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Abstract: A large majority of the researches on bird mites in the world and in Turkey is based on alive/dead birds and museum
specimens. Ringing stations allow doing host and parasite-based monitoring work without harming birds. In this study, it was
aimed to monitor the changes of ten mite species carried by bird species belonging to Passeriformes order in Cernek Ringing
Station, Samsun in different years according to different collection methods. During the spring and autumn bird migration
periods between 2010 and 2013, the feather mites of some passerine species were investigated by applying different sampling
methods. Mite samples were collected with three different collection methods (Pyrethrin use, feather collecting, and mite
collecting with forceps) and identified. The most appropriate collection method based on species and habitat diversity of mites,
ease of operation and duration, and ethics is collecting and investigating the mites with the forceps by using a
stereomicroscope. The feather mite species of the genus Dolichodectes, Proctophyllodes, and Trouessartia were determined on tail
and wing feathers while the feather mites of Analges and Strelkoviacarus genera were determined on the abdominal feathers.
This research, which was conducted at a ringing station where bird migration was investigated, shows that future acarology
research in Turkey needs to be planned with experts from different areas of interest through an interdisciplinary approach.

Keywords: Cernek Ringing Station, Turkey, Passeriformes, feather mite, stereomicroscope.

Tity Akar1 Aragtirmalarinda Farkli Ornek Toplama Metotlarinin Bazi Otiicii Kus Tiirlerine
Uygulanmasi ve Izlenmesi

Oz: Diinya'da ve Tiirkiye'de kus akarlarina yonelik aragtirmalarin biiyiik bir gogunlugu canli/6li kuslar ve miize drnekleri
tizerinedir. Halkalama istasyonlar1 kuslara zarar vermeden konak ve parazit temelli izleme ¢alismalarinin yapilabilmesine
imkan vermektedir. Bu arastirmada Samsun, Cernek Halkalama 1stasyonunda Passeriformes takimina ait kus tiirlerinin
tasidig1 on akar tiirtintin farkli toplama metotlarina gore farkl yillardaki degisimlerinin izlenmesi amaglanmistir. Calismada
2010-2013 yillar1 arasinda ilkbahar ve sonbahar go¢ déneminde farkli 6rnek toplama yontemleri uygulanarak bazi 6tiicii kus
tiirlerinin tily akarlar1 arastirilmustir. Ug farkli toplama yontemi (Piretrin kullanimy, tiiy toplama ve pens ile akar toplama) ile
akar ornekleri toplanmus ve teshis edilmistir. Akarlarin tiir ve habitat gesitliligi, calisma kolayligy, siire ve etik agidan en uygun
toplama yontemi; stereo mikroskop kullanilarak pens ile akarlarin toplanmasi ve arastirilmasidir. Kuyruk ve kanat tiiylerinde
Dolichodectes, Proctophyllodes ve Trouessartia; karin tiiylerinde ise Analges ve Strelkoviacarus cinslerine ait tiiy akari tiirleri tespit
edilmistir. Kus goclerinin arastirildig: bir halkalama istasyonunda yapilmis olan bu arastirma, Tiirkiye'de gelecekte yapilmasi
planlanan akaroloji arastirmalarinin farkl ilgi alanlarindan uzmanlar tarafindan disiplinler arasi bir yaklasim ile planlanmasi

gerektigini gostermektedir.

Anahtar kelimeler: Cernek Halkalama Istasyonu, Tiirkiye, Passeriformes, tiiy akari, stereomikroskop.

1. Giris

Diinya'nin farkli birgok bolgesinde kus halkalama
istasyonlar1 bulunmaktadir. Kus halkalama
istasyonlarinda yapilan calismalar, kus go¢ yollarmin
ortaya ¢ikarilmasmnin yamu sira gog sirasinda yakalanan
kus tiirlerinin davranislar1 ve tasidiklari parazitlerin
izlenmesi ile parazit konak iliskisinin irdelenmesine de
imkan vererek taksonomik ve ekolojik agidan bilime
onemli katkilar saglamaktadir. Kus halkalama galismalari,
kus ektoparazitlerinin arastirilmast agisindan yeni bir yol
acmustir. Bu istasyonlarda parazit canlinin kusa olan etkisi,
kusun davranislar1 ve reaksiyonlar: izlenebilmektedir
(Peters, 1933).

Gecmis yillarda Diinya’da ektoparazitler ile ilgili
arastirmalar olii kuslar tizerinden yapilirken giintimiizde
kus halkalama calismalar ile kusa zarar vermeden canli
birey tiizerinden ektoparazitleri toplanabilmektedir
(Watson & Amerson., 1967). Diinya’da ve Tiirkiye’de kus
akarlarma yonelik arastirmalarin biiytik bir ¢ogunlugu

sistematik temelli olup, bu arastirmalarda rastlantisal
olarak yakalanmis olan kus bireyleri ile miize 6rnekleri
kullanilmakta (Gaud & Atyeo, 1996) ya da sis aglar
kullanilarak (Mironov & Fain, 2003; Mironov & Galloway,
2002; Giirler, Mironov, & Erciyas-Yavuz, 2013) canl kus
bireyleri tizerinden arastirmalar yapilmaktadir.

Tiirkiye’de Cernek Kus Halkalama Istasyonu'nda
kus gogti izleme arastirmalar: kapsaminda 2000 yilindan
itibaren ilkbahar ve sonbahar kus gogiinde gog eden otiicii
kuslar yakalanarak halkalanmaktadir (Doga Koruma ve
Milli Parklar Genel Miidurliigii, 2018). Tity akarlarmn
birlikte yasam birligi olusturdugu o6tiicti  kuslardan
Passeriformes takimina ait bazi kus tiirleri Tirkiye'de
ilkbahar ve sonbahar gociinde Kizilirmak Deltasinda
yiiksek birey sayilar: ile temsil edilmektedir. Bu tiirlerin
baz1 bireyleri her yil go¢ doneminde bu alan1 kullanmakta
ve bunlarin gogleri genis bir zaman diliminde
gerceklesmektedir.

*Corresponding author: esraper(@gazi.cdu.tr
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Kuslarin tizerindeki tily akarlari, siurli bir bolgede
hareket ederek farkli mikro habitatlar1 isgal etmektedir
(Dubinin, 1951; Perez & Atyeo, 1984). Tiiy akarlarinin isgal
ettigi dort ana mikro habitat; yumusak hav tiiyleri, kontur
tiiylerinin kanat ytizeyleri, ugma ve kuyruk tiiylerinin igi
ile cilt ytizeyidir (Gaud & Atyeo, 1996). Tiiy akarlar
genellikle kuyruk ve ugma teleklerinde bulunmaktadir
(Clayton & Walther, 1997; Dabert & Mironov, 1999).
Tirkiye’de kuslarin tiiy akarlarina yonelik olarak farkli
metotlar uygulanarak uzun donemli bir izleme calismasi
yapilmasi 6zellikle akar-konak 6zellesmesi, habitat tercihi
ve zamansal degisimin ifade edilmesi agisindan énemlidir.

Bu arastirmada Kizilirmak Deltas: (Samsun) Cernek
Halkalama Istasyonunda Passeriformes takimina ait bazi
kus tiirlerinin tasidig1 on tily akari tiirtintin farkh toplama
metotlarma gore farklh yillardaki degisimlerinin izlenmesi
amaclanmustir.

2. Materyal ve Metot

Bu arastrma 2010-2013 yillar1 arasinda ilkbahar ve
sonbahar kus go¢ déneminde Samsun ili, Ondokuzmayis
- Bafra ve Alacam ilce simirlarindaki Kizilirmak
Deltasinda bulunan (Sekil 1) Yaban Hayati Gelistirme
Sahast  smurlar1  iginde, Cernek Kus Halkalama
Istasyonunda gerceklestirilmistir.

. -, 4

-

Sekil 1. Kizilirmak Deltasi, Cernek Kus Halkalama Istasyonu.

Halkalama Istasyonu’nda ilkbahar ve sonbahar kus
go¢ doneminde halkalanan Passeriformes takimina ait on
tiir arastirma materyali olarak kullanilmustir. Bu tiirler
diinyanin farkli bslgelerinden geldikleri igin goce baslama
tarihleri ~de  farklihk  gostermektedir. ~ Alanda
gerceklestirilen pilot ¢alismalarda kuslarda ektoparazit
incelemeleri yapilmis olup en fazla tiy akan
Acrocephalidae, Phylloscopidae, Scotocercidae ve
Sylviidae familyas: tiirlerinde gortilmiistiir. Bu bilgiler
dogrultusunda, 10 otiicti kus tiirtiniin tiiy akarlar
toplanmugstir. Bu tiirler Acrocephalidae familyasindan;
Acrocephalus arundinaceus (Buyuk kamisqin), Acrocephalus
scirpaceus (Sazbiilbiilii), Scotocercidae familyasindan;
Cettin  cetti  (Kamus  biilbili),  Phylloscopidae
familyasindan; Phylloscopus collybita (Crvgin), Phylloscopus
trochilus (Sogiit bilbiilu), Sylviidae familyasindan; Sylvia
atricapilla (Karabash otlegen), Sylvia borin (Boz o6tlegen)
Sylvia communis (Akgerdanli otlegen), Sylvia curruca
(Kiigtik akgerdanli otlegen) ve Sylvia melanocephala
(Maskeli otlegen)’dur.
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Arazi c¢alismalar1 i¢gin Tarrm ve  Orman
Bakanligi'ndan izin alinmistir. Uzman halkacilarin
gozetiminde etik kurallar dogrultusunda kuslara zarar
vermeden 3 farkli yontem kullanilarak tiiylerinde yasayan
akarlar1 toplamaya yonelik bir ¢alisma yapilmustir.

Kizilirmak Deltas1 Yaban Hayati Koruma Sahasi,
Cernek Kus Halkalama Istasyonu'nda kuslar standart sis
aglar1 kullanilarak yakalanmustir (Sekil 2A). Her bir birey
havalandirma deligi bulunan ayr1 ayri kese kagitlarinda
tasinarak bireyler arasi kontaminasyon engellenmeye
calisilmistir (Watson & Amerson, 1967) (Sekil 2B).

Lisansli kus halkacilar1 tarafindan halkalanan her bir
birey (Sekil 3A) tiiy akarlar: agisindan incelenmistir (Sekil
3B). Ektoparazit incelemesinden gegen her bir kus tiirtine
bir kod numarast verilmis ve kese kagitlar: etiketlenmistir.
Her bir kus bireyi strese girmeden kisa siirede akar
ornekleri toplanmistir.

Sekil 2. A-Sis aglarina yakalanmus bir birey B-Bireylerin tasindig:
kese kagid1.

Sekil 3. A-Halkaci tarafindan 6l¢timleri alinan, B- Telekleri kontrol
edilen bir birey.

Akar 6rneklerini toplamak i¢in ilk metot olarak 2010
yilinda piretrin kullamlmistir (Watson & Amerson, 1967;
Clayton & Walther, 1997). Ektoparazitleri toplamak icin
her bir kus bireyi bitkisel kokenli piretroidli bir pestisit
tozu ile ilaglanmigtir. Kullamilan piretrin, bazi kasimpat
bitkilerinde dogal olarak bulunan bir pestisittir (Sekil 4A).
Bu islem sirasinda siyah renkli karton kullanilarak pestisit
tanecikleri ve ektoparazitler toplannustir. flaglanan birey 2
dk. siiresince basi disarida kalacak sekilde kese kagidi
icinde tutulmustur. Bu islemin ardindan hayvanin basi,
kulagi, antisti, kanat alt1 ve gogsii tizerinde yeniden bir
inceleme yapilmustir. Ektoparazitler yoniinden incelenen
kus bireyleri tekrar dogaya salinmustir. Kese kagidi ve
siyah karton tizerine dokiilen parazitler %70'lik alkol
soliisyonu igeren tiiplere alinmistir (Watson & Amerson,
1967) (Sekil 4B).

fkinci bir metot olarak 2011 yilinda her bir birey
iizerinde gozleme dayali bir inceleme yapilmustir. Akar
tasidig1 belirlenen kuslarn karmn tiiylerinden, kanat
teleklerindeki sekonder-tersiyer tiiylerden ya da kuyruk
teleginden bir adet tity alinmistir (Clayton & Walther,
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1997). Her bir bireye ait tity ayr1 ayr tiiplere alinmis, kod
numarasi verilmis ve etiketlenmistir (Sekil 5A, B, C, D).

Sekil 4. A-Piretroidli bir pestisit tozu ile ilaglanan bir birey, B-
kullanilan malzemeler.

Sekil 5. A-Kuyruk teleklerinden tiiy alinmasi, B- U¢ma telekleri,
C-Sekonder ve tersiyerden tiiylerin toplanmasi, D-Tiiylerin
tiiplere alinmast.

Akar  orneklerinin  toplanmasimnda = 2012-2013
yillarinda Olympus marka stereo mikroskop kullanilarak
tictincli bir metot uygulanmustir (Sekil 6A). Tty akarlar
dogrudan kusun tizerinden pens ile alinmistir (Watson &
Amerson, 1967; Clayton & Walther, 1997) (Sekil 6B).

Sekil 6. A-Stereo mikroskop kullanilmasi B Tiiy akarlarinin pens
ile toplanmasi.

Strese giren ve gocte yag skoru yiiksek olan
kuslardan ornek almmamustir. Farkli yontemler ile
toplanmis olan biittin 6rnekler %70lik alkol soliisyonu
iceren numaralandirilmis tiiplere alinmustir. Tiiplerin
tizerine konak kus tiirtiniin tiir adi, halka numarasi, tarih
ve lokasyon bilgileri yazilarak arazi formuna kayit
edilmistir.

Araziden getirilen her bir numune Gazi Universitesi
Metin Aktas Zooloji Miizesinde oncelikle stereo
mikroskop altinda incelenmistir. Incelenen numunedeki
akar bireyleri ince uglu bir pens yardimi ile lamin tizerine
yerlestirilmistir. Kalic1 preparat yapabilmek i¢in Hoyer
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Eriyigi kullamlmistir. Ornegin tizerine lamel kapatilarak
kalict preparat haline getirme islemi tamamlanmuistir.
Orneklerin teghisi Olymphus (CX21) 151k mikroskobu ile
gerceklestirilmistir. Tty akarlarimi teshis etmek icin gesitli
kitap ve makalelerden (Atyeo & Braasch, 1966; Park &
Atyeo, 1971; Santana, 1976; Gaud & Atyeo, 1996; Dabert &
Mironov, 1999; Proctor & Owens, 2000; Proctor, 2003;
O’Connor,  2009)  yararlanilmistir. ~ Passeriformes
takimindan bazi otiicti kus tiirlerinde tespit edilmis olan
akar tuirleri; Analges spiniger Giebel, 1871 Strelkoviacarus
quadratus (Haller, 1882); Dolichodectes edwardsi (Trouessart,
1885); Proctophyllodes cetti Badek, Mironov, & Dabert, 2008;
Proctophyllodes ~ clavatus Fritsch, 1961; Proctophyllodes
doleophyes Gaud, 1957; Proctophyllodes sylvia Gaud, 1957;
Trouessartia  bifurcata (Trouessart) 1884; Trouessartia
inexpectata  Gaud, 1957, ve Trouessartia trouessarti
Oudemans, 1904'ttir. Tiy akarlarimin  Syviidae
tiirlerindeki toplam enfastasyon orani %62.6 olup bu oran,
tirler arasinda  %19.4-94.8 arasinda  degisiklik
gostermektedir. Birey sayisi olarak en fazla inceleme,
calisilan alanda yiiksek popiilasyonlar ile temsil edilen
Sylvia borin ve Sylvia atricapilla tiirleri tizerine yapilmistir.
Birey sayis1 olarak en az inceleme Phylloscopus trochilus ve
Acrocephalus arundinaceus tuirleri tizerinde yapilmistir
(Tablo 1) (Per & Aktas, 2018).

Tablo 1. incelenen kus tiirleri ve tiiy akar: enfestasyon oranlari.

» ince'lenen Ak.ar Te%pit Enfestasyon
Kus Tiirit Birey Edilen Birey Oran1 %
Sayis1 Sayis1
Acrocephalus arundinaceus 7 5 714
Acrocephalus scirpaceus 16 4 25
Cettia cetti 87 52 56.5
Phylloscopus collybita 67 23 34.3
Phylloscopus trochilus 6 2 33.3
Sylvia atricapilla 156 148 94.8
Sylvia borin 153 114 74.5
Sylvia communis 33 9 27.3
Sylvia curruca 31 6 194
Sylvia melanocephala 30 233
Toplam 591 370 62.6
3. Bulgular

Bu arastirmada 2010-2013 yillar1 arasinda Acrocephalidae,
Phylloscopidae, Scotocercidae ve Sylviidae familyasina ait
10 kus tirtinden toplam 591 birey iizerinden akar
ornekleri toplanmistir. Acrocephalidae, Phylloscopidae,
Scotocercidae ve Sylviidae familyasina ait kus bireylerinin
sayist her y1l ilkbahar go¢ déneminde diisiik, sonbahar gog
doneminde yiiksek olmustur. Ilkbahar mevsiminde
ortalama 45, Sonbahar mevsiminde 152 birey incelenmistir
(Tablo 2). Kus gociine bagl olarak Ilkbahar’a oranla
Sonbahar doneminde daha diizenli ve daha fazla veri
saglanmustir.

Arazi calismalarinda; 2010 yilinda piretrin, 2011
yilinda tiiy toplama, 2012-2013 yillarinda pens ile akarlarin
tek tek toplanmasi seklinde farkli toplama yontemleri
kullanilmis olup bir dénemde en az 7 en ¢ok 10 akar tiirti
tespit edilmistir. Her ilkbahar ayni sayida (7) akar tiirii
tespit edilmistir. Sonbaharda ise piretrin kullanilarak 10
tiir, tily toplayarak 9 tiir ve pens ile akar toplayarak 10 tiir
tespit edilmistir (Tablo 3). Baz: 6tiicii kus tiirlerinde tespit
edilmis olan farkli tity akar tiirlerinin yillara ve
mevsimlere gore degisimi karsilastirilmis olup 2012 yili
sonbahar mevsiminde arastirilmig olan biitiin akar tiirleri
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(10) ayn1 go¢ doneminde tespit edilmistir. Kuyruk ve u¢ma
teleklerinde Dolichodectes, Proctophyllodes ve Trouessartia;
karin tiiylerinde Analges ve Strelkoviacarus cinsine ait tily
akarlarmin  yasadigtr tespit edilmistir (Tablo 4).
Uygulanmis olan farkl: tiiy akar1 toplama yontemleri su
olcuitler ile karsilastirilmustir; biyogesitlilik, mikrohabitat

tespiti, galisma kolayligi, siire ve etik. Tily toplama
biyocgesitlilik agisindan siurl kalmustir. Piretrin kullanimi
zaman alici, zor, kusu strese sokan ve mikrohabitat
tespitine izin vermeyen bir yontem olmustur. Stereo
mikroskop kullanimi ise bu 6lgtitlere gore en uygulanabilir
metot olmustur (Tablo 5).

Tablo 2. On otiicti kus tiirtinde yapilan akar incelemesinin yillara gore ve mevsimlere gore dagilimi.

Yil Yontem Ilkbahar Sonbahar Toplam
2010 Piretrin - 135 135
2011 Tiiy toplama 77 143 220
2012 Stereo mikroskop 33 178 211
2013 Stereo mikroskop 25 - 25
Toplam - 135 456 591
Ortalama - 45 152 -
Tablo 3. On otiicti kus tiirtinde tespit edilmis olan toplam tiiy akar1 sayisinin yillara ve mevsimlere gore degisimi.
2010 2011 2012 2013
Sonbahar Tlkbahar Sonbahar Tlkbahar Sonbahar Tlkbahar
Toplam akar tiir sayis1 10 7 9 7 10 7

Toplandig: bolge Biitiin viicut Kuyruk, kanat, karin

Kuyruk, kanat, karin

Biitiin viicut Biitiin viicut Biitiin viicut

Tablo 4. On otiicti kus tiirtinde tespit edilmis olan farkl: tily akar tiirlerinin yillara ve mevsimlere gore degisimi.

Akar tiirii Mikrohabitat 2010 - 2011 - 2012 . 2013
Sonbahar Ilkbahar Sonbahar Ilkbahar Sonbahar Ilkbahar
Analges spiniger Viicut (karin) + + + _ + _
Strelkoviacarus quadratus Viicut (karin) + - + - + -
Dolichodectes edwardsi Kanat, kuyruk + + + + + +
Proctophyllodes cetti Kanat, kuyruk + + + + + +
Proctophyllodes clavatus Kanat, kuyruk + + + + + +
Proctophyllodes doleophyes Kanat, kuyruk + + + - + +
Proctophyllodes sylvia Kanat, kuyruk + + + + + +
Trouessartia bifurcata Kanat, kuyruk - - + + + -
Trouessartia inexpectata Kanat, kuyruk + + - + + +
Trouessartia trouessarti Kanat, kuyruk + - + + + +

Tablo 5. Uygulanmis olan farkl: tity akar: toplama yontemlerinin karsilastiriimast.

Olgiit Piretrin Tiiy toplama Stereo mikroskop
Tiir gesitliligi + - +
Mikrohabitat tespiti - - +
Kolaylik - + -+

Siire - + -/+

Etik - + +

Acrocephalidae, Phylloscopidae, Scotocercidae ve
Sylviidae familyasina ait kus tiirlerinde; Analges,
Dolichodectes, Proctophyllodes, Strelkoviacarus ve Trouessartia
cinslerine ait toplam 10 akar tiirii tespit edilmistir. Bu
arastirmada uygulanmis olan tily toplama ve pens ile
inceleme metotlarinda; kuyruk ve ugma teleklerinde
Proctophyllodes, Dolichodectes ve Trouessartia tiirlerinden,
karn tiiylerinde Analges ve Strelkoviacarus tiirlerinden tity
akarlarmin yasadig: tespit edilmistir. Piretrin kullanilmis
olan bireylerin akarlari, pestisitin etkisi ile kusun
viicudunu bir anda terk ettigi icin bu akarlarn kusun
viicudunun  hangi  bolgesinde  yasadigi  tespit
edilememistir. Passeriformes bireyleri {iizerinde c¢iplak
gozle dogrudan yapilan incelemelerde tiiy akari
enfestasyonu tespit edilen bireyler {iizerinde inceleme
yapilmustir. Bu bireylerde ozellikle kuyruk ve kanat
bolgesinde akar enfastasyonu daha yiiksektir. Bunun
nedeni kanat ve kuyrukta tespit edilmis olan Trouessartia
ve Proctophyllodes tiirlerine ait akar bireyleridir. Bu akar
tirlerinin, yumurtalarini tiir saftina (rachis) sirayla
biraktig tespit edilmistir (Sekil 7).

Tiir teshisi yapilirken bir¢ok preparatta akarlarm
besin icerikleri de goriintiillenmistir (Sekil 8). Bazi
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preparatlarda besin igeriklerinin yogun olmasi tiir
teghisini zorlagtirmustir.

Arazi calismalarinda yapilan ektoparazitolojik
incelemelerde Acrocephalidae, Phylloscopidae,
Scotocercidae ve Sylviidae familyasina ait tiirlerde sadece
akar tiirleri tespit edilmistir, diger ektoparazitlerden bit,
pire, sinek vb. canlilara rastlanmamuigtir.

