. 10) appear to have served as good donors for the

genes of RBP device (Hanemaaijer et al., 2021).
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Figure 9: Phylogenetic Tree of Partial RBP Amino Acid Sequence Involved In
Carbohydrate Binding.

3. CLUSTERED REGULARLY INTERSPACED SHORT
PALINDROMIC REPEATS, CRISPR, OF S. THERMOPHILUS

Genome projects have mainly aimed at deciphering the genes and
their annotations. Later on, it has become clear that spacer DNA
residing between the genes loci has been coding functional molecules,
other than proteins, named noncoding RNA (ncRNA). One of these
chromosomal elements, having the widest distribution and a very
diverse loci organization, has been identified in prokaryotes in 1987
and called clustered regularly interspaced short palindromic repeat
CRISPR (Ishino et al., 1987; Deveau et al., 2010).
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A CRISPR locus is devoid of open reading frames and includes a
fixed range, between 2 and 375, of direct repeats with lengths between
21 and 48 bp. The repeats are interrupted by non-repeating spacers,
ranging from 26 to 72 bp (Fig. 10). Approximately one-third of the
repeats appear to have been shortened. The final repeat at the
rightmost end has often been found to be less preserved with respect
to the others. The locus is flanked by an A+T rich leader sequence and
a promoter at its upstream end. The CRISPR locus is further specified
with some functionally related, 4 to 20 genes within its neighborhood,
located up- or downstream, that are named cas (CRISPR-associated
genes). The genes encode for a series of Cas proteins which form Cas
endonucleases. These two entities build together a CRISPR/Cas
system. As many as 20 and diverse CRISPRs, making up
approximately 1% of the genome and can exist as different loci along
the prokaryote chromosome. They can also be mapped in plasmid
DNA (Deveau et al., 2010).




B >.{ >D . ! ‘ 2 31.@&

20-534bp  =60pp-15 kbp

Repeat ‘ Spacer I

[N S ST N RV Y YIS (Yo Vs TGTTTGACAGCAAATCAAGATTCGAATTGT
[Gaannla S« &V Ty eV iV e (qyYa V& AATGACGAGGAGCTATTGGCACAACTTACA

(R R (S (S (Y TN e VY Y (@ AATTTTGCCCCTTCTTTGCCCCTTGACTAG
GTTTTTGTACTCTCAAGATTTAAGTAACTGTACAAC JACCATTAGCAATCATTTGTIGCCCATIGAGT
GTTTTTGTACTCTCAAGATTTAAGTAACTGTACAGT

General features

Repeats Spacers

« 2to 375 per locus « 1to 374 per locus
« Mostly invariable sequence « Variable sequence
- 21to 48 bp - 26t072bp

Figure 10: Physical Constitution Of A CRISPR Unit.
CRISPR/Cas loci may constitute a substantial part of the prokaryote
immune system against horizontal DNA transfer affected by phage
infections and plasmid transformations. This protective system seems
to operate via RNA-interference of protein translation (Fig. 11).
Palindromic nature of CRISPR enables its transcripts to assume highly
firm stem-loop structures, as evidenced for other functional RNA
species (Deveau et al., 2010).
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Figure 11: Interference of Translation Through CRISPR RNA.
Unraveling of CRISPR/Cas nucleotide structure and function has
prompted some intensive research on S. thermophilus to identify or
generate bacteriophage-insensitive strains or mutants (BIMs). It has
been expected that a “natural”, adaptive, immune strain should have
experienced phage infections before its isolation. And it has been
evidenced that phage resistance could be made possible by the
addition of one single repeat 5" to the CRISPR loci in S. thermophilus.



It turns out that a resistant bacterial strain can be infected by a mutant
phage. These two findings set a scenario where an interplay might be
taking place between the host CRISPRs and phage genome (Fig. 12)
(Deveau et al., 2010).
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Figure 12: CRISPR Can Mediate A Genetic Interplay Between Dairy S.
Thermophilus and Its Phages.

Casl and Casz2 are expressed in cells harboring CRISPR loci and their
abundance appears to be an indicator for the resistance activity of S.
thermophilus LMD-9 (He et al. 2013; Goh et al. 2011). On the basis of
the types of Cas proteins produced, the CRISPR/Cas systems are
organized into three subtypes. The presence of Cas3, Cas9, and Cas10,
specify the three subtypes I, 11, and I11, respectively, and they are these
are the most frequently found subtypes in S. thermophilus. Of the 27
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isolates of S. thermophilus, more than 96% contained CRISPR/Cas
loci (Hu et al., 2020).

Genomic sequencing studies have implied that CRISPR1 (Fig. 13)
could be the oldest CRISPR as it has been mapped in 78% of S.
thermophilus studied and it harboured the highest number of direct
repeats (DRs) (Hu et al., 2020).
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Figure 13: CRISPR Diversity In S. Thermophilus.



