e A

» WA .
D

= N

o
™

r Nh.'

- 1 WA, "
: ; N e D )

T % . . o

HBHDER~ .



Commagene Journal of Biology (Kommagene Biyoloji Dergisi)

Volume (Cilt): 5 * Number (Sayi): 2 » 2021 * Adiyaman, Turkey (Tiirkiye)

An open access, peer reviewed, international journal of biology.

Adwyaman Bilimsel Arastirmalar Dernegi (ABADER), Adiyaman, Tiirkiye.

Supervisor Editor (Danisman Editor):

Editor-in-chief (Bas Editor):

Managing Editor (Yonetici Editor):

Language Editors (Dil Editorleri):
English (ingilizce):
Turkish (Tiirkce):
Turkish (Tiirkce):

. Ahmet Zafer TEL
. Mehmet Ziilfii YILDIZ
. Bahadir AKMAN

. Nazmiye GUREL CENNETKUSU
. Siileyman AYDENIZ
. Mehmet Malik BANKIR

Comm. |. Biol.

Statistics Editor (Istatistik Editorii):

Editors (Editorler):

Technical Editor (Teknik Editor):

Secretariat (Sekreterya):

. Ismail YILDIZ

. Ahmad ALI

. Ali ALAS

. Ali SATAR

. Ergin HAMZAOGLU

. Hakan KARAARDIC

. Konrad MEBERT

. Mehdi YOUNESSI HAMZEKHANLU
. Mehmet BOGA

. Muhammad Fiaz KHAN
. Nasit IGCI

. S. Cevher OZEREN

. Tarkan YORULMAZ

. Bahadir AKMAN

Dr. Ertan YOLOGLU
PhD. Fatma UCES

Advisory Board (Bilim Kurulu):

. Ahmet ILCIM (Mustafa Kemal Un., Hatay, Turkey)

. Ahmet KAHRAMAN (Usak Un., Usak, Turkey)

. Ahmet OZKAYA (Adiyaman Un., Adiyaman, Turkey)
. Ali

KAYGISIZ  (Kahramanmaras
Kahramanmarag, Turkey)

Stitct Imam  Un,

. Asghar HUSSAIN (Un. of Veterinary & Animal Sci., Lahore,

Pakistan)

. Asriyana (Halu Oleo Uni., Sulawesi, Endonezya)
. Ayse SAHABOGLU (Institute for Ophtalmic Reserach Tubingen,

Germany)

. Can BILGIN (Middle East Technical Un., Ankara, Turkey)

. Deniz ERGUDEN (Iskenderun Technical Un., Hatay, Turkey)

. Ersen Aydin YAGMUR (Celal Bayar Un., Manisa, Turkey)

. Esra Eroglu OZKAN (istanbul Un., Istanbul, Turkey)

. Evva-Hajnalka SAS-KOVACS (Un. Oradea, Oradea, Romania)

. Eytip BASKALE (Pamukkale Un., Denizli, Turkey)

. Fatih SATIL (Balikesir Un., Balikesir, Turkey)

. Gorkem DENIZ SONMEZ (Adiyaman Un., Adiyaman, Turkey)
. Gozde GURELLI (Kastamonu Un., Kastamonu, Turkey)

. Hasan OZCELIK (Stileyman Demirel Un., Isparta, Turkey)

. Hikmet Sami YILDIRIMHAN (Uludag Un., Bursa, Turkey)

. Hisham K. El-Hennawy (Retired Proffesor, Cairo, Egypt)

. Hossein LOTFALIZADEH (East-Azarbaijan Agricultural and

Natural Resources Research and Education Center, Tabriz, Iran)

. Ibrokhim Y ABDURAKHMONOV (Academy of Sciences of

Uzbekistan, Tashkent, Uzbekistan)

Dr.
Dr.
Drs. John MULDER

flhami GULCiN (Atatiirk Un., Erzurum, Turkey)

Isa GOKLER (Dokuz Eyliil Un., izmir, Turkey)

(Natural History Museum Rotterdam,
Rotterdam, Netherlands)

. Katerina FLIEGEROVA (Academy of Sciences of Czech Republic,

Prag, Czech Republic)

. Kerim CKZEK (Ege Un.,, Izmir, Turkey)

. Mahmut DOGAN (Harran Un., Sanlurfa, Turkey)

. Moez SHAIEK (Carthage Un., Carthage, Tunisia)

. Mohammad Moradi GHARAKHLOO (Zanjan Un., Zanjan, Iran)
. Murat Aydin SANDA (Mus Alparslan Un., Mus, Turkey)

. Mustafa AKKUS (Van Yiiziinci Y1l Un., Van, Turkey)

. Natalia B. Ananjeva (Russian Academy of Sciences, Moscow,

Russia)

. Nazim $EKEROGLU (Kilis 7 Aralik Un., Kilis, Turkey)

. Omer VAROL (Mugla Sitkt Kogman Un., Mugla, Turkey)

. Osman SEYYAR (Nigde Omer Halisdemir Un., Nigde, Turkey)
. Ozdemir ADIZEL (Yiiziincti Y11 Un., Van, Turkey)

. Ridzwan A. HALIM (Un. of Putra Malaysia, Selangor, Malezya)
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

Servet ULUTURK (Batman Un., Batman, Turkey)

Selim KARAHAN (Dicle University, Diyarbakir, Turkey)

Sibel ALAGOZ ERGUDEN (Cukurova Un., Adana, Turkey)
Suha Kenan ARSERIM (Manisa Celal Bayar Un., Manisa, Turkey)
Suhaila Omar HASHIM (Pwani Un., Kilifi, Kenya)

Yehudah WERNER (Retired Proffesor, Jerussalem, Israel)

Cover (Kapak): Syrian Spadefoot, Toprak Kurbagasi, Pelobates syriacus Boettger, 1889, Photograph (Fotograf): Bahadir AKMAN
Graphics and Design (Grafik ve Tasarim): Dr. Serdar SONMEZ

@080

Lisanst ile lisanslanmugtir.

The articles published in this journal are licensed under a Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International License.

Bu dergide yayinlanan eserler Creative Commons Atif-GayriTicari-AyniLisanslaPaylas 4.0 Uluslararasi



Table of Contents (Icindekiler) Volume (Cilt): 5 Number (Say1): 2 * December (Aralik) 2021

Research Articles (Arastirma Makaleleri)

An Qverview of the Flora of Siirt Province
Siirt Ili Florasina Genel Bir Bakis
Siileyman Mesut PINAR, Mehmet FIDAN, Hiiseyin EROGLU

Lipid Production by Yarrowia lipolytica B9 Using Crude Glycerol as Carbon Source
Karbon Kaynag: Olarak Ham Gliserolii Kullanarak Yarrowia lipolytica B ile Lipit Uretimi
Nazli Pinar ARSLAN, Ozden CANLI TASAR

Length-Weight Relationship and Condition Factor of Alburnus sellal Heckel, 1843 Population in the Tigris River (Sirnak-
Turkey)

Dicle Nehri'ndeki (Sirnak-Tiirkiye) Alburnus sellal Heckel, 1843 Populasyonunun Boy-Agirlik {liskisi ve Kondisyon Faktorii
Arslan Yusuf YUKSEL, Ramazan BOZKURT, Muhammed Yasar DORTBUDAK, Hamza YALCIN

Distinguishing the Protected Designation of Origin Apricot (Prunus armeniaca L. cv. Salak) from Closely Related Cultivars by
High Resolution Melting

Cografi Isarete Sahip Salak Kayis1 Cesidinin (Prunus armeniaca L. cv. Salak) Yakin {ligkili Cesitlerde Yiiksek Coziintirliiklii Erime
Yontemi ile Ayirt Edilmesi

Kaan HURKAN

Chemical Compositions, Antioxidant Activities, and Mineral Matter Contents of Achillea collina Becker ex Rchb from the Flora
of Bulgaria

Bulgaristan Florasinda Yetisen Achillea collina Becker ex Rchb’in Kimyasal Bileseni, Antioksidan Ozellikleri ve Mineral Madde
Igerigi

Hiilya DOGAN, Tansu USKUTOGLU, Hafize FIDAN, Stanko STANKOV, Hatice BAS, Belgin COSGE SENKAL, Albena
STOYANOVA, Nadezhda PETKOVA, Ivayla DINCHEVA, Giingor YILMAZ

Alterations on the Activities of Ion ATPases in the Gill and Muscle of Freshwater Mussel (Unio tigridis) Exposed to Copper
Bakar Etkisinde Tatli1 Su Midyelerinin (Unio tigridis) Solungag ve Kaslarindaki Iyon ATPaz Aktivitelerinin Degisimi
Esin Giilnaz CANLI

Determination of toxic effects of deltamethrin on the primary gill cell culture of Lake Van fish [Alburnus tarichi (Giildenstadt
1814)]

Van Golii Baliklarimn [Alburnus tarichi (Guildenstadt 1814)] Birincil Solungag Hiicre Kiiltiirtinde Deltametrinin Toksik Etkilerinin
Belirlenmesi

Elif KAVAL OGUZ

DNA Barcoding and Phylogeny of Ambystoma mexicanum Cultivated as a Model Organism in Regenerative Medicine Research
at Mersin University Aquaculture Units of the Faculty of Fisheries

Mersin Universitesi Su Urtinleri Fakiiltesi Uygulama Birimleri'nde Rejeneratif Tip Aragtirmalarmda Model Organizma Olarak
Yetistirilen Ambystoma mexicanum’un DNA Barkodlamas: ve Filogenisi

Badel ARSLAN, Serdar SONMEZ, Cengiz KORKMAZ, Giilsemin SEN AGILKAYA, Gamze AYAR

The Effect of Methylparaben on Development and Fecundity of Drosophila melanogaster
Metilparabenin Drosophila melanogaster'in Gelisimi ve Fekunditesi Uzerine Etkileri
Emel ATLI

Effects of Microcystis viridis and Aphanizomenon gracile Mixed Culture on the Growth of Vetch, Chickpea, and Barley
Microcystis viridis ve Aphanizomenon gracile Karisik Kiiltiirtin Fig, Nohut ve Arpa Gelisimine Etkileri
Goksal SEZEN, Cigdem KUCUK

Examination of Behavioral Traits of Monocultures and Polycultures of Two Different Trout Species (Oncorhynchus mykiss,
Salmo sp.) at Different Ratios Depending on Various Factors

iki Farkli Alabalik Tirtintin (Oncorhynchus mykiss, Salmo sp.) Monokiiltiirleri ile Farkli Oranlarda Polikiiltiirlerinin Cesitli
Faktorlere Bagli Davranis Ozelliklerinin incelenmesi

Boran KARATAS, Muhammed ARABACI

Bioactive Properties of Different Parts of Vitis labrusca L. Fruit
Vitis labrusca L. Meyvesinin Farkli Kistmlarinin Biyoaktif Ozellikleri
Ilkay KOCA, Belkis TEKGULER, Burcin TURKYILMAZ

Investigation of Coxiella burnetii and Ehrlichia canis by Molecular Methods in Ticks Removed from Patients Admitted to
Hospital with Tick Bite Complaints

Kene Isirig1 Sikayetiyle Hastaneye Basvuran Hastalardan Cikarilan Kenelerde Coxiella burnetii ve Ehrlichia canis’in Molekiiler
Yontemlerle Arastirilmast

Abdurrahman EKICI, Esra GURBUZ, Ahmed Galip HALIDI, Ahmet Hakan UNLU, Selahattin AYDEMIR

Three New and Two Confirmed Records for the Iraqi Spider Fauna (Arachnida: Araneae)

Irak Ortimcek Faunast icin Ug Yeni Kayit ve Tki Kayit Dogrulamast

Azhar Mohammed AL-KHAZALI, Fenik Sherzad HUSSEN, Hamid Saeid KACHEL, Noora Khalid ISMAIL, Ayoub Ibrahim
AHMED

Antioxidant Properties and Monoterpene Composition of 13 Different Pine Resin Samples from Turkey
Tiirkiye'den 13 Farkli Cam Regine Orneginin Antioksidan Ozellikleri ve Monoterpen Bilegimi
Belkis TEKGULER, Ilkay KOCA, Bulent KARADENIZ, Oscar ZANNOU, Hojjat PASHAZADEH

99-125

126-130

131-135

136-142

143-149

150-155

156-160

161-176

177-181

182-186

187-192

193-198

199-203

204-207

208-213



Review (Derleme)

The Biosynthesis of Silver Nanoparticles and their Use as a Biosensor Material
Giimiis Nanopartikiillerinin Biyosentezi ve Biyosensor Materyali Olarak Kullanimi
Havva KARAHAN, Hatice COLGECEN

Erratum (Diizeltme)

Erratum to: Molecular Characterization and Determination of Some Biochemical Properties of Endemic Serratula olygocephala
Growing in Adiyaman

Yener TEKELI, Ahmet OZKAYA, Ahmet Zafer TEL, Gorkem DENIZ SONMEZ, Siileyman AKOCAK

214-221

222



ORCID ID: Siileyman Mesut PINAR: https:

Pinar et al. (2021) Comm. J. Biol. 5(2), 99-125.
DOI: 10.31594/commagene.954158
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Abstract: In this study, the plant taxa that spread within the provincial borders of Siirt were determined by scanning the
existing literature and as a results of the 2-year (2018-2019) field study. In the literature review, the existence of 786 taxa within
the borders of Siirt province was determined. As a result of the field studies, 447 of these taxa were collected and recorded. In
addition, with this study, it was determined that 89 new taxa are distributed in Siirt province. According to the results, it was
determined that a total of 875 taxa are distributed within the provincial borders of Siirt and 71 of these 875 taxa are endemic
(endemism rate 8.11%). Out of 95 taxa that are not endemic or endemic and are considered endangered are evaluated in
categories as follows: 6 taxa "CR" Critical, 10 taxa are "EN" Endangered, 33 taxa are "VU" Vulnerable, 18 taxa are in "NT" Near
Threatened, 23 taxa are in "LC" Least Concern, and 5 taxa are in "DD" Data Deficient. Of the detected taxa, 329 are Iran-Turan
elements, 90 are Mediterranean elements, 35 are European-Siberian elements, and 4 are Euxine elements while 417 belong to
a phytogeographical region or multi-regions. As a result of the study, the first five families with the most taxa are, respectively,
Poaceae (115 taxa), Fabaceae (109 taxa), Asteraceae (95 taxa), Apiaceae (56 taxa), and Lamiaceae (53 taxa).

Keywords: Biodiversity, endemic, plant, taxon.
Siirt ili Florasina Genel Bir Bakis

Oz: Bu calismada mevcut literatiirlerin taranmasi ve 2 yillik (2018-2019) arazi calismalari sonucunda Siirt il sinirlari igerisinde
yayilis gosteren bitki taksonlar1 arastirilmustir. Literatiir arastirmalarinda Siirt ili smurlari icerisinde 786 taksonun varligi
belirlenmistir. Arazi calismalar: sonucunda bu taksonlardan 447 tanesi toplanmis ve kayit altina alimustir. Ayrica bu calisma
ile Siirt ilinde 89 taksonun yeni yayilisi tespit edilmistir. Elde edilen sonuglara gore Siirt il sinirlar igerisinde toplam 875
taksonun yayilis1 belirlenmistir ve bu 875 taksondan 71 tanesi (%8.11) endemiktir. Endemik veya endemik olmayip tehlike
altinda oldugu degerlendirilen toplam 95 taksonun 6’s1 “CR” Kritik; 10'u “EN” Tehlikede; 33'ti “VU” Hassas; 18'si “NT”
Tehdide acik, 23’si “LC” Diistik riskli ve 51 “DD” yetersiz veri kategorilerinde degerlendirilmektedir. Tespit edilen
taksonlardan 329'u fran-Turan elementi, 90’1 Akdeniz elementi, 35’1 Avrupa-Sibirya elementi, 4'ii Karadeniz elementi iken
417’si ise fitocografik bolgesi bilinmeyen veya cok bolgeli tiirler kategorisinde yer almaktadir. Calisma sonucunda en fazla
takson iceren ilk bes familya sirasiyla Poaceae (115 takson), Fabaceae (109 takson), Asteraceae (95 takson), Apiaceae (56 takson)
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ve Lamiaceae (53 takson)’dir.

Anahtar kelimeler: Biyocesitlilik, endemik, bitki, takson.

1. Giris

Diinyada tanumlamus ve kabul edilen bitki tiirlerinin sayisi
yaklasik 308.312'si vaskiiler bitki olmak {izere yaklasik
374.000 olarak bilinmektedir. 295.383 c¢igekli bitki
taksonundan kapali tohumlu 284.281 takson ve bu
taksonlardan 74.273’tic  monokotiledon 210.008’i ise
dikotiledondur. Algler yaklasik 44.000, cigerotlar1 yaklasik
9.000, boynuz otlar1 yaklastk 225, yosunlar 12.700,
likopodlar 1.290, egrelti otlar1 10.560 ve acitk tohumlular
1.079 takson olarak tespit edilmistir (Christenhusz & Byng,
2016). Bitkilerin isimlendirilmesi ve takson sayilarmin
belirlenmesi stirekli devam eden calismalardir. Her yil
yaklastk 2.000 yeni bitki tiirti tespit edilip literatiire
kazandirilmaktadir (Christenhusz & Byng, 2016).

Turkiye’nin, Asya ile Avrupa kara parcalarmin
birlesim noktasinda olmasi ve Akdeniz, Avrupa-Sibirya ve
fran-Turan fitocografik bolgelerinin kesistigi bolgede yer
almas1 farkli vejetasyon tiplerine ve zengin bir floraya

*Corresponding author: mesutpinar@hotmail.com

sahip olmasma vesile olmustur. Sistematik botanik
alaninda Tirkiye’de ilk olarak Tournefort tarafindan
yapilan calisma 1702 yilinda yaymmlanmustir. Tiirkiye’'de
yapilmis en kapsamli flora calismasi Ttirkiye ve Dogu Ege
Adalar1 Florasi isimli eserdir. Bu eser 9 cilt ve 2 ek ciltten
olusmaktadir (Davis, 1965-1985; Davis et al., 1988; Giiner
et al., 2000). Giiner ve arkadaslarinin 2012 yilinda
yaptiklar1 “Tirkiye Bitkileri Listesi, Damarli Bitkiler”
isimli calismada 2012 yilina kadar yapilan tiim floristik
calismalarin derlenmesi sonucunda Tiirkiye'de toplam
11.707 takson oldugunu bildirmistir. Bu taksonlarin
endemizm orani ise %31.82 olarak belirtilmistir (Giiner et
al., 2012).

Siirt ili kuzeyden Batman ve Bitlis, batidan Batman,
giineyden Mardin ve Sirnak, dogudan Sirnak ve Van illeri
ile gevrili bir konumdadr. Siirt ili 41° 57' dogu boylami ve
37° 55' kuzey enlemi {izerinde yer almaktadir (Ozyazici et
al., 2014). Doguya dogru ilerledikge yiikselen daglardan
Herekol (Yazlica) Dag1 2943 m, Kérkandil Dagr 2821 m,
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Sirvan Bekravi Dag1 2650 m, Hastelli Dag1 2700 m ve Ciraf
Dag1 2268 m yiiksekliklere sahip 6nemli ytikseltilerdir.
(Anonim, 1997). Farkli topografik yapisi ile bircok farkl
bitki ttirtintin dogal yasam alani1 olan Siirt ilinde, yapilan
az sayidaki floristik ¢alisma (Yangm, 2001; Tugay &
Oztiirk, 2003; Yapici, 2006; Dénmez, 2006; Ozgokce &
Unal, 2007; Dogan & Akaydin, 2007; Yildirim & Ertekin,
2008; Kaya & Ertekin, 2009; Kahraman et al., 2009;
Doénmez, 2009; Yapict et al, 2009; Aslan et al., 2010;
Kahraman et al., 2011; Ozhatay et al.,, 2011; Ozgelik &
Korkmaztiirk, 2012; Behget et al., 2012; Karabacak et al.,
2012; Karabacak et al., 2014; Firat, 2015; Karabacak et al.,
2015; Celep et al.,2016; Sahin et al., 2016; Unalan, 2017;
Firat et al., 2018; Firat, 2019; Pinar et al., 2019; Fidan et al.,
2019; Sirri et al., 2020) nedeniyle olmas: gerekenden ¢ok
daha az sayida bitki taksonu kayit altina alinmistir.
Bunlarda en 6nemlisi olan Tiirk sistematikgileri tarafindan
tasarimlanan Tirkiye Bitkileri Veri Servisi (TUBIVES)
isimli veri tabaninda Ttirkiye Florasinda Siirt iline kay1th
43 tanesi endemik 320 taksonun ismi listelenmistir. Her bir
taksonun ayri ayri taksonomik hiyerarsisi, genel
taksonomik ozellikleri ve tilkemizdeki dagihis haritasi
sunulmustur (Bakis et al., 2011).

Bu calisma sonucunda Grid kareleme sistemine gore
B8, B9, C8, C9 karelerine giren (Sekil 1) Siirt ili simirlar:

42°0'0"E
'S

Comm.

J. Biol. 5(2), 99-125.
icerisinde yayilis gosteren bitkilerin listesi, endemizim
durumlar, fitocografik bolgeleri ve tehlike kategorileri

verilmistir.
2. Materyal ve Metot

Calismanin materyalini Siirt ili sinirlari icerisinde (Sekil 1)
yapilmus floristik calismalara ait literattirler arastirmalar:
ile yazarlar tarafindan 2018-2019 yilar: arasinda yapilms
arazi calismalar1 sonucu elde edilen bitki listeleri ve bitki
ornekleri olusturmaktadir. Arazi ¢alismalar1 sonucunda
toplanan bitki 6rnekleri, herbaryum tekniklerine uygun
olarak preslenip kurutulduktan sonra Siirt Universitesi
Flora ve Fauna merkezi herbaryumunda (SUFAF) koruma
altina alinmiglardir.

Bitkilerin Tiirkce bilimsel isimlendirmelerinde
Tiirkiye Bitkileri Listesi (Damarl: Bitkiler) temel kaynak
almmus (Gtiner et al., 2012), bu kaynaklardan sonra Siirt ili
sinirlari icerisinden bilim diinyasimna tanitilan yeni tiirlerin
Ttirkge isimleri ise ilgili yayinlardan alinmistir (Firat, 2015;
Sahin et al., 2016; Firat et al., 2018; Firat, 2019). Literattirde
Tiirkce bilimsel ismi kayit altinda olmayan tiirlerin halk
tarafindan kullanilan yerel isimleri veya bu calismada
verilen yeni Tiirk¢e isimleri kullamilmis ve Tablo 1'de
Ttirkce ad1 stitununda ismin yanina (*) isareti konularak
belirtilmistir.

43°0°0"E
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Sekil 1. Siirt il haritast
Figure 1. Map of Siirt province
3. Bulgular ve Tartisma

Literatiir arastirmalarinda Siirt ili sinirlar1 igerisinde 786
taksonun varlig1 tespit edilmistir. Arazi ¢alismalar
sonucunda bu taksonlardan 447 tanesi toplanmis ve kayit

100

altina alimustir. Ayrica bu calisma ile Siirt ilinde 89
taksonun yeni yayilist kesfedilmistir. Yapilan arazi
calismalari ve literattirlerin degerlendirmeleri sonucunda
Siirt ili igin 88 familya 397 cinse ait toplam 875 taksonun
yayilisinin oldugu sonucuna varilmistir (Tablo 1).
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Tablo 1. Siirt ilinde yayilis gosteren bitki taksonlar1

Table 1. Plant taxa distributed in Siirt province

S. No Familya ve Takson Ad1 Tiirkge Ad1 gZi};‘t Fitgg?g’;iﬁk HigN Endf*riizm
Equisetaceae

1 Equisetum giganteum L. Kirkkilitotu A+L - NE -
Cystopteridaceae

2 Cystopteris fragilis (L.) Bernh. Gevrekegrelti A+L - NE -
Pteridaceae

3 Adiantum capillus-veneris L. Baldirikara A+L - NE -
Cupressaceae

4 Juniperus oxycedrus L. subsp. oxycedrus Katranardici A+L - NE -
Pinaceae

5 Pinus sylvestris L. var. hamata Steven Sarigam A - NE -
Acanthaceae

6 Acanthus dioscoridis L. var. dioscoridis Lokmanayipengesi A+L - NE -
Alismataceae

7 Damasonium alisma Mill. Sukaranfili A+L - NE -
Amaranthaceae

8 Amaranthus albus L. Komiismancari A+L - NE -

9 Amaranthus graecizans L. subsp. silvestris (Vill.) Brenan Ormanohrasani A+L - NE -

10 Chenopodium album L. subsp. album var. album Aksirken A+L - NE -
Amaryllidaceae

11 Allium akaka S.G.Gmel. ex Schult. & Schult.f. Yersogani A+L [r.-Tur. NE -

12 Allium ampeloprasum L. Pirasa A+L Akd. NE -

13 Allium armerioides Boiss. Mardinsogan: A [r.-Tur. DD +

14 Allium chrysantherum Boiss. & Reut. Sarikafa A+L [r.-Tur. NE -

15 Allium dictyoprasum C.A.Mey. ex Kunth Topsogan A+L Ir.-Tur. NE -

16 Allium flavum L. subsp. tauricum (Besser ex Rchb.) Stearn var.  Torossarisi A+L Akd. NE -
tauricum

17 Allium guttatum Stev. subsp. sardoum (Moris) Stearn Solgunsogan A+L Akd. NE -

18 Allium paniculatum L. subsp. paniculatum Siiriisalkim A+L Akd. NE -

19 Allium pervariensis Firat & Koyuncu Sirik* A+L [r.-Tur. EN ++

20 Allium scorodoprasum L. subsp. rotundum (L.) Stearn Delipirasa A+L - NE -

21 Allium stamineum Boiss. Yabansarmisagt A+L D.Akd NE -

22 Narcissus tazetta L. subsp. tazetta Nergis A+L - NE -

23 Sternbergia clusiana (Ker Gawl.) Ker Gawl. ex Spreng. Vargetgiilii A+L [r.-Tur. NE -

24 Sternbergia colchiciflora Waldst. & Kit. Tavukgicegi A - NE -

25 Sternbergia vernalis (Mill.) Gorer & J.H.Harvey Kisnergisi A - NE -
Anacardiaceae

26 Pistacia khinjuk Stocks Bittim A+L [r.-Tur. NE -

27 Pistacia vera L. Antepfistig1 A+L [r.-Tur. NE -

28 Rhus coriaria L. Sumak A+L - NE -
Apiaceae

29 Actinolema eryngioides Fenzl Aklema A+L [r.-Tur. NE -

30 Ammi visnaga (L.) Lam. Hiltan A+L Akd. NE -

31 Anthriscus caucalis M.Bieb. Deligimi1 A+L - NE -

32 Apium nodiflorum (L.) Lag. Bendik A+L - NE -

33 Artedia squamata L. Karabenek A+L - NE -

34 Bunium elegans (Fenzl) Freyn var. brevipes Freyn & Sint. Hosaksar L - LC +

35 Bunium elegans (Fenzl) Freyn var. elegans Hosaksar L - NE -
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36 Bunium elegans (Fenzl) Freyn var. involucratum O.Saya Hosaksar L - A48 +
37 Bunium paucifolium DC. Kogkuzu A+L [r.-Tur. NE -
38 Bupleurum cappadocicum Boiss. Periseytani A+L [r.-Tur. NE -
39 Bupleurum croceum Fenzl Cigdemseytan A+L [r.-Tur. NE -
40 Bupleurum kurdicum Boiss. Tavsandili A+L [r.-Tur. NE -
41 Caucalis platycarpos L. Kavkal A+L - NE -
42 Chaerophyllum crinitum Boiss. Sagilakotu A+L [r.-Tur. NE -
43 Conium maculatum L. Baldiran A+L - NE -
44 Coriandrum sativum L. Kisnis A+L - NE -
45 Daucus broteri Ten. Cocukboganotu A+L Akd. NE -
46 Daucus carota L. Yabanihavug A+L - NE -
47 Daucus guttatus Sibth. & Sm. Beneklihavug A+L - NE -
48 Eryngium campestre L. var. virens Link Kirsenet A+L - NE -
49 Eryngium creticum Lam. Gozdikeni A+L - NE -
50 Eryngium pyramidale Boiss. & Hausskn. Sivribogadikeni A+L [r.-Tur. NE -
51 Ferulago angulata (Schlecht.) Boiss. subsp. angulata Oluklugakisir A+L Ir.-Tur. NE -
52 Ferulago angulata (Schlecht.) Boiss. subsp. carduchorum (Boiss.  Oluklugakigir A+L Ir.-Tur. A% -
& Hausskn.) D.F.Chamb. )
53 Grammosciadium macrodon Boiss. Kocakami A+L Ir.-Tur. NE -
54 Heptaptera anisoptera (DC.) Tutin Kanatligaksir A+L - NE -
55 Lagoecia cuminoides L. Piiltiskiin A+L Akd. NE -
56 Lisaea heterocarpa (DC.) Boiss. Akgelinpitragi A Ir.-Tur. NE -
57 Lisaea strigosa (Banks & Sol.) Eig Dikgelinpitrag: A+L [r.-Tur. NE -
58 Malabaila lasiocarpa Boiss. Sabulgan A+L [r.-Tur. LC +
59 Malabaila secacul (Mill.) Boiss. subsp. secacul Davarotu A+L - NE -
60 Oenanthe silaifolia M.Bieb. Attohumu A+L - NE -
61 Ormosciadium aucheri Boiss. Ayieli A+L - NE -
62 Pastinaca armena Fisch. & C.A.Mey. Kelemenkesir L - VU +
63 Pimpinella corymbosa Boiss. Salkimanason A+L Ir.-Tur NE -
64 Pimpinella eriocarpos Banks & Sol. Meyane A+L [r.-Tur NE -
65 Pimpinella flabellifolia (Boiss.)Benth. & Hook. ex Drude Yelanasonu L [r.-Tur VU +
66 Pimpinella kotschyana Boiss. Kiranasonu A+L [r.-Tur NE -
67 Pimpinella peregrina L. Elanasonu A+L - NE -
68 Pimpinella puberula (DC.) Boiss. Tiiyliilanason A+L Ir.-Tur NE -
69 Pimpinella nudicaulis Trautv. Koseanason A+L fr.-Tur NE -
70 Pimpinella sintenisii H.Wolff Kayaanasonu A+L - %) -
71 Prangos ferulacea (L.) Lindl. Esek Caksirt A+L - NE -
72 Prangos peucedanifolia Fenzl Kayacaksir1 A+L [r.-Tur NE -
73 Scaligeria meifolia (Fenzl) Boiss. Uzunanason L - NE -
74 Scandix iberica M.Bieb. Atkisnekotu A+L - NE -
75 Scandix pecten-veneris L. Ziihretarag1 A+L - NE -
76 Scandix stellata Banks & Sol. Dag Kiskisi A+L - NE -
77 Smyrnium cordifolium Boiss. Kokarbaldiran A+L [r.-Tur. NE -
78 Tordylium hasselquistiae DC. Ekindavulotu A+L [r.-Tur. NE -
79 Tordylium trachycarpum (Boiss.) Al-Eisawi Bozkafkalida A+L D.Akd NE -
80 Torilis arvensis (Huds.) Link subsp. neglecta (Spreng.) Thell. Seytanhavucu A+L - NE -
81 Torilis leptocarpa (Hochst.) C.C.Towns. Narindercikotu L [r.-Tur. NE -
82 Torilis leptophylla (L.) Rchb.f. Incedercikotu L - NE -
83 Torilis tenella (Delile) Rchb.f. Zarifdercikotu A+L - NE -
84 Turgenia latifolia (L.) Hoffm. Karaheci A+L - NE -
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Apocynaceae
85 Apocynum venetumL. subsp. armenum (Pobed.) ined. Pembekiz A+L - NE -
86 Cionura erecta (L.) Griseb. Babrik L D.Akd NE -
87 Cynanchum acutum subsp. acutum L. Bacirgan L - NE -
88 Nerium oleander L. Zakkum A - NE -
89 Periploca graeca L. var. graeca L. Gariplerurgan L D.Akd NE -
90 Vincetoxicum tmoleum Boiss. Hiyaluk A [r.-Tur. NE -
Aracaceae
91 Arum rupicola Boiss. var. virescens (Stapf) P.C.Boyce Dagsorsali L [r.-Tur. NE -
92 Biarum carduchorum (Schott) Engl. Kardi A+L - NE -
Aristolochiaceae
93 Aristolochia bottae Jaub. & Spach Kopektasagi L Ir.-Tur. NE -
Asparagaceae
94 Asparagus verticillatus L. Gilemsge L - NE -
95 Bellevalia fominii Woronow Benlistimbiil A+L [r.-Tur. A48 -
96 Bellevalia koyuncui Karabacak & Yildirim Sirvanstimbiilii* A+L Ir.-Tur. VU ++
97 Bellevalia longistyla (Miscz.) Grossh. Kellelistimbiil A+L Ir.-Tur. A% -
98 Bellevalia pseudolongipes Karabacak & Yildirim Yalancisagaksiimbiil* A+L Ir.-Tur. LC +
99 Bellevalia paradoxa (Fisch. & C.A.Mey.) Boiss. Aspenceri A+L [r.-Tur. NE -
100 Bellevalia sasonii Fidan Sasonkirstimbiilii A [r.-Tur. \48) +
101 Bellevalia siirtensis Firat Siirtstimbiili* A+L [r.-Tur. A48 +
102 Bellevalia vuralii B.Sahin & Aslan Diclekirsiimbiilii A+L Ir.-Tur. CR ++
103 Hyacinthella siirtensis B.Mathew Siirtkopgast A+L [r.-Tur. NT +
104 Muscari armeniacum Leichtlin ex Baker Gavurbast A - NE -
105 Muscari comosum (L.) Mill. Morbas A+L Akd. NE -
106 Muscari neglectum Guss. ex Ten. Arapiiziimii A+L - NE -
107 Ornithogalum narbonense L. Akbaldir A+L Akd. NE -
108 Ornithogalum oligophyllum E.D.Clarke Kurtsogam A+L - NE -
109 Puschkinia scilloides Adams Serhising A+L Ir.-Tur. NE -
110 Scilla hyacinthoides L. Dagsogam L Akd. NE -
111 Scilla leepii Speta Incestimbiil A+L [r.-Tur. NT +
112 Scilla persica Hausskn. Catalsiimbiil A+L [r.-Tur. NE -
113 Scilla siberica Haw. subsp. armena (Grossh.) Mordak Camugkiran A+L fr.-Tur. NE -
114 Asplenium ceterach L. Dalakotu L - NE -
115 Asplenium haussknechtii Godet & Reut. Karabacak L - NE -
116 Asplenium onopteris L. Kalkanegreltisi L - NE -
117 Asplenium ruta-muraria L. Duvarsacag1 L - NE -
Asteraceae
118 Achillea millefolium L.subsp. millefolium var. millefolium Civanpercemi L Avr.-Sib. NE -
119 Achillea vermicularis Trin. Piisan A+L Ir.-Tur. NE -
120 Arctium minus (Hill) Bernh. Loslek A Avr.-Sib. NE -
121 Bellis perennis L. Koyungozi A+L Avr.-Sib. NE -
122 Calendula arvensis (Vaill.) L. Portakalnergisi L - NE -
123 Carlina lanata L. Keygana A Akd. NE -
124 Carlina oligocephala Boiss. & Kotschy subsp. oligocephala Domuzdikeni A+L - NE -
125 Carthamus glaucus M.Bieb. subsp. glaucus Karakizdikeni A - NE -
126 Carthamus lanatus L. Saridiken A - NE -
127 Carthamus tinctorius L. Aspir A+L - NE -
128 Centaurea aggregata Fisch. & C.A.Mey. ex DC subsp. aggregata  Kiimediigme L - NE -
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129 Centaurea balsamita Lam. Siisliisaribas A+L Ir.-Tur. NE -
130 Centaurea behen L. Zerdalidikeni A+L [r.-Tur. NE -
131 Centaurea bruguierana (DC.) Hand.-Mazz. subsp. bruguierana Akgakavgalaz L [r.-Tur. NE -
132 Centaurea fenzlii Reichardt Battalbas A [r.-Tur. LC +
133 Centaurea iberica Trev. ex Spreng. Deligozdikeni A+L - NE -
134 Centaurea kurdica Reichardt Pamukdikeni A [r.-Tur. NT +
135 Centaurea persica Boiss. Acemkavgalazi A [r.-Tur. NE -
136 Centaurea polypodiifolia Boiss. var. polypodiifolia Akbehmen A - NE -
137 Centaurea regin Boiss. subsp. cynarocephala (Wagenitz) Topackavgalazi A [r.-Tur. NE -
Wagenitz .
138 Centaurea regia Boiss. subsp. regia Sahkavgalaz A Ir.-Tur. NE -
139 Centaurea rigida Banks & Sol. Giirbiizdiken A [r.-Tur. NE -
140 Centaurea solstitialis L. subsp. solstitialis Cakirdikeni A+L - NE -
141 Centaurea spectabilis (DC.) Sch.Bip. var. araneosa (Boiss.) Turanbasi A - NE -
Wagenitz
142 Centaurea urvillei DC. subsp. urvillei Alakétiiriim A+L D.Akd NE -
143 Centaurea virgata Lam. Acistiipiirge A+L [r.-Tur. NE -
144 Chardinia orientalis (L.) Kuntze Caglaotu L [r.-Tur. NE -
145 Chondrilla juncea L. Karakavuk A - NE -
146 Chrysophthalmum montanum (DC.) Boiss. Tutca A+L Ir.-Tur. NE -
147 Cichorium pumilum Jacq. Diinek A+L D.Akd NE -
148 Cnicus benedictus L. Topdiken A+L - NE -
149 Conyza canadensis (L.) Cronquist Selviotu L - NE -
150 Cota tinctoria var. tinctoria (L.) ].Gay Boyacipapatyasi A+L - NE -
151 Cousinia eriocephala Boiss. & Hausskn. ex Boiss. Yiinliikizan A [r.-Tur. LC +
152 Crepis alpina L. Yiirekotu A+L - NE -
153 Crepis commutata (Spreng.) Greuter Delikiskis L - NE -
154 Crepis pulchra L. subsp. pulchra Zarifkiskis L - NE -
155 Crepis sahendi Boiss. & Buhse Azerikiskisi L [r.-Tur. NE -
156 Crepis sancta (L.) Bornm. subsp. obovata (Boiss. & No&) Babc. Yumurtakiskisi A+L - NE -
157 Crepis willdenowii Czerep. Bozkiskis L [r.-Tur. NE -
158 Crupina crupinastrum (Moris) Vis. Gelindondiiren L - NE -
159 Cyanus triumfettii (All.) Dostél ex A.Love & D.Love subsp.  Delikapele A+L - NE -
triumfettii )
160 Echinops orientalis Trautv. Dagsekeri A+L Ir.-Tur. NE -
161 Echinops phaeocephalus Hand.-Mazz. Botantopuzu A+L [r.-Tur. DD -
162 Eupatorium cannabinum L. Koyunpitragi A Avr.-Sib. NE -
163 Filago pyramidata L. Atespamugu A+L #YOK NE -
164 Geropogon hybridus (L.) Sch.Bip. Melezyemlik L Akd. NE -
165 Gundelia siirtica Firat Kereng* A+L [r.-Tur. CR +
166 Gundelia tournefortii L. var. armata Freyn & Sint. Haskenger A+L [r.-Tur. NE -
167 Gundelia tournefortii L. var. tournefortii L. Kenger A+L [r.-Tur. NE -
168 Hedypnois rhagadioloides (L.) F.W.Schmidt subsp. cretica (L.)  Siinnetlice L Akd. NE -
Hayek
169 Helichrysum  plicatum DC. subsp. polyphyllum (Ledeb.)  Kalisargicegi A+L - NE -
P.H.Davis & Kupicha
170 Inula acaulis Schott & Kotschy ex Boiss var. acaulis. Bodurandizotu L - NE -
171 Inula helenium L.subsp. vanensis Grierson Vanandizotu A [r.-Tur. NT +
172 Jurinea cataonica Boiss. & Hausskn. subsp. cataonica Alageyikgobegi L [r.-Tur. VU +
173 Klasea cerinthifolia (Sm.) Greuter & Wagenitz Topbas A - NE -
174 Klasea coriacea (Fisch. & C.A.Mey. ex DC.) Holub Crtotu A fr.-Tur. NE -
175 Klasea serratuloides (DC.) Greuter & Wagenitz Etlitopbas A+L fr.-Tur. NE -
176 Lactuca scarioloides Boiss. Meleto Marulu L [r.-Tur. NE -
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177 Lactuca hispida DC. Killimarul L - NE -
178 Lactuca tuberosa Jacq. Toparmarul L - NE -
179 Lapsana communis L. subsp. intermedia (M.Bieb.) Hayek var.  Sebrek A+L - NE -

intermedia )
180 Leontodon asperrimus (Willd.) Endl. Asyemligi L Ir.-Tur. NE -
181 Matricaria chamomilla L.var. recutita (L.) Fiori Almanpapatyasi L - NE -
182 Notobasis syriaca (L.) Cass. Yavankenger A+L Akd. NE -
183 Onopordum carduchorum Bornm. & Beauverd Kavdikeni A+L [r.-Tur. NE -
184 Phagnalon kotschyi Sch.Bip. ex. Boiss. Telbozcali L [r.-Tur. NE -
185 Picris kotschyi Boiss. Arapsirosu - NE -
186 Psephellus karduchorum (Boiss.) Wagenitz Miikiistiiliibas: L fr.-Tur. vU +
187 Reichardia dichotoma (Vahl) Freyn Karasakiz A [r.-Tur. VU -
188 Rhagadiolus stellatus (L.) Gaertn. Catlak¢anak A+L Akd. NE -
189 Rhaponticum insigne (Boiss.) Wagenitz Sarikekre L [r.-Tur. NE -
190 Siebera pungens (Lam.) J.Gay Fezacicegi A+L Ir.-Tur. NE -
191 Silybum marianum (L.) Gaertn. subsp. anatolicum Merigli Anadevedikeni A D.Akd NE +
192 Silybum marianum (L.) Gaertn. subsp. marianum Devedikeni A Akd. NE -
193 Scorzonera papposa DC. Tekecan A+L [r.-Tur. NE -
194 Scorzonera veratrifolia Fenzl Nerebent A [r.-Tur. NE -
195 Senecio doriiformis DC. subsp. orientalis (Fenzl) V.A.Matthews Atkanaryaotu L [r.-Tur. NE -
196 Senecio racemosus (M.Bieb.) DC. Siro L Ir.-Tur. NE -
197 Senecio vernalis Waldst. & Kit. Kanaryaotu A - NE -
198 Sonchus asper (L.) Hill subsp. glaucescens (Jord.) Ball Gevirtlek L - NE -
199 Tanacetum kotschyi (Boiss.) Grierson Atespireotu L [r.-Tur. NE -
200 Taraxacum androssovii Schischk. Zeze A+L - NE -
201 Taraxacum assemanii Blanche ex Boiss. Anamascitligi L [r.-Tur. NE -
202 Taraxacum stevenii DC. Gelingobegi L Ir.-Tur. NE -
203 Taraxacum montanum (C.A.Mey.) DC. Daghindibas1 A+L Ir.-Tur. NE -
204 Taraxacum scaturiginosum G.E.Haglund Kivirkivir A+L - NE -
205 Tragopogon buphthalmoides (DC.) Boiss. var. latifolius Boiss. Tarlayemligi A+L - NE -
206 Tragopogon porrifolius (Sch.Bip.) Greuter subsp. longirostris Helevan A+L - NE -
207 Turanecio eriospermus (DC.) Hamzaoglu Bozturanotu A+L - NE -
208 Xanthium spinosum L. Pitrak A - NE -
209 Xanthium strumarium L.subsp. strumarium Kocapitrak A - NE -
210 Xeranthemum annuum L. Kagtcicegi A+L - NE -
211 Xeranthemum longipapposum Fisch. & C.A.Mey. Uslukagitcicegi L [r.-Tur. NE -
212 Zoegea leptaurea L. Saridiigme A [r.-Tur. NE -

Berberidaceae
213 Bongardia chrysogonum (L.) Spach Catlakotu A+L Ir.-Tur. NE -

Boraginaceae
214 Alkanna froedinii Rech.f. Gedikhavacivaotu A+L - LC +
215 Alkanna kotschyana A.DC. Mesehavacivasi A+L D.Akd LC +
216 Alkanna orientalis (L.) Boiss. var. orientalis (L.) Boiss. Sarisormuk A+L fr.-Tur. NE -
217 Alkanna trichophila Hub.-Mor. var. mardinensis Hub.-Mor. Goriz L [r.-Tur. LC +
218 Alkanna trichophila Hub.-Mor. var. trichophila Goriz L [r.-Tur. NE -
219 Anchusa azurea Mill. var. kurdica (Gusul.) D.F.Chamb. Sigirdili A+L - NE -
220 Anchusa azurea Mill. var. azurea Mill. Sigirdili A+L - NE -
221 Asperugo procumbens L. Nevazilotu L - NE -
222 Buglossoides incrassata (Guss.) I.M.Johnst. subsp. incrassata Toktaskesen A Akd. NE -
223 Cerinthe minor L. subsp. auriculata (Ten.) Domac Livarotu A+L - NE -
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224 Echium italicum L. Kurtkuyrugu L Akd. NE -
225 Heliotropium ferrugineogriseum Nabélek Paslibambulotu L [r.-Tur. EN +
226 Heliotropium europaeum L. Akrepotu A+L [r.-Tur. NE -
227 Heliotropium lasiocarpum Fisch. & C.A.Mey. Bozkirbambulotu A+L [r.-Tur. NE -
228 Myosotis stricta Roem. & Schult. Yitikunutmabeni A+L Avr.-Sib. NE -
229 Onosma alborosea Fisch. & C.A.Mey. subsp. alborosea var. Kayaemcegi A+L [r.-Tur. NE -
alborosea .
230 Onosma davisii Riedl Mijmijok L Ir.-Tur. EN +
231 Onosma lanceolata Boiss. & Hausskn. Tasmijmijok L [r.-Tur. NE -
232 Onosma neglecta Riedl Bahaemzigi L [r.-Tur. NT +
233 Onosma nemoricola Hausskn. & Bornm. Korusincar1 L fr.-Tur. NE -
234 Onosma proballanthera Rech.f. Yaylaemzigi L [r.-Tur. NT +
235 Onosma rascheyana Boiss. Vanemcegi L [r.-Tur. NE -
236 Onosma rechingeri Riedl Gegmijmijok A+L [r.-Tur. LC +
237 Onosma rostellata Lehm. Kirlimijmijok L Ir.-Tur. NE -
238 Onosma sericea Willd. Kagitemcek L Ir.-Tur. NE -
239 Onosma trachytricha Boiss. Kabasircan Ir.-Tur. NE -
240 Paracaryum strictum (K.Koch) Boiss. Mesgecarsakotu L ir.-Tur. NE -
241 Phyllocara aucheri (A.DC.) Gusul. Karadindik A+L - NE -
242 Symphytum kurdicum Boiss. & Hausskn. Kiirtkafesotu A [r.-Tur. NE -
243 Trichodesma incanum (Bunge) A.DC. Gokkaldirik A - NE -
Brassicaceae
244 Aethionema arabicum (L.) Andrz. ex DC. Araptascantast A+L - NE -
245 Aethionema armenum Boiss. Tasgantasi A ir.-Tur. NE -
246 Aethionema froedinii Rech.f. Diclekayagiilii A+L [r.-Tur. NE -
247 Aethionema grandiflorum Boiss. & Hohen var. grandiflorum Kocakayagiilii A - NE -
248 Alliaria petiolata (M.Bieb.) Cavara & Grande Sarmisakhardali A+L - NE -
249 Alyssum alyssoides (L.) L. Deliotu A+L - NE -
250 Alyssum desertorum Stapf. Dumanotu A+L - NE -
251 Alyssum linifolium Stephan ex. Willd. var. linifolium Ciplak Kuduzotu L - NE -
252 Alyssum sibiricum Willd. Kedidili L - NE -
253 Alyssum simplex Rudolph Sadekuduzotu L - NE -
254 Alyssum stapfii Vierh. Acemkuduzotu A+L - NE -
255 Alyssum strictum Willd. Dikkuduzotu A+L Ir.-Tur NE -
256 Alyssum strigosum Banks & Sol. subsp. cedrorum (Schott &  Kayakuduzotu A+L - NE -
Kotschy) T.R.Dudley
257 Arabis nova Vill. Tifilkazteresi A - NE -
258 Arabis verna (L.) R.Br. Morkazteresi A+L Akd. NE -
259 Aubrieta parviflora Boiss. Acemobrizyas1 A+L Ir.-Tur. NE -
260 Biscutella didyma L. Citcitotu A+L - NE -
261 Barbarea brachycarpa Boiss. subsp. minor (K.Koch) Parolly &  Nicarcik A - NE -
Erenvar. minor )
262 Brossardia papyracea Boiss. Ziylan A Ir.-Tur. NE -
263 Calepina irregularis (Asso) Thell. Tophardal L - NE -
264 Capsella bursa-pastoris (L.) Medik. Cobangantast A+L - NE -
265 Clypeola jonthlaspi L. Akgeotu A+L - NE -
266 Clypeola lappacea Boiss. Yolukakgeotu A+L fr.-Tur NE -
267 Conringia clavata Boiss. Topuztelkari A+L - NE -
268 Descurainia sophia (L.) Webb ex Prantl subsp. sophia Sadirotu A+L - NE -
269 Draba verna L. Cirgirotu A+L - NE -
270 Erysimum repandum L. Catalzarife A+L - NE -
271 Fibigia clypeata (L.) Medik. subsp. clypeata var. clypeata Sikkeotu A+L - NE -
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272 Hirschfeldia incana (L.) Lagr.-Foss. Nadasturpu L - NE -
273 Isatis aucheri Boiss. Poscivitotu L ir.-Tur. LC +
274 Isatis cochlearis Boiss. Adiyamangivitotu L [r.-Tur. NE -
275 Lepidium cartialgineum(].Mayer) Thell. subsp. crassifolium  Mesinteresi L - NE -
(Waldst. & Kit.) Thell.
276 Lepidium chalepense L. Kormik A+L - NE -
277 Lepidium draba L. Dignik A+L - NE -
278 Lepidium ruderale L. Tuzik L - NE -
279 Microthlaspi perfoliatum (L.) F. K. Mey. Giyle A+L - NE -
280 Matthiola longipetala (Vent.) DC. subsp. bicornis (Sibth. & Sm.) ~ Boynuzlusebboy A+L - NE -
P.W.Ball
281 Neslia paniculata (L.) Desv. subsp. thracica (Velen.) Bornm. Gogmenhardali A+L - NE -
282 Noccaea valerianoides (Rech.f.) F.K.Mey. Miikiisdagarcigt L [r.-Tur CR +
283 Parlatoria cakiloidea Boiss. Bitteresi L - NE -
284 Sinapis arvensis L. Hardal A+L - NE -
285 Sisymbrium septulatum DC. Harranbiilbiilotu L - NE -
286 Thlaspi bornmuelleri (Rech.f.) Hedge Firenkdagarcig1 L [r.-Tur. A48 +
287 Zuvanda exacoides (DC.) Askerova Colemerikteresi L - VU -
Campanulaceae
288 Asyneuma  amplexicaule  (Willd.) Hand.-Mazz. subsp. Hosdegnek L Ir.-Tur. NE -
amplexicaule var. angustifolium (Boiss.) Bornm. )
289 Asyneuma filipes (Nabélek) Damboldt Yayldegnegi L Ir.-Tur. NE -
290 Campanula conferta A.DC. Sakligangigegi A - NE -
291 Campanula erinus L. Catalgangicegi - NE -
292 Campanula flaccidula Vatke Sarkikgingirak A+L - NE -
293 Campanula glomerata L. subsp. hispida (Witasek) Hayek Yumakgant L Avr.-Sib. NE -
294 Campanula mardinensis Bornm. & Sint. Mardingingiragt A - NE -
295 Campanula propinqua Fisch. & C.A.Mey. Kumgani L - NE -
296 Campanula retrorsa Labill. Yozgingirak L - NE -
297 Campanula reuteriana Boiss. & Balansa Selcangicegi L - NE -
298 Campanula saxonorum Gand. Incegingirak A - LC +
299 Campanula tridentata Schreb. Gokgegangicegi L - NE -
300 Legousia falcata (Ten.) Fritsch ex Janch. Egrikadinaynasi A Akd. NE -
301 Legousia pentagonia (L.) Thell. Kadinaynasi A+L D.Akd NE -
302 Michauxia nuda A.DC. Cibilkesir A+L - CR -
Cannabaceae
303 Celtis tournefortii Lam. Dardagan A+L - NE -
Capparaceae
304 Capparis spinosa L. Kebere A+L - NE -
Caprifoliaceae
305 Cephalaria procera Fisch. & Avé-Lall. Ganteper A+L - NE -
306 Cephalaria syriaca (L.) Schrad. Pelemir A+L - NE -
307 Pterocephalus kurdicus Vatke var. kurdicus Pembeciiciikotu A+L - A% -
308 Pterocephalus plumosus (L.) Coulter Gokciiciikotu A+L - NE -
309 Pterocephalus pyrethrifolius Boiss. & Hohen. Yaylacticiikotu A+L [r.-Tur. NE -
310 Pterocephalus strictus Boiss. & Hohen. Akciiciikotu A+L [r.-Tur. %) -
311 Scabiosa argentea L. Yazistipiirgesi A+L - NE -
312 Scabiosa calocephala Boiss. Cayrruyuzotu L fr.-Tur. NE -
313 Scabiosa rufescens Freyn & Sint. Kizilpuk [r.-Tur. NT +
314 Scabiosa sicula L. Adauyuzotu L Akd. NE -
315 Scabiosa persica Boiss. Acemzivani L [r.-Tur. NE -
316 Valeriana dioscoridis Sm. Cobanzurnast A+L D.Akd NE -
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317 Valeriana officinalis L. Kediotu A+L - NE -
318 Valeriana speluncaria Boiss. var. speluncaria Inkediotu A+L - NT +
319 Valerianella coronata (L.) DC. Taglikuzugevregi A+L - NE -
320 Valerianella dactylophylla Boiss. & Hohen. Elkuzugevregi A+L [r.-Tur. NE -
321 Valerianella vesicaria (L.) Moench Kuzugevregi A+L - NE -
Caryophyllaceae
322 Agrostemma githago L. Bugdaykaramugu A+L - NE -
323 Arenaria serpyllifolia L. subsp. leptoclados (Rchb.) Nyman Kurukumotu A+L - NE -
324 Bufonia calyculata Boiss. & Balansa Ozgehatunotu A+L - LC +
325 Cerastium glomeratum Thuill. Boynuzotu A+L - NE -
326 Dianthus floribundus Boiss. Kirkkaranfil L [r.-Tur NE -
327 Dianthus strictus Banks & Sol. var. subenervis (Boiss.) Reeve Dimisok A+L - NE -
328 Holosteum umbellatum L. var. umbellatum Seytankiipesi A+L - NE -
329 Minuartia hamata (Hausskn.) Mattf. Koruotu L - NE -
330 Paronychia kurdica Boiss. subsp. kurdica var. kurdica Bozkepekotu A+L - NE -
331 Saponaria suffruticosa Nabélek Calikopiirgen L Ir.-Tur. NE -
332 Saponaria tridentata Boiss. Usmen L Ir.-Tur. NE -
333 Saponaria viscosa C.A.Mey. Senak L Ir.-Tur. NE -
334 Silene aegyptiaca (L.) L.f. subsp. ruderalis Coode & Cullen Kababallica A - NE -
335 Silene ampullata Boiss. Portlekkiyisak A [r.-Tur. NE -
336 Silene capitellata Boiss. Kavuklunakil A+L [r.-Tur. LC +
337 Silene conoidea L. Sivananotu A+L - NE -
338 Silene dichotoma Ehrh. subsp. dichotoma Catalnakil L - NE -
339 Silene longipetala Vent. Ballistipiirge L - NE -
340 Silene monerantha F.N.Williams Botannakili L [r.-Tur NE -
341 Vaccaria hispanica ( Mill.) Rauschert Ekinebesi A+L - NE -
342 Velezia rigida L. Tigotu L - NE -
Cistaceae
343 Helianthemum ledifolium (L.) Mill. Kurugtingilii L - NE -
Cleomaceae
344 Cleome ornithopodioides L. Tagsacakgiilii A+L D.Akd NE -
Colchicaceae
345 Colchicum crocifolium Boiss. Urfamahruru A [r.-Tur. NE -
346 Colchicum kotschyi Boiss. Acigigdem A+L Ir.-Tur. NE -
347 Colchicum szovitsii Fisch. & C.A.Mey. subsp. szovitsii Katirgigdemi A - NE -
Convolvulaceae
348 Convolvulus arvensis L. Tarlasarmasig1 A+L - NE -
349 Convolvulus galaticus Rost. ex Choisy Bozsarmagsik A [r.-Tur. NE -
350 Convolvulus reticulatus Choisy subsp. reticulatus Dolasgan L [r.-Tur. NE -
351 Ipomoea purpurea (L.) Roth Kahkahagicegi A - NE -
Cornaceae
352 Cornus sanguinea L. subsp. australis (C.A.Mey.) Jav. Kansigdiren A Avr.-Sib. NE -
Crassulaceae
353 Rosularia sempervivum (M.Bieb.) A.Berger subsp. sempervivum  Somkayakorugu A+L [r.-Tur NE -
354 Sedum pallidum M.Bieb. Koyunsrmece A+L Kar. NE -
355 Umbilicus intermedius Boiss. Kandilyapragt A+L - NE -
356 Umbilicus tropaeolifolius Boiss. Kaplikotu L - NE -
Cucurbitaceae
357 Bryonia multiflora Boiss. & Heldr. Uliingir A fr.-Tur. NE -
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Cuscutaceae
358 Cuscuta approximata Bab. Bagboganotu A - NE -
359 Cuscuta babylonica Aucher ex Choisy var. babylonica Gelinsag1 A+L - NE -
360 Cuscuta campestris Yunck. Kafirsaci A - NE -
361 Cuscuta hyalina Roth Zarbostanbozan A+L - NE -
Cyperaceae
362 Carex distans L. subsp. distans Sinaayakotu L Avr.-Sib. NE -
363 Carex kurdica Kiik. ex Hand.-Mazz. Yaylasazi L [r.-Tur. NE -
364 Cyperus fuscus L. Maydanozbag1 L Avr.-Sib. NE -
365 Cyperus difformis L. Gocelebiiken L - NE -
Datiscaceae
366 Datisca cannabina L. Renkotu A - NE -
Dioscoraceae
367 Dioscorea communis (L.) Caddick & Wilkin Dolanbag L - NE -
Euphorbiaceae
368 Euphorbia denticulata Lam. Karasiitliik A+L Ir.-Tur. NE -
369 Euphorbia helioscopia L. subsp. helioscopia Feribanotu - NE -
370 Euphorbia macrocarpa Boiss. & Buhse Mesesiitlegeni L - NE -
371 Euphorbia macroclada Boiss. Neblul A [r.-Tur. NE -
372 Euphorbia orientalis L. Gezersiitlegen A+L [r.-Tur. NE -
373 Euphorbia oxyodonta Boiss. Hilosirik L D.Akd NE -
374 Euphorbia sanasunitensis Hand.-Mazz. Aksistitlegen A Ir.-Tur. NT +
375 Euphorbia szovitsii Fisch. & C.A.Mey. var. szovitsii Urussiitlegeni A+L [r.-Tur. NE -
Fabaceae
376 Anagyris foetida L. Zivircik A+L Akd. NE -
377 Astragalus amblolepis Fisch. Kiitgeven L [r.-Tur. NE -
378 Astragalus angustiflorus K. Koch subsp. angustiflorus Incegeven A+L [r.-Tur. NE -
379 Astragalus Vbasiunicus Boiss. & Hausskn. ex Boiss. var.  Arapgeveni L Ir.-Tur. NE -
glabrescens Sirj. )
380 Astragalus capito Boiss. & Hohen. Daggeveni L Ir.-Tur. NE -
381 Astragalus decurrens Boiss. Kulakligeven L [r.-Tur. NT -
382 Astragalus delanensis Sirj. & Rech.f. Delangeveni L [r.-Tur. DD +
383 Astragalus densifolius Lam. subsp. densifolius Giimiisgeven L Ir.-Tur. NE -
384 Astragalus echinops Aucher ex Boiss. Topuzgeveni A+L Ir.-Tur. NE -
385 Astragalus elongatus Willd. subsp. elongatus Yaziyoncasi L Ir.-Tur. NE -
386 Astragalus emarginatus Labill. Oyukgeven A+L [r.-Tur. NE -
387 Astragalus ermineus V.A Matthews Sansargeveni A+L [r.-Tur. NT +
388 Astragalus hamosus L. Kogboynuzu L - NE -
389 Astragalus hirticalyx Boiss. & Kotschy ex Boiss. Tiiyliicanak L Ir.-Tur. NE -
390 Astragalus macrocephalus Willd. subsp. finitimus (Bunge) Topaggeven L [r.-Tur. NE -
D.F.Chamb. )
391 Astragalus macrostachys DC. Kocakafa L Ir.-Tur. NE -
392 Astragalus mardinensis Nabelek Mardingeveni A [r.-Tur. %) +
393 Astragalus mesites Buhse Esergeven L Ir.-Tur. NE -
394 Astragalus microcephalus Willd. subsp. microcephalus Anadolukitresi L [r.-Tur. NE -
395 Astragalus neurocarpus Boiss. Cizikgeven L [r.-Tur. NE -
396 Astragalus oocephalus Boiss. subsp. stachyophorus Hub.-Mor. &  Ogulgeveni L fr.-Tur. NT +
D.F.Chamb
397 Astragalus oxyglottis Steven ex M.Bieb. Irmakgeveni L - NE -
398 Astragalus russelii Banks & Sol. Ballan L [r.-Tur. NE -
399 Astragalus suberosus Banks & Sol. Yemengeveni A+L - NE -
400 Astragalus xanthogossypinus Hand.-Mazz. Lifgeveni L - A% -
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401 Cicer pinnatifidum Jaub. & Spach Cakilnohutu L - NE -
402 Colutea cilicica Boiss. & Balansa Patlangag A+L - NE -
403 Coronilla scorpioides (L.) W.D.J.Koch Akrepburgagi A+L - NE -
404 Dorycnium pentaphyllum Scop. subsp. haussknechtii (Boiss.)  Gerveniik A+L - LC +
Gams
405 Glycyrrhiza glabra L.var. glabra Meyan A+L - NE -
406 Hedysarum aucheri Boiss. Altinbatalak L [r.-Tur. A48} +
407 Hedysarum erythroleucum Boiss. Kirbagbatalag: L [r.-Tur. LC +
408 Hedysarum kotschyi Boiss. Saribatalak L fr.-Tur. NE -
409 Hedysarum spinosissimum L. Dislekbatalag1 L Akd. NE -
410 Hedysarum varium Willd. subsp. syriacum (Boiss.) Townsend Sam Batalag1 L [r.-Tur. NE -
411 Hippocrepis unisiliquosaL.. subsp. unisiliquosa Atnall L - NE -
412 Hymenocarpos circinnatus (L.) Savi Pulluot L - NE -
413 Lathyrus aphaca L. var. biflorus Post Sariburgak A+L Akd. NE -
414 Lathyrus boissieri Sirj. Ermiirdiimiik A+L Ir.-Tur. NE -
415 Lathyrus cicera L. Colban A+L Akd. NE -
416 Lathyrus cassius Boiss. Kelimirdik L Akd. NE -
417 Lathyrus gorgoni Parl. var. gorgoni Imirdik A+L Akd. NE -
418 Lathyrus inconspicuus L.var. inconspicuus Yilanmiirdtimiigii L - NE -
419 Lens culinaris Medik. subsp. orientalis (Boiss.) Ponert Yasmik - NE -
420 Lotus aegaeus (Griseb.) Boiss. Nohudak L - NE -
421 Lotus gebeliaVent. var. hirsutissimus (Ledeb.) Dinsm. Giilgazalboynuzu A+L Ir.-Tur. NE -
422 Medicago minima (L.) Bartal. var. minima Gurnik L - NE -
423 Medicago monantha (C.A.Mey.) Trautv. Daggurnigi L [r.-Tur. NE -
424 Medicago noeana Boiss. Cevrince L [r.-Tur. NE -
425 Medicago orbicularis (L.) Bartal. Paralik L - NE -
426 Medicago polymorpha L.var. polymorpha Kirkyonca L - NE -
427 Medicago polymorpha L.var. vulgaris (Benth.) Shinners Kirkyonca L - NE -
428 Medicago radiata L. Hilalyonca A+L Ir.-Tur NE -
429 Medicago rigidula (L.) All. var. cinerascens (Jord.) Rouy Kabayonca L - NE -
430 Medicago rigidula (L.) All. var. rigidula Kabayonca A+L - NE -
431 Medicago rigidula (L.) All. var. submitis (Boiss.) Heyn Kabayonca L - NE -
432 Medicago rhytidiocarpa (Boiss. & Balansa) E.Small Burusukyonca L Ir.-Tur. NT +
433 Medicago rotata Boiss. var. eliezeri Eig Topagyonca A+L D.Akd NE -
434 Medicago sativa L.subsp. sativa L. Karayonca A+L - NE -
435 Melilotus indicus (L.) AllL Otuzluyonca L - NE -
436 Onobrychis aequidentata (Sibth. & Sm.) d Urv. Dislekkorunga A+L Akd. NE -
437 Onobrychis caput-galli (L.) Lam. Pitrakkorunga A+L Akd. NE -
438 Onobrychis galegifolia Boiss. Darpkorungasi A+L Ir.-Tur. NE -
439 Onobrychis megataphros Boiss. Bagkorungasi A+L [r.-Tur. NE -
440 Onobrychis radiata (Desf.) M.Bieb. Tekerkorunga A+L #YOK NE -
441 Onobrychis transcaucasica Grossh. Kafkorungast A+L [r.-Tur. NE -
442 Ononis adenotricha Boiss. Karayandirak L D.Akd NE -
443 Ononis pusilla L. Yaltakdikeni L Akd. NE -
444 Ononis spinosa L.subsp. leiosperma (Boiss.) Sirj. Demirdelen A - NE -
445 Ononis viscosa L. subsp. breviflora (DC.) Nyman Siyekdikeni L Akd. NE -
446 Oxytropis persica Boiss. Acemgagageveni L Avr.- NE -
Sib.(Dag)
447 Pisum sativum L. subsp. elatius (M.Bieb.) Aschers. & Graebn.  Bezelye A+L - NE -
var. pumilio Meikle
448 Pisum fulvum Sibth. & Sm. Esmerbezelye A+L D.Akd NE -
449 Prosopis farcta (Banks & Sol.) J.F.Macbr. Cediotu A+L - NE -
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450 Scorpiurus subvillosus L.var. subvillosus Koyundiictigii L - NE -
451 Trifolium argutum Sol. Dirfil A+L - NE -
452 Trifolium batmanicum Katzn. Batmantiggiilii L - EN -
453 Trifolium campestre Schreb. subsp. campestre var. campestre Ucgiil A+L - NE -
454 Trifolium fragiferum L. var. fragiferum Cilekiiggiilii L - NE -
455 Trifolium haussknechtii Boiss. var. haussknechtii Antepticgiilii L [r.-Tur. NE -
456 Trifolium hirtum All Deliyonca A+L Akd. NE -
457 Trifolium lappaceum L. Yivliyonca L Akd. NE -
458 Trifolium leucanthum M.Bieb. Tapisikiicgiil L - NE -
459 Trifolium nigrescensViv. subsp. petrisavii (Clementi) Holmboe Yeliiggiili A+L - NE -
460 Trifolium physodes Steven & M.Bieb var. psilocalyx Boiss. Mesetiggiilii L D.Akd NE -
461 Trifolium purpureum Lois. var. purpureum Moriicgiil A+L D.Akd NE -
462 Trifolium repens L.var. repens Akiiggiil A+L - NE -
463 Trifolium resupinatum L. var. resupinatum Anadoluiiggiilii A+L - NE -
464 Trifolium scabrum L. Hiyardiiciik L Akd. NE -
465 Trifolium grandiflorum Schreb. Hanimiicgiilii L D.Akd NE -
466 Trifolium spumosum L. Keseyonca L Akd. NE -
467 Trifolium stellatum L.var. stellatum Yildizyonca L - NE -
468 Trifolium tomentosum L.var. tomentosum Yiinlityonca L - NE -
469 Trigonella coelesyriaca Boiss. Handekok L - LC -
470 Trigonella mesopotamica Hub.-Mor. Dicleboyotu L - NE -
471 Trigonella monspeliaca L. Somgemenotu A+L - NE -
472 Trigonella spicata Sibth. & Sm. Basakboyotu L - NE -
473 Trigonella strangulata Boiss. Diigmeliboyotu L - NE -
474 Vicia alpestris Steven subsp. alpestris Dagbaklast A+L - NE -
475 Vicia craccaL. subsp. stenophylla Vel. Mesefigi L - NE -
476 Vicia ervilia (L.) Willd. Kiisne A+L - NE -
477 Vicia galeata Boiss. Sombakla L - NE -
478 Vicia hyrcanica Fisch. & C.A.Mey. Acembaklasi L Ir.-Tur. NE -
479 Vicia narbonensis L.var. narbonensis Kocafig L - NE -
480 Vicia noeana Boiss.& Reut. ex Boiss. var. megalodonta Rech.f. Salkimbakla L [r.-Tur. NE -
481 Vicia sativa L.subsp. sativa Fig A+L - NE -
482 Vicia sativa L. subsp. nigra (L.) Ehrh. var. nigra Ekinfigi A+L - NE -
483 Vicia sativa L. subsp. nigra (L.) Ehrh. var. segetalis (Thuill.) Ser.  Esekgiirtilii A+L - NE -
ex DC.
484 Vicia villosa Roth subsp. villosa Tiylifig L - NE -
Fagaceae
485 Quercus brantii Lindl. Karamege A+L - NE -
486 Quercus infectoria Zindiyen A+L fr.-Tur. NE -
Gentianaceae
487 Centaurium tenuiflorum (Hoffmanns. & Link) Fritsch subsp.  Sivrigelindtigmesi A - NE -
acutiflorum (Schott) Zeltner )
488 Gentiana olivieri Griseb. Afat A+L Ir.-Tur. NE -
Geraniaceae
489 Erodium acaule (L.) Becherer & Thell. Leylekgagas1 A+L Akd. NE -
490 Erodium cicutarium (L.) L Hér. subsp. cicutarium Ignelik A+L - NE -
491 Erodium laciniatum (Cav.) Willd. subsp. laciniatum Kiyiigneligi L - NE -
492 Geranium dissectum L. Dilimlittir L - NE -
493 Geranium libanoticum Schenk Pelgizer L - NE -
494 Geranium rotundifolium L. Helilok L - NE -
495 Geranium tuberosum L. Cakmuz L ir.-Tur. NE -
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Hypericaceae
496 Hypericum amblysepalum Hochst. Kanttiilgicegi L [r.-Tur. NE -
497 Hypericum capitatum Choisy var. luteum N.Robson Bantof L [r.-Tur. NE +
498 Hypericum lysimachioides Boiss.& Noé var. lysimachioides Eginkantaronu L [r.-Tur. NE -
499 Hypericum pseudolaeve N.Robson Kesiskantaronu L fr.-Tur. LC -
500 Hypericum retusum Aucher Aran L fr.-Tur. NE -
501 Hypericum scabrum L. Karahasangay1 L [r.-Tur. NE -
502 Hypericum spectabile Jaub. & Spach Tarlakantaronu L [r.-Tur. NT +
503 Hypericum triquetrifolium Turra Pirpirotu L - NE -
Iridaceae
504 Crocus biflorus Mill. subsp. pseudonubigena B.Mathew Siirt¢igdemi A+L fr.-Tur. LC +
505 Crocus biflorus Mill. subsp. tauri (Maw) B.Mathew Berfan A+L Ir.-Tur. NE -
506 Crocus cancellatusHerb. subsp. damascenus (Herb.) B.Mathe Pivok A+L [r.-Tur. NE -
507 Crocus karduchorum Kotschy ex Maw Koyakgigdemi A+L [r.-Tur. EN +
508 Gladiolus antakiensis A.P.Ham. Alkiligotu L D.Akd vuU -
509 Gladiolus atroviolaceus Boiss. Kiragsiiseni A+L Ir.-Tur. NE -
510 Gladiolus humilis Stapf Bodurkilicotu A Ir.-Tur. EN +
511 Gladiolus italicus Mill. Kiligotu L - NE -
512 Gladiolus kotschyanus Boiss. Cayirkilicotu A+L - NE -
513 Gynandriris sisyrinchium (L.) Parl. Keklik¢igdemi L [r.-Tur. NE -
514 Iris aucheri (Baker) Sealy Kayanavruzu A+L [r.-Tur. A48 -
515 Iris pseudocaucasica Grossh. Vannavruzu A+L Ir.-Tur. NE -
516 Iris x germanica L. Gokstisen A+L Ir.-Tur. NE -
517 Iris persica L. Buzala A+L - NE -
518 Iris reticulata M.Bieb. var. reticulata Karakorpeze A+L [r.-Tur. NE -
Ixioliriaceae
519 Ixiolirion tataricum (Pall.) Schult. & Schult.f. var. tataricum Kopekotu A+L fr.-Tur. NE -
Juglandaceae
520 Juglans regia L. Ceviz A+L Ir.-Tur. NE -
521 Pterocarya pterocarpa (Michx.) Kunth ex LIljinsk. Yalankoz A+L Hir.-Kar. NE -
Juncaceae
522 Juncus inflexus L.subsp. inflexus Sazak L - NE -
Lamiaceae
523 Ajuga chamaepitys (L.) Schreb. subsp. chia (Schreb.) Arcang. Acaigic A+L - NE -
524 Ajuga chamaepitys (L.) Schreb. subsp. laevigata (Banks & Sol.)  Kelmayasil L [r.-Tur. NE -
P.H.Davis )
525 Ajuga  chamaepitys (L.) Schreb. subsp. rechingeri (Bilik) Yiinmayasili L Ir.-Tur. NE -
P.H.Davis )
526 Clinopodium nepeta(L.) Kuntze subsp. nepeta Kedifeslegeni A+L Ir.-Tur. NE -
527 Cyclotrichium longiflorum Leblebici Tiiyliigekme A+L Avr.-Sib. NE -
528 Lallemantia iberica (M.Bieb.) Fisch. & C.A Mey. Ajdarbas1 L [r.-Tur. NE -
529 Lamium album L. subsp. crinitum (Montbret & Aucher ex Kovanlik A+L Kar. NE -
Benth.) Mennema
530 Lamium amplexicaule L.var. amplexicaule Baltutan A+L - NE -
531 Lamium garganicum L.subsp. striatum (Sm.) Hayek Telbalicak A - NE -
532 Marrubium anisodon K.Koch Yayaotu A+L - NE -
533 Marrubium cuneatum Banks & Sol. Elkurtaran L - NE -
534 Mentha longifolia (L.) L.subsp. typhoides (Briq.) Harley Derenanesi A+L fr.-Tur. NE -
535 Nepeta betonicifolia C.A.Mey. subsp. betonicifolia Sizvripisikotu L [r.-Tur. NE -
536 Nepeta cataria L. Kedinanesi L Avr.-Sib. NE -
537 Nepeta italica L. Esekcay1 A Akd. NE -
538 Nepeta obtusicrena Boiss. & Kotschy ex Hedge Kumpisigi L fr.-Tur. NT +
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539 Nepeta trachonitica Post Kizilpiskotu L Ir.-Tur. NE -
540 Phlomis bruguieri Desf. Kabagalba A+L [r.-Tur. NE -
541 Phlomis kurdica Rech.f. Gubel A+L [r.-Tur. NE -
542 Phlomis pungens Willd. var. pungens Silvanok A+L - NE -
543 Phlomis rigida Labill. Diricalba A+L fr.-Tur. NE -
544 Salvia candidissima Vahl Galabor A - NE -
545 Salvia ceratophylla L. Taraksalba L [r.-Tur. NE -
546 Salvia ertekinii Yild. Ersalba A+L ir.-Tur. EN ++
547 Salvia indica L. Sultansalba A+L ir.-Tur. NE -
548 Salvia limbata C.A . Mey. Maldili A [r.-Tur. NE -
549 Salvia macrochlamys Boiss. & Kotschy Gevreksalba A+L fr.-Tur. NE -
550 Salvia multicaulis Vahl Kiirtreyham A+L Ir.-Tur. NE -
551 Salvia palaestina Benth. Siirmelisalba A+L [r.-Tur. NE -
552 Salvia sclarea L. Paskulak L - NE -
553 Salvia siirtica Kahraman, Celep & Dogan Siirtadagayi, Sefera* A+L [r.-Tur. CR +
554 Salvia syriaca L. Cevlikotu L Ir.-Tur. NE -
555 Salvia trichoclada Benth. Mesesalbasi A+L Ir.-Tur. NE -
556 Salvia viridis L. Zarifsalba A+L Akd. NE -
557 Satureja avromanicaMaroofi Kayakekigi A+L Anix* NE -
558 Scutellaria orientalisL. subsp. porphyrostegia J.R. Edm. Kinalikaside A+L [r.-Tur. \48) +
559 Sideritis montana L.subsp. montana Karagay A+L D.Akd NE -
560 Sideritis vulcanica Hub.-Mor. Madencay1 A+L Ir.-Tur. VU +
561 Stachys annua (L.) L.subsp. annua var. annua Haciosmanotu A+L - NE -
562 Stachys brantii Benth. Yitikcayce A+L Ir.-Tur. DD +
563 Stachys lavandulifolia Vahl Tiyliicay A - NE -
564 Stachys mardinensis (Post) R.R.Mill Kayapungu A+L [r.-Tur. NE -
565 Stachys saturejoides Montbret & Aucher ex Benth. Carsakdelisi A+L [r.-Tur. NE -
566 Teucrium chamaedrys L. subsp. sinuatum (Celak.) Rech.f. Sanciotu A+L Ir.-Tur. NE -
567 Teucrium chasmophyticum Rech.f. Giirpiintiiotu L - CR -
568 Teucrium orientale L. var. puberulens Ekim Kirveotu A+L Ir.-Tur. NE -
569 Teucrium parviflorum Schreber Koyunotu A+L [r.-Tur. NE -
570 Teucrium polium L. Acityavsan A+L - NE -
571 Thymbra spicata L.subsp. spicata Zahter A Akd. NE -
572 Thymus fallax Fisch. & C.A.Mey. Catri A+L Ir.-Tur. NE -
573 Vitex agnus-castus L. Hayit A+L Akd. NE -
574 Ziziphora capitata L. Anuk A+L - NE -
575 Ziziphora persica Bunge Karareyhan A+L [r.-Tur. NE -
Liliaceae