4. Tartisma

Tirkiye'de tily akar1 taksonomisi ¢ok yeni bir arastirma
alan1 olup, var olan arastirmalar genellikle kisa dénemli
calismalardan olusmaktadir (Aksmn, 2007; 2010; 2011;
Aksin & Erdogmus, 2005; Girler et al., 2013). Bu arastirma
ile 2010-2013 yillar1 arasinda ilkbahar ve sonbahar kus gog
doneminde yiiksek birey sayilar1 ile temsil edilmekte olan
Acrocephalidae, Phylloscopidae, Scotocercidae ve
Sylviidae familyasina ait kus ttirlerinin tasidig1 akar tiirleri
farkli metotlar kullanilarak (pestisit yardimiyla, tiiy
toplayarak ve pens ile akar toplayarak) toplanmis ve
donemsel degisimler yillara gore izlenmistir.

Arastirmada 2010 yilinda bitkisel kokenli bir pestisit
olan Piretrin kullanilmugtir. Piretrin, akar disindaki bit ve
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sinek gibi diger ektoparazitleri toplamak igin daha
elveriglidir. Kus bireylerinin tizerindeki akarlar1 piretrin
ile uzaklagstirmak en zahmetli, en uzun siireli, en stresli ve
en tercih edilmemesi gereken yontem olup bu yéntemin
uygulandig bazi kus bireyleri tizerinde bir stire ugamama
davranis: goriilmiistiir. Akarlar diger ektoparazitlere gore
¢ok daha yavas hareketli ve belli bir viicut bolgesine
ozellesmis oldugu icin pestisit kullanmadan da
toplanabilmektedir. Bu nedenle 2011 yilindan itibaren
arazi ¢alismalarinda dogaya zarar vermemek icin pestisit
kullanilmamustir. Piretrin kullanimi yerine her bir birey
tizerinde gozleme dayali bir inceleme yapilarak sekonder
ve tersiyer ile karin ve kuyruk tiiytinden biri koparilmistir.
Gogmen kuslardan sekonder ya da tersiyerden bir adet tiiy
kopartildiginda sadece koparilan tiiyde yasayan akarlar
tespit edilebilmektedir. Etik olarak goé¢men kuslarin
primer titylerinden tiiy koparmak sakincali oldugu icin bu
bolgeden tiiy toplama yapilmamustir.

Sekil 7. A- Ortii teleklerindeki Trouessartia cinsine ait ergin
bireyler, B- U¢ma teleklerindeki Proctophyllodes cinsine ait ergin ve
nimfler.

i 0,m 05 0y 8
(disi), B- Proctophyllodes sp. (erkek),

A = AN
Sekil 8. A- Trouessartia sp.
bireyin besin icerigi.

Bir arastirmada tiiylerin yapisal cesitliligi, farkl
yontemler kullanilmasina ragmen ayni ya da benzer akar
tiirlerinin tespit edilmesinde ve tespit edilen toplam akar
tirii sayisinda onemli rol oynamaktadir (Proctor &
Owens, 2000). Bu arastirmada her ilkbaharda 7 akar tiirii
tespit edilmistir. Sonbaharda bu rakam tily toplama
yonteminde 9 piretrin ve pens kullaniminda 10’a
ulasmustir.  Piretrin  kullamildiginda  viicuttaki  tim
ektoparazitler tespit edilmekte ancak bu akarlarin
mikrohabitatlar1 ~ tespit  edilememektedir. Pens
kullamildiginda viicut yiizeyindeki her bolge incelenip
tiim mikrohabitatlara ulasilmaktadir. Tiiy toplandiginda
ise tilylin yapisal cesitliligine bagl olarak belirli bir
mikrohabitat  incelenebilmektedir.  Piretrin  tozu
kullamildiginda bazi taneciklerinin tiiylerin arasinda
kalabildigi gozlenmistir, goce devam edecek bu kuslarin
daha az etkilendigi tespit edilmistir. Pens ile akar toplama
yonteminde hem mikrohabitatlarin hepsine
ulagilabilmekte hem de konak kus daha az stres altinda
kalmaktadir. Ancak bu metotta kusu uzun siire stereo
mikroskop altinda incelemek gerekebilmektedir. Bu
nedenle stres faktorii goz ontine alinarak hizli bir sekilde
kisa bir zaman araliginda inceleme tamamlanmalidir.
Ayrica arastirmacinin bu konuda deneyimi arttikca daha
hizli inceleme yapabilmektedir.
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Kus ektoparazitlerinin incelenmesinde kuyruk ya da
ucma teleklerinin yogun 1s18a maruz birakilmasi,
kullarilabilir bir yontem olsa da Tiiy Akarlar1 (Astigmata)
kitabinin yazar1 Heather Proctor'un kisisel gozlemlerine
gore smurll bir bolgede hareket eden tily akarlar1 isiktan
cok etkilenmeyen, kiiciik boyutlu, acik renkli ve yavas
hareket eden canllar olduklar1 icin bu yontem hatal
sonuglar verebilmektedir. Incelemede biiyiitec ya da
diseksiyon mikroskobu kullanilmas: daha hassas sonuglar
vermektedir. Bu c¢alismada diseksiyon mikroskobu
kullamilarak ~ akar  toplanirken cins  diizeyinde
siniflandirma yapilabilmistir. Bu durum arazi calismasi
sirasinda hangi akar cinslerinin konak kusun hangi viicut
bolgelerinde yogunlastigini da gostermistir.

Baska tilkelerde farkl: tiiy akar1 toplama yontemleri
ayni calisma igerisinde karsilastirilmamis olup bu
arastirmalarinda miize Ornekleri, pens ile canli birey
tizerinden toplama ve olii hayvan iizerinden toplama
yontemi yaygin olarak kullanilmistir (Berthold, 1990;
Kolarova & Mitov., 2008; Mironov, 1996; 1997; Shoker,
Tawfek, Ibrahim, & Osman, 2001; Rubtsov & Yakimenko,
2012).

Canli kuslarin tizerindeki parazitler kiigiik ve
hareketli olduklar icin tiiyler arasinda onlar1 bulabilmek
bazen ¢ok zor olmaktadir. Pratikte bir kus bir ya da daha
fazla ektoparazit grubunu barmdirabilmektedir. Farkli
ektoparazitler konagm farkli bolgelerine yerlesmis
olabilecegi i¢in detayl1 inceleme 6nemlidir (Peters, 1933).
Kizilirmak Deltasi’'nda yakalanan kuslar arasinda bit
enfestasyonu Alcedo atthis (Yaligapkini), Merops apiaster
(Arikusu), Accipiter nisus (Atmaca) ve Upupa epops (Ibibik)
tirlerinde ytiksektir (Dik, Erciyas-Yavuz, Per, 2017).
Kuslar ¢ok ¢esitli ektoparazit (bit, pire, sinek, akar, kene)
icin bir liman gibidir. Ancak bu ¢alismada pestisit de dahil
farkli 6rnek toplama yontemleri kullanilmis olmasina
ragmen sadece akar tiirleri tespit edilmistir, diger
ektoparazitlere rastlanmamustir.

Genellikle kuslar ilkbaharda go¢ oncesinde tiiylerini
degistirmektedir. =~ Buna  baghh  olarak akarlarmn
poptilasyonu yaz sonunda artmaktadir (Mcclure, 1989). Bu
calismanin sonucunda Passeriformes takimina ait tiirlerin
tity  akarlarimin  belirlenmesinde  stereomikroskop
kullanilarak pens ile akarlarin toplanmas1 yontemi ile bir
yillik alan calismasinin temel bir arastirma igin yeterli
oldugu tespit edilmistir. Her ilkbaharda 7 sonbaharda 9-10
akar  tirti  tespit  edilmistir. = Acrocephalidae,
Phylloscopidae, Scotocercidae ve Sylviidae familyasina ait
tiirlerde yapilan akar incelemesinin yillara ve mevsimlere
gore dagiimina bakildiginda ozellikle sonbahar
doneminde incelenen kus birey sayisindaki artis {ireme
donemi sonrasi tily degisimi, popiilasyon artis1 ve
halkalama  istasyonunun  Karadeniz'in  kiyisinda
olmasindan kaynaklanmis olabilir. Bu ¢calismada sonbahar
déneminde ilkbahar donemine oranla ortalama ii¢ kat
daha fazla kus bireyi yakalanmustir. Arastirmaya konu
olan familyalara ait tiirlerin ilkbahar ve sonbahar gocii
genis  bir zaman diliminde cephesel olarak
gerceklesmektedir. Sonbaharda Afrika’dan yorgun gelen
bireyler ile ilkbaharda Avrupa’ya gidecek bireyler bu
bolgede beslenmekte ve goce hazirlanmaktadir.

Tarihsel olarak tiiy akarlarmin konak-parazit
6zellesmesinin uyumu incelendiginde biyolojik, ekolojik
ve zoocografik veriler gerekmektedir. Bu nedenle akarin
cografi dagilimi ile kus tizerindeki mikro dagiimi da
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onemlidir. Burada kusun yuvalama davramsi, toz
banyosu yapmasi, siirii olusturmasi, ugus tiiylerinin
ozellikleri dikkate alinmalidir (Peterson, 1975). Arastirma
konusu olan Acrocephalidae, Phylloscopidae,
Scotocercidae ve Sylviidae tiirleri benzer yuvalama
davranisi gosteren, sadece go¢ doneminde siirii olusturan
ve toz banyosu yapmayan tiirlerdir.

Bazi akarlar konagin; tiiy, 6lii deri, viicut sivisi ve
dokusundan beslenmektedir. Farkl1 kus tiirti ve bireyleri
farkli derecelerde parazitlenebilir. Bir bireyin tim
viicudunda  bulunabilirken ~ baska  bir  bireyde
bulunmayabilmektedir (Watson & Amerson, 1967).
Analges ve Proctophyllodes cinsine ait tiirler kanat tiiylerinin
yam sira gogiis ve sirt tiylerinde de bulunmaktadir
(Peters, 1933). Bu arastirmada kuyruk ve ug¢ma
teleklerinde Proctophyllodes, karmn tiiylerinde ise Analges
cinsi tily akarlarinin yasadig: tespit edilmistir.

Tiy akarlar;; kuslarin derilerinde ve tiiylerinde
stirekli parazit ya da simbiyont olarak yasayan astigmatid
akarlarin genis bir grubudur (Peterson, 1975; O’Connor,
1982a; 1982b; Gaud & Atyeo, 1996, Mironov, 1999; Dabert
& Mironov, 1999; Proctor & Owens, 2000; Proctor, 2003).
Bu goriistin aksini savunan calismalar da mevcuttur. Bu
canlilarin konaklar1 ile olan etkilesimlerinin niteligi
(kommensalizm, mutualizm veya parazitizm), hala
belirsizligini korumaktadir. Ancak tiiy akarlar ile ilgili
calismalar kus akar etkilesiminin = muhtemelen
parazitlikten mutualizme dogru gittigini gostermektedir
(Walter & Proctor, 1999; Proctor & Owens, 2000; Blanco,
Tella, Potti, & Baz, 2001). Ge¢miste pek ¢ok arastirmaci, tity
akarlarini kuglara zarar veren bir ektoparazit olarak
degerlendirmistir. Ancak giintimiizde titly akarlar,
kuslarda en sik goriilen ektosimbiyontlardir.

Cernek Kus Halkalama Istasyonu'nda yakalanan
Acrocephalidae, Phylloscopidae, Scotocercidae ve
Sylviidae familyasina ait baz1 otiicii tiirleri arasimnda en
yiiksek enfestasyon orani Sylvia atricapilla (%94.8) ve Sylvia
borin (%74.5)de tespit edilmistir. Sylviia melanocephala
(%23.3) ve Sylvia curruca (%19.4) ise enfestasyon oramni en
diistik olan ttirlerdir (Per & Aktas, 2018). Baz: otiicii tiirleri
iizerinde yapilan incelemelerde genellikle bireylerin ugus
ve kuyruk teleklerinde yogun bir tily akar1 enfestasyonu
tespit edilmistir. Buna ragmen tily akarlarindan dolay1
zarar gormils bitkin ve sagliksiz bir kus bireyi
gozlenmemistir. Halkalama istasyonunda farkli yillarda
kus halka numaralarindan yapilan kontrollerde aymni
bireyler yeniden yakalanmis ve tiiylerin tizerinde tekrar
tekrar aymi akar tiirleri tespit edilmistir. Bu durum
kommensalizm goriistinii desteklemektedir. Bu calisma
icin bazi Passeriformes tiirlerinin secilme nedeni,
genellikle bu tiirlere ait her bir bireyin yogun tiiy akar1
enfestasyonuna maruz kalmasidir. Eger tiiy akarlar
ektoparazit ozelligi gosteren canlilar olsayd: bir kus
bireyinin tiiylerini yogun bir sekilde isgal etmisken, bu
bireyin saglikli kalmasi, tiiylerinin dékiilmemesi, tiiylerin
yapisinin bozulmamasi ve tekrar tekrar go¢ edebilmesi
miimkiin olamazd.

Tiy akarlar;, konagmn tiiylerindeki mantarlar
yiyerek konaga yarar saglamaktadir (Blanco et al., 2001).
Cogu tity akarmin yag salgsi ile beslendigi bilinmektedir,
bu canlilar aym zamanda mantar sporlar1 ve bu salgt
icindeki diger maddeler ile de beslenmektedir (O’Connor,
1982a; 1982b). Bu c¢alisma i¢in hazirlanmis olan
preparatlarda birgok bireyde sindirilmemis besin icerikleri
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gortintiilenebilmistir, bu goriintiilerdeki besinlerin mantar
oldugu diistintilmektedir (Sekil 8).

Bu arastirmada Acrocephalidae, Phylloscopidae,
Scotocercidae ve Sylviidae familyasina ait kus tiirlerinde
farkli mikrohabitatlarda; Analges, Dolichodectes,
Proctophyllodes, Strelkoviacarus ve Trouessartia cinsine ait
toplam 10 akar tirii tespit edilmistir. Ug farkli &rnek
toplama yontemi karsilastirldiginda; tiir  gesitliligi,
calisma kolayligy, siire, etik ve farkl: habitatlara 6zgii akar
tiirlerinin tespit edilmesi agisindan stereo mikroskop
kullanilarak pens ile akar toplamanin en uygun yontem
oldugu diustiniilmektedir. Halkalama istasyonunda
benzer bir arastirma igin tiiy akarlarmin belirlenmesi
amaciyla stereo mikroskop ve pens kullanilarak bir yillik
alan calismasi yapilmasi yeterli olacaktir. Kuslarin gog

yollariin ~ arastirildign  bir halkalama istasyonunda
yapilmis olan bu arastirma, Tiirkiye'de gelecekte
yapilmast planlanan taksonomi temelli akaroloji

arastirmalarinin disiplinler arasi bir yaklasim ile farkl ilgi
alanlarindan uzmanlar ile planlanmasi gerektigini
gostermektedir. Halkalama istasyonlari, kuslara zarar
vermeden, konak ve parazit temelli izleme c¢alismalar:
yapilabilmesine imkan vermektedir.
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Abstract: In this study, Harpactea christodeltshevi from the southeast Anatolia region of Turkey, is re-described. Some of the
information about the body features of females which has not been known to date is given and pictures of female copulatory
organ is also presented. H. christodeltshevi is in the rubicunda (D) group because of the structural features of the body and
reproductive organs and its female copulatory organ is unique because of the spherical structure in the tip of the anterior
spermatheca and sclerotized ring just under it. Additionally, it is debated that the species saved recently in Gaziantep, Turkey
and recorded as Stalagtia hercegovinensis is actually H. christodeltshevi.
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Tiirkiye'den Bilinen Harpactea christodeltshevi Bayram, Kunt & Yagmur, 2009 (Araneae,
Dysderidae)'nin yeniden betimlenmesi

Oz: Bu calismada Tirkiye'nin Giineydogu Anadolu bolgesinden bilinen Harpactea christodeltshevi ttrtiniin yeniden
betimlenmesi yapilmistir. Tiiriin daha 6nceden bilinmeyen disisine ait bazi viicut 6zelliklerine dair bilgiler verilmis ve ayrica
disi tireme organinin fotograflar1 da sunulmustur. H. christodeltshevi, hem viicut hem de tireme organlarinin yapisal
ozelliklerinden dolay1 rubicunda (D) tiir grubuna dahil olup tiiriin disi tireme organi, én spermatekasinin ucunda yer alan
kiiresel yapiya sahip ve hemen onun altinda bulunan sklerotize ytiziik dolayisiyla essizdir. Bunlarin yani sira, yakin ge¢miste
Tirkiye'nin Gaziantep ilinde Stalagtia hercegovinensis olarak kaydedilen tiirtin esasinda H. christodeltshevi oldugu da

Issue published: 20.12.2019

tartisilmustir.

Anahtar kelimeler: Anadolu, Giineydogu Anadolu, Harpacteinae, driimcek.

1. Giris

Oriimceklerin Dysderidae familyasma baglh Harpacteinae
alt familyasmnin yasayan 181 tiir (WSC, 2019) ile en
kalabalik cinsi olan Harpactea, Tiirkiye'de 29 tiir ile temsil
edilmektedir (Damsman, Kunt, & Ozkiitiikk, 2019). Bu
tiirlerin biiyiik ¢cogunlugunun dagilimlar: tip yerleri ile
sinirli iken bazilar1 nispeten daha genis dagiim
gostermektedirler. Ornegin bunlardan H. babori, Tiirkiye
Trakya'sinin dogu sahil seridi, Yildiz Daglarmin geneli ve
Istanbul'da; H. sturanyi ise Tirkiye'nin batt i¢ ve sahil
kesimlerinde dagilim gostermektedir (Kunt, 2019).

2000'1i yillarin sonunda, Bayram, Kunt ve Yagmur
(2009) tarafindan Adiyaman'mn Gerger ilgesinin 2 km
batisinda bulunan H. christodeltshevi, Tiirk arastirmacilar
tarafindan erkek esey tizerinden betimlenen ilk Harpactea
tiradur.

Bu kisa makalenin amaci H. christodeltshevi tiiriini
yeniden betimlemektir. Makale igerisinde tiirtin erkek ve
disi bireylere ait tireme organlarinin fotograflari verilecek
ve ayrica ilk betimleme makalesinde yapilan bazi teknik
yanlishklar diizeltilecektir.

2. Materyal ve Metot

Calismada  degerlendirilen  6rnekler,  Tiirkiye'nin
Giineydogu Anadolu Bolgesinde bulunan Adiyaman ve
Gaziantep illerinden ¢ukur tuzaklar vasitasiyla

toplanmigtir (Sekil 1). Tiir teshisi Leica M125 marka
stereomikroskop vasitast ile yapilmistir. Tamimlamada
kullamilan viicut olgtimlerinde ve tireme organlarinin
kisimlarmin  isimlendirilmesi Chatzaki ve Arnedo
(2006)'ya gore yapilmustir. Metin icerisinde verilen tiim
rakamsal birimler milimetre cinsindendir.

Kisaltmalar: AL, abdomen uzunlugu; CL, karapaks
uzunluguy; CWmax, karapaksin maksimum genisligi;
CWmin, karapaksm minimum genisligi; AME, anteriyor
medyan gozler; PLE, posteriyor lateral gozler; PME,
posteriyor medyan gozler; AMEd, anteriyér medyan
gozlerin cap, PLEd, posteriyor lateral gozlerin capy
PMEd, posteriyér medyan gozlerin capy, ChF, keliseral
fangin uzunlugu; ChG, keliseral oyugun uzunlugu; ChL,
keliserlerin toplam uzunlugu; Ta, tarsus; Me, metatarsus;
Ti, tibia; Pa, patella; Fe, femur; Tr, trochanter; C, koksa; d,
dorsal; pl, prolateral; 1, retrolateral; v, ventral.

3. Bulgular
Genus Harpactea Bristowe, 1939

Harpactea christodeltshevi Bayram, Kunt & Yagmur, 2009
(Sekil 2-11)

H. christodeltshevi; Bayram, Kunt & Yagmur (2009): 1,
Sekiller 1-9 (Betimleme ).

*Corresponding author: sozkutuk@gmail.com
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S. hercegovinensis; Varol, 2016: 45, Sekiller 1A-B, 2A-B, 3A-
B (Betimleme 3, yanlis teshis).

incelenen ornekler: 10 33, 3 99 Gaziantep,
Sehitkamil, Sofalic1 kéytii (37° 7'36.00"K 37° 5'30.00"D) asl c.
1200 m 23 Mart < 15 Eyliil 2016, leg. E. A. Yagmur; 9 33,
5 @2, Adiyaman, Golbasi, Kapidere kdyii yol ayrimi, 6 km
kuzeyi (37°53'8.00"K 37°43'5.00"D), gukur tuzak, 06 Nisan
> 21 Agustos 2017, leg. E. A. Yagmur; 10 33, 2 9%,
Adiyaman, Gerger, Gonen koyi, 3 km kuzeyi (38°
3'44.00"K 39° 6'28.00"D), 05 Nisan 2017 «> 31 07 2018, leg.
E. A. Yagmur; 4 33, 8 2, Adiyaman, Golbasi, Kapidere
koyti yol ayrimi, 6 km kuzeyi (37°53'8.00"K 37°43'5.00"D),
21 Agustos 2017 <> 30 Haziran 2018, leg. E. A. Yagmur;
Adiyaman, Sincik, Subasi kéyii, 1 km giineyi (38° 0'28.00"K
38°42'32.00"D), 22 Agustos 2017 « 31 Temmuz 2018, leg.
E. A. Yagmur; 13 34, 1 @, Adiyaman, Palanli koéyi
(37°50'4.00"K  38°18'56.00"D), 22 Agustos 2017 « 31
Temmuz 2018, leg. E. A. Yagmur.

SURIYE

Sekil 1. Harpactea christodeltshevi'nin Giineydogu Anadolu'daki
dagilimi. Mor kare M: tip yeri; Yesil besgen ®: Varol (2016);
Kirmizi noktalar @: Ornek toplanan yeni yerler.

Sekil 2-3. Keliseral discikler. Sekil 3'de oklar disciklerin keliseral
oyuktaki konumlarina isaret etmektedir.

Teshis: Harpactea  christodeltshevi  tegulumunun
yapisal ozellikleri itibariyla H. martensi Dunin, 1991 H.
mcheidzeae Dunin, 1992 ve H. spasskyi Dunin, 1992 tiirleri
ile yakinlhk gostermektedir. Bununla beraber H.
christodeltshevi, H. martensi ve H. mcheidzeae'den
kondiiktértintin -~ varhigy,  H. spasskyi'den  ise
kondiiktoriiniin basit, kisa ve dikensi olusu sebebi ile kesin
bir sekilde ayrilmaktadir. H. christodeltshevinin disisinin
farklilig1 ise bahsi gegen tiirlerin disilerinden yine vulvar
ozelliklerinden dolayidir. Soyle ki, H. christodeltshevi'de
anteriyor spermateka diger tiirlerinkilere kiyasla son
derece basittir. Distal krest ve spermatekanin distalinde
yer alan genislik birleserek adeta bir kiire gortiniimii
kazanmustir. H. christodeltshevi bu 6zelligi sebebi ile
Yunanistan'dan bilinen Harpactea krueperi (Simon, 1884) ile
yakinlik  gosterse de, H. krueperi'de anteriyor
spermatekanin bazal transvers kismi ve anteriyor bazal
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yay ¢ok daha iyi gelismis ve ayrica H.

christodeltshevi'ninkilerden kesinlikle farklidir (Bakiniz: Le
Peru (2011), sayfa 273, sekil, 418).