Seven direct repeats have been mapped in S. thermophilus and four of
them were most frequently encountered (DR1, DR2, DR3, and DR4),
and the remaining three with much fewer frequencies (Fig. 14) (Hu et
al., 2020).
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Figure 14: Minimum Free Energy, MFE, Based Secondary Structures of
S.thermophilus CRISPR RNA.

In the strains of S. thermophilus, CNRZ1066, JIM8232, and KLDS
3.1003, the number of spacers differed but their length remained
rather similar, between-33 and 35 bp. Again CRISPR1 also appeared

to possess the highest number of spacers, while their number was
similar in CRISPR3 and CRISPR4 and much lesser in CRISPR2.

Similarity search between CRISPR spacers and available database
sequences has revealed that a spacer DNA could be homologous to
that of the several S. thermophilus phages. The CRISPR-Cas system
interferes with phage infections through cutting the phage DNA: upon

56 || Recent Advances In Biological Sciences




invasion by a phage, small pieces of phage DNA are inserted into the
host genome as CRISPR spacers. These new spacers could be detected
in CRISPR1 and CRISPR3. Then follows transcription of the CRISPR
locus and the single-stranded crRNA is produced. This RNA molecule
complexes with Cas through its secondary structure, and forms
CRISPR nucleoprotein complex (crRNP). The crRNP assumes the
role of an endonuclease and is guided by its crRNA to specifically

cleave invading phage DNA (Hao et al., 2018).
CONCLUSION

The chapter was prepared with the intention to provide a concise
information on the genetics of dairy S. thermophilus in relation to its
phages. The text was extricated from key references with relevant
Figures. In essence, it was tried to make a collection of the key
findings on the subject and to reemphasize them together.

It appears that the starter performance of dairy S. thermophilus is
indispensably dependent on the presence of Lactobacillus delbrueckii
subsp. bulgaricus in the making of yogurt. Evolutionary studies have
indicated that the basis of such genetic acquirements is the horizontal
gene transfer. Five groups of S. thermophilus phages have been
established. A cos phage, DT1, poses to be the oldest and widest
infective agent for dairy S. thermophilus. An anti-receptor phage
protein, ORF18, has been suggested on the basis of comparative
genomic sequence analyses. Such studies have also shed a substantial
amount of light as to the physical structures of the phages of dairy S.

thermophilus. The phage genomes have been found to show




modularity in functional as well as evolutionary senses. Later phage
groups seem to possess hybrid genomes that have been established
within the confines of dairy industry and involved the infection of
both S. thermophilus and Lactococcus lactis. Cos phages form the
most diverse and widest group of infectious entities. Nucleotide data
have indicated that cos and pac groups are closer to one another than
the other three groups. In the proteomic comparison, on the other
hand, cos forms one distinct entity, and the remaining four seem to be
clustered together in the opposite direction. An even more striking
finding has been that the receptor-binding module appeared to have
been independent of the remaining three genomic modules in its
evolution. Details of the physical features of S. thermophilus CRISPR
were also reemphasized and text was reinforced with relevant Figures.
Here it would be worth reinstating that immune dairy S. thermophilus
strains could be reinfected with a mutant phage. Three CRISPR
subtypes have been suggested for dairy S. thermophilus and CRISPR1
appeared to be the oldest. Some secondary structures for CRISPR
RNA presented have been generated on the basis of minimum free
energy. A schematic representation was also included to show how the
CRISPR RNA interfere, through its secondary structure, with the