576 Fritillaria assyriaca Baker subsp. assyriaca Donuklale L [r.-Tur. NE -
577 Fritillaria carica Rix Bodursar1 A D.Akd NE -
578 Fritillaria imperialis L. Aglayangelin A+L Ir.-Tur. VU -
579 Fritillaria minuta Boiss. & Noé Kinalilalesi A+L [r.-Tur. NE -
580 Fritillaria pinardii Boiss. Mahguplale A+L [r.-Tur. NE -
581 Fritillaria uva-vulpis Rix Ayilalesi L [r.-Tur. %) -
582 Gagea luteoides Stapf Altinyildiz L - NE -
583 Gagea reticulata (Pall.) Schult. & Schult.f. Agyildizi L [r.-Tur. NE -
584 Gagea tenera Pascher Titrekyildiz L [r.-Tur. NE -
585 Gagea uliginosa Siehe & Pascher Batakyildiz1 L [r.-Tur. NE -
586 Gagea villosa (M.Bieb.) Sweet var. villosa Tiiyliiyildiz A+L Akd. NE -

113



Pinar et al. (2021) Comm. J. Biol. 99-125.
. " Tespit Fitocografik TUCN Endemizm

S. No Familya ve Takson Ad1 Tiirkce Ad1 Sekli* Bolge* o —

587 Tulipa armena Boiss. var. armena Daglalesi A+L Ir.-Tur. NE -

588 Tulipa sintenisii Baker Muslalesi A+L [r.-Tur. NE +

589 Linum mucronatum Bertol. subsp. armenum (Bordz.) P.H.Davis  Sarikamisketeni L [r.-Tur. NE -
Linaceae

590 Linum nervosum Waldst. & Kit. Bayirketen L - NE -

591 Linum pubescensBanks & Sol. subsp. anisocalyx (P.H.Davis) Bezir A+L D.Akd NE -
Yilmaz & Kaynak

592 Linum strictum L. var. spicatum Pers. Tokketen L - NE -

593 Linum trigynum L. Otlakketeni L Akd. NE -
Loranthaceae

594 Loranthus europaeus Jacq. Ardigburcu L - NE -
Lythraceae

595 Lythrum salicaria L. Hevhulma A+L Avr.-Sib. NE -
Malvaceae

596 Alcea fasciculiflora Zohary Kiimehatmi L Ir.-Tur. DD -

597 Alcea striata (DC.) Alef. subsp. striata Yivlihatmi L Ir.-Tur. NE -

598 Malva neglecta Wallr. Cobangoregi L - NE -

599 Malva sylvestris L. Ebegiimeci L - NE -
Meliaceae

600 Melia azedarach L. Tesbihagaci A - NE -
Moraceae

601 Ficus carica L. subsp. rupestris (Hausskn.) Browicz Itinciri L Ir.-Tur. NE -
Oleaceae

602 Jasminum fruticans L. Boruk A Akd. NE -
Onagraceae

603 Epilobium hirsutum L. Hasanhiiseyingigegi A+L - NE -
Orchidaceae

604 Anacamptis pyramidalis (L.) Rich. Sivrisalep A+L - NE -

605 Cephalanthera longifolia (L.) Fritsch Kugusalebi A+L Avr.-Sib. NE -

606 Cephalanthera kurdica Bornm. ex Kraenzl. Kurtkusqugu A+L [r.-Tur. NE -

607 Dactylorhiza romana (Seb.) So6 subsp. georgica (Klinge) So6 ex ~ Camkokii A+L - NE -
Renz & Taubenheim

608 Dactylorhiza umbrosa (Karelin & Kirilow) Nevskivar. umbrosa Govdelisalep A+L [r.-Tur. NE -

609 Epipactis helleborine (L.) Crantz subsp. helleborine Bindalligigegi A+L - NE -

610 Himantoglossum affine (Boiss.) Schltr. Keskescicegi A+L Akd. NE -

611 Himantoglossum comperianum (Steven) P.Delforge Mesekeskesi A+L [r.-Tur. NE -

612 Limodorum abortivum (L.) Sw. var. abortivum Saguzatan A+L - NE -

613 Ophrys bornmuelleri M.Schulze subsp. bornmuelleri Ebemsalebi A+L Akd. NE -

614 Ophrys bornmuelleri M.Schulze subsp. carduchorum Renz &  Okiizsalebi A+L [r.-Tur. NT +
Taubenheim

615 Ophrys levantinaGolz & H.R.Reinhard subsp. grandiflora  Kocakazankara A+L Akd. NE -
(H.Fleischm. & So6) Kreutz

616 Ophrys cilicica Schltr. Tiilekdokuyan A+L Akd. LC +

617 Ophrys holoserica (Burm.f.) Greuter subsp. heterochila Renz &  Desdiyesalebi A+L Akd. NE -
Taubenheim

618 Ophrys oestrifera M.Bieb. subsp. oestrifera Sineksalebi A+L - NE -

619 Ophrys phrygia H.Fleischm. & Bornm. Yunussalebi A+L [r.-Tur. LC -

620 Ophrys  reinholdii Spruner ex Fleischm. subsp. straussii ~ Sidiklisalep A+L [r.-Tur. NE -
(H.Fleischm.) E.Nelson

621 Ophrys schulzei Bornm. & Fleischm. Dagablamutu A+L - NE -

622 Ophrys transhyrcana Czerniak. subsp. mouterdeana (B.Baumann  Hazarsalebi A+L - NE -
& H.Baumann) Kreutz

623 Ophrys  umbilicata  Desf. subsp. khuzestanica Renz &  Acemsalebi L [r.-Tur. NE -
Taubenheim

624 Orchis anatolica Boiss. Dildamak A+L D.Akd NE -

625 Orchis collina Banks & Sol. ex Russell Tepesalebi A Akd. NE -
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626 Orchis coriophora L.subsp. coriophora Piringgicegi A+L - NE -
627 Orchis laxiflora Lam. subsp. laxiflora Salepsitimbiilii A+L Akd. NE -
628 Orchis mascula (L.) L. subsp. pinetorum (Boiss. & Kotschy)  Camsalebi A+L D.Akd NE -
G.Camus
629 Orchis simia Lam. Saleppiiskiilii A+L Akd. NE -
630 Orchis spitzelii Sauter ex W.D.J.Koch. Dagsalebi L Akd. NE -
631 Orchis tridentata Scop. Katranalacas1 A+L Akd. NE -
632 Platanthera chlorantha (Cruster) Rchb. Carpiksalep L - NE -
Orobanchaceae
633 Bartsia trixago L. Karaballibaba L - NE -
634 Bornmuellerantha aucheri (Boiss.) Rothm. Sadirlidavunotu A [r.-Tur. NE -
635 Orobanche aegyptiaca Pers. Dinlendiren A - NE -
636 Orobanche crenata Forssk. Zipirotu L - NE -
637 Orobanche ramosa L. Narincanavarotu A - NE -
638 Parentucellia latifolia (L.) Caruel subsp. flaviflora (Boiss.) Hand.- ~ Saritigdilotu A+L - NE -
Mazz. )
639 Rhynchocorys kurdica Nabelek Sarkfilburnu L Ir.-Tur. NT +
Papaveraceae
640 Corydalis integra Barbey & Fors.-Major Yamagtarlakusu A+L - NE -
641 Corydalis oppositifolia DC. subsp. oppositifolia iparkazgagast A - VU +
642 Fumaria asepala Boiss Aksahtere L Ir.-Tur. NE -
643 Fumaria densiflora DC. Ergendosegi L - NE -
644 Fumaria officinalis L. subsp. cilicica (Hausskn.) Lidén Sahtere L [r.-Tur. NE -
645 Fumaria parviflora Lam. Tarlasahteresi L - NE -
646 Fumaria vaillantii Loisel. Giivercingogsii L - NE -
647 Hypecoum procumbens A.E.Dahl subsp. procumbens Yavruagzi L Akd. NE -
648 Papaver arenarium M.Bieb. Karagoz A+L - NE -
649 Papaver yildirimlii Ertekin Hiuddudu A+L - EN ++
650 Papaver rhoeas L. Gelincik A+L - NE -
651 Roemeria hybrida (L.) DC. subsp. hybrida Morgelincik A+L - NE -
Phyllanthaceae
652 Andrachne telephioides L. Duvarnohutu A+L - NE -
Plantaginaceae
653 Globularia sintenisii Hausskn. & Wettst. Diclekiiregicegi L Ir.-Tur. NE -
654 Globularia trichosantha Fisch. & C.A.Mey. subsp. trichosantha Koseyayilimi L [r.-Tur. NE -
655 Lagotis stolonifera Maxim. Sururotu L [r.-Tur. NE -
656 Plantago lanceolata L. Damarlica A+L - NE -
657 Plantago major L. subsp. intermedia (Gilib.) Lange Yedidamarotu A+L - NE -
658 Veronica acinifolia L. Benlik L - NE -
659 Veronica anagallis-aquatica L. Sugedemesi A+L - NE -
660 Veronica gentianoides Vahl subsp. glacialis (Nabelek) A.Oztiirk  Yaylakandili L [r.-Tur. NE -
& M.A Fisch.
661 Veronica orientalis Mill. subsp. orientalis Gozmumcugu L - NE -
662 Veronica polita Fr. Mavisot L - NE -
663 Veronica syriaca Roem. & Schult. Arapmavisi L Akd. NE -
Platanaceae
664 Platanus orientalis L. Cinar A+L - NE -
Plumbaginaceae
665 Acantholimon caryophyllaceum Boiss. Kirpidikeni A [r.-Tur. NE -
666 Acantholimon latifolium Boiss. Zapkirpiotu L [r.-Tur. NE -
667 Plumbago europaea L. Karakina A Avr.-Sib. NE -
668 Psylliostachys spicata (Willd.) Nevski Tuzgili* L - LC -
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669 Aegilops biuncialis Vis. Ikikilgtk L - NE -
670 Aegilops columnaris Zhukovsky Kilbugday A+L [r.-Tur. NE -
671 Aegilops cylindrica Host Kirpikliot A+L [r.-Tur. NE -
672 Aegilops triuncialis L.subsp. triuncialis Uckilgik L - NE -
673 Agropyron cristatum (L.) Gaertn. subsp. incanum (Nab.) Kopayrig L [r.-Tur. NE -
Melderis
674 Agrostis gigantea Roth Kocatavusotu L Avr.-Sib. NE -
675 Agrostis olympica (Boiss.) Bor Ulutavusotu A+L Avr.- NE -
Sib.(Dag)
676 Agrostis stolonifera L. Tavusotu A+L Avr.-Sib. NE -
677 Alopecurus arundinaceus Poir. Kamusg Tilkikuyrugu L Avr.-Sib. NE -
678 Alopecurus aucheri Boiss. Kabatilkikuyrugu L [r.-Tur. NE -
679 Alopecurus laguroides Balansa Kartilkikuyrugu L Avr.- NE -
Sib.(Dag)
680 Alopecurus textilis Boiss. subsp. textilis Sagaklitilkikuyrugu L Ir.-Tur. NE -
681 Alopecurus vaginatus (Willd.) Kunth Beneklitilkikuyrugu L - NE -
682 Apera intermedia Hack. Pusluipekgimi L [r.-Tur. NE -
683 Avena fatua L.var. fatua Deliyulaf L - NE -
684 Avena sterilis L.subsp. sterilis Sifan A+L - NE -
685 Avena wiestii Steudel Farazotu L - NE -
686 Brachypodium distachyon (L.) P.Beauv. Tekkilcan L Akd. NE -
687 Briza humilis M.Bieb. Kadindili A+L - NE -
688 Bromus armenus Boiss. Acemkilcan1 L [r.-Tur. NE -
689 Bromus arvensis L. Tarlabromu L - NE -
690 Bromus danthoniae Trin. subsp. danthoniae Ibubukotu A+L - NE -
691 Bromus erectus Huds. Dikbrom A+L - NE -
692 Bromus japonicus Thunb. subsp. anatolicus (Boiss. & Heldr.)  Aniyeotu A+L - NE -
Penzes
693 Bromus macrocladus Boiss. Delikilcan A+L D.Akd EN +
694 Bromus scoparius L. Ibubuk Ekini A+L - NE -
695 Bromus sterilis L. Sagirilcan A+L - NE -
696 Bromus tectorum L. Kirbromu A+L - NE -
697 Bromus tomentellus Boiss. subsp. tomentellus Bozkirbromu A+L [r.-Tur. NE -
698 Bromus variegatus M.Bieb. subsp. variegatus Saribrom A+L [r.-Tur. NE -
699 Calamagrostis pseudophragmites (Haller) Koeler Sazgimi A+L Avr.-Sib. NE -
700 Catabrosa aquatica (L.) P. Beauv. Cipil A+L - NE -
701 Phalaris paradoxa L. Topuzlukanyas A+L Akd. NE -
702 Catabrosella araratica (Lipsky) Tzvelev Agricipilcigi A+L Ir.- NE -
Tur.(Dag)
703 Catabrosella parviflora (Boiss. & Buhse) E.B.Alexeev ex RR.Mill  Cipilcik A+L Ir.-Tur. NE -
subsp. parviflora )
704 Catabrosella parviflora (Boiss. & Buhse) E.B.Alexeev ex RR.Mill  Cayirgipilcigi A+L Ir.-Tur. NE -
subsp. calvertii (Boiss.) E.B.Alexeev ex R.R.Mill
705 Chrysopogon gryllus (L.) Trin. subsp. gryllus Buzagiotu A+L - NE -
706 Crypsis alopecuroides (Piller & Mitterp.) Schrad. Derebakakotu A+L - NE -
707 Crypsis schoenoides (L.) Lam. Bakakotu A+L - NE -
708 Cynodon dactylon (L.) Pers. var. dactylon Kopekdisi A+L - NE -
709 Cynodon dactylon (L.) Pers. var. villosus Regel Kopekdisi A+L - NE -
710 Dactylis glomerata L. subsp. glomerata Domuzayrigt A+L Avr.-Sib. NE -
711 Dactylis glomerata L. subsp. hispanica (Roth) Nyman Killidomuzayrig: A+L - NE -
712 Deschampsia caespitosa (L.) P.Beauv. Cayirsagt A+L - NE -
713 Echinaria capitata (L.) Desf. Dikenbasotu A+L - NE -
714 Echinochloa crus-galli (L.) P. Beauv. Darican A+L - NE -
715 Echinochloa oryzoides (Ard.) Fritsch Karacinek A+L - NE -
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716 Elymus repens (L.) Gould Sabankiran A+L - NE -
717 Elymus hispidus (Opiz) Melderis subsp. podperae (Nébelek)  Gavurelimotu A+L - NE -
Melderis
718 Elymus hispidus (Opiz) Melderis subsp. hispidus Eimotu A+L - NE -
719 Elymus hispidus (Opiz) Melderis subsp. barbulatus (Schur) Ilamuk A+L - NE -
Melderis )
720 Elymus kosaninii (Nabelek) Melderis Kirecbugday1 A+L Ir.-Tur. NE -
721 Eremopoa altaica (Trin.) Roshev. Dagsalkimi A+L [r.-Tur. NE -
722 Eremopoa multiradiata (Trautv.) Roshev. Deresalkimi A+L [r.-Tur. NE -
723 Eremopoa persica (Trin.) Roshev. Acemsalkimi A+L [r.-Tur. NE -
724 Festuca brunnescens (Tzvelev) Galushko Esmeryumak A+L [r.-Tur. NE -
725 Festuca oreophila Markgr.-Dann. Parlakyumag A+L [r.-Tur. NE -
726 Gaudiniopsis macra (M.Bieb.) Eig subsp. macra Somyulaf A+L [r.-Tur. NE -
727 Glyceria notata Chevall. Kivriktatligim A+L - NE -
728 Hordeum brevisubulatum (Trin.) Link subsp. violaceum (Boiss. &  Cayirarpast A+L Ir.-Tur. NE -
Huet) Tzvelev
729 Hordeum bulbosum L. Boncukarpa A+L - NE -
730 Hordeum geniculatum All Yatikarpa A+L Avr.-Sib. NE -
731 Hordeum murinum L. subsp. glaucum (Steud.) Tzvelev Duvararpasi A+L - NE -
732 Hordeum murinum L. subsp. murinum L. Pisipisiotu A+L - NE -
733 Hordeum spontaneum K.Koch Yabaniarpa A+L Ir.-Tur. NE -
734 Koeleria eriostachya Panci¢ Yaylakirnalt A+L - NE -
735 Lolium perenne L. Cim A+L Avr.-Sib. NE -
736 Lolium rigidum Gaudin var. rigidum Sertgim A+L - NE -
737 Melica ciliata L. subsp. ciliata Kirpikliinci A+L - NE -
738 Melica persica Kunth subsp. jacquemontii (Decne. ex Jacquem.)  Cayirinciotu A+L Ir.-Tur. NE -
P.H. Davis
739 Melica persicaKunth subsp. inaequiglumis (Boiss.) Bor Kireginciotu A+L - NE -
740 Nardus stricta L. Kilotu A+L Avr.-Sib. NE -
741 Oryza sativa L. Celtik A+L - NE -
742 Oryzopsis holciformis (M.Bieb.) Hack. Kadifepiringotu A+L - NE -
743 Oryzopsis lateralis (Regel) Stapf ex Hook.f. Yanpiringotu L Ir.-Tur. NE -
744 Phalaris aquatica L. Sukanyast A+L - NE -
745 Phleum alpinum L. Alpitkuyrugu A+L Avr.-Sib. NE -
746 Phleum montanum K Koch subsp. montanum Dagitkuyrugu A+L - NE -
747 Phleum montanum K.Koch subsp. serrulatum (Boiss.) Dogan Dislekitkuyrugu A+L D.Akd NE -
748 Phleum pratense L. Cayrritkuyrugu A+L Avr.-Sib. NE -
749 Phleum subulatum (Savi) Asch. & Graebn. subsp. subulatum Telitkuyrugu A+L - NE -
750 Phragmites australis (Cav.) Trin. ex Steud. Kamus A+L Avr.-Sib. NE -
751 Poa alpina subsp. fallax F. Herm. Yaylasalkimotu A+L - NE -
752 Poa angustifolia L. Darsalkimotu A+L - NE -
753 Poa araratica Trautv. Agrisalkim A+L [r.-Tur. NE -
754 Poa bulbosa L. Yumrulusalkim A+L - NE -
755 Poa pratensis L. Cayirsalkimotu A+L - NE -
756 Poa sterilis M.Bieb. Kosesalkimotu L - NE -
757 Poa supina Schrad. Sulusalkimotu L Avr.-Sib. NE -
758 Poa timoleontis Heldr. ex Boiss. Giirsalkimotu L D.Akd NE -
759 Poa trivialis L. Kabasalkimotu L - NE -
760 Psathyrostachys ~ fragilis (Boiss.) Nevskisubsp. secaliformis ~ Cavdararpasi L [r.-Tur. NE -
Tzvelev
761 Psilurus incurvus (Gouan) Schinz & Thell. Egrikuyrukotu L - NE -
762 Puccinellia distans (Jacq.) Parl. subsp. sevangensis (Grossh.) — Kaftuz¢imi L - NE -
Tzvelev
763 Rostraria cristata (L.) Tzvelev var. cristata Gagaotu L - NE -

117



Pinar et al. (2021) Comm. J. Biol. 5(2), 99-125.

S. No Familya ve Takson Ad1 Tiirkce Ad1 Tespit Fitocografik IUeN Endemizm

Sekli* Bolge** ok P
764 Saccharum ravennae (L.) L. Uslusekerkamist L - NE -
765 Secale anatolicum Boiss. Anadolugavdari L - NE -
766 Secale cereale var. cereale L. Cavdar L - NE -
767 Secale vavilovii Grossh. Gevrekcavdar L - NE -
768 Secale montanum Guss. Daggcavdari L - NE -
769 Setaria viridis (L.) P.Beauv. Yesilsigansact A+L - NE -
770 Sorghum halepense (L.) Pers. var. halepense Ekinstiptirgesi L - NE -
771 Spodiopogon pogonanthus (Balansa) Boiss. Bozsakal A+L D.Akd NE -
772 Stipa arabica Trin. & Rupr. Buzagilik L [r.-Tur. NE -
773 Stipa ehrenbergiana Trin. & Rupr. Sorgugotu A+L [r.-Tur. NE -
774 Stipa holosericea Trin. Dirgenkilag L [r.-Tur. NE -
775 Stipa pontica P.A.Smirn. Korpekilag L - NE -
776 Taeniatherum caput-medusae (L.) Nevski subsp. crinitum  Kilgikarpasi A+L [r.-Tur. NE -
(Schreb.) Melderis
777 Trisetum flavescens (L.) P.Beauv. Palah A+L Avr.-Sib. NE -
778 Trisetum thospiticum Chrtek Ozpalah A+L Ir.-Tur. VU +
779 Triticum baeoticum Boiss. Yabanisiyez A+L - NE -
780 Triticum turgidum L. Sisikbugday L - NE -
781 Ventenata dubia (Leers) Coss. & Durieu Ventenotu L - NE -
782 Zingeria  biebersteiniana  (Claus) ~ P.A.Smirn.  subsp. Oyalisalkim L [r.-Tur. NE -
biebersteiniana )
783 Zingeria pisidica (Boiss.)Tutin Burduroyalisalkimi L Ir.-Tur. NE -
Polygonaceae
784 Polygonum setosum Jacq. subsp. luzuloides (Jaub. & Spach)  Uzunebemekmegi L [r.-Tur. NE -
Leblebici
785 Rumex crispus L. Labada L - NE -
Primulaceae
786 Anagallis arvensis L.var. caerulea (L.) Gouan Farekulag: A+L - NE -
Punicaceae
787 Punica granatum L. Nar L - NE -
Ranunculaceae
788 Aconitum cochleare Vorosch. Gokboganotu L Ir.-Tur. NE -
789 Adonis aestivalis L. subsp. aestivalis Kandamlas1 A+L [r.-Tur. NE -
790 Adonis aleppica Boiss. Tascicegi A+L [r.-Tur. NE -
791 Adonis flammea Jacq. Cinlalesi L - NE -
792 Anemone coronaria L. Manisalalesi A+L Akd. NE -
793 Ceratocephala falcata (L.) Pers. Yelotu A+L - NE -
794 Clematis orientalis L. Kopektutag: L - NE -
795 Consolida oliveriana (DC.) Schrodinger Killimahmuz L - NE -
796 Consolida orientalis (J.Gay) Schrodinger Morgigek L - NE -
797 Delphinium albiflorum DC. Akhezaren L - NE -
798 Delphinium kurdicum Boiss. & Hohen. Sahhezaren A+L [r.-Tur. NE -
799 Nigella arvensis L. var. caudata Boiss. Tarlagorekotu A+L - NE -
800 Nigella orientalis L. Sarkgorekotu A+L - NE -
801 Nigella sativa L. Corekotu A+L - NE -
802 Ranunculus argyreus Boiss. Citemik L - NE -
803 Ranunculus arvensis L. Mustafagicegi L - NE -
804 Ranunculus asiaticus L. Sakayiklalesi A - NE -
805 Ranunculus chius DC. Meremcik L - NE -
806 Ranunculus cornutus DC. Evlimemedotu L - NE -
807 Ranunculus cuneatus Boiss. Kortikotu L - NE -
808 Ranunculus diversifolius Boiss. & Kotschy Cilodiigiingicegi L - NE -
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809 Ranunculus kochii Ledeb. Kargicegi A+L Ir.-Tur. NE -
810 Ranunculus macrorrhynchus Boiss. subsp. macrorrhynchus Yamagyagotu L [r.-Tur. NE -
811 Ranunculus macrorrhynchus Boiss. subsp. trigonocarpus (Boiss.) ~ Ugyagotu L [r.-Tur. NE -
P.H.Davis
812 Ranunculus millefolius Sol. subsp. millefolius Binduigiingicegi L - NE -
813 Ranunculus munzurensis S.Erik & Yild. Munzurdiigiingicegi A [r.-Tur. NT +
814 Ranunculus muricatus L. Kutsaldefne L - NE -
815 Ranunculus obesus Trautv. Ardanugyagotu L - NE -
816 Ranunculus sphaerospermus Boiss. & Blanche Sugicegi A - NE -
Resedaceae
817 Reseda lutea L. var. lutea Muhabbetcicegi A+L - NE -
Rhamnaceae
818 Paliurus spina-christi P. Mill. Karagal1 A+L - NE -
Rosaceae
819 Agrimonia eupatoria L. subsp. eupatoria Fitikotu L - NE -
820 Alchemilla buseriana Rothm. Beritpencesi - LC +
821 Amygdalus arabica Oliv. Arapbademi L Ir.-Tur. NE -
822 Amygdalus communis L. Badem A+L - NE -
823 Amygdalus kotschyi Boiss. & Hohen. Calibademi L [r.-Tur. \48) -
824 Amygdalus orientalis Mill. Payam [r.-Tur. NE -
825 Cerasus brachypetala Boiss. var. bornmuelleri (Schneider)  Yirtikkiraz L Ir.-Tur. NE -
Browicz .
826 Cerasus microcarpa (C.A.Mey.) Boiss. subsp. fortuosa (Boiss. &  Saridagkirazi L Ir.-Tur. NE -
Hausskn.) Browicz
827 Crataegus azarolus L. var. azarolus Miizmiildek A+L - NE -
828 Crataegus orientalis Pall. ex M.Bieb. subsp. orientalis Alig L - NE -
829 Potentilla aucheriana Th.Wolf ex Bornm. Bayirparmakotu L Ir.-Tur. NE -
830 Potentilla lignosa Willd. ex Schitdl. Odunparmakotu L [r.-Tur. NE -
831 Potentilla pannosa Boiss. & Hausskn. ex Boiss. Yiinparmakotu L [r.-Tur. VU -
832 Potentilla recta L. Suparmakotu L - NE -
833 Potentilla reptans L. Resatinotu L - NE -
834 Pyrus syriaca Boiss. var. syriaca Cakalarmudu L - NE -
835 Rosa canina L. Kusburnu L - NE -
836 Rosa foetida ] Herrm. Acemsarisi A+L [r.-Tur. NE -
837 Rosa phoenicia Boiss. Fenikegiilii L D.Akd NE -
838 Rubus sanctus Schreb. Bogiirtlen A+L - NE -
839 Sanguisorba minor L. subsp. lasiocarpa (Boiss. & Hausskn.) Karagondiirme L - NE -
Nordborg
Rubiaceae
840 Asperula orientalis Boiss. & Hohen. Gokgebelumotu L [r.-Tur. NE -
841 Asperula xylorrhiza Nébelek Siirtbelumotu L [r.-Tur. NE -
842 Callipeltis cucullaris (L.) Steven Nermik L [r.-Tur. NE -
843 Cruciata taurica (Pall. ex Willd.) Ehrend. Kirimgiizeli A+L [r.-Tur. NE -
844 Galium aparine L. Cobanstizgeci L - NE -
845 Galium haussknechtii Ehrend. Citiplikgigi L [r.-Tur. NE -
846 Galium tricornutum Dandy Havotu A+L [r.-Tur. NE -
847 Galium verum L. subsp. verum Boyalik L Avr.-Sib. NE -
848 Rubia tenuifolia. d'Urv. subsp. doniettii (Griseb.) Ehrend. &  Copboyasi A D.Akd NE -
Schonb.-Tem. )
849 Rubia tinctorum L. Kokboyasi L Ir.-Tur. NE -
850 Sherardia arvensis L. Gokorenotu Akd. NE -
Rutaceae
851 Haplophyllum ptilostylum Spach Tiiyliisedo L [r.-Tur. NE -
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S. No Familya ve Takson Ad1 Tiirkce Ad1 gziii: Fitggfg;iﬁk IHSN Endiﬁizm
Salicaceae

852 Populus alba L. var. alba Akkavak A Avr.-Sib. NE -

853 Populus euphratica Olivier Firatkavagi A+L - NE -

854 Salix acmophylla Boiss. Acemsogiidii L fr.-Tur. NE -
Sapindaceae

855 Acer campestreL. subsp. campestre Ovaakeagact L Avr.-Sib. NE -
Saxifragaceae

856 Saxifraga hederacea L. var. libanotica(Bornm.) Matthews Ciliztagkiran L - NE -
Scrophulariaceae

857 Scrophularia mesopotamica Boiss. Sahrasiracast A+L fr.-Tur. LC +

858 Scrophularia striata Boiss. Esekpancari L [r.-Tur. NE -

859 Scrophularia xanthoglossa Boiss. var. Serkele L Ir.-Tur. NE -
decipiens (Boiss. & Kotschy) Boiss.

860 Verbascum agrimoniifolium (K.Koch) Hub.-Mor. subsp. Majak A - NE -
agrimoniifolium )

861 Verbascum froedinii Murb. Siirtsigirkuyrugu A+L Ir.-Tur. A% -

862 Verbascum globiferum Hub.-Mor. Topsigirkuyrugu A+L [r.-Tur. EN +

863 Verbascum laetum Boiss. & Hausskn. ex Boiss. Simsigirkuyrugu A+L [r.-Tur. \48) -

864 Verbascum sinuatum L. subsp. sinuatum var. adenosepalum  Bodanotu L Akd. NE -
Murb.
Solanaceae

865 Datura stramonium L. Borugicegi L - NE -

866 Physalis philadelphica Lam. Pirip A - NE -

867 Solanum dulcamara L. Sofur L Avr.-Sib. NE -
Tamaricaceae

868 Tamarix smyrnensis Bunge Iigin A+L - NE -
Thymelaeaceae

869 Daphne mucronata Royle subsp. mucronata Tevri A [r.-Tur. NE -

870 Thymelaea gussonei Boreau Yamaggekemi L Akd. NE -
Typhaceae

871 Typha domingensis Pers. Seytanmumu L - NE -
Ulmaceae

872 Ulmus minor Mill. Ovakaragaci L - NE -

873 Zelkova carpinifolia (Pall.) K.Koch Zelkova L Hir.-Kar. NE -
Urticaceae

874 Urtica dioica L. subsp. dioica Isirgan A Avr.-Sib. NE -
Violaceae

875 Viola modesta Fenzl Sahrameneksesi A+L - NE -

*A+L (Arazi+Literatiir - Field+ Literature), A (Arazi- Field), L (Literatiir - Literature)

**-(Fitocografik bolgesi bilinmeyen veya g¢ok bolgeli - Unknown phytogeographic zone or multizone), Akd. (Akdeniz elementi -
Mediterranean element), D.Akd (Dogu Akdeniz elementi - Eastern Mediterranean element), Avr.-Sib. (Avrupa-Sibirya elementi - Euro-
Siberian element), Avr.-Sib.(Dag) (Avrupa-Sibirya dag elementi - Euro-Siberian mountain element), Hir.-Kar. (Hirkanya-Karadeniz
elementi - Hirkania-Black Sea element), Ir.-Tur. (iran-Turan elementi - Iran-Turan element), ir.-Tur.(Dag) (iran-Turan dag elementi - Iran-
Turan mountain element), Kar. (Karadeniz elementi - Black Sea element)

***CR (Critical-Kritik), EN (Endangered-Tehlikede), VU (Vulnerable-Hassas), NT (Near Threatened- Tehdide acik), LC (Least Concern-
Diistik riskli), DD (Data Deficient- Yetersiz veri), NE (Not Evaluated-degerlendirilmedi)

****_(Endemik degil - Not Endemic), + (Endemik - Endemic), ++ (Lokal Endemik - Local Endemic)

En fazla takson iceren ilk bes familya sirasiyla
Poaceae (115 takson), Fabaceae (109 takson), Asteraceae
(95 takson), Apiaceae (56 takson) ve Lamiaceae (53
takson)'dir (Sekil 2). Tirkiye Florasi’'nda takson sayisi
yoniinden en zengin familyalara bakildiginda ilk siralari
Asteraceae, Fabaceae, Lamiaceae, Brassicaceae ve Poaceae
almaktadir. En zengin ilk 10 familya, toplam floranin
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yaklastk  %65"ini Bu oran Siirt

ilinde%47.49’ dur.

olusturmaktadir.

Elde edilen verilere gore Siirt ilinde en ¢ok takson
iceren ilk bes cins sirasiyla Astragalus (24 takson), Trifolium
(18 takson), Centaurea (16 takson), Ranunculus (15 takson),
Medicago ve Salvia (13’er takson) dir (Sekil 3). I, Dogu ve
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Giineydogu Anadolu Bolgesi'ni de kapsayan Iran-Turan
fitocografik bolgesi, Astragalus cinsinin gen merkezidir.
Tiirkiye Florasi'na gore; en fazla takson iceren Astragalus
cinsi, calisma alanimizda da en fazla takson iceren cinstir.
Tiirkiye Florasi'na gore icerdigi takson sayisi1 bakimmdan
9. sirada bulunan Trifolium cinsi bu calismada ikinci sirada
yer almaktadir. Calisma alaninin orman formasyonu, step
ve step meselik alanlarin varlig1 bu cinsin tiyelerinin fazla
olmasinda etkili olmustur.

Comm. J. Biol.

Poaceae
(115)13% Fabaceae

(109) 13%

(95)11%

Apiaceae

Diger Familyalar (56) 6%

(447) 51% Lamiaceae

(53)6%

Asteraceae

Sekil 2. En fazla takson igeren ilk bes familya

Figure 2. The first five families with the most taxa

Medicago
13

Sekil 3. En fazla takson iceren ilk bes cins
Figure 3. The first five genus with the most taxa

Siirt ilinde yayiis gosteren taksonlardan 22
familyaya ait 71 takson (%8.11) endemiktir (Sekil 4).
Endemik veya endemik olmayip tehlike altinda oldugu
degerlendirilen toplam 95 bitkinin 6's1 “CR” Kritik; 10'u
“EN” Tehlikede; 33’1 “VU” Hassas; 18’si “NT” Tehdide
acgik, 23'u“LC” Diistik riskli ve 51 “DD” veri yetersiz
tehlike kategorilerinde degerlendirilmektedir (Tablo 2).
Listelerde verilen takson isimleri ve tehlike kategorileri
Giiner et al. (2012) tarafindan yazilan Tirkiye Bitkileri
Listesi baz alinarak olusturulmus olan ve giincellenerek
elektronik ortamda sunulan https://bizimbitkiler.org.tr/
yeni/demos/technical/ adresinden alimmustir (Tablo 2).

Endemik taksonlarin yer aldig1 en fazla takson iceren
ilk bes familya sirasiyla Fabaceae (8 takson), Boraginaceae

5(2), 99-125.
(8 takson), Asteraceae (7 takson), Asparagaceae (7 takson),
Lamiaceae (6 takson) olarak tespit edilmistir (Sekil 5).

Calisma alaninda tespit edilen bitkilerden 329 takson
fran-Turan, 90 takson Akdeniz, 35 takson Avrupa-Sibirya
ve 4 takson Karadeniz elementi elemanidir. 417takson ise
fitocografik bolgesi bilinmeyen veya ¢ok bolgelidir (Sekil
6).

Endemik

Sekil 4. Siirt ili endemik bitkilerinin % grafigi

Figure 4. Percentage graph of endemic plants in Siirt province

Fabaceae
Diger familyalar (8) 11%

(35) 49%

Boraginaceae
(8) 11%

Asteraceae
(7) 10%

Asparagaceae
(7) 10%

Lamiaceae
(6) 9%

Sekil 5. En fazla endemik takson iceren ilk bes familyaya ait grafik

Figure 5. Graph of the first five families containing the most
endemic taxa

Fitocorafik bolgesi
bilinmeyen veya ok
bolgeli
(417) 47.65%

fran-Turan elementi
(329) 37.60%

Akdeniz elementi
(90) 10.29%

a-Sibirya
elementi
(35) 4%

Karadeniz elementi
(4)0.46%

Sekil 6. Taksonlarin fitocografik bolgelere gore dagilim grafigi

Figure 6. Distribution graph of taxa according to phytogeographic
regions

Tablo 2. Endemik veya endemik olmayan nadir taksonlarin tehdit kategorilerinin listesi

Table 2. The list of threat categories of endemic and non endemic rare taxa

Familya Takson TUCN Endemik
Amaryllidaceae Allium armerioides Boiss. DD Endemik
Amaryllidaceae Allium pervariensis Firat & Koyuncu EN Endemik
Apiaceae Bunium elegans (Fenzl) Freyn var. brevipes Freyn & Sint. LC Endemik
Apiaceae Bunium elegans (Fenzl) Freyn var. involucratum O.Saya VU Endemik
Apiaceae Ferulago angulata (Schlecht.) Boiss. subsp. angulata VU Endemik degil

121


https://bizimbitkiler.org.tr/%20yeni/demos/technical/
https://bizimbitkiler.org.tr/%20yeni/demos/technical/

Pinar et al. (2021) Comm. J. Biol. 5(2), 99-125.

Familya Takson TUCN Endemik
Apiaceae Malabaila lasiocarpa Boiss. LC Endemik
Apiaceae Pastinaca armena Fisch. & C.A.Mey. vu Endemik
Apiaceae Pimpinella flabellifolia (Boiss.) Benth. & Hook. ex Drude vu Endemik
Apiaceae Pimpinella sintenisii H.-Wolff VU Endemik degil
Asparagaceae Bellevalia fominii Woronow vu Endemik degil
Asparagaceae Bellevalia koyuncui Karabacak & Yildirim vu Endemik
Asparagaceae Bellevalia longistyla (Miscz.) Grossh. A48 Endemik degil
Asparagaceae Bellevalia pseudolongipes Karabacak & Yildirim LC Endemik
Asparagaceae Bellevalia sasonii Fidan vu Endemik
Asparagaceae Bellevalia siirtensis Firat vu Endemik
Asparagaceae Bellevalia vuralii B.Sahin & Aslan CR Endemik
Asparagaceae Hyacinthella siirtensis B.Mathew NT Endemik
Asparagaceae Scilla leepii Speta NT Endemik
Asteraceae Centaurea fenzlii Reichardt LC Endemik
Asteraceae Centaurea kurdica Reichardt NT Endemik
Asteraceae Cousinia eriocephala Boiss. & Hausskn. ex Boiss. LC Endemik
Asteraceae Echinops phaeocephalus Hand.-Mazz. DD Endemik degil
Asteraceae Gundelia siirtica Firat CR Endemik
Asteraceae Inula helenium L. subsp. vanensis Grierson NT Endemik
Asteraceae Jurinea cataonica Boiss. & Hausskn. subsp. cataonica vu Endemik
Asteraceae Psephellus karduchorum (Boiss.) Wagenitz vu Endemik
Asteraceae Reichardia dichotoma (Vahl) Freyn vu Endemik degil
Boraginaceae Alkanna froedinii Rech.f. LC Endemik
Boraginaceae Alkanna kotschyana A.DC. LC Endemik
Boraginaceae Alkanna trichophila Hub.-Mor. var. mardinensis Hub.-Mor. LC Endemik
Boraginaceae Alkanna trichophila Hub.-Mor. var. mardinensis Hub.-Mor. VU Endemik degil
Boraginaceae Heliotropium ferrugineogriseum Nabélek EN Endemik
Boraginaceae Onosma davisii Riedl EN Endemik
Boraginaceae Onosma neglecta Riedl NT Endemik
Boraginaceae Onosma proballanthera Rech.f. NT Endemik
Boraginaceae Onosma rechingeri Riedl LC Endemik
Brassicaceae Isatis aucheri Boiss. LC Endemik
Brassicaceae Noccaea valerianoides (Rech.f.) F. K. Mey. CR Endemik
Brassicaceae Thiaspi bornmuelleri (Rech.f.) Hedge vu Endemik
Brassicaceae Zuvanda exacoides (DC.) Askerova vu Endemik degil
Campanulaceae Campanula saxonorum Gand. LC Endemik
Campanulaceae Michauxia nuda A.DC. CR Endemik degil
Caprifoliaceae Pterocephalus kurdicus Vatke var. kurdicus vuU Endemik degil
Caprifoliaceae Pterocephalus strictus Boiss. & Hohen. vu Endemik degil
Caprifoliaceae Scabiosa rufescens Freyn & Sint. NT Endemik
Caprifoliaceae Valeriana speluncaria Boiss. var. speluncaria NT Endemik
Caryophyllaceae Bufonia calyculata Boiss. & Balansa LC Endemik
Caryophyllaceae Silene capitellata Boiss. LC Endemik
Euphorbiaceae Euphorbia sanasunitensis Hand.-Mazz. NT Endemik
Fabaceae Astragalus decurrens Boiss. NT Endemik degil
Fabaceae Astragalus delanensis Sirj. & Rech.f. DD Endemik
Fabaceae Astragalus ermineus V.A.Matthews NT Endemik
Fabaceae Astragalus mardinensis Nabelek vu Endemik
Fabaceae Astragalus oocephalus Boiss. subsp. stachyophorus Hub.-Mor. & D.F.Chamb NT Endemik
Fabaceae Astragalus xanthogossypinus Hand.-Mazz. VU Endemik degil
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Familya Takson TUCN Endemik
Fabaceae Dorycnium pentaphyllum Scop. subsp. haussknechtii (Boiss.) Gams LC Endemik
Fabaceae Hedysarum aucheri Boiss. A48 Endemik
Fabaceae Hedysarum erythroleucum Boiss. LC Endemik
Fabaceae Medicago rhytidiocarpa (Boiss. & Balansa) E.Small NT Endemik
Fabaceae Trifolium batmanicum Katzn. EN Endemik degil
Fabaceae Trigonella coelesyriaca Boiss. LC Endemik degil
Hypericaceae Hypericum pseudolaeve N.Robson LC Endemik degil
Hypericaceae Hypericum spectabile Jaub. & Spach NT Endemik
Iridaceae Crocus biflorus Mill. subsp. pseudonubigena B.Mathew LC Endemik
Iridaceae Crocus karduchorum Kotschy ex Maw EN Endemik
Iridaceae Gladiolus antakiensis A.P.Ham. vu Endemik degil
Iridaceae Gladiolus humilis Stapf EN Endemik
Iridaceae Iris aucheri (Baker) Sealy vu Endemik degil
Lamiaceae Nepeta obtusicrena Boiss. & Kotschy ex Hedge NT Endemik
Lamiaceae Salvia ertekinii Y1ld. EN Endemik
Lamiaceae Salvia siirtica Kahraman, Celep & Dogan CR Endemik
Lamiaceae Scutellaria orientalisL. subsp. porphyrostegia J.R. Edm. vu Endemik
Lamiaceae Sideritis vulcanica Hub.-Mor. VU Endemik
Lamiaceae Stachys brantii Benth. DD Endemik
Lamiaceae Teucrium chasmophyticum Rech.f. CR Endemik degil
Liliaceae Fritillaria imperialis L. vu Endemik degil
Liliaceae Fritillaria uva-vulpis Rix vu Endemik degil
Malvaceae Alcea fasciculiflora Zohary DD Endemik degil
Orchidaceae Ophrys bornmuelleri M.Schulze subsp. carduchorum Renz & Taubenheim NT Endemik
Orchidaceae Ophrys cilicica Schltr. LC Endemik
Orchidaceae Ophrys phrygia H. Fleischm. & Bornm. LC Endemik degil
Orobanchaceae Rhynchocorys kurdica Nabelek NT Endemik
Papaveraceae Corydalis oppositifolia DC. subsp. oppositifolia vu Endemik
Papaveraceae Papaver yildirimlii Ertekin EN Endemik
Plumbaginaceae Psylliostachys spicata (Willd.) Nevski LC Endemik degil
Poaceae Bromus macrocladus Boiss. EN Endemik
Poaceae Trisetum thospiticum Chrtek vuU Endemik
Ranunculaceae Ranunculus munzurensis S.Erik & Yild. NT Endemik
Rosaceae Alchemilla buseriana Rothm. LC Endemik
Rosaceae Amygdalus kotschyi Boiss. & Hohen. vu Endemik degil
Rosaceae Potentilla pannosa Boiss. & Hausskn. ex Boiss. vu Endemik degil
Scrophulariaceae Scrophularia mesopotamica Boiss. LC Endemik
Scrophulariaceae Verbascum froedinii Murb VU Endemik degil
Scrophulariaceae Verbascum globiferum Hub.-Mor. EN Endemik
Scrophulariaceae Verbascum laetum Boiss. & Hausskn. ex Boiss. vu Endemik degil

Siirt ili yaklasik olarak 500 m’den baslay1p 3000 m'ye
kadar yiikselen topografik yapisiyla bircok farkli bitki
taksonuna ev sahipligi yapmaktadir. Teknolojinin
gelismesi ve insanlarin doyumsuzlugu bir araya gelince
canlilarin bir¢ok dogal yasam alan1 yok olmaktadir. Tarim
alanlarmin genisletilmesi, yol yapim ve genisletme
calismalari, baraj yapimlari, enerji santralleri (termik
santraller), maden ocaklari, potansiyelin ¢ok tistiinde ve
erken otlatma, halkin yakacak temini ve en 6nemlisi de her
sene meydana gelen yanginlar, acil tedbirlerin alinmamasi
durumunda alanda yayilis1 olan pek ¢ok endemik ve nadir
taksonun kaybolmasina sebep olacaktir. Halk tarafindan
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gida ve tibbi amaglarla kullanilan bazi bitkilerin (sirik, lale,
salep gibi) asir1 ve bilingsiz sekilde toplanmasi ve satilmasi
nesillerinin yok olmasma neden olmaktadir. Bilingsiz
toplamalar tilkemizde bitki cesitliligi icin biiytik tehdit
olusturmaktadir. Stepler, hayvanlar tarafindan ilkbaharda
filiz halindeyken ve sonbaharda islanip yumusadiklar:
zamanlarda otlanmakta ve otsu stepler ile bigeneklerden
bicilen otlar kisin hayvanlara verilmek i¢in yigmlar
halinde etraflar1 cevrilmektedir. Yogun ve asir1 otlatma, bu
stepleri tehdit etmektedir. flkbaharmn ilk giinlerinde
bitkiler tohum baglayamadan, daha kar ortiisi alandan
kalkmadan yapilan otlatmalarla step zarar goérmekte ve
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hayvanlarin sevmedigi veya dikenli bitkilerin alandaki
yayilig1 artmaktadir. Ozellikle yiiksek dag yamaglarindaki
yerlesim alanlarinda halkin yakacak olarak kullandig1 ve
araziden soktuigii cesitli tiirler ile sahada asir1 ve erken
yapilan otlatma erozyonu kolaylastiran, dolayisiyla bitki
ortustinii tehdit eden en 6nemli sebeplerdir. Daglarin
zirvesinde yerlestirilen askeri amach radar, karakol ve
gozetleme istasyonlari, bu istasyonlara yol yapimlar1 ve bu
istasyonlarin gitivenligi icin yer alacak giivenlikle ilgili
yapilasmalar sonucu, énemli Sl¢iide alanin tabii 6zelligine
zarar verilmistir. Bitkilere yonelik tehditler su sekilde
ozetlenebilir.

Insan Faaliyetleri: Insanoglunun hayat: kendisi icin daha
kolay hale getirmek icin yaptig1 faaliyetlerin tamamina
yakini dogaya ve diger canlilara direkt veya dolayl olarak
olumsuz etkiler yapmaktadir.

Tarimsal Uygulamalar: Tarim alanlar1 agmak igin birgok
bitkinin dogal yasam alani tahrip edilmektedir.

Yol Yapma ve Genisletme Calismalar1: Yol yapma ve yol
genisletme calismalar1 ile ¢ogu bitkinin yasama alam
daraltilmakta ya da tamamen yok edilmektedir.

Dogadan Toplama: Insanlarin gida, ilag, kozmetik, siis
esyasi gibi amaclarla dogadan topladiklari bitkilerin dogal
populasyonlart zamanla azalmakta ve hatta bazen
tamamen yok olmaktadir.

Hayvancilik Faaliyetleri (Asir1 Otlatma ve Bic¢me):
Bilingsiz erken otlatma ve ot bicme ile bircok bitki tahrip
edilmekte ve populasyonlardaki birey sayis1 azalmaktadir.

Orman Yangmlari: Bolgede giivenlik gerekgesiyle
meydana gelen orman yanginlari bitkileri tehdit eden
etmenlerin basinda gelmektedir.

Enerji ve Madencilik Faaliyetleri: Yapilan enerji ve
madencilik faaliyetleri de diger etkenler gibi bircok bitki
taksonunun dogal yasam alanlarmin bozulmasma neden
olmaktadir.

Arastirma alaninda yapilan arazi ¢alismalari
sirasinda Orman vejetasyonu, Step vejetasyonu, Kayalik
alan vejetasyonu, Cayir vejetasyonu, Sulak alan
vejetasyonu, Alpin vejetasyonu ve Kumul alan
vejetasyonu olmak tizere 7 farkli vejetasyon tipi tespit
edilmistir.  Calismalarimiz ~ sirasinda  tespit  edilen
vejetasyon tipleri asagida verilmistir.

Orman Vejetasyonunda Quercus infectoria subsp.
veneris (A.Kern.) Meikle (Ziyden-Maz1 mesesi) ve Quercus
brantii Lindl. (Karamese) taksonlarmin hakim oldugu
ormanlik alanlar 500-1100 m’den baslar 2000-2100 m’ye
kadar devam eder. Baykan-Ziyaret arasinda Pinus
sylvestris L. (Saricam) agaglarindan olusan ormanlik
alanlar da bulunmaktadir. Astragalus sp. (Geven) yastik
formasyonu, Euphorbia sp. (Siitleyen) otsu formasyonu ve
Quercus sp (Mese) cali formasyonlarinin hakim oldugu
Siirt ilinde step vejetasyonu bir ¢ok yerde goriilmektedir.
Aubrieta parviflora Boiss. (Acemobrizyast), Paronychia
kurdica subsp. kurdica Boiss. (Bozkepekotu), Onosma
alborosea subsp. alborosea Fisch. & C.A.Mey. (Kayaemcegi)
taksonlarinin  hakim oldugu Siirt Aydinlar ilgesi
sinirlarindan Sirnak il smirma kadar olan Botan Vadisi
boyunca uzanan alanlar, Kovanagz kayaliklari, Beykent
radar bolgesi, Sirvan Seytan Kapis: kayaliklari, Begendik
Kanyonu, Képriicay Kanyonu, Bilgili Kéyti kayaliklari,
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Kusdali kayaliklar1 ve Giindogdu Vadisi baslica kayalik
alanlardir. Pervari-Cemikari, Kovanagzi, Sariyaprak,
Kurtalan-Beykent, Eruh-Birini Ge¢idi bazi bolgeleri, Cirav
Dag1 bazi kesimleri, Sirvan-Nallikaya c¢evresi bazi
bolgeleri baslica cayir vejetasyonunun gorildugi
alanlardir. Sulak alan vejetasyonu Golkoy Goli, Botan,
Kezer ve Basur Caylar’'min kiyilarinda goriilen vejetasyon
tipi olup yogunluk olarak Typha domingensis Pers.,
Phragmites australis (Cav.) Trin. ex Steud., Lythrum salicaria
L. ve Ranunculus sphaerospermus Boiss. & Blanche
taksonlarmnin bulundugu alanlardir. Ozellikle 2000 m'nin
ustiindeki ytiksekliklerde orman bitki Ortiistintin bittigi
yerlerde Colchicum szovitsii Fisch. & C.A.Mey., Bellevalia
paradoxa (Fisch. & C.A.Mey.) Boiss., Gladiolus atroviolaceus
Boiss. taksonlarmin yogunlukta oldugu Pervari'nin
yiiksek daglk alanlari (Herekol dagi, Kérkandil Dagy),
Sirvan Bekravi Dag1 ve Seytan Kapis: zirveleri, Eruh Ciraf
Dag: ve Brini Gegidi tist kisimlariAlpin vejetasyonun
gortildugti alanlardir. Tamarix smyrnensis Bunge, Juncus
inflexus L. subsp. inflexus ve Cyperus fuscus L. taksonlarmin
yogunlukta yayilis gosterdigi Botan, Kezer ve Basur
Caylari’min  kiyillarinda kumul alan vejetasyonlar
gozlenmistir.

Sonug olarak, yeteri kadar arastirilmamis bu bakir
alanlarda yapilacak yeni floristik ¢alismalar ile Siirt ilinin
bitki gesitliliginin zenginlestirilmesinin yan sira Tiirkiye
ve Diinya literattirtine de yeni bitki tiirlerinin
kazandirilabilecegi duistintilmektedir. Bu nedenle daha
fazla floristik calismanin yapilmast 6nem arz etmektedir.
Floristik calismalarin yaninda bitkilerin zarar gormesini ve
vejetasyon yapisinin bozulmasini 6nlemek icin de ilgili
paydaslar ile beraber sehir merkezleri ve kirsal alanlarda
biliclendirme calismalar1 yapilmalidir.