Sekil 4-7. Harpactea christodeltshevi, erkek tireme organina ait farkli
acilardan cekilmis SEM fotograflar1 E embolus Co kondiiktor T
tegulum

Sekil 8-11. Harpactea christodeltshevi. 8-9. Erkek tireme organina ait
farkl agilardan ¢ekilmis stereomikroskop fotograflari. 10-11. Disi
tireme organi, dorsal goriintis. Sekil 10'da tistteki ok kiire
goriinimiindeki yapiya; alttaki ok sklerotize halkaya; Sekil
11'deki oklar ise anteriyor spermatekanin basal transvers kismina
dikkat gekmektedir. Olgiim gizgileri: 8: 0.25, 10: 0.075

Viicut Olgtimleri (Erkek / Disi): AL 1.70-1.80 / 2.30-
2.34 CL 1.70-1.80 / 1.52-1.55 CWmax 1.18-1.30 / 1.15-1.20
CWmin 0.50-0.70 / 0.60-0.78 AMEd 0.06-0.08 / 0.06-0.07
PLEd 0.07-0.08 / 0.06-0.09 PMEd 0.07-0.08 / 0.07-0.08 ChF
0.30-0.41 / 0.28-0.36 ChG 0.14-0.18 / 0.12-0.20 ChL 0.27-
0.38 / 0.14-0.44

Betimleme: Kiiciik ya da orta boylu harpactein
oriimceklerdir. Karapaks acik kahverengi. Fovea mevcut,
belirgin ve diiz. AME, PLE ve PME halkasal siralanmuslar.
AME'ler arasinda ¢ok hafif bir agiklik bulunmaktadir.
Sternum, gnathokoksalar ve labyum sarims1 kahverengi;
sternumun yiizeyi siyahimsi ince ve kisa tiiylerle kaply;
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sternumun kenarinda yer alan tiiyler digerlerine kiyasla
daha uzun; keliserlerin 6n yiizeylerinde siyahimsi, orta
kisimlarindan tiiylerin ¢iktigr kabartilar bulunmakta;
keliseral oyukta dort adet discik yer almaktadir.

Bacaklar karapaks ile ayni renkte, yiizeyleri
siyahims: ince tiiyciiklerle ortiilii. Posteriyor yiiriime

Tablo 1. Harpactea christodeltshevi, Bacak dikenlenmesi, erkek

bacaklarimin tarsus ve metatarsuslarinda zayif olmakla
beraber skopula bulunmakta. Sayilar1 bireyler arasinda
degismekle birlikte 3. patellalar ile 4. koksalar diken
tasimaktadirlar. Bacak formiilii: 4123 nadiren 4213.
Ayrintilh bacak dikenlenmesi ve 6lgtimleri igin bakiniz
Tablo 1-4. Abdomen grimsi, agik kahverengi.

Bacak I 1I 111 v

C 0 0 0-1rl 11l

Fe 0-3 pl 1-2pl 1-4pl0-2d 0-211 0-2pl0-2r10-4d
Pa 0 0 1pl 0

Ti 0 0 3pl2rl4-5v 3-4pl2-3rl4-5v
Me 0 0 2-3pl3-4rl3-4v 3-5pl1-2rl3v

Tablo 2. Harpactea christodeltshevi, Bacak dikenlenmesi, disi

Bacak 1 1I 111 v
C 0 0 2rl 1rl
Fe 2pl 0
Pa 0 1-2 pl
Ti 0 3pl0-3rl4v 3-4pl31l45v
Me 0 3pl2-3rl3-4v 3-5pl2rl3v
Tablo 3. Harpactea christodeltshevi, Bacak kisimlariin uzunluklari, erkek
Bacak C Tr Fe Pa Ti Me Ta
I 0.47/0.64 0.11/0.16 0.89/1.40 0.82/0.84 0.94/1.02 0.76/0.94 0.32/0.32
11 0.37/0.62 0.08/0.14 0.75/1.26 0.69/0.70 0.89/0.74 0.40/0.98 0.30/0.38
it 0.19/0.28 0.13/0.14 0.81/0.82 0.42/0.54 0.64/0.80 0.64/0.88 0.30/0.36
v 0.37/0.38 0.12/0.14 0.97/1.40 0.42/0.76 0.96/1.20 1.12/1.21 0.40/0.40
Tablo 4. Harpactea christodeltshevi, Bacak kisimlarimin uzunluklari, disi
Bacak C Tr Fe Pa Ti Me Ta
I 0.48/0.56 0.10/0.16 0.88/1.12 0.70/0.72 1.04/0.86 0.84/0.62 0.40/0.40
11 0.38/0.50 0.08/0.14 1.04/1.06 0.62/0.70 0.84/1.00 0.76/0.86 0.32/0.38
it 0.24/0.32 0.10/0.10 0.60/0.94 0.38/0.40 0.40/0.70 0.38/0.80 0.32/0.38
v 0.28/0.44 0.12/0.18 1.32/1.44 0.54/0.68 1.04/1.20 1.24/1.40 0.40/0.44

Palp. Tegulum oval, siskin. Embolus ve kondiiktor
tegulumun ucunda yer alan bir kaide kismindan koken
almakta. Embolus kuvvetlice sklerotize olmus, siyah.
Tabanda daha kalin, uca dogru hafifce incelmekte; ucu
kivrik. Kondiiktor tegulum ile ayni renkte, kisa ve dikensi;
ciplak gozle ¢ok zor anlasilmakla birlikte hilalimsidir.

Vulva. Genel olarak zayif sklerotize olmus,
maserasyon sonrasinda bile belli belirsiz segilmekte. Distal
krest ve spermatekanin distalinde yer alan genislik,
muhtemelen birleserek kiire goériintimiinde bir yapiya
dontismiistiir. Bu yapimn, spermatekanin ¢ubugumsu
kismu ile birlestigi noktada ytiziik seklinde sklerotize bir
bolge secilmektedir. Spermatekanin ¢ubugumsu kisminin
uzunlugu kiiresel yapi ile yaklasik olarak aym olup bu
kisim posteriyore dogru ters V seklinde ayrilarak anteriyor
spermatekanin bazal transvers kismini olusturmaktadir.

Not. Harpactea christodeltshevi; kiiresele yakin oval
tegulumu, masif embolusu, 3. patellalar ile 4. koksalarinin
tasidig1 dikenlerden dolayr Deeleman-Reinhold (1993)
tarafindan tesis edilen rubicunda (D) tiir grubuna dahildir.
Disi bireylerin vulvalarinda posteriyor divertikulum
gozlemlenememistir. Muhtemelen ¢ok kiigiik ve hassas
olmalarindan dolay1 kesi esnasinda zarar gormiislerdir.
Ancak disi bireylerin bacak dikenlenmeleri, rubicunda (D)
tiir grubu ile uyum igerisindedir (Bakiniz: Tablo 2).

4. Tartisma

Bayram, Kunt ve Yagmur (2009), Harpactea
christodeltshevi'nin erkegini betimledikleri makalelerinde
erkek tireme orgam kisimlarindan embolusu kondiiktor,
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kondiiktorii ise embolus olarak yanlis vermislerdir. H.
christodeltshevi'nin erkek tireme organinin distal uzantilari
arasinda ‘"aksesuar apofiz' bulunmamaktadir. Oysa
Bayram, Kunt ve Yagmur (2009), tlirtin tireme organin
betimlerken embolus ve kondiiktoriin koken aldig: genis
kaideyi "aksesuar apofiz" olarak degerlendirmislerdir.
Chatzaki ve Arnedo (2006), aksesuar apofizi su sekilde
tanimlamaktadirlar: "bazi tiirlerde goriilebilen; embolus
ve kondiiktoriin tersi istikametine yonelmis apofiz". Bu
tanim geregince H. christodeltshevinin erkek tireme
organinda kesinlikle aksesuar apofiz yer almamaktadir.
Metin igerisinde sundugumuz SEM fotograflar1 da bunu
ispatlar niteliktedir.

Bosna Hersek, Hirvatistan ve Giiney Dalmagya
magaralarinda dagilim gosteren Stalagtia hercegovinensis
(Nosek, 1905)'te genel olarak gozler tamamen ortadan
kalkmuistir. Sadece istisnai olarak Bjelusica (Bosna-Hersek)
ve Zaton (Hirvatistan) popiilasyonlarinda kiigtik gozli
bireylere rastlanmistir (Deeleman-Reinhold, 1993). Bunun
yam sira S. hercegovinensis'in her iki eseyi de on yiirtime
bacaklarinda ¢ok sayida diken tagimaktadir ve erkek
iireme organinda embolusun boyu teguluma hemen
hemen esittir. Teshise yonelik olarak siralanan bu
ozelliklerin hi¢ bir tanesi, Varol (2016) tarafindan, S.
hercegovinensis olarak Gaziantep'ten kaydedilen tiirde
bulunmamaktadir.  Dikkatli  incelendiginde, ilgili
makalede, erkek {ireme orgam fotografinin H.
christodeltshevi'ye ait oldugu goriilmektedir (Bakiniz: Varol
(2016), sayfa 46, sekil 3B). Ayrica Varol (2016)'min
ornekleme yerinin (Bur¢ Ormani, Sahinbey, Gaziantep)
yakinindaki bir mesafeden (Sofalict Koyi), H.



Ozkiitik et al. (2019) Comm. J. Biol. 3(2): 75-78.

christodeltshevi 6rnekledigimiz i¢in; bu, iddiamiza ikinci bir
ispat niteligindedir.

Bu calisma ile daha 6nce sadece erkegi bilinen H.
christodeltshevi'nin ~ disi bireyi de betimlenmis; ilk
betimlemede yapilan bazi teknik hatalar diizeltilmis,
eksiklikler giderilmis ve sadece tip yerinden bilinen tiirtin
dagilim alani nispeten genisletilmistir. Bunlara ek olarak
da S. hercegovinensis, Tiirkiye Ortimcekleri tiir listesinden
diistiriilmiistiir.
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Abstract: In this study, antioxidant and antimicrobial properties and fatty acid compositions of Verbascum tripolitanum were
determined. Total phenolic contents were determined by Folin-Ciocaltaeu method. Antioxidant activity was tested with DPPH
free radical scavenging assay, ferric ion reducing power (FRAP), cupric reducing antioxidant capacity (CUPRAC), and f-
carotene-linoleic acid emulsion method. The antimicrobial effects of the V. tripolitanum were tested by the microdilution broth
method against two gram-positive bacterias (Staphylococcus aureus, Methicillin-resistant S. aureus), two gram-negative bacterias
(Pseudomonas aeruginosa, Escherichia coli), and one kind of yeast (Candida albicans). The fatty acid compositions were determined
by GC-FID.

Keywords: Verbascum tripolitanum, antioxidant, antimicrobial, fatty acid.

Hatay’da Yetisen Verbascum tripolitanum’un Baz1 Kimyasal ve Biyolojik Ozellikleri

Oz: Bu calismada, Hatay bolgesinde yetisen Verbascum tripolitanum’un antioksidan ve antimikrobiyal ézellikleri, yag asitleri
icerigi belirlenmistir. Toplam fenolik madde miktar1 Folin-Ciocaltaeu yontemi ile tayin edilmistir. Antioksidan aktivite DPPH
serbest radikal siiptirme yéntemi, Fe*3 indirgeme metodu (FRAP), bakir iyonu indirgeme metodu (CUPRAC), ve p-karoten-
linoleik asit emiilsiyon yontemleri ile test edilmistir. V. tripolitanum’un antimikrobiyal etkisi 2 gram pozitif bakteri
(Staphylococcus aureus, metisiline direngli S. aureus), 2 gram negatif bakteri (Pseudomonas aeruginosa, Escherichia coli) ve 1 maya
tuirtine (Candida albicans) karst mikrodiliisyon broth metodu ile analiz edilmistir. Yag asitleri analizi icin GC-FID kullanilmistir.

e-ISSN 2602-456X

Anahtar kelimeler: Verbascum tripolitanum, antioksidan, antimikrobiyal, yag asitleri.

1. Giris

Serbest radikaller lipidler, karbohidratlar, protein ve
niikleik asitlerle etkileserek hiicre ve doku hasarimn
meydana gelmesine yol agarlar. Yapilan calismalarda
serbest radikallerin bir¢ok kanser tiirii basta olmak tizere
kardiovaskiiler hastaliklar, kronik ve dejeneratif
hastaliklarin  gelismesine neden oldugu bildirilmistir
(Sarikiirketi, Zengin, Aktiimsek, Ceylan, & Sanda, 2015).

Fenolik bilesikler antioksidan aktivite dahil olmak
iizere cesitli biyolojik etkiye sahip olan ve bitkilerde
yaygmn olarak bulunan bilesiklerdir. Meyvelerin,
sebzelerin, tahillarin ve diger bitki materyallerinin
ekstraktlar1 fenolik bilesiklerce zengin olup lipidlerin
oksidatif bozulmasim geciktirerek gidanin kalitesini ve
besin degerini artirirlar (Kahkonen et al. 1999). Bitkilerin
antioksidan ozellikleri sagligin korunmasinda, kanser,
kalp ve damar hastaliklariin énlenmesindeki 6nemli rolii
bilim insanlari, gida tireticileri ve tiiketicilerin bu bitkilere
olan ilgisini artirmaktadir. Sentetik antioksidan ve
koruyucularin yerine kullanilabilecek, ozellikle bitkisel
materyallerden dogal antioksidan ve antimikrobiyal
maddelerin elde edilmesi tizerinde yogun bir ilgi
olusmustur (Faydaoglu & Siirtictioglu, 2013).

Verbascum cinsine ait tiirler de, geleneksel tipta gesitli
hastaliklarin ~ tedavisinde kullanilan  bitkilerdendir.
Anadoluda ¢ok yaygin olarak yetisen Verbascum tiirleri
halk arasinda balgam soktiiriicii ve gogiis yumusatict

olarak kullanilmaktadir. Verbascum tiirlerinin saponin,
iridoid ve feniletanoid glikozitleri, monoterpen glikozitler,
neolignan glikozitler, flavonoidler, steroidler ve spermin
alkoloidler igerdigi belirlenmistir (Tatli & Akdemir, 2004).
Verbascum  tiirlerinin  ekstraktlari, dekoksiyon ve
inftizyonlar1 tiim diinyada ilk ¢aglardan beri geleneksel
tipta tibbi bitki olarak kullanilmaktadir (Kupeli, Tatl,
Akdemir, & Yesilada, 2007). Tiirk geleneksel tedavi
yontemlerinde de Verbascum ¢icek ve yapraklar
ekspektoran, mukolitik, sedatif, ditiretik olarak ve bronsit,
kuru okstirtik, tiiberkiiloz ve astim gibi solonum yolu
hastaliklarinda tedavi edici olarak kullanilmaktadir
(Kozan, Cankaya, Kahraman, Akkol, & Akdemir, 2011).

Bu c¢alismada Hatay/Antakya Dover Koyi
makilikten toplanan V. tripolitanum’un antioksidan ve

antimikrobiyal = o6zelliklerinin yan1 swra yag asidi
kompozisyonu belirlenmistir. ~Antioksidan aktivite
testlerinde BHA (Bitillenmis hidroksianisol) BHT

(Biitillenmis hidroksitoluen) gibi sentetik antioksidan
bilesikler karsilastirma amaciyla kullanilmstir.

2. Materyal ve Metot
2.1. V. tripolitanum

Calismada kullanilan V. tripolitanum bitkisi (Sekil 1)
Mustafa Kemal Universitesi Biyoloji Boliimii Ogretim
Uyesi Dog. Dr. Yelda GUZEL tarafindan Hatay/Antakya
Dover Koyt makiliginden toplanarak tanimlanmustir.

*Corresponding author: hakaradeniz@gmail.com



Danahaliloglu etal. (2019) Comm. J. Biol. 3(2): 79-82.

2.2. Antioksidan Aktivite Tayin Yontemleri
2.2.1. Toplam Fenolik Madde Miktar:

Toplam fenolik madde miktar1 Folin metoduna gore
belirlenmistir (Blainski, Lopes, & Mello, 2013). V.

tripolitanum ekstre ¢ozeltisi (0.4 mg/ml, 0.25 ml), Folin
reaktifi (%10'luk 1.25 ml) ve NaxCOs ¢ozeltisi (%10'luk 3.75
ml) karistirildiktan sonra karanlikta 2 saat inkiibe edilen
¢ozeltilerin spektrofotometrede 765 nm’de absorbanslar:
olgtilmustiir. Ayni islemler gallik asit (0.4-0.125 mg/ml)
icin de yapilmistir. Sonu¢ 1 gram ekstredeki mg GAE
(gallik asit esdegeri) olarak hesaplanmustir.

tripolitanum. Fotograf, Dog. Dr. Yelda GUZEL
tarafindan c¢ekilmistir.

Sekil 1. V.

2.2.2. DPPH (1,1-difenil-2-pikrilhidrazil) Radikal Stiptirme
Etkisi

Radikal stiptirme aktivitesi Brand, Williams, Cuvelier, &
Berset, 1995 metoduna gore belirlenmistir. V. tripolitanum
ekstre cozeltilerinin (0.4-0.025 mg/ml, 1.25 ml) tizerine
DPPH c¢ozeltisi (6x10° M, 3.75 ml) ilave edildikten sonra
karanlikta 30 dakika bekletilerek spektrofotometrede 517
nm'de absorbanslar1 olctilmiistiir. Ayni  islemler
karsilastirma amaciyla kullanilan BHA ve BHT ¢ozeltileri
(04-0.025 mg/ml, 125 ml) ig¢in de yapilmustir. %

inhibisyon = degerleri asagidaki esitlige gore
hesaplanmistir.
I (%) = (AO - Anumune / AO) x 100

2.2.3. Bakar Iyonu Indirgeme Metodu (CUPRAC)

CuCl (1ml, 1x102 M), neokuproin (1 ml 7.5x103 M) ve
amonyum asetat tamponu (1 ml) karistirilarak toplam
hacim 4.1 ml olacak sekilde x ml ekstre ¢ozeltisi ve (1,1-x)
ml su ilave edilmistir. Aymi islemler 1.0x10-3 M Troloks
¢ozeltisi (50-250 pL) iceren tiiplere de uygulanarak toplam
hacim 4.1 ml olacak sekilde su ve reaktifler ilave edilmistir.
Yarim saat bekletildikten sonra reaktifleri iceren kre karst
450 nm’'de absorbanslar olciilmiistiir. Troloks esdegeri
antioksidan kapasitesi 6rnek absorbansinin Troloksun
molar absorplama katsayisma (e=1.67x10¢ L mol-lcm-1)
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boliinmesi  suretiyle hesaplanmustir Altun,

Ozyiirek, Karademir, & Apak, 2006).
2.2.4. Fe Indirgeme Giicii (FRAP)

(Gugluy,

Bu yontemde, antioksidanlar tarafindan indirgenen
Fe(CN)¢3 Fe(CN)s¥'e doniisiir ve Fe3+ ile Fe[Fe(CN)g]-
kompleksini olusturur (Hou et al.,, 2012). V. tripolitanum
ekstresinin ¢ozeltisi (0.4-0.025 mg/ml, 2.5 ml), fosfat
tamponu (0.2 M, 2.5 ml) ve potasyum ferrsiyoniir ¢ozeltisi
(%71'lik 1 ml) karistirilarak 20 dakika 50”de inkiibasyona
birakilmustir. Inkiibasyondan sonra trikloroasetik asit
¢ozeltisi (%10'1uk, 2.5 ml) eklenerek santrifiij edilmis (3000
rpm, 10 dakika), iist fazdan 2.5 ml alinarak 2.5 ml
deiyonize su ve %1’lik FeCls ¢ozeltisi eklendikten sonra
olusan yesil renkli gozeltilerin 700 nm’de absorbanslari
olciilmiistiir. Standart olarak kullarulan askorbik asit ve
karsilastirma i¢in BHA ve BHT kullamilmistir (Oyaizu,
1986).

2.2.5. B- Karoten- Lineolik Asit Emiilsiyon Yontemi

B-karoten-linoleik asit emiilsiyon ¢ozeltisi hazirlamak icin
B- karoten (0.2 mg), kloroformda (1 ml) ¢oziilerek linoleik
asit ¢ozeltisi (%60. 0.02 ml) ve Tween 40 (200 mg) ilave
edilmigtir. Vakumda kloroform uzaklagtirildiktan sonra
deiyonize suda (100 ml oksijenle doyurulmus)
¢ozulmustiir. V. tripolitanum ekstre ¢ozeltisine (2 mg/ml,
0.2 ml) 4.8 ml pB-karoten-linoleik asit emiilsiyon ¢ozeltisi
eklendikten sonra 470 nm’de absorbansi okunarak (Ao)
50"’ de inkiibasyona birakilmistir. Bundan sonra 15 dakika
araliklarla 2 saat siiresince absorbanslar okunmustur (Ay).
Bu absorbanslardan faydalanilarak absorbans degisim
orani (AO) ve % oksidasyonu engelleme Kkatsayilart
hesaplanmustir.  Kontrol —¢ozeltisi olarak metanol,
karsilastirma ¢ozeltisi olarak BHA ve BHT kullanilmustir
(Kaur & Kapoor, 2002).

In(Ay)/A,)
Absorbans degigim oram (A0) = —48M8M88 ——
t

Ay = t0 anindaki absorbans

A = tanindaki absorbans (t= 120 dk)

[ AO AO (numune)

(kontrol)
x100

% Oksidasyonu engelleme =

AO (kontrol)

2.3. Antimikrobiyal Aktivite Belirlenmesi

Kullanulan mikroorganizmalar Hatay Mustafa Kemal
Universitesi Tip Fakiiltesi Biyokimya Laboratuvarindan
temin edilmistir.

V. tripolitanum’un antimikrobiyal etkisi
mikrodiliisyon broth yontemi ile minimum inhibitor
konsantrasyon (MIK) degerleri bulunarak test edilmistir.
Kullanulan mikroorganizmalar S. aureus, metisiline
direngli S. aureus, P. aeruginosa, E. coli ve C. albicans’tir.

2.4. Yag Asitleri Bilesiminin Analizi
2.4.1. Bitkilerden Yag Ekstraksiyonu

20 gram bitki toz haline getirilerek sokslet kartusuna
alinmigtir. Hekzan ile 12 saat siiresince sokslet
ekstraksiyonu yapilmistir. Evaporatérde vakumda hekzan
uzaklastirildiktan sonra balonda kalan kisim V.
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tripolitanum’un  yag  asitlerini  belirlemek amaciyla

kullanilmustir.
2.4.2. Yag Asitlerinin Esterlestirilmesi

0.2 g yag tizerine metanollii NaOH ¢6zeltisi (4 ml %2’ lik)
ilave edildikten sonra su banyosunda 10 dakika
sabunlasma oluncaya kadar kaynatilmistir. Sabunlasma
sonunda BF; -metanol kompleksi (5 ml %14liik) eklenerek
5 dakika daha kaynatildiktan sonra 2 ml n- heptan ilave
edilmistir. Tim bunlar bir dakika daha kaynatildiktan
sonra, tizerine 4 ml doygun NaCl ¢ozeltisi eklenmistir.
Ayirma hunisinde fazlar ayrildiktan sonra tistteki agik sar1
renkli faz yag asitleri analizi i¢in kullanilmustir.