function of translational machinery.
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13 | 978-625-7954-63-1 | Cxynenrypa B Jlepese baku Ypmanue U OteuectBennas JlepeBsiHHAs Huna Jluacosna Xucamosa
[Inactuxa Bropoii [lonosuns! Xx Beka
14 | 978-625-7954-67-9 | Xaiinsiitm» - Haponnas [Tecast Ha Ctuxu abaymer Tykas T'ysens daiizpaxmanosna FOHycosa
15 | 978-625-7279-17-8 | Azerbaycan Raks Havalar1 Atlasi 1. Cilt Prof. Dr. [igar Cemiloglu Imamverdiyev
Ali Imamverdi
16 | 978-625-7897-32-7 | Abdurrahim Bey Hakverdiyev ve Cagdas Azerbaycan Tiyatrosu Huseyn Ahmadov
18 | 978-625-7562-76-8 | iran Tiirklerinde Asik Diigiin Térenleri Prof.Dr. Tlgar Cemiloglu, Firuze imamverdi
19 | 978-605-80857-0-1 | Gérsel Iletisimde Cocuk Afislerinin Hedef Kitle Uzerindeki Etkisi Yusuf Sdylemez
20 | 978-605-7510-70-9 | Gelenekten Gelecege Ebru Tahsin Bozdag
21 | 978-625-7279-03-1 | Jenerik Tasarim Analizi Kiibra Goymen
22 1 978-625-7029-07-0 | Gorsel Sanatlarda Hareket Unsurlari Ibrahim Kaya
23 | 978-625-7897-19-8 | Sanatin Golgesinde Editor: Dog. Dr. Recep Uslu
24 1978-605-7923-44-8 | Geleneksel Atik Degerlendirme Kirkyama Selma Onbas, Serap Mutlu
25 1978-605-7923-95-0 | Takinin Sanata Doniistimii Ogr. Gér. Zeliha Sarikaya Hiinerel
4- FEN BILIMLERI VE MATEMATIK ALANINDA YAYINLANAN BAZI KiITAPLARIMIZ
1 |978-625-7954-69-3 | Undopmatuka Cabareiaaa XKeti Momynsai Tuimai [Naiinanany Meirhanova Zhanar Toleugazinovna
2 1 978-625-7954-72-3 | Croiikocts Matepnana Uagukatoproro Dnexrpona M3 Hukens B A.C.Mycuna I'.Y. baiiramesa E.II.
Pazmuaneix Cpenax lopbynmaeBa Maructpant I'.E. AmanTait
3 |1 978-605-7695-24-6 | Fundamental Aspects Of Engineering Science Editor Fatih Unal, Ahmet Erhan Akan
4 1978-605-7510-35-8 | Xumns Canacel boiisrama 3eprreynep Mirzahmetova N.O. ,
Amisbayeva A.K.,K,Vd
5 1978-605-7510-31-0 | Buonorus Canacsl boitpiamma 3eprreynep Anuarova L.E.,Azimbayeva G.E.,
Ahtayeva M.B.,Vd
6 | 978-605-7510-49-5 | Erin Hlapyamsusrs! XKone FOtonorus CanacsiHnars! 3eprreynep Berik N.T.,Osetova J.A.,Medeuova
G.J., Mirzahmetova Vd
7 | 978-625-7897-09-9 | English For Mathematicians And Physicists R.O. Ozgambayeva, A.B. Kokazhaeva,
B. Zhakashbaev
8 1978-605-7811-72-1 | Ecology Of Interior: Embodied Carbon Of Housing Hayrettin Merig
9 |978-625-7897-03-7 | DKOTOKCHKOIOTHS F.K.Meneyosa
10 | 978-625-7897-02-0 | Kazakcran PecnyOamkaceiabiH Okonorusuislk [Ipobnemanapsr CanpikoBa Jlame)kaH OUIXaHKBI3BI
11 | 978-625-7279-76-5 | Innovative Theories In Science And Environment Edited By: Assist. Prof. Dr. Tiilay Giirsoy
12 | 978-625-7279-67-3 | Multidisciplinary Studies On Recent Advances In Science And Edited By: Assist. Prof. Dr. Ege Anil Diler
Engineering — Experimental And Theoretical
13 | 978-625-7139-55-7 | Engineering On Energy Materials Edited By: Dr. Defne Akay
14 | 978-625-7139-43-4 | Scientific Studies In The Field Of Sciences Edited By: Dr. Neslihan Bal
15 | 978-625-7897-59-4 | Current Studies At Positive Sciences Edited By:Dr. Mehriban Emek, Dr. E. [lhan Sahin
16 | 978-625-7687-43-0 | Ecology Dystopia And Fictionalization Biilent Cercis Tanritanir,Fatma Karaman
17 | 978-605-74646-3-7 | Current Approaches In Science Of Life Edited By: Dr. Betiil Aydin
18 | 978-605-74646-1-3 | Natural Sciences: Methods And Applications Edited By: Dr. Seda Cetindere
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19 | 978-625-7636-13-1 | Nitel Analiz Laboratuvar Uygulamalari Prof. Dr. Nazife Aslan
Ars. Gor. Mustafa Ali Giingdr
20 | 978-625-7897-97-6 | Aletli Analiz Laboratuvari Ogr. Gér. Esma Mutlutiirk, Prof. Dr. Sevi Oz