Tesgekkiir: Siirt li'nin karasal ve i¢ su ekosistemleri biyolojik
cesitlilik envanter ve izlemesi projesi kapsaminda arazi
calismalari icin destek saglayan Tarim ve Orman Bakanligi'na,
arazi calismalarinda yardimci olan Siirt 1li Doga Koruma ve Milli
Parklar Midiirligii ve calisanlarma tesekkiir ederiz.

Etik kurul onayr: Bu calisma icin etik kurul onay1 alinmasina
gerek yoktur.

Cikar catismasy: Yazarlar, ¢ikar catismasi olmadigmi beyan
etmistir.
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Abstract: The present study was carried out to optimize some culture conditions to increase lipid production from Yarrowia
lipolytica B9 in crude glycerol-based medium. The experiments displayed that too high concentrations of ammonium sulfate,
KH2PO4, and MgSOs increased cell growth but inhibited lipid synthesis. In contrast, more synthesis of lipids was determined
to be achived at high concentrations of NaCl. The optimum concentrations of glycerol, ammonium sulfate, KH2POs, MgSOs,
and NaCl for lipid synthesis were determined as 50, 3, 1.5, 1 and 5 g/L, respectively. The optimal incubation time for lipid
synthesis was found to be 6 days. Lipid concentration of 2.69 g/L and lipid content of 60.1%, were reached under optimal
culture conditions.

Keywords: Oleaginous, yeast, mineral salt, optimization.
Kaynaklarindan Ham Gliserolii Kullanarak Yarrowia lipolytica B9 ile Lipit Uretimi

Oz: Mevcut calisma, ham gliserol bazli besiyerinde Yarrowia lipolytica BY'dan lipit tiretimini artirmak igin bazi kiiltiir
kosullarini optimize etmek amaciyla gerceklestirilmistir. inceleme sonucunda amonyum siilfat, KH2PO4 ve MgSOy'tin ¢ok
yiiksek konsantrasyonlarimn hiicre biiytimesini artirdig fakat lipit sentezini inhibe ettigi gozlemlendi. Buna ek olarak, daha
fazla lipit sentezinin yiiksek NaCl konsantrasyonlarinda basarildig1 ortaya ¢ikti. Lipit sentezi icin gliserol, amonyum siilfat,
KH2PO4, MgSO4 ve NaCl'nin optimum konsantrasyonlar: sirasiyla 50; 3; 1,5; 1 ve 5 gr/lIt olarak belirlendi. Lipid sentezi igin
optimal inkiibasyon stiresinin 6 giin oldugu bulundu. Optimal kiiltiir kosullarinda 2.69 gr/It lipit konsantrasyonuna ve %60.1

Issue published: 31.12.2021

lipit igerigine ulasildi.

Anahtar kelimeler: Yagli, maya, mineral tuz, optimizasyon.

1. Introduction

Today, microorganisms are used in the production of
various substances such as single cell protein, enzyme,
recombinant protein, antibiotics, ethanol, glutathione,
pigments, organic acids, and polysaccharides. In addition
to these valuable products, microorganisms have recently
been used in the production of biolipids which are also
called single cell oils (Fakas et al., 2009).

The term “oleaginous” is extensively used for
microorganisms accumulating lipids over 20% on dry
weight basis. Some genera of microalgae, yeasts, molds,
and bacteria show oleaginous property; however, most of
oleaginous microorganisms belong to the yeast genera
such as Candida, Cryptococcus, Rhodotorula, Lipomyces, and
Yarrowia (Taskin et al., 2015; Ortucu et al., 2017). For
instance, many investigators have documented that strains
of Yarrowia lipolytica are good lipid producers (Gao et al.,
2017; Dobrowolski et al., 2019).

It has been well documented that some nutritional
and environmental culture conditions significantly trigger
lipid synthesis in oleaginous yeasts, thereby causing the
lipid accumulation over 70% on dry weight basis
(Beopoulos et al., 2009; Taskin et al., 2016). For example,
low amounts of nitrogen and phosphorus sources but high
amounts of carbon sources increase lipogenesis in

*Corresponding author: : nparslan55@hotmail.com

oleaginous yeasts (Amaretti et al., 2010; Taskin et al., 2016;
Wang et al., 2018).

The industrial production of biodiesel is mainly
performed from vegetable oils. Recently, lipids of
oleaginous microorganisms have also been reported to be
used as alternative biodiesel feedstock. However, high cost
of carbon sources which are employed for cultivation of
oleaginous microorganisms significantly limits
economical production of microbial lipids (Meng et al.,
2009; Santek et al., 2018). To solve this problem, cheap
agricultural byproducts and organic wastes such as
molasses, whey, glycerol, and fruit peels have been
suggested to be utilized as alternative carbon sources in
the production of microbial lipids (Papanikolaou et al.,
2007; Fakas et al., 2009; Meng et at., 2009).

Glycerol is a by-product that is released from
vegetable and animal oils during the production of
biodiesel. It is stated that an average 1 kg of glycerol is
produced during the production of per 10 kg biodiesel.
Therefore, it is produced in high amounts every year by
the biodiesel industry (Papanikolaou & Aggelis, 2010;
Anand & Saxena, 2011). In addition to 60-90% glycerol,
crude glycerol contains water, methanol, mineral
elements, and fatty acids. Although crude glycerol is
produced in large quantities, it is not of much medical and
industrial importance (Swiatkiewicz & Koreleski, 2009;
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Chen & Walker, 2011; Yang et al., 2012). As an alternative
approach, crude glycerol is employed as a carbon source
for production of various microbial substances today. For
example, many studies have demonstrated that this
substance is effectively employed as a carbon source in
synthesis of lipids from various yeasts, including Y.
lipolytica strains (André et al., 2009; Gao et al., 2016; Kumar
et al., 2020). Accordingly, this work was conducted to
produce lipids from Y. lipolytica B9 in crude glycerol-based
medium and to optimize some culture conditions for
enhancement of lipid production.

2. Material and Methods
2.1. Chemicals and microorganism

Chloroform, methanol, HCl, and mineral salts were
purchased from Sigma (USA) but potato dextrose agar
(PDA) and potato dextrose broth (PDB) from Merck
(Germany). The strain Yarrowia lipolytica B9 (Taskin et al.,
2015) was selected as the test microorganism for lipid
production in glycerol-based medium.

2.2. Preparation of yeast preculture

The yeast was firstly activated on PDA medium at 15°C for
48 h. Then, one loopful of the yeast biomass on PDA was
inoculated into 250 mL flask containing 100 mL of PDB
medium. After the flask was placed into shaking
incubator, it was incubated at 15°C and 200 rpm for 48 h.
The prepared preculture was then used for the inoculation
of glycerol-based production medium described below.

2.3. Lipid production in glycerol-based medium

Experiments for production of lipids from Y. lipolytica B9
were performed in 250 mL flasks containing 100 mL of the
production medium that was composed crude glycerol,
ammonium sulfate, 0.5 g/L KH>PO,, and 0.5 g/L MgSO4
(pH 6.0). The initial experiments were focused on
determining the most favorable concentrations of glycerol
(20-60 g/L) and ammonium sulfate (2-5 g/L) for lipid
synthesis. After determining the most favorable
concentrations of glycerol and ammonium sulfate, the
effects of different concentrations of KH>PO4 (0.5-2.5 g/L),
MgSO;4 (0.5-2.5 g/L), and NaCl (0-6 g/L) on yeast growth
and lipid synthesis were examined. Final experiments
were done to elucidate the influence of incubation time (up
to 7 days) on lipid synthesis and cell growth. During the
optimization experiments, the flasks were inoculated with
2 mL of preculture (ODgp=2.0) and they were incubated at
15°C and 200 rpm.

2.4. Analysis of lipid production and cell growth

At the end of the specified incubation time, the yeast
cultures were centrifuged at 5000 rpm for 10 min. The
supernatant was removed and the precipitated wet cells
were dried to constant weight at 70°C. Final weight of
dried cells was termed as cell concentration (g/L). Yeast
lipids were extracted from dry cells with chloroform-
methanol treatment. For this purpose, dried cells (0.1 g)
were firstly hydrolyzed with 10 mL of 4 N HCl at 60°C for
2 h in a water bath. The prepared suspension was
centrifuged at 5000 rpm for 10 min and the supernatant
was discharged (Tasselli et al, 2018). Then, the
precipitated cells in the tube were extracted with 5 mL of
chloroform-methanol  mixture (2V\V). After the
suspension was vortexed for 5 min, it was centrifuged at
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5000 rpm for 5 min. Afterwards, the supernatant was
discharged and 5 mL of chloroform-methanol mixture was
re-added into the tube. After chloroform-methanol
extraction and centrifugation were applied four cycles, the
precipitated wet cells in tubes were dried to constant
weight at 70°C. After the final weight of dried cells was
subtracted from their initial weight, and the decrease in
dry weight was expressed as lipid concentration (g/L).
Lipid content was determined according to the following
formula. Lipid content (%) = [lipid concentration (g/L) /
cell biomass (g/L)] x 100.

2.5. Statistical analysis

Each analysis was performed in three biological and two
technical replicates. All the measurements were mean *
standard deviation (¥SD) of six determinations (n = 6).
Statistical difference was analyzed in the SPSS 15.0
package program using P <0.05 significance level one-way
ANOVA.

3. Results

3.1. Influence of ammonium sulfate and crude glycerol
concentrations on lipid production

Different concentrations of ammonium sulfate and crude
glycerol were tested for enhancement of lipid synthesis in
the yeast.

As seen from Table 1, increasing concentrations of
ammonium sulfate resulted in a continuous increase in cell
biomass. For example, even at the lowest and highest
concentrations of glycerol, the maximum cell biomass was
measured at a concentration of 5 g/L of ammonium
sulfate. On the contrary, excessive concentrations of
ammonium sulfate decreased lipid production. For
example, when glycerol concentration was kept constant
at 20 g/L, maximum lipid synthesis was detected in the
presence of 2 g/L ammonium sulfate and higher
concentrations of ammonium sulfate decreased lipid
synthesis. It was found that crude glycerol concentrations
up to 50 g/L increased both cell growth and lipid
synthesis. When the production medium contained 50 g/L
glycerol, the maximum lipid concentration (1.55 g/L) and
lipid content (36.4%) were accomplished at an ammonium
sulfate concentration of 3 g/L. On the other hand, it was
observed that when crude glycerol concentration was
increased to 60 g/L, both lipid synthesis and cell growth
slightly reduced. Therefore, subsequent experiments were
performed in the culture medium containing 50 g/L
glycerol and 3 g/L ammonium sulfate.

Table 1. Effect of glycerol and ammonium sulfate concentrations
on cell growth and lipid synthesis in Yarrowia lipolytica B9

gll;lccel:ol Ammonium Cell - mass i‘(l)ilccintration i‘(l)iltcelnt
sulfate (g/L L o
(&/1) e &/ (3/1) (%)
20 2 3.22+0.07e 0.86+0.03fg 26.7
3 3.31+£0.09de  0.82+0.04h1 247
4 3.410.07d 0.7840.04h1 22.8
5 3.56£0.08cd  0.74+0.021 20.7
30 2 3.4310.1d 0.99+0.05e 28.9
3 3.5740.1cd 0.96+0.03e 269
4 3.71+0.12¢ 0.92+0.03fg 248
5 3.93+0.11bc  0.82+0.05h1 20.9
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(glryuciiol Ammonium Cell  mass Zflﬁntration Icd(l)IrjlltCeint
sulfate (g/L L o
(/L) D &N (/L) (%)
40 2 3.7240.15¢ 1.15+0.03d 30.9
3 3.89+0.14bc  1.25+0.04c 321
4 4.11+0.14bc  1.11+0.04d 27.0
5 4.23+0.13b 0.98+0.05e 23.2
50 2 3.98+0.1bc 1.35£0.06bc 339
3 4.25+0.1b 1.55+0.08a 36.4
4 4.56+0.12a 1.45+0.05b 31.8
5 4.72+0.17a 1.33+0.08bc 28.2
60 2 3.81+0.09¢ 1.25+0.06¢ 32.8
3 4.05+0.1bc 1.37+0.06bc 33.8
4 4.2240.11b 1.42+0.06b 33.6
5 4.03£0.13bc ~ 1.1940.03cd 29.5

3.2. Influence of MgSOs; KH:PO; and NaCl
concentrations on cell growth and lipid synthesis in
Yarrowia lipolytica B9

When experiments were carried out at optimal
concentrations of glycerol and ammonium sulfate,
maximum values for lipid concentration (1.79 g/L) and
lipit content (40.9%) were -reached in the medium
containing 1 g/L magnesium sulfate, but higher
concentrations of magnesium sulfate gradually reduced
lipid synthesis. For example, the highest concentration (2.5
g/L) of magnesium sulfate gave rise to the lowest lipid
concentration (1.36 g/L). In contrast to lipid synthesis,
increasing concentrations of magnesium sulfate caused
continuous increases in cell concentration. For instance,
the maximum value (4.72 g/L) for cell concentration was
measured at the highest concentration (2.5 g/L) of
magnesium sulfate (Fig. 1).

—e—Lipid content —8— Cell concentration Lipid concentration
100 6

90
4.72g/L

80
70 W
60

40.9%

1.79g/L
20

Lipid content (%)
3
w
Cell mass / Lipid concentration (g/L)

10 A

25

o 4

0 0.5 1 1.5
MgSO04(g/L)

Figure 1. Effect of MgSO4 concentration on cell growth and lipid
synthesis in Yarrowia lipolytica B9. Culture conditions: Glycerol 50
g/L, ammonium sulfate 3 g/L, KH.PO4 0.5 g/L, temperature
15°C, shaking speed 200 rpm, initial pH 6.0 and incubation time 7
days. All the measurements were mean * standard deviation
(£SD) of six determinations (n = 6).

Figure 1 shows that the maximum values for both
lipid concentration (2.12 g/L) and lipid content (45.9%)
were recorded in the presence of 1.5 g/L KH>PO,, while
supplementation of KHxPO4 over 1.5 g/L significantly
decreased lipid synthesis. For example, the lowest values
for lipid concentration and lipid contents were measured
at the highest concentration (2.5 g/L) of KH>PO,4. On the
contrary, a continuous enhancement in cell concentration
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occured as KH>PO, concentration was increased. For
example, the maximum value (4.81 g/L) for cell
concentration was reached at the highest concentration
(2.5 g/L) of KHoPO, (Fig. 2).
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Figure 2. Effect of KH2POs concentration on cell growth and lipid
synthesis in Yarrowia lipolytica B9. Culture conditions: Glycerol 50
g/L, ammonium sulfate 3 g/L, MgSOs1 g/L, temperature 15°C,
shaking speed 200 rpm, initial pH 6.0 and incubation time 7 days.
All the measurements were mean * standard deviation (¥SD) of
six determinations (n = 6).

Experiments revealed that in comparison with the
control medium (without addition of NaCl), the
supplementation of NACI upto 3 g/L increased cell
concentration. However, NaCl concentrations over 3 g/L
caused gradual decreases in cell concentrations. Lipid
synthesis increased as NaCl concentration increased and
the maximum values for lipid concentration (2.68 g/L) and
lipid content (59.7%) were obtained at 5 g/L NaCl
concentration (Fig. 3). However, NaCl concentrations
above 5 g/L were found to reduce lipid synthesis.

—o—Lipid content —8—Cell concentration —4— Lipid concentration
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©
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Figure 3. Effect of NaCl concentration on cell growth and lipid
synthesis in Yarrowia lipolytica B9. Culture conditions: Glycerol 50
g/L, ammonium sulfate 3 g/L, KH:PO41.5 g/L, MgSOs1 g/L,
temperature 15°C, shaking speed 200 rpm, initial pH 6.0 and
incubation time 7 days. All the measurements were mean *
standard deviation (+SD) of six determinations (n = 6).

As seen from Figure 4, the yeast cells showed the best
growth performance in the first three days (especially in
the first day) of incubation. The cell concentration reached
to maximum value (4.48 g/L) on day 4 and no increase was
detected in the following days. Unlike cell growth, no
significant lipid accumulation was detected within the first
three days and an important increment in lipid synthesis
was observed after day 3. Both lipid concentration and
lipid content reached to maximum values (respectively
2.69 g/L and 60.1%) at the end of day 6. On the other hand,
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both lipid concentration and lipid content showed a small
reduction when incubation time was increased from 6 to 7
days (Fig. 4).
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Figure 4. Effect of incubation time on cell growth and lipid
synthesis in Yarrowia lipolytica B9. Culture conditions: Glycerol 50
g/L, ammonium sulfate 3 g/L, KH2PO4 1.5 g/L, MgSOs1 g/L,
temperature 15°C, shaking speed 200 rpm and initial pH 6.0. All
the measurements were mean * standard deviation (+SD) of six
determinations (n = 6).

4. Discussion

It is well known that Yarrowia lipolytica strains utilize
glycerol as a cheap carbon source for lipid synthesis.
Therefore, in this work, crude glycerol was selected as a
carbon source for lipid production. In order to increase
lipid synthesis, different concentrations of carbon (crude
glycerol) and nitrogen (ammonium sulfate) sources were
tested primarily. It was determined that Iow
concentrations of ammonium sulfate and high
concentrations of glycerol, in other words, nitrogen-
limited but carbon excess conditions increased the lipid
synthesis in the yeast. This result was similar to those of
previous studies (Taskin et al., 2015; Ortucu et al., 2017;
Zhang et al., 2019).

The present study revealed that excessive
concentrations of MgSO; and KHPOy increased cell
growth but decreased lipid synthesis. This was mainly
attributed to the presence of P and S in these mineral salts.
Because, in the literature, it is stated that carbon source is
directed to cell growth in the presence of excessive P and
S but to lipid synthesis under P and S limited conditions
(Bandhu et al., 2014; Gonzélez-Garcia et al., 2017; Ortucu
et al.,, 2017; Elfeky et al., 2019). The experiments revealed
that NaCl concentrations up to 5 g/L significantly
stimulated lipid synthesis. This finding is consistent with
the fact that NaCl increases lipid accumulation by causing
stress in yeasts (Tchakouteu et al., 2017; Guo et al., 2019).

The experiments showed that although cell growth
stopped at the end of day 3, lipid synthesis continued until
the end of day 6. The result is in parallel with the
knowledge that extended incubation times are more
favorable for lipid synthesis in oleaginous microorganisms
(Ortucu et al., 2017; Abghari & Chen, 2017; Radha et al.,
2020; Altun et al, 2020). A small decrease in lipid
concentration was observed after day 6. This decrease can
be explained by depletion of carbon source (glycerol) in
the culture medium. Namely, storage lipids might have
been used as carbon source by the yeast since glycerol was
exhausted in the medium. The lipid content of the yeast
was determined to be 60.1% under optimized culture

Comm. J. Biol.

129

5(2), 126-130.

conditions. This value was higher than the lipid contents
of other Y. lipolytica strains which were cultivated in
glycerol-based medium in the previous studies
(Sriwongchai et al., 2013; Rakicka et al., 2015; Sara et al.,
2016; Gajdos et al., 2017; Niehus et al., 2018). Furthermore,
it was higher than lipid contents of other oleaginous yeasts
in the previous studies (Karatay & Donmez, 2010;
Amaretti et al., 2010; Gao et al., 2017; Uprety et al., 2017).
Taskin et al. (2015) informed that lipids of Y. lipolytica B9
included oleic acid, cis-10-heptadecenoic acid, palmitoleic
acid, and palmitic acid but not polyunsaturated fatty acids
and therefore could be used as a biodiesel feedstock. It was
shown in the current work that lipids of this yeast could be
produced using crude glycerol as a cheap carbon source.
Since crude glycerol is a waste material that does not find
much use today, it is thought that performing lipid
production using crude glycerol can contribute to
reducing the environmental pollution problem as well as
cost of biodisel feedstock.
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Abstract: This study was aimed to investigate the length-weight relationship and condition factor of Alburnus sellal population
from Giigliikonak to Cizre (Sirnak) location of Tigris River between January and December 2015. A total of 107 specimen of A.
sellal length-weight relationships were determined as W=0.0129*L29% (R?=0.8803+0.115) in females, W=0.0076*L30%8
(R?=0.7033%0.151) in males, and W=0.0092*L30363 (R?=0.8332+0.133) all individuals. The type of growth for all individuals,
females, and males were isometric growth (p>0.05). The average condition factor was found to be 1.032+0.012 (0.480-1.259) for
all individuals, 1.055+0.014 (0.707-1.259) for females, and 0.99£0.020 (0.480-1.217) for males. According to the length-weight
relationship and the condition factor of the A. sellal population from Giigliikonak to Cizre (Sirnak) location of Tigris River, it
can be said that the environment is ecologically sufficient for nutritional development.

Keywords: Growth, sellal bleak, nutrition, performance.

Dicle Nehri'ndeki (Sirnak-Tiirkiye) Alburnus sellal Heckel, 1843 Populasyonunun Boy-Agirlik
Mliskisi ve Kondisyon Faktorii

Oz: Bu calismada Dicle Nehri'nin Giicliikonak ile Cizre arasindaki Mevkiinde (S1rnak) Ocak 2015 ile Aralik 2015 tarihleri
arasinda yakalanan Alburnus sellal bireylerinin boy-agirlik iliskisi ile kondisyon faktorii arastirilmustir. Incelenen 107 adet A.
sellal bireyinin boy-agirlik iliskisi disilerde W=0.0129*129% (R2=0.8803+0.115), erkeklerde W=0.0076*L30%8 (R2=0.70330.151) ve
tiim bireyler icin W=0.0092*L30%3 (R2=0.8332+0.133) olarak hesaplanmustir. Disi, erkek ve tiim bireylerde izometrik biiytime
gosterdigi belirlenmistir (t-testi, p>0.05). Ortalama kondisyon faktorii tiim bireylerde 1.032+0.012 (0.480-1.259), disilerde
1.055£0.014 (0.707-1.259) ve erkeklerde 0.99+0.020 (0.480-1.217) olarak tespit edilmistir. Dicle Nehri'nin Giigliikonak'tan Cizre
(Srnak) mevkiine kadar olan bolgeden yakalanan A. sellal'in boy-agirlik iliskisi ve kondisyon faktoriine gore ortamin ekolojik

Issue published: 31.12.2021

acidan besleme gelisimi igin yeterli oldugu sylenebilir.

Anahtar kelimeler: Biiytime, inci baligi, beslenme, verim.

1. Giris

Balikgilik ve balik biyolojisinde énemli bir veri olan boy-
agirhik  iliskileri, farkli lokalitedeki veya aym
popiilasyondaki balik boyundan agirhiginin tahmin
edilmesini ve balik biiytimesinin karsilastirilmasini saglar
(Koutrakis & Tsikliras, 2003). Boy-agirlik iligkileri
tahminleri stok degerlendirmesi ve stok yonetimleri i¢in
bilinmesi gereklidir (Pauly, 1983; Petrakis & Stergiou,
1995; Gongalves et al., 1997; Koutrakis & Tsikliras, 2003;
Basusta et al., 2013).

Hizla artan diinya niifusunun zengin proteine
ihtiyac1 bulunmaktadir. Proteince de zengin olan baliklar
insan gidas1 i¢in 6nemli tiirlerdir. Asi, Firat ve Dicle Nehir
sisteminde dagihim gosteren giimiis baligt Alburnus sellal
Heckel, 1843, bununla birlikte Kor, Mahurlu Gélii, Persis
ve Hormuz havzalarinda da dagilim gostermektedir
(Cigek et al., 2015; Jouladeh-Roudbar et al., 2020). Bu tiir
ticari bir tiir olmamakla birlikte Irak'ta tiiketilmektedir
(Coad, 2020).

Onceki calismalarda Alburnus mossulensis ve A. sellal
olarak tanimlanan ve son revizyon c¢alismalarinda

*Corresponding author: yyuksel@harran.edu.tr

(Mohammadian-Kalat et al., 2017; Mangit & Yerli, 2018;
Jouladeh-Roudbar et al., 2020) A. sellal oldugu belirtilen
turle ilgili Ttrkiye igsularinda popiilasyon ve ekolojisi
tizerine bir ¢ok ¢alisma (Tiirkmen & Akyurt, 2000; Basusta,
2000; Yildirim et al., 2003; Cigek, 2013; Alkan Ugkun &
Gokee, 2015; Keskin, 2016; Serdar et al., 2017; Parmaksiz et
al., 2018; Ozcan, 2019; Yakut, 2019) (Tablo 1) yapilmasina
ragmen Dicle Nehri'nin bu kesiminde boy-agirlik iliskileri
ve kondisyon faktoriinii degerlendiren bir calismaya
rastlanmamustir. Bu ¢alisma ile Tiirkiye'nin Dicle Nehri
(S1rnak) bolgesindeki A. sellal tirtiniin boy-agirlik iliskisi
ve kondisyon faktorii hakkinda 6nemli bilgiler saglanmasi
amaclanmaktadir.

2. Materyal ve Metot

Bu aragtirma, Dicle Nehri'nin Giigliikkonak ile Cizre
arasinda kalan bolgede (Sirnak/Tiirkiye) (Sekil 1) Ocak
2015 ile Aralik 2015 tarihleri arasinda mevcut
populasyonu temsil edecek sekilde aylik olarak
gerceklestirilmistir. Arastirmada kullanulan Alburnus sellal
bireylerinin 6rnekleme islemi; yoresel balik¢ilarin bslgede
avlamis oldugu baliklar igerisinden rastgele yapilmustir.
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Tablo 1. Alburnus sellal ile ilgili farkli bolgelerde yapilmis calismalar
Table 1. Studies on Alburnus sellal in different regions
Boy-agirhik iliskisi
Arastirma Alani Arastiric Esey Boy . b L [} Kondisyon
Keban Baraj Golii Basusta (2000) Disi 12.5-17.0" 0.000004 3.126 0.49-0.89
Erkek  11.2-16.5 0.000003 3.144 0.51-0.85
Karasu Irmag1 Tiirkmen & Akyurt, 2000 Disi 8.5-18.5 0.008 3.082 21.59  1.95 0.56-1.48
Erkek  8.9-18.1 0.01 2.828 20.41 2.00 0.58-1.55
Karasu Irmag1 Yildirim et al., 2003 Disi 19.5 0.0073 3.136 19.88 191 0.186
Erkek 189 0.0129 2913 21.87 187 016
Dicle Nehri Cicek, 2013 Disi 8.8-20.2 0.000003 3.272 2097 187 0.81-1.54
Erkek  10.3-16.9 0.00001 2.965 1755  2.04 0.79-1.47
Karakaya Baraj Goli Alkan Ugkun & Gokge, 2015 Disi 10.8-18.6 0.206 2.065 1521 1.73  0.54-1.96
Erkek  12.5-19.0 0.119 2.138 14.78 275 0.51-1.31
Gamsiab Baraj Golii, fran Hedayati et al., 2016 Tim 3.1-11.59" 0.007 3.135
Asag Firat Keskin, 2016 Tim 3.3-16.5" 0.0078 3.032 19.27 0.53-1.10
Karasu Nehri Serdar et al., 2017 Disi 7.5-19.9 0.0131 2.80
Erkek  8.0-21.4 0.0125 2.82
Hamzeh-Ali Bolgesi Radkhah, 2016 Tim 1.92-7.41* 0.00006 3.09
Bibi-Sayyedan Nehri Keivany et al., 2017 Disi 4.5-16.80 0.0061 3.175 0.61-0.84
Erkek  4.6-14.10° 0.0084 3.0355 0.49-0.98
Atatiirk Baraj Golii Parmaksiz et al., 2018 Disi 14.0-20.5 -5.55 3.30 0.45-1.48
Erkek  4.0-20.5 -5.37 3.21 0.19-1.49
Komasi Nehri, iran Fazli et al., 2019 Tim 7.0-11.6 0.99-1.61
Azad Baraj Goli, fran Tim 7.5-17.5 0.00005 2.743 17.03 212 0.93-1.82
Murat Nehri Ozcan, 2019 Disi 8.7-19.9 0.0097 2.812 0.43-0.91
Erkek  7.2-19.6 0.0168 2.599 0.46-0.98
Keban Baraj Golii Yakut, 2019 Disi 10.4-17.8 0.0018 3.555 2297 415 0.56-1.15
Erkek  9.5-18.2 0.0042 3.213 2205 435 0.41-1.05
Dicle Nehri Bu ¢alisma Disi 13.8-19.0 0.0129 2.925 2530 197 0.71-1.26
Erkek  13.3-19.5 0.0076 3.091 2999 204 0.481.22
*Total boy degeri

Alburnus sellal popiilasyonun yaslar1 pullardan
yararlanilarak belirlenmistir. Pullar, yumusak bir firca

yardimiyla temizlendikten sonra alkol serisinden
gecirilerek  preparatlar1  hazirlanmistir.  Hazirlanan
preparatlar mikroskopta incelenerek yas tayinleri

gerceklestirilmistir (Tturkmen et al., 2005). Baliklarin
cinsiyetleri, i¢ muayene otopsi teknigine gore
makroskobik inceleme ile gonadlarina bakilarak tespit
edilmistir (Timur, 2008).

Elde edilen 6rneklerin catal boy degerleri £1 mm
hassasiyetli dl¢tim tahtas1 kullanilarak agirliklar: ise +0.01
gram hassasiyetli dijital teraziyle yapilmistir. Boy-agirlik
iliskisi parametrelerini hesaplanmada W=a*Lt (Le Cren,
1951) denklemi, kondisyon faktdrii hesaplanmasinda
K=W/L3*100 (Le Cren, 1951) denklemi kullamilmuistir.
Burada W: baligin total agirligmi (g), L: baligin catal
boyunu (cm) ifade eder, a ve b: regresyon
parametreleridir. Biiytime tipini belirlemede b degerinin
3’ten farkliig: t-testi ile hesaplanmustir. Boy ve agirlik
bakimindan von Bertalanffy biiytime formiilti L= L[1-e-
k0] jle W= Wy[l-ekt0]o (Von Bertalanffy, 1938)
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kullanalmustir.  Farkli bolgelerdeki biiytime oranlarinm
karsilastirmada ise biiytime performans indeksi (¢)
=logi0(k)+2logi0(L) formiiliinden (Pauly & Munro, 1984)
yararlanilmustir.
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3. Bulgular ve Tartisma

Incelenen Alburnus sellal bireyleri II-VI yas gruplar
arasinda dagilm gostermistir, 0 ve I yas grubunda
herhangi bir bireye rastlanmamustir.

Alburnus sellal bireylerinin catal boylar: 13.3 ile 19.5
cm  (ortalama 16.34£0.121 cm) arasinda degisirken,
agirliklart ise 19.66 ile 83.3 g (46.03£1.22 g) arasinda
degisim gostermistir (Tablo 2). Incelenen A. sellal
bireylerinin %62.62’si disi ve %37.38'si erkek olmak tizere,
disi:erkek orani 1:0.60 olarak hesaplanmuistir.

Boy-agirlik iliskisi disi bireyler igin W=0.0129*1.2925
(R2=0.8803+0.115), erkek bireyler icin W=0.0076*L3098
(R2=0.7033+0.151) ve tim bireyler igin W=0.0092*L30363
(R2=0.8332+0.133) olarak hesaplanmigtir. Boy-agirhik
iliskisinin b  degerinin disi (2.925£0.134), erkek
(3.091£0.326) ve tiim bireylerde (3.036+0.133) 3'ten farkinin
onemsiz oldugu gozlemlenmistir (t-testi, p>0.05). Disi,

Tablo 2. Alburnus sellal’in boy ve agirhik parametreleri

Table 2. Height and weight parameters of Alburnus sellal
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erkek ve tim bireylerde izometrik biiytime gosterdigi

belirlenmistir (t-testi, p>0.05) (Tablo 2).

Alburnus sellal'in yas-boy ve yas-agirlik degerleri
kullarularak  hesaplanan von Bertalanffy biiytime
denklemleri disilerde L= 25.30[1-e0145t510)] jle W=
163.95[1-e-0.145(t+5.10)]2925, erkeklerde Li= 29.99[1-e-0.123(t+4.29)]
ile W= 279.35[1-e0123(+4.29)]3.091 ve tiim bireyler i¢in L=
29.02[1-e-0119(t+4.74)] ile W= 253.83[1-e-0.119(t+4.74)]3.036 olarak
bulunmustur. Biiytime performans indeksi (¢) 1.97 (disi);
2.04 (erkek); 2.00 (tiim bireylerde) olarak hesaplanmustir
(Tablo 2).

Kondisyon faktorti tiim bireylerde 1.032+0.012
(0.480-1.259), disilerde 1.055+0.014 (0.707-1.259) ve
erkeklerde 0.99+0.020 (0.480-1.217) olarak tespit edilmistir.
Yaslara gore ortalama kondisyon faktorii en diistik II.
yasta (disi:1.039; erkek:0.969) hesaplanirken, yasin artmasi
ile ortalama kondisyon faktorii degerleri artarak IV. yasta
en yiiksek degere (disi:1.063; erkek:1.006) ulasmistir (Tablo
3).

Catal Boy (cm) Agrlik (g) Boy-agirlik iliskisi parametreleri
Fey " min-max Min-max a b b’nin giiven sinir1 R2 Loo Woo ¢
Disi 67 13.8-19.0 27.2-71.62 0.0129 2.925 2.657-3.193 0.880 25.30 163.95 1.97
Erkek 40 13.3-19.5 19.66-83.3 0.0076 3.091 2.765-3.416 0.703 29.99 279.35 2.04
Tim 107 13.3-19.5 19.66-83.3 0.0092 3.036 2.773-3.99 0.833 29.02 253.83 2.00
Tablo 3. Alburnus sellal’in yaslara gore kondisyon faktorii
Table 3. Condition factor according to age of Alburnus sellal
Disi Erkek
Yas Grubu
min-max Ortalama+SH min-max Ortalama+SH
II 0.899-1.183 1.039+0.058 0.827-1.033 0.969+0.024
I 0.707-1.252 1.055+0.018 0.479-1.217 0.989+0.026
v 0.842-1.259 1.063+0.025 0.929-1.083 1.006+0.077
v 1.131 - 1.123 -
VI 0.911 -
Toplam 0.707-1.259 1.055+0.014 0.480-1.217 0.99+0.020

4. Tartisma ve Sonug

Arastirma bolgesinde yapilan orneklemeler sonucunda
incelenen Alburnus sellal bireyleri II-VI yas gruplar
arasinda dagilim gostermistir, 0 ve I yas grubunda
herhangi bir bireye rastlanmamistir. Ayrica bu durumun
kullanilan ag materyalinin ag gozii acgikligindan
kaynaklandig1 tahmin edilmektedir. Farkli calismalarda A.
sellal bireylerinde yasin; 0-IV (Alkan Uckun & Gokge, 2015;
Keskin, 2016; Keivany et al., 2017), I-IV (Fazl et al., 2019),
I-VI (Ttrkmen & Akyurt, 2000), I-VII (Yildirim et al., 2003;
Parmaksiz et al., 2018), II-VI (Basusta, 2000) ve III-IX
(Cicek, 2013) arasinda dagilim gosterdigi bildirilmistir.
Populasyonlarin yas daglmi araliklar1 ile yasadig:
¢evrenin beslenme kapasitesi yakindan iligkilidir (Fazl et
al., 2019).

Incelenen Alburnus sellal bireylerinin disi:erkek orant
1:0.60 olarak hesaplanmustir. Disi:Erkek oranlari Keban
Baraj Golii'nde 1:0.87 (Basusta, 2000), Dicle Nehri Bismil
lokalitesinde 1:0.18 (Cigek, 2013), Karasu Nehri'nde 1:1.21
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(Serdar et al., 2017), Murat Nehri'nde 1:0.79 (Ozcan, 2019)
ve Keban Baraj Goli'nde 1:0.82 (Yakut, 2019) olarak
bildirilmistir. Calismamizda disilerin erkeklerden daha
fazla sayida oldugu, bu durumun da Basusta (2000), Cicek
(2013), Ozcan (2019) ve Yakut (2019) verileri ile benzer
oldugu fakat Serdar et al. (2017) verilerinden ise farkl
oldugu gortlmiistiir.

Olctimleri yapilan Alburnus sellal bireylerinde
maksimum catal boy 19.5 cm olarak bulunmustur. Basusta
(2000), Tiirkmen & Akyurt (2000), Hedayati et al. (2016),
Keskin (2016), Radkhah (2016), Keivany et al. (2017), Fazh
et al. (2019) ve Yakut (2019)un yaptiklar: ¢calismalarinda
elde ettikleri maksimum boy verileri bizim verilerden
kiictik cikmistir. Maksimum boy Serdar et al. (2017)
tarafindan 21.4 cm ve Parmaksiz et al. (2018) tarafindan ise
20.5 cm olarak tespit edilmis olup, bizim verilerden biiyiik
¢ikmustir. Diger taraftan ise Yildirim et al. (2003), Cicek
(2013), Alkan Uckun & Gokege (2015) ve Ozcan (2019)
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tarafindan bildirilen maksimum boy degerleri bizim
verilere benzerdir (Tablo 1).

Alburnus sellal bireylerinin boy-agirlik iligskisindeki b
degeri bakimindan izometrik biiytime goriildigi tespit
edilmistir. Farkli bolgelerde gerceklestirilen
calismalardaki (Turkmen & Akyurt, 2000; Keskin, 2016;
Radkhah, 2016) A. sellal bireylerinin biiytime tipleri
izometrik btiytime olup bu c¢alismadaki verileri
desteklemektedir. Alkan Uckun & Gokge (2015), Serdar et
al. (2017) ve Fazli et al. (2019) biiytime tipini negatif
allometrik olarak tespit ederken Basusta (2000), Yildirim et
al. (2003), Hedayati et al. (2016), Keivany et al. (2017),
Parmaksiz et al. (2018) ve Yakut (2019) calismalarinda
pozitif allometrik biiytime goriildiigiinii tespit etmislerdir
(Tablo 1). Biiytime tipinde goriilen bu farklilik baligin yast,
cinsi, olgunluk durumu, eseye, mevsime ve beslenmeye
gore degismektedir (Erkoyuncu, 1995).

Dicle Nehri'nin Giiclitkonak ile Cizre arasindaki
bolgedeki Alburnus sellal bireylerinin sonsuzdaki boyu
(L) disilerde 25.30 cm ve erkeklerde 29.99 cm olup erkek
bireylerin L., degeri disilerden daha yiiksek bulunmustur.
Bu durum Yildirim et al. (2003) tarafindan elde edilen
verilere benzer olup, Tiirkmen & Akyurt (2000), Cicek
(2013), Alkan Uckun & Gokge (2015) ve Yakut (2019)
verilerinden ise farklidir. Biiytime performans indeksi (¢)
disilerde 1.97 ve erkeklerde ise 2.04 olarak tespit edilmistir.
Bizim verilerimiz Ttirkmen & Akyurt (2000), Yildirim et al.
(2003) ve Cigek (2013) verilerine benzer olup Alkan Uckun
& Gokee (2015), Fazli et al. (2019) ve Yakut (2019)
verilerinden ise farklidir (Tablo 1). Bu durum habitat
farkliligi, populasyon yapisi, yas gruplart ve yakalanan
orneklerin  temsil  ettikleri ~ grup  sayilarindan
kaynaklanabilir.

Bu calismada kondisyon faktorii disilerde 0.707 ile
1.259 arasinda, erkeklerde ise 0.480 ile 1.217 arasinda
degistigi tespit edilmistir. Kondisyon faktorii bakimmdan
Keskin (2016), Ozcan (2019) ve Yakut (2019)
calismalarindaki verileri bizim verilere benzer olup
Basusta (2000) ve Keivany et al. (2017) verileri bizim
verilerden diistik oldugu, buna karsin Ttirkmen & Akyurt
(2000), Cigek (2013), Alkan Uckun & Gokge (2015),
Parmaksiz et al. (2018) ve Fazli et al. (2019)
calismalarindaki verilerin bizim degerlerden yiiksek
oldugu gozlemlenmistir (Tablo 1). Ayrica, Dicle Nehri
Bismil lokalitesinde Cigek (2013) tarafindan elde edilen
kondisyon faktorti (Disi: 1.1045 ve Erkek: 1.1016) bizim
verilerden (Disi:1.055 ve Erkek:0.99) yiiksek degere sahip
olmasi, Bismil lokalitesinin besin cesitliligi ve yogunlugu
bakimindan Giiglitkonak lokalitesinden daha iyi durumda
oldugu ve bunun sonucunda da daha iyi kondisyon
degerlerine sahip olabilecegi diistintilmiisttir.

Sonug olarak Dicle Nehri'nin Giigliikonak ile Cizre
arasinda kalan bolgede (Sirnak) yakalanan Alburnus sellal
popiilasyonu ile biiytime o6zellikleri ve kondisyon
degerleri belirlenmistir. Mevcut degerler 1s1§inda Dicle
Nehri'nin Giigliikonak ile Cizre arasinda kalan bolgede
poptilasyon uzerinde asir1 aveilik baskisinin bulunmadig:
soylenebilir.

Etik kurul onayr: Bu ¢alisma i¢in etik kurul onay1 alinmasina
gerek yoktur.

Cikar catismasi: Yazarlar, cikar catismasi olmadigimi beyan
etmistir.
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Abstract: The apricot cultivar Prunus armeniaca cv. Salak (registered as “Igdir Kayisis1”) is a Protected Designation of Origin
(PDO) apricot and produced in Aras Basin (Igdir, Turkey) region. Authenticating the special products, which has adulteration
potential, by DNA based methods is reliable and cost-effective. The aim of the current study is to distinguish the PDO apricot
from closely related cultivars by High Resolution Melting. We tested 12 SSR markers previously validated for Prunus spp. by
means of distinguishing the ability of five closely related apricot cultivars that are Salak (AS), Hasanbey (HB), Hacihaliloglu
(HH), Kabaast (KB), and Sekerpare (SK) produced in Turkey. Capillary electrophoresis validation showed 11 of 12 markers
amplified unique fragments for the cultivars. HRM analysis combined with the Principal Component Analysis (PCA)
successfully distinguished the PDO AS from closely related cultivars. HRM analysis combined with PCA can be a cost-effective
and reliable authenticating method for PDO food products.

Keywords: Genotyping, microsatellites, authenticity, food adulteration, SSR-HRM.

Cografi Isarete Sahip Salak Kayis1 Cesidinin (Prunus armeniaca L. cv. Salak) Yakin fliskili
Cesitlerde Yiiksek Coziiniirliiklii Erime Yontemi ile Ayirt Edilmesi

Oz: Salak kayst cesidi (Prunus armeniaca cv. Salak) Aras Havzasi'nda iiretimi yapilan ve cografi isarete sahip bir kayisi
cesididir. Tescilli ismi Igdir Kayisist olarak belirlenmistir. Ozellikle gida aldatmacasina maruz kalma potansiyeli olan 6zel gida
trtinlerinin DNA temelli yontemler ile tanimlanmasi giivenilir ve gorece ucuz maliyetlidir. Bu calismanin amaci Salak kayisi
cesidinin, yakin iliskili kayis1 cesitlerden Yiiksek Coziintirliiklii Erime (HRM) yontemi kullanarak ayirt edilmesi icin bir
protokol gelistirmektir. Calismada, daha 6nceden Prunus tiirleri i¢in dogrulanmis 12 adet SSR belirtecinin, Tiirkiye’de tiretimi
yapilan Salak (AS), Hasanbey (HB), Hacihaliloglu (HH), Kabaas: (KB) ve Sekerpare (SK) kayisi cesitlerini ayirt etme basarisi
test edilmistir. Calismada ayrica HRM verilerinden Temel Bilesenler Analizi yapilabilmesi i¢in R yaziliminda kullanilabilecek
bir komut dosyas1 olusturulmustur. Kilcal elektroforez ile dogrulanmis 12 SSR belirtecinden 11 tanesinin, her kayzsi cesidi icin
farkli fragmentler cogalttig1 tespit edilmistir. Temel Bilesenler Analizi ile desteklenmis HRM sonuglarinin Salak kayisi cesidini
diger cesitlerden basarili bir sekilde ayirt ettigi belirlenmistir.
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1. Introduction

Apricot is an important drupe fruit and it has been
cultivated in Asia since 2000 BC. The plant is cultivated in
warm to subtropical regions throughout the world. Prunus
armeniaca L. is the commonly cultivated apricot species
and thousands of genotypes are cultivated. Turkey is the
leading country in apricot production with 677,000 tons of
average production (FAOSTAT, 2020). With this
production capability, Turkey supplies approximately
20% of the world’s total apricot production. In Turkey,
apricot production is specialized in Malatya, Erzincan, and
Igdir regions (Ercisli, 2004). According to the Turkish
Statistical Institute 2019 data, Malatya province is leading
the apricot production with 391,000 tons in Turkey (Fig. 1)
(TUIK, 2020). Turkey has 28 registered apricot cultivars
(Turkish Apricot Research Institute, 2019) and numerous
genotypes. Igdir is also an important province for apricot
production. P. armeniaca cv. Salak, which is cultivated in
Igdir province is awarded the mark of Protected
Designation of Origin (PDO) and named as “Igdir

*Corresponding author: kaanhurkan@hotmail.com

Kayisis1” (Igdir Apricot) by the Turkish Patent and
Trademark Office (Registration number 385, dated 17
September 2018).

Apricot Production (Tons)

391801

140301

65454 56184 B

Malatya Mersin Kahramanmarag Elazig Igdir

Figure 1. Top five apricot producing regions in Turkey for the
2019 year (TUIK, 2020).

The PDO products have higher economic value than
the non-PDO ones due to their relatively smaller
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production scale and harder production processes,
globally. Therefore, it is necessary to ensure that
consumers trust PDO authenticity. This causes the
emergence of the “traceability of PDO” term. The
quantitative traceability of PDO originated food products
are important for consumer’s protection against food
adulteration.

DNA-level tracing of authenticity is quite reliable
since it is a stable macromolecule and exists in each tissue
and organs and not affected by environmental factors (Li
et al., 2018). There are various molecular methods that
have the capability of traceability of PDO products such as
DNA barcoding, SSR genotyping, and etc. Nevertheless,
due to both having specialized downstream processes
needed (i.e. bioinformatics skills and computing skills)
and being relatively expensive, cheaper and faster
methods are needed. High Resolution Melting (HRM) is a
technique based on monitoring the DNA denaturation and
quantification by a Real-Time PCR instrument. Its
advantages can be listed as being cost-effective, having
high throughput, requiring less laboratory duty, and no
complicated software knowledge needed compared to
other marker methods. Another advantage of HRM is
detecting the sequence variation without sequencing or
hybridization processes (Tindall et al.,, 2009). Either
microsatellite markers or barcoding regions have been
employed for HRM analysis successfully (Druml &
Cichna-Markl, 2014). HRM was successfully applied to the
detection of herbal medicine products (Li et al., 2018),
genotyping of peach genotypes (Chou et al, 2020),
authenticity testing of sweet cherry products (Ganopoulos
et al, 2011), and species identification of ginseng
(Osathanunkul & Madesis, 2019). In a previous study,
researchers developed novel HRM markers to detect plum
pox virus (PPV) resistance by targeting PPV resistance
locus in Prunus armeniaca. According to the results, PPV
resistance locus could be detected by using a reliable and
user-friendly method HRM (Passaro et al., 2017).

This study aims to develop an HRM based protocol,
which distinguishes the PDO Salak cultivar from closely
related cultivars, and validate the Salak at the cultivar
level.
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2. Material and Methods
2.1. Plant materials and DNA extraction

In this study, we chose closely related Turkish apricot
cultivars Salak (AS), Hasanbey (HB), Hacthaliloglu (HH),
Kabaas1 (KB), and Sekerpare (SK). According to the
information we obtained from the local community and
Apricot Research Institute authority, those cultivars are
rather close in terms of morphology and taste. Therefore,
we would like to test the HRM performance on those
cultivars. We obtained AS, HB, HH, KB, and SK cultivars
from the Republic of Turkey Ministry of Agriculture and
Forestry Apricot Research Institute (Malatya, Turkey).

We extracted total DNA from 100 mg leaf tissue of
the samples using the modified CTAB protocol as
described in the literature (Aydin et al, 2018). We
confirmed the DNA concentration and integrity by
NanoDrop (Maestrogen) and agarose gel electrophoresis
and stored the DNA samples at -20°C.

2.2. Primers mining

Twelve sets of SSR markers that were previously validated
for apricot were chosen (Table 1), and checked the
amplification success and optimized the PCR conditions
for all the primers on each apricot cultivar. The optimum
PCR reaction was carried out in a total volume of 20 ul
containing 2X Reaction Buffer (Thermo Scientific, USA),
0.1 mM dNTPs, 0.2 pM both primers, 1 U Taq DNA
polymerase (Thermo Scientific, USA), 1 mM Mg*2, 10 ng
total DNA and nuclease-free water. Thermal cycling
(Sensoquest Labcycler Gradient, Germany) condition was
95°C 3 min first denaturation, 35 cycles of 95°C 30 s
denaturation, 55°C 30 s annealing, 72°C 1 min extension,
and thermal cycling was finalized by 72°C 10 min
extension step. PCR products were validated by capillary
electrophoresis (CE) (Qiaxcel Advanced, Germany) with
QIAxcel DNA High Resolution Kit (Qiagen, Germany).
The software settings were used as follows; Process
profile: Default High Res v2.0; Method: 0H1200; Size
marker: GeneRuler 100bp Plus, Thermo, USA (run by side
the samples); Alignment marker: QX 15bp-3kb. The results
were visualized and analyzed by the ScreenGel 1.2
software.

Table 1. SSR primers used in the study and specifications. Lower / Upper limits are starting and ending points of melting which is filtered

for PCA analysis in the R script.

Temperature Optimization for

Primer Sequence (Forward and Reverse, 5'—3') Melting Principa¥ C.omponent Anal.ys.is E)'<pected Reference
Temperature Lower Limit Upper Limit Size (bp)

pchgms1 GGGTAAATATGCCCATTGTGCAATC 55°C 71.22 78.39 ~194 Sosinski et al., 2000
GGATCATTGAACTACGTCAATCCTC

pchgms2 GTCAATGAGTTCAGTGTCTACACTC 55°C 72.93 79.42 ~163
AATCATAACATCATTCAGCCACTGC

pchgms4 ATCTTCACAACCCTAATGTC 55°C 73.16 80.71 ~174
GTGGAGGCAAAAGACTTCAAT

UDP9%6-001 AGTTTGATTTTCTGATGCATCC 57°C 76.92 82.7 ~120 Cipriani et al., 1999
TGCCATAAGGACCGGTATGT

UDP9%-003  TTGCTCAAAAGTGTCGTTGC 57°C 76.92 827 ~143
ACACGTAGTGCAACACTGGC

UDP9%-0056 ~ GTAACGCTCGCTACCACAAA 57°C 76.92 82.7 ~155
CCTGCATATCACCACCCAG

UDP96-010 ~ CCCATGTGTGTCCACATCTC 57°C 78.53 8213 ~131
TTGATGATTCCATGCGTCTC

UDP97-402 ~ TCCCATAACCAAAAAAAACACC 57°C 71.17 75.49 ~136
TGGAGAAGGGTGGGTACTTG

UDP98-406 ~ TCGGAAACTGGTAGTATGAACAGA 57°C 72.41 79.69 ~101
ATGGGTCGTATGCACAGTCA

UDP98-409  GCTGATGGGTTTTATGGTTTTC 57°C 74.51 79.51 ~129

CGGACTCTTATCCTCTATCAACA

137
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) Temperature Optimization for
Primer Sequence (Forward and Reverse, 5'—3') Melting Principal Component Analysis E)fpected Reference
Temperature Lower Limit Upper Limit Size (bp)

UDP98-021 AAGCAGCAATTGGCAGAATC 57°C 72.0 82.04 ~145 Testolin et al., 2000

GAATATGAGACGGTCCAGAAGC
PS12A02 GCCACCAATGGTTCTTCC 60°C 76.86 84.56 ~200 Downey & Iezzoni, 2000

AGCACCAGATGCACCTGA

2.3. HRM-PCR amplification and Data Analysis

Firstly, normalization the concentration of all the DNA
samples was adjusted to 10ng/pul before HRM analysis.
HRM amplifications were performed on Rotor-Gene-Q
5plex thermal cycler (Qiagen, Germany) with a 72-well
carousel. The HRM mix was prepared as 10 pl total volume
consisting of 5ul Luminaris Colour HRM Master Mix
(Thermo Scientific, USA), 0.5 ul of 10 mM each primer
(Sentebiolab, Turkey), 10 ng DNA, and nuclease-free water
to 10 ul. We used a three-step cycling protocol as 95°C 10
min initial denaturation followed by 45 cycles of 95°C 10 s
denaturation, 60°C 30 s annealing, and 72°C 30 s extension.
Data acquiesced following each extension step. We added
95°C 30 s and 50°C 30 s steps for heteroduplex formation
to the end of the cycle. We performed HRM immediately
after the amplification in increments of 0.1°C s hold time
from 65°C to 95°C and data acquiesced continuously. All
the reactions were performed as three replicates and no
template control (NTC) was included in the reactions.

We analyzed the HRM data using both Rotor-Gene-
Q Software (2.3.5). We first normalized the HRM curves by
removing the background fluorescence; then, drew
difference plots of AS against the other cultivars for each
SSR primer. Next, the software calculated Genotype
Confidence Percentages (GCPs) for each cultivar against
AS by setting each cultivar as “genotype”. We set the
confidence threshold to 90% for more reliable results.

2.4. Developing R Script for Principal Component
Analysis of HRM data

Although there is a well-developed R Script available for
HRM-PCA analysis (Chou et al., 2020), we needed to
improve it with different libraries to improve visualization
performance. The improved script uses the new R Script to
visualize the data by Principal Component Analysis (PCA)
to be used to help distinguish the cultivars, which HRM
failed. Following the HRM reaction, raw HRM
temperature and normalized fluorescence data were
exported with the Rotor-Gene-Q (2.3.5) software as
comma-separated values (csv) file. Clustering and PCA
were performed in RStudio (RStudio Team, 2020). The
samples were clustered with 'mclust’ (Scrucca et al., 2016)

and visualized with 'ggplot2’ (Wickham, 2016) packages.
The script was improved by means of compatibility and
better visualization by commonly used and recent
packages. The PCA results can be exported as high-quality
image formats as well as PDF for better publishing. We
also added self-explanatory comments to the script in both
English and Turkish to increase usability. The RStudio
script is publicly available on GitHub
(https:/ / github.com/biologisthurkan/hrm _pca) and in
Supplementary Material 1. The script can be used with all
the HRM supported devices. A sample data file is also
available on both GitHub and in Supplementary Material
2.

3. Results

3.1. DNA extraction and PCR validation of SSR markers
by Capillary Electrophoresis (CE)

DNA extraction from each cultivar was successfully
performed with the used protocol. The DNA concentration
that was obtained varied between 39.32 to 95.06 ng pul-! and
A260/230 ratio ranged from 1.234 to 1.766, which is
sufficient for HRM analysis. Each SSR marker successfully
amplified for five studied apricot cultivars. The CE
validation of the markers showed that each marker had
different patterns among Turkish apricot cultivars. The
PCR fragments sizes and counts generally varied among
the cultivars (Table 2). The SSR markers pchgms4 and
UDP9%-001 amplified only one fragment for all the
cultivars while the remaining markers amplified more
than one fragment. The longest fragment (347 bp) was
amplified by the UDP96-005 marker on KB and the
shortest one (96 bp) was amplified by UDP96-010 on HB.
According to the fragment sizes, the UDP96-001 marker
could distinguish AS, HB, and KB but not HH and SK. We
present an example CE comparison electropherogram for
the pchgms4 marker which compares the fragment peaks
(Fig. 2). According to the peaks in Figure 2 and fragment
data in Table 2, cultivars HB and HH have identical
fragments (169 bp) and AS and SK also have identical
fragments (194 bp). Therefore, based on CE results, the
pchgms4 marker could not distinguish the cultivars HB
and HH, and AS and SK.

Table 2. SSR fragment analysis by capillary electrophoresis. Amplicon size of each primer per cultivars showed in the table. Cultivar
abbreviations AS: Aprikoz Salak, HB: Hasanbey, HH: Hacihaliloglu, KB: Kabaasi, SK: Sekerpare.

Amplicon sizes for each cultivar (bp)

Primer AS HB HH KB SK

pchgmsl 185 173,180, 184, 190 180, 189, 193 173,179,184,190 180

pchgms2 159, 170,172 149, 163, 202 191, 196 165, 170, 181 158,169, 172, 176
pchgms4 194 196 169 169 194

UDP9%6-001 137 133 135 198 135

UDP96-003 136 106 102,106, 108, 116, 126 103, 136, 147 133

UDP96-005 139, 144, 150, 156, 158, 162, 167 125,138, 144, 176 125,138, 143,149,178 257,276,318,347 126,159, 164, 177,179, 182
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Amplicon sizes for each cultivar (bp)

Primer AS HB HH KB SK

UDP9%-010 105,113, 117, 121 96, 105 98, 105 107, 114 98, 105

UDP97-402 146,152 168, 173 164 165,170 165

UDP98-406 107 100, 105, 117 105, 108, 119 104, 108 107,119, 123

UDP98-409 153, 158, 173, 185, 188 168, 173,182,187,190  176,179,185,198,206 223,227 150, 155, 159

UDP98-021 141, 143 139, 141 139, 141 117,138,143, 147 118

PS12A02 173, 184,187,193 169,172,176, 178 168, 179, 182, 188 169, 179,181,186 176,181, 187, 193, 196, 199, 201
01201 194 bp

167

182 197

[bp]

Peak Size

® Salak @ Hasanbey

Hacihaliloglu

@ Kabaasi ® Sekerpare

Figure 2. Capillary Electrophoresis comparison electropherogram view of pchgms4 marker for five studied cultivars. Each cultivar is
color-coded and peak sizes marked on each peak. Black dashed line represents the threshold for RFU signal.

3.2. HRM Results

The HRM analysis results of five closely related apricot
cultivars scanned by 12 SSR markers are shown as
difference plot curves (Fig. 3) and as GCP table (Table 3).
The plot curves showed that 11 of the 12 SSR markers
generated unique HRM curves for AS and distinguished it
from the other cultivars. In a detailed look on the pchgms4
marker, which could not distinguish AS and SK cultivars
according to the CE results, HRM curves of AS and SK
differs from each other. The marker UDP96-001 generated
almost identical curves for AS and KB and could not
distinguish the cultivars. Auto calling function of the
Rotor-Gene Q software calculates an R-value to provide a
percentage of confidence. This percentage is used to call
other genotypes as the positive control (AS in this study).
The GCP lower than 90% were accepted as different
genotypes while higher ones were accepted as the same
genotype. The GCPs support the distinction among the

five cultivars for 11 markers, except UDP96-001. The
pchgms4 marker could clearly distinguish AS and SK from
each other with 24.34 GCP. For the UDP96-001 marker, the
GCP for KB was calculated as 99.73%, which is quite
higher than the 90% threshold and supports the plot curve
result. Therefore, the UDP96-001 is indeed the only marker
that could not distinguish AS from the others. The most
distinguishing marker for AS was UDP98-409 based on
GCPs.

Generally, HRM performed greater in the study. All
the markers we tested except UDP96-001 generated unique
melting shapes and this resulted in differentiation of the
PDO cultivar. The marker pchgms4, which could not
distinguish AS and SK by CE, worked much better on
HRM analysis. HRM distinguished AS from SK with
24.34% GCP (Table 3) and drew different melting shape
(Fig. 3) even they generated identically sized fragments in
CE results.

Table 3. Genotype distinguishing performance of each marker for five studied apricot cultivars. The confidence threshold is 90%. Cultivar
abbreviations AS: Aprikoz Salak, HB: Hasanbey, HH: Hacihaliloglu, KB: Kabaasi, SK: Sekerpare.

pchgmsl pchgms2 pchgms4 UDP96-001

Cultivar ~ Genotype  Confidence  Cultivar Genotype Confidence Cultivar Genotype Confidence Cultivar Genotype Confidence
% % % %

AS AS 100.00 AS AS 100.00 AS AS 100.00 AS AS 100.00

HB Variation 32.72 HB Variation  0.00 HB Variation  15.25 HB Variation  10.08

HH Variation 10.58 HH Variation  0.06 HH Variation  62.59 HH Variation  76.60

KB Variation 72.04 KB Variation  0.01 KB Variation  0.05 KB AS 99.73

SK Variation 3.38 SK Variation  74.04 SK Variation = 24.34 SK Variation  35.95
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UDP9%6-003 UDP96-005 UDP9%-010 UDP97-402
Cultivar ~ Genotype  Confidence  Cultivar Genotype Confidence Cultivar Genotype Confidence Cultivar Genotype Confidence
%o % % %
AS AS 100.00 AS AS 100.00 AS AS 100.00 AS AS 100.00
HB Variation 51.62 HB Variation 72.75 HB Variation  31.64 HB Variation  50.69
HH Variation 27.10 HH Variation  22.19 HH Variation 15.44 HH Variation  19.31
KB Variation 8.06 KB Variation  46.00 KB Variation  50.32 KB Variation  18.03
SK Variation 6.43 SK Variation = 75.47 SK Variation  38.35 SK Variation  9.62
UDP98-406 UDP98-409 UDP98-021 PS12A02
Cultivar ~ Genotype  Confidence  Cultivar Genotype Confidence Cultivar Genotype Confidence Cultivar Genotype Confidence
% % % %
AS AS 100.00 AS AS 100.00 AS AS 100.00 AS AS 100.00
HB Variation 11.38 HB Variation  4.80 HB Variation  71.30 HB Variation 72.15
HH Variation 64.33 HH Variation  15.19 HH Variation 22.45 HH Variation  75.72
KB Variation 73.80 KB Variation 4.75 KB Variation 21.84 KB Variation  66.76
SK Variation 68.16 SK Variation  30.52 SK Variation  0.63 SK Variation  30.34
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Figure 3. HRM analysis of five closely related apricot cultivars with 12 SSR marker. Difference plot curves were drawn based on AS

cultivar.

To deeper analyze the HRM results, we used a third
tool PCA clustering the data for failed marker UDP96-001.
PCA could successfully cluster AS and KB and
distinguished them (Fig. 4). According to the results, we
were successfully able to distinguish the PDO AS apricot
from closely related cultivars by HRM using 12 markers.
Supporting HRM data with PCA resulted better resolution
and distinguishing power.

4. Discussion

Distinguishing the special food products from closely

related varieties is quite important due to high
adulteration potential. “Igdir Kayisis1” (Prunus armeniaca
cv. Salak) is a PDO product special to Igdir region, which
is the fifth ranking apricot producing region in Turkey
(TUIK, 2020). DNA based authentication methods are
reliable and provide traceability. DNA barcoding, which
uses the nucleotide sequences of short DNA fragments, is
a gold standard to distinguish closely related species and
reconstructing the phylogeny for many organism groups
(Lahaye et al., 2008; Hollingsworth et al., 2011) particularly
for animals and most plants (Pentinsaari et al., 2016).
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Nevertheless, it is not a convenient method for
distinguishing at cultivar-level due to the slow mutation
rate. Moreover, DNA barcoding requires experience in
bioinformatics and specialization in computer software.
SSR markers are more useful for screening genetic
differences at the cultivar level since they are more stable
and co-dominant transmission and  conserved
microsatellites are still widely used in taxonomy studies
(Tuler et al., 2015). Due to those advantages, we combined
the stability of SSR markers and distinguishing power of
HRM on five closely related apricot cultivars including the
PDO “Igdir Kayisis1” with 12 potential SSR markers that
were validated before for Prunus species and cultivars
(Cipriani et al., 1999; Downey & lezzoni 2000; Testolin et
al., 2000; Sosinski et al., 2000). This study is the first to use
SSR-HRM to detect a PDO apricot and distinguish closely
related apricot cultivars.

| |
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Genotypes
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o A HB

0.3 B HH&KB
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0.0 0.4

PC1

0.4

Figure 4. Principal Component Analysis, calculated by the R
Script, for UDP96-001 marker distinguishes AS and KB cultivars.
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We first validated the SSR markers whether they are
successfully amplified on Prunus armeniaca cultivars by
CE. The obtained fragment sizes are quite similar to the
literature (Table 1 and Table 2) except for two markers. The
primer pairs of the marker UDP97-402 amplified larger
fragments than defined in the literature (expected: ~136
bp,) for HB (168 and 173 bp), HH (164 bp), KB (165 and 170
bp), and SK (165 bp) cultivars. The amplified fragments of
the UDP98-409 marker ranging between 150 - 227 bp
among cultivars were also larger than reported in the
literature (expected fragment size ~129 bp). Due to the
nature of microsatellites, it varies by means of length due
to repeating regions (Li et al., 2018) thus, microsatellite
markers could distinguish the species or -cultivars.
Although most of the markers generated different
fragments for each cultivar, the pchgms4 marker amplified
identical fragments for AS and SK (194 bp), and HH and
KB (169 bp). Therefore, even scanning by high resolution
CE, it is not possible to distinguish those cultivars. HRM
generates melting curve shapes by continuously screening
the level of fluorescence dye that intercalates with dsDNA
during melting, the software can measure the distance
between curves. The curve shapes depend on GC content,
amplicon size, and the nucleotide sequence (Wittwer
2009). Thus, although the fragment sizes of AS and SK
amplified by the primers of pchgms4 marker are identical,
different GC content or/and different nucleotide sequence
separated AS and SK easily by HRM. HRM behaves quite
different for the UDP96-001 marker. According to the CE
results, the sizes of the fragments for AS (137 bp) and KB
(198 bp) were different but HRM failed to distinguish
those cultivars. We investigated the melting curve shape
and determined that the shape is almost identical although
the signal level is different (Fig. 5). Therefore, the failure of
HRM might be because of the identical melting shape.