2.4.3. Yag Asitleri Analizi

Analizler, Thermo marka, Focus GC model, FID (Flame
Ion Dedector) dedektorliic GC (Gaz Kromatografi) ile
gerceklestirilmistir. Analizlerde 30 m’lik DB-WAX kolon
kullanilmustir. Dedektor sicakligi 280 °C ve injektor blogu
sicakligt 250 °C olarak ayarlanmustir. Kolona sicaklik
programi uygulanmustir. 90 °C'de 2 dakika bekledikten
sonra 10 °C/dk artisla 200 °C’ye, bu sicakliktan 3 °C/dk
artisla 230 °C'ye cikilarak 12 dakika beklenmistir. Split
orani 1/50 ve injeksiyon hacmi 1 pL olarak ayarlanmustr.
Tasiyict gaz hidrojen olup basing 65 kPa olarak
ayarlanmustir.

3. Sonuglar ve Tartisma
3.1. Antioksidan Aktivite Analiz Sonuglar1

Tablo 1. Antioksidan analiz sonuglar1

Cogu bitkide antioksidan aktivite ile fenolik bilesikler
dogrusal iligkilidir ~ve lipid peroksidasyonunu
engellemede bu bilesiklerin énemli rolii vardir (Giilgin,
2005; Yamaguchi, Takamura, Matoba & Terao, 1998).
Tablo 1'de gorildiugu gibi V. tripolitanum’un fenolik
madde miktar1 3163 mg GAE/g ekstre olarak
belirlenmistir. V. oreophilum bitkisinin su ve etanol
ekstraktraktlarinin toplam fenolik iceriklerini sirasiyla 48.6
ve 97.1 pg GAE/ mg ekstrakt olarak bildirilmistir (Giilgin,
Koksal, Elmastas & Aboul-Enein, 2007). V. cheiranthifolium
tirtiniin kok ve yapraklarinin su ekstraktlarimin toplam
fenolik igeriklerinin sirastyla 20.2 ve 33.1 mg GAE/ g bitki
oldugu bildirilmistir (Dalar & Konczak, 2012).

V. tripolitanum’a ait DPPH metodu % inhibisyon-
derisim grafigi Sekil 2'de verilmistir. Grafikten ICso
degerleri hesaplanarak Tablo 1'de verilmistir. ICs
degerinin kiigiik olmas: antioksidan etkinin giiclii
oldugunun gostergesidir. Tablo 1'de goriildugu gibi V.
tripolitanum’un ICso degeri BHA” dan biiytik fakat BHT ye
esit oldugu tespit edilmistir. Buna gore V. tripolitanum’un
oldukca giiclii radikal siiptirme etkiye sahip oldugu
soylenebilir. V. thapsus tiirtiniin yaprak ve gévdesinin ICso
degerlerini sirastyla 100 ve 33.16 ng/mL (Kumar & Singh,
2011), V. pinetorum tiirtiniin 1Cso degerinin 13.04 mg/ml
oldugu bildirilmistir (Ozcan, Esen, & Cahigkan 2011). V.
tripolitanum’un FRAP ve CUPRAC degerlerinin BHA ve
BHT'den diusiik oldugu Tablo 1'den goriilmektedir.
Sonuglar BHA>BHT> V. tripolitanum seklindedir.

Toplam Fenolik Madde Konsantrasyonu Radikal CUPRAC FRAP Degeri %Inhibisyon
mg GAE/ g ekstre Siipiirme Etkisi umol  Troloks/g
ICso (ug/mL) ekstre
BHA - 13.620.8 8.72£0.76 0.5920.02 97.67+0.48
BHT - 33.845.0 8.3420.39 0.5320.02 97.05£0.81
V. tripolitanum___ 316.3+19.3 33.8+1.6 3.8620.33 0.44+0.04 86.64£0.77
120 - § = 24391In(x) + 15472 Linoleik asit okmdgﬁyDnupu e?gellefnf% metodupa aolt
100 28 2461 1548 absorbans-zaman grafigi Sekil 3'te goriilmektedir. %
] = + e ee o ) 2. .
- y = 28,246In(x) ’ inhibisyon degerleri BHA>BHT>V. tripolitanum seklinde
5 80 1 y = 22444In(x) +126,08 olmasma ragmen V. tripolitanum’un giiclii oksidasyon
= 60 1 @ V.tripolitanum engelleme Kkapasitesine sahip oldugu Tablo 1'de
£ L :
o 40 4 mBHA goriilmektedir.
20 BHT 3.2. Antimikrobiyal Aktivite Analiz Sonuglar1
0 . . , . s I
0 0.05 o1 o015 Cizilen derisim-absorbans grafiklerinde, absorbansin
’D oy 1; ’ keskin bir diistisle sabitlendigi ilk nokta V. tripolitanum’un
erisim (mg/m. . . T o .
sim (mg/ kullamilan bakterilere ait MIK degerleri olarak kabul

Sekil 2. V. tripolitanum DPPH metodu % inhibisyon-derisim
grafigi

2,5
2 o o R GG
g
815 b BHA
g
21 BHT
<
05 Kontrol
0 A inoli
o b o b oo o b o V.tripolitanum
= =04 0O fF O O
=eTELeEd
Zaman (dk)

Sekil 3. V. tripolitanum'a ait zamana kars1 absorbans degisimi

81

edilmistir. MIK degerinin kiiciik olmas1 antimikrobiyal
etkinin yiiksek olmasmin gostergesidir (Kang, Hong,
Youm, Choi, & Heo, 2008).

Tablo 2'deki MIK degerlerine bakildiginda V.
tripolitanum’un kullanilan bakterilerin tiimiine karsi etkiye
sahip oldugu goriilmektedir. E. coli, S. aureus ve MRSA’ya
karst 512 pg/mL derisimde aktivite gostermistir. C.
albicans ve P. aeruginosa’ya V. tripolitanum’un daha giiclii
aktiviteye sahip oldugu ve MIK degerinin her iki bakteri
tiird icin 256 pg/mL oldugu tespit edilmistir. Verbascum
tiirlerinin antimikrobiyal etkiye sahip oldugu cesitli
calismalarda bildirilmistir (Benli, Giiney, Bing6l, Geven &
Yigit, 2007; Kahraman, Ekizoglu, Kart, Akdemir & Tatl
2011; Mothana et al., 2008).

3.3. Yag Asitleri Analiz Sonuglar1
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Gaz kromatografisi ile yapilan yag asitleri analiz sonuglar:
Tablo 3 'te verilmistir. V. tripolitanum iceriginde doymus
yag asitlerinden miristik asit (14:0) %1.26, palmitik asit
(16:0) %26.12. stearik asit (18:0) %6.07 olarak tespit

pentadekanoik asit (C15:1) %4.33. oleik asit (18:1n9c)
%12.97, linoleik asit (18:2n6c) %18.04, linolenik asit (C18:3)
%24.83, eikosatrienoik asit (C20:3) %3.93 diizeylerinde
belirlenmistir.

edilmigtir. Doymamis yag asitlerinden ise cis-10-
Tablo 2. V. tripolitanum MIK degerleri
E. coli S. aureus P. aeruginosa MRSA C. albicans
MiKdegeri (ug/mL) 512 512 256 512 256
Tablo 3. V. tripolitanum yag asidi kompozisyonu.
Yag Asitleri % Yag Asitleri % Yag Asitleri %
12:0 0.14 151 433 18:2n6t 18.04
14:0 1.26 16:1 0.27 18:3n6 24.83
15:0 0.22 17:1 0.236 20:2n6 5.723
16:0 26.12 18:1n9¢ 12.97 20:3n3 3.93
17:0 0.64 20:1n9 0.363 22:6n3 0.28
18:0 6.07 24:1 0.028
> SFA =34.44 > MUFA =18.20 > PUFA =47.08
> USFA = 65.52

Y SFA: Doymus yag asidi, Y MUFA: Tekli doymamuis yag asidi, Y PUFA: Coklu doymamus yag asidi, ) USFA: Toplam doymamuis yag asidi

Tesekkiir: Bu calismaya destek olan Hatay Mustafa Kemal
Universitesi Bilimsel Arastirma Projeleri Birimine tesekkiir ederiz
(Proje no: 243).
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Abstract: Pesticides are used in agriculture and cause side effects in plants and can be transported to products which we
consume. Genotoxic chemical substances distributed to environment and higher plants such as Glycine max have been used as
an indicator plants that show the genotoxic effects of environmental chemical pollutants. In this respect we investigated the
potential genotoxic effect of three different pesticides (Pomarsol Forte WP 80 as a fungucide, Arrivo 25 EC as an insecticide,
and The End EC as an herbicide) on G. max (Glycine max L.) for the first time. In order to determine the genotoxic effects of
these pesticides on G max. Median EC (effective concentration) determination analysis, RAPD-PCR (randomly amplified
polymorphic DNA-polymerase chain reaction) assay and protein analysis were used. Our results indicated that The End as a
herbicide had more inhibitory effects on G. max root growth compare to the other pesticides. 20 RAPD primers were used,
eighteen primers gave stable results while 11 of them were polymorphic and 7 of them showed the same band profile.
Percentage of polymorphism was found as 20%. Total protein content was significantly decreased by insecticide treatment but
increased in herbicide treatment (p<0.05). In conclusion these results suggest that these pesticides have genotoxic effects on G.
max and the use of these chemicals must be reduced to avoid exposure to humans and the environment.

Keywords: cypermethrin, quizalofop-p-ethyl, RAPD-PCR, SDS-PAGE, thiram.

Pestisit-Kaynakl1 Genotoksisitenin Soya Fasulyesinde (Glycine max L.) Belirlenmesi

Oz: Pestisitler, tarimsal alanlarda yaygin olarak kullanilirken bitkilerde yan etkilere neden olmaktadir ve tiikettigimiz tirtinlere
de tasinabilmektedir. Genotoksik kimyasal maddeler ¢evreye yayilmaktadir ve Glycine max gibi yiiksek yapili bitkiler,
kimyasal cevre kirleticilerinin genotoksik etkilerini gosteren indikator bitkiler olarak kullanilmaktadir. Bu baglamda, mevcut
calismada ilk kez ti¢ farkl pestisitin (fungusit olarak Pomarsol Forte WP 80, insektisit olarak Arrivo 25 EC ve herbisit olarak
The End EC) potansiyel genotoksik etkisi soya fasulyesi (Glycine max L.) tizerinde arastirilmistir. G. max tizerindeki genotoksik
etkiyi belirlemek igin ortalama etkili konsantrasyon (median EC), RAPD-PCR (rastgele amplifiye polimorfik DNA-polimeraz
zincir reaksiyonu) ve protein analizleri kullanilmistir. Elde edilen sonuglar bir herbisit olarak The END pestisitinin digerlerine
gore G. max kok biiyiimesi tizerinde daha fazla inhibe edici etkisi oldugu saptanmistir. 20 RAPD primeri kullanilmus;
bunlardan 18 primer stabil sonug verirken, 11 tanesi polimorfik ve 7 tanesi benzer bant profili gostermistir. Polimorfizm
yiizdesi, % 20 olarak bulunmustur. Toplam protein icerigi insektisit muamelesi ile kontrol grubuna gore belirgin sekilde
azalirken, herbisit muamelesi sonras1 anlamli olarak artmistir (p <0.05). Sonug olarak elde edilen veriler bu pestisitlerin G. max
tizerinde belirgin genotoksik etkilerinin oldugunu ve bu kimyasallara kars1 insan ve cevresel maruziyetin atmasindan dolay1
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kullanimdan kaginilmasi gerektigini gostermektedir.

Anahtar kelimeler: cypermethrin, quizalofop-p-ethyl, RAPD-PCR, SDS-PAGE, thiram.

1. Introduction

Numerous pesticides are widely used in agriculture and
their usage has become required; however, incorrect uses
of these chemical substance causes side effects in plants
(Aksoy, Dana, Sanal, & Aktag, 2007). Pesticides are used in
different combinations, at different growth times and
storage stages to protect agricultural products from
harmful organisms (such as fungi) and to obtain high
quality products. Pesticides accumulated after processing
in food can be transported to products such as baby food
(Wang, Chang, Hwang, Turnbull, & Howard, 2000).

The dithiocarbamate derivative thiram (the active
ingredient of Pomarsol Forte 80 WP) is widely used in
agriculture to protect vegetables and prevent mold
contamination Cypermethrin (the active ingredient of
Arrivo 25 EC) is a synthetic pyrethroid used to protect the
consumption of commercial agricultural land and
household products from insects. Quizalofop-p-ethyl
(active ingredient of The End) is a phenoxy herbicide used

for controlling weeds and in many agricultural lands like
lentils (Villani, 1998).

The developments in industry and economy have
caused the production of genotoxic chemical substances
distributed to the environment which cause harmful
effects and even death for human beings Poli et al., 1999).
Higher plants have been used as an indicator plants that
show the genotoxic effects of environmental chemical
pollutants (Angelis, McGuffie, Menke, & Schubert, 2000;
Yildiz & Arikan, 2008; Yildiz, Cigerci, Konuk, Fidan, &
Terzi, 2009).

Evaluating the genotoxic effect through the DNA is
more useful because it produces the results in a short time
and give precise results. The use of DNA-based techniques
to detect changes in DNA sequences is is becoming
widespread. Randomly amplified polymorphic DNA
(RAPD) is a method that can be used in genotoxicity
studies and changes in the RAPD band profile clearly
indicate changes betweeen treated and untreated groups
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in DNA levels against genetic agents (Martins, Lopes,
Brehm, & Ribeiro., 2005; Enan, 2006; Liu et al., 2007). In
addition, the amount of DNA damage and mutations in
bacteria, plants, and animals can be determined through
genomic DNA by RAPD as a molecular marker technique
(Atienzar, Conradi, Evenden, Jha, & Depledge, 1999).
Thus, the genotoxic effect of toxic chemicals has been
regarded to alter genomic template stability through the
changes in RAPD band profile (Wang, Lu, & Shen, 2007;
Cenkci et al., 2010).

Our study is aimed to analyze the effect of pesticide
pollution on the genetic material of G. max by use of the
RAPD-PCR and to analyze the alterations in RAPD band
profiles with respect to total protein levels and SDS-PAGE
band profiles of whole seed proteins. G. max was used in
this study as an experimental material as it is an important
agricultural plant worldwide. We thought that obtained
results may suggest a tolerable level of toxicity on G. max
against to these pesticides which are used widely in
agriculture.

2. Materials and Methods
2.1. Chemicals

Pomarsol Forte WP 80 (thiram),
[bis(dimethylthiocarbamoyl) disulfide] is a type of sulfur
fungicide which is a 80% water-wettable powder
produced by Bayer Company, Arrivo 25 EC
(cypermethrin), [(RS)-a-cyano-3-phenoxybenzyl (1RS)-cis-
trans-3-(2,2-dichlorovinyl)-2,2-
dimethylcyclopropanecarboxylate] is a  synthetic
pyrethroid which is a 25% emulsifiable solution produced
by Hektas Company and The End EC (Quizalofop-p-
ethyl), [Ethyl (2R)-2-[4-(6-chloroquinoxalin-2-
yloxy)phenoxy]propionate] is a phenoxy herbicide which
is a 5% emulsifiable solution by Agrogeneral Company
were used as pesticides in this study.

2.2. Determination of ECsp and Treatment of G. max Seeds
with Pesticides

G. max seeds (50 smiliar pieces) were germinated in
distilled water for 24 h and treated with ten different
concentrations of Pomarsol Forte WP 80 (0.00125, 0.0025,
0.005, 0.01, 0.02, 0.04, 0.08, 0.16, 0.32 and 0.64 M), Arrivo 25
EC (0.075,0.15,0.3,0.6,1.2,2.4,4.8,9.6,19.2 ve 38.4 M) and
The End (0.0125, 0.025, 0.05, 0.1, 0.2, 0.4, 0.8, 1.6, 3.2 ve 6.4
M) for 72 h to determine ECs (Effective concentration 50).
The control group was only treated with distiled water.
The root lengths were measured and T/C% was calculated
after treatment for 72 h. After determination of ECso seeds
of G. max were treated with ECs and 2xECso
concentrations for each pesticide. When the roots were 0.5
cm or higher, it was accepted as germinated.

2.3. Randomly Amplified Polymorphic DNA- Polymerase
Chain Reaction (RAPD- PCR)

G. max roots were grinded in liquid nitrogen and DNA was
isolated with DNeasy Plant Mini Kit (Qiagen). DNA
concentration was measured at 260/280 nm using
spectrophotometrically. Twenty primers (Table 1) were
used in RAPD-PCR assay and optimized to Williams,
Kubelik, Livak, Rafalski, and Tingey (1990). In order to
determine the molecular weights of the RAPD-PCR
amplicons 100-bp, DNA ladder was used. An UV imaging
device was used to examine the RAPD-PCR band profile
and the Vision WorksLS (Version 6.8) software was used
to calculate the each amplicon size. Amplification products
were scored as presence (1) or absence (0) and only strong
bands were used for analysis. Genetic similarity
coefficients between the treatment and untreated control
groups were calculated according to Nei (1978)’s unbiased
measure via POPGENE (version 1.31) software. Genomic
template stability (GST) was estimated using the formula
of "GST% = (1-a / n) X 100" (a: RAPD polymorphic bands,
n: total bands of control).

Table 1. List of primers name (ID) and their nucleotide sequences used in the RAPD analysis

Sequences of primers

Number of primers Name of primers 5 — 3) Tm (°C) Rate of GC %
1 AD1 GTTGCGATCC 32 60
2 AD2 GTGCCTAACC 32 60
3 AD3 ACGCGCATGT 32 60
4 AD4 GACGCCACAC 34 70
5 AD5 CCAGCTTAGG 32 60
6 AD6 CCCGCTACAC 34 70
7 AD7 GAGCGTCGAA 32 60
8 AD8 TGCGAGAGTC 32 60
9 AD9 CAGCCCAGAG 34 70
10 AD10 TCGCCGCAAA 32 60
11 AD11 GGCACGTAAG 32 60
12 AD12 CCCAGTCACT 32 60
13 AD13 TCGGCGGTTC 34 70
14 AD14 CCATTCCCCA 32 60
15 AD15 ACAGGTGCGT 32 60
16 AD16 GGACGACAAG 32 60
17 AD17 CAGAGGTCCC 34 70
18 AD18 TCCGATGCTG 32 60
19 AD19 GTCGTTCCTG 32 60
20 AD20 AAAGGGGTCC 32 60
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2.4. Protein Analysis

Seed storage total soluble protein isolation was done as
described by Saraswati, Matoh, Phupaibul, Lumpkin, &
Kobayashi (1993) after 72 h of incubation. Following
protein extraction, the Bradford Assay method was used
to analyze the concentrations of the total soluble proteins
present in the seed (Bradford, 1976). The SDS-PAGE of
total seed protein was done as described by Laemmli
(1970). After SDS-PAGE performed, the gel was visualized
using a photo imaging system and the dendrogram was
generated by Visionworks (Version 6.8) software based on
the presence or absence of polypeptide bands on the SDS-
PAGE gel.

2.5. Statistical Analysis

The data obtained was statistically analyzed using SPSS
16.0 (SPSS Inc., Chicago, IL, USA). One-way analysis of
variance (ANOVA) followed by Tukey's multiple
comparison test was used and p-values less than 0.05 are
considered “statistically significant.”

3. Results and Discussion

ECso values were determined ~0.08 M for Pomarsol Forte
WP 80 fungicide, ~9.6 M for Arrivo 25 EC insecticide, and
~0.4 M for The End herbicide. Thus, experiments were
done using 0.08 M (ECs) and 0.16 M (2xECsp) Pomarsol
Forte WP 80 concentrations, 9.6 M (ECsp) and 192 M
(2xECs0) Arrivo 25 EC concentrations and 0.4 M (ECso) and
0.8 M (2xECsp) The End concentrations. It was indicated
that The End herbicide had more inhibitory effects on G
max. seedlings compare to the Pomarsol Forte WP 80
fungicide and Arrivo 25 EC insecticide.

The End herbicide, Pomarsol Forte WP 80 fungicide,
and Arrivo 25 EC insecticide are widely used in G. max
agricultural applications. The genotoxic effects of these

pesticides on G. max were investigated for the first time
and their possible genotoxic effects were determined. Also
studies involving possible genotoxic effects of pesticides
on plants are limited to several plant species and need to
be expanded.

In order to determine the genotoxic effects of
different three pesticides, the RAPD analysis was used
between treated and untreated groups with pesticides.
Twenty primers (60-70% GC content) were used for
evaluating the changes on genomic DNA. Eighteen
primers gave stable results while 11 of them were
polymorphic and 7 of them showed the same band profile.
Additionally, 11 polymorphic RAPD primers showed
differences (disappearance and/or appearance) in band
profiles between pesticides treated and untreated groups
(Fig. 1). Totally 55 bands of untreated group and 308 bands
of treated groups were obtained ranged from 146 to 1077
bp. RAPD profile changes of treated and untreated groups
were shown in Table 2 compared with their control
groups. Value of polymorphisms P (%) was found 20%. It
was suggested that the changes in RAPD profile as in Fig.
1, polymorphism was due to the loss and/or gain of the
bands in pesticide treated groups compared to the control
RAPD band profiles. Obtained results indicated that DNA
damage may be serious in the G. max root cells after the
treatment of these pesticides. When we consider the
reasons for the loss or gain of the band causing
polymorphism, it can be seen that these conditions may be
due to breaks in DNA, modified bases, bulky adducts,
DNA-protein cross-links or point mutations (Atienzar
Venier, Jha, & Depledge, 2002; Wolf, Blust, & Backeljau,
2004). Appearance and disappearance of bands were
found in our RAPD profiles in pesticide treated groups
and it can be attributed to mutations and DNA damage on
G. max (Atienzar & Jha, 2006).

Table 2. The number of bands in control and molecular sizes (base pair, bp) of disappearance (-) and/or appearance (+) of DNA bands
for all primers of pesticide-treated germinated root tips of soybean using UVI soft image analyzer software.