21 | 978-625-7897-18-1 | Nanomalzeme Sentezi ve Giincel Kullanim Alanlar1 Editorler:Dog. Dr. Cumali Keskin,
Dog. Dr. Mehmet Firat Baran
22 1 978-625-7029-03-2 | Hidrolojik Verilerin Degiskenlik Analizi ve Uygulamalar1 Dr. Naci Biiyiikkaracigan
23 1978-625-7029-11-7 | Bulanik Mantik Yontemi ve Uygulamalari Mehmet Nuri Odiik
24 1 978-625-7954-22-8 | Bilgisayar Oyun Arayiizlerinde Grafik Tasarim Kiirsat Karismaz
25 | 978-605-7811-87-5 | Gidalarin Kurutulmasinda Mikrodalga ve Sicak Hava Yontemleri Dr. Ogr. Uyesi Giilgin Yildiz,
Dog. Dr. Gokeen Izli
5- MUHENDISLIiK ALANINDA YAYINLANAN BAZI KITAPLARIMIZ
1 |978-605-7695-24-6 | Fundamental Aspects Of Engineering Science Edited By: Assist.. Prof. Fatih Unal
Lecturer Dr. Ahmet Erhan Akan
2 | 978-605-7811-72-1 | Ecology Of Interior: Embodied Carbon Of Housing Lecturer Hayrettin Merig
3 | 978-625-7139-55-7 | Engineering On Energy Materials Edited By: Dr. Defne Akay
4 | 978-625-7279-45-1 | Strategic Management Of Crisis And Disaster Dr. Naci Biiyiikkaracigan
5 |978-625-7279-67-3 | Multidisciplinary Studies On Recent Advances In Science And Edited By: Asst. Prof. Dr. Ege Anil Diler
Engineering — Experimental And Theoretical
6 |978-625-7279-76-5 | Innovative Theories In Science And Environment Edited By: Assist. Prof. Dr. Tiilay Giirsoy
7 |978-625-7687-10-2 | Current Researches In Architecture And Engineering Sciences Edited By: Assist. Prof. Dr. Cigdem Bogeng
8 | 978-625-7687-12-6 | Academic Approaches To Engineering Issues Edited By: Dr. Ahmet Erhan Akan
Dr. Aytac Perihan Akan
9 | 978-625-7636-70-4 | Recent Advances In Material Science And Engineering Systems Komisyon
10 | 978-625-7636-73-5 | Experimental And Numerical Advances In Science, Engineering And Komisyon
Technology
11 | 978-625-7636-95-7 | Biological Activities, Health Benefits, Extraction Methods, Food Filiz Yangilar
Applications And Beneficial Effects Of Essential O1ls
12 | 978-625-7562-47-8 | Machine Learning, Energy And Industrial Applications In Technology Komisyon
And Engineering Sciences
13 | 978-625-7687-73-7 | Yapay Sinir Aglar ile Kalite Kontrol: Ornek Olay Calismasi Birce Yavuz, Dr. Tiilay Korkusuz Polat
14 | 978-625-7562-52-2 | Teknoloji ve Mithendislik Bilimlerine Giincel Bakis Editor: Dr. Abdul Vahap Korkmaz
15 | 978-625-7562-08-9 | Matlab Ortamuinda Derin Ogrenme Uygulamalar Dr. Ogr. Uyesi Sedat Metlek
Ogr. Gor. Dr. Halit Cetiner
16 | 978-625-7562-01-0 | Eurocode 7 Standartina Gore Temellerde Tagima Giicii Ogr. Gér. Hiiseyin Mungan
17 | 978-625-7636-72-8 | Modern Miihendislik Yontemleri ve Uygulamalari Editor: Dr. Ogr. Uyesi Muhammed Ordu
18 | 978-625-7279-78-9 | Zeminlerinin Sivilasma Potansiyelinin Arazi ve Laboratuvar Deneyleri ile | Dog. Dr. Ali Ates
Arastirtlmasi
19 | 978-625-7279-74-1 | Makine Ogrenmesinde, Teoriden Ornek Matlab Uygulamalarina Kadar Dr. (?gr. [:Jyesi Sedat Metlek
Destek Vektor Makineleri Dr. Ogr. Uyesi Kiyas Kayaalp
20 | 978-625-7897-29-7 | Dijital Miihendislik Editor: Dr. Gilircan Yavuz
21 | 978-625-7897-71-6 | Katmanli Kompozit Plaklarin Nonlineer Serbest Titresim Analizi Dog. Dr. Thsan Kiiciikrendeci
22 | 978-625-7897-95-2 | Isletme izin Siirecinin Madencilik Sektériine Etkileri Ars. Gor. Dr. Taskin D. Yildiz
23 | 978-625-7897-99-0 | Yerbilimleri Problemlerine Model Yaklasimlar Editor: Dr. Fatih Siinbiil
24 | 978-625-7279-57-4 | Mithendislik Bilimlerinde Giincel Arastirmalar Editor: Dr. Ramazan Sener
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6- Ziraat, Orman ve Su Uriinleri Alaninda Yaymnlanan Baz1 Kitaplarimiz