66 68 70 72

74

/6 78 80 82 84

Temperature (°C)

Figure 5. Melting Curve shapes of AS and KB cultivars.

New special food products, such as PDO products,
bring new potential adulterants. Therefore, taking
advantage of new molecular biology methods would help
to manage food safety. In this study, we showed that
HRM-SSR is a powerful approach for distinguishing
closely related apricot cultivars. Moreover, when HRM
failed, the raw HRM fluorescence data can be used on PCA
for advanced analysis to distinguish the cultivars.
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1. Introduction

Abstract: Medicinal plants are mostly used in pharmaceutical, nutrition, and nutraceutical fields. Achillea spp. is widely used
as nutraceuticals and food. In this study, chemical composition of essential oils, mineral composition, and antioxidant activities
of different parts of A. collina were investigated. Flavonoids and polyphenols were detected using total flavonoid and
polyphenolic contents assays. The Antioxidant activities were identified using 1,1-Diphenyl-2-picrylhydrazyl (DPPH), Ferric
Reducing Antioxidant Power (FRAP), and Trolox Equivalent Antioxidant Capacity (TEAC) assays. The essential oil chemical
compositions were determined by Gas Chromatography-Mass Spectrometry (GC-MS) analysis. According to the results, the
most active plant part was A. collina leaves with a value of 1C5=62.32+1.53 ug/mL. The highest total phenolic and flavonoid
contents (171.66+0.47 mg GAE /g and 8.50+0.43mg QE/ g) were found in leaf parts. The essential oil was only obtained from
the flower part of the plant. Besides, the major components found in A. collina were 1,8-cineole, camphor, f-linalool, y-
terpinene, y-terpineol, a-pinene, epi-cyclocolorenone, epi-cyclocolorenone, and p-cymene. The results revealed that leaf
samples of A. collina obtained from Bulgarian flora had higher antioxidant effect. The highest macro and microelement contents
were Potassium (K)>Calcium (Ca)>Manganese (Mn)>Phosphor (P)>Magnesium (Mg)>Sodium (Na)> Copper (Cu)> Iron (Fe)>
Boron (B), respectively.

Keywords: Asteraceae, essential oils, antioxidant activity, mineral matter.

Bulgaristan Florasinda Yetisen Achillea collina Becker ex Rchb’in Kimyasal Bileseni,
Antioksidan Ozellikleri ve Mineral Madde icerigi

Oz: Tibbi bitkiler daha ¢ok ilag, gida ve nutrasotik alanlarda kullanilmaktadir. Achillea spp. nutrasstikler veya gidalar halinde
yaygin olarak kullanilan bir bitkidir. Bu ¢alismada A. collinanin farkli kistmlar: kullanilarak ucucu yag bilesenleri, mineral
maddeleri, toplam flavonid, toplam fenolik icerigi ve antioksidan aktivitesi belirlenmistir. Antioksidan aktivitesinin
belirlenmesinde; 1,1-Difenil-2-pikrilhidrazil (DPPH), Ferrik Indirgeyici Antioksidan Giicii (FRAP) ve Trolox Esdeger
Antioksidan Kapasitesi (TEAC) analizleri yapilmistir. Ucucu yagin kimyasal kompozisyonu Gaz Kromatografisi-Kiitle
Spektrometrisi (GC-MS) analizi ile belirlenmistir. Sonuglara gore A. collina’ nin bitki kisimlarindan en yiiksek antioksidan
aktivitesi ICs0=62.32+1.53 pg/mL degeri ile yapraklarindan elde edilmistir. En yiiksek toplam fenolik ve flavonoid igerikleri
(171.66+0.47 mg GAE/g ve 8.50£0.43 mg QE/g) yaprak kisimlarinda tespit edilmistir. Ucucu yag sadece bitkinin cicek
kismindan elde edilmistir. A. collina'da bulunan ana bilesenler 1,8-sineole, kafur, f-linalool, y-terpinen, y-terpineol, a-pinen,
epi-siklokolorenon, epi-siklokolorenon ve p-simen olarak tespit edilmistir. Sonuclar, Bulgaristan florasindan elde edilen A.
collina’ nin yaprak orneklerinin daha yiiksek antioksidan etkiye sahip oldugunu ortaya koymustur. En yiiksek makro ve mikro
element icerikleri sirastyla Potasyum (K)>Kalsiyum (Ca)>Mangan (Mn)>Fosfor (P)>Magnezyum (Mg)>Sodyum (Na)>Bakir
(Cu)>Demir (Fe)>Bor (B) olarak belirlenmistir.

Anahtar kelimeler: Asteraceae, ucucu yaglar, antioksidan aktivite, mineral madde.

diversity and sustainable wuse. In Bulgaria,
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The development of modern perceptions about the role of
herbal medicine and a healthy lifestyle leads to the rational
use of medicinal plants both in Bulgaria and in all
developed countries. New health tendencies require the
development of national strategies for preserving their
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management plan emphasizes its goals on the image and
quality management of the Bulgarian flora. The
competition on the herbal market in the international plan
is high, which requires the rational use of the wide
varieties and introduced samples, to create sustainable
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programs for various maintenance and to build zoning
points in places suitable for growing medicinal plants
(Dzhabarova & Peneva, 2017).

Achillea spp., known as yarrow, is widely used as a
medicinal and aromatic plants in the world. There are
about 110-140 species in the genus Achillea (Asteraceae).
Most of them are located in Europe, Asia, and North Africa
(Konemann, 1999; Oberprieler et al.,, 2007). Medicinal
plants of A. millefolium L. group in Bulgarian wild flora are

widely used in both traditional medicine and
pharmaceutical, cosmetics, and nutritive industries
(Edreva et al., 2017).

Achillea species in European folk medicine are widely
used in the treatment of inflammatory diseases. Achillea
ssp. contains flavonoids that increase saliva and stomach
acid helping to improve digestion. The flowers are often
used to treat hay fever and various allergic mucus
problems. The dark blue essential oil is obtained from its
flowers and often used as an anti-inflammatory or chest
rub for colds and influenza. The leaves encourage clotting
so it can be used fresh for nosebleeds (Choudhary et al.,
2007; Lakshmi et al., 2011; Ali et al., 2017; Chavez-Silva et
al., 2018).

Concerning the bioactivity of Achillea millefolium,
recent studies reported antioxidant and antimicrobial
activities, antiphlogistic, hepatoprotective,
gastrointestinal,  antispasmodic,  diuretic,  urinary
antiseptic, and calcium antagonist activities of its polar
extracts (Stojanovi¢ et al., 2005; Georgiev & Stoyanova,
2006; Yaeesh et al., 2006; Ali et al., 2017).

Most of the components obtained from Achillea
species are highly bioactive (Mockute & Judzentiene,
2010). A. millefolium is considered as one of the most
important species that is represented with the species of A.
rosea alba Ehrend., A. asplenifolia Vent., A. setacea Walds. &
Kit., A. collina Becker ex Rchb, A. pratensis Saukel & Langer,
A. millefolium L., and Achillea pannonica Scheele (Bocevska
& Sovova, 2007; Rehus & Neugebauerova, 2011). A. collina
is a common species for the Central Europe and rich in
monoterpenes and sesquiterpenes and more than 120
chemical compounds have been identified (Nemeth, 2005).
Various assays have been used in order to evaluate the
antioxidant capacity of herbal products and foods
(Somogyi et al., 2007; Dzhabarova & Peneva, 2017).

The presence of a wide variety of medicinal plant
species and their preservation as an element of traditional
homeopathic practices for the prevention and treatment of
the local population are the subject of various analyses.
Social change, globalization, and the industrialization of
agriculture, including the production of aqueous extracts
of herbs, increase the need for in-depth knowledge of the
composition and possible methods of technological
preparation. The increased demand for some valuable
medicinal plant species with not widespread distribution
leads to targeted cultivation. The incentives offered by
several Euro-projects for small and medium-sized
businesses to reduce unemployment have also
significantly increased the interest of young Bulgarian
farmers in herbal production and, through it, the
development of alternative forms of tourism as part of
industries of national importance (Vitkova et al., 2005;
Trendafilova et al, 2006). On the other hand, natural
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resources particularly the availability of medicinal plant
species popularize the regions by creating adequate
marketing tools for synergy between natural resources and
alternative forms of tourism.

The aim of the present study was to investigate the
chemical properties, mineral compositions, and
antioxidant capacities of essential oil components obtained
by using different parts (leaf and flower) of Achillea collina
from Bulgaria.

2. Material and Methods
2.1. Material

The plants were collected in October 2016 from the region
of Sliven town (42.865844°N 26.133691°E, Bozhevtsi). The
plant species was identified by Paisii Hilendarski
University of Plovdiv, Faculty of Biology, the Department
of Botany and Methods of Biology Teaching. The
identification of the species is based on morphological
features. The raw material has been submitted to the
herbarium of the Bulgarian Academy of Sciences;
however, we still have not received the required number.
The plants are dried at room temperature (25°C), in the
shade away from direct sunlight, until equilibrium
humidity is reached (8-10%). The dried raw material is
stored in closed paper two-layer bags, in cabinets in the
dark and away from heat. Before processing, the raw
material is cut to size 1 cm.

2.2. Extraction

The plant (leaf and flower) sample (4 g) were mixed by
methanol (40 mL) (1/10 w/v). The prepared samples were
incubated for 24 hours at 40°C in an oven (Electo-mag M
5040 P). Then, it was filtered into balloon flasks (Whatman
No 1 filter paper). The methanol in the samples was
removed with the help of a rotary evaporator (Heating
Bath B-491, BUCHI). The balloon bottles, which were
blown up, were kept in the oven for 24 hours and
completely dried. The extracts were taken into falcon tubes
and closed with parafilm and stored at +4°C to be used in
the analysis.

2.3. Chemical composition

The plants moisture was determined by drying up to the
constant weight at 105°C and the results from the chemical
analyses were given on a dry weight (DW) basis. The ash
content was determined according to AOAC (2005), by
mineralization of the samples at 550°C for 5 hours.

2.3.1. Isolation of essential oil

The essential oil was isolated by hydrodistillation (50 g of
flowers) (the ratio of flowers: water = 1:10) for 3 hours
using a Clevenger apparatus (Balinova & Diakov, 1974).
The essential oil was stored in dark vials at 4°C until
analysis. Essential oil could not be obtained from leaf
samples.

2.3.2. Chromatography-Mass Spectrometry (GC-MS)
analysis

The compounds of the essential oil were detected with gas
chromatography (GC) (Agilent 7890A), temperature;
35°C/3 min, 5°C/min to 250°C (3 min), total 49 minutes,
HP-5 column MS (30 m x 250 pm x 0.25 pm), 1 mL/min
constant speed, 30:1 split ratio. Helium was used as carrier
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gas. The GC-MS analysis (Agilent 5975C mass
spectrometer) was used the same column and temperature
as in the GC analysis. The essential oil components were
identified by comparing their relative retention time and
library data (NIST 08 database) (Adams, 2007). And then,
compounds retention indices (Kovat's) were listed.

2.3.3. Protein content

The total protein content (the samples 1 g each) was
determined by the method of AOAC (2016) with a UDK
152 Kjeldahl System.

2.3.4. Cellulose content

The cellulose content (crude fiber) in the leaf and flower
samples was determined by the method of Brendel et al.
(2000).

2.3.5. Chlorophylls and carotenoid contents

For evaluation of chlorophyll a, chlorophyll b, and the total
carotenoids content, 0.5 g of plant samples were
homogenized with 10 mL extract (80% alkaline acetone)
and stored in the dark at 25°C for 24 hours. Then
centrifuged at 1500 g for 10 minutes. Absorbance was
measured at 470 nm, 645 nm and 663 nm. Then the results
were calculated according to the method proposed by
Corte Real et al. (2017):

Chlorophyll a (mg/L) = 9.784*A663-0.990*A645 (1)
Chlorophyll b (mg/L) = 21.426*A645-4.650*A663 (2)
Total carotenoids content (mg/L) = 4.695*A470-0.268*(chl a + chl b) (3)

2.3.6. Nutrient contents

Flower plant parts were dried and 0.5 g was weighed.
Then, each sample was put into a porcelain crucible. All
samples were burned until gray ash (550°C). After burning
the 0.5 g weighed samples, the ashes were dissolved in 4
mL 01 N HCI and filtered (Whatman No. 1), and
completed with distilled water (10 mL) (Kacar & Inal,
2010). Mineral and heavy metal contents were determined
by Yozgat Bozok University, Science and Technology
Application and Research Center using iCAP-Qc ICP-MS
spectrometer (Thermo Scientific). The analysis was not
performed for leaf samples due to the insufficient amount
of leaf sample.

2.3.7. Total phenol contents assay

Folin-Ciocalteu Reagent (FCR) method was used to
determine the total phenolic content of the 40 mL of
methanol extracts (Singleton et al., 1999). For the study, 100
mL of sodium carbonate solution was prepared. To
prepare the saturated sodium carbonate solution, 20 g of
sodium carbonate was first weighed and 80 mL of hot
distilled water was added to it. The lid of this solution was
covered by boiling and dissolved thoroughly. After
dissolution, the temperature of the solution was cooled
down to room temperature. Approximately 7 g of sodium
carbonate was added on top and the solution was
saturated. The resulting solution was left in the dark for 24
h. Samples were prepared for later analysis. First, 2.4 mL
of pure water was placed in glass tubes and 40 uL of extract
was added. 40 pL methanol was added to the prepared
control groups instead of extracts. Then, 200 pL of folin
and 600 pL of saturated sodium carbonate were added to
the samples. In the next step, 760 pL of distilled water was
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added and vortexed for complete mixing of the added
chemicals. The prepared samples were incubated at room
temperature for 2 h and absorbance measurement was
performed at 765 nm. Gallic acid was used for standard
phenolic substance control. The values obtained are
expressed as gallic acid conjugate. Spectrophotometric
measurements to determine the total phenolic content
PerkinElmer Lambda 25 UV/VIS made in
spectrophotometer device.

2.3.8. Total flavonoids content assay

The total flavonoid compound amounts of the 40 mL
methanol extracts were determined by optimizing the
aluminum chloride colorimetric method of Biju et al.
(2014). 1 mg/mL extract was prepared. Plant extract 50 pL
was mixed with methanol 950 pL. Then, 4 ml of distilled
water was added and mixed. 0.3 mL sodium nitrate
NaNO2 (5%) was added and incubated for 5 min. Then, 0.3
mL of aluminum chloride (10%) was added and incubated
for 6 min. After incubation, 2 mL of 1 mol/L sodium
hydroxide was added. To the resulting solution, 2.4 mL of
distilled water was added and completed to 10 mL, then
the solution was incubated for 15 min. Later, absorbance at
510 nm was evaluated. As result of quercetin equivalents
(QE)/ g of extract was calculated.

2.3.9. DPPH (1,1-diphenyl-2- picrilhydrazyl) free radical
assay

The free radical activities of the extracts were determined
using DPPH (1,1-diphenyl-2- picrilhydrazyl) free radical,
a known, and commonly used radical (Gezer et al., 2006).
Firstly, the amount of extract that defines a certain amount
of DPPH radical has been determined and a comparison
has been made between these samples. 16 mg DPPH
radical solution was prepared in 100 mL methanol. The
DPPH solution was used in the analysis and was prepared
as 0.1 pM. By setting 517 nm in the spectrophotometer,
DPPH reading was done and dilution was made with
methanol until the absorbance value was 1.000. 1 mg/mL
extract solution was prepared as main stock and 6 different
concentrations were obtained by dilution. 3 mL samples
were taken from each concentration (50, 75, 100, 150, 200,
300) and 1 mL 0.1 uM DPPH was added on top. The
reaction mixture was incubated for 30 min in the dark.
BHT (butyl hydroxytoluene) and BHA (butyl
hydroxyanisol) were used as reference. The DPPH was
determined as the inhibition percentage and the following
formula is used:

Radical scavenging activity DPPH %= [A blank —A sample)/ A blank] x100.

Spectrophotometric measurements for DPPH radical
scavenging activity determination were performed with
the aid of PerkinElmer Lambda 25 UV/VIS
spectrophotometer device.

2.3.10. Ferric reducing antioxidant power (FRAP) assay

Ferric reducing antioxidant power assay (FRAP) was
determined according to the method of Benzie & Strain
(1999). Leaf and flower samples (4 g) were extracted with
water distilled (40 mL) (temp.: from 80 to 105°C) during 20
min (Fraction I). The crop residues were extracted with
distilled water (60 ml) (temperature from 100 to 130°C)
during 30 min (Fraction II). Both fractions were filtered
when cooled to 25°C (Benzie and Strain, 1999). This
analysis evaluated the change in absorbance at 620 nm for
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the production of Fell-tripyridyltriazine from oxidised
Felll. The reagent was prepared via mixing 300 mmol/L
acetate buffer with 10 mmol/L 2,4,6-tripyridyl-s-triazine
with 40 mmol/L HCl and 20 mmol/L ferric chloride at low
pH. Trolox was used as standard. Samples were quantified
by a spectrophotometer (PerkinElmer Lambda 25
UVv/VIS).

2.3.11. Trolox equivalent antioxidant capacity (TEAC)
assay

Trolox Equivalent Antioxidant Capacity (TEAC) assay is
consisted in the reducing of the absorbance of the ABTS*
at 734 nm (Re et al., 1999). ABTS** was prepared by
reacting ABTS solution with potassium persulfate (2.45
mM). The ABTS** solution at 734 nm was diluted with
phosphate buffer. After addition to the diluted ABTSe*
Trolox standard, the mixture was incubated for 15
minutes. Next, inhibition in absorbance at 734 nm was
evaluated. samples were examined with a PerkinElmer
Lambda 25 UV/ VIS spectrophotometer.

2.3.12. Hydroxyl radical scavenging capacity assay

This method was analyzed according to the method of
Halliwell and Gutteridge (2007). Hydroxyl radical
scavenging capacity was assessed by detecting the ability
of sample (flower) extracts to reduce the generation of 2-
hydroxy terephthalate which is a strong fluorescent in a
reaction between hydroxyl radical and terephthalic acid
(CsHgOs).

2.3.13. Superoxide scavenging capacity assay

This method was specified as the superoxide radical
inhibition caused to be decrescent of nitro blue tetrazolium
to formazan (McCord & Fridovich, 1969).

2.4. Statistical analysis

All measurements were carried out in triplicates. The
results were expressed as mean * SD and analyzed using
MS-Excel software.

3. Results

Results of the proximate composition of the analyzed
Achillea collina flower and leaf samples are presented in
Table 1. According to the results, the moisture and
cellulose content of A. collina leaf samples was higher than
that obtained for the flower samples. However, the
chlorophyll a, b and total carotenoids flower samples were
higher than leaf samples. To the best of our knowledge,
there were no data in the literature regarding the
proximate composition of A. collina plant parts from
different geographical regions.

Nemeth et al. (2008) reported that the essential oil
yield ratio of A. collina varied between 0.07-1.77%.
According to other studies the yield varied between 0.73%,
0.28-0.63%, and 0.09-0.80% (Spinarova & Petrikova, 2003;
Konakchiev et al.,, 2006). The variations in the obtained
results related to the essential oil yield could be due to the
ecological and geographical factors in which the samples
were obtained (Nemeth, 2005; Bozin et al., 2008).

Kindlovits et al. (2016) reported that the phenol
content of A. collina ranged from 139 to 220 mg GAE/100
g. The results of the antioxidant activity of A. collina are
presented in Table 2. ICsp value, pg/mL BHA (19.662+0.34)
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and BHT (13.818+0.50) were used as standards. The
antioxidant capacity of leaf samples was higher than the
flower samples (Table 2). According to other studies from
the literature, the essential oils expressed stronger
scavenging effects and ICsp value was found to be 0.62
mg/mL for A. collina (Bozin et al., 2008). Georgieva et al.
(2015) studied the antioxidant activity (DPPH, ABTS,
FRAP and CUPRAC assays) of A. millefolium (leaves and
stems) and reported that the highest free radical
scavenging activity was observed against CUPRAC
(55.08+£0.85 to 148.99+1.94 puM TE/g dw), followed by
FRAP (38.16+0.47 to 132.71+¥1.86 pM TE/g dw), DPPH
(24.15#0.15 to 116.74+0.21 pM TE/g dw) and ABTS
(18.59£0.22 to 125.75#2.24 pyM TE/g dw). Their results
revealed that A. millefolium may be used as an easily
accessible source of natural antioxidants and also as a
possible food supplement or in pharmaceutical industry
(Ali et al., 2017)

Table 1. The proximate composition of Achillea collina samples

Parameters leaves flowers
Moisture, % 8.84+0.08 8.3240.07
Yield of essential oil, % (v/w) * 0.344+0.0
Protein, % * 10.57+0.09
Cellulose, % 20.04+1.00 19.45+0.90
Ash, % * 8.37+0.08
Chlorophyll (a), pg/ g dw 32.25+1.06 42.22+1.05
Chlorophyll (b), pg/ g dw 56.1945.71 221.35+2.80
Total carotenoids, pg/ g dw 2.80+1.96 16.39+0.80
Total phenol, mg GAE /g 171.66+0.47 137.33+8.73
Total flavonoid, mg QE/g 8.50+0.43 7.39+0.32

* Insufficient sample quantity

Table 2. Antioxidant activity of Achillea collina
Methods leaves flowers
FRAP assay, pmol/L 710.17+35.19 511.96+39.71

TEAC assay, pmol/L 232.26+31.08 85.43+19.30
DPPH assay (ICso value), pg/mL 62.32+1.53 102.28+1.27
Hydroxyl radical scavenging .

capacity, mM EtOH/mL 22:9¢6.1
Superoxide scavenging capacity, N 317472

unit SOD/mL

* Insufficient sample quantity

The chemical composition of the Achillea collina
essential oil is shown in Table 3. According to the results,
66 constituents representing 98.35% of the total oil content
were identified in A. collina essential oil. As 24 of the
essential oil components were with concentrations above
1%. The main compounds (over 3%) were: 1,8-cineole
(21.60%), camphor (6.58%), f-linalool (5.25%), y-terpinene
(4.65%), y-terpineol (4.36%), a-pinene (3.96%), epi-
cyclocolorenone (3.30%), epi-cyclocolorenone (3.25%), and
p-cymene (3.03%).

Distribution of major groups of essential oil
components are shown in Table 3. Oxygenated
monoterpenes (52.80%) are the dominant group in the oil,
followed by (oxygenated sesquiterpenes (21.36%),
monoterpene hydrocarbons (15.86%), sesquiterpene
hydrocarbons (4.73%), phenyl propanoids (3.92%), and
oxygenated aliphatics (1.33%).
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Table 3. The chemical composition of the essential oil from the
flowers of Achillea collina

Ne RT,min RI2 Compounds (%C g?;elnéb)
1 9.02 908  Santolina triene 0.39+0.0
2 985 923 a-Thujene 0.90+0.0
3 10.05 930  a-Pinene 3.96+0.03
4 1057 944  Camphene 0.27+0.0
5 10.70 952  Thuja-2,4(10)-diene 0.36+0.0
6 11.34 970  Sabinene 1.40+0.01
7 11.50 976  p-Pinene 2.68+0.02
8 11.70 982  (3E)-Octen-2-ol 0.12+0.0
9 11.90 988  p-Myrcene 0.30£0.0
10 1213 997  Yomogi alcohol 0.45+0.0
11 1279 1013  a-Terpinene 0.58+0.0
12 13.07 1018 p-Cymene 3.03+0.03
13 13.22 1024 D-Limonene 0.11+0.0
14 13.40 1027 1,8-cineole 21.60+0.20
15 1413 1052  y-Terpinene 4.65+0.04
16 14.51 1066 (Z)-Sabinene hydrate 1.22+0.01
17 14.99 1077 Tolualdehyde 0.39+0.0
18 15.45 1095 p-Linalool 5.25+0.05
19 16.28 1110 6-Campholenol 0.26+0.0
20 16.77 1136 (Z)-Verbenol 0.75+0.0
21 1691 1141 Camphor 6.58+0.06
22 17.27 1156  (Z)-Chrysanthenol 1.23+0.01
23 17.36 1162  (E)-Chrysanthenol 2.74+0.02
24 17.65 1166 Borneol 1.29+0.01
25 17.93 1176 1-Terpinen-4-ol 2.55+0.02
26 18.38 1197 y-Terpineol 4.36+0.04
27 18.66 1203 Verbenone 0.11£0.0
28 19.36 1230 Pulegone 0.33+£0.0
29 19.44 1235 Chrysanthenyl acetate 0.21+0.0
30 20.63 1283 (E)-a-Necrodol acetate 1.15+0.01
31 20.84 1287 Lavandulyl acetate 1.66+0.01
32 20.96 1290 p-Cymen-7-ol 0.44+0.0
33 2272 1324 Myrtenyl acetate 0.19+0.0
34 23.63 1385 pB-Cubebene 0.26+0.0
35 2377 1390 p-Elemene 0.89+0.0
36 25.06 1441 (Z)-B-Farnesene 0.13+0.0
37 2549 1454 a-Caryophyllene 0.24+0.0
38 25.60 1458 allo-Aromadendrene 0.32+0.0
39 2594 1477 p-Chamigrene 0.27+0.0
40 2597 1479  a-Curcumene 0.41+0.0
41 2617 1482 Germacrene D 0.3840.0
42 2635 1488 p-Selinene 0.13+0.0
43 26.64 1509 y-Cadinene 0.52+0.0
44 27.02 1523 §-Cadinene 0.63+0.0
45 2734 1536 a-Cadinene 0.29+0.0
46  27.57 1545 a-Calacorene 0.18+0.0
47 2788 1562 (E)-Nerolidol 0.56+0.0
48 28.25 1573 Germacrene D-4-ol 0.15+0.0
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Ne RT,min RI2 Compounds (%C 2?;?%1))
49 28.37 1577  Spathulenol 0.37£0.0
50 28.46 1579 (E)-Sesquisabinene hydrate 2.26+0.02
51 2858 1581 Caryophyllene oxide 3.25+0.03
52 29.00 1594  Viridiflorol 0.64+0.0
53 29.12 1602 Ledol 0.58+0.0
54 29.29 1630 y-Eudesmol 0.66+0.0
55 29.38 1638  epi-a-Muurolol 0.48+0.0
56 29.53 1652 a-Cadinol 1.51+0.01
57 29.76 1665 14-hydroxy-(Z)-Caryophyllene 0.60£0.0
58 29.84 1669 14-hydroxy-(E)-Caryophyllene 0.85+0.0
59 29.93 1674 (Z)-Nerolidyl acetate 2.75+0.02
60 30.25 1683 (2Z,6Z)-Farnesal 1.28+0.01
61 30.29 1685 Germacra-4(15),5,10(14)-trien-1-a-ol ~ 1.15+0.01
63 31.12 1757  Cyclocolorenone 0.43+0.0
64 32.62 1778  epi-Cyclocolorenone 3.30£0.03
65 34.17 1861 (Z,Z)-Farnesyl acetone 0.19£0.0
66 36.69 1957 n-Hexadecanoic acid 1.18+0.01
Oxygenated aliphatics, % 1.33
Monoterpene hydrocarbons, % 15.86
Oxygenated monoterpenes, % 52.80
Sesquiterpene hydrocarbons, % 4.73
Oxygenated sesquiterpenes, % 21.36
Phenyl propanoids, % 3.92

RI? - retention index(Kovat’s); TICY - total ion current

Bozin et al. (2008) reported that monoterpene
(27.19%),  sesquiterpene  hydrocarbons  (28.02%),
oxygenated monoterpenes (20.83%), and proazulenes
(19.42%) were determined in Achillea collina essential oil.
The main components in the essential oil were f-pinene
(22.52%), chamazulene (19.42%) and E-caryophyllene
(14.92%). The flowering tops containing essential oil are
the most active part of the plant, used mainly for the
treatment of influenza, hemorrhage, dysmenorrhea,
diarrhea and as a homeostatic agent (Benedek et al., 2008).

Macro and micro element contents have been
reported to play important roles in plant growth and
development, including cell wall formation,
photosynthesis, and respiration. At the same time, these
nutrients provide the cofactors needed by numerous
enzymes of primary and secondary metabolism.
Moreover, the limitation or absence of an element can
cause changes in the plant biosynthetic capacity
(Figueiredo et al., 2008). Total dry matter, the order of
limiting nutrients was K>Ca>P>Mg>Na for macro-
elements and Mn>Cu>Fe>B for micro-elements (Figs. 1-2).
In addition, the order of heavy metals was
Sr>Rb>Ni>Ba>Co>Zn (Fig. 3).

There were data for the mineral content of Achillea
millefolium in the literature and it contained the highest
concentrations of Cu (O'Dell & Claassen, 2015). The level
of Ca was reported as low that affected the growth of A.
millefolium more than other elements. Alvarengaa et al.
(2015) reported the macro and micromineral composition
content in the following order Zn>Fe>B>Cu>Mn>Mo (for
micro-elements) and Ca=K=N>P>S>Mg (for macro-
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elements), respectively.
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Figure 1. Macro-element content of the flowers of Achillea collina
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Figure 2. Micro-element content of the flowers of Achillea collina
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Figure 3. Heavy metals in the flowers of Achillea collina (ppm)
4. Conclusion

This study has shown that Achillea collina leaf samples
obtained from Bulgarian flora has an higher antioxidant
effect. Our study provided extensive evidence regarding
the antioxidant activity and mineral composition of A.
collina. The limiting mineral order for total dry matter was
as follows K>Ca>P>Mg>Na (for macro elements) and
Mn>Cu>Fe>B (for micro elements). A. collina EO content
was 0.3% and the most abundant chemical compound was
1,8-cineole (21.60%), followed by camphor (6.58%), p-
linalool (5.25%) and y-terpinene (4.65 %). The most active
plant parts were Achillea collina leaves with a value of
1C50=62.32+1.53 pg/mL. The highest total phenolic and
flavonoid contents (171.66+047 mg GAE /g and
8.50+0.43mg QE/g) were found in leaf parts.

In recent years, especially in Europe, Achillea collina
subspecies was the most effective plant group in terms of
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utilization in pharmacy and food industry. The knowledge
of herbal medicine together with the traditions and
ecological resources of the regions as well as the effects of
the biochemical and photochemical profile of plants could
be a subject for further research.
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Abstract: Ion ATPases in the tissues of aquatic animals are sensitive to metal exposures. Mussels are filter-feeding animals and
have a sedentary lifestyle that makes them good bio-indicator animals. Thus, the present study was carried out to investigate
the effects of copper (0, 30,90 pg/L) on the activities of Na-ATPase, Mg-ATPase, and Ca-ATPase in the gill and muscle of
freshwater mussels (Unio tigridis) in different exposure durations (0, 7, 14, 21 days). Feeding of mussels during the experiments
were done with the cultured unicellular algae (Cholorella vulgaris), serving them approximately 300,000 algae/ml. At the end
of 21 days of exposure period, no mussel mortality was recorded. Total protein concentrations in the gill and muscle did not
change significantly (P>0.05) in any exposure groups. Likewise, control ATPase activities did not alter significantly during
different exposure periods. However, ATPase activities in the gill and muscle of mussels altered significantly (P<0.05)
following exposure to copper, especially at the higher concentration. Although there were significant increases and decreases
in the activity of Mg-ATPase in both tissues, Na-ATPase and Ca-ATPase activities did not fluctuate as there were only
significant decreases at the higher exposure concentration. The present data demonstrated that copper at environmentally
realistic concentrations was able to alter the activities of ion ATPases in the gill and muscle of mussels and emphasized
osmoregulatory stress which mussels might face in waters contaminated with copper.

Keywords: Metal, mollusk, enzyme, osmoregulation, toxicity.

Bakar Etkisinde Tatli Su Midyelerinin (Unio tigridis) Solungag ve Kaslarindaki Iyon ATPaz
Aktivitelerinin Degisimi

Oz: Suda yasayan hayvanlarm dokularindaki iyon ATPazlar metal etkilerine karsi hassastir. Midyeler suyu filtre ederek
yasadiklarindan ve yerlesik yasam tarzlari nedeniyle iyi biyoindikator hayvanlar olarak bilinmektedir. Bu nedenle bu calisma,
tatli su midyelerinin (Unio tigridis) solungag ve kaslarindaki Na-ATPaz, Mg-ATPaz ve Ca-ATPaz aktiviteleri tizerine bakirmn
farkli derisimlerde (0, 30, 90 pg/L) ve farkl siirelerdeki (0, 7, 14, 21 giin) etkilerini arastirmak amaciyla yapilmstir. Midyeler
deney stiresince kiiltiir alglerle (Cholorella vulgaris) beslenmislerdir (300.000 alg/ml). Yirmi bir giinliik deney siiresi sonunda
herhangi bir midye 6liimii kaydedilmemistir. Solungag ve kastaki toplam protein diizeyleri herhangi bir deney kosulunda
istatistiki olarak anlaml1 (P>0.05) bir degisim gostermemistir. Benzer sekilde, kontrol ATPaz aktiviteleri de farkli deney
siireclerinde anlamli bir degisim gostermemistir. Ancak, midyelerin solungac ve kaslarindaki ATPaz aktiviteleri, 6zellikle
yiiksek bakir etkisinde istatistiki olarak anlamli (P<0.05) azalmalar gostermistir. Mg-ATPaz aktivitesinde her iki dokuda da
anlamli artislar ve azalislar goriilmesine ragmen, Na-ATPaz ve Ca-ATPaz aktivitelerinde dalgalanmalar goriilmemistir.
Ciinkii bu enzimlerin aktivitelerinde sadece anlamli azalmalar olmustur. Bu deneyin verileri, cevresel olarak diisiik
derisimlerdeki bakirin bile midyelerin solungac ve kaslarindaki iyon ATPazlarin aktivitelerini degistirebildigini ve midyelerin
bakirla kontamine olmus sularda karsilasabilecekleri osmoregiilasyon sistem stresini vurgulamistir.

Anahtar kelimeler: Metal, mollusca, enzim, osmoregulasyon, toksisite.
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1. Introduction

The final stop of all kinds of pollutants released into the
environment are usually the aquatic environments. For
this reason, monitoring the aquatic environments and the
health of organisms living in these environments are
important issues that environmental scientists care about.
Although metals have been used by humans for many
years, their release to the environment in large quantities
started with the industrial revolution. This means that
metal pollution mostly started with the beginning of the
20th century. Clark (1989) stated that there are some
differences between the terms “pollution” and
“contamination” of waters. According to this, water
pollution is explained as various kinds of damage to
aquatic organisms as a result of direct or indirect release of

*Corresponding author: egcanli@gmail.com

metals to the environment by human activities while
contamination is explained as higher metal levels in the
water than normal values. In other words, contamination
may give a warning signal but for pollution to occur it
must have been caused by human activities and adverse
effects on organisms must be observed. Since fresh waters
have very small volumes compared to the seas, they can be
exposed to the contaminants more than the seas,
emphasizing the freshwaters are more sensitive ecological
environments than seas or oceans.

It is often difficult to directly observe the effect of
metal contamination on aquatic environments. For this
reason, various enzymatic or non-enzymatic molecules
called biomarkers are frequently used to determine the
effects of pollutants. Thus, concrete data can be obtained
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about the stress experienced by aquatic organisms and
their physiological state (Wood et al., 2012a; 2012b).
Mussels are very important indicator organisms and are
frequently used to determine environmental pollution or
contamination (Nugroho & Frank, 2012; Goswami et al.,
2014; Zhou et al., 2021). The most important reasons for
this are feeding strategy and sedentary lifestyle of mussels.
Since they filter the water, metals in the water can be
intensively taken up by mussels and transported through
the food-chain, making them very important organisms
for biomonitoring of waters. In order to determine the
potential effects of pollution, important data can be
obtained both in terms of mussel biology and as a food
source for humans by performing biomarker analyses in
the organs of mussels (Doyotte et al., 1997; Sukhovskaya et
al., 2021). For this reason, it has been suggested that the
determination of enzyme activities specific to different
systems in various organs can be used as an "early warning
signal" in terms of very serious damage that may occur
later (Canli & Stagg, 1996).

Studies on metal accumulation and toxicity in
mussels in natural aquatic environments have
demonstrated that metal accumulations in mussels are not
at toxic levels, except specimens from industrial areas.
Similarly, metal concentrations in tissues of control Unio
tigridis were found to be very low (Canli et al.,, 2021),
suggesting there was no considerable metal contamination
in the natural environment of mussels used in the present
study. Laboratory experiments have shown that exposures
to metals, including copper, affect the osmoregulation
system of mussels, with significant fluctuations in ion
ATPase activities (Viarengo et al., 1996; Vijayavel et al.,
2007; Chandurvelan et al., 2013; Jorge et al., 2013; Le et al,,
2021). These studies emphasized that while metals affected
the osmoregulation system in mussels, several other
factors such as metal concentration, duration, chemical
properties of water, and biology of the species were found
to be important. Thus, this study was carried out to
investigate the effects of copper on the ion ATPases in the
gill and muscle of freshwater mussels U. tigridis. For this
aim, the osmoregulation enzyme activities such as Na-
ATPase, Mg-ATPase, and Ca-ATPase in the gill and
muscle were measured following exposure to different
copper concentrations (0, 30, 90 ng/L) at different
durations (0, 7, 14 and 21 days).

2. Material and Methods
2.1. Experimental animals and exposure conditions

In this study, mussels (Unio tigridis) belonging to the
family Unionidae were used. Mussels were collected from
Golbasi lake of Hatay region (36° 30'17.6 "N 36° 29'10.8" E)
at depths of 1-6 meters by professional divers. The
collected mussels were quickly brought to the laboratory
where the experiments were carried out and left for two
weeks for adaptation to the new conditions (pH; 8.3+0.08,
total hardness; 304.2+21.2 mg CaCOs/L, alkalinity;
195£11.4 mg CaxCOs/L, conductivity; 580+10.8 uS/cm,
temperature; 22+1.0°C, oxygen; 6.0+1.0 mg/L, light
regime; 12 h light/12 h dark). Physical and chemical
quality controls of the exposure waters were done
regularly with the Thermo Scientific Orion 5-Star device.
All the chemical used in the experiments were purchased
from Sigma (Germany) and of analytical purity.
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2.2. Algae Culturing

Freshwater algae (Cholorella vulgaris) were cultured in the
laboratory to feed the mussels both during adaptation and
experiments. Algae culture medium (8 L of 3NBBM+V
media) were mixed with air continuously and the ambient
temperature was kept at 2242°C, enlighting them with
fluorescent lamps (Philips TLM 40W/54RS) using a
photoperiod of 16:8 (L:D). The irradiance level was
determined using a radiation sensor LI-COR (LI-250).
Algae numbers were determined daily by optical density
measurements at 680 nm using a UV-vis
spectrophotometer (Schimadzu UV-1800) and algae
culturing continued for one week until reaching 1513+30
absorbance at 680 nm. These algae were called stock algae
and were used in mussel feeding.

2.3. Experiment Protocol

At the end of the adaptation, the mussels were distributed
in glass aquariums with 33x33x40 cm dimensions
containing 20 L of tap water. Since these distributions were
made randomly, there was no significant difference
between the groups in terms of weight (30.21+1.33 g) and
length (58.65£0.97 mm) of mussels (P>0.05). Then, the
mussels (12 for each group) were exposed to different
concentrations of copper (as CuSOy) (0, 30, 90 ng/L) for
different periods (0, 7, 14, 21 days). Preliminary
experiments showed that studied copper levels were
sublethal for the mussels. During the experiments, copper
concentrations in the aquariums were renewed every
second day for reasons such as adhesion to the glass
surface, evaporation of the water, and precipitation of
copper. Mussels were fed with unicellular freshwater
algae (Cholorella wvulgaris) before each water change
(approximately 300,000 algae/ml), serving the algae at
total darkness for 5 h. At each exposure duration, mussels
were taken from the aquariums and checked whether they
were alive or not. Mussels were considered alive if their
shells were tightly closed. In addition, the viability of the
animals was confirmed during the dissection. Then, the
mussels were opened by cutting the anterior and posterior
adductor muscles which connect the shells and the tissues
were dissected out and stored at -85°C (Esco UUS-480A)
until they were used.

2.4. Measurements of Ion ATPase Activities

Measurements of ATPase activities in Unio tigridis were
detailed in our previous paper (Canli & Canli, 2021).
According to data, Na-ATPase activity was measured at
Na* (100 mM), Mg?* (4 mM), ATP (6 mM), pH (7),
temperature (37°C), incubation time (30 min), supernatant
volume (50 pl). For Ca-ATPase, all the parameters used in
Na-ATPase were the same but instead of Na*, 4 mM Ca?2*
was added to the medium. Residual activities were
accepted as Mg-ATPase activity. Samples were placed in a
water bath (37°C) with a shaker (Wise Bath WSB-30) to
start the reaction. The reaction was stopped after 30 min
with 0.5 ml ice-cold distilled water. Determination of
ATPase activity was done by the method of Atkinson et al.
(1973). A series of phosphate concentrations (50-600 uM)
were prepared to calculate the phosphate liberated from
ATP and enzyme activity and the blanks were subtracted
from total absorbance obtained at 390 nm. Protein levels
were measured by the method of Lowry et al. (1951) using
bovine serum as standard. Finally, ATPase activity was
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calculated as pmol Pi/mg protein/h.
2.5. Statistical Analysis

Firstly, the distributions of data were determined and
appropriate statistical tests were used using a package
program (SPSS 20). Nonparametric data were analyzed
with Kruskal Wallis and/or Mann-Witney U test and data
showing normal distribution were analyzed with One
Way Anova and/or t-test. The figures demonstrating the
mean and associated standard error of data were drawn
with Microsoft Excel Program and statistical significance
levels were indicated on the figures.

3. Results

During the experiments, no mortality was observed in the
control or copper exposed groups. Experimental results
showed that copper exposures caused significant (’<0.05)
alterations in the osmoregulation system in the gill and
muscle of mussels as there were significant decreases or
increases in ATPase activities. However, there was no
significant change (P>0.05) in ATPase activities of controls
between 0-21 days. Similarly, no significant difference was
observed in the feeding of mussels during the
experiments. Activities of Na-ATPase and Mg-ATPase
(umol Pi/mg prot./h) in the gill of controls at day 0 were
5.01+£0.49 and 9.98+£0.52 respectively while these were
4.75+0.61 and 11.5+0.71 at day 21, respectively. However,
ATPase activities in the gill of mussels altered significantly
(P<0.05) following exposure to copper, especially at the
higher concentration. Although there were significant
increases and decreases in the activity of Mg-ATPase in in
the gill, Na-ATPase activities did not fluctuate as there
were only significant decreases at the higher exposure
concentration. Total ATPase activity in the gill
significantly increased at the lower exposure concentration
of copper; although, it decreased at the higher exposure
concentration (Figs. 1-3). Similarly, activities of Ca-ATPase
and Mg-ATPase (umol Pi/mg prot./h) in the muscle of
controls at day 0 were 2.50+0.53 and 6.51+0.39 respectively
while these were 3.01£0.42 and 6.49+0.68 respectively at
day 21. Ca-ATPase activity decreased only at the higher
copper exposure especially after 14. day while Mg-ATPase
activity significantly increased at the lower copper
exposure concentration and decreased at the higher
exposure concentration. Total ATPase activity in the
muscle significantly decreased at the higher exposure
concentration (Figs. 4-6). Total protein concentrations in
the gill and muscle did not change significantly (P>0.05) in
any exposure groups (Figs. 7 and 8). Mean algae counts
among control and Cu exposed mussels were
292,000+£34,000 algae/ml and there was no significant
difference (P>0.05) among the groups.

4. Discussion

No mussel mortality was observed after exposure to
copper for 21 days, indicating that the copper
concentrations used were sublethal for the animals. It was
shown that similar copper concentrations were also
reported to be sublethal for some other mussel species
(Rajalakshmi & Mohandas, 2005; Company et al., 2007;
Zhou et al., 2021). However, taking the mortality as the end
point of a study does not mean that animals are not
affected by copper exposures. The present data
demonstrated that despite alterations in ATPases activities
following copper exposures, there was no significant
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Figure 1. Activities of Na-ATPase in the gill of mussels (Unio
tigridis) exposed to copper in differing concentrations and
durations. Data demonstrate the mean and associated standard
errors of 6 measurements. * indicates significant differences
(P<0.05) among individual control group and its copper exposure
groups.
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Figure 2. Activities of Mg-ATPase in the gill of mussels (Unio
tigridis) exposed to copper in differing concentrations and
durations. Data demonstrate the mean and associated standard
errors of 6 measurements. * indicates significant differences
(P<0.05) among individual control group and its copper exposure
groups.
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Figure 3. Activities of total ATPase in the gill of mussels (Unio
tigridis) exposed to copper in differing concentrations and
durations. Data demonstrate the mean and associated standard
errors of 6 measurements. * indicates significant differences
(P<0.05) among individual control group and its copper exposure
groups.

changes in the appetite of mussels as algae consumption
did not differ among exposure groups and controls. This
suggests that low copper exposures affect ATPases but not
filtration capacity of mussels. However, Jorge et al. (2013)
found that filtration rate of juvenile freshwater mussels
(Lampsilis  siliquoidea) altered significantly following
chronic Cu exposures. Similarly, Vijayavel et al. (2007)
found significant alterations in the filtration rates of in the
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green mussel (Perna viridis) after exposure to Ag and Cr.
There were significant decreases in all ATPase activities in
both gill and muscle tissues indicating the metabolism of
mussels responded to copper exposures and tried to cope
with physiological stress. Nevertheless, alterations in
ATPase activities were inevitable after copper exposures.
Since freshwater mussels are a good bioindicator animal in
the determination of water pollution, they have been
frequently used in natural and laboratory studies using
stress biomarkers (Doyotte et al., 1997; Falfushynska et al.,
2018; Al-Fanharawi et al., 2019). There are some difficulties
in doing chronic experiments with mussels. For example,
supplying of a suitable food that mussels can filter easily
is not easy and should be reproduced in laboratory
conditions to prevent feeding experimental mussels with
contaminated feed collected from the field.

Literature data demonstrated that ATPase activities
in tissues of mussels altered by metal exposures, most
important factors being metal types, concentrations,
durations and biology of animals. Pagliarani et al. (1996)
showed that both the Na,K-ATPase and Na-ATPases in
tissues of mussel (Mytilus galloprovincidis) showed dose-
dependent response to mercury (0.1 and 0.25 mg/L), zinc
(0.5 and 1.0 mg/L), and ATPases being more susceptible
to metals in the gills than in the mantle. Similarly,
Viarengo et al. (1996) carried out an experiment on the
same species, assessing in vivo effects of Cu on the Ca
homeostasis mechanisms of gill cell plasma membranes
after exposure to Cu for 1, 4, and 7 days. The activity of Ca-
ATPase and Na,K-ATPase on a plasma membrane-
enriched subcellular fraction showed an initial decrease
reaching a minimum after four days of metal exposure,
followed by a recovery. The authors indicated that the
inhibition of the plasma membrane Ca-ATPase activity
was a direct evidence of metal effects on Ca homeostasis
processes while the inhibition of Na,K-ATPase could also
involve an impairment of the Na/Ca antiporter. Toxicity
of metals seems more severe in young animals comparing
to the older ones. Jorge et al. (2013) studied the effect of
chronic Cu exposures on the juvenile freshwater mussels
(Lampsilis siliquoidea) and found that there were several
physiological disturbances during chronic copper
exposure, predominant toxicity occurring as a decrease in
whole body sodium content paralleled by an inhibition of
Na,K-ATPase activity. Similarly, Giacomin et al. (2013)
demonstrated that juvenile (6-12 months old) freshwater
mussels (L. siliquoidea) were very sensitive to Cu exposures
as whole-body ion contents (Na, K, Ca and Mg) and
enzyme (NaK-ATPase, H-ATPase, and carbonic
anhydrase) activities altered significantly. The effects of
Cd exposures in the green-lipped mussel (Perna
canaliculus) were demonstrated by Chandurvelan et al.
(2013) after exposing the animals to acute and chronic
exposures. They pointed out that following exposures, the
levels of glycogen in the digestive gland and Na K-ATPase
activity in the gill were significantly altered by Cd
exposure relative to levels in mussels exposed to Cd-free
seawater. The effects of Ag and Cr were remarkable as the
activities of Na,K-ATPase, Ca-ATPase, and Mg-ATPase in
the mussels (Perna viridis) as inhibitions of enzymes were
evident (Vijayavel et al., 2007). It is commonly agreed that
chronic toxicity of Cu at sublethal levels was associated
with ionoregulatory disturbance (Le et al, 2021). The
authors indicated that Cu might inhibit Na,K-ATPase
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Figure 4. Activities of Ca-ATPase in the muscle of mussels (Unio
tigridis) exposed to copper in differing concentrations and
durations. Data demonstrate the mean and associated standard
errors of 6 measurements. * indicates significant differences
(P<0.05) among individual control group and its copper exposure
groups.
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Figure 5. Activities of Mg-ATPase in the muscle of mussels (Unio
tigridis) exposed to copper in differing concentrations and
durations. Data demonstrate the mean and associated standard
errors of 6 measurements. * indicates significant differences
(P<0.05) among individual control group and its copper exposure
groups.
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Figure 6. Activities of total ATPase in the muscle of mussels (Unio
tigridis) exposed to copper in differing concentrations and
durations. Data demonstrate the mean and associated standard
errors of 6 measurements. * indicates significant differences
(P<0.05) among individual control group and its copper exposure
groups.

activity by reducing the number of functional pump sites
and the limited Cu-bound Na,K-ATPase turnover rate.

5. Conclusion

The present data demonstrated that ion ATPases of
freshwater mussel (Unio tigridis) were very sensitive to
copper exposures as their activities altered significantly
following exposure to sublethal concentrations of copper.
Nevertheless, algae filtration capacity of mussels did not
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Figure 7. Levels of total protein in the gill of mussels (Unio tigridis)

exposed to copper in differing concentrations and durations. Data

demonstrate the mean and associated standard errors of 6

measurements. No significant difference (P>0.05).
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Figure 8. Levels of total protein in the muscle of mussels (Unio
tigridis) exposed to copper in differing concentrations and
durations. Data demonstrate the mean and associated standard
errors of 6 measurements. No significant difference (P>0.05).

change significantly after 21 days of exposure durations.
This was found to be significant in terms of emphasizing
the chronic damage that may occur in mussels exposed to
metals in natural aquatic environments. Although metal
concentrations are generally at very low levels in many
natural aquatic environments, the present study
emphasized the environmental awareness once again due
to the toxic effects of Cu at very low levels. As a
continuation of this study, copper toxicity in mussels can
be examined from different aspects such as the transport
of metals in the food-chain.
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Abstract: Lake Van fish is one of few vertebrate species living in the lake, therefore it plays a very useful role as an indicator
in determining lake pollution. Deltamethrin (DLT) is one of the pesticides used extensively in the Lake Van basin. In this study,
it was aimed to determine the effects of DLT on the primary gill cell culture. Different concentrations of DLT (0.01, 0.1, 1, and
10 pM) were added to primary gill cell culture and the total antioxidant and oxidant levels, malondialdehyde (MDA), and 8-
hydroxy-2'-deoxyguanosine (8-OHdG) levels were determined at the end of 24 and 48 h of administration. While the highest
concentration of applied DLT (10 pM) caused a significant increase in the total oxidant level at 48 h, a decrease in the total
antioxidant level was detected at 24 and 48 h (P < 0.05). The increase in MDA level, which is the product of lipid peroxidation
of unsaturated fatty acids, with DLT concentrations of 1-10 uM at the end of 24 and 48 h was found to be significant (P < 0.05).
As a result, it can be said that DLT caused oxidative stress in the primary gill cell culture of Lake Van fish exposed to
concentrations of 1 and 10 pM, but no genotoxic effect was observed.

Keywords: Pesticide, Oxidative stress, Lipid peroxidation, DNA damage, Lake Van.

Van Golii Baliklarinin [Alburnus tarichi (Giildenstadt 1814)] Birincil Solunga¢ Hiicre
Kiiltiiriinde Deltametrinin Toksik Etkilerinin Belirlenmesi

Oz: Van Golii baligi, Van Goli'nde yasayan az sayidaki omurgali tiirlerinden biridir bu ytizden goliin kirliliginin
belirlenmesinde ¢ok onemli bir gosterge olarak rol almaktadir. Deltamethrin (DLT), Van Golii havzasinda yaygmn olarak
kullanilan pestisitlerden biridir. Bu calismada, DLT'nin primer solungag hiicre kiiltiirti tizerine etkilerinin belirlenmesi
amaclanmistir. Primer solungag hiicre kiiltiiriine farkli konsantrasyonlarda (0.01, 0.1, 1 ve 10 uM) eklenen DLT nin 24 ve 48
saat sonunda toplam antioksidan, oksidan, malondialdehit (MDA) ve 8-hidroksi-2'-deoksiguanozin (8-OHdG) seviyeleri
belirlenmistir. Uygulanan en yiiksek DLT konsantrasyonu (10 pM) 48 saatte toplam oksidan seviyesinde onemli bir artisa
neden olurken, 24 ve 48 saatte toplam antioksidan seviyesinde bir azalma tespit edildi (P < 0.05). Doymamis yag asitlerinin
lipid peroksidasyonunun {tirtinii olan MDA seviyesindeki artis, 24 ve 48 saat sonunda 1-10 uM DLT konsantrasyonlari ile
anlamli bulunmustur (P < 0.05). DLT uygulama konsantrasyonlarmin hi¢birinde 8-OHdG seviyesinde herhangi bir degisiklik
gozlenmedi (P > 0.05). Sonug olarak, 1 ve 10 uM konsantrasyonlara maruz birakilan Van Golii baliklarnin primer solungag
hiicre kiilttirtinde DLT'nin oksidatif strese neden oldugu ancak herhangi bir genotoksik etkinin gozlenmedigi soylenebilir.
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1. Introduction

Although pesticides are produced for agricultural pests,
they are chemicals that have destructive effects on non-
target organisms as a result of water, food, and different
contaminations. Deltamethrin (DLT) [(S)-a-cyano-3-
phenoxybenzyl-(S)-2-(4-chlorophenyl)-3-methyl

butyrate], which has been produced synthetically since
1974 to control pests in agricultural production, is widely
used worldwide as a pyrethroid insecticide (Lu et al.,
2019). Like other pyrethroids, it has highly toxic effects on
fish and other aquatic organisms. In particular, these
pyrethroids have a median lethal dose (LDso) of 100 to 1000
times lower in fish than in mammals and birds (Bradbury
& Coats, 1989; Paul & Simonin, 2006). These pyrethroids
have been reported to have adverse effects on fish
reproduction, development, behavioral physiology, and
different organs (Kopriicti & Aydim, 2004; Cengiz, 2006;
Benli et al., 2009). It has been reported that enzymes that
are effective in pesticide detoxification, especially in fish
liver, are quite low when compared to those in mice

*Corresponding author: ekoguz@yyu.edu.tr

(Glickman & Lech, 1982; Wheelock et al., 2005). DLT can
accumulate in sediment, benthic organisms, and food
particles due to its lipophilicity. There have been studies
showing that it causes toxicity in many fish species
(Yildirim et al., 2006; Amin & Hashem, 2012; Hedayati &
Tarkhani, 2014; Petrovici et al., 2020). Reactive oxygen
species (ROS) can react with biological macromolecules,
such as DNA, lipids, and proteins, in living things. As a
result of this reaction, it can cause cell death. If ROS cannot
be removed from the cells by the antioxidant defense
system, it causes oxidative stress. It is known that
pesticides cause a great deal of damage in living creatures
by increasing ROS (Bagchi et al.,, 1995; Monteiro et al.,
2006). Animal cell culture is the process of cells continuing
to live outside of the body under certain conditions.
Studies with cell cultures constitute an important part of
popular research topics today. Cell cultures are conducted
to determine the effects of a particular substance or the
functions of a certain biological molecule or molecules
produced in a cell or tissue. Various studies can be
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performed on cells propagated from a specific cell line in
cell culture or in primary cultures made from a specific
organ and trials that cannot be done in vivo can be made
and results can be obtained. It has many advantages over
in vivo studies. One of the most important of these
advantages is that it minimizes the number of living
specimens used in in vivo studies (Freshney, 2015). Lake
Van is located in the eastern Anatolian region of Turkey
and is also among the largest soda lakes in the world. Only
one vertebrate species, the Lake Van fish, has adapted to
the extreme characteristics of the lake. Although attempts
have been made to adapt other fish species to the extreme
conditions of the lake, they were not successful (Danulat &
Selcuk, 1992). There has been a decrease in the population
level of Lake Van fish in recent years (Freyhof, 2014).
Although overfishing and habitat destruction have been
shown as the reason for the decrease in the population
level, the effect of the increasing pollution in the lake
cannot be ignored. Lake Van fish is the only vertebrate
species living in the lake; thus, it plays a very useful role
as an indicator in determining lake pollution. In vitro
studies are more advantageous than in vivo studies as they
use fewer living things and create a more controllable
environment. In this study, changes in the total
antioxidant status (TAS), total oxidant status (TOS),
malondialdehyde (MDA), and 8-hydroxy-2'-
deoxyguanosine (8-OHdG) levels in Lake Van fish
primary gill cell culture of DLT, which is one of the
pesticides used extensively in agricultural production in
the Lake Van basin, were investigated.

2. Material and Methods
2.1. Fish

The living fish (3+ years old) used in this study were
caught using sprinkle nets from the Karasu Stream that
pours into Lake Van during the breeding season (Figs. 1A
& 1B). The fish were adapted for seven days by attaching
an air stone to fiberglass tanks with 300 L of rested
chlorine-free tap water (temperature: 13.1+2°C, pH of
8.57+0.4, dissolved oxygen: 6.41+0.14 mg/L, oxygen
saturation: 61.1% L, conductivity: 731 mS/cm, salinity:
0.47%). During the experiment, they were fed commercial
trout feed once a day. Animal experimental procedures
were conducted in accordance with the animal study
protocols (2018/5) approved by the Van Yiiziincii Yil
University Animal Experiments Local Ethics Committee.
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Figure 1. Karasu stream flowing into the lake where the Lake Van
fish were caught using a sprinkle net (A) and breeding migration
of the fish (B).

2.2. Primary gill cell isolation and cell culture

In order to prevent the study from being affected by
anesthetic agents, the fish were euthanized and
decapitation was performed. The gill springs were

w&w‘*w

=4

Comm. J. Biol.

& e o

157

5(2), 156-160.

removed and placed into phosphate-buffered saline (PBS)
(136.9 mM NaCl, 8.06 mM NayPOq, 2.68 mM KCI, 1.47 mM
KH2POq). The gill filaments were cut into small pieces
using a scalpel. They were then treated with PBS
containing antibiotics and antimycotic (18°C, 10 min). The
filaments were placed in a solution containing trypsin
enzyme and kept in a shaker for 20 min (this process was
repeated twice). The cell suspension was then filtered
through an 80-pm filter into PBS containing fetal bovine
serum (FBS). The suspension was centrifuged at 250 Xg.
Cells were washed with PBS containing 2% FBS and
centrifuged at 250 Xg for 8 min. Next, the cells were
suspended in 5% FBS and medium containing antibiotic-
antimycotic and; then, they were placed into appropriate
cell culture dishes (Part et al., 1993). Dead-alive cell count
was performed under a microscope by staining the
isolated cell suspension with trypan blue. After it was
determined that more than 90% of the cells were viable,
they were placed in poly-L-lysine-coated 48-well cell
dishes. The pH change and microbial contamination in the
cell culture dishes were observed via microscopic
observations during the experimental period. DLT (0.01,
0.1,1, and 10 pM) was added onto the cells. The proportion
of solvent used in the culture medium was set not to
exceed 1%.

2.3. Determination of TAS and TOS levels

The TAS and TOS levels, developed by Erel (2004), were
determined by mass using the Rel Diagnostics Assay kit
(Mega Medicine, Gaziantep, Turkey). According to the
method used for the TAS measurement, the antioxidant
effect of the sample against strong free radical reactions of
the generated hydroxyl radical was measured. Results
were expressed in pumol Trolox Eq/L (Erel, 2004).
According to the method used for the TOS measurement,
the total amount of oxidant molecules in the sample was
related to the color density that could be measured
spectrophotometrically. Calibration of the test was done
using hydrogen peroxide (H>O5). Results were expressed
as micromolar hydrogen peroxide equivalent per liter
(umol H2O, Eq/L) (Erel, 2005).

2.4. Determination of MDA concentrations

MDA is a product of lipid peroxidation (LPO) which was
measured in terms of the MDA concentration using the
thiobarbituric acid reaction (John & Steven, 1978)

2.5.8-OHdG assay

DNA damage in gill cells was determined using ready-
made commercial ELISA kits for 8-OHdG content.
Samples taken at the end of 24 and 48 h were extracted and
evaluated according to the commercial kit procedures.
Finally, the absorbance values of the samples were
measured at 450 nm in a microplate reader. Values were
calculated using the graphics obtained from the standards
in the kit (Bioassay Technology Laboratory, Shanghai,
China). The 8-OHdG content was expressed as ng/mL.

2.6. Statistical analysis

The data were expressed as the meantstandard error of the
mean (SEM). Raw data were analyzed by using statistical
package software (SPSS 11.5, IBM Corp., Armonk, NY,
USA). Between group comparisons were performed with
a one-way ANOVA and Duncan’s multiple comparison
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tests. Significance was accepted at P < 0.05.
3. Results

As a result of the primary gill cell isolation of Lake Van
fish, it was determined that the gill cell morphology was
round in appearance under the microscope. Erythrocytes
were observed in the culture because the tissue contained
much blood. However, the total erythrocytes did not
exceed 10% of the gill cells. No contamination was
observed in the cell culture during the experiment. There
was no change in the TOS level at 24 h of exposure to DLT;
however, but it was determined that it caused an increase
with 1T and 10 pM of DLT at 48 h (P <0.05) (Fig. 2). When
the groups exposed to DLT and the control were compared
in terms of the TAS level, the decrease with all of the DLT
concentrations at 48 h and with 10 pM at 24 h was found
to be significant (P<0.05) (Fig. 3). For the MDA levels,
which is a product of LPO, an increase was observed with
10 uM of DLT at 24 h and with 1-10 uM of DLT at 48 h
(P<0.05) (Fig. 4). No significant change was observed in the
8-OHdG level, which is a marker of DNA damage, with
any of the DLT concentrations of at 24 or 48 h (P>0.05) (Fig.

5).
48.h

24.h
Figure 2. Changes in total oxidant status activity in Lake Van fish
gill primary cell culture exposed to different concentrations of
deltamethrin. Different letters represent statistical significance at
P<0.05. Values are expressed as the mean + SEM (n: 6).
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Figure 3. Changes in total antioxidant status activity in Lake Van
fish gill primary cell culture exposed to different concentrations
of deltamethrin. Different letters represent statistical significance
(P<0.05). Values are expressed as the mean+SEM (n: 6).

4. Discussion

Pesticides play an important role in the formation of ROS.
The immune systems of fish are significantly affected by
toxic substances. Reaction to toxic substances can be either
activating or suppressive. However, this activation does
not mean that the immune system becomes stronger or
resistant (Ghelichpour et al., 2019; Mirghaed et al., 2020).
Gills are multifunctional organs in fish (Wang et al., 2016).
Oxidative damage caused by chemicals in aquatic
ecosystems can be evaluated by measuring the enzymatic
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Figure 4. Changes in malondialdehyde level in Lake Van fish gill
primary cell culture exposed to different concentrations of
deltamethrin. Different letters represent statistical significance at
P<0.05. Values are expressed as the mean + SEM (n: 6).
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Figure 5. Changes in 8-hydroxy-2'-deoxyguanosine level in Lake
Van fish gill primary cell culture exposed to different
concentrations of deltamethrin. Different letters represent
statistical significance at P<0.05). Values are expressed as the
mean+SEM (n: 6).

and nonenzymatic antioxidant profiles in fish (Slaninova
et al., 2009). There have been many studies with DLT on
fish and it has been reported that this pyrethroid is a
source of oxidative stress. In this context, in a study
conducted with DLT, it was suggested that it reduced
hepatic and renal antioxidant levels [catalase (CAT),
superoxide dismutase (SOD), glutathione (GSH)] in the
liver and kidneys, and increased MDA levels (Abdel-Daim
et al., 2013). In a study on primary hepatocyte culture in
Lake Van fish, fish primary cell culture exposed to 10 pM
of DLT for 24 h was found to have a significant increase
(P<0.05) while the increase seen in fish exposed to 10 uM
of DLT for 48 h was nonsignificant (Kiraccakali & Oguz,
2020). DLT (65.6 pg/L) has been reported to reduce the
activity of antioxidant enzymes, such as SOD, CAT, and
glutathione reductase, in common carp (Cyprinus carpio L)
exposed for 96 h and cause oxidative damage in the gills,
liver, and kidneys (Stara et al., 2015). In freshwater fish
(Channa punctatus Bloch) exposed to DLT (0.75 pg/L) for
46 h, an increase was observed in the levels of glutathione
peroxidase and glutathione-S-transferase against ROS
damage in the liver and kidneys while a significant
decrease in CAT activity was reported. Significant
increases were observed in LPO (MDA) levels in all tissues
(Sayeed et al., 2003). Increased LPO is an indicator of
oxidative damage (Pinedo-Gil et al., 2018). ROS increase
the oxidation of polyunsaturated fatty acids in the cell
membrane structure (Blahova et al.,, 2013). It has been
observed that LPO increases due to various pesticides in
fish (Rao, 2006; Uner et al., 2006). LPO is one of the most
important biomarkers of oxidative stress in fish and it
causes the impairment of cellular function through its
destructive effects on biomolecules under oxidant
conditions (Nunes et al., 2018). The current study showed
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that the increase in the TOS, decrease in the TAS, and
increase in MDA levels in the Lake Van fish primary cell
culture were associated with the increased concentration
of DLT and prolonged exposure (Figs. 2-4). These results
were similar to those of studies related to DLT exposure.
The increased 8-OHAG activity of the pyrethroids in the
gill tissues of fish may be a response to oxidative stress. 8-
OHJdG is an indicator used in the determination of the
toxicity of many chemicals. In this study, it was observed
that DLT did not cause DNA damage at the end of 24 and
48 h in the Lake Van fish primary gill culture. The reason
why this pyrethroid did not show a significant increase in
the 8-OHdG level in the gill cell culture may have been due
to the short exposure time.