Pomarsol Fotre WP 80 Arrivo 25 EC The End EC

Primers Control PX P2X AX A2X TX T2X

D1 5 T 636 636 0 0 0 0
+ 848,471 848 1077; 848; 636; 351 1077; 848; 351 381; 906; 1077 381; 906; 1077
-0 0 0 0 0 0

AD-3 5 + 0 0 825 0 0 0
- 854 854 626 626 854 345; 420; 854

AD-4 6 + 0 0 0 854 0 0
-0 0 325 325 0 0

AD-5 3 + 0 0 0 0 0 0
-0 0 0 357; 488 0 0

AD-7 5 + 0 0 0 0 396 396
-0 0 0 42 276 276

AD-8 6 + 0 0 0 0 715; 833 715; 833
-0 0 325 252;325 0 0

AD-10 5 + 0 0 0 628 1264 0
-0 1086 0 0 146 146

AD-13 3 + 0 0 0 447,538 0 0
-0 0 418; 454 418; 454 0 0

AD-15 7 + 0 0 0 0 0 0
-0 0 0 0 0 0

AD-17 5 + 385 385 0 0 0 0
-0 0 252 252 248 248

AD-20 5 + 0 769 0 0 0 0

Total 55 208() 3034 6()5() 7 ()10(+) 407() 6 ()6(+)

*PX:0.08 M, P2X: 0.16 M, AX:9.6 M, A2X:19.2 M, TX: 0.4 M and T2X: 0.8 M

Additionally, GTS values were calculated for each
polymorphic 11 primers and shown in Table 3. The
average highest decrease in GTS value (76.9%) was
calculated in 19.2 M Arrivo 25 EC insecticide treatment
and GTS values were decreased in all the highest pesticide
treatment compared to the untreated control groups. DNA
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damage, success in repair, and replication of DNA are
related in GTS value. Our results showed that GTS values
were decreased in all pesticide treatments compared to the
untreated control groups. However we cannot say that it
is related to the high DNA damage of pesticides because
efficacy of DNA repair and DNA replication are
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suppressed via the high level of DNA damage (Atienzar &
Jha, 2006).

Figure 1. Polymorphic RAPD profiles of pesticide-treated
germinated root tips of soybean generated using with primer AD-
1, AD-3, AD-4, AD-5, AD-7, AD-8, AD-10, AD-13, AD-15, AD-17
and AD-20. [C: Control, PX: 0.08 M Pomarsol Forte 80 WP, P2X:
0.16 M Pomarsol Forte 80 WP, AX: 9.6 M Arrivo 25 EC, A2X: 19.2
M Arrivo 25 EC, TX: 0.4 M The End EC, T2X: 0.8 M The End EC,
M: GeneRuler 100 bp plus DNA Ladder (100-3000 bp)].

The band profiles of G. max seeds exposed to
different pesticides after SDS-PAGE were shown on Fig. 2.
After the treatment of different pesticides, there is a
statistically significant reduction in insecticide treatment
but a significant increase in herbicide treatment in protein
amount of G. max (p<0.05) (Fig. 3). The dendogram

Table 3. Genomic template stability (GTS, %) values.

obtained by the evaluation of all protein bands after SDS-
PAGE analysis and the genetic distance values were
shown on Fig. 4. SDS-PAGE analysis showed that there
were changes in protein profiles between the different
pesticide treatments groups compared to the untreated
control group.

kDa P2X AX A2X TX

200.00

PX

M

(& T2X

76.65

43.40

33.29

25.18

18.22

14.30

Figure 2. The band profiles of soybean seeds exposed to different
pesticides after SDS-PAGE (M: Marker C: Control, PX: 0.08 M
Pomarsol Forte 80 WP, P2X: 0.16 M Pomarsol Forte 80 WP, AX: 9.6
M Arrivo 25 EC, A2X:19.2 M Arrivo 25 EC, TX: 0.4 M The End EC
and T2X: 0.8 M The End EC)

It is known that total protein content of cells is an
important indicator of various changes in metabolism and
changes in response to various environmental pollutants
(Singh & Tewari, 2003). It has been showed that various
pesticides reduce total protein content in various
organisms like Brassica juncea L. or Aporrectodea caliginosa
(Singh & Tewari, 2003; Moshley, Ismail, & Ahmed, 2003).
In this study, changes in total protein content of G. max
roots treated with different pesticides showed an inverse
relationship with the pesticide type and we thought that
this change is a respond to these pesticides that were used.

Pomarsol Forte 80 P Arrivo 25 EC The End EC
Primers Control PX P2X AX A2X TX T2X
AD-1 100 40.0 60.0 100 100 100 100
AD-3 100 100 100 80.0 100 100 100
AD-4 100 83.3 83.3 83.3 66.6 83.0 50.0
AD-5 100 100 100 66.6 66.6 100 100
AD-7 100 100 100 100 40.0 60.0 60.0
AD-8 100 100 100 100 83.3 50.0 50.0
AD-10 100 100 100 80.0 40.0 80.0 100
AD-13 100 100 66.6 100 100 83.3 83.3
AD-15 100 100 100 71.6 71.6 100 100
AD-17 100 80.0 80.0 100 100 100 100
AD-20 100 100 80.0 80.0 80.0 80.0 80.0
Average 100 91.1 88.0 87.2 76.9 85.0 83.9

*PX:0.08 M, P2X: 0.16 M, AX:9.6 M, A2X:19.2 M, TX: 0.4 M and T2X: 0.8

In conclusion, plants are directly exposed to
pesticides as well as soil, water, and air. Moreover,
pesticides are very reactive molecules and they can modify
the cellular structures, especially DNA. The present
finding supports the claim that these pesticides made a
genetic modification on G. max seeds and roots. Pesticides
have toxic effects on human and the environment, because
they accumulate on plants and show toxic effects, exactly
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resulting with DNA damage. Pesticides have a wide range
of usage in different G. max and other plants on
agricultural areas and these are discharged into the
environment, plants, humans, and so into ground waters.
Pesticides are very important due to the mutagenic effects
on plants and humans. Therefore, the usage of pesticides
should be considered carefully and reduced in order to
decrease their exposure to humans and environment.
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Further molecular studies are needed to evaluate the
genotoxic effects of these chemicals.
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Figure 3. The effects of different pesticide applications on total
protein amount in soybean seeds. The values are significantly
different at p <0.05 compared with the control group. (PX: 0.08 M
Pomarsol Forte 80 WP, P2X: 0.16 M Pomarsol Forte 80 WP, AX: 9.6
M Arrivo 25 EC, A2X:19.2 M Arrivo 25 EC, TX: 0.4 M The End EC,
T2X: 0.8 M The End EC).
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Figure 4. The dendogram obtained by the evaluation of all protein
bands after SDS-PAGE (M: Marker, C: Control, PX: 0.08 M
Pomarsol Forte 80 WP, P2X: 0.16 M Pomarsol Forte 80 WP, AX: 9.6
M Arrivo 25 EC, A2X:19.2 M Arrivo 25 EC, TX: 0.4 M The End EC,
T2X: 0.8 M The End EC)
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Abstract: Penconazole, a triazole fungicide, is widely used worldwide to increase agricultural production and to control
fungus. Bivalves, especially mussels, are specific biomonitor organisms of pollution in aquatic ecosystems. This study deals
with the possible toxic effects of exposure to penconazole on Na*/K*-ATPase, Mg2*-ATPase, Ca2*-ATPase, and Total-ATPase
activities in the gills of freshwater mussels (Unio mancus). In this context, freshwater mussels were exposed to different
concentrations of penconazole (1, 10, 100, and 1000 pg AI L) in 96 hours static-renewal test system. The commercial form of
penconazole (TOPAS® 100 EC, Syngenta, Germany) was used in toxicity tests. The actual penconazole concentrations in the
exposure media were determined by LC-MS/MS analysis. According to the LC-MS/MS analysis results, the actual
penconazole concentrations in the exposure media were determined to be approximately 25% lower than the nominal
penconazole concentrations. After 96 hours of exposure, the highest concentration of penconazole caused significant inhibition
of ATPase activities except Mg2*-ATPase activity (P < 0.05). The observed data indicated that acute penconazole exposure may
be a potential risk for freshwater mussels and that ATPase enzymes are important and useful biochemical markers for aquatic
toxicology studies.

Keywords: Penconazole toxicity, freshwater mussel, ATPases, LC-MS/MS.

Penkonazole Maruz Birakilan Tatli Su Midyelerinin Solunga¢ Na*/K*-ATPaz, Mg2*-ATPaz, Ca2*-
ATPaz ve Total-ATPaz Aktivitelerinin Degerlendirilmesi

Oz: Triazol bir fungusit olan penkonazol, tarimsal tiretimi arttirmak ve funguslari kontrol etmek igin diinya ¢apinda yaygin
olarak kullanilmaktadir. Cift kabuklu yumusakgalar, 6zellikle midyeler, sucul ekosistemlerde kirliligin spesifik biyomonitor
organizmalaridir. Bu ¢alismada tathh su midyelerinin (Unio mancus) solunga¢ Na*/K*-ATPaz, Mg2*-ATPaz, Ca?*-ATPaz ve
Total-ATPaz aktiviteleri tizerine penkonazol maruziyetinin olasi toksik etkileri degerlendirilmistir. Bu amagla, 96 saatlik statik
yenileme test sisteminde tatlt su midyeleri farkli konsantrasyonlarda penkonazole (1, 10, 100 ve 1000 pg AI L) maruz
birakilmistir. Toksisite testlerinde penkonazoliin ticari formu (TOPAS® 100 EC, Syngenta, Almanya) kullanilmistir. Maruziyet
ortamindaki gercek penkonazol konsantrasyonlart LC-MS/MS analizi ile belirlenmistir. LC-MS/MS analizi sonuglarina gore,
maruziyet ortamindaki gercek penkonazol konsantrasyonlarinin, nominal penkonazol konsantrasyonlarindan yaklasik % 25
oraninda daha diisiik oldugu belirlenmistir. 96 saatlik maruziyetten sonra, en yiiksek penkonazol konsantrasyonu Mg2+-
ATPaz hari¢ diger ATPaz aktivitelerinin 6énemli diizeyde inhibisyonuna neden olmustur (P < 0.05). Elde edilen veriler, akut
penconazol maruziyetinin tath su midyeleri i¢in potansiyel bir risk olabilecegini ve ATPaz enzimlerinin akuatik toksikoloji
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calismalari igin onemli ve faydali biyokimyasal belirtecler oldugunu gostermistir.

Anahtar kelimeler: Penkonazol toksisitesi, tath su midyesi, ATPazlar, LC-MS/MS.

1. Introduction

Pesticides significantly threaten both environment and
human health due to their excessive use in agriculture
(Chaabane et al., 2018). Penconazole, a triazole fungicide,
is widely used worldwide to increase agricultural
production and to control fungus (Lv et al., 2017; Aksakal
& Ciltas, 2018). Penconazole [1-(24-dichloro-b-
propylphenethyl)-1H-1,2,4-tri-azole] acts by inhibiting the
ergosterol biosynthesis of fungi (Zhang et al., 2019). This
fungicide is normally applied by spraying directly to the
plant (Chaabane et al., 2016). However, penconazole
residues can reach to the soil, groundwater, and surface
waters due to drifting, rain washing, and falling out.
Therefore, it may adversely affect non-target organisms in
both aquatic and terrestrial ecosystems (Husak,
Mosiichuk, Storey, Storey, & Lushchak, 2017). In addition,
high concentrations of triazole fungicides cause various
toxic effects such as carcinogenicity, reproductive toxicity,
and hepatotoxicity in mammals (Juberg, Mudra, Hazelton,
& Parkinson, 2006; Peffer et al., 2007).

Bivalves which are commonly used as biomonitor
organisms in ecotoxicological studies, play significant
roles in organic matter recycling and control of
phytoplankton levels (lummato et al., 2018). Bivalves,
especially mussels, have various characteristics such as a
wide geographic distribution, sessile life, deep burrowing,
accumulation of many types of pollutants, and a high
tolerance for chemical pollution (Okay et al., 2016; Burgos-
Aceves, & Faggio, 2017; Guidi et al., 2017; Savorelli et al.,
2017; Sureda, Cap6, Busquets-Cortés, & Tejada, 2018).
They accumulate pollutants in the surrounding water due
to their filter-feeding characteristics (Parisi et al., 2019). In
the present study, the Unio mancus Lamarck, 1819
commonly found in the Atatiirk Dam Lake was chosen as
a biomonitor species.

Adenosine triphosphatases (ATPases) are potentially
useful biochemical markers of pollution stress in aquatic
organisms, as they are sensitive to the toxicity of organic
pollutants such as pesticides and drugs (Pham, Miranda,
Allinson, & Nugegoda, 2017). ATPases, which are
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membrane-bound enzymes, have important roles in
regulating membrane permeability and osmotic balance
because they are responsible for ion transport (Kulac, Atli,
& Canli, 2013). Alterations in ATPase levels are significant
evidence for detecting the harmful effects of
environmental pollutants. Furthermore, ATPase levels
reflect disturbances in physiological processes that require
these membrane-bound enzymes (Vijayavel,
Gopalakrishnan, & Balasubramanian, 2007).

There are limited numbers of studies evaluating the
effects of penconazole on aquatic organisms. In particular,
there are no studies evaluating the effects of penconazole
on ATPase activities in freshwater mussels. In this context,
the main objective of this study is to evaluate ATPase
activities in the gills of freshwater mussels exposed to
commercial form of penconazole.

2. Material and Methods
2.1. Mussel collection

In March 2019, the freshwater mussel U. mancus samples
were collected by a fisherman from Atatiirk Dam Lake.
The collected mussels were transferred to the laboratory
within 1-2 hours in plastic containers filled with dam lake
water. After the mussels were transferred to the
laboratory, they were adapted to the laboratory for 14 days
in a 50 L tank filled with bottled water. The mussels were
fed ad libitum twice a week with a commercial concentrate
phytoplankton (Roti-Rich™) during adaptation period.
Both during the adaptation period and during the toxicity
test, the tanks were continuously aerated and the mussels
were kept at 14 £ 10 hours of light / dark cycle and 21 +1
°C.

2.2. Toxicity tests

After 14 days, mussels were divided into five test groups
(one control group and four exposure groups) for toxicity
testing. All test groups were set in three replicates and
twelve mussels were used in each test group. Mussels
were exposed to four nominal concentrations of
penconazole (1, 10, 100, and 1000 pg AI L) in the 96 h
static renewal test system. The commercial form of
penconazole (TOPAS® 100 EC, Syngenta, Germany) was
used in toxicity tests. The active ingredient (Al) of this
commercial form is labeled as 100 g L. The legal limit
value of penconazole in drinking and ground waters is 0.1
pg L1 (EU, 2006; EU, 2013; Nikolaou et al., 2017; IUPAC,
2019). In addition, the 96-hour LC50 value of penconazole
for Oncorhynchus mykiss was determined as 1.13 mg L1 by
the International Union of Pure and Applied Chemistry
(IUPAC, 2019). The nominal penconazole concentrations
used in toxicity tests were determined based on these
values. The gills were dissected at the end of toxicity tests
and stored at -80 °C until the biochemical assays.

The conductivity, dissolved oxygen, temperature,
and pH of the test waters were measured using a multi
parameter instrument (YSI Pro Plus Multi-Parameter) at
the beginning of the toxicity tests (0. hour). The mean
values of the dissolved oxygen, conductivity, temperature,
and pH were determined as 7.11 mg L-1, 22.65 puS cm-1, 16.9
°C, and 7.55, respectively.

2.3. Penconazole analysis

The actual penconazole concentrations in the exposure
media were determined using a liquid chromotgraphy
tandem mass spectrometry (LC-MS/MS, Shimadzu
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Quadropole 8040) at Adiyaman University Central
Research Laboratory. Each test water sample was analyzed
in triplicate. The conditions of LC-MS/MS were presented
in Table 1. The calibration curve constructed from the
standards (Dr. Ehrenstorfer GmbH with 99.8% purity) for
the calculation of actual penconazole concentrations was
in the range of 1-50 pg L-1. The limit of detection (LOD), the
limit of quantification (LOQ), and the coefficient of
determination (r2) for penconazole were 0.05 ug L1, 0.16
ug L1, and 0.998, respectively.

Table 1. LC-MS/MS conditions

1 mM ammonium formate in 100%

Mobil phase A
water
Mobil phase B 100% methanol
Inertsil ODS-4 (21 mm LD. x 50 mm L.,
Column
3 pm)
Column oven 40 °C
temperature
Flow rate 0.4 mL min-!
Interface voltage 45kV
Nebulizing gas 31 min-
flow rate
Drying gas flow 15 L min-1
rate
DL temperature 250 °C
Heat Block 450 °C
temperature

2.4. Determination of ATPase Activities

The tissues were weighed and homogenized in 1:4 (w/v)
ratio of 0.1 M K-phosphate buffer (pH 7.4) containing 0.15
M KCl, 1 mM EDTA, 1 mM DTT) using a Teflon-glass
homogenizer (Heidolph RZR 2021). The homogenates
were centrifuged at 16.000 x g for 20 min at 4°C (Hettich
460 R) and then, the supernatants were transferred to
eppendorf tubes for measurements of ATPase activity and
total protein concentration. All biochemical assays were
performed using a microplate reader spectrophotometer
(Thermo, Varioscan Flash 2000). Assays were run at 25°C
in triplicate. The total protein concentrations of tissue
samples were measured by Bradford (1976) method using
bovine serum albumin as the standard.

The ATPase activities were determined according to
a modified procedure of Atli and Canli (2011) for a
microplate reader system. Incubation media (pH 7.7)
containing 100 mM NaCl, 20 mM KCl, 4 mM MgCl2, 40
mM Tris-HCl, and 1 mM ouabain was used to measure
Mg2+-ATPase and Na*/K*-ATPase activities. For Ca2*-
ATPase activity, incubation media (pH 7.7) containing 1
mM CaCl2, 4 mM MgCI2, 40 mM Tris-HCl, and 1 mM
EGTA was used. To measure enzyme activities, 5 pL of
supernatant and 60 pL of incubation medium were
pipetted into the microplate wells and incubated at 37 °C
for 5 minutes. After preincubation, the reaction was
initiated by adding 10 pL of 3 mM Na2ATP and incubated
for 30 min at 37 °C. After incubation, the reaction was
stopped by adding 35 pL of ice-cold distilled water
(dH20). In addition, the ouabain-free media, supernatant
and dH20 were added to microplate wells to be used as
ATP blank. The ouabain-free media, Na2ATP and dH20
were added to the microplate wells to be used as sample
blank. These blanks were used to correct non-enzymatic
hydrolysis of ATP. The inorganic phosphate (Pi) released
from 3 mM ATP added as a substrate to the media during
incubation was measured spectrophotometrically
according to the method proposed by Atkinson et al.
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(Atkinson, Gatenby, & Lowe, 1973). At the end of the
reaction, 190 pL of the main reagent containing 5%
polyoxyethylene 10 lauryl ether and 2% ammonium
molybdate were pipetted into microplate wells. After 10
min incubation at room temperature, the absorbance was
read at 390 nm. KH2PO4 (100-1000 uM) was used as the Pi
standard.

Na*/K*-ATPase activity was calculated using the
difference between total-ATPase activity (ouabain-
containing media) and Mg2*-ATPase activity (ouabain-free
media). The Ca2*-ATPase and the Mg2+-ATPase activity
was calculated using the difference between the enzyme
activities measured in the presence and absence of CaCl2
and MgCl2, respectively. Enzyme activities were
expressed as pmol Pi/mg protein/hour.

2.5. Data Analysis

All statistical tests performed with the software package
SPSS 22 (USA). All data were presented as mean values +
standard errors calculated on 12 samples. Using the
Shapiro-Wilk and the Levene tests, all variables were
analysed for normality and homogeneity, respectively.
Kruskal-Wallis test was used to test the difference between
the groups. If any significant differences were detected
between the groups, Mann Whitney-U test was used to test
the differences within the groups. P < 0.05 was considered
statistically significant for all analysis.

3. Results and Discussion
3.1. Actual concentrations of penconazole

The actual penconazole concentrations in the exposure
media obtained from LC-MS/MS analysis were depicted
in Table 2. The actual concentrations were determined to
be approximately 25% lower than the nominal
concentrations. These differences between the nominal
and actual concentrations may be due to other compounds
such as surfactants, solvents, and preservatives used in
commercial formulations of pesticides. In addition,
insufficient water dissolution of pesticides could cause a
difference between nominal and actual concentrations
(Korkmaz, Giingordii, & Ozmen, 2018). Furthermore,
changes in pH, liquid formulations, and photolytic
degradation of the active ingredient may also be related to
these differences between nominal and actual
concentrations (Vieira, Pérez, Acayaba, Raimundo, & dos
Reis Martinez, 2018).

3.2. ATPase activities

As a result of the short-term exposure to penconazole,
various fluctuations have been observed in the gill ATPase
activities of freshwater mussels. The highest concentration
of penconazole caused significant inhibition of ATPase
activities except Mg2*-ATPase activity (P < 0.05). The
lowest Na*/K+*-ATPase, Mg2*-ATPase, Ca2*-ATPase, and
Total-ATPase activities were determined at 1000 pg Al L1
as 15.15 £ 1.26 pmol Pi/mg protein/h, 31.80 £ 1.90 pmol
Pi/mg protein/h, 41.95 £ 3.85 umol Pi/ mg protein/h, and
23.10 + 2.53 umol Pi/mg protein/h, respectively (Figures
1-4). In general, these inhibitions in ATPase activities may
be the result of entering the energy economy during the
hypometabolic state in order to maintain the viability of
freshwater mussels (Balasundaram, Ramalingam, &
Selvarajan, 1995). However, these alterations in ATPase
activities may be considered as early warning signals of
damage caused by environmental pollutants in the
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osmoregulatory and acid-base regulatory system in the
gills (Atli & Canli, 2011).

Table 2. Actual penconazole concentrations measured by LC-

MS/MS in the exposure media (n=3)

Nominal concentrations

Actual concentrations

(ng AILY) (g L' SE)

Control (0) 0 + 0

1 0.74 + 0.005
10 7.18 + 0.124
100 75.89 + 0.299
1000 785.30 + 16.994

According to the data of the present study, Na*/K*-
ATPase activity was inhibited by approximately 47% and
72% at 100 and 1000 pg Al L1 penconazole concentrations
compared to the control group, respectively (Pp < 0.05)
(Figure 1). Na*/K*-ATPase is an ionic pump which is
mainly involved in the maintenance of cell membrane
potential and osmotic balance. It is well known that
environmental chemicals usually affect the Nat*/K+-
ATPase enzyme (Begum, 2011). In bivalve molluscs,
Na*/K*-ATPase has a significant role in regulating
intracellular Na* concentration in response to different
environmental conditions (Parisi et al. 2019). Because
membrane fluidity allows membrane-bound proteins such
as Na*/K*-ATPase to function, changes in the lipid
composition and structure of the membrane may cause a
decrease in Na*/K+*-ATPase activity (Patecz, Komuriski, &
Gabryelak, 2005). In addition, Yang et al. have suggested
that increases or decreases in Na*/K*-ATPase activity
caused by xenobiotics may lead to adverse effects on
organisms (Yang, Lu, Zhang, & He, 2002). These studies
support the present findings.

Although penconazole exposure caused various
fluctuations in Mg2*-ATPase activity, these changes were
not statistically significant (Pp > 0.05) (Figure 2). Mg?2+-
ATPase provides the homeostasis of Mg2+ which is critical
in various toxicological processes (David, Sangeetha,
Harish, Shrinivas, & Naik, 2014). Mg2*-ATPase is the most
important factor associated with energy metabolism and
inhibition of this enzyme results in degradation of
oxidative phosphorylation. However, Mg2*-ATPase has
lower sensitivity to environmental chemicals than other
ATPases (Dogan, Atli, & Canli, 2015). The observed
decrease in Mg2+-ATPase activity in pesticide exposure
may lead to reduction of ATP production due to the
enzyme's role in oxidative phosphorylation (Parvez,
Sayeed, & Raisuddin, 2006). In addition, Begum (2009)
suggested that non-significant inductions in renal Mg2+-
ATPase activity in Clarias batrachus species exposed to
cypermethrine may be due to increased ATP production to
cope with pesticide stress.