1 | 978-625-7687-40-9 | Cereal Grain: Productions and Improvement Komisyon
2 1978-625-7687-07-2 | Ornamental Plants In Different Approaches Komisyon
3 | 978-625-7279-66-6 | New Approaches and Applications In Agriculture Komisyon
4 1978-625-7687-33-1 | Ornamental Plants: With Their Features and Usage Principles Komisyon
5 |978-625-7914-59-8 | Actiextsl Matepuansaoit Kynetyps! Tiopkckux Haponos A. Cammarapos, 3.M. Kanaxanosa
6 |978-625-7687-41-6 | Innovative Approaches In Meadow- Rangeland and Forage Crops | Komisyon
7 | 978-625-7687-44-7 | Research In Medicinal and Aromatic Plants Komisyon
9 1978-605-70345-0-2 | Aquaculture And Biotechnology Latife Ceyda Irkin
10 | 978-625-7636-03-2 | Veterinary Medicine And A New Look At Beekeeping Edited By:Assist. Prof. Dr. Tuba Ozge Yasar
11 | 978-625-7636-37-7 | Crop Production And Influencing Factors Abdulgani Devlet
12 | 978-625-7636-90-2 | New Development On Medicinal And Aromatic Plants Edited By:Assist. Prof. Dr. Giilen Ozyazic1
13 | 978-625-7636-89-6 | Sustamable Forage Production And Ecological Safety Edited By:Assoc. Prof. Dr. Giilcan Demiroglu Topgu,
Assoc. Prof. Dr. Seyithan Seydosoglu
14 | 978-625-7562-11-9 | Fertilizers And Their Efficient Use In Sustainable Agriculture Edited By: Assoc. Prof. Dr. Korkmaz Bellitiirk
Assoc. Prof. Dr. Zubair Aslam
15 | 978-625-7562-09-6 | Recent Headways In Pomology Edited By: Assist. Prof. Dr. Mine Pakytirek
16 | 978-625-7562-37-9 | Theoretical And Practical New Approaches In Cereal Science And | Edited By: Assoc. Prof. Dr. Mehmet Karaman
Technology
17 | 978-625-7562-62-1 | Highly Interconnected & Endless Puzzle: Agricul Ture Komisyon
18 | 978-625-7562-88-1 | Clinical And Basic Studies In Veterinary Komisyon
19 | 978-625-7562-91-1 | Grain Legumes Under Abiotic Stress: Yield, Quality, Editor: Prof. Dr. Murat Erman
Enhancement and Acclimatization
20 | 978-625-7562-92-8 | Overview on Horticulture Editor: Dog. Dr. Arzu C1g
21 | 978-625-7279-65-9 | Serdivan’in (Sakarya) Kompost Giibre Potansiyeli Fatih Kenar, Zerrin Karakuzulu
21 | 978-625-7279-25-3 | Tiim Yonleri ile Kuzey Dogu Anadolu Bélgesinde Hayvancilik Editor: Prof. Dr. Pinar Ayvazoglu Demir
23 | 978-605-7875-88-4 | Her Yoniiyle Kinoa Onemi, Kullanilmasi ve Yetistiriciligi Prof. Dr. Mustafa Tan, Dog. Dr. Siileyman Temel
24 1 978-605-7811-78-3 | Canakkale’de Celtik Yetistirilen Alanlarda Bulunan Zararl ve Faydali Komisyon
Bocek ve Yabanci Ot Tiirleri
25 1 978-625-7562-61-4 | Kalkinma Odakli Dogal Kaynak Temelli Inovasyon Editor:Zir. Yiik. Mith. Feyza Dondii Bilgin
7- EGITIM BILIMLERI ALANINDA YAYINLANAN BAZI KITAPLARIMIZ
1 |978-605-7510-40-2 | FEREHF 557% Konyrbayeva S.S
2 | 978-605-7510-32-7 | Educational Policies In Kazakhstan Talipova F.O.,Eselbaeva A.K.,Tutibaev
K.A. Nauryzbekova S.M., Vd
3 ]1978-605-7510-36-5 | Hunarmandchilik Va Bilim Tadqiqotlart Zhumasheva T.S,Davlatova
Saodat,Zhubandykova A. M.,Vd
4 |978-605-7510-62-4 | Basic English For Elementary And Pre-Intermediate Learners Abdirassilova Turarkul Nazarbaeva, Vd
5 | 978-625-7954-45-7 | I'eorpadus Kypcrapsasiy Onkerany XKymeictapbiH ¥ibiMaacteipyaarel | K. N. Mamirova
MyMKiHgiKTepi
6 | 978-625-7954-46-4 | [lomroroBka byaymux Yuurenei Kenzhetayeva Giil, Nurzhanova Sazhil
7 | 978-625-7954-51-8 | I'padmueckue Opranaiizepst Ha Ypoxax Pycckoro S3eika 1 JIuteparypst | Tasanbaeva Magirash Anuarbekovna
Sopbekova Alia Edigeevna
8 | 978-625-7954-47-1 | Vr Texnonoruu B O6pazoBannu YXKanabaii A. H., Epbonar b. P.,
I'aOutkb3el A., beiicenbaeBa A. b.
9 |978-625-7954-49-5 | Bactaysmu Cemabinta Kazax Tinin Okeity Onictemecinir Jamysr (1990— | Vaiicosa 'ymuap
2017)
10 | 978-625-7954-52-5 | Arpummema Tinia Oxpeityna Oxymsimapasie Ceitney Jlarapuiapsa Meiipxanosa I'ynnap ToneyrassieBHa
Kanemracteipy Makcatsinaa Tuimai ©nicrep Men XKarTerymapast
[Tafinanany
11 | 978-625-7954-53-2 | Typkinik OrancyiirimTik Joctyp Herisinneri Ilatpuortsik TopOue AxokornoBa AKTOTHI TeeyMypaTKbI3bL,
Hyticen6aeB Abait Kabakbaiiyist
12 | 978-625-7954-48-8 | Ocobennoctu Passurust TBopuecknx CriocobHOcTel B Muanmem I'ycmanosHa NaitHysmiHa