Gonad anomalies in Lake Van fish sampled from
Lake Van were shown in previous studies (Unal et al.,
2007; Oguz & Yeltekin, 2014). It was reported that DLT
causes toxic effects on the gonads in addition to oxidative
stress in fish (Petrovici et al.,, 2000). Gonad anomalies
observed in Lake Van fish may have been caused by DLT
or similar pyrethroids. For this reason, studies and
measures such as the quantification of pesticides in Lake
Van and restrictions on the use of these pyrethroids should
be taken.
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Abstract: Ambystoma mexicanum belongs to the family Ambystomatidae. It is one of the 30 species of the genus Ambystoma,
which lives in a wide geography from southern Mexico to southern Alaska. It is accepted as a model organism in evolutionary
biology, developmental biology, and regenerative medicine research. It can regenerate the brain, heart, and kidney organs as
well as limb regeneration. Accurate identification of the model organism is important for the reproducibility and comparability
of experiments. We aimed to confirm the species identification of axolotls using integrated taxonomic methods that were
grown at Mersin University Aquaculture Units of the Faculty of Fisheries. Cytochrome oxidase subunit 1 (COI) and
cytochrome b (Cytb) gene fragments of mtDNA sequences were used as molecular markers for phylogenetic analyses and
species delimitation methods and compared with the sequences that were submitted to NCBI GenBank as species of
Ambystoma. In the analyses that were conducted with different data sets, the individuals in question were grouped as a
candidate species with the A. mexicanum species whose sequences were given in previous studies. All sequences obtained in
this study and A. mexicanum sequences obtained from NCBI GenBank were grouped as haplotypes and their genetic distances
were found to be 0 and it was determined that the individuals which were the subject of this study definitely belong to the A.
mexicanum species. The results revealed that some species within the genus Ambystoma, especially A. barbouri and A. texanum,
may be species complexes. On the other hand, A. mexicanum was grouped together with A. andersoni as candidate species in
all analyses performed with the combined datasets of COI, Cytb, and COI+Cytb. These results revealed that the taxa in question
are paraphyletic and should be assigned to the A. mexicanum species.

Keywords: Regenerative medicine, axolotl, phylogeny, species delimitation, cytochrome b, cytochrome oxidase subunit I.

Mersin Universitesi Su Uriinleri Fakiiltesi Uygulama Birimleri’nde Rejeneratif T1p
Arastirmalarinda Model Organizma Olarak Yetistirilen Ambystoma mexicanum’un DNA
Barkodlamasi ve Filogenisi

Oz: Ambystoma mexicanum Ambystomatidae familyasinda yer alir. Gliney Meksika'dan Giiney Alaska’ya kadar genis bir
cografyada yasayan Ambystoma cinsinin 30 tiirtinden biridir. Limb rejenerasyonunun yaninda beyin, kalp, bobrek organlarini
rejenere edebilmeleri nedeniyle, evrimsel biyoloji, gelisim biyolojisi ve rejeneratif tip arastirmalarinda model organizma olarak
kabul edilir. Model organizmalarin kullanildigl arastirmalarda canliin tiir teshisinin dogru yapilmasi deneylerin
tekrarlanabilirligi ve karsilagtirlabilirligi agismdan &nemlidir. Bu calismada; Mersin Universitesi Su Urtinleri Fakiiltesi
Uygulama Birimleri'nde yetistirilen aksolotllarin tiir teshisini biitiinlesik taksonomik yontemler kullanarak kesinlestirmek
amaciyla mtDNA sitokrom oksidaz alt tinite 1 (COI) ve sitokrom b (Cytb) gen fragmentleri molekiiler belirte¢ olarak
kullanilmis ve NCBI GenBank'ta daha 6nce dizisi verilmis olan Ambsytoma tiirleri ile filogenetik analizler ve tiir siurlarm
belirleme yontemleri ile karsilastirilmistir. Farkl: veri setlerinin kullanildig1 analizlerin tamaminda s6z konusu bireyler daha
onceki calismalarda elde edilen A. mexicanum tiirii ile aday tiir olarak gruplanmistir. Bu ¢alismada elde edilen tiim diziler ile
NCBI GenBank'tan elde edilen A. mexicanum dizileri haplotip olarak gruplanmis olup genetik uzakliklari 0 bulunmus ve bu
calismanin konusu olan bireylerin kesin olarak A. mexicanum turiine ait oldugu belirlenmistir. Sonuglar Ambystoma cinsi
icerisinde baz1 tiirlerin 6zellikle A. barbouri ve A. texanum “un tiir kompleksi olabilecegini ortaya koymustur. Diger yandan A.
mexicanum, COI, Cytb ve COI+Cytb birlestirilmis veri setleri ile yapilan tiim analizlerde A. andersoni ile aday tiir olarak
gruplanmustir. Bu sonuglar s6z konusu taksonlarin parafiletik oldugunu ve A. mexicanum tiirtine atanmasi gerektigini ortaya
koymustur.

Anahtar kelimeler: Rejeneratif tip, aksolotl, filogeni, tiir sinirlarini belirleme, sitokrom b, sitokrom oksidaz alt tinite I.

1. Giris 2004; Lust & Tanaka, 2019; Roy & Levesque, 2006). A.
mexicanum, Amphibia smifinin, Urodela takimina ait, 10
semender ailesinin icerisinde yer alir. Gtiney Meksika’dan,
Giiney Alaska’ya kadar genis bir alanda yayilim gosteren
Ambystomatidae familyasinin, Ambystoma cinsine ait 30

Ambystoma mexicanum (Aksolotl) rejeneratif tip, evrimsel
biyoloji ve onkoloji g¢alismalarinda model organizma
olarak siklikla kullanilan bir semender tiirtidiir (Gresens,
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turtinden biridir ve yaygin adiyla kostebek semenderleri
olarak da bilinirler (Farkas & Monaghan, 2015). Meksika
Vadisi'nde, Xochimilco golii civarinda endemik olarak
bulunurlar (Gresens, 2004).

Aksolotllar  neotenik  amfibiler olup, larval
donemlerinde cinsel olgunluga ulasirlar (Farkas &
Monaghan, 2015). Kolonyalizm 6ncesi, yerli uygarliklarin
halklar1 tarafindan besin olarak tiiketildikleri, asttm ve
bronsit gibi hastaliklar1 tedavi etmede terapotik amacla
kullanildiklarina dair raporlar bulunmaktadir (Soriano-
Lopez et al., 2006). Aksolotlarin giintimiizde de hala deney
hayvani olarak bu kadar popiiler ve vazgecilmez
olmasmin temel nedeni rejenerasyon kapasiteleridir (Roy
& Levesque, 2016; Stamm et al., 2018; Reifs et al., 2015)
Bircok  semender  tiiriiniin  aksine = metamorfoz
gecirmedikleri igin, embriyonik hiicre benzeri yapilara
sahiptirler ve bu sayede yasamlar: boyunca rejenerasyon
kapasitelerini koruyabilirler.

Memeliler ile karsilastirildiklarinda, kompleks organ
ve dokular1 rejenere edebilmekte ve derin yaralari,
memelilerde goriinenin aksine, yara izi olmaksizin
iyilestirebilmektedirler (Levesque et al, 2010). Yara
iyilesmesi kapasitelerini aydinlatmak tizere yapilan
calismalar Ambystoma mexicanum epidermal lipooksijenaz
(AmbLOXe) proteinine odaklanmistir (Mashkouli et al.,
2020; Menger et al., 2011). Bu protein farkli insan hiicre

hatlar1 ile olusturulan in-vitro yara iyilesmesi
modellerinde denenmis, hiicre proliferasyonu ve
migrasyonunu artirarak yara iyilesmesini anlamli

derecede artirdigr gosterilmistir (Sibai et al., 2019;
Mashkouli et al., 2020). Beyin ve omurilik gibi insanda
rejenerasyon kapasitesi ¢ok diisiik olan dokular1 kolayca
yenileyebilmeleri nedeniyle de sinir bilim calismalarinda
poptiler organizma haline gelmislerdir (Lust & Tanaka,
2019; Demircan et al., 2020). Sinir doku rejenerasyon
kapasitelerinin arastirildig1 calismalar, rejenerasyonda
aktif rol alan hiicresel yolaklar, hedef genler, kodlanmayan
RNAlar gibi molekiiler belirteclere odaklanmustir (Sibai et
al.,, 2019; Sabin et al.,, 2019; Diaz & Echeverri, 2013;
Echeverri, 2020).

Bu canlmin rejeneratif kapasitesinin = sirlarimm
aralamak ve bu bilgilerden yola ¢ikarak insanda rejeneratif
kapasiteyi artirabilmek amaciyla yapilacak bilimsel
calismalarda model organizma olarak kullanimi popiiler
hale gelmektedir. Bu sebeple 6zellikle genetik temelli
arastirmalar icin model organizma olarak kullanilacak
canlmin  tir smurlarnin  bilinmesi  ayrica  6nem
tasimaktadir.

Tur siurlarint  belirleme  (Species  delimitation)
metotlar;,  biitiinlesik  taksonomi  ve  sistematik
calismalarinda son yillarda siklikla kullanilan giincel
yaklagimlardir (Sites & Marshall, 2003; Flot, 2015).
Ozellikle analiz edilen bireylerin aym tiirii temsil
ettiklerinden emin olunmasi igin neredeyse bir 6n kosul
niteligindedir (Bortolus, 2008). Biiyiik ¢lgtide morfolojik
karakterlere dayanan geleneksel tiir tanimlama yontemleri
halen yaygin bir bicimde kullanilsa da her gecen giin
tirlerin tanimlanmasinda  ve tir sinirlarimin
belirlenmesinde yeni nesil yaklastm ve yo6ntemler
gelistirilmektedir. Molekiiler verilerin biiytik hacimlerde
ve kisa stirede tiretilebilmesi ve biyoinformatik alanindaki
gelismelere paralel olarak tiir sinirlarinin belirlenmesinde
uygulamal yaklasimlar gelistirilmekte ve
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kullanilmaktadir (Sites & Marshall, 2003).

Bu calismanin amacit Mersin Universitesi Su Uriinleri
Fakiiltesi Uygulama Birimlerinde Rejeneratif Tip
Arastirmalarinda Model Organizma Olarak Yetistirilen
Ambystoma  mexicanum’un  tiir  teshisini  biitiinlesik
taksonomik yontemler kullanarak kesinlestirmektir. Bu
amagla mitokondri genomunda bulunan ve hayvanlar icin
DNA barkodlama bolgesi olarak bilinen sitokrom oksidaz
alt tinite 1 (COI) ve sitokrom b (Cytb) gen fragmentleri
molekiiler belirte¢ olarak kullanilmis ve NCBI GenBank’ta
daha once dizisi verilmis olan Ambsytoma tiirleri ile
filogenetik analizler ve tiir sinirlarini belirleme testleri
yardimiyla karsilastiriimistir.

2. Materyal ve Metot
2.1. DNA izolasyonu

DNA izolasyonu Mersin Universitesi Su Uriinleri
Fakiiltesi Uygulama Birimleri'nde yetistiricilik faaliyetleri
sirasinda Olen 3 adet 15-20 g agirhiginda juvenil aksolotl
kuyruk biyopsisinden Clinic SV, GeneAll, 108-101 Kkiti
kullanilarak gerceklestirilmistir. DNA izole edilen bireyler
Mersin ~ Universitesi ~ Su  Urtinleri ~ Fakiiltesi
Koleksiyon'unda MEUFR-21-11-001, MEUFR-21-11-002 ve
MEUEFR-21-11-003 numaralari ile saklanmaktadir. 200 mg
kuyruk dokusu otomatik cam boncuklu doku
homojenizatorii ile parcalandiktan sonra kit protokolii
uygulanarak DNA izolasyonu gerceklestirilmistir. Elde
edilen DNA 6rnegi -20°C’de saklanmuistir.

2.2. PCR reaksiyonu

PCR reaksiyonu PCR 2X MasterMix (WizPure™ (Katalog
No: W1401) kullanilarak Applied Biosystems™ ProFlex
termalcycler  cihazinda  gerceklestirilmistir. ~ Total
reaksiyon hacmi 20 pl olacak sekilde, 10 ul PCR 2X
MasterMix, 2 ul template DNA, 6 pul DNase/RNase
icermeyen molekiiler su, 1 plileri yonlii primer ve 1 ul geri
yonltt  primer kullanilmistir.  Calismada evrensel
barkodlama bolgelerinden COI ve Cytb secilmistir.
Kullanilan primerlere ait diziler ve referanslari Tablo 1'de
verilmistir, COI gen fragmentleri amplifikasyonu igin
AmphF2_t1/AmphR3_t1 primer cifti kullanilmigtir. PCR
reaksiyonu kosullar1 Tablo 2'de verilmistir. Cytb gen
fragmentleri amplifikasyonu i¢in ise MVZ15/MVZ16
primer cifti kullanilmistir ve PCR reaksiyonu kosullari
Tablo 3'te verilmistir. PCR sonrasimnda
AmphF2_t1/AmphR3 ve MVZ15/MVZ16 bolgelerinin
PCR drtinleri  %2lik agaroz jel elektroforezi ile
goriintilenmistir (110V, 150mA, 45 dk.).

2.3. PCR Uriinlerinin Saflagtirilmasi ve Sanger Dizileme

PCR reaksiyonundan sonra saflastirma asamasinda
ExoSAP-IT Express PCR Cleanup Reagents, Thermo
(Katalog No: 75001.200.UL) kiti kullanilmustir. 10 pl PCR
urtindi, 4 pl kit bilegeni ile sirastyla 37°C’de 4 dk, 80°C’'de 1
dk, 4°C’de 4 dk inkiibasyona birakilmistir. Sanger dizileme
reaksiyonlart PCR asamasinda kullanilan primer ciftleri ile
gerceklestirilmis olup bu asamada Atlas Biyoteknoloji‘den
hizmet alimi1 yapilmstir.

24. COI ve Cytb Gen Fragmanlarinin Kontrolii ve
Hizalanmasi

Dizi analizi sonucu elde edilen ileri ve geri yonlii gen
dizileri BioEdit v7.0 (Hall, 2004) programinda goz ile
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kontrol edilmis, okuma kalitesi diisiik 5 ve 3’ ugclar edilerek diizenlenmistir. Olusturulan konsensus diziler
silinmistir. Daha sonra ileri ve geri yonlti okumalar yine NCBI Blast (Altschul et al., 1990) algoritmas1 kullanilarak
BioEdit v7.0 programinda hizalanmis, goz ile kontrol Ambystoma cinsine ve dizilenmesi hedeflenen gen
edilip belirsiz bolgeler kromatogramlardan kontrol bolgesine ait olup olmadiklar1 kontrol edilmistir.

Tablo 1. Polimeraz Zincir Reaksiyonlar1 i¢in kullanilan primerler ve dizileri.

Table 1. Primers and their squences that were used for Polymerase Chain Reaction

Gen Primer Dizi (5" - 3') Referans

cor AmphF2_t1 TGTAAAACGACGGCCAGTTTCAACWAAYCAYAAAGAYATYGG Chambers & Hebert, 2016
AmphR3_t1 CAGGAAACAGCTATGACTADACTTCWGGRTGDCCRAARAATCA

Cytb MVZ15 GAACTAATGGCCCACACWWTACGNAA Moritz et al., 1992
MVZ16 AAATAGGAAATATCATTCTGGTTTAAT

Tablo 2. AmphF2_t1/ AmphR3_t1 Primer ¢ifti i¢gin PCR reaksiyonunun kosullar1.
Table 2. PCR conditions for AmphF2_t1/ AmphR3_t1 primer couple

Sicaklik (°C) Zaman Dongii Sayist
i1k Denatiirasyon 94 5dk. 1
Denatiirasyon 94 40 sn.
Primer Baglanma 45 40 sn. 5
Primer Uzama 72 60 sn.
Denatiirasyon 94 40 sn.
Primer Baglanma 51 40 sn. 35
Primer Uzama 72 60 sn.
Son Uzama 72 5 min. 1

Tablo 3. MVZ15/MVZ16 Primer cifti icin PCR reaksiyonunun kosullari.
Table 3. PCR conditions for MVZ15/MVZ16 primer couple

Sicaklik (°C) Zaman Dongii Sayist
[lk Denatiirasyon 94 5 dk. 1
Denatiirasyon 94 40 sn.
Primer Baglanma 48 40 sn. 40
Primer Uzama 72 60 sn.
Son Uzama 72 5 dk. 1
2.5. Analizler I¢cin Veri Setlerinin Olusturulmasi DNA izole edilen 3 bireyden hem COI, hem de Cytb'nin

dizilerine sahip olan 2 birey kullanilmistir (MEUFR-21-11-
001 ve MEUFR-21-11-003). Bunun yaninda Tablo 4 ve 5’te
erisim numaralar1 “*” ile isaretlenen 11 Ambystoma
tur/alttiirtine ve 1 dis gruba ait total mitogenom
dizisinden ilgili gen bolgeleri ayr1 ayr1 hizalanarak alinan
toplam 14 dizi dahil edilmistir.

Analizlerde 4 farklt veri seti kullanilmistir. Tim veri
setlerine Dicamptodon aterrimus taksonu dis grup olarak
dahil edilmistir. Veri setine eklenen dizilere ait NCBI
Genbank erisim numaralart ve bu dizilere atanmus tiirler
Tablo 4 ve 5te verilmistir. Analizler icin hazirlanan
verisetleri:

4- Total mitogenom veri seti: Yukaridaki veri setleri
ile gerceklestirilen tiir simirlarni belirleme testlerinde A.
mexicanum ve bu ¢alismada dizisi verilen bireyler ile aday
tur olarak gruplanan Ambystoma tiirlerin (bkz: Sonuglar),
birlikte gruplanma sebeplerinin, veri setinin tiir sinirlarimn

2- Cytb veri seti: DNA izole edilen 3 bireyden bagarili belirlemede yetersiz olmasindan kaynaklanip
bir sekilde elde edilen diziler ve Tablo 5'te erisim kaynaklanmadigimin karsilastirmasimi yapabilmek icin
numaralar1 verilen diziler analizlere dahil edilmistir. olusturulmustur. Bu amagcla yukarida birlestirilmis veri
setinde kullanilan total mitogenom dizisi bir biitiin olarak
analiz edilmistir.

1- COI veri seti: DNA izole edilen 3 bireyin 2’sinden
COI dizisi elde edilebilmistir (MEUFR-21-11-001 ve
MEUFR-21-11-003). Bunun yaninda Tablo 4’te bilgileri
verilen diziler analizlere dahil edilmistir.

3- COI ve Cytb birlestirilmis veri seti: Bu veri setinde

Tablo 4. COI veri seti haplotip gruplari, ait olduklari tiirler ve diziler.

Table 4. COI data set haplotype groups, attended species and sequences.

Haplotip Tiir GenBank Erisim Numaras: Referansi
1 Ambystoma mexicanum AY659991* 1
AJ584639* 2
MEUFR-21-11-001, OK605096* Bu calisma
MEUFR-21-11-003 OK605097%
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Haplotip Tiir GenBank Erisim Numarasi Referansi

2 A. andersoni AY659993* 1

3 A. mavortium stebbinsi KP013120* Yayinlanmamus

4 A. tigrinum KU986212, KU986050, KU985809, KU986072 3

5 A. dumerilii AY659994* 1

6 A. tigrinum tigrinum AY659992* 1

7 A. californiense AY659995* 1

8 A. californiense KU986196, KU986165, KU986077, KU986040 3

9 A. californiense KU985632 3

10 A. laterale AY728218* 4

11 A. laterale jeffersonianum tiir kompleksi EF525710 5

12 A. laterale jeffersonianum tiir kompleksi EF525709 5

13 Ambystoma sp. GU078472 6

14 A. barbouri GU078469* 6

15 A. barbouri GU078470* 6

16 A. texanum GU078471* 6

17 A. texanum MN135418, MN135417, MN135416 Yayinlanmamig

18 A. annulatum KU986254, KU985678 3

19 A. annulatum MT878234, MT878235 7

20 A. macrodactylum MG421393 Yaymlanmamis

21 A. bishopi KP289200* Yaymlanmamis

22 A. cingulatum KU986180, KU986169 3

23 A. opacum MT878233, MT878232 7

24 A. opacum MN135585 Yaymlanmamis
KU986081, KU985732, KU985606 3

25 A. talpoideum MG822788* 8

26 Dicamptodon aterrimus GQ368657* 9

1: Samuels et al., 2005; 2: Arnason et al., 2004; 3: Chambers & Hebert, 2016; 4: Mueller et al., 2004; 5: Smith et al., 2008; 6: Bi, K., & Bogart
2010; 7: Siler et al., 2021; 8: Ren et al., 2019; 9: Zhang, & Wake, 2009. *COI+Cytb ve total mitogenom veri setinde kullanilan diziler.

1: Samuels et al., 2005; 2: Arnason et al., 2004; 3: Chambers & Hebert, 2016; 4: Mueller et al., 2004; 5: Smith et al., 2008; 6: Bi, K., & Bogart
2010; 7: Siler et al., 2021; 8: Ren et al., 2019; 9: Zhang, & Wake, 2009. *Sequences also included in COI+Cytb and complete mitogenome
data sets.

Tablo 5. Cytb veri seti haplotip gruplary, ait olduklart tiirler ve diziler.

Table 5. Cytb data set haplotype groups, attended species and sequences.

Haplotip ~ Tiir GenBank Erisim Numarasi ve Referansi
1 Ambystoma mexicanum AY659991* 1
MEUFR-21-11-001, MEUFR-21-11-002, MEUFR-21-11-003 OK631828*, OK631829, OK631830* Bu calisma

2 A. mexicanum AJ584639* 2

3 A. andersoni AY659993* 1

4 A. mavortium stebbinsi KP013120* Yayinlanmamis

5 A. tigrinum EF036666 3

6 A. dumerilii AY659994* 1

7 A. tigrinum tigrinum AY659992* 1

8 A. tigrinum EF036665, EF036667 3

9 A. californiense AY659995* 1

10 A. laterale AY728218* 4
EF036629 3

11 EF036628 3

12 EF036624 3

13 EF036625 3

14 EF036631 3
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Haplotip  Tiir GenBank Erisim Numarasi ve Referansi
15 EF036630 3
16 EF036626 3
17 A. jeffersonianum EF036685 3
18 EF036686 3
19 EF036678, EF036677, EF036681 3
20 EF036687 3
21 EF036676 3
22 KT780869 Yaymlanmamis
23 A. macrodactylum EF036633, EF036634 3
24 A. barbouri GU078484 5
EF036599 3
25 GU078474 5
EF036596 3
26 GU078505 5
EF036619 3
27 GU078513, GU078512 5
EF036613 3
28 GU078470%, GU078511 5
29 GU078500 5
30 GU078499, GU078482, GU078483 5
EF036605 3
31 GU078486, GU078487, GU078503, GU078485 5
EF036607 3
32 GU078501 5
33 Ambystoma sp. GU078472, GU078476, GU078475, GU078509, GU078507 5
A. barbouri EF036609 3
34 Ambystoma sp. GU078473 5
EF036668, EF036669 3
35 A. barbouri EF036612 3
36 Ambystoma sp. EF036674 3
37 Ambystoma sp. EF036673 3
38 Ambystoma sp. EF036675 3
39 A. barbouri EF036617 3
40 GU078490 5
41 GU078492 5
42 GU078496, GU078497, GU078480, GU078502, GU078488 5
EF036600 3
43 GU078479 5
EF036603 3
44 GU078478 5
EF036601 3
45 GU078481 5
46 GU078469* 5
47 EF036610 3
48 GU078471* 5
49 GU078506 5
EF036642 3
50 EF036655 3
51 EF036663 3
52 EF036656, EF036648, EF036652, EF036653 3
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Haplotip  Tiir GenBank Erisim Numarasi ve Referansi
53 EF036654 3
54 EF036643 3
55 EF036646 3
56 EF036644 3
57 GU078495 5
EF036616 3
58 A. texanum EF036664 3
59 EF036662 3
60 A. mabeei EF036632 3
61 A. bishopi KP289200* Yaymlanmamis
62 A. cingulatum EF036621 3
63 A. maculatum EF036637 3
64 EF036636 3
65 EF036635 3
66 A. gracile AY691729 6
67 A. gracile EF036622 3
68 A. gracile EF036623 3
69 A. opacum KT780868 Yaymlanmamis
70 A. talpoideum MG822788 7
EF036639 3
71 Dicamptodon aterrimus GQ368657* 8

1: Samuels et al., 2005; 2: Arnason et al., 2004; 3: Robertson et al., 2006; 4: Mueller et al., 2004; 5: Bi & Bogart 2010; 6: Chippindale et al.,
2004; 7: Ren et al., 2019; 8: Zhang, & Wake, 2009. *COI+Cytb ve total mitogenom veri setinde kullanilan diziler.

1: Samuels et al., 2005; 2: Arnason et al., 2004; 3: Robertson et al., 2006; 4: Mueller et al., 2004; 5: Bi & Bogart 2010; 6: Chippindale et al.,
2004; 7: Ren et al., 2019; 8: Zhang, & Wake, 2009. *Sequences also included in COI+Cytb and complete mitogenome data sets.

2.6. Veri Setlerinin Analizlere Hazirlanmasi

Tum veri setlerinin ¢oklu hizalamalar1 MAFFT (Katoh &
Standley, 2013) algoritmasi kullanarak gerceklestirilmistir.
Veri setlerinin ¢oklu hizalamalar1 Mesquite V3.6
(Maddison, 2021) programinda kontrol edilerek
diizenlenmis ve ileriki analizlerde kullanilacak dosya
formatlaria uygun sekilde disar1 aktarilmistir. Bu amagla
COI, Cytb ve COI+Cytb veri setleri bu calismada elde
edilen dizilerin uzunlugu dikkate alinarak kirpilmistir.
COI ve Cytb veri setlerinde ayn1 populasyona ait oldugu
bilinen (erisim numaralarindan kontrol edilmistir), veri
setine gore ¢ok kisa olan ve ¢ok miktarda belirsiz bolge
iceren diziler veri setinden ¢ikarilmistir. Daha sonra COI
ve Cytb veri setleri DnaSP 6 (Rozas et al, 2017)
programinda daha sonraki analizler icin haplotiplere
gruplanmis ve analizler bu haplotipler kullanilarak
gerceklestirilmistir.

Haplotip olarak gruplanan COI ve CytB veri setleri
tekrar Mesquite V3.6 programinda islenerek kodon
pozisyonlar1 belirlenmistir. COI+Cytb birlestirilmis veri
setinde ise haplotip gruplandirmas: yapilmamustir. Bu veri
setinde ilgili gen bolgeleri tekrar coklu hizalandiktan
sonra birlestirilmis ve her bir gen bolgesi icin kodon
pozisyonlar1 belirlenmistir.

Total mitogenom dizilerini iceren 4. Veri setinde ise
hizalama sonrast DnaSP 6 programinda bosluk iceren ve
belirsiz bolgeler cikarilmis ve sonug olarak 16101 bg
uzunlugunda bir veri seti elde edilmistir. Bu veri seti gen
bolgeleri ve kodonlara gore bolimlenmeden analiz
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edilmistir.
2.7. Genetik Uzakliklarin Belirlenmesi

COlI ve Cytb veri setleri i¢in ikili genetik uzakliklar MEGA-
X (Kumar et al., 2018) programinda Kimura-2 parametresi
(K2P) (Kimura, 1980) kullanilarak belirlenmistir.
Belirlenen bu wuzakliklar tiir smurlarmmi  belirleme
testlerinden ABGD (Automatic Barcode Gap Discovery)
(Puillandre et al., 2012) analizinde kullanilmak tizere
MEGA uzaklik dosyasi olarak disar1 aktarilmistir.

2.8. Niikleotid Substitiisyon Modellerinin Belirlenmesi

Maksimum Olasilik ve Bayesian c¢ikarsama analizleri i¢in
kullanilacak olan niikleotid substitiisyon modelleri
PartitionFinder V2.1 (Lanfear et al., 2017) programinda
BIC (Bayesian information criterion) a gore belirlenmistir.
Bolimleme semasi COI, Cytb ve COI+Cytb veri setleri igin
kodon pozisyonlaria gore belirlenmis, total mitogenom
veri seti i¢in ise biittin olarak analiz edilmistir. Bayesian
cikarsama  analizlerinin  gerceklestirildigi ~ MrBayes
programu PartitionFinder V2.1 tarafindan denenen tiim
modelleri desteklemedigi igin Bayesian ¢ikarsama
analizlerinde kullanilacak olan modeller belirlenirken
“models=mrbayes” parametresi kullanilmistir. Veri
setlerinde  analizlere gore kullanilan  niikleotid
substitiisyon modelleri Tablo 6’da 6zetlenmistir. Bunlarin
yaninda GMYC (Generalized Mixed Yule Coalescent)
(Pons et al., 2006) analizlerinde kullanilmak tizere gerekli
olan ultrametrik agaglar igin gerekli substitiisyon modeli
Beast v2.6.6 (Bouckaert et al., 2014) programuinda yer alan
bModelTest v1.2.1 paketi (Bouckaert & Drummond, 2017)
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kullanilarak otomatik olarak belirlenmistir.
2.9. Filogenetik Agaclarin insas1

Maksimum Olasilik agaclar1 IQTree 2 (Minh et al., 2020)
programi kullanilarak insa edilmistir. Dal destek degerleri
aynt programda yer alan Ultrafast Bootstrap
Approximation 2 (UFBoot2) (Hoang et al, 2018)
algoritmas:  kullanilarak 1000 tekrarli ve “-bnni”
parametresi ile hesaplanmistir. Bayesian agaclar1 ise
MrBayes 3.2.7 (Ronquist et al., 2012) programi kullanarak
insa edilmistir. COI, Cytb ve total mitogenom veri setleri
i¢in 100 jenerasyon, COI+Cytb birlestirilmis veri igin 500000
jenerasyon her biri 3 sicak ve 1 soguk 4 zincirli birbirinden
bagimsiz 2 stireg ile analiz gerceklestirilmistir. Tiim veri
setleri icin agaclar her 100 dongiide bir 6rneklenmistir.
Jenerasyon sayist 2 bagimsiz strecteki ayrilma
frekanslarinin standart sapmasinin 0.02'nin altinda olup

J. Biol. 5(2), 161-176.

goriildiikten sonra analiz sonlandirilmistir). Orneklenen
agaclarin ilk %25’i analizden uzaklastirilmis (burn-in),
kalan agaclardan %50 ¢ogunluk agac1 (50% majority rule
tree) insa edilmistir. Ultrametrik agaclar Beast v2.6.6
(Bouckaert et al., 2014) programi kullanilarak insa
edilmistir. Tum veri setlerinde “Relaxed Clock Log
Normal” saat modeli 6n tanimli 6nciiller ile kullanilmgtir.
Insa edilen ultrametrik agaglarda tiirlerin ayrilma
zamanlarmin belirlenmesinden ziyade dallarin birbirine
gorece ayrilma zamanlarinin belirlenmesi
amagclandigindan tiim veri setleri igin substitiisyon oramn
“1” olarak kullanilmistir. Agag onctilii icin “Yule Model”
o6n tanimli parametreler ile segilmistir. Analiz igin
jenerasyon sayis1 yukarida anlatildig: sekilde Tracer V1.7.1
program ile belirlenmistir (COI veri seti icin 15X106, Cytb
veri seti i¢in 25X106, COI+Cytb ve total mitogenom veri
setleri i¢in 2X107 jenerasyon). Analiz sonucu insa edilen

olmadigr degerlendirilerek asamali olarak arttirtlip agaclardan %10 ‘u yakilarak mcc agact (Maximum Clade
belirlenmistir. Ayrica model parametrelerinin 2 bagimsiz Credibility ~Tree) TreeAnnotator v2.6.2 programi
stireg icin Efektif Orneklem Biiyiikliigii (ESS) Tracer V1.17 kullanilarak ~ hesaplanmustir.  Elde edilen nexus
(Rambaut et al., 2018) programi yardimiyla kontrol formatindaki aga¢ dosyalar1 GMYC analizinde

edilmistir (6nerildigi tizere tiim analizlerde her bir stireg
tim parametrelerde ESS'nin 200'iin iizerinde oldugu

Tablo 6. Filogenetik analizler i¢in kullanilan modeller

Table 6. Models used in phylogenetic analyses

kullamilmak tizere newick formatina FigTree v1.4.4
(Rambaut, 2018) programi yardimiyla cevrilmistir.

Model
Veri Seti Boliimleme Tablosu
IQTree MrBayes
1-616\3 TRNEF+I SYM+I
Cor 2-617\3 F81+1
3-615\3 TRN+G HKY+G
1-697\3 GTR+G
Cytb 2-698\3 SYM+G
3-696\3 HKY+I
cor Cytb IQTree MrBayes
1-709\3 711-1461\3 HKY+I
COI+Cytb
2-707\3 712-1462\3 GTR+G
3-708\3 710-1460\3 TRNEF+G SYM+G
Total mitogenom - - GTR+I+G

2.10. Tiir Sinirlarini Belirleme Testleri

Bu ¢alismada dizileri elde edilen bireyler ile karsilastirmak
tizere dizileri NCBI GenBank veri tabanindan indirilen
turlerin (Tablo 4 ve 5) ayri1 birer tiirti temsil edip
etmediginin  belirlenmesi icin 4 farkli yaklasim
kullanilmistir. COI ve Cytb veri setleri icin uzaklik tabanh
ABGD (Automatic Barcode Gap Discovery = Otomatik
Barkod Boslugu Kesfi) (Puillandre et al., 2012) yukarida
anlatildig1 sekilde MEGA X programinda hesaplanan ikili
uzakliklar tizerinden gergeklestirilmistir. Goreceli barkod
boslugu on tanimli olan X=1.5 degerinde boliimleme
olusmadigr icin programda onerildigi sekilde 0.1'lik
basamaklar ile 1’e dustiriilmustiir. Ayrica istatistiksel
parsimoni ile sebeke analizleri TCS (Crandall et al., 2000)
programu ile %90 ve %99 Dbaglanti limiti ile
gerceklestirilmistir. Bunlar disinda tiim veri setleri icin
agac tabanli bir yaklasim olan bPTP (Poisson Tree
Processes) analizleri pPTP web sunucusunda (Zhang et al.,
2013), Bayesian agaclar1 girdi olarak kullanilarak on

tanimli parametreler ile (jenerasyon sayisi farkli olarak
500000 secilmistir) gerceklestirilmistir. Tim testlerde
biitiin veri setleri igin dis grup analize dahil edilmemistir.
GMYC (Pons et al., 2006) analizleri ise tek ve ¢oklu esik
degerleri ile ayr1 ayr1 GMYC web sunucusunda (Zhang et
al., 2013) gergeklestirilmistir.

3. Bulgular
3.1. COI veri seti

Veri setinin olusturuldugu toplam 43 COI dizisi 26
haplotip olarak gruplanmustir (Tablo 4). Bu calismada
dizisi elde edilen bireyler daha onceki calismalardan
dizileri verilen A. mexicanum (AY659991 ve AJ584639) ile
Haplotip 1 olarak gruplanmis olup genetik uzakliklar
0’dir. Haplotip 1’e en yakin grup A. andersoni tiirtintin tek
yer aldig1 Haplotip 2 olup genetik uzaklig1 0,00651 olarak
hesaplanmistir. Haplotip 1'e Ambystoma tiirlerinin yer
aldigi haplotiplerden en uzak grup ise A. talpoideum’un tek
yer aldig1 Haplotip 25 olup genetik uzaklig1 0,19649 olarak
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hesaplanmistir. Haplotip 1’in dis gruba (Dicamptodon
aterrimus, Haplotip 26) olan genetik uzaklig1 ise 0,25830

olarak hesaplanmustir.

Elde edilen Maksimum Olasilik agacinda Haplotip 1

Hap_25 MG822788

%57
%100} Hap_9 KU985632

Hap_7 AY550995
Hap_& AY658992
Hap_5 AYB53094

Hap_3 KPOM3120

Hap_1 AYE58901; AJ584630; MEUFR-21-11-001;

il Hap_2 AYE59993

[ Hap_21 KP289200
Hap_22 KU986180; KUS86169

Hap_16 GUO78471

%5

Hap_17 MN135418; MN135417; MN135418

Hap_16 GU078470

%29

Hap_13 GU078472

Hap_14 GUO78469

%35

%96 |

wos[ Hap_18 KUSBE254; KUGBSETE

Hap_19 MT878234; MTB78235
W71

Hap_20 MG421323

Hap_10 AY728218
%45
Hap_12 EF525709

Hap_11EF525710

— Hap_26 GQ3GBGET

Hap_g KU%6196; KU9BG165; KUSBEOTT; KU9B6040

Hap_4 KUS86212; KU88050; KUS85809; KUSSB07Z

4%93|:Hap723 MTB78233; MTB78232
Hap_24 MN135585; KUIBBOE1, KU985732; KU9B5E0E
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ve 2 kardes takson olarak gruplanmis olup dal destek
degeri %99'dur (Sekil 1). Bayesian analizleri sonucunda
elde edilen agacin topolojisi benzer olup (Sekil 2) Haplotip
1 ve 2 0,52 soncul olasilik degeri ile kardes takson olarak

dallanmustir.

ABGD
TCS %90

bPTP (ML)
GMYC (M)

A. talpoideum

A. californiense

A. tigrinum tigrinum

A. dumerilii

A. movartium stebbinsi
A. tigrinum

MEUFR-21-11-003 A mexicanum

A. andersoni
A. bishopi
A. cingulatum

|

{55 Yy ey o s e
|

(A e -7+ 5

A. fexanum

A. barbouri
Ambystoma sp.
A. barbouri

A. opacum

A. annulatum

A. macrodactylum
A. laterale

A. laterale~jeffersonianum

(A N g v

I
|

D. aterrimus

Sekil 1. COI veri seti ile insa edilen maksimum olasilik agaci (solda), % rakamlar UFBoot2 ile hesaplanan dal destek degerlerini
gostermektedir. Sagdaki renkli stitiinlar tiir stnirlarini belirleme testlerine gére aday tiir gruplarim gostermektedir.

Figure 1. Maximum likelihood tree constructed with COI data set (left),

numerals show UfBoot2 clad supports. Coloured columns on the

right show candidate species groupings according to species delimitation methods

Otomatik barkod boslugu kesfi (ABGD) analizi
sonucunda 0.039 uzakliginda bir barkod boslugu (Barcode
gap distance) hesaplanmis ve bu bosluga gore 16 aday tiir
gruplanmustir. Bu gruplamada Haplotip 1-5 (MEUFR-21-
11-001, MEUFR-21-11-003, A. mexicanum, A. andersoni, A.
mavortium stebbinsi, A. tigrinum, A. dumerilii) birlikte yer
almaktadir (Sekil 1).

TCS programu ile gerceklestirilen istatiksel parsimoni
analizlerinde ise %90 baglanti limitindeki gruplama
ABGD ile aynidir. %99 baglant: limiti ile yapilan analizde
ise beklenen sekilde daha fazla aday tiir hesaplanmis (21
aday ttir) olup haplotip 1 ve 2 birlikte gruplanmustir
(MEUFR-21-11-001, MEUFR-21-11-003, A. mexicanum, A.
andersoni) (Sekil 1)

PTP (Poisson Tree Processes) analizleri i¢in Bayesian
¢ikarsama sonucunda elde edilen agac kullanilmistir.
Maksimum olasilik ve Bayesian ¢oziimii ayni sonuglari
vermis olup 18 aday tiir belirlenmistir. Haplotip 1 ve 2
(MEUFR-21-11-001, MEUFR-21-11-003, A. mexicanum, A.
andersoni) birlikte gruplanmustir (Sekil 1).
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GMYC analizinde tekli esik degerinde (Single
threshold) 17, coklu esik degerinde (Multi threshold) ise 18
aday tiir tespit edilmistir. Her iki esik degerinde de
Haplotip 1, 2, 3 ve 4 (A. mexicanum, A. andersoni, A.
tigrinum, ve A. movartium stebbinsi) birlikte aday tiir olarak
gruplanmustir (Sekil 1).

3.2. Cytb veri seti

Veri setinin olusturuldugu toplam 115 Cytb dizisi 71
haplotip olarak gruplanmistir (Tablo 5). Bu calismada
dizisi elde edilen 3 birey daha 6nceki ¢alismalardan dizisi
verilen A. mexicanum (AY659991) ile Haplotip 1 olarak
gruplanmis olup genetik uzakliklar: 0’dir. Haplotip 1’e en
yakin grup diger bir A. mexicanum (AJ584639) dizisini
iceren Haplotip 2 olup genetik uzakligr 0,0014347212
olarak hesaplanmustir. Haplotip 1'e Ambystoma tiirlerinin
yer aldig1 haplotiplerden en uzak grup ise Ambystoma
maculatum (EF036636)'un tek yer aldig1 Haplotip 64 olup
genetik uzakligi 0,1906534778 olarak hesaplanmistir.
Haplotip 1'in dis gruba (Dicamptodon aterrimus, Haplotip
71) olan genetik wuzakligi ise 0,2671068700 olarak
hesaplanmustir.
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Sekil 2. COI veri seti ile insa edilen Bayesian ¢ikarsama agaci. Diigtimler tizerindeki numaralar kladlarin soncul olasilik degerlerini

gostermektedir.

Figure 2. Bayesian tree constructed with COI data set. Numerals above the nodes shows the posterior probability of the clades

Elde edilen Maksimum Olasiik agacinda bu
calismada dizilenen 3 6rnek ile AY659991 erisim numarali
A. mexicanum dizisi (Haplotip 1) ve AJ584639 erisim
numarali A. mexicanum (Haplotip 2) kardes takson olarak
gruplanmus olup dal destek degeri %76’dir Haplotip 3 (A.
andersoni) ise Haplotip 1 ve 2'nin olusturdugu klada
kardes takson olarak dallanmis olup dal destek degeri %99
‘dur (Sekil 3). Bayesian analizleri sonucunda elde edilen
agacin topolojisi benzer olup (Sekil 4) Haplotip 1 ve 2 0,87
soncul olasilik degeri ile kardes takson olarak dallanmuistir.
Haplotip 3 (A. andersoni) ise %91 dal destek degeri ile bu
klada kardes takson olarak yer almaktadir.

Otomatik barkod boslugu kesfi (ABGD) analizi
sonucunda 0.032 uzakliginda bir barkod boslugu (Barcode
gap distance) hesaplanmis ve bu bosluga gore 21 aday tiir
gruplanmustir. Bu gruplamada Haplotip 1-5 (MEUFR-21-
11-001, MEUFR-21-11-002, = MEUFR-21-11-003,  A.
mexicanum, A. andersoni, A. mavortium stebbinsi, A. tigrinum)
birlikte yer almaktadir (Sekil 3).

TCS programu ile gerceklestirilen istatiksel parsimoni
analizlerinde ise %90 baglant1 limitindeki aday tiir sayisi
ve gruplama ABGD ile aymidir. %99 baglanti limiti ile daha
fazla aday tiir tespit edilmis olup (29 aday tiir) olup
haplotip, 1, 2 ve 3 birlikte gruplanmistir (MEUFR-21-11-
001, MEUFR-21-11-003, A. mexicanum, A. andersoni) (Sekil
3)

PTP (Poisson Tree Processes) analizleri i¢in Bayesian
¢ikarsama sonucunda elde edilen agac kullanilmistir.
Maksimum olasilik ¢6ztimii sonucunda 24, Bayesian
¢oziimii sonucunda ise 25 aday tiir hesaplanmustir. Her iki
¢oziimde de Haplotip 1-5 (MEUFR-21-11-001, MEUFR-21-
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11-002, MEUFR-21-11-003, A. mexicanum, A. andersoni, A.
mavortium stebbinsi, A. tigrinum) birlikte aday tiir olarak
gruplanmustir (Sekil 3).

GMYC analizinde tekli esik degerinde (Single
threshold) 24, coklu esik degerinde (Multi threshold) ise 23
aday tiir tespit edilmistir. Her iki esik degerinde de COI
veri setindekine benzer sekilde calismanin konusu olan A.
mexicanum ile A. andersoni, A. tigrinum, ve A. movartium
stebbinsi birlikte aday tiir olarak gruplanmustir (Sekil 3).

3.3. COI+Cytb birlestirilmis veri seti

Bu veri setinde ayn1 bireylerden izole edilen DNA’lardan
dizilenmis COI ve Cytb dizilerinin birlestirilmesi
hedeflendiginden, NCBI Gen Bank’ta hali hazirda bulunan
total mitokondri genomlar: ile bu ¢alismada her iki gen
bolgesinin basarili bir sekilde dizilenebildigi MEUFR-21-
11-001 ve MEUFR-21-11-003 katolog numarali bireylere ait
dizileri kullanilmistir (Analizde kullanilan diziler Tablo 4
ve 5'te * ile isaretlenmistir). Maksimum olasilik analizleri
sonucunda elde edilen agacta elimizdeki 6rnekler ile A.
mexicanum’a ait diziler %99 dal destek degeri ile ayni
kladda yer almaktadir. Bu klada kardes takson olarak yer
olan A. andersoni'nin de yer aldig1 kladin ise dal destek
degeri %95’tir (Sekil 5). Bayesian ¢ikarsama ile elde edilen
agacta da topoloji benzer olup yukarida bahsedilen
kladlarin soncul olasiliklari sirast ile 0,98 ve 1 “dir (Sekil 6).

Elde edilen Bayesian ¢ikarsama agacinin girdi olarak
kullanildigr bPTP analizinde maksimum olasilik ve
Bayesian ¢oziimleri ayni sonucu vermis olup 10 aday tiire
isaret etmistir. Elimizdeki ornekler ile A. mexicanum, A.
andersoni, ve A. mavortium stebbinsi birlikte aday tiir olarak
gruplanmustir (Sekil 5).
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Sekil 3. Cytb veri seti ile insa edilen maksimum olasilik agac1 (solda), % rakamlar UFBoot2 ile hesaplanan dal destek degerlerini
gostermektedir. Sagdaki renkli siittinlar tiir sinirlarmi belirleme testlerine gore aday tiir gruplarmi gostermektedir.

Figure 3. Maximum likelihood tree constructed with Cytb data set (left), numerals show UfBoot2 clad supports. Coloured columns on the
right show candidate species groupings according to species delimitation methods.
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Figure 4. Bayesian tree constructed with Cytb data set. Numerals above the nodes shows the posterior probability of the clades.
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Sekil 5. COI+Cytb birlestirilmis veri seti ile insa edilen maksimum olasilik agac1 (solda), %rakamlar UFBoot2 ile hesaplanan dal destek
degerlerini gostermektedir. Sagdaki renkli siitun bPTP testine gére aday tiir gruplarin gostermektedir.

Figure 5. Maximum likelihood tree constructed with COI+Cytb concatenated data set (left), numerals show UfBoot2 clad supports.
Coloured column on the right show candidate species groupings according to bPTP test.
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Sekil 6. COI+Cytb birlestirilmis veri seti ile insa edilen Bayesian ¢ikarsama agaci. Diigiimler tizerindeki numaralar kladlarm soncul olasilik

degerlerini gostermektedir.

Figure 6. Bayesian tree constructed with COI+Cytb concatenated data set. Numerals above the nodes shows the posterior probability of

the clades.

GMYC analizinde tekli esik degerinde (Single
threshold) 11, coklu esik degerinde (Multi threshold) ise 8
aday tiir tespit edilmistir. Bu calismada elde edilen diziler
icin coklu esik degerindeki gruplandirma bPTP
analizindeki gruplandirma ile (A. mexicanum, A. andersoni,
ve A. mavortium stebbinsi) ile aynidir. Tekli esik degerinde
ise bu gruplandirmadan A. mavortium stebbinsi aday tur
olarak ayrilmistir (Sekil 3).

3.4. Total mitogenom veri seti

Yukarida detaylar1 verilen ve 3 farkli veri seti ile
gerceklestirilen analizlerde bu calismada dizilenen
ornekler ile daha onceki calismalardan elde edilen A.
mexicanum’a ait diziler her ne kadar birlikte gruplansalar
da beklenilen sekilde yalin ve diger morfolojik tiirlerden
farkli bir grup olusturmadiklart goralmustir. Bu
durumun elimizdeki siirli uzunlukta ve 2 gen bolgesi ile
sinirli dizilerden kaynaklanip kaynaklanmadigmin test
edilmesi amac1 ile NCBI GenBank veri tabaninda bulunan
ve icerisinde referans genomlarm da yer aldigi total
mitogenomlar ile ek analizler gerceklestirilmistir (referans
genom olan dizilerin numaralar1 agac gorsellerinde erisim
numaralar1 yaninda parantez icerisinde verilmistir). Bir
dis grup dahil toplam 14 taksona ait 16101 bg
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uzunlugunda dizi ile gerceklestirilen Bayesian ¢ikarsama
analizinde tiim kladlar 1 soncul olasiik degeri ile
ayrilmustir. Yukarida farkl veri setleri ile gerceklestirilen
analizlere benzer sekilde A. mexicanum, A. andersoni, A.
mavortium  stebbinsi  ve A. dumerilii taksonlarmin
bulundugu klad benzer topolojiye sahiptir. Bu agacin girdi
olarak kullanildig1 bPTP analizinin her iki ¢6ztimiinde de
11 Ambystoma taksonu 10 aday tiire ayrilmistir. Bu 11
taksondan A. mexicanum, A. andersoni, A. mavortium
stebbinsi yukaridaki analizlere benzer sekilde aday tir
olarak gruplanmistir. GMYC analizinde tekli esik
degerinde 12, coklu esik degerinde ise 11 aday tiir tespit
edilmistir. A. mexicanum, A. andersoni, A. mavortium
stebbinsi taksonlarmin disinda diger taksonlar bPTP
analizindeki sekli ile gruplanmustir. Tekli esik degerindeki
gruplama morfolojik ttirler ile aymidir. Coklu esik
degerinde ise diger tiim analizlerde oldugu gibi A.
mexicanum ve A. andersoni taksonlar1 birlikte aday tiir
olarak gruplanmistir (Sekil 7).

4. Tartisma

Ambystoma mexicanum turt yiiksek rejeneratif kapasitesi
nedeniyle bilim insanlarmin dikkatini ¢ekmis ve
rejenerasyon kapasiteleri bircok arastirmaya konu
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olmustur. Diger semender tiirlerinin aksine bu tiir uygun
yasam kosullarinda metamorfoz gecirmeden kalabilir ve
bu sayede embriyonik hiicre benzeri rejenerasyon
potansiyelini koruyabilir. Kompleks organ ve dokular

Comm. J. Biol.

5(2), 16l-176.

rejenere  edebilir ve bunu yara izi olmadan
gerceklestirebilirler (Gresens, 2004; Lust & Tanaka, 2019).
Bu 6zellikleri sebebi ile siklikla model organizma olarak
yetistirilmektedirler.
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Sekil 7. Total mitogenom veri seti ile insa edilen Bayesian ¢ikarsama agaci (solda). Diigiimler iizerindeki numaralar kladlarin soncul
olasilik degerlerini gostermektedir. Sagdaki renkli stitun bPTP testine gore aday tiir gruplarimi gostermektedir.

Figure 7. Bayesian tree constructed with complete mitogenome data set. Numerals above the nodes shows the posterior probability of the
clades. Coloured column on the right show candidate species groupings according to bPTP test.

Genel olarak canlilarin  konu oldugu tim
arastirmalarda oldugu gibi ozellikle rejeneratif tip alani
gibi model organizmalarin kullanildigi alanlarda hem
calisma sonuglarmin tekrar edilebilirligi, hem de farkli
arastirmacilar tarafindan yapilan calismalarin saglikl
karsilastirilabilirligi acisindan, tizerinde calisilan canlmin
tiir teshisinin dogru yapilmas1 énemlidir (Bortolus, 2008).
Bu sebeple bu calismada Mersin Universitesi Su Uriinleri
Fakiiltesi Uygulama Birimleri'nde rejeneratif tip
arastirmalarinda kullanilmak {izere model organizma
olarak yetistirilen ve morfolojik olarak Ambystoma
mexicanum olarak teshis edilmis olan bireylerin tir
teshisleri yukarida detaylar1 verilen molekiiler filogenetik
analizler ile test edilmistir. Farkli veri setlerinin
kullarildig1 bu analizlerin tamaminda s6z konusu bireyler
daha 6nceki calismalarda elde edilen A. mexicanum tiirii ile
aday tiir olarak gruplanmustir.

Bunun yanmnda COI veri seti igin bu ¢alismalardan
elde edilen diziler ile NCBI GenBank’tan elde edilen A.
mexicanum dizileri haplotip olarak gruplanmis olup
genetik uzakliklar: 0'dir. Benzer sekilde Cytb veri setinde
de bu calismada dizi bilgisi elde edilmis olan &rnekler A.
mexicanum’a ait bir dizi ile (AY659991) ile haplotip olarak
gruplanmus (genetik uzaklik 0) olup diger bir A. mexicanum
(AJ584639) ornegi ile ise genetik uzakligr 0,0014'tiir. Bu
uzaklik ise toplam 698 bc¢ uzunlugundaki dizide 1
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niikleotid substitiisyonundan kaynaklanmaktadir. Bu
substitiisyon 3. kodon pozisyonunda yer almakta olup
kodlanan aminoasiti (16sin) degistirmemektedir (TTA —
TTG, transisyonel sessiz mutasyon). Bu veriler goz dntinde
bulunduruldugunda bu calismanin konusu olan bireyler
A. mexicanum turune aittir.

Bununla birlikte COI ve Cytb veri setlerini birlikte
kullanarak yapilan analizlerde Ambystoma cinsi icerisinde
A. barbouri ve A. texanum “un tiir kompleksi olabilecegine
isaret etmektedir. Bu ¢calismanin amaci Ambystoma cinsinin
filogenisi ~ olmadigindan bu  duruma  ayrintili
deginilmemistir, fakat bu calismanin konusunu olusturan
A. mexicanum’un durumu asagida ayrintili tartisilmistir.

COI Cytb ve COI+Cytb birlestirilmis veri setleri ile
yapilan tiim analizlerde A. mexicanum (ve bu ¢alismanin
konusu bireyler, bundan sonra A. mexicanum olarak
gececektir) en genis anlamda A. andersoni, A. mavortium
stebbinsi, A. tigrinum ve A. dumerilii ile birlikte, en dar
anlamda ise A. andersoni ile birlikte bir tiir olarak
gruplanmustir. Bu durumun iki gen bélgesi ile smurlt veri
setinden mi kaynaklandiginin anlasilabilmesi igin stz
konusu taksonlarm total mitogenomlar: ile olusturulan
dordiincti bir veri setinden bPTP ve GMYC testleri
gerceklestirilmistir. Bu testin sonucundaki gruplama
COI+Cytb birlestirilmis veri seti ile yapilan gruplama ile
aynt olup gerceklestirilen analizlerde (tek esik degerlikli
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GMYC analizi haric) A. mexicanum, tekrar A. andersoni ile
aday ttir olarak gruplanmustir. Bu durumun t¢ sebebi
olabilir; i) NCBI veri bankasinda mitogenomu verilen dizi
(A. andersoni; AY659993) yanlis taksona atanmustir, ii) bu
takson parafiletik olup A. mexicanum tiirtine atanmalidur,
veya ¢ok az olast bir jhtimal olarak iii) total mitogenom
dahil veri setleri Ambystoma cinsi igin tiir smurlarim
belirlemede yetersizdir. Elde edilen tiim agaglardaki dal
uzunluklar: da goz oniinde bulunduruldugunda birinci ve
ikinci senaryonun olabilirligi agir basmaktadir. Sz
konusu iki taksona ait dizilerin sadece birer total
mitogenom ile smirli olmas1 kesin bir yargiya varmay1
giiclestirmektedir.

Ambystoma andersoni’ nin bu makalede kullanilan
dizisi diger dort Ambystoma total mitogenom dizisi ile
birlikte (A. californiense, A. tigrinum, A. dumerilii, A.
mexicanum, A. andersoni) Ambystomidae familyasimin
filogenetik pozisyonunu ¢ozmek amactyla Samuels et al.
(2005) tarafindan dizilenmis ve ayni calismada analiz
edilmistir. Calisma sonucu bu 5 taksondan olusan agacta
bu calismada elde edilen agaclara benzer sekilde A.
mexicanum ve A. andersoni kardes takson olarak yer almis
(soncul olasiligr 1), A. dumerilii ise bu klada kardes takson
olarak yer almustir (soncul olasilik 1). Bes taksonun ttimii
birlikte degerlendirildiginde analiz sonucunda elde
ettikleri akrabalik iligkileri bu calismada elde edilen ile
benzer sonuglar1 vermektedir. Fakat Samuels et al. (2005)
tarafindan  gerceklestirilen bu calismanin  hedefi
Ambystoma igerisindeki tiir smirlarin belirlenmesinden
ziyade =~ Ambystomidae  familyasiin  filogenisini
belirlemek oldugundan bu iki tiiriin (A. mexicanum ve A.
andersoni) yakin iliskisini ayrintili tartismamuslardir.

Farkli veri setleri ile elde edilen agaclarda birlikte
gruplanan A. californiense, A. tigrinum, A. dumerilii, A.
moveratum stebbinsi ve A. mexicanum uzun suredir A.
tigrinum tiir kompleksinin birer tiyesi olarak bilinmektedir
(Gehlbach, 1967). Ambystoma icerisinde durumun ¢éztmii
ile ilgili smurli ¢alismalar bulunmakta olup (Shaffer &
McKnight, 1996; O'Neill et al., 2013) bu calismada da elde
edilen sonuglar tiir kompleksinin hentiz ¢oziilemedigini
gostermistir.

Son olarak 3 sinirli veri seti ile yapilan analizler total
mitogenom veri seti ile yapilan analizler ile
karsilastirildiginda, farkli veri setleri arasindaki toplam
aday tiir sayisindaki degisimin analizlere dahil edilebilen
takson say1s1 (NCBI GenBank'ta s6z konusu genin dizisine
sahip takson sayisi) ile orantili olarak arttig1 goralmustiir.
Bu baglamda dis grup harig, COI veri setine dahil edilen
19 takson 16-20 aday ttire, Cytb veri setine dahil edilen 24
takson 21-29 aday tiire, Cytb+COlI ve total mitogenom veri
setine dahil edilen 11 takson ise sirasiyla 8-11 ve 10-12 aday
tiire gruplanmustir. Fakat tiim veri setlerinde ortak olan 11
takson dustintildiigtinde aday tiir gruplamalarinin benzer
oldugu gorilmustiir. Bu sebeple en azindan calisma
konusu olan Ambystoma cinsi icin tek bir gen bolgesinden
olusan sinirh veri setinin de aday ttirlerin belirlenmesinde
yeterli oldugu diistintilmektedir.

Tesekkiir: Bu proje, Mersin Universitesi BAP (Bilimsel Arastirma
Projeleri Birimi) tarafindan 2021-1-AP7-4362 proje kodu ile
desteklenmistir.

Etik kurul onay1: Bu calisma icin etik kurul onayr alinmasma
gerek yoktur.
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Cikar catismasr: Yazarlar, ¢ikar catismast olmadigimi beyan
etmisgtir.
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Abstract: Parabens are a group of chemicals used as preservatives in many industrial products such as foods, cosmetics, and
pharmaceuticals. Recent studies have revealed that these chemicals have endocrine disrupting properties. Drosophila
melanogaster is one of the suitable model organisms used to test the toxic effect of various chemicals in vivo. In this study, the
effects of methylparaben (MP) (50 mM, 100 mM, and 200 mM), one of the most commonly used parabens, on the
developmental parameters and fecundity of D. melanogaster were examined. No significant difference was observed in the
viability rates from larva to pupa and from pupa to adult. However, experimented MP concentrations caused a delay in larva
to pupa and pupa to adult developmental times (p<0.05). While MP did not cause a significant change in mean offspring
number, it significantly decreased fecundity at all doses (p<0.05).

Keywords: Paraben, endocrine disrupting compounds, developmental delay, offspring number, egg number.

Metilparabenin Drosophila melanogaster’in Gelisimi ve Fekunditesi Uzerine Etkileri

Oz: Parabenler; gidalar, kozmetik iirtinler ve ilaglar gibi birgok endiistriyel iirtinde koruyucu olarak kullarilan bir kimyasal
madde grubudur. Son yillarda yapilan ¢alismalar, bu kimyasallarin endokrin bozucu 6zelligi oldugunu ortaya koymustur.
Drosophila melanogaster cesitli kimyasallarin toksik etkisini in vivo olarak test etmek i¢in kullanilan uygun model
organizmalardan biridir. Bu calismada, en sik kullanilan parabenlerden biri olan metilparabenin (MP) (50 mM, 100 mM ve 200
mM) D. melanogaster'in gelisimi ve fekunditesi iizerine etkileri incelenmistir. Pupalasma ve erginlesme yiizdelerinde anlaml
bir fark gozlenmemistir. Fakat MP uygulamas1 pupalasma ve erginlesme siirelerinde gecikmeye yol agmustir (p<0.05). MP
ortalama yavru dél sayisinda anlamli bir degisime yol acmazken, tiim dozlarda fekunditeyi énemli 6lciide azaltmistir (p<0.05).

Issue published: 31.12.2021

Anahtar kelimeler: Paraben, endokrin bozucular, gelisim zamani gecikmesi, yavru dol sayisi, yumurta sayisi.

1. Introduction

In today's world, the increase in human population, the
tendency to raise people's living standards, and rapid
urbanization have increased the demand for ready-made
foods and various cosmetic products. At this point, the use
of protective additives has increased at the same rate.
Parabens, which are para-hydroxybenzoic acid esters, are
among the most widely used additives in the food,
cosmetic, and pharmaceutical industries. The fact that it
has a wide range of activity, low cost, and safe use for a
long time has made these compounds very popular as
antimicrobial protective additives (Soni et al., 2005).
Parabens are also found in low concentrations in
environmental samples such as rivers, air, and dust.
Humans can be exposed to parabens through inhalation,
oral ingestion, and dermal absorption (Chen et al., 2016).
Methylparaben (MP), ethylparaben (EP), propylparaben
(PP), and butylparaben (BP) are the most commonly used
parabens (Soni et al., 2005).

Although they are thought to be safe, various
toxicological and carcinogenic biological effects of
parabens have been determined. Recent studies have
shown that parabens can have endocrine disrupting effects
and may be harmful to human health by showing weak
estrogenic effects (Soni et al., 2005; Boberg et al., 2010). It
has been determined that they can activate estrogen

receptors (Era and Erp) in human reporter cell lines
(Gomez et al., 2005) and have an antagonistic relationship
with human estrogen related receptor gamma (EERYy)
(Zhang et al., 2013). Moreover, the estrogenic effects of
parabens have been detected in vivo by using a receptor
binding assay and in vitro by using yeast-based estrogenic
assay (Routledge et al., 1998). A decrease in sperm motility
and fertility was also observed after paraben
administrations (Tavares et al., 2009; Riad et al., 2018).
Because of these properties, parabens have been classified
by the Endocrine Society as potential endocrine disrupting
chemicals (EDCs) (Chen et al., 2016).

Drosophila melanogaster is one of the most widely used
organisms in biological studies due to its easy cultivation,
the large number of offspring, small size, and well-known
genetic characteristics (Li et al., 2015). In addition, it has
been determined that this organism has similar toxin
metabolic pathways with humans and vertebrates, and;
therefore, it has been frequently used in toxicological
studies (Gao et al.,, 2020). In the study investigating the
effects of MP on growth, development, and egg
production in D. melanogaster, it was determined that 2%
MP concentration had a toxic effect, significantly reducing
the number of eggs, larvae, pupae and eclosion and
delaying the development time. In the same study, at alow
concentration of 0.02%, contrary to these results, it was

*Corresponding author: emelatli@nevsehir.edu.tr
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observed that MP had potential estrogenic activity,
increased the number of eggs, larvae, pupae and eclosion,
and shortened the development time. (Gu et al., 2009). In a
similar study, it was found that EP increased fertility at
low concentrations (0.02%) while it shortened lifespan and
decreased fecundity at high concentrations (0.10%, 0.20%).
It was also determined that EP treatments changed the
expression levels of estrogen-related receptor gene (ERR),
ecdysone receptor gene (EcR), and yolk protein receptor
gene (YPR) (Liu et al., 2014). In a study by Gao et al. (2020),
it was determined that EP delayed the development of D.
melanogaster and caused changes in hormone levels. In
another study, Chen et al. (2016) investigated MP and EP
mixture on lifespan and preadult development period in
D. melanogaster and found that it reduced lifespan and
affected preadult development.

In the present study, it was examined that the effects
of MP on developmental parameters and fertility of D.
melanogaster. Larva to pupa and pupa to adult viability
rates, developmental times, mean offspring numbers, and
mean egg numbers were determined. Thus, it is aimed to
contribute to the literature on the effects of parabens,
which we can take into our bodies with the foods we eat
and the drugs and the cosmetic products we use. More
research is needed to examine the potential additive
toxicity of parabens.

2. Material and Methods
2.1. Fly strains and media

In the current study, the Canton S (CS) wild-type strain of
Drosophila melanogaster was used as the model organism.
The flies were reared on a standard cornmeal Drosophila
medium. The stock cultures and experimental groups
were kept in an incubator at 25+1°C temperature, with 50-
60% humidity, and 12-h light and 12-h dark cycle.