Gill Ca?*-ATPase activity of freshwater mussels
exposed to penconazole was observed to be suppressed by
approximately 42% at the highest penconazole
concentration compared to the control group (Figure 3) (P
< 0.05). Ca2+-ATPase, which is localized in sarcoplasmic
reticulum tubules, is activated by Ca*2 ion which is
necessary for the stabilization of cell membrane. This
enzyme allows the removal of Ca2* from the cytoplasm
using energy released from ATP hydrolysis and thus,
plays a role in the maintenance of low intracellular Ca2+
levels (Saxena, Zachariassen, & Jorgensen, 2000; Dogan et
al., 2015). Ca?*-ATPase is very important for the
environmental pollution studies due to its importance in
Ca?* metabolism and its functional sulfhydryl groups
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(Wong & Wong, 2000). Inhibition of Ca2+-ATPase may be
associated with increased intracellular cytosolic Ca2* due
to oxygen radicals or tissue damage as a result of pesticide
toxicity (Balasundaram et al., 1995). Free oxygen radicals
cause disruption of Ca2* homeostasis resulting in oxidative
cell damage (Vijayavel et al., 2007).
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Figure 1. Alterations in Na*/K+*-ATPaseactivity levels in gills of
freshwater mussels after 96 h penconazole exposure (Na*/K*-
ATPase activity expressed as pmol Pi/mg protein/h, n=12). *: P<
0.05 showed statistical importance compared with control group.
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Figure 2. Alterations in Mg2*-ATPase activity levels in gills of
freshwater mussels after 96 h penconazole exposure (Mg2*-
ATPase activity expressed as pmol Pi/mg protein/h, n=12). *: P <
0.05 showed statistical importance compared with control group.

Data for total-ATPase activities in the gills analysed
in the present study were displayed in Figure 4. According
to the results, gill total-ATPase activities at 100 pg Al L1
and 1000 pg AI L penconazole concentrations were
inhibited by approximately 45% and 55% compared to the
control group, respectively (P < 0.05). Pesticides affect
membrane-bound enzymes such as total-ATPase as they
disrupt the structural and functional integrity of the cell
membrane. The decrease in ATPase activity may be due to
an allosteric change resulting from partitioning in the
enzyme complex caused by aquatic pollutants (Pham et al.,
2017). Furthermore, the decrease in enzyme activity may
be related to the high affinity of pollutants such as
pesticides and metals to the -SH groups (Atli & Canli,
2011).Previous studies with aquatic organisms also
reported that pesticides cause suppression of total-ATPase
activity. Comoglio et al. reported that methyl parathion
inhibited total-ATPase activity in white leg shrimps
(Comoglio et al., 2005). Similarly, another study reported
that thiobencarb inhibits total-ATPase activity in some
tissues of Anguilla anguilla (Sancho et al., 2003).
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Figure 3. Alterations in Ca?*-ATPase activity levels in gills of
freshwater mussels after 96 h penconazole exposure (Ca?*-ATPase
activity expressed as pmol Pi/mg protein/h, n=12). *: P < 0.05
showed statistical importance compared with control group.

60 1

50
40
30

.IIIn

Control 1000

Total-ATPase Activity
(umol Pi/mg protein/h)

Concentration (ug AIL?)

Figure 4. Alterations in total-ATPase activity levels in gills of
freshwater mussels after 96 h penconazole exposure (Total-
ATPase activity expressed as pmol Pi/mg protein/h, n=12). *: P <
0.05 showed statistical importance compared with control group.

4. Conclusion

In this study, toxic effects of acute penconazole exposure
on gill ATPase activities in freshwater mussels were
evaluated and it was clearly observed that the highest
penconazole concentration caused significant suppression
of ATPase activities. In addition, this study is more
realistic in terms of environmental effects of penconazole,
since the effects of the commercial form of penconazole,
which are widely used in agricultural activities, were
evaluated. In addition, the data obtained from this study
is considered to be a basis for further studies, since there
are no studies in the literature on the effects of penconazole
on freshwater mussel ATPase activities. However, more
detailed laboratory studies are needed to better
understand the effects of penconazole on ATPase
activities.
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Abstract: The morphology, anatomy and essential oil components of the aerial parts of Salvia marashica an endemic species in
Turkey, were studied. Some anatomical characters such as rectangular stem anatomy, exodermal structure, unifasial leaves,
one large obvious vascular bundle in the center, and anatomic characteristics without small lateral bundles were observed.
The chemical composition of essential oils obtained by hydrodistillation of Salvia marashica was investigated by GC and GC-
MS. Seventy constituents, a-pinene (27.01%), -Pinene (5.72%), Sabinene (5.26%), Limonene (17.09%), f-Caryophyllene (15.08),
Terpinene (2.04) and 1, 8 cineole (7.87%) were obtained the essential oil extracted from the Salvia marashica.
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Salvia marashica A. lgim, F. Celep & Dogan Tiiriiniin Anatomisi ve Ucucu Yag Bilesenleri

Oz: Tirkiye'ye endemik bir tiir olan Salvia marashica'nin morfolojisi, anatomisi ve ugucu yag bilesenleri incelenmistir.
Dikdortgen govde anatomisi, ekzodermal yapi, unifasiyal yapraklar, belirgin biiyiik bir iletim demetinin varlig1 ve kiigiik
yanal demetlerin olmadig1 anatomik karakterler gozlenmistir. Salvia marashicain hidrodistillenmesiyle elde edilen ugucu
yaglarin kimyasal bilesimi GC ve GC-MS ile arastirilmustir. Yetmis bilesen, a-pinen (%27.01), f-Pinen (%5.72), Sabinen (%5.26),
Limonen (%17.09), p-Karyofillen (15.08), Terpinen (2.04) ve 1,8 sineol (%7.87" si) Salvia marashica'nin esansiyel yaglarindan elde
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edilmistir.

Anahtar kelimeler: Salvia, GC\MS, ugucu yag bilesenleri, morfoloji, anatomi.

1. Giris

Diinya ¢apinda 900'tin tizerinde tiir ile temsil edilen Salvia
cinsi Lamiaceae familyasinin en zengin {tiyesi olup
diinyanin tropikal ve 1liman bolgelerinde yayilis
gostermektedir (Ozdemir & Senel, 1999). Salvia cinsi igin
Asya kitast onemli yayilis alanlarindan biridir. Son
calismalar neticesinde cinsin Tiirkiye’de sahip oldugu tiir
sayist 97'ye ulasmistir. Bunlardan 51 tanesi endemiktir.
Tiirkiye Salvia tiirleri bakimindan oldukca zengin olup,
deniz seviyesi ile 3350 m yiikseklikler arasinda yayilis
gosterir (Vural & Adigiizel, 1996). Salvia tiirlerinin
iilkemize komsu {ilkelerdeki dagilim soyledir; Rusya
florasinda 75, Iran florasinda 70, Avrupa florasinda 36,
Filistin florasinda 21 ve [talya florasinda 18 tiir bulunur.

Salvia  cinsinin  tibbi  ©6zelliklerine ve gesitli
hastaliklarin tedavisinde kullamildigina iligkin ilk kayitlara
eski caglardan kalma mezar ve anitlarin siislii yazi ve
resimlerinde rastlanmaktadir (Nakipoglu & Oguz, 1990).
Antik ¢aglardan bu yana tibbi 6zellikleri ile bilinen Salvia
bitkisinin toprak tistii kisimlarimin infiizyonu ya da ugucu
yag1 soguk algmhigi, oksiiriik, gingivit, dis agrisi, bogaz
agris;, mide ve karmn agrilari, diyare, diyabet, yiiksek
tansiyon, romatizma ve cilt hastaliklarina karsi
kullanilmaktadir. Aym zamanda damar biiziicti, balgam
soktiiriicii ve teskin edici olarak da kullanilmaktadir
(Nakipoglu & Oguz, 1990, Skoula, El-Hilali, & Makris,
1999, Ozdemir & Senel, 2001).

Salvia cinsine ait tiirler halk hekimliginde yaygmn bir
sekilde kullanilmakta olup farmakognostik arastirmalar
bu  bitkilerin aktif  bilesenlerini tanimlamay1
amaglamaktadir (Bayrak & Akgul, 1987). Bazi Salvia tiirleri
gida katkis1 ve cay olarak da kullanilmaktadir (Chalcat,
Michet, & Pasquier, 1998).

Literatiirde Salvia tiirlerine ait bircok biyo-aktif
maddeler rapor edilmistir. Salvia officinallis L., antiseptik,
astringent, spazm giderici gibi pek c¢ok tibbi kullanim
alanimi igeren uzun bir listeye sahiptir (Newall, Anderson,
& Philipson, 1996). Ayrica bazi Salvia tiirlerinin antikanser,
anti-inflamatuar ve antibakteriyal ozellige sahip oldugu
rapor edilmistir (Ulubelen, Oksuz, Topcu, Goren, &
Voelter, 2001; Perry, Houghton, Jenner, Keith, & Perry,
2002).  Salvia  miltiorrhiza  Bunge  kardiovaskuler
hastaliklarin tedavisi i¢in kullamilan iyi bilinen geleneksel
bir Cin tip bitkisidir (Chen, Yang, Shiao, Chen, & Lin, 2001;
Zhou, Liu, Miao, & Wang, 2005).

Bazi Salvia turlerinin (S. officinalis, S. lavandulifolia
Vahl., S. miltiorrhiza) depresyon, uykusuzluk ve hafiza
diizensizlikleri {izerine yararhh etkileri bilinmektedir
(Perry, Howes, Houghton, & Perry, 2000a; Perry,
Houghton, Theobald, Jenner, & Perry, 2000b; Howes,
Perry, & Houghton, 2003). Bazi calismalar Alzheimer
hastaligmin tedavisi ile ilgili olarak Salvia lavandulifolia
kullanimimi  bilimsel — olarak  kamitlamislardir.  Bu
tedavilerin merkezinde bu bitkilerin ugucu yaglarmin aktif
maddeleri rol oynamaktadir (Perry et al., 2000a, 2000b;
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Savelev, Okello, Perry, Wilkins, & Perry, 2003).
Antibiyotiklerin kesfinden o6nce, Salvia tiirleri veremli
hastalara bitkisel caylar olarak veriliyordu ve kronik
bronsidin tedavisi icin bitkisel karisimlarda Salvia tiirleri
onemli bir rol oynuyordu. Salvia tiirleri zihinsel tedavi,
sinir bozukluklari, cinsel zayiflik, romatizma, atesli
hastaliklar, terleme gibi hastaliklarda tedavi edici ajanlar
olarak kullamilmistir (Watt & Breyer-Brandwijk, 1962;
Baricevic & Bartol, 2000).

Bu calismada da Kahramanmaras iline endemik,
kolay elde edilebilen dogal bir antioksidan kaynagi olma,
ayrica eczaciik ve gida endtistrisinde katki maddesi
olarak kullanilabilme potansiyeline sahip Salvia marashica
tirtintin morfoloji, anatomi ve ugucu yag bilesenleri
incelenerek bu konudaki calismalara katki saglamak
amaclanmustr.

2. Materyal ve Yontem

Arastirmada kullanilan Salvia marashica tiiriine ait 6rnekler
Nisan ayinda Kahramanmaras Ahirdag: 'dan toplanmustir.
Toplanan orneklerin bir kismi anatomik ve morfolojik
incelemeler igin kullamilmis, bir kismu ise giines 15181
almayan alanda kurutularak ugucu yag elde edilmesi i¢in
kullanilmustir.

Anatomik calismalar igin govde ve yapraklardan
ornekler 2-3 cm’lik kiigiik parcalar %70'lik alkolde tespit
edilmistir. Mikroskobik gozlemler igin bitkinin belirtilen
kisimlarindan Parafin metodu (Algan, 1981) uygulanarak
mikrotom yardim: ile alman kesitler incelenmis ve
mikroskopta fotograflar1 ¢ekilmistir.

Ucucu yag elde etmek i¢in su distilasyon yontemi (su
buhari ile siiriikleme) kullanilmustir. Elde edilen analizleri
GC-MS kullanilarak yapilmistir.

3. Bulgular

Turtin morfolojik karakterleri tiirtin ilk betiminin
yayinlandig1 makale ile uyum igerisindedir (H(;im, Celep,
& Dogan, 2009). Bitkiye zarar vermemek amaciyla kok
anatomisi ¢alisilmamistir. Yapilan anatomik ¢alismalarda
odunlasmis govdenin enine kesiti az gok dort koseli olarak
goriilmektedir. En dista ok tabakali ¢eperleri kismen
siiberinlesmis ekzodermis tabakasi bulunur. Ekzodermis
hiicreleri kare, dikdortgen ve ovale yakin olan hiicrelerden
olusur. Ekzodermis tizerinde salgi ve basit tiiyler
bulunmaktadir. Govde enine kollenkima destek dokusu
¢ok belirgin bir gsekilde gozlenmemesine ragmen
koselerden ara kisimlara dogru incelerek uzanmaktadir.
Kollenkima hiicrelerinin sekilleri yuvarlaga yakin veya
ovaldir. Korteks parankima hiicreleri hemen hemen esit
biiyiikliiktedir. Hiicre sekilleri koseliden yuvarlaga ve
ovale kadar degismektedir. Sklerankima hiicrelerinin
olusturdugu kiimeler floem bolgesinde dagmik olarak
gozlenmektedir. Floem tabakasi hemen hemen kesintisiz
bir sekilde ksilemi dis kisimdan sarar. iletim demeti
konsantrik seklinde gozlenmektedir. Iletim elemanlarin
altinda ¢ok genis bir 6z bolgesi yer alir. Oz bolgesi
ceperleri ince geperli merkezde parcalanmis hiicrelerden
olusur (Sekil 1).

Yaprak enine kesitinde en dis kisminda kutikula
tabakas: belirgin sekilde gozlenmez. Mezofil palizat ve
siinger parankimasi seklinde farklilasmustir. Mezofil tipi
unifasiyaldir. Bunlar dikdortgen, yuvarlak ve ovale yakin
sekillerdedirler. Ust epidermis hiicreleri, alt epidermis
hiicrelerine nazaran daha biiyiiktiir. Yapragm hem {ist
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hem de alt epidermisinde ¢ok sayida salg1 ve ortii tiiyleri
yer almaktadir (Sekil 2). Yapragin her iki ytizeyinde
(amfistomatik) stomalar yer alir.

3.1. Ucucu Yag Bilesen Bulgular

Ucucu yag calismalar: yaprak ve ¢igek ekseni olmak iizere
ayr1 ayri ¢alisilmustir. iki farkli numunenin toplam ytizde
yag miktarlar1 sirasiyla: yaprak %0.28 Cigek %0.54 tiir.
Toplanan Salvia marashica'min ugucu yag: icerisinde 70
bilesen tespit edilmis olup, bunlarin sadece %0.1’den
yiiksek olan bilesenler tabloya eklenmistir.

Yagin igerisinde a-Pinen, f-Pinen, Sabinen, Limonen,
E-karyofillen, Karyofillen  okside, 1.8-Sineol, a-
Terpineol'un yiiksek oranda bulundugu saptanmustir.
Bilesenler numunelere gore farkliik gostermis olup
yaprakta en yiiksek goriilen bilesenler a-Pinen (%15.78),
Limonen (%17.09) ve Karyofillen epoksid (%12.43)’diir. En
diistik bilesenler Oktanol Asetat (%0.10), Germakren D
(%0.12) ve - Kopaen (%0.12) dir.

Cicekte goriilen en yiiksek bilesenler a-Pinen
(%27.01) ve Karyofillen (%15.08)'dir. En diisiik bilesenler
a-Kubeben (%0.15) ve y- Muurolen (%0.15)'dir. Ugucu yag
analiz sonuglar1 Tablo 1'de verilmistir.

4. Tartisma

Tiirkiye gerek farkli iklim yapisina sahip olmasi, gerekse
tic farkli gen merkezinin kesisim noktasinda
bulunmasindan dolay1 zengin bir floraya sahiptir. Bu
zenginlik icerisinde tibbi ve aromatik bitkilerin ayr1 bir
yeri vardir. Tiirkiye florasinda bulunan tiirlerin yarisindan
fazlas1 endemiktir. Salvia marashica’da endemik tiirlerden
biridir.

Metcalfe ve Chalk (1972), familyanin tipik 6zeliginin
govdenin dort koseli olmasi ve koselerde iyi gelismis bir
kollenkima destek dokusunun bulunmasi oldugu
vurgulanmistir. Calistigimiz érneklerde de govdeler dort
koseli olup anatomik calismalarda kollenkima varlig:
gozlenmistir. Cobanoglu (1988), Salvia  palaestina
govdesinde primer ve skonder korteks simirinda
sklerankima kiimelerinin bulundugunu belirtmistir.
Cobanoglu, Ozel ve Evren (1992), Salvia trichoclada
tirtintin otsu govdesinde trakeal elemanlar1 cevreleyen
sklerankima hiicrelerinin = varligindan bahsetmistir.
Ozdemir ve Senel (1999), Salvia sclarea govdesinde floem
bolgesi tizerinde belirgin sklerankima kiimelerinin
bulundugunu belirtmistir. Benzer olusumlar S. marashica
tiirtinde de tespit edilmistir.

Cobanoglu (1988), Salvia palaestina govdesinde
kambiyum 2-3 sira hiicreden olustugunu belirtmistir.
Ozdemir ve Senel (1999), Salvia sclarea givdesinde
kambiyumun Dbelirsiz oldugunu ifade etmislerdir.
Ozdemir ve Senel (2001), Salvia forskahlei ‘min otsu
govdesinde kambiyumun 2-3 sira hiicreden, odunsu
govdesinde ise 2 sira hiicreden olustugunu belirtmislerdir.
Bizim ornegimizde ise kambiyum ¢ok belirgin degildir
(Sekil 1).

Yaprak enine kesitinde en dis kisminda kutikula
tabakast belirgin sekilde gozlenmemistir. Yaprak mezofili
unifasiyal tipte olup, palizat ve siinger parankimasi tam
olarak ayrilmamaktadir (Sekil 2).

Salvia  marashicain ~ toprak  tsti  kisimlar
kurutulduktan sonra su destilasyon yontemiyle ugucu
yaglar1 elde edilmistir. Elde edilen ugucu yag miktar:
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yaprakta %0.28, cigekten alinan oOrnekte %0.54 olarak
saptanmustir.

Tablol. Salvia marashica tiiriiniin GC-MS sonuglar1

Yaprak Cigek
el s s 1k
No  Bilesik ismi Samj Oran Cikis Oran
. zamani

1 a-Pinen 11.25 15.78 11.26 27.01
2 Camphen 11.81 0.86 11.81 0.37
3 p-Pinen 12.20 3.59 12.20 5.72
4 Sabinen 12.36 3.88 12.36 5.26
5 Limonen 12.89  17.09 12.88 418
6 p-Osimen - - 13.14 0.79
7 Karen 13.14 0.68 - -
8 y-Terpinen 13.43 2.04 13.42 1.65
9 Terpinolen 13.81 0.37 13.81 0.33
10 1,8 sineol 13.92 7.87 13.98 2.56
11 Parasimen 14.40 0.64 14.39 0.50
12 Okten-3-ol 16.30 0.46 - -
13 Osimen - - 15.39 0.07
14 a-Kubeben - - 15.65 0.15
15  a-Kopaen - - 16.28 0.35
16 p- Bourbenen 16.93 0.27 16.92 0.18
17 Octanol Asetat 17.04 0.10 - -
18 Trans Sabinen Hidrat 17.42 0.63 17.42 0.73
19 Linalool 17.75 2.57 17.74 0.75
20 y- Muurolen - - 18.11 0.15
21 Germakren D 18.10 0.12 20.17 1.04
22 Z-p-farnesen - - 18.31 1.23
23 p- Kopaene 18.10 0.12 - -
24 Sesquisabinen 18.30 0.33 - -
25 p-Karyofillen 18.76 2.90 18.79 15.08
26 Karen 18.88 0.81 - -
27 Kamfolenal 19.11 0.51 - -
28 Terpinen 19.45 311 19.45 2.62
29 Kadinen - - 19.60 0.58
30  izopulegol 19.67 025 - -
31 Humulen 19.80 0.86 19.80 214
32 Pinokarveol 20.20 0.50 - -
33 Kamfor 20.46 247 20.45 0.87
34 Siklohekzen-1-metanol 20.57 9.27 - -
35 Cis -Kalamen - - 21.55 0.32
36 Heksadekan - - 21.91 0.06
37 Kubebol - - 23.56 0.52
38 a-Sedren - - 23.88 0.19
39 Sklaren - - 25.32 0.15
40 Abietadien - - - -
41  a-Terpineol - - - -
42 Mirtenal 21.57 0.10 21.79 0.22
43 6,6 Dimetil 21.79 0.31 - -
44 Trans-Karveol 2211 0.38 2211 0.27
45 Cis- Karveol 2241 0.09 - -
46 Karvone 22.57 0.08 - -
47 Trans—p-mentha—Z,S— 2290 0.20 ~ B

dien-1-ol
48 Metilenebornan 23.76 0.04 - -
49 Apriton 24.69 0.29 - -
50 a-Kadinol 25.56 0.29 - -
51 Karyofillen epokside II 2582 1243 - -
52 Humulen epokside II 26.49 1.55 - -
53  p-Odesmol 2738  0.66 - -
54 Ent- kaurene 27.94 041 - -
55 Dimetil 28.09 0.65 - -
56 Akoradienol 28.32 0.19 - -
57 Karyopillen okside 28.82 1.25 25.84 11.51
58 Simenol - - 26.27 0.34
59  Kriptomeridiol - - 27.39 0.83
60 Kauren 35.96 0.01 - -

Toplam % 97.01 88.64

Eser :<0.1; (-): Bilesen bu 6rnekte rastlanmadi

Ucucu yag bilesenleri GC/MS cihaziyla tespit
edilmistir. 70 tane bilisen tespit edilmistir. a-Pinen, p-
Pinen, Sabinene, Limonen, E-Karyofillen, Karyofillen
oksit, 1,8-Sineol, a-Terpineol'un yiiksek oranda
bulundugu saptanmustir. Yapraklarda en yiiksek goriilen
bilesenler a-Pinen (%15.78), Limonen (%17.09) ve
Karyofillen epokside (%12.43)’diir. En diistik bilesenler
Oktanol Asetat (%0.10), Germakren D (%0.12) ve pB-
Kopaen (%0.12) dir. Cigekte goriilen en yiiksek bilesenler
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a-Pinen (%27.01) ve Karyofillen (%15.08)'dir. En duisiik
bilesenler a-Kubeben (%0.15) ve y- Muurolen (%0.15)"dir.