IlIxonsHOM Bo3pacre
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13

978-625-7954-50-1

K Bonpocy O ®opmuposannu 1 Pazsutun MexkynbTypHOM
Komnerennuu B Iponecce MHos3brunoit [loarorosku by mymumx
Ilemaroros

Onemupa [1laBkaroBHa CanM3sHOBa

14

978-625-7954-54-9

Teatpanmmzarms Kax Cpenctso Passurus TBopueckoit Camopeanu3anuu
VYaanmxcs [Ipu O6yuennn MaocTpanHbM S3p1kamMm

OneBupa MynuposHa CaduysiinHa

15

978-625-7954-57-0

OcHoBa byaymero — O6pa3oBaHue

Mapusic CagpikoBa

16

978-625-7029-93-3

European Union’s Integrated Educational Policy Background And
Involved Political Institutions

Soner Akin

17

978-605-7695-73-4

Socio - Political Functions Of Education Critical Views On The Education

Seyyed Muhammad Reza Husseini ,
Akbar Valadbigi

18

978-625-7897-01-3

Oneymertik Oxonorust XKene Typakrsr Jlamy

CanpikoBa JlamexxkaH OJIIXaHKbI3bI

19

978-625-7897-03-7

DKOTOKCHUKOJIOTHSI

F. K. Meneyosa

20 | 978-605-7811-86-8 | Practical English For Elementary And Pre-intermediate Learners M.Z. Berkutbayeva, B.M. Sultanova,Vd
21 | 978-625-7139-48-9 | Aildiall glisll ¢ gn (A (1914 / 1878 < gm 4 A 4y 5dl) aaliall zen ) gaiadl Ll ae s Sl
22 | 978-605-7923-90-5 | Kiiresellesme Teknolojik Yenilikler Ve Egitim Arastirmalari Komisyon
23 [ 978-625-7954-43-3 | Egitim Orgiitlerinde Liderlik Sinizm Ve Bagliik Dr. Eray Demirgelik
24 1 978-605-7923-11-0 | Kuzey Kibris Tiirk Cumhuriyeti’nin Cografi Ozellikleri Ve Bu Erol Kapluhan
Ozelliklerin Egitime Yansimast
25 1 978-605-7875-14-3 | Yurtdisinda Tiirkge Ogretimi Bayram Arici
8- SAGLIK BiLIMLERI ALANINDA YAYINLANAN BAZI KiTAPLARIMIZ
1 |978-605-7923-21-9 | New Approaches In Health Sciences Komisyon
2 | 978-625-7279-35-2 | Mesenchymal Stem Cells (Especially Adipose-Derived Stem Cells): IThan Ozdemir, Samil Oztiirk
Innovative Therapeutic Approachs
3 | 978-625-7279-36-9 | Evaluation of the Effect of Fresh Embryo and Frozen Embryo Transferred | Assoc. Prof. Dr. Cenap Ekinci, Lecturer Ilhan
on Pregnancy in Infertile Patients Ozdemir
4 1978-625-7139-76-2 | Medical and Health Sciences Edited By: Assist. Prof. Dr. Seyhan Cankaya
5 |978-625-7897-22-8 | Health and Science Editors:Prof. Dr. Sevi Oz, Assoc. Prof. Dr.
Yasemin Tase1
6 | 978-625-7687-01-0 | Recent Studies In Health Sciences Edited By: Assist. Prof. Dr. Selen Miiftuoglu