2.2. Chemicals and exposure procedure

Methylparaben (MP) (99.0% purity, CAS No. 99-76-3) was
purchased from Sigma-Aldrich (Steinheim, Germany). All
doses of MP were dissolved in 1 mL ethanol and
completed to 1 L with 5% (w/v) sucrose solution to
prepare the stock solutions. The same volume of ethanol
was added to the stock solution without MP as the control
group.

The CS strain virgin females and males of the same
age were mated in culture bottles. Parent flies were
removed after 8 h and the third instar larvae were obtained
7244 h later. These larvae were treated with 50 mM, 100
mM, and 200 mM MP for 6 h in tubes containing drying
papers that had absorbed 5 mL stock solutions.

Dose selection was made based on the results from
previous studies. In studies performed by Ayar and Uysal
(2013), the LD50 dose for MP was determined as 300 mM
in D. melanogaster. The doses used in this study (50 mM,
100 mM, and 200 mM) were chosen lower than the
determined LD50 dose. As these doses did not cause a
lethal effect on the D. melanogaster larvae, the
developmental and reproductive effects of this chemical
could be examined.

2.3. Pre-adult viability and developmental time assay

The larvae of control and MP groups were placed in tubes
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that contained a standard cornmeal medium. There were
ten tubes in each group and every tube contained ten
larvae. Two repetitions were done for each group. The
development of control and experimental groups was
observed at 6-h intervals. The number of individuals to
reach pupal and adult stages and their developmental
times were recorded separately. From the adults that
emerged, virgin females were collected to use in “offspring
number assay” experiment.

2.4. Offspring number assay

The virgin females hatched from treated larvae were used
to examine the effects of MP on the average daily number
of offspring. A female and 3 males collected from an
untreated stock of the same age were mated. After the first
pupa was seen, parents were removed. When the first
adults hatched the number of emerged offsprings was
counted at 24-h intervals for 10 days.

2.5. Fecundity assay

The CS strain third instar larvae of D. melanogaster were
treated with 50 mM, 100 mM, and 200 mM MP for 6 h.
Virgin females developed from the treated larvae were
used to determine the effects of MP on fecundity. A female
(treated) and three males (non-treated) of the same age (3
days old) were crossed in empty glass culture bottles.
Then, plastic spoons containing standard cornmeal
medium were placed in these culture bottles. These spoons
were changed every 24-h and the eggs laid in the spoons
were counted with a stereomicroscope for 10 days.

2.6. Statistical analysis

The statistical analyses were carried out by using the
Statistical Package for the Social Sciences (SPSS) 15.0
program. The larva to pupa and pupa to adult viability
rates were compared by using a one-way ANOVA
followed by the Games-Howell multiple comparison test.
Statistical comparisons of developmental times were
performed with a two-variable t-test. The ANOVA
followed by LSD test analysis test was used for calculating
the daily mean offspring number. The differences of daily
mean egg production in each group were checked with
ANOVA test by the Games-Howell multiple comparison
test. The significance level for all statistical analyses was
set at p<0.05.

3. Results
3.1. Effects of the MP on the pupation period

The pupae that developed from larvae with and without
MP were counted and viability rates of larva to pupa were
determined. As a result of statistical analysis (ANOVA), it
was seen that MP treatments were not effective on larva to
pupa viability rates (Table 1).

Pupae were counted at 6-h intervals to determine the
effect of MP on the developmental time of larva to pupa. It
was determined that the mean larva to pupa
developmental times were significantly prolonged in all
MP treatment groups compared to control (p<0.05) (Table
2).

3.2. Effects of the MP on the maturation period

The pupa to adult viability rates of the control and MP
treatment groups were determined and then compared
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using one-way ANOVA. Statistical analyses showed that
MP treatments did not affect the pupa to adult viability

rates (Table 3).

The developmental times of pupa to adult were also
determined for all groups and were compared with a two-
variable t-test. In the 50 mM MP group, the mean pupa to
adult developmental time was significantly prolonged
compared to the control (p<0.05). The mean pupa to adult
developmental times of 100 and 200 mM groups were
longer than that of the control group. However, the
differences were not significant (Table 4).

3.3. Effects of the MP on daily mean offspring numbers

To determine the effect of MP on the daily mean offspring
number, offspring counting was performed for 10 days. As
a result of the statistical analysis, it was determined that
MP treatments did not cause significant changes in the
mean number of offspring (Table 5).

3.4. Effects of the MP on daily mean egg numbers

The effects of MP on the fecundity of D. melanogaster were
examined daily over a 10-day period. As seen in Table 6,
all MP concentrations (50 mM, 100 mM, and 200 mM)
reduced the daily mean egg productions significantly
(p<0.05).

Table 1. Larva to pupa viability rates and significance levels of
control and treatment groups

Groups Rate + S.E. S.D. p
Control 100+0.00 0.000
50 mM 98+0.01 0.042

0.288
100 mM 97+0.02 0.048
200 mM 99+0.01 0.032

S.E.: Standard error, S.D.: Standard deviation
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Table 2. The effect of MP on larva to pupa developmental time

Larva to Pupa Significant Differences

Group No.  Groups  Developmental of the Means
Time (h) (p value)
1 Control 69.2
2 50 mM 71.7 1-2* (0.003)
3 100 mM 70.8 1-3* 0.028)
4 200 mM 70.4 1-4* (0.026)

*: Indicates significant delay in larva to pupa developmental time
compared to control

Table 3. Pupa to adult viability rates and significance levels of
control and treatment groups

Groups Rate + S.E. S.D. p
Control 99+0.01 0.032
50 mM 99+0.02 0.048

0.163
100 mM 96+0.03 0.083
200 mM 95+0.03 0.090

S.E.: Standard error, S.D.: Standard deviation

Table 4. The effect of MP on mean pupa to adult developmental
time

Mean Pupa to Adult  Significant Differences
Group No. Groups Developmental of the Means
Time (h) (p value)
1 Control 70.5
2 50 mM 73.2 1-2* (0.003)
3 100 mM 71.2
4 200 mM 72.3

*: Indicates significant delay in mean pupa to adult developmental
time compared to control

Table 5. Effect of MP on daily mean offspring number of D. melanogaster

Group No. Groups No. of Female No. of Offspring o ffsprﬁagﬂlitll\f:;:r +SE S.D. Signi(f)ifcta}rl\et B[iefie;r:nces
1 Control 22 2896 13.16+0.73 10.828
2 50 mM 24 3098 12.91+0.74 11.428
3 100 mM 25 3314 13.26+0.74 11.642
4 200 mM 25 3455 13.30+0.69 10.967
S.E.: Standard error, S.D.: Standard deviation
Table 6. Effect of MP on daily mean egg number of D. melanogaster
Group No. Groups No. of Female No. of Egg Egg?\]agrﬁggzns.E. S.D. (S)if%r;f:ilc\zgrgif;ezgi:
1 Control 22 1560 7.09+0.56 8.308
2 50 mM 23 1035 4.50£0.38 5.735 1-2* (0.001)
3 100 mM 23 911 3.96+0.38 5.693 1-3* (0.000)
4 200 mM 22 972 4.42+0.40 5.979 1-4* (0.001)

S.E.: Standard error, S.D.: Standard deviation
4. Discussion

Whether the additives used in the food, cosmetics, and
pharmaceutical industries have a toxic effect is one of the
most researched subjects. Considering the amount of
substances added to foods and cosmetics and the number
of people exposed to it, the importance of this issue is
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evident. For this reason, scientists are trying to determine
the possible carcinogenic, mutagenic, and toxic effects of
additives with in vivo and in vitro test methods. In this
context, parabens are one of the most used and most
studied chemical groups.

In this study, the effects of methylparaben (MP), one
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of the protective additives, on the developmental
parameters and fecundity of Drosophila melanogaster were
investigated. Although the effects of MP on larva to pupa
and pupa to adult viability rates were not observed, MP
treatments caused significant (p<0.05) delays in larva to
pupa and pupa to adult developmental times. No
significant change was observed in the daily mean number
of offspring. However, daily average egg numbers were
significantly decreased in the treatment groups compared
to the control (p<0.05).

Many synthetic chemicals are known to mimic the
effects of natural estrogens. These chemicals, defined as
endocrine disruptors (EDCs), exert their effects by binding
to estrogen receptors (Routledge et al., 1998). Parabens are
also compounds that have the ability to bind to vertebrate
estrogen receptors. Thus, they can act as EDCs (Vo et al,,
2010).

Ecdysteroids are steroid hormones that play an
important role in insects. 20-hydroxyecdysone (20E), an
ecdysteroid hormone, exerts its effect by binding to
ecdysone  receptors.  This  hormone  regulates
developmental changes (such as metamorphosis) in fruit
flies and other insects (Kozlova & Thummel, 2000;
Galikova et al., 2011). The ecdysone receptor of D.
melanogaster was determined to be homologous to the
vertebrate estrogen receptor (Zou & Fingerman, 1997). It is
also noted that EDCs that can bind to steroid hormone
receptors can also bind to ecdysteroid receptors of
invertebrates (Watts et al., 2001). Liu et al. (2014)
determined that EP treatments caused changes in
ecdysone receptor gene (EcR) and estrogen-related
receptor gene (ERR) expression levels of D. melanogaster.
Another study by Gao et al. (2020) found that EP increased
EcR expression and decreased the amount of 20E. They
stated the reason for this is that EP mimics the 20E and
induces EcR expression. Based on these published studies
and the results of this study, it can be said that the MP may
have bound to EcR by mimicking the 20E; thus, preventing
20E from binding to its receptor, causing delays in
developmental time.

Another striking effect of MP on D. melanogaster in
the present study was on the mean egg number. It was
significantly decreased in all treatment groups compared
to the control. Fecundity of D. melanogaster can be affected
by many internal (age, genetic factors, and etc.) and
external (population density, nutrition, humidity,
temperature, and etc.) factors (Ashburner et al., 2011).
Stress is one of the external factors affecting fecundity.
Studies have shown that EDCs induce oxidative stress by
causing the formation of free radicals in cells (Roy et al.,
1997; Obata & Kubota, 2000; Herrero et al., 2015). It is
determined that parabens cause the formation of reactive
oxygen species (ROS) and; thus, induce oxidative stress
(Pop et al.,, 2011; Samarasinghe et al., 2018). It is also
determined that ecdysteroid hormones are also effective
on fecundity. It was reported that any effect that will
increase the amount of ecdysteroids will decrease egg
production (Rauschenbach et al., 2000). In addition, the
balance between 20E and juvenile hormone (JH) is of great
importance for the normal oogenesis process in Drosophila
(Soller et al., 1999). A study by Gu et al. (2009) showed that
2% MP reduced the number of eggs, but 0.02% MP
increased them. In a similar study, it was determined that
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EP increased fertility at low concentrations (0.02%), while
it decreased fecundity at high concentrations (0.10%,
0.20%) (Liu et al., 2014). Based on the results of the current
study and previous studies, we can say that MP may have
affected fecundity by imitating the ecdysone hormone and
disrupting the balance between JH and ecdysone. The MP
treatments in the present study also may have increased
the amount of ecdysteroid hormones by causing oxidative
stress in the cells and this may have decreased egg
production.

The results of this study showed that MP did not
affect the survival of D. melanogaster but prolonged
development time and decreased egg production. It can be
said by looking at the results of both this study and
previous studies that parabens, which are widely used in
the food, pharmaceutical, and cosmetic industries, have
toxic effects. Especially considering their endocrine
disrupting effects, the use of these chemicals should be
kept under control.
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Abstract: In this study, the effects of different doses of mixed cultures of Microcystis viridis and Aphanizomenon gracile, which
are densely found in some Sanliurfa Dam Lakes, were investigated to determine their effects on the growth of vetch (Vicia
sativa L.), chickpea (Cicer arietinum L.), and barley (Hordeum vulgare L.). The doses prepared from the cyanobacteria mixture
were applied to the soil by spraying. In terms of root length, 1.5% application dose in vetch and 2% dose in chickpea and barley
were found to be effective. The 2% application dose of the cyanobacteria mixture increased the plant height of all three plants
compared to the control. While 2% application dose was found to be effective on root dry and wet weight in chickpea and
barley, 1.5% application dose was found to be effective on shoot weight in vetch and chickpea.

Keywords: Cyanobacteria, biofertilizer, plant growth, dose.

Microcystis viridis ve Aphanizomenon gracile Karisik Kiiltiiriin Fig, Nohut ve Arpa Gelisimine
Etkileri

Oz: Bu calismada fig (Vicia sativa L.), nohut (Cicer arietinum L.) ve arpa (Hordeum vulgare L.) gelisimi {izerine etkilerini
belirlemek amaciyla, baz1 Sanlurfa Baraj Gollerinde yogun olarak bulunan Microcystis viridis ve Aphanizomenon gracile’in
karisik kiilttirtintin farkli dozlarmin etkisi arastirilmistir. Siyanobakteri karisimindan hazirlanan dozlar, topraklara
piskiirttilerek uygulanmstir. Kok uzunlugu bakimindan fig de %1.5 uygulama dozu, nohut ve arpada ise %2'lik doz etkili
bulunmustur. Siyanobakteri karisimmimn %2’lik uygulama dozu her ti¢ bitkinin bitki boyunu kontrole gore arttirmistir. Kok
kuru ve yas agirligina %2’lik uygulama dozu nohut ve arpada etkili bulunurken, yesil aksam agirligina ise fig ve nohutta %1.5
uygulama dozu etkili bulunmustur.

Anahtar kelimeler: Cyanobacteria, biyogiibre, bitki gelisimi, doz.

Issue published: 31.12.2021

1. Giris

Tarimsal tiretim tizerindeki kiiresel baski, insan gidasi,
hayvan yemi ve enerji {iretimine stirekli artan talebi
karsilamaya yonelik yeni ve stirdiiriilebilir yaklasimlar
gerektirmektedir. Geleneksel tarim uygulamalari, biiytik
olctide yenilenemeyen giibre ve pestisit girdilerine
dayanmaktadir (Renuka et al, 2018). Tarimsal
kimyasallar, insanoglu i¢in 6nemli ilerlemeler saglasa da
(Cooper & Dobson, 2007), bu kimyasallar insan saglig1 ve
cevre igin ciddi, ¢oziilmemis bir tehdit olusturmaktadir
(Fenner et al., 2013). Ayrica, bu girdilerin temini ve
uygulanmasi, kaynaklarin tiikenmesi ve mineral giibrelere
yonelik artan talep nedeniyle giderek daha maliyetli hale
gelmektedir. Bu nedenle, tarimda kimyasal girdilerin
kullanimi ve artan endise nedeniyle alternatif arayislara
yonelinmistir. Bitki biyouyaricilari, giibrelere, 6zellikle de
ciftik disi  kimyasal girdilere olan bagimlilig:
azaltabildikleri icin tarimsal stirdiriilebilirliginin ele
almmasida ¢ok énemli bir rol oynamaktadir (Fenner et
al., 2013).

Mikroalg tlirevli {rtinler tarimda c¢ok islevli
ozelliklere sahiptir, besin alimini kolaylastirarak, tirtin
performansin, bitkinin fizyolojik durumunu ve abiyotik
strese toleransi iyilestirmistir (Renuka et al.,, 2018). Son
yillarda, tarla ve sera kosullarinda mikroalg

*Corresponding author: sezen@harran.edu.tr

ekstraktlarmin etkisini test eden calismalar artmustir.
Yapilan calismalarda siyanobakteriyal uygulamalarin;
marul, amaranth, domates ve biberin ¢imlenme, fide
biiytimesini, stirgtin ve kok biyokiitlesini uyardiklarin
gostermistir. (Faheed & Abd-El Fattah, 2008; Garcia-
Gonzalez & Sommerfeld, 2016; Barone et al., 2018; 2019, El
Arroussi et al., 2018). Chlorella vulgaris iceren bir ortamda
(2 ve 3 g/kg toprakta kuru mikroalg ekstresi) marulun
¢imlenmesini hizlandirdig1, marulun gelisimini (hem taze
hem de kuru agirlik bazinda) tesvik edildigi rapor
edilmistir (Faheed & Abd-El Fattah, 2008). Ayni calismada,
bitki biiytimesinin (yani stirgtin, kok kuru agirligi ve
uzunlugu) iyilestirilmesi, fotosentetik aktiviteyi etkileyen
karotenoid ve  klorofil pigment biyosentezinin
uyarilmasiyla iliskilendirilmistir. Benzer sekilde, Spirulina
platensis'in ~ uygulanmasi, roka bitki biiytimesini
arttirmistir (Wuang et al., 2016). Garcia-Gonzalez and
Sommerfeld (2016) ve El Arroussi et al. (2018), domates ve
biberin de mikroalgal ekstraktlarmin uygulanmasimdan
olumlu etkilendigini belirtmistir. Ornegin, Acutodesmus
dimorphus kuru biyokiitlesi veya sulu hiticre ekstraktlar
farkli konsantrasyonlarda (0, 0.75, 1.875, 3.75, 5.625 ve 7.5
g/ml) tohum ve yapraktan uygulandiginda; tohum
¢imlenmesini, bitki biiytimesini ve bitkinin ¢icek agmasin
tesvik etmistir (Garcia-Gonzalez & Sommerfeld, 2016).

Ulkemizde 6nemli arpa tiretim merkezlerinden biri
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Sanliurfa’dir. Sanhurfa’da tretilen arpa iilke ekonomisi
icin oldukga 6nemli olup, insan ve hayvan beslenmesinde
de onem tasimaktadir (Kizilgeci et al., 2016). Yemeklik tane
baklagiller icerisinde en fazla ekim ve tiretim alanina sahip
olan nohut ise kuru kosullarda yetistirilmektedir (Demirci
& Bildirici, 2020). Ulkemizde en fazla nohut tiretimi; ic
Anadolu, Ege ve Giineydogu Anadolu bolgelerinde
yapilmaktadir (Demirci & Bildirici, 2020). Kurakliga
oldukca dayanikli olan fig ise tahil tiretiminin yapildig:
yerlerde de kolaylikla yetistirilebilmektedir (Saglamtimur
et al., 1991). Dogal mera alanlarinda da kendiliginden
yetisebilen figin hayvan beslenmesinde kullanildig1 gibi,
yesil giibre bitkisi olarak da kullanilarak topragin organik
madde igerigini arttirdigy bilinmektedir (Saglamtimur et
al.,, 1991).

Bitkisel tiretimde kimyasal ilaglarin yerine
mikroorganizmalardan hazirlanan gtibrelerin kullanim
ile ilgili yapilan pek ¢ok calismalar bulunmaktadir (Barone
et al, 2018, 2019; El Arroussi et al, 2018).
Mikroorganizmalarin  kullanimi  giibre  kullanimini
azaltmak ve verimi arttirmada alternatif olarak karsimiza
cikmaktadir. Ozellikle mikroalglerin biyogiibre olarak
kullanim1 son yillarda dikkat ¢ekmektedir. Cevre dostu
olan mikroorganizmalarin endiistriyel olcekli tiretiminin
yapilabilmesi hem organik hem de siirdiiriilebilir tarim
icin onem arz etmektedir. Ulkemizde mikroalg bazl
biyogiibrelerin tiretimi olmakla birlikte, etkileri bitki,
iklim ve toprak kosullarna gore de degisiklik
gostermektedir. Bu nedenle c¢alismamizda; bolgemiz
kosullarina uyumlu ve bazi Sanliurfa Baraj Gollerinde
yogun olarak bulunan olan mikroalglerden Microcystis
viridis ve Aphanizomenon gracile'in karisik kultiirtintin
endiistriyel ¢lctitte tiretilmesinden 6nce; sera kosullarinda,
kimyasal gtibre yerine biyostimiilant olarak farkli
dozlarinin nohut, fig ve arpa gelisimi tizerine etkilerinin
belirlenmesi amaclanmustir.

2. Materyal ve Metot
2.1. Denemede Kullanilan Materyal

Denemede nohut, arpa ve fig tohumlar: kullanilmustir.
Tohumlar Ege Universitesi Tarla Bitkileri bolimiinden
saglanmistir.

2.2. Kullanilan Siyanobakteri

Sanliurfa baraj goliinden alman kavanozlara alnan su
ornekleri hemen laboratuvara getirilmis, daha once
hazirlanmis BG11, BGA besiyerleri iceren petri kutularina
T’er ml olacak sekilde piiskiirtme seklinde ekilmistir
(Pereira et al., 2009). Petri kutular: stirekli 151k altinda oda
sicakliginda 15 giin stire ile inkiibe edilmistir. 1nki‘1basyon
sonrast gelisen siyanobakteri kiiltiirlerinden 6rnek
almmus, BG11 besiyerine ekilerek saflastirilmistir. Gelisen
kilttirler mikroskopta Tablo 1'de (Komérek & Komarkova
2006; Komaérek & Anagnostidis 2008; Komarek, 2013;
Kociniski et al, 2013; Cires & Ballot, 2016) gore
tanimlanmustir. Sanliurfa baraj goliinde yaz aylarinda asir
¢ogalma yapan, su Orneklerinden izole ettigimiz tiirler
Microcystis  viridis ve Aphanizomenon gracile olarak
tanimlanmistir. Bu mikroalgleri iceren sular ile bazi
Sanliurfa baraj gollerinin etrafindaki tarlalarin sulandig:
ve ¢iftcilerin tarlalarindan bu sular ile sulanan tiriinlerden
yiiksek verim alindigr igin, calismamizda her iki alg
tiirtiniin esit oranda karisimi hazirlanarak kullanilmastar.
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Saf kiiltiirlerin her biri BG11 besiyerine ekilmis, oda
sicakliginda stirekli 151k altinda 15 giin boyunca inkiibe
edilmistir. Inkiibasyon sonunda 6rnekler, 5000 x g'de 15
dk santrifijlenmistir. Hiicreler steril su ile bes kez
yikanmustir. 500 ml steril distile suya 5 g taze alg
materyalini igeren ekstrakt %1 uygulama dozu olarak
kullanilmistir. Benzer olarak ekstraktlarm %1.5 ve %2'lik
uygulama dozlar1 hazirlanmistir. Uygulama dozlarmin
her biri %50 M. viridis ve %50 A. gracile icerecek sekilde
ayarlanmustir. M. viridis ve A. gracile 'in mikroskobik
goriinimleri Sekil 1'de ve teshislerinde kullanilan
Olctimleri Tablo 1’'de (Komarek & Komadrkova, 2006;
Komarek & Anagnostidis, 2008; Komarek, 2013; Kocinski
et al., 2013; Cires & Ballot, 2016) verilmistir.

Sekil 1. Aphanizomenon gracile ve Microcystis viridis'in mikroskobik
goriniimleri

Figure 1. Microscopic views of Aphanizomenon gracile and
Microcystis viridis
Tablo 1. Aphanizomenon gracile ve Microcystis viridis'in tamimu,

morfolojisi ve l¢timleri

Table 1. Description, morphology and measurements of

Aphanizomenon gracile and Microcystis viridis

Tir Tanimi, morfolojisi ve dlciimleri

Aphanizomenon gracile
Lemmermann 1907

Metamerik bir yapiya sahiptir. trikomlar diiz,
soliterdir, capraz duvarda daralir ve uglara
dogru hafifce daralir. Hiicreler ¢ok sayida
kiiciik graniil ve gaz vezikiilii ile kisa ve
silindiriktir (5-8 mikron uzunlugunda ve 2-4
mikron genisliginde). Apikal hiicreler hafif
yuvarlak veya koniktir (3-5 pm uzunlugunda
ve 1525 um genisliginde). Heterositler

soliter, interkalar, genellikle kisa ve
silindiriktir, ~bazi  zamanlar neredeyse
kiireseldir (3.5-6 pm). Akinetler

heterositlerden uzak, interkalar, silindirik ve
kutuplarda yuvarlaktir. Akinetler yalnizdirlar
ve her zaman genislikten (4.5-7.5 pm) daha
uzundurlar (10-35 pm).

Koloniler serbest yiizen, mikroskobik, paket
benzeri ve ii¢ boyutlu koloniler, daha sonra
bazen diizensiz kiimelerle makroskopik,
ancak deliksiz, diizensiz kiiresel veya uzun
yogun kiimelenmis hiicreler. Miisilaj renksiz,
hiicre kiimelerinden biraz uzakta ve hiicre
anahatlarim1  asagi yukar1 kopyalayarak
dalgali kenar boslugu, genellikle 5-10 pm
genisliginde sirli ve hafif kirilma smuri.
Hiicreler kiiresel, aerotoplu, (3) 3.5-7.0 (7.9-
8.4) pm capindadir.

Microcystis viridis (A.
Braun in Rabenhorst)
Lemmermann 1903

2.3. Saks1 Denemeleri

Denemede kullamilan topraklar, Harran Universitesi
kampiis alaninda daha 6nce herhangi bir uygulama ve
ekimin yapilmadigr alandan alinmistir. Topraklarin bazi
fizikokimyasal 6zellikleri GAP Arastirma Enstitiisti'nde
yaptirilmistir. Sakst denemesinde kullanilan topraklarin
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pH'17.71, toprak tekstiirti %51.62 kil, %23 kum ve %25.38
silt icerigine sahip olup killi biinyeye sahiptir. Kullanilan
topraklarin organik madde igerigi %1.62, kireg icerigi
%22.08, EC 0.86 ds/m ve azot icerigi %0.07"dir.

Topraklar 3 ardisik giin 121°C’de 15 dk otoklavda
steril edildikten sonra 2 kg'lik saksilara doldurulmustur.
Tohumlarin  ytizey sterilizasyonu %1’lik sodyum
hipoklorit (NaOCl)'te 1 dk bekletildikten sonra alkolde 5
sn bekletilmis ve steril distile sudan 5 kez gecirilerek
yapilmistir. Tohumlarin her birinden saksilara 5’er tane
ekilmis, ¢imlenme sonunda 2'ye seyreltilmistir.
Hazirlanan ekstraktlar topraga piiskiirtme seklinde su
yerine verilmistir. Kontrol olarak mikroalg ekstraktlar
yerine ¢esme suyu verilmistir. Saks1 denemeleri tesadiif
parselleri deneme desenine gore 3 tekerriirlii olarak
kurulmustur. Bitkiler ekimden 90 giin sonra hasat
edilmistir. Saksilar gerektiginde hazirlanan ekstraktlar ile
sulanmustir.

Uygulamalar arasindaki farklilik ve gruplamalar her
bir bitki icin ayr1 ayr1 JUMPI1 istatistik programi
kullanilarak belirlenmistir.

3. Bulgular ve Tartisma

Mikroalgler; su biyoremediasyon etmenleri (Oswald,
1992), su urtinleri yetistiriciliginde (De Pauw et al., 1992),
insanlar ve hayvanlar i¢in gida (Becker, 1992), pigment
tiretiminde (Johnson & An, 1991), agir metallerin biyolojik
olarak uzaklastirilmasinda (Wilde & Benemann, 1993) ve
tarrm (Renuka et al, 2018) gibi bircok alanda
kullanilmaktadir. Mikroalgler tarimsal agidan onemli
bitkilerin verimini artirma potansiyeli acisindan son
yillarda dikkat cekmektedir (Rachidi et al, 2020).
Prokaryotik siyanobakteriler, bitki biiytimesini ve {irtin
verimini artrmak icin biyogtibre olarak uygulanmustir
(Innok et al., 2009; Renuka et al., 2018). Anabaena variabilis
ve Nostoc sp. ile muamele edilmis celtik bitkilerinin
inorganik giibreye gore bitki boyu, yaprak uzunlugu ve
tane verimini daha fazla arttirdig1 rapor edilmistir (Singh
& Datta, 2007; Innok et al., 2009). A. laxa ve Calothrix
elenkinii ile asilama, kisnis tohumlarinin ¢imlenmesini
arttirmis; kisnis, kimyon ve rezenede kok ve stirgiin
gelisimini desteklemistir (Kumar et al., 2013). Ayrica,
siyanobakteriler Calothrix sp., Hapalosiphon sp., Nostoc sp.
ve Westiellopsis sp.nin stipernatantlarinin kontrol olarak
su uygulandiginda bugdayda kok uzunlugunu ve tohum
¢imlenmesini kontrole gore sirasi ile 2.7, 2.1 ve 1.1 kat
arttirdig: bildirilmistir (Karthikeyan et al., 2009).

Calismamizda Microcystis viridis ve Aphanizomenon
gracile karisik kiilttirtintin farkli dozlarmin fig, nohut ve
arpa bitkilerinin gelisimleri tizerine etkileri Tablo 2’de
verilmistir. Denememizde test edilen bitkilerin kok
uzunlugu tzerine siyanobakteri karisimmin farkh
dozlarmin etkileri farklilik gostermistir. Kok uzunlugunu
figde %1.5 oranindaki uygulama dozu etkili bulunurken,
arpa ve nohutta %2lik uygulama dozu etkili olmustur.
Mikroalg  karstmmun  farkli  dozlar1  kontrolle
karsilastirlldiginda fig, arpa ve nohutun bitki boyunu
arttirmistir. Nohut ve fig bitki boyunu; %2’lik doz,
kontrolle karsilastirildiginda 6nemli olctide arttirirken,
arpada en ytiksek bitki boyu %1.5 uygulama dozunda elde
edilmistir (Tablo 2). Bu sonuclar, Zhang et al. (2017)
tarafindan bildirildigi gibi Chlorella vulgaris ve Scenedesmus
quadricauda ile asili domates bitkilerinin kontrole gore bitki
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boyu ve bitki aguliginin artmas: ile benzerlik
gostermektedir. Siyanobakteriler ile asili fig, nohut ve
arpanin bitki boyu ve kok uzunlugunun kontrole goére
artmasmimn alglerin fitouyarici olmasindan
kaynaklanabilecegi diistintilmektedir.

Tablo 2. Siyanobakteriyal karisimin farkli dozlarmin fig, nohut ve
arpa gelisimi {izerine etkileri

Table 2. Effects of different doses of cyanobacterial mixture on the
growth of vetch, chickpea and barley

Siyanobakteri

Ozellik doz (%) Fig Nohut Arpa
Bitki boyu 0 973 C 51B 197C
(em) 1 1033BC  563AB  237B
15 1097AB  567AB  277A

2 137A  607A  290A

Kok uzunlugu 0 14C 88C 8.6 B
(em) 1 173BC  13.7B 8.6B
15 2BA  157AB  12AB

2 20AB  203A  143A

Kok kuru 0 0020C 004D  003B
agirlig (g) 1 0077B  006C  0.09B
15 0167A  017B  032A

2 0029C  021A  036A

Kok yas 0 043B 018D  033C
agirlig (g) 1 077A  036C  048C
15 082A  084B  123B

2 14A 09A  160A

Govde yas 0 0.74B 35B  095C
agirlig (g) 1 095AB  41B 1.84B
15 141 A 6A 3.26C

2 127AB  59A  315A

Govde kuru 0 0.17B 0.7B 0.19C
agirlig (g) 1 022AB 08B 0.40 B
15 028 A 12A  063A

2 023AB  13A  06lA

Zhang et al. (2017), mikroalg uygulanan domates
bitkilerinde olctilen fizyolojik parametreler {izerindeki
olumlu etkinin mikroalgler tarafindan yavasga salman
biyouyarict  maddelerin  veya  allelokimyasallarin
varligindan da kaynaklanabilecegini bildirmislerdir.
Allelopati, hedef organizmalar {izerindeki faydali veya
zararl etkiye bagli olarak olumlu veya olumsuz etki
gosterebilmektedir (Zhang et al., 2017).

Mikroalglerden elde edilen polisakkaritler, tarimsal
trtinlerin  gelistirilmesi ve korunmas: i¢in potansiyel
olarak bir biyolojik kaynak olarak tanimlanmistir (Rossi &
De Philippis, 2016). Mikroalg polisakkaritlerini bitki
biyouyarici olarak kullanma olasiligmin arastirildig
calismada; i¢ mikroalg tiirtinden elde edilen ham
polisakkarit 6zii, domates bitkilerine sulama yoluyla
uygulanmus, stirgiin ve kok uzunlugu, bogum sayisi,
stirgtin ve kok kuru agirligr tizerindeki etkilerine gore
karsilastirllmistir  (Rachidi et al., 2020). Arthrospira
platensis, Dunaliella salina ve Porphorydium sp.nin elde
edilen polisakkarit (1 mg/ml) uygulamasimin domates
bitkilerinde, kontrole oranla yesil aksam kuru agirlig1 ve
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yesil aksam uzunlugunu sirasiyla %46.6 ve %25.26
oraninda onemli olctide iyilestirdigi belirlenmistir
(Rachidi et al., 2020).

Siyanobakteri karisimimun farkli dozlarmin fig, arpa
ve nohut yas ve kuru agirliklar: tizerine etkileri kontrolle
karsilastirildiklarinda etkili bulunmustur. En yiiksek yesil
aksam yas agirhigr her {i¢ bitkide de %1.5 uygulama
dozunda belirlenmistir (Tablo 2).

Yapilan benzer calismada mikroalg Chlorella vulgaris
ve Scenedesmus quadricauda'dan elde edilen ekstraktlarin,
seker pancari bitki agirligi tizerinde biyouyarici bir etki
gosterdigi gosterilmistir (Barone et al., 2018). Ayrica
Barone et al. (2018), seker pancari bitkisinin, gelisme
ortamina S. quadricauda ekstraktinin eklenmesi ile kok
agirlig ve kok uzunlugunu kontrole oranla dnemli 6lctide
arttirdigmi rapor etmislerdir. Puglisi et al. (2020) S.
quadricauda  ‘min  marul gelisimine olan etkisini
arastirdiklar1  calismalarinda da marul fidelerinin
gelisimini olumlu etkilediklerini, kuru madde, karotenoid,
protein ve klorofil icerigini arttirdig1 incelenmistir. Bizim
calismamizda da siyanobakteri karisiminin uygulanan tig
farkli dozlarinmn kontrole gore bitki boyu, kok uzunlugu
ile yas ve kuru agirhiklarmi arttirmalari; arastiricilarin
bulgulari ile desteklenmektedir.

Bakteriler ve funguslar bitki gelisimini iyilestirmek
i¢in kullanilmakta olsa da, yeni veriler alglerin de bitki
biiytimesini destekledigini, patojen biiytimesini dogrudan
inhibe ederek, bitki bagisikligin aktive ederek patojenlere
kars1 biyolojik kontrol ajanlari olarak hareket ettigini
gostermektedir (Kumar et al., 2013; Rossi & De Philippis,
2016; Renuka et al., 2018). Bu nedenle, algler, biyogtibreler
ve bitki koruyucular olarak kullanilabilen yeni bir
biyoaktif materyal olarak karsimiza c¢ikmaktadir.
Calismamizda siyanobakterilerin farkli dozlari test edilen
bitkilerin  gelismelerini kontrole gore arttirmustir.
Mikroalglerin  bitki  gelisimini destekleyici olarak
kullanimi ile ilgili arastirmalarin yapilmas: kimyasal
glibrelerin kullanimimi da azaltacaktir. Calismamizin

yapilacak olan calismalara yol gosterecegi
diistiniilmektedir.
Tesekkiir: Harran Universitesi Bilimsel Arastirma

Koordinatorliigii (HUBAP-19002) tarafindan desteklenmistir.

Etik kurul onayr: Bu calisma i¢in etik kurul onay1 alinmasina
gerek yoktur.

Cikar catismasi: Yazarlar, cikar catismast olmadigimi beyan
etmistir.
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Abstract: The present study aimed to determine both the effects of monocultures of rainbow trout (R) and brown trout (B) and
polycultures (R 75%-B 25%; R 66%-B 34% and R 50%-B 50%) on behavior. In the study, the area used vertically by the fish in
the tank, the mobility rate of fish in the tank, the rate of tendency of fish in eating as soon as they were fed, whether the fish
test the feed, the interspecies feed competition, the time they start to take the first feed, the duration of the feed consumption
of the fish and the feed area of the fish have been considered as behavioral evaluation criteria. The trout were monitored with
a camera to determine their behavior. Considering all behavioral criteria, the best polyculture rate was determined as R 66 %-
B 34%. Brown trout were found to be more mobile and exhibit more relaxed behavior compared to other groups in polyculture.
In addition, interspecies feed competition was mostly encountered in this group. As a result, in this study, in which two
different trout species were monocultured and treated at different polyculture ratios, the main factor causing behavioral
change in fish was found to be the different stocking rates of fish to each other in the same tank. Different rates applied in
polyculture caused unpredictable changes in behavior in both species. The ratio of fish used in polyculture was found to be a
considerable factor affecting the final product and their behavior for aquaculture.

Keywords: Behavioral change, rainbow trout, brown trout, polyculture.

iki Farkl1 Alabalik Tiiriiniin (Oncorhynchus mykiss, Salmo sp.) Monokiiltiirleri ile Farkl1
Oranlarda Polikiiltiirlerinin Cesitli Faktorlere Bagli Davranig Ozelliklerinin incelenmesi

Oz: Bu calismada gokkusag alabaligi (G) ve kahverengi alabaligin (K) monokiiltiirleri ile farkli oranlarda (G %75-K%25; G %66-
K %34 ve G%50-K %50) polikiiltiirlerinin davranis tizerine etkilerinin belirlenmesi amaglanmustir. Calismada baliklarin; tankta
dikey olarak kullandig1 bolge, tanktaki hareketlilik oranlari, yemin ilk verildigi anda yeme kars1 ilgi ytizdesi, yemi test edip
etmedigi, tiirler arasi yem rekabeti, ilk yem almaya baslama siiresi, yemi tiiketme siiresi ve yem aldig1 bolge davranis
degerlendirme olctitleri olarak dikkate almmuistir. Alabaliklarin davranislarim belirlemek icin kamera kayatlar: kullanilmustir.
Tiim davramns 6lgtitleri dikkate alindiginda en iyi polikiiltiir oran1 G%66-K %34 olarak belirlenmistir. Bu gruptaki kahverengi
alabaliklarin polikiiltiirdeki diger gruplara kiyasla daha hareketli oldugu ve daha rahat davrams sergiledikleri goriilmiistiir.
Ayrica tiirler aras1 yem rekabeti de en fazla bu grupta goriilmiistiir. Sonug olarak iki farkli alabalik tiirtintin monokiilttirtintin
ve farkli oranlarda polikiiltiiriiniin yapildigt bu calismada baliklardaki davranis degisikligine sebep olan temel etken,
baliklarin aynui tanktaki birbirlerine olan farkli stoklama oranlaridir. Polikiiltiirde uygulanan farkli oranlarin iki ttirtin
davranislarinda onceden tahmin edilemeyecek sekilde degisikliklere sebep olmustur. Polikiiltiirde kullanilan baliklarmn
birbirlerine olan oranlari, yetistiricilikte davranisi nihai tirtinii etkileyen ve dikkate alinmasi gereken dnemli bir faktordiir.

Anahtar kelimeler: Davranis degisikligi, gokkusag1 alabaligi, kahverengi alabalik, polikiiltiir.

Issue published: 31.12.2021

1. Introduction

Changes in environmental conditions in aquaculture may
cause several differences in fish behavior. Observation and
evaluation of these differences are crucial for aquaculture
producers and experts. Many systems, therefore, have
been developed by researchers to evaluate fish behavior
(Hong, & Zha, 2019; Han et al., 2020). Due to cost
effectiveness and their reliability, video technologies that
form the basis of most of these systems are widely applied
in both research and commercial aquaculture facilities to
monitor and analyze fish behavior (Kane et al., 2004; Stien
et al., 2007, Wagget & Buskey, 2007; Salierno et al., 2008;
Papadakis et al., 2012; Papadakis et al., 2014; Hong & Zha,
2019). Moreover, monitoring and analyzing the fish
behavior provide economic benefits for fish farmers (Stien
et al., 2007; Papadakis et al., 2014). As in all farming fields,

*Corresponding author: borankaratas@yyu.edu.tr

an important purpose in aquaculture is to obtain
maximum product from the unit area with the least cost.
Although it may be underestimated, the factors that cause
sudden changes in fish behavior may affect the
profitability =~ of the business (Karatas, 2015).
Understanding fish behavior, therefore, is crucial for the
effective management of aquaculture facilities (Pinkiewicz
etal., 2011).

Researchers have conducted many comprehensive
studies on feeding, swimming, and group behavior of fish.
In addition to investigating fish interactions with other
species, they examined fish behavior under environmental
stress and in polyculture aquacultures (Xu et al., 2006;
Delcourt et al., 2009; Sadoul et al., 2014; Karatas, 2015; Fore
et al., 2018; Li et al., 2020). These studies on fish behavior
have contributed to the development of healthy
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aquaculture practices in terms of improving breeding
conditions, identifying individual or environmental
negativities. Studies on the behavior of cultured fish
species in polyculture breeding studies, however, is
extremely scarce. Polyculture breeding studies mostly
focused on the growth and survival rates of the cultured
fish rather than their behavior (Barki & Karplus, 2016).
However, the behavior of the fish in the polyculture
studies may significantly affect the breeding results (e.g.,
growth, feed consumption, and etc) (Rahman &
Verdegem, 2010; Karatas, 2015).

In this study, the effects of monocultures of rainbow
trout (R) and brown trout (B), which are two carnivorous
species cultivated in Turkey, and polycultures (R 75%-B
25%; R 66%-B 34% and R 50%-B 50%) on behavior are
aimed to be investigated in a comparative manner.

2. Material and Methods

This study was carried out at Fisheries Research and
Application Facility, Yiiziincii Y1l University Research and
Application Farm Directorate. The study was approved by
the Animal Experiments Local Ethics Committee (No:
27552122-80) of Van Yiiziincii Y1l University. In the study,
rainbow trout (Oncorhynchus mykiss) and stream ecotype
of brown trout (Salmo sp.) were used. The fish used in the
research were obtained from the Avcil Trout Farm in Bitlis
Province. The study was carried out between July and
October 2014. In the current examination, ten PVC
aquaculture tanks with a volume of 500 liters were used.
During the study, the amount of dissolved oxygen in water
and the temperature and pH of the water were measured
on daily basis just after 30 minutes of feeding. During the
study, fish were fed with 2 mm and 3 mm trout grower
feed produced by a private company (Skretting) twice
every day, once in the morning and once in the evening.
To determine the exact environmental and food
consumption effects of polyculture, “over nutrition”
method was used as nutritional regime. To prevent the
feed to affect the behavior of the fish and to be ever present
in the environment whenever they needed, the feed was
delivered more than the amount required by the fish.
During this experiment, the amount of dissolved oxygen
ranged from 5.8 mg/L to 7.4 mg/L whereas the pH of
water varied from 7.9 to 8.1. While the temperature was
about 18°C at the beginning of the experiment, it was
measured as about 15°C at the end. The water flow rate of
tanks was adjusted to an average of 2 L/ min in the present
study.

A total of 140 rainbow trout (24.7+0.2 g) and 100
brown trout (41.8£0.8 g) were tested in the study. The
weight difference between the rainbow trout and brown
trout utilized in the current experiment was found higher
than the intended level. This is because the trial layout was
corrupted seven times due to the difficulties in material
supply, the deterioration of water quality, and the
recurrent diseases. Five different stockings were applied at
different rates and each stocking rate was assessed as a
group. These groups were planned as two replications.
Rainbow trout (R) and Brown trout (B) ratios in
polyculture were established in line with the
recommendations of the commercial fish farms. A total of
240 fish were used and 24 fish were placed in each group.
Table 1 shows the groups applied in the current study and
the stocking rates.
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Table 1. The groups applied in the current study and stocking
rates.

Groups Stocking Rates (Species and number of fish in groups)
R 100% Rainbow Trout (24)

B 100% Brown Trout (24)

R50B50 50% Rainbow Trout (12) + 50% Brown Trout (12)
R66B34 66.6%Rainbow Trout (16) + 33.3%Brown Trout (8)
R75B25 75%Rainbow Trout (18) + 25% Brown Trout (6)

The study was launched after 10 days of adaptation
of the fish. Then, the study was proceeded for another 80
days. In order to examine the effects of two different trout
breeding in the same environment at different rates on the
behavior, the fish behaviors in the experimental tanks
were monitored every three weeks using a GoPro Hero II
underwater camera during and after feeding. Video
cameras were placed in the tanks just 5 minutes before the
feeding procedure and recorded until the camera batteries
died (approximately 60 minutes). The criteria for the
behavior of the trout during and after feeding procedures
were specified according to the results of the comparative
monitoring of the groups.

In the study, to determine the behavior of the fish, the
edges of the experimental tanks were marked creating
white rings at 15 cm intervals. The bottom of the tank was
calibrated as 0 cm whereas the surface of the tank was
adjusted as 50 cm. The water level in each tank was set to
40 cm (Fig. 1).

S50 cm
45 em

40 cm

30 cm

15 em

0 cm

Figure 1. Markings made at 15 cm intervals from the bottom of the
tank towards the surface of the tank to determine the vertical use
of the fish in the tank.

In the present study, data on behavior were obtained
watching the camera records. Then, the records were
assessed to respond to the quantitative behavioral criteria
stated below. These assessments were carried out by the
same observer to be consistent through the current
experiments. Since it was difficult to identify fish in
camera records at first glance, the videos were watched
repeatedly at first and; then, the assessments were carried
out after becoming familiar with these records.

In the study, 8 behavioral evaluation criteria, which
were quantitatively classified as discussed below, were
carried out.
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(i) The area used vertically by the fish in the tank;

In monoculture farming, brown trout generally use the
bottom of the tank whereas rainbow trout mostly use the
middle part of the tank. In some polyculture groups,
however, the distribution of fish in the water column
varied for both trout species. This situation, therefore, was
defined as the area used vertically by the fish in the tank
and this has been digitized in centimeters from the bottom
of the tank upwards.

(ii) The mobility rate of the fish in the tank;

In monoculture aquaculture, rainbow trout are usually
very active in the tank and they tend to swim quickly and
actively around the tank. Brown trout, on the other hand,
are not very mobile in the tank compared to rainbow trout
and even some of them tend to stay still on the bottom of
the tank. This behavior of the fishes, however, shows
alterations in polyculture groups as they compete with
each other for food and area. These alterations in the
movement of fish were observed particularly in brown
trout in polyculture groups. This situation has defined as
the mobility rate of fish in the tank. Based on the number
of fish in the polyculture groups, the number of fish
swimming quickly and actively during and after feeding
were calculated. Then, these alterations were assessed as
minimum +, maximum +++++ based on numerical values.

(iii) The rate of tendency of the fish in eating as soon as they were
fed;

In monoculture aquaculture, while the majority of
rainbow trout tend to eat feed quickly and actively (like
gobbling and rushing for feed), most of the brown trout
remain stable and do not actively eat feed. This situation
differs in polyculture groups. Based on the number of fish
in the polyculture groups, the number of fish tending to
feed (regardless of whether the fish take the feed or not)
was determined and given as percentage.

(iv) Whether the fish test the feed;

In monoculture, the brown trout which did not show
interest in the feed as soon as they were fed tested the feed.
This test involved playing with the feed, gathering the feed
using their tails, and hanging around the feed. In this way,
whether the fish test the feed was evaluated as “yes” or

“ ”

no”.
(v) The time the fish start to take the first feed;

The time after the start of feeding the fish was expressed
as the time the fish start to take the first feed and this was
given in minutes (in other words, it was determined in
what minute the fish started to take the first feed). This
situation showed alterations in different video records
taken at different times for the same group. Therefore, the
time the fishes start to take the first feed was given as the
minimum start minute and the maximum start minute.

(vi) The interspecies feed competition;

In polyculture groups, on the other hand, the interspecies
competition during the feed intake was assessed as present
or not present.

(vii) The duration of the feed consumption of the fish;

The period between the first and last feed intake of the fish
was determined as the duration of the feed consumption.
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This period was evaluated in minutes. This also varied in
different video records taken at different times for the
same group. Therefore, the duration of the feed
consumption of fishes was given as the minimum feed
consumption time and the maximum feed consumption
time.

(viii) The feed area of the fish;

In monoculture farming, brown trout commonly grab the
feed from the bottom of the tank (ground) whereas
rainbow trout take the feed from both the tank bottom
(ground) and the water column. In some polyculture
groups, however, the feed area differed for both trout
species. This was defined as the feed area of the fishes and
considered starting from the bottom of the tank or water
column.

3. Results

The findings of the present study on the effects of two
different trout species farming in the same environment at
different rates on behavior were evaluated separately for
each group and given in figures and tables. The areas used
vertically by the fish in the test tanks were given in Figure
2 and Table 2.

Rainbow Trout Brown Trout

2

R B R50B50 RG64B34 R758B25

Figure 2. The areas used vertically by the fish in the test tanks.

The findings on the areas used vertically by the fish
and the mobility rate of fish in the tanks were given in
Table 2.

The findings on the rate of tendency of the fish in
eating as soon as they were fed, whether the fish test the
feed, the time the fish start to take the first feed were given
in Table 3.

The findings on the interspecies feed competition, the
duration of the feed consumption of the fish, and the feed
area of the fish were given in Table 4.

4. Discussion and Conclusions

In the present study, two different trout species in
experimental tanks were monitored using a GoPro
underwater camera during and after feeding to examine
the effects of breeding (monoculture and polyculture) of
these fish in the same environment at different rates on
behavior. In line with the behavioral results obtained,
when considering the areas used vertically by the fish in
the tank it was observed that the monocultured rainbow
trout actively used every part of the tank and mainly
preferred the areas between 15-30 cm from the bottom of
the tank. The monocultured brown trout, on the other
hand, mostly used the area of 5-15 cm and rarely preferred
the area of 20-25 cm from the bottom of the tank. This
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situation, however, varied in other groups when
polyculture was performed. Unpredictable behavior
patterns were even encountered in each group. In R50B50
group where polyculture was performed, it was observed
that rainbow trout used the area of 10-40 cm whereas
brown trout utilized the area of 0-10 cm from the bottom
of the tanks. This shows that two different trout species
recognized each other, allocated the tank between
themselves, and did not poach on each other's territory. In
the polyculture of rainbow trout and brown trout in the
R66B34 group, both species in the tanks with a water

Comm.

J. Biol. 5(2), 187-192.

height of 50 cm mainly used the areas of 0-40 cm from the
bottom of the tanks. This demonstrates that these different
species were completely accustomed to each other and
shared every part of the tank. In the R75B25 group, it was
observed that the rainbow trout mainly used the area of 0-
30 cm whereas brown trout preferred the area of 0-10 cm
from the bottom of the tank. This situation can be
evaluated as those two different trout species allocated the
tank between themselves; however, rainbow trout also
actively disturbed the area of brown trout; that is, they
pressured on the brown trout.

Table 2. The areas used vertically by the fish and the mobility rate of fish in the tanks.

The areas used vertically by the fishes

The mobility rate of fishes in the

Groups  Fish species (maximum depth: 50 cm) tanks (maximum value +++++)
R Rainbow trout All areas of the water column in the tank bt
(Mostly between 15-30 cm)
The distance between 0-25 cm
-
B Brown trout (Mostly between 5-15 cm)
Rainbow trout Between 10-40 cm ++++-
R50B50
Brown trout Between 0-10 cm et -
R66B34  Rainbow trout/Brown trout Between 0-40 cm/Between 0-40 cm +H+++ [+t
R75B25  Rainbow trout/Brown trout Between 0-30 cm/Between 0-10 cm +Htt++/++ + - -

Table 3. The rate of tendency of the fish in eating as soon as they were fed whether the fish test the feed and the time the fish start to take

the first feed.
Groups  Fish species The rate of tendency of fishes in eating as Whether the fishes test the feed The time fishes start to take the
soon as they were fed (Yes/No) first feed (Minimum-Maximum)

R Rainbow trout 90% interested when fed No 0 min (Started straight away)

Brown trout 20% interested when fed Yes (Playing with the feed, After 20-30 min
gathering the feed using their tails)

R50B50  Rainbow trout 90% interested when fed No 0 min (Started straight away)

Brown trout Not interested when fed. No Between 5-10 min
50% interested after 5- 10 min

R66B34  Rainbow trout 90% interested when fed No 0 min (Started straight away)
Brown trout 90% interested when fed No 0 min (Started straight away)

R75B25  Rainbow trout 90% interested when fed No 0 min (Started straight away)
Brown trout Not interested when fed. No Between 20-25 min

60% interested after 25- 30 min

Table 4. The interspecies feed competition, the duration of the feed consumption of the fish, and the feed area of the fish.

Groups Fish species The interspecies feed competition The duration of the feed The feed area of the
(present/not present) consumption of fishes fishes
(minimum-maximum)
R Rainbow trout - Between 20- 25 min Water column and tank
bottom
B Brown trout - Between 30-40(+)* min Tank bottom
R50B50 Rainbow trout Present Between 15 -20 min Water column and tank
bottom
Brown trout Present Between 35-55(+)* min Tank bottom
R66B34 Rainbow trout Present Between 25-30 min Water column and tank
bottom
Brown trout Present Between 25-30 min Water column and tank
bottom
R75B25 Rainbow trout Present Between 20-25 min Water column and tank
bottom
Brown trout Not present Between 35-40(+)* min Tank bottom

*Recording could not be continued due to the camera running out of charge. However, the feed consumption of the fish continued to be
monitored by the researcher and it was observed that the feed consumption also continued after the video recording.

In the present study, the application of polyculture caused
changes in the areas used vertically by the fish in the tanks.
Similarly, Rahman & Verdegem (2010) investigated the
polyculture of two different carp species (Labeo calbasu and
Cirrhinus cirrhosus) in their study. They stated that both
species were fed from the bottom of the tank, however, this
situation changed in polyculture due to the competition
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between species. In addition, they reported that one of the
species, L. calbasu, started feeding from both the tank
bottom and the water column. In another study conducted
by Barki & Karplus (2016), the behavior of tilapia and
crayfish in polyculture was examined and it was reported
that while tilapia species used every part of the tank in
monoculture, they preferred to use mostly the water
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column due to the presence of crayfish in polyculture.

Assessing the study groups in terms of the mobility
rate of the fish in the tank, it was observed that the
monocultured rainbow trout were very active in the tank.
Moreover, it was noticed that the fishs were swiftly and
actively swimming around the tank. On other hand, it was
observed that monocultured brown trout were not very
active in the tank and some of them were dormant on the
bottom of the tank. Rainbow trout and brown trout in the
R66B34 group, however, were very active in the tank. In
particular, the brown trout, which were calmer and shier,
were found to be very comfortable in this group (R66B34)
like rainbow trout. In the other two groups (R50B50,
R75B25), the brown trout exhibited recessive behavior
similar to the group B.

The polyculture application conducted in this study
caused changes in the mobility rate of the fish in the tanks.
In a previous study showing similarities with the results of
this study, Rahman & Verdegem, (2010) investigated the
polyculture of two different carp species (Labeo calbasu and
Cirrhinus cirrhosus) and they reported that one of the
species (C. cirrhosus) exhibited recessive behavior in
polyculture compared to monoculture while the other
species (L. calbasu) was more active. As a result, they
asserted that this situation has a positive effect on the
growth of L. calbasu species. In another study, Barki &
Karplus (2016) investigated polycultures of tilapia and
crayfish and reported that tilapia species were more active
in polyculture compared to monoculture and this
increased the growth of tilapias.

When the study groups were evaluated in terms of
the rate of tendency of the fish in eating as soon as they
were fed, it was observed in monocultured rainbow trout
that most of the fish (about 90%) showed interest in eating
quickly and actively (by attacking the bait) as soon as the
feeding process started. In monocultured brown trout, it
was observed that most of the fish (about 80%) remained
stable after the start of feeding and they did not show
interest in feeding quickly and actively. This shows that
the brown trout were very sensitive and tested the feed
(picking the feed up by wiggling it using their tails). After
examining the video records, it was determined that these
fish started to eat the feed in small amounts during the first
20-30 minutes after feeding and they aggregated the feed
in an area on the bottom of the tank using their tails and
then tested. After this process, testing and recognizing the
feed, it was observed that the feed intake of the fish
increased. It was monitored that the rainbow trout in all
groups did not test the feed and reckon the objects thrown
into the tanks as feed. The brown trout in the R66B34
group were found to be very comfortable towards the feed
like rainbow trout. This may indicate that the brown trout
in this group learned this behavior from rainbow trout. In
the other two groups (R50b50, R75B25), it was observed
that the brown trout waited for a while after feeding and
then took the feed (Table 3). The fish in these two groups
(R50B50, R75B25), however, did not test the feed. The
rainbow trout's ingestion of the feed may have caused the
brown trout to take the bait without testing it.

In this study, the application of polyculture caused
changes in the percentage of interest of the fish towards
the feed at the first feeding. Similarly, Sirtkaya (2013)
compared the growth performance, daily feed
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consumption, and feed conversion ratios of monocultured
and polycultured rainbow trout (Oncorhynchus mykiss) and
turbot (Psetta maxima). She observed that monocultured
turbot fish were relatively less active than turbot in the
polyculture group, while turbot in the polyculture group
were more active in feed intake. Furthermore, Sirtkaya
(2013) reported that the fish in the polyculture group
grouped among themselves, stood in different directions,
and were positioned opposite to each other on both sides
of the tank. In another polyculture study, it was reported
that due to presence of the crayfish at the bottom of the
tank, tilapias moved faster in the water column in
polyculture compared to monoculture (Barki & Karplus,
2016). It was also stated that the tilapias attacked to the
feed as a group and consumed more feed before the feed
sinks into the tank bottom (Barki & Karplus, 2016).

When the study groups were evaluated in terms of
the interspecies feed competition, feed competition
between fish in mixed farms was observed. In the R50B50
group, the rainbow trout, which did not leave their area
during non-feeding periods, put pressure on brown trout
by entering their area to take the feed on the ground
during feeding. Under these circumstances, the brown
trout remained stable and formed a protection area by
covering the feed. In the R66B34 group, on the other hand,
there was a competition between brown trout and rainbow
trout during feeding due to the feed intake from both the
ground and the water column. It was observed that the fish
chased each other during feed intake and prevented each
other taking the feed. In the R75B25 group, some of the
brown trout (approximately 20%) approached the feed 5-
10 minutes after feeding; however, the rainbow trout did
not allow them and prevented the brown trout from
approaching the feed. This situation in the R75B25 group
can be interpreted that a sense of competition was formed
in rainbow trout however this feeling did not form in the
brown trout because of not attempting to take the feed as
they submitted themselves to this situation.

Some studies reported that even albinism is a factor
affecting the aquaculture process in rainbow trout
farming. For example, when normal pigmented rainbow
trout and albino rainbow trout were reared in separate
environments, the growth and feed utilization of albino
rainbow trout were not decent. When they were reared in
the same pond; however, albinos competed with normal
rainbow trout for feed intake and subsequently the growth
of albinos increased (Okumus et al., 2001).

Considering the study groups with regards to the
duration of the feed consumption of the fish, this duration
showed differences between groups. While rainbow trout
did not consume the feed after the first 25 minutes in all
groups, this period was 30-40(+) minutes in monocultured
brown trout. This period, however, shortened in some
groups in polyculture. The shortening of feed
consumption time of brown trout in polyculture groups
could be due to learning from rainbow trout.

Considering the behaviors observed in all groups
during the current study, it was observed that the R66B34
group exhibited the most comfortable behavior among the
brown trout. Nevertheless, this kind of comfortable
behavior was not observed in groups with other brown
trout. However, some differences were observed in the
motility rates, the areas used vertically in the tank, the rate
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of tendency of fish in eating as soon as they were fed, the
areas where they were fed and the duration of the feed
consumption of brown trout in polyculture. On the other
hand, when the behavioral differences in rainbow trout
were evaluated in the present study, it is determined that
behavioral differences occurred in the mobility rates of the
fish in the tank, the area used vertically by the fishes in the
tank, and the duration of the feed consumption of fishes.
Indeed, in our publication containing other results of the
same experiment, where the data on growth and feed
evaluation conducted in detail, Karatas et al. (2017)
reported that the feed consumption amounts and growth
rates of brown trout in all polyculture groups increased
comparing to monoculture of brown trout due to feed
competition between fish. Karatas et al. (2017)
recommended especially the R66B34 group along with
other polyculture groups rather than the monoculture of
brown trout to fish farmers for rapid growth of brown
trout. This is because, when this ratio of polyculture was
applied, brown trout's comfortable behavior like rainbow
trout reduced the stress of brown trout and increased feed
competition and feed consumption. In addition, in the
study of Karatas et al. (2017), where monoculture and
polyculture of rainbow trout and brown trout were
experimented, it was reported that the highest amount of
final product was observed in monoculture of rainbow
trout. Therefore, they recommended monoculture of
rainbow trout rather than polyculture of rainbow trout
with brown trout to the fish farmers who desires the
largest amount of final product.

In conclusion, in the present study, in which two
different trout species were monocultured and
polycultured at different rates, the main factor causing
behavioral changes in trout was the ratio of fish to each
other. Different ratios applied in polyculture caused
unpredictable changes in behavior in both fish species in
the current examination. Therefore, the ratio of the fishes
used in polyculture is a significant factor affecting the final
product.
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Abstract: Vitus labrusca L. is a fragrant grape variety that is widely grown in our country and the world. In addition to being
consumed as a table grape, it is also consumed by processing into different products such as wine, vinegar, and molasses. This
fruit and its residues, revealed after processing into the product, are rich in phenolic compounds. The residues of the grape
can be evaluated due to their bioactive potential. In this study, the bioactive characteristics of V. labrusca L. grown in Samsun
were investigated. Total phenolic, antioxidative activity properties and oleanolic acid levels were determined in order to reveal
their bioactive properties. For this purpose, the whole fruits, skin, and seed parts of the fruits were analyzed separately. It is
concluded that the highest values as the total phenolics (1519.68+280.05 mg kg), oleanolic acid (351.32+91.42 mg kg), and
antioxidant values (FRAP: 22.13+6.77 pmol Fe?*g1) were determined in the skin of fruit. Furthermore, when the relationship
between the natural antioxidant contents and the antioxidant activity examined, there was a negative correlation between the
total phenolics and DPPH reducing value (as ECso). In conclusion, it is considered that the residues of the grape should be
evaluated for their bioactive potential due to V. labrusca L. Fruits being rich in bioactive compounds, and these compounds
are mainly concentrated in the skin part.

Keywords: Antioxidant activity, grape, oleanolic acid, triterpenoids.
Vitis labrusca L. Meyvesinin Farkli Kisimlarinin Biyoaktif Ozellikleri

Oz: Vitus labrusca L. tilkemizde ve diinyada yaygm olarak yetistirilen kokulu bir tiziim gesididir. Sofralik tiztim olarak
titkketilmesinin yani sira sarap, sirke ve pekmez gibi farkl tiriinlere islenerek de tiiketilmektedir. Bu meyve ve tiriine
islendikten sonraki kalintilari fenolik bilegikler agisindan zengindir. Uztim kalintilar1 biyoaktif potansiyelleri nedeniyle
degerlendirilebilir. Bu calismada, Samsun’da yetistirilen V. labrusca L'min biyoaktif 6zellikleri arastirilmistir. Biyoaktif
ozelliklerini ortaya koymak icin toplam fenolik madde, antioksidan aktivite ozellikleri ve oleanolik asit miktarlart
belirlenmistir. Bu amacla meyveler biitiin olarak, kabuk ve cekirdek kisimlar1 ayr1 ayr1 analiz edilmistir. Toplam fenolik madde
(1519.68+280.05 mg kg), oleanolik asit (351.32491.42 mg kg1) ve antioksidan aktivite degerleri (FRAP: 22.13+6.77 pmol Fe?g-
1) en fazla meyvelerin kabuk kisminda belirlenmistir. Ayrica, dogal antioksidan icerikleri ile antioksidan aktivite arasindaki
iliski incelendiginde, toplam fenolik madde ile DPPH indirgeme degeri (ECso olarak) arasinda negatif bir iliski oldugu
goriilmustiir. Sonug olarak, V. labrusca L. meyvelerinin biyoaktif bilesiklerce zengin olmasi ve bu bilesiklerin agirlikl1 olarak
kabuk kisminda yogunlasmasi nedeniyle tiziim kalintilarnin biyoaktif potansiyelleri acisindan degerlendirilmesi gerektigi
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diistiniilmektedir.

Anahtar kelimeler: Antioksidan aktivite, tiziim, oleanolik asit, triterpenoidler.

1. Introduction

Studies have shown an inverse relationship between age-
related diseases and fruit and vegetable consumption due
to antioxidants and especially phenolics in fruits and vegetables
(Boas etal,, 2014).

Grape is widely consumed and used to produce
wine, vinegar, and molasses in the world. It has also been
used to cure various diseases in traditional medicine (Liu
et al., 2012). Mainly, its therapeutic potential has resulted
from numerous phenolic compounds like flavonoids
(anthocyanins, flavanols, and flavonols), phenolic acid,
and resveratrol found in grapes. In addition, the grape
phenolics have antiatherosclerotic, antithrombotic, and
anti-inflammatory effects due to antioxidant activities
(Carrieri et al., 2013).

The grape skin is present at about 5-10% of the total
dry weight of grape berry. It is a hydrophobic barrier
against UV-C light, dehydration, physiological and

*Corresponding author: belkisg@omu.edu.tr

climatic injuries, and fungal infection. Generally, there
are five layers on the grape skin from outside to
inside: 1. epicuticular wax layer; 2. cuticle proper; 3.
cutinized layer; 4. pectic layer, and 5. non cutinized
cellulose layer or cellulose layer. Next to the epidermis,
hypodermis including many phenolic compounds, has a
few cell layers (Fava et al., 2011).

The main functions of the fruit cuticle, the
hydrophobic coating on the epidermis are the prevention
of dehydration by diminishing water loss and the
inhibition of leaching of organic and inorganic compounds
from inner tissues (Pensec et al., 2014). The first preventive
barrier against abiotic and biotic environmental stresses is
the cuticle. The cuticle is the exterior mechanical support,
hence maintaining fruit wholeness. This support is crucial
for fruits that have soft tissue (Pensec et al., 2014; Lara et
al., 2019).