Sekil 1. Govde enine kesiti: pr: Periderma ko: korteks fl: floem pks:
primer ksilem sks: sekonder ksilem 6z: 6z bolgesi

Bagc1 ve Kogak (2007a), Elaz1g ve civarinda yetisen
Salvia ceratophylla ve Salvia aethiopis'in toprak sti
kisimlarinin ugucu yaglarinin analizini yapmuslardir. Elde
edilen yag verimi %0.4 ve %0.3 oranindadir. Yaglarin
GC/MS cihaziyla yapilan kimyasal analizinde Salvia
ceratophylli’da 84 ve Salvia aethiopis'te 40 bilesen
saptanmistir. Salvia ceratophylla'da ana bilesenler olarak
germakren D  (%27.4), Dbisiklogermakren (%11.3)
spatulenol (%10) saptamuslardir. Salvia aethopis’te ise a-
kopaen (%21.1), f-kubaben (%8.1) germakren D (%26.3),
bisiklogermakren (%24.1) tespit etmislerdir. Yaptigimiz
Salvia marashica ugucu yag analizinde yag verimimiz Salvia
ceratophylla ve Salvia aethiopis ile benzerdir ve 70 bilesen
tespit edilmistir. Ucucu yag bilesenleri Salvia marashica’da
monoterpenler bakimindan zenginken, Salvia ceratophylla
ve Salvia aethiopis ise seskiterpenler bakimindan daha
zengindir. Salvia marashica’min ugucu yaginda en yiiksek
tespit edilen bilesenleri Salvia ceratophylla ve Salvia aethiopis
ile karsilagtirdigimizda, a-Pinen (%27.01), Caryophyllen
(%15.08), Limonen (%17.09) ve 1.8-cineol (%7.87) dir.
Salvia ceratophylla a-Pinen (%2), Caryophyllen (%1.1),
Limonen (%0.6), ve 1,8-Sineol (%2.0)’dir.

r 5 R e |

Sekil 2. Yaprak enine kesiti: tie: iist epidermis ae: alt epidermis mz:
mezofil dokusu st: salg tiiyii ty: basit tiiy ks: ksilem fl: floem ph:
parankima hiicresi

Bagc1 ve Kogak (2007b), Elaz1g’dan toplanan iki Salvia
L. (Salvia palaestina Bentham ve S. tomentosa Miller) dan su
destilasyonu ile elde edilen ucucu yaglart GC ve GC-MS
ile analiz edilmistir. Salvia palaestina’da 60 ve S.
tomentosa’da 71 bilesen tanimlanmuistir. S. palaestina’da ana
bilesenler, f-karyofillen (%18), germakren D (%16.5),
linalool L (%9.2), karyofillen oksit (%7.3), linalil asetat
(%6), a-kopaen (%4.3), sklaerol (%6.6) ve spatulenol (%4.1),
oysa S. tomentosa'da ise a-pinen (%33.7), germakren D
(%7.5), p-pinen (%6.8), a-humulen (%6), veridiflorol (%3.8)
ve f-pinen (%6.8) oldugu tespit edildi. Calisma, incelenen
S. palaestina’min seskiterpen, S. fomentosanin ise hem
monoterpen hem de seskiterpen bakimindan zengin
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oldugunu ortaya koymustur. S. marashica ile yaptigimiz
calismada ise f-karyofillen (%15.08), germakren D (%1.04),
karyofillen oksit (%11.51), linalool (%2.57), a-kopaen
(%0.35), a-pinen (%27.01), p-pinen (%5.72), p-pinen
(%17.09), Humulen (%2.14)'dur. Bizim c¢alismamizda
linalil asetat, viridiflorol ve tujen’e rastlanmamustr.

Kelen ve Tepe (2008), endemik olan Salvia aucheri var.
aucheri, Salvia aramiensis ve Salvia pilifera’nin ugucu yag
bilesenlerinin antimikrobiyal ve antioksidant etkilerini
incelemislerdir. Toprak tistii kisimlarindan elde edilen
ucucu yagin GC/MS cihaziyla bilesenleri tanimlanmustr.
Salvia aucheri var. aucheri’de 41, Salvia aramiensis 51, Salvia
pilifera’”da 83 bilesen tespit edilmistir. Salvia aucheri var.
aucheri’de 1.8-Sineol (%30.5), Kamfor (%21.3), Borneol
(8.30) ve a-Pinen (%7.6), Salvia aramiensis’te 1.8-Sineol
(%46), p-Pinen (%10.3), Kamfor (%8.7), Salvia pilifera’da ise
a-Tujen (%36.1), a-Pinen (%13.8) ve Mircen (%4.7) en
yiiksek tespit edilen bilesenler olarak bildirmislerdir. S.
marashica ucucu yag ile karsilastirdigimizda, a-Thujen
(%36.1) bileseni yiiksek oranda goriiliirken, bu calismada
ise Borneol ve a-Thujen’e rastlanmamustir. a-Pinen en az
(%15.78) ile yaprakta en fazla (%27.01) ile c¢igekte
gortilmiistiir. Kamfor (%2.47), 1.8-Sineol (%7.56), f-Pinen
(%15.72)'dir. Kelen ve Tepe yapmuis olduklar: Salvia pilifera
calismalarinda Mircen (%4.7) oraninda gorilmiistiir.
Kendi calismamizda ise Mircen tespit edilmemistir.

Karaman, Ilgim ve Coémlekgioglu (2007), Salvia
cyanescens ve Salvia aramiensis ugucu yaglarim GC-MS ile
analiz etmislerdir. Salvia aramiensis'in ugucu yag
analizinde a-Pinen (%3.4), f-Pinen (%9.0), Mircen (%3.7),
1.3-sineol (%60.0)'dir. Salvia cyanescens a-Pinen (%6.9), -
Pinen (%6.9), Para-simen (%5.70), 1.8-sineol (%4.60),
Trans-pinocarveol (%5.60), Pinocarvon (%3.90), Mirtenol
(%7.8), Terpinen-4-ol (%3.9), Staphulenol (%32.50) dir.
Bizim yaptigimiz analiz sonuglarinda a-Pinen (%27.01) ile
en yiiksek cicekte, f-Pinen (%5.72) ile en yiiksek ¢icekte,
1.8- sineol (%7.87) ile en ytiksek yaprak da, Parasimen
(%0.64) ile yaprak da en yiiksek, Mirtenol (%0.22) dir.
Staphulenol S. cyanescens'de yiiksek degerdedir ancak
bizim ¢alismamizda rastlanmamustir.

Tesekkiir: Ucucu yag analizlerini yapan Dr. Ogr. Uyesi Emel
DIRAZ' a tesekkiir ederiz.
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Abstract: The present research was conducted between October 2018 and October 2019 at Sarimehmet Dam which is on Karasu
Stream. Sarimehmet Dam is a dam that is 60 kilometers away from Van city center and it has approximately 10 km? of surface
area. It was first opened in 1991 for agricultural irrigation and electricity production. The zebra mussel (Dreissena polymorpha
Pallas, 1771) captured in Sarimehmet Dam is a kind of invasive species and this is its first record in Van Province. In this study,
the length-weight relationships of 733 zebra mussels from four stations were determined and the temperature, pH, salinity,
and dissolved oxygen values of the stations were measured. The length-weight relationship was calculated according to the
stations as W=0.0003XL2976, W=0.0002XL2971, W=0.0002XL.2%2 and W=0.0002XL2%3. The measured maximum-minimum water
quality values were noted for temperature as 1.5-22 °C, pH 8.2-8.9, salinity as %00.21-0.39 and dissolved oxygen as 6.44-11.45
mg/L. Based on the data, if zebra mussels in Sarimehmet Dam are moved to other water resources in the region, it was
determined that invasion of pearl mullet breeding areas will cause great damage for fishery in the region. In the light of the
gathered data, it was found out that if the zebra mussels in Sarimehmet Dam were transported to other water resources in the
region, they would invade pearl mullet breeding areas and cause great damages for the fishery of the region.

Keywords: Invasive species, Dreissena polymorpha, fisheries management, breeding habitat.

Sarimehmet Baraji’'nda (VAN) i1k Zebra Midye Kaydi ve Zebra Midye Popiilasyonunun Bélge
Balik¢iligina Olasi Etkileri

Oz: Bu calisma 2018 Ekim-2019 Ekim tarihleri arasinda Karasu Cay1 iizerinde bulunan Sarimehmet Baraji'nda
gerceklestirilmistir. Sarimehmet Baraji, Van il merkezine 60 km uzaklikta, yaklasik 10 km? yiizey alanina sahip, tarimsal
sulama ve elektrik tiretimi amaciyla 1991 yilinda isletmeye ac¢ilmistir. Sarimehmet Baraji'nda tespit edilen zebra midye
(Dreissena polymorpha Pallas, 1771) istilac1 bir tiir olup Van il sinirlarinda ilk kayittir. Calismada, dort istasyondan alinan toplam
733 zebra midyenin boy-agirhik iliskileri belirlenmis ve istasyonlarda sicaklik, pH, tuzluluk ve ¢6ziinmiis oksijen degerleri
Slciilmuistiir. Boy-agirlik iliskisi istasyonlara gore sirastyla, W=0.0003XL2976, W=0.0002XL297t, W=0.0002XL292, W=0.0002X[.2.963
olarak hesaplanmustir. Su kalitesi degerlerinden, sicaklik 1.5-22 °C, pH 8.2-8.9, tuzluluk %00.21-0.39 ve ¢6ziinmiis oksijen 6.44-
11.45 mg/L olarak belirlenmistir. Elde edilen veriler 1s18inda Sarimehmet Baraji'ndaki zebra midyelerin bolgedeki baska su
kaynaklarina tasinmasi durumunda inci kefali tireme alanlarini istila ederek bolge balik¢ilig1 igin biiyiik zararlara neden
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Anahtar kelimeler: Istilac tiir, Dreissena polymorpha, balik¢ilik yonetimi, tireme habitat1.

1. Giris

Dogal olarak Aral Golii ve Hazar Denizi'nde dagiim
gosteren zebra midyeler (Dreissena polymorpha), 19.
yiizyilin baslarinda Avrupa'da, 20. yiizyilin baslarinda ise
Amerika’da goriilmeye baslanmustir. Diinyadaki ig
sularda en biiyiik ekolojik ve ekonomik zararlara yol agan
istilac1 tiirlerin basinda gelen zebra midyenin tilkemizdeki
ilk kayitlar1 1987 yilina kadar uzanmaktadir (Aksu &
Yildiz, 2017). Ulkemizde ozellikle barajlarda iletim
hatlarmi tikamasi nedeniyle biiyiik mekanik sorunlara yol
acan zebra midyeler ile ilgili DSI (2005), tarafindan yapilan
calismada tilkemiz genelinde 1500'den fazla sulama
sisteminde zebra midyenin varlig1 bildirilmistir. Van Goli
havzasinda yasayan tek midye tiirti Unio stevenianus
Krynicki 1837 isimli tathi su midyesidir (Yarsan, Bilgili, &
Tiirel, 2000). Ulkemizdeki zebra midye calismalari
barajlarda meydana gelen mekanik sorunlar odakli
gelismistir.  Ulkemizde zebra midyelerin, sucul
ekosistemlerde yasayan diger canlilar tizerindeki etkileri
konusundaki veriler yok denecek diizeydedir (Yildirim,

Kara, & Becer, 1996). Ulkemizde zebra midyelerle ilgili
yapilan bazi calismalar asagida 6zetlenmistir. Altinayar,
Ertem ve Aydogan (2001), Zebra midyelerin HES'lerde
6nemli ekonomik sorunlar olusturdugunu bildirmislerdir.
Firat Havzasindaki baraj ve hidroelektrik santrallerinde
zebra midyelerin iletim hatlarim1 tikamasi ve asir1
cogalmasina bagl olarak biiyiik zararlar meydana geldigi
belirtilmektedir (Bobat, Hengirmen, & Zapletal, 2004).
HES ve barajlardaki mekanik kisimlara tutunan zebra
midyeler nedeniyle isletmelerin ¢alismalarinda aksamalar
meydana gelmektedir (Aksu et al, 2007). Sapanca
Golii'nde zararh olarak kabul edilen goldeki kaya
baliklarmmuin baskin besin maddesini olusturmaktadir
(Gaygusuz, Gaygusuz, Tarkan, Acipinar, & Tiirer, 2007).
Cildir ve Egirdir Gollerinde yasayan kiskagh kerevitlerin
karapaks bolgesine tutunan zebra midyelerin; kerevitlerin
ciftlesme, predatorlerden ka¢inma, hareket etme ve
beslenmeleri tizerine olumsuz etkiler olusturduklarimi
bildirmislerdir (Berber, Ates, & Acar, 2018). HESlerde ve
su iletim sistemlerindeki hizli bir sekilde g¢ogalan zebra
midyeler sistemlerin ttkanmasina neden olmaktadir (Aksu
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& Yildiz, 2017). Sucul ekosistemlerdeki zebra midyeler
hizl1 ¢ogalmalar1 ve besin zincirinin temelini olusturan
planktonlari tiiketmeleri nedeniyle sucul ekosistemlerdeki
biyocesitliligi tehdit etmektedirler (Hamburger, Dall, &
Jonasson, 1990; Bially & Maclsaac, 2000; Minchin, Lucy, &
Sullivan, 2002; Zaiko, Daunys, & Olenin, 2008). Sucul
ekosistemlere kerevit agsillanmasi zebra midye ile
miicadelede olas: yontemler arasindadir (Kutluyer, Aksu,
& Aksu, 2013). Aban et al. (2017) tarafindan Bolina
korfezinde Perna wviridis Dbireylerinin populasyon
parametrelerini hesaplamak i¢in yapilan c¢alismada
biiytime tipinin negatif allometri oldugunu ve b degerinin
2.30-2.71 arasinda degistigini bildirmislerdir. Balcioglu ve
Goniilal (2017), Marmara Denizi'nin kiyisal alanlarindan
topladiklar: kara midye (Mytilus galloprovincialis) bireyleri
iizerinde yaptiklar1 ¢alismada uzunluk degerlerinin 8.28-
3.28 cm, agirlik degerlerinin ise 42.59-3.49 g arasinda
oldugunu tespit etmislerdir. Cangal, (1991) tarafindan
Karadeniz Mytilus galloprovincialis bireyleri {izerinde
yapilan ¢alismada, boy degerlerinin 26-41 mm arasinda
yogunlastigl, 4 istasyonda gerceklestirilen calismada en
yiiksek b degerini 2.724 olarak bildirmistir. Gortildugi
gibi Tiirkiye'de yapilan ¢alismalar agirhikli olarak zebra
midyelerin barajlarda yol agtigi ekonomik sorunlar ile
ilgilidir. Sucul ekosistem ve baliklar {izerinde meydana
getirdigi etkileri degerlendiren ¢alismalar sinirh sayidadir.
Fakat bir¢ok arastirici zebra midyelerin, sucul ekosistem
ve baliklar tizerindeki olumsuz etkilerini belirtmektedir.
Danimarka’da bulunan Esrum Goli'nde yapilan
calismada, golde yasayan planktonlarn  %18lik
boliimiiniin zebra midyeler tarafindan tiiketildigi ve bu
durumun goldeki bazi balik tiirlerinde azalmaya neden
oldugu bildirilmistir (Hamburger et al., 1990). Zebra
midyeler, sucul ekosistemlerde bentik yapiy1 bozarak
pelajik  bolgedeki besin  zincirini bozmakta ve
biyogesitliligi azaltmaktadir (Mackie, 1991). Zebra
midyeler ve istilac1 tiirler, sucul ortamda bulunan diger
canlilarin yasam alanlarimi kisitlamaktadir (Bobat et al.,
2002; Darrigran, 2002). Ulkemizin 6nemli balikgilik
kaynaklarina sahip olan Van ilinde zebra midyenin sucul
ekosistemlere yayilmast balikgilik yonetimi agisinda
biiyiik sorunlara neden olacaktir. Bu nedenle, Sarimehmet
Baraji'nda goriilen zebra midyelerin, bolgedeki sucul
ekosistemler ve balik stoklari {iizerinde olusturmasi
muhtemel sorunlar degerlendirilerek 6nceden énlemlerin
alinmasi gerekmektedir. Yapilan bu galismada Van il
sinurlari igerisinde bulunan Sarimehmet Baraji'nda ilk kez
goriilen zebra midyelerin popiilasyon yapisi, baz1 ekolojik
ve biyolojik ozellikleri incelenmis, barajda neden oldugu
sorunlar, ilerleyen siirecte bolge balikciligina etkileri ele
alinmis ve alinmast gerekli oOnlemler {izerinde
durulmustur.

2. Materyal ve Metod

Bu ¢alisma 2018 Ekim-2019 Ekim tarihleri arasinda Van ili
Muradiye ilgesi siurlarinda, Karasu Cay: tizerine kurulu
olan, Sarimehmet Baraji ve Karasu Cayr'nin barajdan
sonraki 4 km'lik boliimiinde ytiriitiilmiistiir. Sarimehmet
Baraj1 Van il merkezine 60 km uzaklikta, yaklasik 10 km?
yiizey alanina sahip, tarimsal sulama ve elektrik tiretimi
amaciyla 1991 yilinda isletmeye acilmistir (Sekil 1).

Barajda, Sazan (Cyprinus carpio), Siraz (Capoeta
kosswigi), Copgil baligr (Oxynoemacheilus ercisianus), Dere
inci kefali (Alburnus tarichi) ve barajdaki yetistiricilik
ciftliginden kagan Gokkusagl alabaligi (Oncorhiynchus
mykiss) bulunmaktadir. Calismada barajda 4 ayn
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istasyondan toplam 733 zebra midye ornegi alinmustir.
Midyelerin boylar1 Cangal (1991)a gore 0.05 mm
hassasiyete sahip elektronik kumpas ile 6l¢tilmiuistiir (Sekil
2). Agirliklar: ise, 0.1 g hassasiyete sahip hassas terazi ile
tartilmistir. Midyelerin boy ve agirliklar: arasindaki iliski
W= axLbesitligi kullanilarak hesaplanmistir (Avsar, 2005).
Esitligin  kullamilmasi ile belirlenen R (korelasyon
katsayisi) degeri ile midyelerin boy ve agirliklart
arasindaki iliski, “b” degeri ile goldeki midyelerin biiyiime
tipi tespit edilmistir.

7
,r'.*”: o
Sariméhmet Bardji, o~

:1 = :2

Sekil 1. Sarimehmet Baraji ve érnekleme noktalar:

Sekil 2. a) Boy b) Kalinlik ¢) Genislik

Zebra midyenin, bolgedeki balikgilik tizerinde
olusturmast muhtemel etkilerde su kalitesi belirleyici
olacaktir. Bu ytizden, diger arastirmacilar tarafindan
yapilan ¢alismalarda (Claudi & Mackie, 1994; ZMIS, 2001)
zebra igin 6nemli su kalite kriterleri ve gelisimine uygun
araliklar belirlenerek her bir istasyonda aylik olarak
sicaklik (°C), pH, ¢oziinmiis oksijen (CO) (mg/L) ve
tuzluluk (%o) degerleri olctilmiistiir. Ayrica, baraj
bendinden sonra Karasu Cay1'nin 4 km'lik kisminin tabani
ve kenarlar1 incelenerek zebra midyelerin barajdan asag:
kesimlere dogru yayilip yayilmadig1 incelenmistir.

3. Sonuglar

Calismada, 4 ayr istasyondan 733 adet zebra midye
toplanarak, midyelerin boy-agirhiklart 6lgtilmiis baraj
cevresindeki dagiim alanmin biiytikliigii belirlenmistir.
Midyelere iliskin boy ve agirhik 6l¢timleri ile boy-agirhik
iliskisini belirmek amaciyla yapilan regrasyon analizi
sonuglari Tablo 1'de verilmistir. Ornekleme istasyonlaria
gore sirastyla ortalama boy degerleri 33.41£5.6 mm,
26.50+7.02 mm, 26.80£3.2 mm ve 19.95+1.25 mm olarak
tespit edilmistir. Istasyonlara gore ortalama agirlik
degerleri ise, sirasiyla 5.76+1.28 g, 3.71+1.88 g, 3.57+1.21 g
ve 2.15£1.12 g olarak belirlenmistir. Calismadaki en bityiik
boy ve agirlik degeri 43.74 mm ve 9.85 g ile birinci
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istasyonda olciilmiistiir. Yapilan regresyon analizi sonucu
midyelerin boy ve agirliklari arasinda tissel bir iligki
oldugu belirlenmis ve elde edilen b degerleri
incelendiginde midyelerin negatif allometrik (b<3)
biiytime gosterdikleri tespit edilmistir (Tablo 1).
Sarimehmet Baraji'nda goriilen zebra midyelerin baraja
nasil ve ne zaman tasindig ile ilgili, elde kesin bir bilgi
bulunmamaktadir. Fakat golde gokkusag1 alabalig:
yetistiren isletmenin ag temizlik kayitlarina bakildiginda

son iki yildir aglarda zebra midye goriilmeye baslandig:
belirlenmistir. Ayrica barajda elektrik iiretimi yapan
santralin son on yillik kayitlar1 incelendiginde, santralin
filtre ya da mekanik aksamlarinda zebra midye kaynakl
bir sorun olmadig1, yalnizca 14.08.2019 tarihinde santrale
ait akim gozlem istasyonu (AGI) sensériiniin zebra
midyelerce kapatilmasina bagli olarak arizalandig
belirlenmistir.

Tablo 1. Istasyonlara gore boy-agirlik degerleri ve regrasyon analiz sonuglart.

Ist. Konum Birey Sayis1 Boy-Agirlik Degerleri R2 b a
Enl Boy (mm)
nlem .
com e
1 180 T L ’ 0.975 2.976 0.0003
Boylam Agurlik (g)
43°4430.18'D Ort. (SD) Maks. Min.
5.76%1.28 9.85 0.28
Enl Boy (mm)
nlem .
ouem el
2 195 R o ’ 0.966 2971 0.0002
Boylam Agirlik (g)
43°46'0.24"D Ort. (SD) Maks. Min.
3.71+1.88 7.25 0.01
Enl Boy (mm)
nlem .
cen el
3 175 R oo ’ 0.958 2.962 0.0002
Boylam Agirlik (g)
43°47°40.74"D Ort. (SD) Maks. Min.
3.57+1.21 7.06 0.09
Enl Boy (mm)
nlem .
Suem Ml e
4 183 o o ’ 0.963 2.963 0.0002
Boylam Agirlik (g)
43°51115.77'D Ort. (SD) Maks. Min.
2.15+1.12 4.23 0.08

Alanda yapilan incelemede, barajin bent alanina
yakin kisimlarinda midyelerin yogun olarak kiimelestigi,
yukar1 kisimlara dogru ise yogunlugun azaldig:
gozlemlenmistir. Midyelerin ¢zellikle, barajda bulunan
plastik siselerin, kumlarin ve kayalarin tizerinde koloniler
olusturdugu belirlenmistir (Sekil 3-4).

Zebra midyelerin yumurtalar1 plankton gibi suda
serbest olarak yiizerek, akintilar yoluyla sucul
ekosistemlerde yayilmaktadirlar. Barajin her tarafina
yayilmis olan zebra midyelerin, baraj bendinden
akarsuyun asag1 taraflarina dogru yayillimmin olup
olmadigmi belirlemek amaciyla akarsuyun 4 km'lik
kisminin, taban ve kiy1 kesimleri incelenmistir. Yapilan
incelemede baraj bendinden itibaren akarsuyun 4 km'lik
boliimiinde zebra midyeye rastlanmamuistir.