7 978-625-7636-85-8 | Different Views And Approaches in Health Sciences Edited By: Assist. Prof. Dr. Miisliim Toptan
Spec. Dr. Zeliha Ayhan
8 978-625-7636-82-7 | Important Issues in Health Sciences Edited By: Prof. Dr. Mehmet Bayraktar
9 978-625-7636-71-1 | Overview To Covid-19 Pandemic Editors: Assist. Prof. Dr. Serif Kurtulus
Assoc. Prof. Dr. Nebiye Yentur Doni
10 | 978-605-70345-1-9 | The Place and Definition of Fibrous Astrosides In The Studies Senay Deveci, Engin Deveci,
Ilhan Ozdemir, Firat Asir
11| 978-625-7562-84-3 | Perspectives In Health and Medicine Komisyon
12 | 978-625-7562-59-1 | Overview Of Some Current Medicine Issues Editor: Assoc. Prof. Dr. Bilge Aslan
13 | 978-625-7562-71-3 | Giincel Gelismeler Isiginda Klinik Uygulamalar Editor: Dog. Dr. Rahime Bedir Findik
14 | 978-625-7562-63-8 | Cerrahi Temelli Hastaliklarda Tibbi Tani Ve Tedavi Yontemleri Editorler:Dog. Dr. Feray Aydin
Dog. Dr. Ozgiir Albuz
15| 978-625-7562-51-5 | Temel Tip Ve Klinik Uygulamalar Editor: Prof. Dr. Yasemin Tasci
16 | 978-625-7562-45-4 | Cerrahi Bilimlerde Inovatif Yaklagimlar Dr. Ogr. Uyesi Kerim Giizel
17 | 978-625-7562-31-7 | Hemsire ve Ebelere Yonelik: Dogum Agrisinda Kullanilan Ars. Gor. Dr. Ece Kaplan
Nonfarmakolojik Yoéntemler
18 | 978-625-7562-19-5 | Yutma Bozukluklarinda Tani1 ve Tedavi Ogr. Gér. Ziya Yildiz
19 | 978-625-7636-88-9 | Dahili Bilimlere Giincel Yaklagimlar Editor: Dog., Dr. Hamit Sirr1 Keten
20 | 978-625-7636-75-9 | Noropsikiyatriye ve Agriya Multidisipliner Yaklagim Editor: Dr. Ogr. Uyesi Ulker Atilan Fedai
21 | 978-605-7695-72-7 | Otizm Spektrum Bozuklugu Olan Bireyler I¢in Akran Aracili Uyarlanmis | Dr. Erkan Yarimkaya, Prof. Dr. Ekrem
Fiziksel Aktivite Ornekleri Levent Ilhan, Dog¢. Dr. Necdet Karasu
22 | 978-605-7695-15-4 | Oral Anti Kanser Terapi Huri Seval Gonderen Cakmak
23 1 978-605-7875-50-1 | Ozel Oftalmoloji-I- Editor Ciineyt Karaaslan
24 | 978-625-7029-37-7 | Engelli Cocuga Sahip Annelerin Psikolojik Iyi Oluslart: Dr. Ogr. Uyesi Demet Vural Yiizbas:
Bir Model Onerisi
25 | 978-625-7279-93-2 | Doku Miihendisliginde Bilgisayar Destekli Yapay Kemik Iskelesi Tasarimi Editor: Dog. Dr. Ismail Sahin
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9- ILAHIYAT ALANINDA YAYINLANAN BAZI KiTAPLARIMIZ