Cuticles are formed from two classes of lipids: very
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long-chain fatty acids and lipids derived from isoprene. In
cuticular waxes, the lipids, derived from isoprene, are
pentacyclic triterpenes and steroids. These triterpenoids
have many biological functions and a lot of
pharmacological effects against biotic stress (Pensec et al.,
2014).

Oleanolic acid, a natural triterpenoid, is widely
distributed in food, therapeutic herbs, and other plants.
The oleanolic acid is in grape berries, especially in their
skin (Chronopoulou et al., 2013). In recent years, there
have been studies on its biological and pharmacological
significance. The oleanolic acid and some of its derivatives
show exciting properties such as hepatoprotective, anti-
inflammatory, anti-HIV, and antitumor activities
(Chronopoulou et al., 2013; Ayeleso et al., 2017). Kang et al.
(2021) determined that oleanolic acid prevents allergic
inflammatory reaction by blocking the NF-xB and STAT1
signaling pathways and oleanolic acid diminishes the
levels of histamine and immunoglobulin-E.

The parts rich in terpenoids and phenolic
compounds are separated when processing into grape
juice and wine (Dwyer et al., 2014). It has been reported
that the phenolics in grapes and red wines, which are
known to have positive effects on health, inhibit the
oxidation of low-density lipoproteins (LDL) in vitro
(Jayaprakasha et al., 2003). For example, during wine
production, approximately 25% of the grape weight is
separated as waste. Currently, this residue part of the
grape is used as compost in agricultural areas. Therefore,
it is important to know the potential of such a waste that is
rich in bioactive compounds to be converted into products
with high added value in food industry as functional
foods, in cosmetic industry as cosmetic agents, and as food
supplements due to their pharmaceutical properties
(Jayaprakasha et al., 2003; Dwyer et al., 2014).

This study aimed to assess the natural antioxidant
compounds, total phenolics, the relationship between the
oleanolic acid presence, and the in vitro antioxidant
activities of whole fruit, seed, and skin extracts of Vitis
labrusca L. grape (common name “kokulu tiztim”) variety
from Samsun, Turkey.

2. Material and Methods

This study was carried out in the food engineering
department laboratories of Ondokuz Mayis University.
Grape (Vitis labrusca L.) samples, cultivated in Samsun,
were purchased from seven different local markets at the
end of the summer season of 2016. After the samples were
washed and the unnecessary parts were removed, each
fruit sample was separated into two groups of 200 g. The
first group was analyzed as whole. These fruits were
homogenized by waring blender. In the second group,
however, the seeds and skins of the fruits were manually
separated. Then, the seeds and the skins were weighed and
ground in a conventional electric grinder just before the
analysis while the second one was analyzed separately as
skins and seeds. The fruits in first group were
homogenized by waring blender.

2.1. Extraction of Antioxidants

Ultrasound-assisted extraction was done by the use of
ultrasonic bath (Sonorex, Bandelin). The samples (10 g)
were placed into a conical flask including 25 mL of
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methanol as solvent, and sonicated for 15 min at 40°C
temperature. The extraction process was carried out three
times with fresh portions of solvent in the conditions
mentioned above.

2.2. Physical-chemical analysis

The whole fruits were analyzed for soluble solid content
(Brix), pH, and dry matter according to AOAC (2000). Dry
matter analysis were done in the skin and seed parts of
grape. For dry matter analysis, the sample was dried in
the oven with a vacuum (100 mm-Hg) at 70°C until
obtaining the constant weight.

2.3. Color Analysis

The surface color of grape berry was measured with a
tristimulus reflectance colorimeter Model CR-400 (Minolta
Co., Japan). Values were obtained for C illuminant and 2°
observer. Before the test, the instrument was calibrated
with a standard white provided by the manufacturer. The
L% a* b* components are CIELAB space. L* indicates
lightness or luminance. a* represents green (=) to red (+)
axis, and b* represents blue () to yellow (+) axis.

2.4. Determination of natural antioxidants
2.4.1. Total phenolic compounds

The total phenolic content of each extract was determined
according to the Folin-Ciocalteau colorimetric method
(Singleton & Rossi, 1965). Absorbance was read at 760 nm
and results were expressed as gallic acid equivalents
(mgGAE kg1).

2.4.2. Total anthocyanins content

Total anthocyanins content was determined by the pH-
differential method (Wrolstad, 1976). For this aim, the
extracts were set to pH 1.0 and 4.5 with buffers. The
absorbance of each solution was measured at a wavelength
of maximum absorption and 700 nm. The difference in the
absorbance values at pH 1.0 and 4.5 was directly
proportional to the total anthocyanin concentration
expressed in malvidin 3.5-diglucoside.

2.4.3. Oleanolic acid determination

The oleanolic acid was determined using HPLC-DAD
according to the procedure described by Zhang et al.
(2013). HPLC-DAD analyses were performed on a
Shimadzu HPLC system equipped with Class Vp software
(ver. 6.14 SP2), a binary gradient (LC20 AT) pump a DAD
detector (SPD-M20A), and a system controller (CBM-20A).
Also, there was an autosampler (SIL-20A) with a 20 pL
sample loop. The column used was PAH Ultimate XB-
PAH column (4.6x250 mm, 5 pm, Welch Materials, USA).
The wavelength was set at 210 nm. The mobile phase
containing 85% acetonitrile and 15% ultra-distilled water
was used at the flow rate of 1.0 mL min-1. A stock solution
containing 200 pg mL1 of oleanolic acid standard was
prepared in methanol and diluted to a series of convenient
concentrations to set the calibration curve.

2.4.4. 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radical
scavenging activity analysis

The DPPH method was performed as described by Tural
and Koca (2008) with some modifications. The reduction
in the absorbance of 100 pM DPPH radicals, (1 mL)
dissolved in 80% methanol, by the addition of each extract
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was measured at 515 nm after 180 minutes.

Trolox (a water soluble vitamin E analog) was used
as positive control. Radical scavenging activity was
expressed as the inhibition percentage and was calculated
using the following formula:

Inhibition % = [(Apiank — Asample)/Ablank] x 100

Where Apank is the absorbance of the blank
(containing methanol instead of sample) and Asample is the
absorbance of the extracts or control. The half maximal
inhibitory concentration (ECso) value for each extract was
calculated from the plotted graph of scavenging activity
against the concentrations of the sample.

Table 1. Some physical properties of whole fruits analyzed
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2.4.5. The ferric reducing/antioxidant power (FRAP)
analysis

The direct measurement of antioxidant (reducing) ability
thanks to the reduction of the complex
Fe3*/tripyridyltriazine (TPTZ) to Fe?* at acid pH was
carried out by using the FRAP method, which is defined
by Benzie and Szeto (1999). FRAP was calculated from a
calibration curve using FeSO; as the standard and
expressed as pmol FeSO, equivalents per g (umol Fe2*g-1).

2.5. Statistical analysis

The data were statistically evaluated by ANOVA and
Duncan tests (ver. 21.0, SPSS) at a 0.05 level of significance.
All the data was also subjected for correlation analyses
using Pearson’s correlation coefficient.

Sample number Skin% Seed % L* +a* +b* Soluble solids % (Brix) pH
1 24.43 9.20 20.68 491 244 20.00 3.99
2 32.14 14.70 16.56 5.35 1.73 20.00 3.67
3 31.26 8.50 19.57 5.99 0.97 18.00 3.73
4 26.56 6.71 19.16 5.44 1.74 19.00 3.60
5 25.76 6.95 20.92 711 232 19.00 3.74
6 30.58 10.93 22.63 6.30 3.77 16.00 3.68
7 26.63 5.85 21.04 8.25 1.79 18.50 4.06

Where L* is luminescens (L*=0, black; L*=100, white); a* is redness and greenness (+60, red; -60, green) and the b* value represents

yellowness and blueness (+60, yellow; -60, blue).

Table 2. Antioxidant properties of the whole fruits and their skin and seeds

Sample number Dry I;latter Total pher}olics Total antocyénins Oleanolicracid FRAP ECso )
o mg kg1 mg 100 g1 mg kg1 pumol Fe2+ g-1 mg mL-1
1 25.60 409.44 32.73 128.54 7.63 9.24
2 25.80 41833 79.81 122.07 9.30 10.25
_552 3 25.20 515.56 56.83 161.24 11.27 8.75
ii 4 23.40 431.67 113.97 187.04 10.64 11.25
’§ 5 24.00 476.67 69.41 139.16 10.92 9.49
6 18.25 355.56 14.91 27222 10.27 14.79
7 22.55 504.44 18.60 238.99 11.96 9.14
Mean 23.54+2.62¢ 444.52+57.25b 55.18+35.90ab 178.47457.79b 10.28+1.43b 10.42+2.10b
1 32.47 1868.89 29.81 337.33 26.03 221
2 50.30 1626.67 44.87 314.75 26.48 223
3 34.14 1333.33 110.70 245.74 19.16 3.01
'§) 4 30.53 1686.11 247.65 522.08 32.65 1.75
5 30.28 1497.78 397.49 417.90 21.32 253
6 31.39 1005.56 27.48 293.72 12.54 4.68
7 33.03 1619.44 104.49 327.71 16.75 3.01
Mean 34.59+7.06b 1519.68+280.05a 137.49+137.73a 351.32491.42a 22.13+6.77a 2.77+0.95¢
1 40.95 407.78 15.37 40.95 5.03 39.68
2 40.56 322.22 20.80 40.55 6.67 13.37
3 53.91 304.44 32.29 53.90 5.98 21.53
E 4 42.83 372.78 13.04 42.82 7.49 16.39
5 40.24 457.22 217 40.23 8.01 10.81
6 44.53 161.11 4.34 44.53 3.42 18.53
7 39.80 149.44 10.71 39.80 3.84 18.52
Mean 43.26+4.98a 310.713+117.83b 14.10+10.23b 43.25+4.98c 5.78+1.76b 19.8349.44a

*There is no statistical difference between those shown with the same letter in the same column (p>0.05).

**As positive control, Trolox were 50.70 pmol g-' and 66.54 ug mL for FRAP and ECso, respectively.
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3. Results and Discussion

The physical properties of the fruits were given in Table 1,
while the antioxidant analysis results for whole fruits, the
seeds, and skins of the samples were shown in Table 2. As
seen in Table 1, the skin weight of fruits and seed weight
were ranged between 24.43 and 32.14%, 5.85-14.70%,
respectively. The total soluble solids of the samples ranged
between 16.0 and 20.0% and their pH values ranged
between 3.60 and 4.06.

As it is known, the color of food affects the taste of
the consumer (Benmeziane et al., 2016). Anthocyanins, the
phenolic compounds, are responsible for the color of
grapes (Yamamoto et al., 2015). Anthocyanins are affected
by many factors including temperature, light, pH, metal
ions, and oxygen, etc. (Benmeziane et al., 2016). Color
values in fruits are expressed with L* (brightness: 100,
white; 0, black), a™ (+, red; -, green), and b" (+, yellow; -,
blue). A lower L* value of grapes means a darker skin color
(Yamamoto et al.,, 2015). In this study, the color values
were examined and it was seen that the fruit color was
dark purple or close to black. Additionally, it has been
thought that the waxy layer on the surface of a grape
creates a difference between the color values. It was found
that there was no statistically significant correlation
between the total anthocyanin content and the color values
in the studied samples. However, it was observed that the
total amount of anthocyanin was highest in the skin.

As seen in Table 2, the total phenolics, the total
anthocyanins, oleanolic acids, and FRAP values were the
highest while the EC5p value was the lowest in the skin
part. These values were statistically significant (p<0.05).

Carrieri et al. (2013) studied 12 table grape varieties
(white, red, and black) and found that the total
polyphenols in the grape extracts ranged from 81 mg kg
to 355 mg kg in fresh weight. The highest polyphenolic
content (297 mg kg-1) was found in the black grapes while
the lowest (138 mg kg) phenolic value was for red grapes.
The white grapes had no anthocyanins, but there was an
intermediate content (196 mg kg1). In present study, total
phenolics and anthocyanins were higher than their
findings.

In a study involving Vitis labrusca L., antioxidant
activity, proximate composition, phenolic compounds,
trans-resveratrol, and fatty acid contents of peel, pulp, and
seeds of four grape varieties were determined by Santos et
al. (2011). They found that for 50% inhibition of DPPH, the
lowest concentrations necessary were (9.26 to 126.91 pg
mL-) in seeds. Additionally, these researchers concluded
that the total phenolic content varied between 0.04 and
122.35 mg g1, the highest phenolic concentrations (89.83 to
122.35 mg g1) were in seeds, and the pulp had no
antioxidant activity (Santos et al.,, 2011). Baydar et al.
(2004) found that the quantities of total phenolics extracted
with various solvent mixtures varied from 627.98 to 667.87
mgGAE g in grape seed extracts and 29.55 to 45.44
mgGAE g1 in grape bagasse extracts. The highest phenolic
contents were in the grape seed extracts while grape
bagasse extracts gave the lowest phenolic contents. They
concluded that the phenolic compound contents of the
seed extracts were higher than the phenolic contents of the
grape skin extracts. According to their findings, the
phenolic values for seed were higher than the ones in this
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study. On the contrary, the total phenolic content was the
highest in the skin part of the samples in the present study.
There is increasing evidence about grape skins stating that
they are rich in phenolics such as anthocyanins and
flavonols (Georgiev et al., 2014; Shahidi & Ambigaipalan,
2015; Sabra et al., 2021). Lago-Vanzela et al. (2011)
determined that 93.7% of the total phenolic content was
distributed in the skin of the Bordd grape (V. labrusca)
cultivated in South Brazil. As a result of this study, it was
revealed that the total phenolic matter contents of the
whole fruit, skin, and seed parts were lower than the
findings of Baydar et al. (2004), Rockenbach et al. (2011a),
and Santos et al. (2011) but higher than the findings of
Carrieri et al. (2013).

In another study, Rockenbach et al. (2011b) found
that the total phenolic, anthocyanin, DPPH, and FRAP
values of the Vitis labrusca L. pomace in dry weight were
32.62mg g1, 1.84 mg g1, 188.02 pmol g and 4117.79 umol
g1, respectively. The anthocyanin values of the present
study were higher than the findings of Rockenbach et al.
(2011b).

There are two mechanisms based on single-electron
transfer and hydrogen atom transfer that can be used to
determine the antioxidant activity. In vitro antioxidant
activity of foods should be performed based on both
mechanisms (Samavardhana et al., 2015). Ferric ion is
frequently used as a mark of electron-donating activity in
the FRAP method. The antioxidants in the samples act as
reductants in a redox-linked colorimetric reaction. The
value reflects the reducing power of the antioxidants (Shao
etal., 2016). The extract has the ability to scavenging of free
radicals thanks to hydrogen donation. DPPH is a stable
free radical that is reduced to diphenyl picryl hydrazine
through a reaction with antioxidant compounds. The
initial reaction mixture has a deep violet color that
changed to light yellow after reducing DPPH (Kobra et al.,
2019). In the present study, DPPH and FRAP methods
were used and the results were given in Table 2. DPPH
radical scavenging activities of the extracts were
accounted as ECsg values. ECsp is an efficient concentration
of the extract required for 50% scavenging of DPPH.
Trolox was 66.54 pg mL- for 50% scavenging of DPPH
(ECs0) as a positive control. However, the EC5p mean
values were 10.42+2.10 mg mL-! in whole fruits, 2.77+0.95
mg mL1 in the skin, and 19.83+9.44 mg mL- in the seed
samples. The skin parts had the highest radical scavenging
power. The values of the skin parts were lower than the
Trolox (66.54 ng mL1) about 40 times. As comparing the
FRAP values with the Trolox (positive control 50.70 umol
g1), the FRAP mean value (22.13+6.77 pmol Fe2* g-1) was
about half of Trolox in the skin parts. The FRAP values of
the grape skin in our study were higher than the findings
of Rockenbach et al (2011a). They determined the total
phenolic and FRAP values of Vitis labrusca L. as 1839 mg
100g?! dry weight (skin), 2128 mg 100g! dry weight (seed),
and 4362 pumol 100g?! (skin), 2942 umol 100 g (seed),
respectively.

Oleanolic acid, which has antioxidant properties
especially in the skin part, was determined using HPLC-
DAD. In the present study, according to the obtained
chromatograms, the oleanolic acid retention times in the
samples ranged from 14.0 minutes to 14.5 minutes (Fig. 1).
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Oleanolic acid treatment is effective on oxidative
stress which is a significant factor in developing different
diseases such as liver disorders, inflammation, cancer, and
diabetes (Ayeleso et al., 2017). However, there are
relatively few studies regarding grape triterpenic acid
contents, including oleanolic acid. The quantitative
oleanolic acid data obtained were lower than the findings
reported by Pensec et al. (2014) while they were higher
than results reported by Orban et al. (2009).

The triterpenoid contents and compositions of the
waxy cuticular layer of eight grape cultivars were
investigated by Pensec et al. (2014) at some phenological

nAU nAU
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stages: young grapes, grapes at veraison, and mature
grapes. According to their findings, the total triterpenoid
levels were high in young grapes and fruit development
the neutral triterpenoid levels showed a slight increase;
however, the total triterpenoid levels progressively
decreased. They stated that the oleanolic aldehyde was the
most dominant triterpenoid among neutral triterpenoids.
They concluded that the oleanolic acid levels, which were
the highest in the wax extract of young grapes, were 406
pg mg! in Muscat d”Alsace and 782 pg mg! in Sylvaner,
and these levels decreased during fruit maturation (Pensec
etal., 2014).

nAU
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Figure 1. Oleanolic acid Chromatograms of the whole fruits and their skin and seeds

In another investigation, Orban et al. (2009) revealed
that the content of the dominant triterpenes in the skin and
cuticular wax of grape berries highly varied related to
grape varieties by liquid chromatography-mass
spectrometry. The oleanolic acid levels ranged from 157.43
mg kg to 239.19 mg kg in red grape skin and 31.53 mg
kgt to 162.01 mg kg in cuticular wax. In the present
study, the lowest oleanolic acid values (Table 2) were in
the seed parts in our samples but the oleanolic acid values
in the skin were higher than their findings.

De Nisco et al. (2013) reported that the total
antioxidant activity was higher for fruit skin extracts than
the whole fruits (about 2- to 4-fold). Burin et al. (2010) have
reported that the phenolic composition of grape fruits
influenced their antioxidant activities.

In the present study, to find out the contribution of
natural antioxidants to the antioxidant activity of the
fruits, a correlation coefficient was obtained between the
total phenolics, total anthocyanins, oleanolic acid values,
and antioxidant activity values in different parts of the
grape fruits. When the results for these parts of the fruit
were analyzed among themselves, there was a very
significant correlation (p<0.01) between total
phenolics and ECs¢ values (r=-0.886**) and between
FRAP and ECsp values (r=-0.912**) in the skin (according
to Pearson correlation). Besides, there was a significant
(p<0.05) relation between total phenolics and FRAP values
(r=0.831%) as well as between total phenolics and ECsp (r=-
0.802*) in the seed part and the whole fruit. In a study
investigating total phenolic content, color, and antioxidant
activity in commercial, organic, and homemade grape
juices, Burin et al. (2010) found a vigorously positive
correlation between the antioxidant activity and total
phenolic content for the commercial juice. Our results were
consistent with the literature.

Vitis labrusca L. grape variety is consumed by people
as table grape. In addition, this grape is used to produce
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fruit juice, molasses, vinegar, and wine. The residue of
grapes, which is released when processed into products
such as fruit juice, molasses, vinegar, and wine, are rich in
bioactive compounds. Therefore, the whole fruit, the skin,
and the grape seed were separately analyzed in this study.
It was determined that bioactive compounds such as
oleanolic acid and total phenolic compounds were
concentrated in the skin. In the study, skin and seed
separation was carried out under controlled conditions in
the laboratory. Therefore, it may not fully reflect the losses
of bioactive components during processing in the actual
production process. From this point of view, further
studies are needed to determine the losses in the
production process and the bioactive components in the
residue. The characteristics of the soil in which the plant is
grown, agricultural production conditions, and the region
where it is grown affect the composition of plant products.
The study only reflects the results of samples from
different local markets in Samsun.

4. Conclusion

As a result of this study, it was found that natural
antioxidant substances of Vitis labrusca L. Fruits such as
total phenolics, total anthocyanins, and oleanolic acids
concentrated in the skin part, and the antioxidant activity
was very high compared with fruit seeds. These findings
are parallel with general literature information. When
compared with whole fruit, it was seen that the fruit skin
had about three times more total phenolic and two times
more oleanolic acid. According to the findings, the grape
skin is a potential source of oleanolic acid, an important
bioactive compound. In conclusion, V. labrusca L. fruits are
rich in bioactive compounds and these compounds are
mainly concentrated in the skin part. Therefore, the
residues of the grape should be evaluated due to their
bioactive potential.
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Abstract: Ticks have to suck blood from their hosts during their developmental stages, except for the egg period. They also
transmit the pathogens to their host while feeding. A total of 100 ticks obtained from 42 female and 58 male patients admitted
to a hospital were included in the study. After the morphological examination of the ticks, DNA extraction was performed.
Conventional PCR for Coxiella burnetii and Nested-PCR for Ehrlichia canis were performed using species-specific primers. In
the morphological examination, it was determined that all of the ticks belonged to the Ixodidae family and 95 (95%) were
Rhipicephalus sanguineus and 5 (5%) were Ixodes ricinus species. C. burnetii was detected in 36 ticks and E. canis was found in 26
ticks out of 100 ticks included in the study. It was determined that 33 (91.67 %) of the C. burnetii infected ticks were R. sanguineus
and 3 (8.33%) were . ricinus. It was also determined that 25 (96.15%) of the E. canis infected ticks were R. sanguineus and one
(3.85%) was the I. ricinus. When the incidence of C. burnetii and E. canis was examined according to the place of residence of
the patients, it was found that C. burnetii was seen at a higher rate in people living in rural areas and as a result of the statistical
analysis, it was found that the difference was statistically significant. In conclusion, ticks pose a significant risk as vectors of
C. burnetii and E. canis.

Keywords: Tick contact, PCR, Ixodidae, zoonosis.

Kene Isirig: Sikdyetiyle Hastaneye Basvuran Hastalardan Cikarilan Kenelerde Coxiella burnetii
ve Ehrlichia canis’in Molekiiler Yontemlerle Arastirilmasi

Oz: Keneler, yumurta dénemleri harig diger gelisme safhalarinda konaklarindan kan emmek zorundadirlar. Beslendikleri
esnada vektorlitk yaptiklar: patojenleri de konaga bulastirirlar. Bu calismada kene 1sirig1 sikdyetiyle hastaneye basvuran
hastalardan elde edilen kenelerde Ehrlichia canis ve Coxiella burnetii yaygmligmin molekiiler yontemlerle arastirilmasi
amaclandi. Calismaya hastaneye basvuran 42 kadin ve 58 erkek hastadan elde edilen toplam 100 kene dahil edildi. Keneler
morfolojik olarak incelendikten sonra DNA ekstraksiyonlar: yapildi. Tiirlere 6zgii primerler kullanilarak C. burnetii icin
Konvansiyonel PCR ve E. canis i¢in Nested-PCR yontemi uygulandi. Yapilan morfolojik incelemede kenelerin tamaminin
Ixodidae ailesinden oldugu ve 95nin (%95) Rhipicephalus sanguineus, 5'inin (%5) ise Ixodes ricinus tiirti oldugu saptand.
Calismaya dahil edilen 100 kenenin 36’sinda C. burnetii, 26'sinda E. canis saptandi. C. burnetii ile enfekte kenelerin 33’tintin
(%91,67) R. sanguineus, 3'tintin (%8,33) 1. ricinus tiirti oldugu belirlendi. E. canis ile enfekte kenelerin 25" inin (%96,15) R.
sanguineus, birinin (3,85) I. ricinus tiirti kene oldugu belirlendi. Hastalarin ikamet ettigi yere gore C. burnetii ve E. canis’in
goriilme sikligr incelendiginde kirsal kesimde yasayan insanlarda C. burnetii’'nin daha ytiiksek oranda goriildiigii ve yapilan
istatistiksel degerlendirmede anlamli bir fark oldugu saptandi. Sonug olarak keneler C. burnetii ve E. canis vektorliikleri i¢in
onemli risk olusturmaktadirlar.

Anahtar kelimeler: Kene temasi, PCR, Ixodidae, zoonoz.
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1. Giris

Keneler, sivrisineklerden sonra, diinya capinda bircok
insan ve hayvan patojeninin en énemli vektorleri olarak
kabul edilmektedir (Abdelkadir et al.,, 2019). Amerika
Birlesik Devletleri'nde her yil bildirilen vektdr kaynakli
hastaliklarin yaklasik %95'inden keneler sorumludur
(Eisen et al., 2017). Diinyada 900 kene tiirti bulunmakta
olup bunlarin yaklastk 25 tiirtt tibbi ve veterinerlik
agisindan biiyiik 6nem tagimaktadir (Nava et al., 2009).

*Corresponding author: abdurrahman2400@gmail.com

Keneler, yumurta donemleri hari¢ diger gelisme
safhalarinda konaklarindan kan emmek zorundadirlar
(Dumanli et al.,, 2016). Beslendikleri esnada vektorliik
yaptiklar1 patojenleri de konaga bulastirirlar. Keneler
kanla beslenen diger artropodlardan daha fazla patojen
etkenleri konaklarma aktarirlar. Ornegin Kirim-kongo
kanamal1 atesi, Lyme hastalig1, Rocky Mountain benekli
atesi, insan grantilositik anaplazmozu, insan monositik
anaplazmozu, kene kaynakli ensefalit, babesiosis,
theileriosis, ehrlichiosis, Q atesi etkenlerini insanlara
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bulastirirlar. Ayrica, kene 1siriklarr onemli miktarda kan
kaybina, siddetli toksik reaksiyonlara ve hatta kene felci
nedeniyle konagmmin olimiine neden olabilmektedir
(Sonenshine & Roe, 2014; Guirbiiz et al., 2021).

Keneler, hastalik etkenini transovarial, transstadial,
venereal ve nonviremik nakil sekilleriyle yeni nesillerine
veya bir sonraki gelisim evrelerine aktarabilir. Ayrica
keneler ciftlesme esnasinda birbirlerini ve ayni konak
tizerinde beslenen fakat enfekte olmayan keneleri de
enfekte edebilirler. Boylece, kene ile bulasan hastaliklar
nesilden nesile, hatta bircok cografi bolgelere de
aktarilabilmektedir. Bundan dolay1, kenelerin hayat
dongtilerini tamamlayana kadar kan emmek igin
yerlestikleri tiim canlilar risk altindadir (Aydin & Coskun,
2019). Bu ozellikleri ile keneler, ozellikle Tiirkiye'yi de
kapsayan tropik ve subtropik iklim kusaginda bulunan
bolgelerde hem insan hem de hayvan saghigini tehdit
etmektedirler (Dumanli et al., 2016).

Kopeklerde monositik ehrlichiosis Ehrlichia canis’in
ve Q atesi Coxiella burnetii'nin neden oldugu kene kaynakl
hastaliklardir. Zorunlu hiicre ici gram negatif bakteri olan
E. canis, evcil-vahsi kopeklerin ve nadiren de insanlarin
monositlerini enfekte eder. Kahverengi kopek kenesi
Rhipicephalus sanguineus, E. canis'in birincil vektoridir
(Ayan et al., 2020; Santoro et al., 2016). Keneler arasinda
Ehrlichia bulasi, transstadiyal gecis ile miimkiinken,
transovaryal gecis ile miimkiin degildir. E. canis'in daha
once sadece kopekleri enfekte ettigi diistintiliiyordu
ancak, Venezuela'da bir grup asemptomatik insandan da
izole edilip molekiiler olarak tanimlanmistir. Bdylece E.
canis, insanlar icin de klinik hastaliklarin potansiyel bir
ajan1 olarak diistintilmtistiir (Lausevié et al., 2019). E. canis,
Akdeniz'e kiyis1 olan tiim Avrupa tilkelerinde endemiktir
(Santoro et al., 2016).

Coxiella  burnetii kiigiik, pleomorfik, hareketsiz,
kapstillenmemis, gram negatif zorunlu hiicre ici bir
bakteridir. C. burnetii, insanlarda zoonotik bir hastalik olan
Q atesinden sorumlu patojendir. Insanlarda C. burnetii
enfeksiyonu asemptomatik veya semptomatik olabilirken
kendini smirlayan atesli hastalik, akut Q atesi (atipik
pnomoni, hepatit) ve kronik Q atesi (endokardit) seklinde
hastaligin ti¢ farkli klinik formu mevcuttur. Hastalik
insanlara daha ¢ok C. burnetii ile kontamine olmus havanin
solunmasi ile bulagsmaktadir. Bunun disinda, enfekte
koyun, keci veya sigirlarla dogrudan temas yoluyla veya
bu enfekte hayvanlarin idrarlari, diskilar1 ve dogum
sonrast atiklarma dolayli olarak temas: ile de
bulasabilmektedir. Ayrica, C. burnetii enfeksiyonlarinin
pastorize edilmemis siit tirtinlerinden, kan
transfiizyonundan ve korunmasiz cinsel iliskiden de
bulasabilecegi bildirilmistir (Cikman et al., 2017).

2007-2010 y1llar1 arasinda Hollanda'da 3500'den fazla
kisiyi etkileyerek rapor edilen en biiyiik Q atesi salgini,
dikkatleri keneler {izerine c¢ekerek saglik kurumlar:
arasinda yeniden 6nem kazanmistir. Diinya Saglik Orgiitii
(WHO), Q atesini “6nemi artan bir enfeksiyon” olarak
tanimlamustir (Cikman et al., 2017).

Bu calismanin amaci kene 1simigr sikayetiyle
hastaneye basvuran insanlarda bulunan kenelerde
Ehrlichia canis ve Coxiella burnetii yaygmliginin molekiiler
yontemlerle arastirilmasidir.
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2. Materyal ve Metot
2.1. Kene toplama ve morfolojik tanimlama

Calisma igin Mus Alparslan Universitesi Bilimsel
Arastrma  ve Yaym Etigi Kurulunda izin alind
(29.12.2020/27). Calismaya kene 1sir181 sikayetiyle Mayis
2020- Eylul 2021 tarihleri arasinda Kelkit Devlet
Hastanesine bagvuran 42 kadin ve 58 erkek hastadan elde
edilen 100 kene dahil edildi. Keneler Estrada-Pena ve ark.
(2004) tarafindan tamimlanan teshis anahtarlarma gore
identifiye edildi.

2.2. DNA ekstraksiyonu

Keneler DNA ekstraksiyonuna baslanmadan 6nce
ependorf tiiplere alinarak dondur ¢ozdiir islemine tabi
tutuldu. Ependorf igerisindeki keneler steril bir ¢ubuk ile
ezildi. Daha sonra DNA izolasyon kiti kullanilarak
(Invitrogen, ABD) iiretici firmanin protokoliine uygun bir
sekilde DNA ekstraksiyonu yapildi. DNA 6rnekleri PCR
yapilana kadar -20°C’de sakland.

2.3. Coxiella
amplifikasyonu

burnetii  i¢in konvesiyonel PCR
Coxiella burnetii’yi saptamak igin IS1111 geninin 687 bg
uzunlugundaki  bolgesini  cogaltan  Transl  (5'-
TATGTATCCACCGTAGCCAGTC-3") ve Trans2 (5'-
CCCAACAACACCTCCTTATTC-3') primerleri kullanild:
(Mares-Guia et al., 2014). Amplifikasyon, her biri 95°C’de
30 sn, 60°C’de 30 sn, 72°C’de 1 dk olmak tizere, toplam 35
doéngii olarak programlandi. flave olarak birinci déngii
oncesi 95°C’de 15 dk denatiirasyon asamasi, son dongtiyti

takiben de 72°C’de 7 dk ekstansiyon asamasi uygulandi.
2.4. Ehrlichia canis i¢in Nested-PCR amplifikasyonu

Ehrlichia canis’i saptamak igin Nested-PCR yapildi.
Nested-PCR'in  birinci asamasinda; 477 b¢’'lik DNA
bolgesini cogaltan, Ehrlischia spp’nin 165 rRNA gen

bolgesine spesifik ECC (5-
AGAACGAACGCTGGCGGCAAGC-3") ve ECB (5-
CGTATTACCGCGGCTGCTGGCA-3") primerleri

kullanildi (Rojas-Trivifio et al., 2013). Nested PCR'1mn ikinci
asamasinda 365 b¢’lik bolgeyi ¢ogaltan, E. canis’e spesifik
ECAN5 (5-CAATTATTTATAGCCTCTGGCTATAGGA-
3") ve HE3 (5-TATAGGTACCGTCATTATCTTCCCTAT-
3%) primerleri kullanildi.  Nested-PCR'mn  birinci
asamasinda amplifikasyon, her biri 95°C’de 90 sn, 55°C’de
90 sn, 72°C’de 90 sn olmak tizere, toplam 37 dongti olarak
programlandi. Nested-PCR'mn ikinci asamasinda ise
amplifikasyon, her biri 95°C’de 1 dk, 55°C’de 1 dk, 72°C’de
1 dk olmak tizere, toplam 40 déngti olarak programlandu.
Her iki PCR asamasinda da ilave olarak birinci dongti
oncesi 95°C’de 15 dk denatiirasyon asamasi, son dongiiyt
takiben de 72°C’de 10 dk ekstansiyon asamasi uygulandi.

Daha sonra %1.5’luk agaroz jel hazirlamip Safe-T-
Stain (BioShop, Canada) ile boyandi. Ardindan PCR
trtinleri agaroz jelde ytriitiiltip elde edilen gortintiilere
gore pozitiflikler belirlendi.

2.5. Istatistiksel analiz

Tanimlayici istatistikler, stirekli degiskenler icin ortalama,
standart sapma, minimum ve maksimum olarak,
kategorik degiskenler icin say1r ve yiizde olarak ifade
edildi. Stirekli degiskenler bakimindan, bagimsiz iki grup
karsilastirmalarinda, normal dagilim kosulu saglanan
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durumlarda T-Test, normal dagilim kosulu saglanmayan
durumlarda Mann Whitney U test istatistigi kullanild.
Kategorik degiskenler Ki-kare testi ile karsilastirildi.
Istatistiksel analizler SPSS 22.0 versiyonu ile yapildi ve
p<0.05 istatistiksel olarak anlaml1 kabul edildi.

3. Bulgular

Hastalardan toplanan 100 kenenin tamammnin Ixodidae
ailesinden oldugu ve 95nin (%95) Rhipicephalus
sanguineus, 5'inin (%5) ise Ixodes ricinus turi oldugu
belirlendi. PCR sonucunda 100 kenenin 36’sinda Coxiella
burnetii (Sekil 1), 26’sinda Ehrlichia canis (Sekil 2) saptandi.
C. burnetii ile enfekte kenelerin 33’tintin (%91.67) R.
sanguineus, 3'Untn (%8.33) I ricinus tirt oldugu
belirlendi. E. canis ile enfekte kenelerin 25" inin (%96.15) R.
sanguineus, 1'inin (3.85) I. ricinus tiiri kene oldugu
belirlendi (Tablo 1).

Tablo 1. Kene tiirlerinde Coxiella burnetii ve Ehrlichia canis goriilme
sikligt

Table 1. Incidence of Coxiella burnetii and Ehrlichia canis in tick
species

Kene Tiirti (n) C. burnetiin (%) E. canis n (%)

R. sanguineus (95) 33 (34,7) 25 (26,3)
I ricinus (5) 3 (60) 1(20)
Toplam (100) 36 (36) 26 (26)

Marker
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200

Sekil 1. Coxiella burnetii pozitif 6rneklere ait agaroz jel goriintiisii
Figure 1. Agarose gel image of positive samples of Coxiella burnetii

Bu calismada hastalarin ikamet ettigi yere gore
Coxiella burnetii ve Ehrlichin canis’in goriilme sikligt
incelendiginde kirsal kesimde yasayan insanlarda C.
burnetii’nin daha yiiksek oranda gortildiigti ve yapilan
istatistiksel degerlendirmede anlamli bir fark oldugu
saptand1 (Tablo 2). E. canis’in ise hastalarin ikamet ettigi
yere gore goriilme sikliginda anlamli bir farkin olmadig:
belirlendi.
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Negafif
kontrol

Marker

Sekil 2. Ehrlichia canis pozitif 6rneklere ait agaroz jel goriintiisii
Figure 2. Agarose gel image of positive samples of Ehrlichia canis

Tablo 2. Coxiella burnetii sikhigimin yerlesim yerine gore
degerlendirilmesi

Table 2. Evaluation of the frequency of Coxiella burnetii by place

C. burnetii
Ikamet yeri Pozitif n (%) Negatif n (%) P degeri
Kirsal (n: 51) 21 (41.2) 30 (58.8)
<0.05
Kentsel (n: 49) 15 (30.6) 34 (69.4)

Toplam 36 (36) 64 (64)

4. Tartisma

Keneler diinyanin hemen her yerinde goriilebilmektedir.
Kene temas: 6zellikle iklim sartlarmin uygun oldugu ve
hayvanciligin  yaygmn olarak yapildigt bolgelerde
artmaktadir (Citil et al., 2020). Ulkemiz, kenelerin
rahatlikla  yerleserek tireyebilecekleri ve yayilim
saglayabilecekleri iklim ve cografi kosullara sahip
olmasina ragmen, Tiirkiye’deki kene tiirleri hakkinda ¢ok
az taksonomik bilgi bulunmaktadir (Yiicesan et al., 2019).
Ttirkiye'nin kene faunasi, Ixodidae ailesinde alt1 soyda 39
tiir ve Argasidae ailesinde ti¢ soyda sekiz tiir olmak tizere
toplam 47 tiirden olusmaktadir (Inci et al., 2016). Bu kene
turleri tilkenin yedi bolgesinde dagilim gostermekle
birlikte Ixodes tiirleri daha c¢ok {ilkenin kuzeyinde
goriilmektedir (Aydin & Bakirci, 2007). Bu calismada
Ixodidae ailesinden Ixodes ve Rhipicephalus soylarmdan
kene tiirleri belirlenmistir. Belirlenen bu soylar insan
tutulumu agisindan sik karsilasilan soylar oldugu diger
calismalarda da bildirilmistir (inci et al., 2016; Yiicesan et
al.,, 2019).

Ixodidae ailesine bagli keneler insan ve hayvan
sagligini etkileyen ¢ok sayida hastalik etkenine vektorliik
yapma potansiyeline sahiptirler (Yiicesan et al., 2019). Bu
etkenler arasinda zoonotik 6nemi olan Coxiella burnetii
(Cikman et al., 2017) ve son zamanlarda zoonoz oldugu
diistintilen Ehrlichia canis (Lausevié et al., 2019) bakterileri
de yer almaktadir.
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Ulkemizde kene temas 6ykiisii olan veya veteriner
hekim ve kasap gibi risk grubunda bulunan insanlarda
Coxiella burnetii seropozitifliginin arastirildigi
calismalarda  %10-%42.2 oranlarinda faz II IgG
seropozitifligi saptanmustir (Eyigor et al., 2006, Arabaci et
al., 2017; Ertiirk et al., 2017; Kirecci & Uguz, 2019). Bu
oranlar keneler ile insanlara bulasan C. burnetii'nin
kenelerin bulastaki ©6nemini bir kez daha ortaya
koymaktadir. Ancak bu alanda tilkemizde sinirli sayida
calisma yapilmistir. Samsun, Sinop, Ordu, Giresun,
Trabzon, Amasya, Tokat ve Sivas illerindeki sigir ve
koyunlarda toplanan kenelerin %2.71'inde PCR yontemi
ile C. burnetii varlig1 saptanmustir (Kilicoglu et al., 2020).
Tiirkiye'nin 38 ilinden toplanan kenelerdeki C. burnetii
varliginin arastirildigr ¢alismada kenelerin 1-7 adedi bir
araya getirilerek gruplandirilmis ve Denizli'ye ait 56 kene
grubunun altisinda ve Ankara’ya ait 53 kene grubunun
birinde PCR yontemi ile C. burnetii varligi saptanmistir
(Altay et al., 2013). Ulkemizde daha 6nce insanlar iizerinde
toplanan kenelerde C. burnetii varligini arastiran herhangi
bir calisma yapilmamis olup, bu calismada ise insanlar
tizerinden toplanan kenelerin %36’sinda C. burnetii
saptanmustir. Belirlenen oran ve kene temas 6ykiisii olan
veya veteriner hekim ve kasap gibi risk grubunda olan

insanlarda C. burnetii seropozitifliginin arastirildig:
calismalar bulas riskinin yiiksek oldugunu
gostermektedir.

Kopek, kedi ve kemirgenler Ehrlichia tiirlerinin dogal
rezervuarlaridirlar. Rhipicephalus sanguineus kene tiirtintin
enfekte hayvanlardan kan emmesi ve daha sonra
insanlarda konaklamas: sonucu insanlar enfekte olabilir.
Vektorle bulasan hastaliklar stiphesi olan 250 hasta, kan
serumunun analiz edildigi bir ¢alismada 64 hastanin
serumunda E. canis saptanmustir. Calismada ehrlichiosis
enfeksiyonundan sonra bagisiklik sistemi ile ilgili
sorunlarin gelistigi de bildirilmistir (Andri¢, 2014).
Calisma dikkate alindiginda zoonoz ©nemi olan bu
bakterinin kenelerdeki yayginligi onem kazanmaktadir.
Edirne, Kirklareli, Tekirdag ve Istanbul kopeklerinde
toplanan kenelerin %21.25"inde (27/127) (Cetinkaya et al.,
2016), Van kopeklerinde toplanan kenelerin %22.72'sinde
(50/220) (Ayan et al, 2020) E. canis saptanmustir.
Ulkemizde insanlar iizerinde toplanan kenelerde E. canis
varligini arastiran herhangi bir ¢alisma yapilmamis bu
calismada ise insanlar tizerinden toplanan kenelerin
%26’sinda E. canis saptanmustir. Gerek kopeklerden
toplanan kenelerde belirlenen oran (Cetinkaya et al., 2016;
Ayan et al., 2019) gerekse bu calismada belirlenen oran E.
canis'in  tilkemizdeki kenelerde yaygin oldugunu
diistindiirtmektedir.

Sonug olarak keneler, Coxiella burnetii ve Ehrlichia
canis vektorliikleri i¢in 6énemli risk olusturmaktadirlar.
Bundan dolay1 ozellikle hastaligin artis gosterdigi yaz
aylarinda stipheli klinik bulgularla gelen hastalarda
hayvanlarla temas ve kene tutunmasi dykiisii mutlaka
sorgulanmali ve muayenede kene aranmalidir. Ayrica
kene vektorligii riskinden dolay: kenelerin tutunduklar:
yerden c¢ikarilmasi isleminin mutlaka uzman saglk
personeli  tarafindan  yapilmasi konusunda halk
bilinglendirilmelidir. Bu hastaliklarmm endemik olarak
gortildiigti kirsal kesimlerde yasayan insanlara ve
ozellikle ciftcilik-hayvancilik  ile ugrasan kisilere
bilgilendirme toplantilari, gorsel ve medya aracilig: ile
duyurular yapilarak kene vektorliikleri ve kene temast
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hakkinda farkindalik arttirilmalidir.

Etik kurul onayr: Bu calisma igin, Mus Alparslan Universitesi
Bilimsel Arastirma ve Yaym Etigi Kurulunda izin almmustir
(29.12.2020/27).

Cikar catismasr: Yazarlar, ¢ikar catismast olmadigmi beyan
etmistir.
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Abstract: The Iraqi spider fauna includes several dozens of species described and reported mostly by local researchers but still
there are considerable sampling gaps. For the first time in Iraq, Agelena orientalis C. L. Koch 1837 (Agelenidae), Oxyopes globifer
Simon, 1876 (Oxyopidae), and Thanatus formicinus (Clerck, 1757) (Philodromidae) are recorded. In addition, newly collected
material of Bassaniodes tristrami (O. Pickard-Cambridge, 1872) (Thomisidae) and Eusparassus mesopotamicus Moradmand &
Jager, 2012 (Sparassidae) are also presented. The characteristic features, habitus and copulatory organs of all species are
presented here along with their geographic distribution.

Keywords: Grass spiders, lynx spider, crab spiders, huntsman spider, first records.
Irak Oriimcek Faunasi icin Ug Yeni Kayit ve Iki Kayit Dogrulamasi

Oz: Irak 6riimcek faunasi, cogunlukla yerel arastirmacilar tarafindan tanimlanan ve rapor edilen birkag diizine tiiri igerir
fakat yine de bircok érneklenmemis alan bulunmaktadir. Irakta ilk kez Agelena orientalis C. L. Koch 1837 (Agelenidae), Oxyopes
globifer Simon, 1876 (Oxyopidae), ve Thanatus formicinus (Clerck, 1757) (Philodromidae) kayit edilmistir. Buna ilaveten
Bassaniodes tristrami (O. Pickard-Cambridge, 1872) (Thomisidae) ve Eusparassus mesopotamicus Moradmand & Jager, 2012
(Sparassidae) tiirlerinin yeni toplanan ornekleri sunulmustur. Tim tiirlerin karakteristik ozellikleri, habitatlar1 ve tireme
organlari, cografi dagilimlari ile birlikte burada sunulmustur.

Issue published: 31.12.2021

Anahtar kelimeler: Huni ag 6riimcekleri, vasak driimcegi, yengec 6riimcekleri, avel driimcegi, ilk kayztlar.

1. Introduction

Araneae Clerck, 1757 is the largest order of arachnids with
4219 genera and 49583 described species around the world
(World Spider Catalog, 2021). Still, the knowledge on
diversity and distribution of spider fauna of Iraq is sparse,
especially in comparison to the other countries of the
Middle East. The most recently list of Iraqi spiders is that
of Fomichev et al. (2018) who listed only 53 species
belonging to 42 genera and 22 families. During the three-
year period following that publication, several papers (e.g.
Al-Khazali, 2018, 2020, Al-Khazali & Najim, 2018; Al-
Khazali & Jadger, 2019; Najim et al., 2019; Al-Khazali &
Fomichev, 2021) have reported data and new records of
spiders as a result of which the number of Iraqi spider
species has risen to 61.

The aim of the present study is to present records of
three species new to the list of Iraqi spiders and additional
distribution records of two species based on the new
material collected in northern and southern Iraq.

2. Material and Methods

All specimens were collected from three different
provinces: Dohuk, Erbil (both in northern Iraq) and Dhi

*Corresponding author: azhararach@gmail.com

Qar (southern Iraq) (Fig. 1). The specimens were deposited
at the College of Basic Education, University of Sumer, Dhi
Qar, Iraq. Spiders were preserved in 75% ethanol and
examined using a Nikon camera connected to a dissecting
microscope. The epigynes were cleared in a KOH/water
solution until the soft tissues were dissolved. Photographs
of the copulatory organs were taken in a dish with white
cotton at the bottom, filled with alcohol. Identification of
specimens depended on comparison with figures of Levy
(1996, 1999, 1976), Logunov (1996), Szita and Samu (2000),
and Moradmand and Jager (2012). The measurements of
legs are provided as total length (femur, patella, tibia,
metatarsus, and tarsus). All measurements are in
millimeters. The Iraq map that was used in this study
obtained from the website Country Wise Codes.

3. Results

Family: Agelenidae C. L. Koch, 1837
Genus: Agelena Walckenaer, 1805

Agelena orientalis C. L. Koch, 1837 (Fig. 2a—c)
Agelena orientalis: Levy, 1996: 86, f. 4-8.

Material examined: 2 99, Iraq, Dohuk Province, Zakho
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District, agricultural region, 37.139336° N 42.707545° E, 2.
Apr.2020, leg. H. S. Kachel.

Determination: Levy, 1996.

Diagnosis: The female of this species is very similar to A.
labyrinthica; however, it can be distinguished by the shape
of the epigynal septum, the posterior edge of the epigyne,
and the shape and position of the spermathecae (see Levy,
1996; figs. 7-8).
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Figure 1. Map of Iraq showing specimens sampling localities:
Dohuk, Erbil, and Dhi Qar provinces (dark circles).

0.2 mm

Figure 2. Agelena orientalis C. L. Koch, 1837, female; A. Habitus
(live specimen), dorsal view; B-C. Epigyne, ventral and dorsal
views respectively.

Description of female: General appearance as in Fig. 2a.
Measurements: Body length 8.87; carapace 6.65 long, 5.02
wide; opisthosoma 8.08 long, 4.40 wide. Leg
measurements: I: 20.56 (6.01, 1.50, 5.02, 5.65, 2.38), II: 20.35
(6.10, 1.78, 4.72, 5.34, 2.41), 11I: 19.52 (6.07, 1.40, 5.14, 4.68,
2.23), IV: 22.03 (7.72, 1.51, 547, 4.95, 2.38). General
coloration brown-yellow, carapace yellow, brownish
frontally, covered with fine setae. Sternum and coxae pale
yellow, maxillae and chelicerae brown. Opisthosoma
elongated and expanded in the middle part, dorsally
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yellow with thin brown stripes at the top, covered with
fine setae, ventrally pale yellow. Spinnerets brownish.
Legs uniform yellow.

General distribution: Widely distributed, from Italy to
Central Asia, Iran (World Spider Catalog, 2021), and Iraq
(current paper).

Family: Oxyopidae Thorell, 1869

Oxyopes globifer Simon, 1876 (Fig. 3a-d).

0.2mm

Figure 3. Oxyopes globifer Simon, 1876, female; A. Habitus (live
specimen), dorsal view; B-D. Epigyne, ventral, dorsal and
retrolateral views respectively.

Material examined: 2 %, Iraq, Dhi Qar Province, AL-Nassr
District, from the outside wall of my house, 31.534582° N
46.120739°E, 12 m a.s.l. (Fig. 1), 2. July. 2021, leg. A. M. Al-
Khazali.

Determination: Levy (1999).

Diagnosis: The female of O. globifer can be recognized from
congeners by having a strong laterally extending median
protrusion of the epigyne (Fig. 3b-d).

Description of female: General appearance as in Fig. 2a.
Measurements: Body length 8.87; carapace 3.21 long, 2.34
wide; opisthosoma 5.66 long, 3.15 wide. Leg
measurements: I: 9.95 (2.79, 0.81, 2.33, 2.64, 1.38), 1I: 3.56
(2.59, 1.02, 2.15, 2.60, 1.06), III: 6.43 (2.12, 0.77, 1.45, 2.03,
0.76), Iv: 10.78 (3.32, 1.22, 2.23, 3.07, 0.94). Carapace
elongated, light-yellow in the midline, with a wide
reddish-brown strip on each lateral side, the outer edges
light-yellow, covered with fine setae. Sternum, labium,
maxillae and chelicerae light yellow. Opisthosoma oval,
with a semi-pointed end, dorsal coloration as in carapace,
laterally with a pattern of three pairs of light-grey stripes,
ventrally yellow with small pale spots on sides, with a
broad, pale brown medial stripe. Spinnerets yellow. Legs
uniform reddish yellow.

General distribution: This species distributed in Southern
Spain, Greece, Kazakhstan, Turkmenia, Uzbekistan,
Tadzhikistan, Turkey, Israel, Egypt, Algeria, Tunisia,
Libya (Levy, 1999), Iran (Zamani et al, 2015), and Iraq
(current paper).

Family: Philodromidae Thorell, 1870
Genus: Thanatus C. L. Koch, 1837
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Thanatus formicinus (Clerck, 1757) (Fig. 4a-c)
Determination: Logunov (1996), Szita & Samu (2000).

Specimens examined: 2 99, Iraq, Erbil Province, Zanko
Village, agricultural land, 36.190073° N, 43.993030° E, 12 m
a.s.l. (Fig. 1), 15. Feb. 2020, leg. F. S. Hussein.

Diagnosis: See Logunov (1996).

A

Figure 4. Thanatus formicinus (Clerck, 1757), female; A. Habitus,
dorsal view; B, C. Epigyne, ventral view (A, after maceration in
KOH), D. dorsal view.

Description of female: General appearance as in Fig. 4a.
Measurements: Body length 8.6; prosoma 3.83 long, 2.87
wide; opisthosoma 4.77 long, 3.62 wide. Leg
measurements: I: 4.28 (1.30, 0.47, 1.12, 1.01, 0.38), 1I: 4.96
(1.44, 0.43, 1.33, 1.05, 0.71), III: 4.09 (1.52, 0.36, 1.42, 0.98,
0.62), IV: 5.83 (1.72, 0.56, 1.22, 1.45, 0.88). The general
coloration brownish yellow to light reddish brown,
carapace brownish, with a pair of wide longitudinal brown
bands, covered with fine setae. Ocular area mostly light
reddish. Legs, coxae and sternum reddish brown, maxillae
and chelicerae light brown. Opisthosoma oval, brownish
yellow, dorsum with clear reddish brown cardiac strip
extending from the anterior to the middle, covered with
fine brownish setae, ventrally pale brownish. Spinnerets
brownish yellow.

General distribution: North America, Europe, North Africa,
Turkey, Caucasus, Russia (Europe to Far East), Iran,
Kazakhstan, Central Asia, China, Japan (World Spider
Catalog, 2021), and Iraq (current paper).

Family: Thomisidae Sundevall, 1833
Genus: Bassaniodes Pocock, 1903

Bassaniodes tristrami (O. Pickard-Cambridge, 1872) (Fig. 5.
a-c)

Xysticus tristrami Kiany et al., 2017: 7, f. 14a-c (3).
Bassaniodes tristrami Breitling, 2019: 203.
B. tristrami Naumova, 2020: 5, f. 9-11 (3).

Determination: Levy (1976), Dippenaar-Schoeman (1989),
Kiany et al. (2017)

Specimens examined: 1 3 and 1 3 subadult, Northern Iraq,
Dohuk Province, Zakho district, agricultural land, under
dry mud piles, 37.139336° N, 42.707545° E, 12 m a.s.l. (Fig.
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1), 2. Mar. 2020, leg. H. S. Kachel.
Diagnosis: See Levy (1976) and Kiany et al. (2017).

General distribution: Greece, Turkey, Caucasus, Russia
(Europe) to Central Asia, Middle East (World Spider
Catalog, 2021), Kyrgyzstan, Tajikistan (Mikhailov, 2013),
and Iraq (current paper).

Distribution in Iraq: Dohuk province.

1mm s 0.1 mm 0.1 mm

Figure 5. Bassaniodes tristrami (O. Pickard-Cambridge, 1872), male;
A. Habitus, dorsal view; B, C. Palp, ventral and nearly retrolateral
views.

Comments: This species was recorded in Iraq for the first
time by Fomichev et al. (2018) under the genus Xysticus
based on material collected from Dohuk province,
northern Iraq.

Family: Sparassidae Bertkau, 1872
Genus: Eusparassus Simon, 1903

Eusparassus mesopotamicus Moradmand & Jager, 2012 (Fig.

Figure 6. Eusparassus mesopotamicus Moradmand & Jager, 2012,
male; A. Habitus, dorsal view; B. Prosoma, nearly anterior; C, D.
Palp, ventral and retro-ventral views.

Determination: Moradmand & Jager, (2012), Moradmand,
(2013).

Specimens examined: 2 33, southern Iraq, Dhi Qar Province,
AL-Nassr district, From inside a rural house, 31.534582° N
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46.120739°E, 12 m a.s.l. (Fig. 1), 10. July. 2020, leg. A. M. Al-
Khazali.

Diagnosis: See Moradmand & Jager (2012).

General distribution: Known from Iran, Iraq, and Turkey
(World Spider Catalog, 2021).

Distribution in Iraq: AL-Najaf and Dhi Qar provinces.

Comments: According Moradmand & Jager (2012), only
one female was collected from AL-Najaf province in Iraq,
in the current study two males were collected from Dhi
Qar province, southern Iraq.

4. Discussion

According to the recent data, there are approximately 61
species of Iraqi spiders known so far (AL-Khazali, 2020).
The present findings represent the first records of three
species of spiders: Agelena orientalis C. L. Koch 1837,
Thanatus formicinus (Clerck, 1757), and Oxyopes globifer
Simon, 1876 in Iraq and the last two also represent the first
records of these genera. Thus, the number of species
within spider fauna of Iraq has risen to 64 known species.
However, the spider fauna of Iraq is still poor when it is
compared with some neighboring countries such as Iran
that contains 780 known species (Zamani et al., 2020) and
Turkey where there are 1129 known species (Demir &
Seyyar, 2017; Danisman et al., 2021). This is due to the
scarcity of studies and researchers interested in this group
of arachnids. It is expected to find many other species of
spiders in Iraq due to the fact that many regions are still
not studied at all and; therefore, any material collected
from those regions are expected to include new records of
spider species and genera. Bassaniodes tristrami (O.
Pickard-Cambridge, 1872) was recorded for the first time
in Iraq under genus Xysticus by Fomichev et al. 2018 where
three males were collected from Dohuk Province, north
foothill of Chiaje-Spizakho-Dag Mountain Range. Both
males in this study were found in another place in the
same Dohuk Province but it is a geographically different
region (agricultural land) to the previous study by
Fomichev et al. (2018); no female was found so far. In this
study, two male E. mesopotamicus specimens were collected
from Dhi Qar province, which is a new locality for this
species in southern Iraq, despite Moradmand and Jéger
reporting a single female of this species from AL-Najaf
province in central Iraq (2012).

Therefore, according to the current study as well as
the previous studies interested in Iraqi spiders, it can be
concluded that this group of arachnids is still very poor,
especially when compared with some neighboring
countries such as Iran and Turkey. Fomichev et al. (2018)
indicated that the number of species may not exceed 10%
of the actual number of spider species in Iraq. In this
regard and to increase knowledge about the spider fauna
of Iraq, more arachnological studies of this country must
be conducted.
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Abstract: Pine resin has been used as a traditional health-promoting medicinal food in Turkey and some countries for
centuries. In the present study, the antioxidant potential and the monoterpene profile of 13 pine resin samples purchased from
herbalists in different provinces of Turkey were investigated. According to the analysis results, there were differences between
the pine resin samples, especially in terms of color and antioxidant properties. The experimental results demonstrated that the
pine resin had strong in-vitro antioxidant effects. Total phenolic, FRAP, and DPPH (ECso) values ranged between 23.19 and 379.44
mgGAE g, 68.85 and 758.80 umol Fe?* g1, 54.36 and 1006.97 ng g, respectively. Total phenolic content values correlated
well with the FRAP values. In contrast, it was found that there was a negative correlation between FRAP values and ECso
values (r=-0.719**) and between total phenolic substance and ECso values (r=-0.688**). Also, the monoterpene
compounds of the resin were determined by applying solid-phase microextraction (SPME) and gas chromatography-mass
spectroscopy. Eight monoterpene compounds were identified in different pine resin samples, including a-pinene, camphene,
p-pinene, 3-carene, f-myrcene, cymene, D-limonene, and p-cymene. Generally, the main monoterpenes were a-pinene and
p-pinene.

Keywords: Terpenes, total phenolic matter, volatile compounds, bioactive compounds, pinen.
Tiirkiye'den 13 Farkli Cam Regine Orneginin Antioksidan Ozellikleri ve Monoterpen Bilegimi

Oz: Cam reginesi, yiizyillardir Tiirkiye'de ve bazi tilkelerde geleneksel, saglhig1 gelistirici tibbi gida olarak kullanilmaktadir. Bu
calismada, Tiirkiye'nin farkli illerindeki aktarlardan satin alman 13 adet cam recinesi 6rneginin antioksidan ozellikleri ve
monoterpen profili arastirilmistir. Analiz sonuglaria gore ¢am recinesi 6rnekleri arasinda 6zellikle renk ve antioksidan
ozellikler agisindan farkliliklar tespit edilmistir. Deneysel sonuglar, cam reginesinin giiclii in vitro antioksidan etkilere sahip
oldugunu gostermistir. Toplam fenolik, FRAP ve DPPH (ECs) degerleri sirasiyla 23.19 ve 379.44 mgGAE g, 68.85 ve 758.80
umol Fe?* g1, 54.36 ve 1006.97 pg g arasinda degismistir. Toplam fenolik ierik degerleri, FRAP degerleri ile iyi bir korelasyon
gostermistir. Buna karsilik, FRAP degerleri ile ECso degerleri (r=-0.719**) arasinda ve toplam fenolik madde ile ECso degerleri
(r=-0.688**) arasinda negatif korelasyon oldugu tespit edilmistir. Ayrica reginenin monoterpen bilesikleri, kat1 faz
mikroekstraksiyon (SPME) ve gaz kromatografisi-kiitle spektroskopisi uygulanarak belirlenmistir. Farkli ¢cam recinesi
numunelerinde a-pinen, camphene, p-pinene, 3-carene, f-myrcene, cymene, D-limonen ve p-cymene olmak tizere sekiz

Issue published: 31.12.2021

monoterpen bilesigi tanimlanmustir. Genel olarak, drneklerdeki baslica monoterpenler a-pinen ve f-pinendir.

Anahtar kelimeler: Terpenler, toplam fenolik madde, ugucu bilesikler, biyoaktif bilesikler, pinen.

1. Introduction

Plants and herbal products are used in many areas of
human life, including as a source of food and as medicine,
fuel, and clothing (Tetik et al., 2013). It is known that many
plants have been used for medicinal purposes since
ancient times. The oldest information about the medicinal
use of plants is found in Chinese, Egyptian, and Greek
historical sources. Some drugs were produced and
exported in Anatolia during the Hittites civilization (Sar1
et al.,, 2008). Herbal medicines, widely used in ancient
civilizations, are still used today. Exact figures on how
much of the world's population uses local and traditional
medicines are unknown. However, according to WHO,
herbal products' global market value size is 62 billion USD
that is expected to reach 5 trillion USD by 2050 (Hayta et
al., 2014). Nowadays, it is reported that the number of
plants used in the world is around 20000. 4000 of them are

*Corresponding author: belkisg@omu.edu.tr

widely used for medicinal purposes and about 400 of them
are traded (Sar1 et al., 2008).

Turkey has a rich flora due to its variable climate and
many ecological regions. This diversity in vegetation
provides a rich source of medicinal plants used by the
Anatolian civilization (Hayta et al., 2014). Pinus spp.,
which naturally grows in our country, belongs to Pinaceae,
the most prominent family of conifers. The genus Pinus
includes about 100 species, used from its leaves to its bark
and seeds in many countries in the Northern hemisphere.
(Méarmol et al., 2019; Dziedziniski et al., 2021). The resin
produced from pine (Pinus spp.) has been widely used in
adhesives, soaps, insecticide, construction materials,
artworks, and even in embalming fluid throughout history
(Alkan et al., 2016; Neis et al., 2019). It has been observed
that natural resins obtained from trees and herbaceous
plants used in archaeological materials cannot be
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destroyed by fungi, insects, and microorganisms (Alkan et
al.,, 2016). There are various pine-based food additives and
food products marketed in Korea. Some of them are
beverages, wine, tea, and candy (Yu et al., 2004). Pine resin
is used to treat skin diseases, burns and scald wounds,
tracheitis, pulmonary tuberculosis and is an excellent
antiseptic. In Turkey, the resin is boiled and used
externally in abscesses or chewing gum to clean teeth and
to prevent bad breath. The resin is dissolved in hot water
and applied externally to wounds and cuts (Ulukanli et al.,
2014).

Resin is secreted to survive against abiotic effects in
plants. It contains many bioactive chemicals, including
main terpenoids. Thanks to these bioactive compounds,
the resin has protective effects against external factors such
as pathogenic microorganisms and insects (Neis et al.,
2019). The resin biosynthesized by epithelial cells is found
in channels called schizogenous or in special vesicles in the
cells of trees (Alkan et al., 2016).

Monoterpene hydrocarbons, oxygenated
monoterpenes, sesquiterpenes, oxygenated
sesquiterpenes, and carbonyl compounds can be

mentioned as volatile compounds of Pinus (Yu et al., 2004).
It is known that the composition and amounts of many
compounds in plants vary according to the parts of the
plant (leaf, stem, branch, root, and similar parts), where it
grows, according to the season and location. Tiberi et al.
(1999) listed the monoterpenes in the extracts of P. pinea
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needles as a-pinene, p-pinene, 063-carene,

limonene, and phellandrene.

myrcene,

To the best of our knowledge, in Turkey, few studies
have been carried out on the resin, popularly called pine
resin, rich in secondary metabolites and used in many
fields from medicine to food. This study investigated the
antioxidant properties and monoterpene compounds of
pine resin. For this purpose, pine resin samples were
obtained from herbalists in different provinces of Turkey.
Two antioxidant activity methods, FRAP (Ferric reducing
antioxidant ~ power) and DPPH  (diphenyl-1-
picrylhydrazyl) radical scavenging activity, were used.
Folin’s method was used to determine the total phenolic
contents in the samples. It was carried out by
spectrophotometric measurement of the blue color formed
by phenolic compounds in alkaline medium with Folin
reagent. Furthermore, the monoterpene compositions of
the samples were determined by applying solid-phase
microextraction (SPME) and gas chromatography-mass
spectroscopy.

2. Material and Methods

In the present study, the thirteen pine resin samples
investigated were purchased from herbalists in different
provinces of Turkey (Table 1). The samples were analyzed
in the Food Engineering Department Laboratory of
Ondokuz Mayis University. The color measurement was
performed before crushing them into powder with a glass
mortar.

Table 1. Color, dry matter, and antioxidant properties of pine resin samples

Samples City L* a* b* Moisture %  Total phenolics mgGAE g1 FRAP pmol gt ECso, ug gt
1 Mersin 75.60 -0.52 19.47 3.53 29.82 78.76 618.00
2 Bolu 35.87 4.42 9.16 4.80 42.01 183.07 154.55
3 Bolu 73.15 -0.37 13.01 3.79 36.07 75.05 401.15
4 Bolu 60.94 1.42 15.36 2.61 378.77 712.87 54.36
5 Bolu 4717 7.15 14.06 3.50 73.16 442.36 152.45
6 Bolu 70.95 227 22.72 3.39 23.19 68.85 451.03
7 Giresun 69.40 2.70 14.78 3.90 341.94 758.80 96.31
8 Artvin 53.47 5.20 743 342 379.44 752.60 92.06
9 Samsun 61.44 1.42 16.31 3.78 25.82 147.22 681.99
10 Aydm 75.74 -0.02 18.48 423 24.94 146.47 1006.97
11 [zmir 68.43 1.06 19.81 3.32 27.69 73.81 496.07
12 Istanbul 73.88 -0.31 17.29 3.51 32.26 141.85 572.40
13 Edirne 70.62 1.30 19.97 3.47 26.44 83.96 459.24

Mean 64.36 1.98 15.99 3.65 110.89 281.97 402.81
Std dev 12.23 2.35 438 0.51 146.67 279.62 284.09

Where L* is luminescens (L*=0, black; L*=100, white); a* is redness and greenness (+60, red; -60, green) and the b* value represents

yellowness and blueness (+60, yellow; -60, blue).
**ECso value of positive control (trolox) was 66.54 pg mL-
2.1. Color analysis

The color of the samples was measured by Minolta CR 400
(Japan) color measuring device. The color was expressed
as L* (100, lightness; 0, darkness), a* (+, redness; -,
greeness), b* (+, yellowness; -, blue). White ceramic
(N0:19633162) was used in the standardization of the
device.
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2.2. Moisture content

The moisture of the samples was determined by drying in
an oven with vacuum at 70°C to constant weight (AOAC,
2000).

2.3. Extraction procedure

One gram of the powder sample was mixed with 25 mL of
80% methanol and the mixture was left to dissolve for 12 h
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at room temperature and then filtered by 0.45 micron
disposable filter.

2.4. Total phenolic analysis

According to Singleton and Rossi (1965), the total
phenolics of the extracts were determined. 50 pL of the
filtrate was mixed with 50 pL of Folin-Ciocalteau reagent
and 250 pL of 10% sodium carbonate and placed in the
dark for two h; its absorbance was read at 760 nm in a
spectrophotometer. The calibration curve was drawn
using gallic acid (Sigma) as a standard and the total
phenolic content was expressed as mgGAE g1

2.5. Antioxidant activity
Ferric reducing antioxidant power (FRAP)

According to Gao et al. (2000), the FRAP assay was
determined with some modifications. FRAP reagent
consists of 10 mM TPTZ (tripyridyltriazine) in 40 mM HCI,
20 mM ferric chloride and 300 mM acetate buffer (pH
3.6) in the ratio of 1:1:10 (v/v/v). FRAP solution (50 pL)
was mixed with methanolic extract (950 pL) for this
analysis. After 5 min, the absorbance of the colored
mixture was measured at 593 nm. FRAP was calculated
from a calibration curve using FeSOjy as the standard and
expressed as pmol FeSO, equivalents per g (umol Fe2*+ g-1).

Radical scavenging effect test

DPPH (1,1-diphenyl-2-picrylhydrazyl) is a free radical
with unpaired electrons. The radical scavenging effect of
the resin was estimated by published methods (Nakajima
et al., 2004; Thaipong et al., 2006). 50 pL of different
concentrations of resin extracts were mixed with 1000 pL
of 100 uM DPPH and incubated at room temperature for
120 min and absorbance was read spectrophotometrically
at 515 nm. Trolox (a water-soluble vitamin E analog) was
used as a positive control. The inhibition of free radicals
from DPPH as a percentage was calculated with the
following equation:

DPPH radical scavenging activity (%) = [(Ao-A1)/ Ao] % 100

Where; Ay is the absorbance of the control reaction,
A, is the absorbance of the extracts. The ECsy value was
defined as the concentration of 50% of DPPH radical
scavenging activity.

2.6. Monoterpene profiles determination

The sample (1 g) and 22 mL of water were placed in the
headspace vial (Perkin Elmer, USA). The headspace vial
was tightly sealed with a silicone/ polytetrafluoroethylene
(PTFE) septum (Perkin Elmer, USA) and aluminum
cover (Perkin Elmer, USA). The sample was heated at
80°C for one hour and then put into headspace
autosampler. The transfer line was a fused silica 1 m x 320
pm. The vial pressure was fixed at 10 psi and column
pressure was kept at 25 psi. The needle temperature was
set at 90°C and transfer line temperatures at 100°C. The
trap hold time was 6 min and the outlet split was on.
Desorbed compounds were automatically injected into a
GC column (Optima-Wax, 60 m length, 0.25 mm inner
diameter, 0.25 pm film thickness). The oven temperature
was 70°C. The flow rate of the helium carrier gas was 1 mL
min. The injection was performed in the splitless mode
(200°C  injection port temperature). The GC column
temperature was programmed as follows: 1. holding for 5
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min at 35°C, 2. increasing from 35°C to 160°C at a rate of
3°C min’, and 3. holding at 160°C for 15 min. The MS
conditions were: 200°C for ion source temperature; 70 eV
for ionization energy; 33-300 amu for mass scan range; 350
V electron multiplier voltage; 0.25 s for scan time, 0.05 for
standby time; and electron ionization (EI) as ion mode. The
analyses were performed in triplicate.

The monoterpene composition was determined by
comparing their retention index and mass spectra with a
commercial spectra database (Wiley 6, NBS 75k) and the
instrument’s internal library. 10 uL methyl alcohol: water
(1:1) mixture was used as internal standard. The standard
peaks were compared to those of samples based on their
retention time and mass spectra. The unknown
chromatograms were identified using Mass Spectral
Libraries according to the retention index calculated
thanks to the n-alkane series (C6-C20) (Alasalvar et al.,
2012).

2.7. Statistical analysis

The data were evaluated as mean valuetstandard
deviation. The data was also subjected to a correlation
analysis using Pearson’s correlation coefficient.

3. Results and Discussion

The results showing the color characteristics, moisture
contents, and antioxidant properties of the examined 13
different pine resin samples were given in Table 1.

L* values of the samples varied between 35.87 and
75.74, a* values between -0.52 and +7.15, b* values between
+7.43 and +22.72. There are huge differences between the
color values of the samples. It was determined that the
color of 3 samples (2, 5, and 8 numbers) was dark, except
for 4 samples (1, 3, 10, and 12 numbers), the redness values
of the other samples were higher. Generally, the
yellowness values were high in all samples. This difference
in colors is probably due to different places where the trees
grow as well as different drying conditions and harvesting
times. Moisture contents of pine resin varied between 2.61
and 4.80%. It was observed that some samples (2 and 10
numbers) had higher moisture content than the other
samples. These values were closely related to the
conditions of drying the pine resin.

In the human body, reactive oxygen species such as
free radicals, superoxides, hydroxyl radicals, and
hydrogen peroxide are produced during the endogenic
metabolic processes. The reactive matters readily react
with DNA, lipids, and proteins resulting in cell damage.
However, the antioxidants give hydrogen atoms to free
radicals. Thus, the antioxidants prevent the cell from
harmful effects of the radicals. Today, interest in natural
antioxidants has increased due to their positive effects on
health. This interest has led to a focus on research on the
antioxidants in various disciplines. Pine products are rich
in antioxidants. To date, different parts of the trees (bark,
needles, shoots, seeds), various extraction methods, and
solvents have been used in the studies investigating the
antioxidant properties of Pinus trees (Dziedziniski et al.,
2021).

Phenolic compounds, including flavonoids, have
biological effects. The source of antioxidant activity is
polyphenolic compounds. The radical scavenging
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activities and inhibition of lipid peroxidation are
measured to determine the antioxidant activity resulting
from the polyphenolic contents of the plant material. The
total phenolic content can be determined by measuring the
color intensity of the phenolic compound extract with the
Folin-Ciocalteau reagent. As a result of many studies, it
has been observed that the best solvent for the extraction
of phenolics is the methanol: water mixture (Kwak et al.,
2006). In this study, total phenolic substances were
investigated with the Folin technique and it was found
between 23.19 mgGAE g and 379.44 mgGAE gl. As can
be seen in Table 1, there were significant variations among
the samples compared with each other. Such a
considerable variation is presumably due to the location
and climatic conditions where it grows. Compared with
other researchers, Kwak et al. (2006) found total phenolic
contents as 57.71 mg g1 dry weight basis in pine needles
of Pinus densiflora extracted by 75% ethanol. This value was
within the limits of our findings.

FRAP values of pine resin ranged from 68.85 to
758.80 umol Fe?* g-1. The FRAP values of 3 samples (4, 7,
and 8 numbers) are much higher than the others as seen in
Table 1. Antioxidant activities of the samples were
analyzed by a DPPH free radical assay using
spectrophotometric. ECsp value indicates the concentration
of sample that could inhibit 50 percent reduction of DPPH
radical (Table 1). The ECso value of the samples ranged
from 54.36 to 1006.97 pg g?. Generally, the antioxidant
power of the samples in our study was lower than the
antioxidant power of Trolox (ECs value 66.54 pg mL1)
used as a positive control. The lower the ECs value, the
higher the antioxidant activity. The samples used had less
potential antioxidant activity than positive control
"Trolox".

Park et al. (2011) extracted Pinus densiflora needles in
hot water, ethanol, hexane, hot water-hexane, and hot
water-ethanol. They analyzed the proanthocyanidin
contents and antioxidant activities of the sample extracts.
At the end of this research, they found that the hot water
extract (ECsp value=0.27 mg mL1) had superior
antioxidant activity than the other extracts.

Tillah et al. (2017) determined the antibacterial and
antioxidant activities of Pinus merkusii, P. oocarpa, P.
insularis, Agathis loranthifolia resins. They found that P.
oocarpa resin extracted in n-hexane had the most
antibacterial potential compared with the other samples.
For the antioxidant activity, they expressed that P. merkusii
resin extracted in n-hexane had the lowest ECsy value
(60.203 mg mL-1) compared with the other extracts and the
ECsp value changed in relation to the solvent.

Kwak et al. (2006) determined that the ECso value was
95.12 mg mL1 in the extracts with ethyl alcohol 75%. They

concluded that pine needles would have potent
antioxidative activity due to the high phenolic
compounds.

Dziedziniski et al. (2021) reported that the total
phenolics of alcoholic extract for Pinus brutia tree barks
were 412.42 mgGAE g and the aqueous extracts obtained
from the shoots of P. sylvestris was 0.86 mgGAE g1 dry
weight basis. It was expressed that the alcoholic extracts
have higher total phenolic values than the aqueous
extracts. They declared that the value of ECsp, which
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expresses free radical tests, for P. koraiensis seeds extracts
in 40% aqueous ethanol and P. brutai bark extracts in 80%
aqueous methanol were 0.023 mg mL! and 9.17 pg mL-,
respectively. Many previous studies clearly stated that the
antioxidant activity of the plant products was affected by
whether extraction solvents contain water. The use of
aqueous mixtures of water and organic solvents, such as
ethanol, methanol, acetone, isopropanol, or acetonitrile,
remarkably increases the antioxidant efficacy of the
extracts (Dziedzinski et al., 2021).

Vankatesan et al. (2019) investigated the antioxidant
activity of Pinus densiflora needle extracts in water:ethanol
mixture ratios of 0, 20, 40, 60, 80, and 100 percent. They
determined that the highest radical scavenging capacity
for the extract contained 40% of ethanol. It was followed
by the values of the extracts containing 60%, 20%, 80%, 0%,
and 100% ethanol, respectively.

According to our findings, FRAP values the extracts
correlated well with the total phenolic content (r=0.958**),
while a high negative correlation was found between
FRAP values and ECs values (r=-0.719**). However, the
correlation between total phenolic substance and ECso
values was not as high as in FRAP values (r=-0.688**). Xie
et al. (2015) reported that these differences could be
attributed to the different stoichiometry of the DPPH and
FRAP assay reactions. In addition, the phenolic
composition differences in extracts, which solvent used,
and their different solubility in the test systems may also
affect their antioxidant activity.

The monoterpene compositions of the samples were
determined by applying solid-phase microextraction
(SPME) and gas chromatography-mass spectroscopy and
the results were shown in Table 2. The monoterpene
composition (%) was determined by comparing of their
retention index and retention time (Fig. 1).

Eight monoterpene compounds were identified in
the different samples of the resin, including a-pinene,
camphene, f-pinene, 3-carene, f-myrcene, cymene, D-
limonene, and p-cymene. Most of these volatile
compounds have been reported previously in various
species of Pinus (Ustun et al., 2012; Kadri et al., 2015; Xie et
al., 2015; Kurti et al., 2019; Sharma et al., 2020).

In contrast, cymene was identified in Pinus samples
for the first time in the present study. The compounds a-
pinene, f-pinene, and 3-carene were the most dominant
monoterpene compounds determined in the studied
samples. a-pinene was found as the most abundant
monoterpene compound in Pinus samples accounting for
21.17-51.37%. a-pinene was followed by p-pinene of 0.96-
40.36%. These results were found to be in agreement with
many previous studies, which reported a-pinene and g-
pinene as the significant volatile substances in Pinus
species with concentrations ranging from 8.16 to 50.40%
and from 0.35 to 47.50%, respectively (Ustun et al., 2012;
Xie et al., 2015; Kurti et al., 2019; Sharma et al., 2020). a-
pinene and f-pinene exhibit diverse biological activities
such as antifungal, antiviral, and antimicrobial and are
generally recognized as safe (GRAS) (Dziedzinski et al.,
2021).

As shown in Table 2, the percent monoterpene
composition of the pine resin samples varied significantly
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according to the herbalist from which it was purchased.
The highest amount of a-pinene was found in the samples
numbered as 4 (51.37%), 10 (48.54%), 3 (47.05%), 5
(46.27%), 2 (44.08%), 11 (41.37%), 13 (41.28%), 6 (41.07%), 1
(38.01%), 8 (37.33%), and 12 (32.55%). The highest amount
of f-pinene was determined in samples 8 (40.36%) and 4
(30.09%), while the most significant amount of 3-carene
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was found in sample 7 (39.27%). Tiberi et al. (1999) listed
the monoterpenes in the extracts of P.pinea needles as a-
pinene, f-pinene, 03-carene, myrcene, limonene, and
phellandrene. Also, the correlation between monoterpene
composition and antioxidant activity was examined, and
generally, no statistically significant relationship was
found in the present study.
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Figure 1. Typical GC-MS chromatogram of pine resin (1: a-pinene, 2: camphene, 3: f-pinene, 4: 3-carene, 6:cymene, 7: D-limonene, 8: p-
cymene) (5: f-myrcene is not clear for only this chromatogram but RT for f-myrcene is 16.44 min.)

Table 2. Monoterpene profiles of the resin samples (%)

a-pinene camphene p-pinene 3-carene B-myrcene cymene D-limonene p-cymene
RT, min 11.13 12.15 14.56 15.85 16.44 16.99 17.92 21.52
RI 1100 1124 1182 1214 1240 1252 1269 1355
1 38.01 0.1 21.53 3.66 0.05 1.8 12 1.08
2 44.08 0 6.82 0.64 0.77 0.27 0.69 1.15
3 47.05 0.08 1.58 0.45 0.54 0.52 0.12 0.56
4 51.37 0.02 30.09 0.92 0.11 0.03 0.85 0.44
5 46.27 0.07 0.96 0.44 0.96 0.01 112 0.2
- 41.07 0.54 13.2 4.95 0.03 1.29 1.53 1.47
ié“ 7 21.17 0.34 8.67 39.27 0.84 1.72 1.79 0.97
Z 8 37.33 0.96 40.36 13 1.42 0.12 249 0.11
9 26.65 0.22 5.07 3.54 0.08 1.49 2.01 2.99
10 48.54 0.69 26.19 0.77 0.11 0.77 1.34 0.26
11 41.37 2.25 12.05 4.13 0.04 1.52 1.49 1.56
12 32.55 0.76 18.17 5.51 0.09 3.29 1.04 1.75
13 41.28 1.14 14.69 6.94 0.1 1.68 0.77 0.1
mean 39.75 0.55 15.34 5.58 0.40 112 1.27 0.97
std 8.71 0.64 11.70 10.36 0.46 0.95 0.62 0.84

*RT; retention time, RI; retention index

The investigated pine resin samples were obtained in
line with the statements of herbalists in different cities.
Therefore, the information about the process of resin
before it reaches the herbalist is not clear. We can clearly
state that the difference between the analysis results of the
present study is that the samples were taken from different
cities. However, this difference may be caused by many
factors such as pine species, altitude level, seasonal
conditions where the resin is collected, drying conditions
of the resin, characteristics of the soil where the pine trees
grow, and duration of sunshine. The current study was
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carried out on a limited number of materials. For this
reason, the bioactive potential of pine resin could be
revealed more clearly by conducting studies under
controlled conditions according to these factors that can
directly affect the bioactive substance and its properties.

4. Conclusion

In the present study, the antioxidant potential and the
monoterpene profile of 13 pine resin samples purchased
from different provinces of Turkey were investigated.
FRAP, which shows antioxidant potential, positively
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correlated with total phenolic content while DPPH (ECso)
negatively correlated with total phenolic content. Both
conditions (negative or positive correlation) revealed that
the antioxidant activity of the samples was well correlated
with the total phenolic content; thus, all the resin samples
exhibited good antioxidant potential. Pine resin samples
exhibited significant color values and antioxidant
properties in the present study. It is known that the
composition and amounts of many compounds in plants
vary according to the parts of the plant (leaf, stem, branch,
root, and similar parts), where it grows, and according to
the season and location. The use of volatile compounds
obtained from pine needles in the food industry is
mentioned in the literature. However, information is
needed about their usage in this industry. The antioxidant
potential of pine resin, which is mainly mentioned for its
use in folk medicine, and the antimicrobial properties of
terpenoids allow it to be used as a food additive in today's
food industry. Its use as antioxidant, antimicrobial, and
flavoring in food should be investigated.

Ethics committee approval: Ethics committee approval is not
required for this study.

Conflict of interest: The authors declare that there is no conflict
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Abstract: Various synthesis methods are being developed in order to increase the number of scientific fields where
nanoparticles can be used. Recently, the biosynthesis methods have eliminated the limitations of the traditional synthesis
methods such as physical and chemical ones. They have been also developed as an alternative synthesis method. With green
synthesis called herbal nanofactories, primary and secondary metabolites in plants enable the reduction and capping of
nanoparticles. The functional groups of alkaloids, phenolics, terpenoids, ketones, polysaccharides, proteins, vitamins, and
amino acids in plants react with silver metals in ionic form and reduce “+” valued metals to “0” valued nanostructures. At the
same time, functional groups of secondary metabolites form bonds with “0” valued silver nanometals and cover the surface
of silver nanometals; thus, stabilization is achieved. Synthesis by biological methods provides high efficiency and rapid
synthesis and the production cost of silver nanoparticle decreases. Moreover, biosynthesis is an environment-friendly
technique as it takes place inside a living being. With the latest technology, silver nanoparticles stand out in the fields of
biosensor and photoimaging. In this review, in which areas silver nanoparticles are used and their biosynthesis, stabilization,
characterization, antibacterial mechanism, and use as a biosensor will be discussed.

Keywords: Green synthesis, bionanotechnology, characterization, secondary metabolite, antibacterial activity.

Giimiis Nanopartikiillerinin Biyosentezi ve Biyosensor Materyali Olarak Kullanimi

Oz: Nanopartikiillerin kullanilabilecegi bilim alanlarini arttirmak amactyla son zamanlarda cesitli sentezleme metotlar:
gelistirilmeye calisilmaktadir. Bu metotlardan biri nanopartikiillerin bitkiler araciligiyla sentezlenmesidir. Giintimiizde
biyosentez yonteminin kullanilmasi, fiziksel ve kimyasal yontemler gibi geleneksel sentez yontemlerinin sinirlamalarimn
ortadan kaldirmus, alternatif bir sentez yolu olarak gelistirilmistir. Bitkisel nanofabrikalar olarak adlandirilan yesil sentez ile
bitkilerde bulunan primer ve sekonder metabolitler nanopartikiillerin indirgenmesi ve kapaticiligini miimkiin kilmaktadir.
Bitkilerde bulunan alkaloidler, fenolikler, terpenoidler, ketonlar, polisakkaritler, proteinler, vitaminler, amino asitlerin
fonksiyonel gruplari iyon halindeki giimiis metalleri ile tepkimeye girerek “+" degerlikli metalleri “0" degerlikli nanometal
yapilara indirgemektedir. Ayni zamanda sekonder metabolitlerin fonksiyonel gruplar1 “0” degerlikli giimiis nanopartikiiller
ile baglar olusturarak giimiis nanopartikiillerin yiizeyini kaplar, boylece giimiis nanopartikiillerinin stabilizasyonu saglanmis
olur. Biyolojik yontemler ile sentez hizlidir, yiiksek verim saglar ve giimiis nanopartikiilii tiretimi maliyeti diiser. Ayn1
zamanda, biyosentez yoluyla nanopartikiil tiretimi canli icinde gerceklestiginden cevre dostu bir tekniktir. Son teknoloji ile
giimiis nanopartikiiller, biyosensor ve fotogoriintiileme alanlarinda 6ne ¢ikmistir. Giimiis nanopartikiiller ile bazi belirteclerin
spesifik olarak tespiti cesitli calismalarla kamitlanmustir. Bu derlemede giimiis nanopartikiillerinin kullanim alanlars,
biyosentezi, stabilizasyonu, karakterizasyonu, antibakteriyel mekanizmasi ve biyosensor olarak kullanimina deginilecektir.

Anahtar kelimeler: Yesil sentez, biyonanoteknoloji, karakterizasyon, sekonder metabolit, antibakteriyel aktivite.
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1. Giris

Gumiis (Ag*) iyonunun; notron sayisi 61, atom numarasi
(proton sayisi) 47, elektron sayisi 47, atom agirlig:
107.87'dir. Argentum olarak da bilinen Ag* yiiksek
elektriksel ve termal iletkenlige sahip, yumusak, beyaz,
parlak ve saf formda bulunan bir gecis metalidir (Howe &
Dobson, 2002). Eski caglardan beri madeni paralar, mutfak
esyalari, soltisyonlar, koptikler, merhemler ve losyonlarin
iceriginde kullamilmaktadir; bununla birlikte, tip,
elektronik ve ev uygulamalar1 gibi cesitli alanlarda da
kullanimi  yaygmdir. Ag*nin kullanim alani genis
oldugundan oldukca biiytik 6neme sahiptir. Giimiis
siilfadiazin yara bolgesinde biyofilm olusumunu 6nlemek

icin yanik yaralarmin tedavisinde siklikla
kullanilmaktadir.
Guimtis serbest oksijen molekiillerine maruz

*Corresponding author: havva01l030@gmail.com

kaldiginda kendiliginden oksitlenir (Sallah et al., 2020). Bu
durum nanobilim ve nanoteknoloji uygulamalarinda,
nanomalzemelerin tiretiminde 6nemli ve dikkat ¢eken bir
ilerlemeye yol ac¢mustir. Gumiistin farkli kimyasal
reaksiyonlarmin anlasilmas: glimiis nanopartikiillerin
(AgNP’ler) sentezi calismalarini hizlandirmustir.

AgNP’ler atik sularda veya bitki materyallerinde
dogal olarak birikmektedir (Howe & Dobson, 2002),
bununla birlikte deneysel ¢alismalar igin fiziksel, kimyasal
ve biyolojik olmak {izere cesitli yontemler kullanilarak
AgNP’lerin  sentezi  gerceklestirilmektedir.  Fiziksel
yontemlerde buhar yogunlastirma, lazer ablasyon, gama
1s1masi ve elektron isinlamasi AgNP'lerin sentezinde en
stk kullanilan yaklasimlardir (Iravani et al., 2014; Sallah et
al., 2020). Kimyasal yontemlerde metal tuzlarim
indirgemek icin su veya organik ¢oziiciilere ihtiyag vardir.
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Bu yontem ti¢ 6nemli kimyasal madde tizerine yogunlasir:
indirgeyici maddeler, metal 6nciiler ve stabilize edici veya

kapatict  ajanlar. Biyolojik yontemlerde ise bitki
ekstraktlari, funguslar ve bakteriler kullanilarak
AgNP’lerin biyosentezi gerceklestirilmektedir

(Gudikandula & Maringanti, 2016). AgNP’lerin sentezi
icin; fiziksel ve kimyasal yontemlerde daha fazla enerji,
yiiksek  basing, sicaklik ve kimyasallara ihtiyag
duyulurken biyolojik yontemlerde AgNP’lerin sentezi in
vivo gerceklesir. Fiziksel ve kimyasal yontemlerin
dezavantajlar1 goz 6ntinti alindiginda AgNP’lerin sentezi
icin biyolojik yontemler tercih edilmektedir (Gudikandula
& Maringanti, 2016; Sharifi-Rad et al., 2020). Biyolojik
yontemler; cevre dostu, ucuz, tek basamaklidir, bununla
birlikte tehlikeli veya toksik kimyasallar kullanilmadig:
i¢in gtivenlidir (Nabikhan et al., 2010).
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(proteinler, amino asitler) ya da sekonder metabolitlerdir
(alkaloidler, fenolikler, terpenoidler, ketonlar,
vitaminler)]. Bu bilesikler ~AgNP’lerin sentezinde
indirgeyici ve kapatici ajan olarak rol oynar, ayni zamanda
AgNP’lerin sentezlenmesi stiresini kisaltir (Mukherjee et
al., 2014; Sharifi-Rad et al., 2020).

AgNP'lerin farkli bitki ttirlerinden alinan eksplant
kaynaklarinin yaninda bitki doku kiiltiirti metodlarm
kullanarak da tiretildigi rapor edilmistir (Mude et al., 2009;
Nabikhan et al., 2010; Xia et al,. 2016; Aref & Salem, 2020;
Rashmi et al., 2021) (Tablo 1). Bitki doku kiiltiirii, aseptik
kosullar altinda katt veya sivi besin ortamlarinda
bitkilerin, dokularin, organlarin biiyiimesi ve ¢ogalmasi
olarak tarnimlanir. Bitki doku kiiltiirii; kallus iiretimi,
sekonder metabolit retimi, bitki gelisimi gibi
calismalarda 6nemli bir rol oynamaktadir. Ek olarak, hizl

AgNP’lerin  biyosentezinde  kullamilan  bitki ¢ogalma, gen kaynagi korunmasi, somaklonal varyasyon,
ekstraktlary; fungus ve bakteriler ile karsilastirildiginda dihaploid bitki tiretimi, somatik hibridizasyon, genetik
daha fazla AgNP iretim potansiyeline sahiptir mithendisligi  icin doku  kiltirt  uygulamalarn
(Gudikandula & Maringanti, 2016). Bunun nedeni bitki kullanilabilir.
ekstraktlarinin icerdigi biyoaktif bilesiklerdir [primer
Tablo 1. Bitki ekstraktlar1 ile giimiis nanopartikiillerinin biyosentezi ve biyolojik aktivitesi.

Table 1. The biosynthesis and the biological activity of silver nanoparticles by plant extracts.
Boyut . o . L
NP (nm) Morfoloji pH Is1 (°C) Bitki Aktivite Karakterizasyon Kaynak
Ag  5-104 Heksagonal, 2,11 30 Medicago sativa’mn Antibakteriyal TEM, XRD, SEM, Lukman et al.,
Nanotriangles Tohum Ekstraktt Aktivite XPS, UV-Vis 2011
Ag  55-80 Kiiresel - 35 Cinnamonum Antibakteriyal FT-IR, UV-Vis, Aref & Salem,
5-40 camphora’nin Kallus Aktivite XRD, TEM, EDX, 2020
Kiiltiirii Ekstraktt SEM, DLS
Ag  60-80 Kiiresel - 35 Carica papaya’nin - FTIR, SEM, UV-Vis ~ Mude et al., 2009
Kallus Ektraktt
Ag 329 Kiiresel 6 32 Centella asiatica L.'nin Antioksidan UV-Vis, XRD, Rashmi et al.,
Kallus Kiiltiirii Aktivite TEM, EDAX, FTIR 2021
Ekstrakti
Ag 520 Kiiresel - 25 Sesuvium Antimikrobiyal TEM, XRD, FTIR Nabikhan et al.,
portulacastrum L. nin Aktivite 2010
Kallus ve Yaprak
Ekstrakti
Ag 44 Kiiresel - Oda Coleus aromaticus’un Bacterisidal XRD, UV-Vis, Vanaja &
Sicakligt Yaprak Ekstrakt Aktivite EDAX, SEM, FTIR Annadurai, 2013
Ag 627 Kiiresel 7,8,9,10,11 Oda Taxus yunnanensis'n Antibakteriyal XRD, TEM, FTIR Xia et al., 2016
Sicaklig Kallus Ekstraktt ve Sitotoksik
Aktivite

AgNP’ler bircok molekiile kiyasla daha az kirilma
indisine sahiptir. Biyomolekiiller AgNP’lere bagladiginda
yerel kirilma indisinde bir artis gosterir ve Ag'nin yok
olma (sogurma veya sacilma) spekturumu gozle goriilur
bir sekilde artar. AgNPlerdeki bu degisim ile ¢esitli
sensorlerin hedef molekiile etkili bir sekilde baglandig:
kanitlanmustir. Ayn1 zamanda AgNP’ler tizerindeki cesitli
kaplama (silika gibi) ajanlar1 biyomolekiiler saptamada
etkili gérev gortir (Sotiriou & Pratsinis, 2011).

AgNP’lerin biyosensdr materyali olarak kullanimi
AgNP’lerin kimyasal stabilitesi, elektriksel iletkenligi ve
katalitik aktivitesinin yiiksek olmasi nedeniyle hedef
maddenin tespit edilmesini gticlendirir. Algilama
ytizeylerine elektro-statik cekim ile baglanmasi
AgNPlerin stabilitesi ile yakindan ilgilidir. Yiizeyde giiclii
bir tutunma olusturmak icin genellikle ytizey kimyasal
modifikasyonunun yapilmasi gerekir. Bu acgidan
bakildiginda AgNP’ler yiizey kimyasal modifikasyonlar
icin uygundur. Ornegin; AgNP’lerin yiizeyine baglanmast
icin trietoksisilan (3-Aminopropil), dallanmus
polietilenimin (BTI), sitrat, lipoik asit, polietilen glikol
(PEG) ve polivinilpirolidon en yaygin kullanilan
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kimyasaldir (Toh et al., 2015; Tan et al., 2020).

Bu derlemede AgNP’lerin; kullanim alanlari, bitki
ekstraktlar1 ve bitki doku kiiltiirti yontemleri ile
biyosentezi, biyosentezi i¢in kritik parametreler,
karakterizasyonu, antimikrobiyal aktivite tizerindeki etki
mekanizmalar1 ve AgNPlerin biyosensdr alaninda
kullanimini degerlendirmek amaglanmustir.

2. Giimiis Nanopartikiillerin Kullanim Alanlar:

AgNP’ler; fototermal terapi, genetik hastalik teshisi,
biyomedikal miihendislik, tibbi cihazlar, optik problar,
foto gortintiileme gibi mekanik, elektrik, manyetik,
katalitik, fotokimyasal alanlarda (Calderén-Jiménez et al.,
2017), bunlara ek olarak, ilag tasiyici ve biyosensor olarak,
yiyecek ve iirtin paketlemede, su aritma ya da su
sterilizasyonunda, UV 1s181in zararli etkisini onlemede,
deterjanlardaki antibakteriyel spreylerde, plastiklerde,
kozmetik ve tekstilde kullamilmaktadir (Sekil 1) (Calderén-
Jiménez et al., 2017; Gonzalez et al., 2017). AgNP’lerin
kullanim alaninin  genis olmast verimli tiretim
tekniklerinin anlagilmasini ve farkli yontem yaklasimlarin
onemli kilmustir.
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Sekil 1. AgNP'lerin uygulama alanlari.
Figure 1. Applications of AgNPs.
3. Giimiis Nanopartikiillerin Biyosentezi

Bitki materyali ya da bitki doku kiiltiirti ile AgNP’lerin
biyosentezi basit, hizli, verimli ve ¢evre dostu oldugundan
onemli bir tekniktir. Bitki doku kiltlirti teknikleriyle
kallus tiretimi; bitkinin yaprak, siirgiin, kok veya
hipokotil, epikotil, kotiledon, kok, apikal meristem ve ilk
yapraklardan gerceklestirilebilir. Bitki materyali ya da
bitkiden elde edilen kallus ekstraktlar1 kapatici ve
indirgeyici ajan olarak ¢ok sayida polar grup icerdiginden
AgNPlerin stabilizasyonu i¢in 6nemlidir.

Arabidopsis thaliana, Centella asiatica, Hordeum vulgare,
Linum  usitatissimum, Sesuvium portulacastrum, Taxus
yunnanensis, Cinnamonum camphora gibi bircok bitkisel
materyal ve bitki doku kiiltiirti ile tiretilen kallus
ekstraktlar1 AgNP’lerin biyosentezi igin kullanilmistir
(Nabikhan et al., 2010; Mandeh et al., 2012; Netala et al.,
2015; Anjum & Abbeasi, 2016; Xia et al., 2016; Abbasi et al.,
2017; Aref & Salem, 2020) (Tablo 1).

4. Giimiis Nanopartikiillerin Stabilitesi

Biyomolekiillerin =~ AgNP’ler  yiizeyine  tutunmasi
elektrostatik ve sterik etkilesimlerle olmaktadir. Bu
reaksiyonlar pozitif Agiyonuna baglanan uygun stabilizor
ile gerceklesir. DNA, RNA, antikor, aptamer ve peptid gibi
biyomolekiiller baglanarak AgNP'nin ytizeyine AgNP'ler
tutuklanabilmektedir (immobilizasyon) (Tan et al., 2020).
Ayni zamanda tiol gruplart AgNPlerin yiizeyinde
immobilizasyon i¢in kullanilmaktadir (Tan et al., 2020).
Fakat AgNP’lerin ylizeyine biyomolekiillerin
immobilizasyonunu saglamak  icin = AgNPlerin
agregatlasmasmin en aza indirilmesi énemlidir. Coziim
olarak AgNP’lerin optimum kosullarda tiretilmesi
gerekmektedir.  Proteinler ~de hidrofobik  olarak
elektrostatik etkilesim ve degisken baglar ile AgNP'lere
baglanabilmektedir (Szymanski & Porter, 2013). Sitrat
kapli AgNP'ler; tiol, antikor, amin, protein ve polimer
olmak tizere cesitli molekiillerle kolayca tutunmaktadir.
Bununla birlikte PVP, AgNFP’lerin yiizeyine ¢ok gticlii bir
sekilde baglanir bu nedenle tanik asit veya sitrat kaplh
AgNP’ye kiyasla daha yiiksek stabilite gosterir.
Biyomolekiillerin AgNP’lerin yiizeyine baglanmas1 genel
olarak karboksil (COOH) veya amin gruplart ile
gerceklesmektedir.
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4.1. Bitki Ekstraktlarinin Indirgeyici Ajan Olarak
Kullanilmasi

Bitki ekstraktlar1 icerdigi cesitli biyoaktif bilesikler
sayesinde AgNPlerin biyosentezinde indirgeyici ajan
olarak rol oynar, dolayisiyla AgNP’lerin biyolojik olarak
sentezlenmesi AgNP’lerin stabilitesini arttirir. Ay
zamanda Dbiyolojik olarak sentezlenen AgNP’ler
immiinojenik olmayan ozellikler gosterir. Bu durum tibbi
uygulamalarda kullanilmak tizere gelistirilen
biyosensorler igin bir avantajdir.

Indirgeme, bir maddenin bilesimindeki hidrojen
miktarmin artmasi ya da oksijen miktarmin azalmasidir.
Baska bir deyisle, iyon ya da atomun bir elektron ilavesi ile
daha  dustik  degerlige  inmesidir. =~ AgNP’lerin
indirgenebilmesi igin indirgeme ajani secilmelidir.
Indirgeme ajani kimyasal indirgeme hizim etkilerken,
stabilize edici ajan, sentezlenen AgNP’lerin yiizeyine
secici olarak baglanacak ajanlar1 oncelikli olarak
diizenlemektedir (Oliveira et al., 2020). Hem indirgeme
hem stabilize edici ajanin dikkatli bir sekilde secilmesi
AgNP’lerin morfolojileri tzerindeki kontrolii
saglayacaktir (Toh et al.,, 2015). Bu nedenle AgNP’lerin
biyosentezi i¢in kullanilacak bitki icerdigi metabolitler g6z
ontine alinarak degerlendirilmelidir. Bitki ekstraktlarimin
icerdigi biyoaktif bilesiklerden (fenolik asitler, oksalik,
malik, askorbik asit, ¢oziiniir karbonhidratlar, tanen,
omega-3, flavonoidler, alkaloidler, lignan) hangisinin
AgNP'leri indirgedigi kesin olarak bilinmediginden bazi
arastiricilar bitkinin farkli kisimlari (govde, yapraklar, kok
ve doku kilttirti trtinleri) ile AgNP biyosentezleyerek
bitkinin organlari arasinda farklilik olup olamadigin
gozlemlemistir (Gholamreza et al., 2014; Xia et al., 2016).

Rasheed et al. (2017) AgNP’lerin biyosentezi icin
indirgeme ajani olarak Artemisia vulgaris yaprak
ekstraktini  kullanmistir. Bununla birlikte, biyosentez
urtinti olan AgNP’lerin biyolojik aktivite calismalari
yapimistir (Rasheed et al., 2017). Biyosentez iiriini
AgNPler giiclii antibakteriyel aktivite gostermistir. Aym
zamanda AgNP’lerin antioksidan ve sitotoksisite etkisi,
MCEF-7 ve HelLa hiicre hatlarina kars: umut verici oldugu
bildirilmistir.
4.2, Bitki
Kullanilmasi

Ekstraktlarinin  Kapatici  Ajan  Olarak

Ilac iletimi, biyo-algilama ve biyo-goriintiileme gibi tibbi
uygulamalarda AgNP’leri kullanmak icin AgNPlerin
stabilitesinin  kusursuz olmasi zorunludur. Fakat
AgNP’ler ile ilgili en onemli dezavantaj uzun siire
kararlhiliklarint koruyamamalaridir. Ayrica AgNP’ler ¢ok
reaktif olduklar1 icin hava ile uzun siire temas sonucu
kolayca oksitlenebilir. Monodispers ve polidispers
AgNP’ler elde etmek icin AgNPlerin yiizey
modifikasyonu gerekli oldugundan AgNP’leri yan
trtinlerden  saflastirabilmek  endiistriyel — olcekte
AgNP’lerin kullamilmasimin 6ntinde bir engeldir. Bu
nedenle c¢ogu uygulamada AgNPlerin saf olarak
sentezlendikten sonra asinmaya ve oksitlenmeye karsi
kararli yapilarini korumak icin ytizey aktif maddeler,
polimerler, bitki ekstraktlarinda bulunan metabolitler gibi
organik bilesikler ya da silika ve karbon vb. inorganik
tabakayla kaplanmas: gerekmektedir (Javed et al., 2020)
(Sekil 2).
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Sekil 2. Sekonder metabolitler, AgNP’lerin kapatici ve indirgeyici
ajanlaridir. SM: Sekonder Metabolitler, NP: Nanopartikiiller.

Figure 2. Secondary metabolites are the capping and reducing
agents of AgNPs. SM: Secondary Metabolites, NP: Nanoparticles.

AgNP’lerin biyosentezi i¢in kullanilan Solanum
trilobatum kabugu kapama ajani olarak kabul edilmistir
(Ramanathan et al., 2018). Rashid et al. (2019) AgNP'ler
icin kapama ajami olarak dort farkli bitkiyi (Rumex
dantatus, R. Hastatus, Bergenia stracheyi ve B. ciliata)
kullanmigtir. Ayni zamanda farkli formiile edilmis
AgNP’lerin alt1 farkli bakteri susuna (Staphylococcus
haemolyticus, S. aureus, E. coli, Bacillus cereus, Salmonella
typhi ve Pseudomonas aeruginosa) kars1 gticlt antibakteriyel
aktivite gosterdigi bildirilmistir. AgNP’lerin aktivitesi,
derisimlerinin artmastyla artmistir.

5. Giimiis Nanopartikiillerin Biyosentezi I¢in Kritik
Parametreler

Bilim insanlar1 gesitli alanlarda kullanmak tizere biitiin
AgNP bilesimleri; biyoyararlanim ve hareketliligi ciddi
sekilde azaltan agregatlasma potansiyeline sahiptir.
AgNP’lerin agregat davranisi ve stabilizasyonu, pH,
sicaklik, inkiibasyon periyodu, tuz konsantrasyonu,
redoks kosulu, karisim orani, iyonik gti¢, dogal organik
madde konsantrasyonu ve AgNP'lerin yiizey kimyas1 gibi
bircok degiskenin etkilesimine biiytik ol¢tide baghdir, bu
degiskenler AgNP’ler arasindaki elektrostatik ve sterik
etkilesimi etkilemektedir (Singh et al., 2016; Siddiqi &
Husen, 2017).

5.1. pH'1n Giimiis Nanopartikiiller Uzerindeki Ftkisi

AgNP’lerin ortalama boyutu ve agregatlasma egilimi
reaksiyon sisteminin pH'ina yiiksek oranda baghdir,
pH'in etkisi ¢oztinmiis oksijen konsantrasyonunun
etkisinden daha gticltidiir (Alqadi et al., 2014; Fernando &
Zhou, 2019). Lukman et al. (2011) 0.1 mM ve 0.01 mM
AgNO; ¢ozeltileri ile AgNIP’lerin biyosentezi icin Medicago
sativa tohum ekstraktini kullanmistir. AgNP’ler 2.0 ve 11.0
pH araliginda incelenmistir. Numuneler 30°C’de inkiibe
edilmistir. Calisma, pH 11.0’daki reaksiyonda ytiksek bir
monodispersitenin elde edildigini gostermistir, pH 11.0’da
ortalama boyut 11.5 nm’dir, ancak pH 2.0’da reaksiyon
meydana gelmemistir (Lukman et al., 2011).

Hegazy et al. (2014) ve Hegazy et al. (2015) 1 mM
AgNO; cozeltisi ile AgNP’lerin biyosentezi icin Medicago
sativa L./nin kallus ekstraktint kullanmistir. Numuneler
oda sicakliginda yaklasik 24 saat inkiibe edilmistir. Farkl
pH araliklar1 ve 2.0, 5.0, 7.0, 9.0, 10.0 ve 11.0 calisilmistir.
pH 2.0’de 24 saatlik inkiibasyondan sonra ekstraktin rengi
degismemistir, bu ytizden arastirmacilar reaksiyonun
devam etmedigini yorumlamistir. Arastirmacilar, pH'1
ayarlanmamis orneklerde 2 ila 50 nm, pH 5.0'de 5 ila 60
nm, pH 10.0’da 35 ila 40 nm arasindaki boyut araliklar:
gozlemlemistir ve AgNP’lerin morfolojisi her iki durumda
da (pH degeri ayarlanmamus ve pH degerleri ayarlanmus)
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kiiresel, disk ve diizensizdir (Hegazy et al., 2014; Hegazy
etal., 2015).

Taxus yunnanensis’in kallus ekstraktlar: kullanilarak
AgNP’ler sentezlenmistir. Farkli pH araliklar1 calisiimis ve
7.0,8.0,9.0,10.0 ve 11.0 pH'l1 AgNP'ler, 439, 425, 411, 409
ve 450 nm’de maksimum absorbans gostermistir. pH
10.0’da daha kiictik boyutlu AgNP’lerin olustugu
gozlenmistir. Bu nedenle AgNP’lerin biyosentezi i¢in en
uygun kosul olarak pH 10.0"u tercih etmislerdir (Xia et al.,
2016). Xia et al. (2016), 7.0-10.0 pH'da AgNP’lerin ortalama
boyutunun kiiciilmesini absorpsiyon pikinin kisa dalga
boyuna kaymasiyla ilgili olabilecegini bildirmistir.

5.2. Sicakligin Giimiis Nanopartikiiller Uzerindeki
Etkisi

1 mM glimtis nitrat (AgNOs) cozeltisi ile AgNP’leri
tretmek icin Carica papaya’min  kallus  ekstrakti
kullamilmistir. Numuneler, yaklasik 24 saat boyunca
35°C’de inkiibe edilmistir (Mude et al, 2009). 1 mM
AgNO; c¢ozeltisi ile AgNPleri tiretmek i¢in Citrullus
colocynthis (L.) Schrader'm kokten elde edilen kallus
ekstrakti  kullanilmustir. indirgeme icin  numuneler
yaklastk 24 saat boyunca 35°C’de inkiibe edilmistir
(Satyavani et al., 2011). Selenyum ve AgNO3 kullanarak
Spermacoce hispida’min  yaprak sulu ekstraktlarindan
selenyum NP’ler ve AgNP'ler sentezlenmistir. Ekstraktlar
farkli sicaklik (4, 20, 40 ve 60°C’de 15 dakika), farkli pH
araliklar1 (6.0, 7.0, 8.0, 9.0 veya 10.0), farkli AgNO; ve
selenyum konsantrasyonlar1 (0.5: 49.5, 2:48, 4:46 ve 6:44) ve
inkiibasyon zamar ile optimize edilmistir. Sonuglar, Sh-
SeNP’lerin sentezi i¢in optimum kosulun, pH 9.0'da, 4:46
oraninda ve Sh-ALE i¢in 30 mM selenious asit ¢ozeltisi, 10
dakika  boyunca  40°C’de  inkiibe  edildiginde
bulunmusken, AgNP’ler icin optimum sartin pH 8.0°de,
4:46 oraninda 1 mM AgNOs'ta 10 dakika boyunca 40°C’de
inktibe edildiginde bulunmustur (Vennila et al., 2018).

5.3. Inkiibasyon Siiresinin Giimiis Nanopartikiiller
Uzerindeki Etkisi

AgNO; kullanarak Sesuvium portulacastrum L.nin kallus
ve yaprak ekstraktlarndan AgNIP’ler sentezlenmistir.
Ekstraktlar farkli inkiibasyon stiresi ile inkiibe edilmistir
(0-10-20-30-40-50dk, 1-2-3-4-6-24-48 s). Sonuglar, saridan
kahverengiye kademeli olarak renk degisimi gostermistir
ve inkiibasyon sirasinda AgNP’lerin yogunlugu artmistir.
420 nm’de renk yogunlugunun inkiibasyon stiresi ile
arttigini bildirmistir. 24 saatlik inkiibasyondan sonra renk
degismemistir. Arastirmacilar, renk yogunlugunun,
yaprak ekstraktlar1 ile karsilastirildiginda  kallus
ekstraktlarinda daha yiiksek oldugunu belirlemislerdir
(Nabikhan et al., 2010).

5.4. Tuz Konsantrasyonunun Giimiis Nanopartikiiller
Uzerindeki Etkisi

Linum usitatsimum’nun sulu ekstraktlar1 ve TDZ-igerikli
kallus kullanilarak AgNP’lerin biyosentezinin optimum
araligr bulmak icin farkli konsantrasyonlarda 1 mM
AgNO; (1:1, 1:2, 1:5, 1:10 v/ v) denenmistir. AgNP’li kallus
ekstraktinin biyoindirgenmesi AgNP’li bitki ekstraktmnin
biyoindirgenmesinden daha kisa siirede tamamlanmuistir.
Ayrica, AgNPlerin  biyoindirgenmesi icin  farkli
zamanlarda (0-10-20-30-40-50dk, 1-2-3-4-6-24s)
calisilmistir. Sulu ekstrelerin reaksiyon karisimi 6 saat
icinde tamamlanmustir. TDZ icerikli kallus
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reaksiyonundaki Ag iyonlarmin indirgenmesi 2 saat
icerisinde tamamlanmistir (Anjum & Abbasi, 2016).

6. Giimiis Nanopartikiillerin Karakterizasyonu

AgNP’ler morfolojilerine (boyut, sekil, yiizey alani) ve
dagilma ozelliklerine gore karakterize edilir. Genel
karakterizasyon  teknikleri:  ultraviyole  goriintr
spektroskopi (UV-Vis), atomik kuvvet mikroskopisi
(AFM), taramali elektron mikroskobu (SEM), gecirimli
elektron mikroskobu (TEM), X-isin1 toz difraksiyonu
(XRD), fourier dontistimii kizilstesi spektroskopisi (FTIR),
indiiktif eslesmis plazma kiitle spektroskopisi (ICP-MS),
dinamik 1s1k sacilimi (DLS), enerji dagiliml spektroskopi
(EDS),  brunauer-emmett-teller  teknigi  (BET) dir
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(Nabikhan et al., 2010; Khatami et al., 2015; Netala et al.,
2015; Bao et al., 2016; Moldovan et al., 2016; Patra et al.,
2016; Vennila et al., 2018) (Tablo 2).

AgNP'lerin spektrumlar1 UV-Vis ile 250 ila 800 nm
dalga boyu arasinda taranarak belirlenmektedir.
AgNP’lerin morfolojisini SEM ile belirlemek i¢cin AgNP'ler
kurutularak = stamplara yapistirilmaktadir.  AgNP’li
ekstraktlarin TEM ile analizinde ise ekstraktlar kapl
gridler tizerine damlatilarak kurutulmaktadir. AgNP’lerin
kristal yapisini belirlemek i¢in XRD tarama araligi 20° ile
80° arasinda olmalidir. AgNPleri FTIR ile analiz
edebilmek i¢in kurutulmus numune kullanilmali, bununla
birlikte FTIR 4cm? ¢ozunitirlikte ve spekturumu 450-
4000cm? araliginda ayarlanmalidir (Mude et al., 2009).

Tablo 2. Giimiis nanopartikiillerin karakterizasyon teknikleri ve temel islevleri.

Table 2. The characterization techniques and main functions of silver nanoparticles.

Karakterizasyon Teknigi Amag

Referans

UV-Spektrofotometre

AgNP’lerin karakterizasyonunu ve stabilitesini degerlendirir.

Zook et al., 2011; Gorham et al., 2012
Chen et al., 2017

Parvathiraja et al., 2021
Pal et al.,, 2017

Baudot et al., 2010
Bao et al., 2016

SEM AgNP'lerin morfolojisini belirler. Goriintiilerden histogram elde edilir.
NP’ler manuel olarak 6lgiiliir ve sayilir.

TEM AgNP’lerin boyutu, morfolojisi ve boyut dagilimimni tlger. SEM ile
karsilastirldiginda daha iyi ¢6ziintirliik saglar.

XRD Atomik olgekte kristallik derecesini olger. AgNP’lerin yapisin,
partikiil boyutlarin analiz eder, bilesikleri tanimlar.

FTIR AgNP’lerin olusturdugu gesitli kimyasal baglar1 karakterize eder.

ICP-MS Ag+ iyonlarinin konsantrasyonunu belirler.

DLS AgNP’lerin boyutunu 6lger. Farkli pH ve sicaklik kosullarinda zaman

icindeki stabilitelerini degerlendirir.

Zhang & Zhang, 2014

AgNP’lerin Kkarakterizasyon yontemleri ile ilgili
bircok arastirmaci calismistir. Nabikhan et al. (2010)
AgNP’leri XRD kullanarak yogun olarak belirlemistir.
AgNP’lerin sekli ve boyutu TEM kullanilarak karakterize
edilmistir. Sentezlenmis AgNP’lerin 5 ila 20 nm arasinda
degisen ve farkli biiytikliikte kiire seklinde oldugu
goriilmistiir. Proteinlere isaret eden amid I, II ve IIl'e
karsilik gelen ekstraktlarda yiiksek pikler elde edilmistir
ve bunlar FTIR analizi ile belirlenmistir. Arastirmacilar,
flavonlarin ve terpenoidlerin olduguna isaret eden
aromatik halkalara, geminal metillere ve eter baglarina
karsilik gelen pikleri de kaydetmislerdir (Nabikhan et al.,
2010). Satyavani et al. (2011) AgNP’lerin morfolojisini 20-
80 nm! yay sabiti ve rezonans frekansi 209-286 kHz olan
AFM ile karakterize etmistir. Numunenin spektrumu FTIR
kullanilarak 4 cm! ¢oziintirliikte 400-4000 cm! araliginda
kaydedilmistir. AgNP’lere baglanan aromatik halka ve
bagli amid bolgesi iceren polifenoller FTIR ile
belirlenmistir (Satyavani et al., 2011). Xia et al. (2016) XRD
kullanilarak ~ AgNP’leri ~ nano-kristaller  seklinde
belirlemistir.  Sentezlenen kiiresel AgNP’ler, TEM
kullanilarak 6.4 ila 27.2 nm arasindaki boyut aralig ile
karakterize edilmistir. Kallus ekstraktlarinda
fitokimyasallar FTIR kullanilarak incelenmistir (Xia et al.,
2016). Vennila et al. (2018) AgNP’leri UV-Vis kullanilarak
karakterize etmistir. AgNP’lerin morfolojisi ve boyutu
SEM ile arastirilmistir. Element analizi icin EDX analizi
yapimustir. AgNP’lerin toplam ytiizey alani, ASAP 2010
ytizey alanmi analizorii metrometrileri kullanilarak BET
yontemi ile belirlenmistir. AgNP’lerin kristal yapisi,
tarama aralig1 20° ile 80° arasinda olan XRD kullanilarak
belirlenmistir. AgNP’lerin yiizey fonksiyonel gruplari
FTIR ile 4000-500 cm dalga boyu taramasi yapilarak
incelenmistir (Vennila et al., 2018). Bir¢ok arastirmact
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benzer yontemler
yapmustir.

ile AgNP’lerin karakterizasyonunu

7. Glimiis Nanopartikiillerin Antibakteriyal Aktivite
Mekanizmasi

Bakteriler AgNP’lere maruz kaldiginda, AgNP’lerin
oksidasyonundan tiretilen giimiis iyonlarinin pozitif ytikii
ile bakterilerin negatif yiikli hiticre zar1 arasindaki
elektrostatik cekim nedeniyle bakterilerin hiicre duvarina
veya zarina yapisma egilimindedir (Choi et al., 2010). Ayn1
zamanda, AgNP'ler bakteri hticre duvarindaki kiikiirt
iceren proteinlere karsi giiglii bir afiniteye sahiptir.
Boylece, AgNP’ler hiicre igine kolayca girebilmektedir
(Sekil 3). Bununla birlikte, antibakteriyal calismalarda
AgNP’lerin ylizeyine baglanan kapatict ajanlarin
kullanim: da o©nemlidir. Arastirmacilar, Tween-80,
sodyum dodesil stilfat (SDS), polivinilpirolidon ile
AgNPler kapatildiginda AgNPlerin antibakteriyal
aktivitesinin arttigini bildirmislerdir (Kvitek et al., 2008;
Toh et al., 2015).

AgNP’lerin bakteri zarina baglanmasi hiicre zarmin
yapisinda geri dontisii olmayan morfolojik degisikliklere
neden olmaktadir (Abdalla et al., 2020). Dolayistyla bakteri
lipit cift tabakasmin biitiinligtinde ve hiticre zarmin
gecirgenliginde bir kayba neden olabilir. Hiicre
yapisindaki degisiklik, hiicre zarmin gegirgenliginin
artmasma neden olabilir ve bu da hiicrenin cesitli
aktivitelerini dtizenli olarak yapabilmesini olumsuz

etkiler. Ornegin, AgNPlerden giimiis iyonlarmm
salinmasi;; potasyum iyonlarimin  tasmnmasim = ve
salmmasmi  degistirir  boylece, hiicrelerin  tasima

aktivitesini etkiler. Hiicre zari gecirgenliginin artmasi
sitoplazma, proteinler, iyonlar ve hiicresel enerji
rezervuar1 ATP gibi hiicresel igeriklerin kaybina da neden
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olabilir (Wakshlak et al, 2015). TEM goruntiileri
AgNP’lerin, membran depolarizasyonu ve
destabilizasyonu yoluyla gram-negatif bakterilerin (E. coli
ve S. typhimurium) biittinltigiint etkiledigini gostermistir.
Lactobacillide AgNP’lerin bakterisit etkisi arastirilmis,
asidik biiytime kosullarmin AgNP’lerin ¢oziintirligtinii
ve hidroksil radikallerinin (-OH) {retimini uyardig:
bildirilmistir (Tian et al., 2018). -OH radikalleri, hiicresel
reaktif oksijen tiirlerinde (ROS) bir artisa neden olarak
DNA ve mitokondri hasartyla hiicrenin 6liimiine yol
a¢maktadir (Ahmed et al., 2016) (Sekil 4).

Lawsonia inermis (Henna)nin sulu ekstrakti ile

AgNPler biyosentezlenmis ve AgNPlerin insan
patojenlerine karsi antimikrobiyal aktivitesi oldugu
bildirilmistir (Kumar & Kathireswari, 2016). Taxus

Tablo 3. Biyomolekiilleri tespit eden AgNP-konjuge problari.
Table 3. AgNP-conjugated probes detect biomolecules.
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yunnanensis kallus ekstrakti kullarularak ~AgNP’ler
sentezlenmis ve insan kanser hiicrelerinde sitotoksisitesi

ve antibakteriyel aktivitesi incelenmistir (Xia et al., 2016).

8. Giimiis Nanopartikiillerin Biyosensor Alaninda
Kullanimi ve Bakterilerin Tespiti

Viral, bakteriyel enfeksiyon ve kanser gibi cesitli
hastaliklarin etkili bir sekilde tedavi edilebilmesi igin
erken teshis ¢nemlidir. Bu hastaliklar; problar, DNA,
protein, antikor ya da enzim salgilanmasiyla tespit
edilmektedir. Diger NP'ler gibi, AgNP’ler de biyosensor
alaninda aktif olarak kullanilmaktadir (Loiseau et al.,
2019). AgNP-konjuge biyomolekiiller, hedef molekiillere
kars1 yiiksek derecede stabilite ve hassasiyet gosterir. Bu
nedenle AgNP-konjuge problarin (Tablo 3), hedeflenmis
biyomolekiilleri daha hizli tespit ettigi kanitlanmustir.

Hedef Prob Sensor Sinur limiti Kaynak
Melamin Siilfanilik asit Kolorimetrik 10.6 nM Song et al., 2015
C-reaktif protein Antikor Immunofloresans 30 pg/mL Zhao et al., 2017
DNA DNA Elektrokimyasal 50 pM Cheng et al., 2009
Alfa fetal Antikor Eliza 0.23 ng/mL Xuan et al., 2016
Biyotin Streptavidin LSPR - Kim & Lee, 2012
Glukoz Glukoz oksidaz Elektrokimyasal - Chen et al., 2012
tespit icin problar AgNPlerin yiizeyine konjuge
N e edilmektedir. Tum bakteriyi tespit edebilmek icin
¢ s o .
genellikle Surface Enhanced Raman Scattering (SERS) ya
da lokalize ytizey plazmon rezonans: teknikleri

R
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Sekil 3. AgNP'lerin antibakteriyal aktivitesi.
Figure 3. The antibacterial activity of AgNPs.

.
Cgo
t 4y 0 —C——

¢’

NP + Ligand

i : NP Endositoz

Ligand

™
&5
i
Protein Oksidasyonu

OH-

‘ )

Mitokondriyal Hasar

“ oH

Sekil 4. AgNP'lerin sitotoksik aktivitesi.
Figure 4. The cytotoxic activity of AgNPs.

Bakteri tespiti i¢in bakteri hiicresi tizerindeki dis
ylizey proteininin AgNP’ler tarafindan tespit edilmesi
hedeflenmektedir. Bakteriyi tespit etmek igin prob olarak
antikor, DNA veya aptamer kullanilmaktadir. Etkili bir
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kullanilmaktadir (Naja et al., 2007). Bakteri ile birlikte aymu
zamanda influenza, insan immiin yetmezIlik virisi,
herpes simpleks viriisii ve Ebola viriisii gibi viral
hastaliklarin erken teshisi de bu teknikler sayesinde
kolaylastirilmistir, boylece kisilerin erken evrede tedavi
edilmesi saglanmaktadir. AgNPler kullanilarak bakteri
tespiti, algilama simirmi gelistirmek icin ihtiyac duyulan
bir tekniktir. Arastirmacilar AgNP-konjuge prob molekiilii
ile bakterilerin tespitini kanitlamistir (Naja et al., 2007; Liu
et al.,, 2010). Rhodococcus rhodochrous ve E. coli bakteri
turleri AgNP’ler ile SERS teknigi kullanilarak tespit
edilmistir (Naja et al, 2007). Bununla birlikte, diger
tekniklere kiyasla E. coli'nin AgNP’ler ile 10 kat daha iyi
tespit edildigi kanitlanmistir. AgNP’ler altin nanopartikiil
ile birlestirilerek E. coli tizerinde denenmistir. AgNTP’ler ve
altn  nanopartikiilleri kompleksi yiizey plazmon
rezonanst ile E. coli'yi daha etkili bir sekilde tespit etmistir.

9. Sonuclar

Son on bes yildir bitki ekstraktlar1 ve bitki doku kilttirti
yontemleri ile AgNP’lerin tiretimi, stabilizasyonu ve
karakterizasyonu  calismalar1  aktif  bir  sekilde
yapilmaktadir.  Bitkisel tabanlt nanoteknoloji ile
AgNP’lerin tiretimi, toksik kimyasallar icermediginden ve
cevre dostu, ucuz bir yontem oldugundan 6nemli ve ilgi
cekici bir konudur. Ozellikle kallus ve siispansiyon
kilttrinde daha fazla miktarda AgNP'nin tiretilebilecegi
konusunda pek ¢ok calisma bulunmaktadir. AgNP’lerin
tiretimi ile ilgili yeni metodlar kesfetmek AgNP’lerin
toksisitesinin en aza indirilmesi agisindan onemlidir.
Bununla birlikte, yeni sentez teknikleri sayesinde en
basitten en olagandis1 sekillere kadar farkli sekilli
partikiiller tiretilebilmektedir. Bu, AgNP’lerin daha bircok
ozelligini kesfetmek i¢in bir avantajdir.
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AgNP’ler AuNP’lere kiyasla kimyasal olarak daha az
kararli ve daha az biyo-uyumlu olmalarina ragmen, LSPR
ozelliklerinden dolay1 biyosensor olarak daha hassastir, bu
nedenle biyosensdr tasarmminda AgNPlerin kullanimi
yayginlasmustir. Bu arastirmalarin ¢ogu yeni-giincel konu
oldugundan farkl stratejiler denenmelidir: 6rnegin; genel
strateji LSPR bandinin kaymasi esasina dayanirken daha
fazla hassas olan RIS'ler sayesinde nanopartikiillerin
biyosensér alaninda uygulanmasina olan ilginin artmasi
beklenmektedir.

Nanoteknoloji gelecekte tahmin dahi edilemeyen
bircok yeni gelismelere imkan saglayacaktir. Biyoteknoloji
ve nanomateryallerin kullanilmasiyla sasirtict 6nemli
gelismeler yasanacaktir. Yeni teshis ve tedavi yontemleri
gelistirilebilecek, akilli ilaglar tasarlanabilecek, kanser
tedavilerinde kullanim potansiyeli olan farkli metotlar
belirlenebilecek ve insan Omriinin uzamasl, yasam
kalitesinin ~ artmasi nanoteknolojik  gelismeler ile
gerceklestirilebilecektir.

Etik kurul onay:: Bu calisma icin etik kurul onay1 almmasina
gerek yoktur.

Cikar catismasi: Yazarlar, ¢ikar catismast olmadigini beyan
etmisgtir.
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Son okuma sirasinda Tablo 1'de ve eklenmesi gereken referanslar gézden kagmis olup asagida diizeltilmistir. Aymi
zamanda Tablo 2'de PZR reaksiyon kosullarinda tabloda siitunlar arasindaki kayma gézden kag¢mus olup asagidaki
sekilde diizeltilmistir.

2.2.4. PZR sonuglarinin dizilenmesi

Ornekler, BM Laboratuar1 (Ankara) gibi dizi analizi yapan ticari kuruluslara hizmet alimi seklinde gonderildi. Elde
edilen diziler; Windows 95/98/NT/2000/XP icin yazilmis olan BioEdit (Hall, 1999) biyolojik dizi siralama editorii ile
kontrol edildi. Sol (5, forward) ve sag (3" revers) primerler ile okunan diziler eslestirildi. National Center for
Biotechnology Information (NCBI, http://www.ncbinlm.nih.gov) veri bankasinda BLAST analizi ile hangi bitki
olduklar: teyit edildi ve veri bankasindaki yakin benzerlik gosterdigi diger bitkiler kullanilarak Paup 4.0 (Swofford,
2000) ve BioEdit (Hall, 1999) programlar1 yardimiyla filogenetik analiz yapildi.

Tablo 1. PZR’de Kullanilan Primerler ve Ozellikleri

Primer Niikleotid Dizisi(5'-3") Tm Degeri Referans

1TS-4 TCCTCCGCTTATTGATATGC 52.1°C (White et al., 1990)
1TS-5 GGAAGGAGAAGTCGTAACAAG 55.0°C (Sang et al., 1995)
TrnL-F ATTTGAACTGGTGACACGAG 55.0°C (Taberlet et al., 1991)
TrnL-R GGTTCAAGTCCCTCTATCCC 55.0°C (Taberlet et al., 1991)

Tablo 2. PZR Reaksiyonlar1

Basamak Sicaklik Zaman Devir Sayist

On 1s1tma 94°C 5 dak. 1 devir

1. basamak 94°C 45 sn.

2. basamak 50°C 45 sn. 35 devir

3. basamak 72°C 2 dak.

4. basamak 72°C 10 dak. 1 devir

5. basamak 4°C 25 saat
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