1 |978-625-7636-41-4 | Teftizani’nin Hayat1 Ve Es-Sa‘dini Adl Serhinin Incelenmesi Dr. Nihat Tan
Editor: Mehmet Giilnihal
2 1978-625-7636-35-3 | DY) il il 3 SDEAY) AAE Dr. Anas Mhd Rida Alkahwaji
3 | 978-625-7636-24-7 | Mevlana Celaleddin-I Riimi*nin Fihi M4 Fih Kitabinda Kur’ani Motifler | Dr. Mazhar Diindar
] _ Editor: Dr Mazhar Tung
4 1978-625-7687-98-0 | Islam Kelaminda Niiziil-U Isa Retorigi Hatice Ozdemir Ekinci
5 1978-625-7687-82-9 | Risaletii’l-Islam Dergisi’nde Fikih Yazilari (Inceleme-Metin) Yayma Hazirlayanlar: Dr. Sitkrii Ayran
] ] ] Dr. Ramazan Tarik, Editor: Dr. Ismail Ekinci
6 | 978-625-7687-29-4 | Ibn Ebi Isba‘In Hayat1 Ve Belagat [lmindeki Yeri Dr. Mustafa Ibis
7 |978-625-7687-18-8 | Nahiv Illetleri — Ibnu’l Varrak Ornegi — Dr. Mansur Teyfur
8 978-625-7279-13-0 | Sufi Sair Ibnu’l-Farid, Hayat1 ve Divani (Siirlerindeki Tasavvufi Temalar ve Edebi Sanatlar) Yasar Seracettin Baytar
9 |978-625-7279-09-3 | Y{inus Emre’nin Eserlerinde Din ve Degerler Egitimi Ridvan Demir
10 | 978-625-7139-89-2 | Kelamcilarin Tevhid Miidafaasi Fikret Soyal
11 | 978-625-7139-71-7 | Anadolu’da Din: Roma Dénemi Levent Alpaslan
12 | 978-625-7914-62-8 | Carperdi Bibliyografyasi Dr. Abdullah Bilin, Editoér: Ramazan Tarik
13 | 978-625-7914-00-0 | Kur’an’da Ozelestiri Musa Tursak, Editor: Mehmet Altin
14 | 978-605-7695-67-3 | Tiirkiye’de Kiiresellesme Ekonomi ve Din Ismail Ekinci
15 | 978-605-7695-49-9 | Istanbul Yahudilerinin Kimlik Tamimlar1 Uzerine Bir Alan Arastirmasi Dr. Ferda Sule Kaya
16 | 978-605-7923-02-8 | Islam’da Tletisim, Toplu Yasam ve Komsuluk Rana Ozyurt Kaptanoglu, lyas Ozyurt
17 | 978-605-7695-23-9 | Islam Ceza Hukukunun Temel Prensipler Hilal Ozay
18 | 978-605-7510-65-5 | Ilahiyat Yazilar Editor: Dog.Dr. Veysi Unverdi
19 | 978-605-7510-08-2 | Inancin Iman Hayatina Yansimas1 Baglaminda- Deizm Elestirisi Dr. Erol Cetin
20 | 978-625-7636-10-0 | Dindarlik ve Kisilik (Ergenler Uzerine Bir Arastirma) Dr. Mehmet Emin Kalgi
10- MIMARLIK TASARIM VE PLANLAMA ALANINDA YAYINLANAN BAZI KITAPLARIMIZ
1 | 978-625-7954-74-7 | Enerji Etkin Kent Planlamasi Editér: Prof. Dr. Ozge Yalginer Ercoskun
2 1978-605-7510-05-1 | Giysi ve Mimari Yap1 Tasariminda Disiplinleraras: Etkilesim Nuray Demirel Akgiil
3 | 978-605-80857-2-5 | Geleneksel Bayburt Mimari Mirasinin Korunmasi ve Yasatilmast Ece Giiler, Ozge Ceylin Yildirim
Baglaminda Talip Yesil Evi Restorasyon Calismast Mazlum Kalak
4 1978-605-7695-25-3 | Mimarlik Alaninda Giincel Calismalar Editor: Dr. Ogr. Uyesi Merve Tuna Kayili
5 |978-625-7954-75-4 | Enerji Etkin Kent Tasarimi Editor: Prof. Dr. Ozge Yalginer Ercoskun
6 |978-625-7914-01-7 | Kentsel Doniisiim ve Karabiik Sevilay Dogdu Kaya
Dr. Ogretim Uyesi Kemal Yama
7 | 978-605-7923-73-8 | Huzurevlerindeki Yaglilarin Cevresel Memnuniyet ve Tercihleri Dr. Emine Tarake1 Eren, Prof. Dr. Mustafa Var
8 |978-605-7923-82-0 | Disiplinlerarast Cevre Arastirmalari Editor: Dr. Abdullah Karatag
9 |978-605-80857-3-2 | Kente Kars1 Islenen Suglarm Faili Imar Aflar Dr. Mehmet Akalin
10 | 978-625-7562-46-1 | Mimari Tasarimda Farkli Perspektifler Editor: Dr. Fatma Kolsal
11 | 978-625-7562-34-8 | Konutlarda Mekénsal Kalitenin Kullanict Yoluyla Degerlendirilmesi: Dr. Ogretim Uyesi Alper Bodur
Samsun Ornegi Ars. Gor. Kader Keskin
12 | 978-625-7636-65-0 | Planning, Design And Management In Landscape Architecture Editor:Assoc. Prof. Dr. Arzu Altuntag
13 | 978-625-7636-33-9 | Yash Bireylerin Mekéan Kullanim Tercihleri Gizem Ozer Bas
14 | 978-625-7636-23-0 | Artificial Intelligence-A1ded Product Design Practices Lecturer Hayrettin Meric
15 | 978-625-7687-89-8 | I¢ Mimaride Perde ve Perde Gorevi Goren Elemanlar Gizem Zincirkiran Can, Deniz Demirarslan
16 | 978-625-7687-10-2 | Current Researches In Architecture And Engineering Sciences Edited By: Assist. Prof. Dr. Cigdem Bogeng
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