Istasyonlarda yapilan olciimler ile elde edilen
sicaklik ve pH degerleri Tablo 2, ¢oziinmiis oksijen ve
tuzluluk degerleri ise Tablo 3'de verilmistir.

Istasyonlarda olgciilen en yiiksek sicaklik degeri 19.5
°C ile Temmuz ayinda 1. istasyonda, en diisiik sicaklik ise
14 °C ile Ocak ayinda 4. istasyonda olctlmiistiir.
Istasyonlara gore ortalama sicaklik degerleri sirastyla,
11.35+6.5 °C, 11.40£6.3 °C, 10.69+6.3 °C ve 10.43%6.2 °C
olarak belirlenmistir. Calismada pH degerinin 8.5 ile 8.1
arahginda degistigi tespit edilmistir. Istasyonlardaki
ortalama pH degerinin tiim istasyonlarda 8.2+0.1 oldugu
belirlenmistir.

Calismada, istasyonlardaki tuzluluk degerlerinin
%00.39 ile %00.21 araliginda degistigi tespit edilmistir.
Istasyonlara gore ortalama tuzluluk degeri en yiiksek
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%00.28+0.05 ile birinci istasyonda olctilmiistiir. Diger
istasyonlardaki ortalama tuzluluk %00.27£0.04 olarak
belirlenmistir. Istasyonlardaki ¢oztinmiis oksijen degeri en
yiiksek 11.45 mg/L ile 4. istasyonda, en dtisiik 6.44 mg/L
ile birinci istasyonda olctilmistiir. Istasyonlara gore
ortalama ¢oziinmiis oksijen degerlerinin 9.81+1.01 mg/L
ile 7.97+0.77 araliginda degistigi tespit edilmistir.

Sekil 4. Kumlar ve kayalarin tizerinde koloni olusturmus zebra
midyeler



Akkus etal. (2019) Comm. J. Biol. 3(2): 97-102.

Tablo 2. Istasyonlardaki sicaklik (°C) ve pH degerleri.

Aylar Parametreler
2018 /2019 Sicakhik (°C) pH
Ekim 1. ist. 2. Ist. 3. Ist. 4. ist. 1. ist. 2. ist. 3. ist. 4. ist.
Ekim 8 8.1 7.9 7.5 8.1 8.2 8.3 8.2
Kasim 7.3 7.2 6.9 7.2 8.2 8.2 8.1 8.4
Aralik 3.1 3.3 2.5 2.6 8.4 8.1 8.2 8.5
Ocak 22 2.5 21 14 8.3 8.4 8.4 8.4
Subat 3.3 3.5 2.8 2.7 8.1 8.5 8.3 8.4
Mart 10.4 10.5 9.6 94 8.2 8.4 8.1 8.1
Nisan 16.4 16.8 15.6 15.8 8.1 8.4 8.2 8.2
Mayis 17.5 17.0 17.3 171 8.4 8.1 8.1 8.1
Haziran 17.6 17.9 171 17.2 8.5 8.2 8.1 8.4
Temmuz 194 18.5 18.1 171 8.4 8.1 8.2 8.4
Agustos 18.5 18.6 17.9 171 8.4 8.4 8.4 8.5
Eyliil 12,5 12.3 10.5 10.1 8.1 8.5 8.3 8.4
Ort. (%) 11.35+6.5 11.40+6.3 10.69+6.3 10.43+6.2 8.240.1 8.240.1 8.240.1 8.2+0.1
Tablo 3. 1stasyon1ardaki tuzluluk (%o) ve ¢oziinmiis oksijen (mg/L) degerleri.
Aylar Parametreler
2018 /2019 Tuzluluk (%o) Coziinmiis oksijen (mg/L)
Ekim 1. Ist. 2. Ist. 3. Ist. 4. ist. 1. Ist. 2. Ist. 3. Ist. 4. ist.
Ekim 0.22 0.24 0.21 0.25 6.75 7.28 7.81 8.58
Kasim 0.24 0.22 0.23 0.21 6.44 8.70 8.98 9.32
Aralik 0.20 0.28 0.29 0.27 8.55 8.32 8.32 10.12
Ocak 0.25 0.21 0.25 0.26 9.12 7.55 8.58 11.35
Subat 0.22 0.23 0.22 0.24 8.90 7.58 9.52 10.48
Mart 0.28 0.29 0.25 0.29 8.12 7.44 8.95 11.45
Nisan 0.30 0.25 0.27 0.25 7.95 8.42 8.32 10.25
Mayis 0.35 0.32 0.32 0.33 7.98 8.25 8.93 10.25
Haziran 0.33 0.31 0.31 0.30 7.94 7.34 7.88 9.15
Temmuz 0.30 0.35 0.35 0.36 8.12 8.99 8.94 9.18
Agustos 0.39 0.34 0.33 0.31 8.15 8.56 7.22 9.55
Eyliil 0.33 0.29 0.24 0.22 7.64 7.55 8.35 8.14
Ort. (%) 0.28+0.05 0.274+0.04 0.2740.04 0.2740.04 7.97+0.77 7.99+0.60 8.48+0.63 9.81+1.01
4. Tartisma edilen “b” degerinin 2.976 ile 2.962 arasinda degistigi

Sarimehmet Baraj Goli'nde tespit edilen istilact zebra
midye havzada ilk kayittir. Istasyonlardan hesaplanan
ortalama boy ve agirlik degerlerinin 1. istasyondan barajin
yukar1 boliimiinde olan 4. istasyona dogru azaldig
goriilmektedir. Yaz aylarinda sularin azalmasi, barajdaki
suyun sulama ve elektrik tiretimi i¢in kullanilmasina bagh
olarak 2-3 ve 4. istasyonlar karada kalmaktadirlar. Bu
yiizden bu alanlardaki midyelerin fazla gelisemedigi ve
boylarmnin daha kiigiik kalmasindan dolay1 1. istasyondan
4. istasyona dogru ortalama boy degerlerinin azaldig:
diistintilmektedir. Calismada, maksimum ortalama boy ve
agirhk degerleri 33.41£5.6 mm ile 5.76x 1.28 g olarak
hesaplanmustir. Balcioglu ve Goniilal (2017), tarafindan
Marmara Denizi'nde yapilan benzer ¢alismada bu degerler
51.90+0.98 mm ve 12.12+7.62 g olarak hesaplanmistir. Bu
degerlerin c¢alismamizda elde edilen degerlerden fazla
oldugu gortilmektedir. Zebra midyeler i¢in 18-20 °C su
sicakligt en ideal biiytime sicakhigidir (ZMIS, 2001).
Sarmmehmet Baraji 1920 m rakimda ve su sicakligmin
maksimum 19.4 °C'ye ulastig1, kis aylarimin sert ve uzun
gectigi bir cografyada bulunmaktadir. Bu durum dikkate
alindiginda Marmara Denizi midyelerinin gelismesi daha
ideal ortam sunmaktadir. Bu yiizden ¢alismamizda elde
edilen boy ve aguilik degerlerinin daha kiigiik gikmast
beklenen bir durumdur. Regrasyon analizinden elde
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goriilmektedir. Elde edilen bu deger diger calismalardan
elde edilen "b" degerleri ile karsilastirildiginda benzer
sonuglar elde edildigi goriilmektedir (Aban et al., 2017;
Balcioglu & Goniilal, 2017). Regrasyon analizinden elde
edilen ve ortamin besililik derecesinin bir géstergesi olan
"a" degeri Karadeniz ve Marmara Denizi'nde yapilan
calismalar ile kiyaslandiginda bizim ¢alismamizda elde
edilen degerin daha diisiik oldugu goriilmektedir (Aban et
al., 2017; Balcioglu & Goniilal, 2017; Cangal, 1991). Zebra
midyeler ortamda bulunan suyu filtre ederek su
igerisindeki besin maddeleri ile beslenmektedirler.
Calismamizda elde edilen "a" degerinin diger ¢alismalar
ile karsilastirildiginda diistik ¢tkmasinin, Karadeniz ve
Marmara Denizinin besin ¢esidi ve bollugunun
Sarimehmet  Barajindan daha fazla olmasindan
kaynaklandig: diisiintilmektedir. Van Golii havzasi kapalt
bir havzadir, havzada bulunan géller ve akarsularin havza
disindaki hi¢ bir su kaynag: ile baglantis1 yoktur, bu
nedenle zebra midyeler Sarimehmet Baraji'na insan eliyle
taginmustir. Zebra midyelerin, Sarimehmet Barajina nasil
ve ne zaman tasindigma iliskin kesin bir bilgi
bulunmamaktadir. Sucul ekosistemler igin biiytik sorunlar
olusturan  istilact  tiirlerin  yayilmasinda  kiiltiir
balikgiliginda gerceklestirilen baliklarin baska bir su
kaynagma tasinmast islemleri Dreissena polymorphaand ve
Corbicula fluminea tiirti midyelerin tasinmasinda tasiyici
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gorevi goriir (Schall, 2019). Atatiirk ve Birecik Baraji ve
HES'lerinde midye sorunlari olusmast tizerine, midyelerin
Atatiirk Baraj Goliine su sporlart amaciyla getirilen
tekneler araciligiyla bulasmis olabilecegi diistiniilmiistiir
(Bobat et al., 2002). Zebra midyenin Kuzey Amerika nin
tath su ekosistemine girisinin, bir transatlantigin balast
suyu araciligiyla oldugu tahmin edilmektedir (Bobat,
Hengirmen, & Zapletal, 2004). Ayrica, midyelerin su
disinda nemli ortamlarda uzun stire hayatta kalabildikleri
bilinmektedir (Bobat et al., 2002; Bobat et al., 2004; DSI,
2005). Yukaridaki bilgiler ve midyelerin yayiim yollar
dikkate alindiginda, Sarimehmet Barajinda kafeslerde
Gokkusag alabalig: tiretimi yapan tesisin yakin illerden
yavru balik ve kullanilmis malzeme alarak barajda
kullanmasi, resmi kurumlar tarafindan diger illerden
getirilen sazan yavrularmin baraja asilanmasi, barajda
amator balik¢ilik yapan kisilerin yakin illerde kullandig:
av araglarimni barajda kullanmasi, zebra midyenin baraja
taginmasinda olasi ihtimaller olarak diistiniilmektedir.
Zebra midyelerin gelismesine en uygun su kalite degerleri;
sicaklik 18-20 °C, pH>8, CO >8 ve tuzluluk %o00-1
araliginda bildirilmistir (Claudi & Mackie, 1994; DSI,
2012). Bu degerler dikkate alindiginda Sarimehmet
Baraji'ndaki ¢oziinmiis oksijen ve pH degerlerinin zebra
midyenin gelismesi igin uygun oldugu goriilmektedir.
Barajda olgiilen sicaklik ve tuzluluk degerleri midyelerin
ideal gelisme kriterlerine sahip olmasa da hayatta
kalmalarim1 engelleyecek simirlarin disinda olmadiklar:
goriilmektedir. Zebra midyelerin barajin her tarafina
yay1lmis olmalar1 ortama uyum sagladiklarinin en belirgin
gostergesidir. Disi zebra midyeler, bir defada 40000 adet
yumurta birakabilir ve hayat1 boyunca biraktigi yumurta
sayist 1 milyona ulagabilir. Yumurtalarin kulugka stiresi 3-
5 giin olup yumurtadan ¢ikan larvalar 1 aya kadar
akmtilar yoluyla suda ozgiirce yiizerler. Bu donem
planktonik donem olarak da adlandirilir (Bobat et al.,
2002). Bu ytizden, su an igin sadece barajin iginde goriilen
zebra midyelerin akint1 yoluyla barajin asagi kesimlerine
dogru yayilarak Van Goli'ne kadar ulasacag:
diistintilmektedir. Balik¢ilik yonetimi agisindan bolge
balikgilig1 tizerine etkileri goz dniine alindiginda 6ncelikle
Karasu Cay1 ve Van Golii'ne dokiilen diger akarsular,
golde yasayan ve Nisan-Temmuz aylar1 arasinda tiremek
icin golden akarsulara tireme gocii gerceklestiren inci
kefallerinin iireme habitatlarii olusturmaktadir. Inci
kefalleri Van Golii'ne dokiilen derelerin taglik ve kumluk
olan taban ve kiy1 kesimlerine yumurtalarim
birakmaktadir. Bu alanlarin zebra midyeler tarafindan
isgal edilmesi inci kefali tireme gocii igin biiytik bir sorun
olusturacaktir. Bu ytizden, alinacak tedbirler ile zebra
midyenin Sarimehmet Baraji’'ndan diger akarsu ve gollere
taginmasinin engellenmesi gerekmektedir. Van Golu su
kalitesi bakimindan ekstrem 6zelliklerde olan bir goldiir.
Goldeki tuzluluk %019, pH 9.5'tir (Sari, 2008). ZMIS (2001),
tarafindan zebra midyelerin tuzlulugu %.3’den fazla olan
ortamlarda sorun olusturma ihtimalinin ¢ok diisiik
oldugu bildirilmistir. Bu ytizden tuzlulugu %.19 olan Van
Golii'nde Zebra midyelerin yasama ihtimalinin az oldugu
diistintilmektedir. Ricciardi, Neves, ve Rasmussen (1998)
tarafindan zebra midyenin Amerika’daki biytik goller
bolgesine girmesinden sonra gollerdeki tath su
midyelerinin %12’sinin yok oldugu ve zebra midyelerin
suyu aktif filtre etme kabiliyetleri nedeniyle sucul
ekosistemlerdeki biyogesitliligin azalmas1 yoniinde biiytik
bir tehdit olusturduklarini bildirmislerdir. Diger midyeleri
yok ettigi bilinen zebra midyelerden Karasu Cayi'nda
bulunan tatli su midyelerinin olumsuz etkilenecegi
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diistintilmektedir. Sucul ekosistemlerdeki besin iligkileri
karmasgik bir yapiya sahiptir. Bu nedenle besin zincirinde
meydana gelecek olan bozulmalarin ekosistem genelinde
nasil bir etki olusturacagini kesin olarak tahmin etmek
zordur. Yetiskin zebra midye bireyleri bir giinde bir litre
suyu siizmekte ve ortamdaki plankton yogunlugunu
azaltmaktadir. Bu durum sucul ekosistemdeki trofik
diizeyler arasindaki iliskinin bozulmasmna neden
olmaktadir (Karatayev & Burlakova, 1995). Bu ytizden,
besin pramidinin temelini olusturan planktonlar tizerinde
baski olusturan zebra midyelerin, Sarimehmet Baraji ve
Karasu Cayr'ndaki canlilar arasindaki trofik iligkileri
olumsuz etkileyecegi diisiiniilmektedir. Zebra midyelerin
zararlarinin yani sira, balik¢ilik agisindan bazi yararlariin
da oldugu bildirilmistir. Molloy, Karatayev, Burlakova,
Kurandino ve Laruelle, (1997) tarafindan sazan
baliklarinin (Cyprinus carpio) zebra midyeler ile beslendigi
bildirilmistir. Karasu Cayi ve Sarimehmet Baraji'nda
yasayan diger balik tiirleri ile ilgili zebra midyeler
tizerinden beslenmelerine iligkin bir kayit
bulunmamaktadir. Bu yiizden, zebra midyelerin
Sarimehmet Baraji’'nda bulunan sazan populasyonu igin
yeni bir besin kaynagi olacag diistiniilmektedir. Paolucci,
Thuesen, Cataldo, ve Boltovskoy (2010) tarafindan midye
yumurtalarinin  balik larvalart igin avlanmasi kolay,
enerjisi yiiksek besinler oldugu ve bu durumun larvalarin
biiytimesini hizlandirdigr  bildirilmistir. ~ Yukaridaki
bilgiler 15181nda zebra midyelerin sucul ekosistemlerdeki
balikgiliga zararlar1 ve faydalar1 oldugu gortilmektedir.
Zebra midye varhigim Van ili balikgiligi agisindan
duistindiigtimiizde oncelikli olarak Karasu Cay1 ve
bulagsmas1 muhtemel diger derelerde inci kefali tireme
habitatlarm isgal edecektir. Van Golii inci kefali stokunun
stirdiiriilebilirligi derelere yapilan iireme gogiiniin
basarisina baglidir. Bu alanlarin midyeler tarafindan istila
edilmesi tireme gogii basarisini diistirecektir. Inci kefali
iilkemizde avcilik yolu ile elde edilen i¢ su baliklar
tretimimizin her yil yaklastk 1/3lik bolimuni
karsilamakta ve bolgede 14000 insanin ge¢im kaynagim
olusturmaktadir. Bu ytizden inci kefali tireme habitatlarini
tehdit eden zebra midyelerin baska derelere yayilmasimin
ontine gecilmesi Van Golii inci kefali stoku igin yararl
olacaktir. Sarimehmet Baraj Golii'niin her tiirlii avciliga
kapatilmasinin, ag kafeslerde gokkusagi baligi tiretimi
yapan isletmedeki malzemelerin ve baliklarin ildeki baska
su kaynaklarma taginmasmin engellenmesi midyelerin

yaylmasimt ~ onleme  agisindan  yararli  olacagi
diistiniilmektedir.
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Abstract: Research areas are the National Park of Karatepe-Aslantas, Harun Resit Castle, Haruniye Springs, and Sarlak Falls
located in Osmaniye, Turkey. This study was conducted between 2015 and 2016. As a result of this study, 164 taxa belonging
to 59 families, 139 genera, 135 species, 23 subspecies, and 6 varieties were determined. Fifteen taxa identified in the study area
were endemic and the rate of endemism was 9.1%. The distribution of taxa in phytogeographic regions in the research area is
as follows: Mediterranean (including the Eastern Mediterranean) 63 taxa (38.4%), Euro-Siberian 10 taxa (6.1%), Irano-Turanian
7 taxa (4.3%), 39 widespread taxa (23.8%) and 45 unknown taxa (27.4%). Fabaceae (26), Asteraceae (13), Lamiaceae (13),
Brassicaceae (7), and Rosaceae (7) are the largest families in terms of the number of taxa in the research area. Securigera DC.
(3), Centaurea L. (3), Quercus L. (3), and Salvia L. (3) are the largest genera in terms of the number of taxa in the research area.
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Karatepe-Aslantas Milli Parki ve Baz1 Dogal/Kiiltiirel Koruma Alanlar1 Uzerine Floristik Bir
Arastirma (Osmaniye, Tiirkiye)

Oz: Arastirma alanlar1 Osmaniye (Tiirkiye) ilinde bulunan Karatepe-Aslantas Milli Parki, Harun Resit Kalesi, Haruniye
Kaplicalar1 ve Sarlak Selalesidir. Bu ¢alisma 2015-2016 yillar1 arasinda yapilmistir. Calisma sonucunda 59 familyaya ait 139
cins, 135 tiir, 23 alttiir ve 6 varyete olmak tizere toplam 164 takson tespit edilmistir. Calisma alaninda tespit edilen taksonlardan
15 tanesi endemik olup, endemizm orami %9.1'dir. Arastirma alaninda taksonlarin fitocografik bolgelere dagilimi soyledir:
Akdeniz (Dogu Akdeniz dahil) 63 takson (%38.4), Avrupa-Sibirya 10 takson (%6.1), fran-Turan 7 takson (%4.3), Genis yayilislt
39 takson (%23.8) ve bilinmeyen 45 (%27.4) taksondur. Arastirma alaninda takson sayis1 bakimindan en biiyiik familyalar
Fabaceae (26), Asteraceae (13), Lamiaceae (13), Brassicaceae (7) ve Rosaceae (7)'dir. Arastirma alaninda takson sayisi
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bakimindan en biiytik cinsler Securigera DC. (3), Centaurea L. (3), Quercus L. (3) ve Salvia L. (3)dir.

Anahtar kelimeler: Korunan ortamlar, bitki cesitliligi, taksonomik kayitlar, Akdeniz, Anadolu.

1. Giris

Tirkiye, bitki gesitliligi konusunda oldukga zengin ve 6zel
bir konuma sahiptir. Cografik konumu, fitocografik
ozellikleri, klimatik ve edafik gesitliligi nedeniyle,
barindirdig1 endemik tiirler bakimindan diinyanin sayil
iilkeleri arasinda yer almaktadir (Davis & Hedge, 1975).

Calisma alanlarimizin igerisinde yer aldig1 Osmaniye
ili, bitki cografyasi acisindan holoarktik flora alemi
icerisinde  olup, Dogu  Akdeniz  boliimiinde
bulunmaktadir. Jeobotanik agidan bélgemiz Akdeniz sert
yaprakli ormanlar1 olarak tanimlanmustir. Bolgemizde
dikey yonde {i¢ farkli vejetasyon kusagi yer almaktadir.
Bunlar; maki, orman ve orman itistii kusaklarindan
olusmaktadir (Cevre ve Sehircilik Bakanligi, 2016; Ortag,
2017).

Arastirma alanina yakin bolgelerde benzer florostik
calismalar yapilmustir. Bu calismalar; Altmozli (2004)
Adana Yumurtalik Lagiinii'nden 65 familyaya ait 186 cins,
234 takson tespit etmistir. Tespit edilen taksonlardan 3
tanesi endemik olup endemizm oram1 %3.1'dir. Kavak
(2006) Burnaz Kumullari’'ndan 45 familyaya ait 147 cins,
229 takson tespit etmistir. Tespit edilen taksonlardan 7
tanesi endemik olup endemizm orant %3.05'dir. Akinc

(2010), Akdag ve Cevresi'nden 88 familyaya ait, 362 cins
ve 739 takson tespit etmistir. Tespit edilen taksonlardan
100 tanesi endemik olup endemizm orani %13.6'd1r.
Paksoy ve Savran (2011), Sarimsak dagi ve Korkun
Vadisi'nden 78 familyaya ait 315 cins ve 652 takson tespit
etmistir. Tespit edilen taksonlardan 135 tanesi endemik
olup endemizm oramt %20.7'dir. Tatarli Hoytik'tinden, 38
familyaya ait 110 cins ve 149 takson tespit edilmistir. Tespit
edilen taksonlardan 3 tanesi endemik olup endemizm
oran1 %2'dir (Kavak, Talip, Aslan, Cakan, & Umut, 2012).
Keskin (2014), Kizildag Yayla ve Cevresinden 75
familyaya ait 285 cins ve 574 takson tespit etmistir. Tespit
edilen taksonlardan 97 tanesi endemik olup endemizm
orani %16.8'dir. Tuibives (Ttirkiye Bitkileri Veri Servisi)
verilerine gore Osmaniye ilinin tamaminda toplam 443
takson tespit edilmistir (Orman ve Su Isleri Bakanlig1,
2013). Tespit edilen bu taksonlardan 108 tanesi endemik
olup endemizm orani %24.3'diir.

Bu arastirmada Osmaniye ilinde bulunan Karatepe-
Aslantas Milli Parki, Harun Resit Kalesi, Haruniye
Kaplicalar1 ve Sarlak Selalesi floras iizerine bir envanter
calismast yapmak, bu alanlarda ve Osmaniye ilinde
yapilacak  diger  arastirmalara  katki = saglamak
amaclanmustr.

*Corresponding author: orto_19891989@yahoo.com.tr
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2. Materyal ve Yontem

Calisma alaninin materyalini 2015-2016 yillar1 arasinda
Osmaniye ilinde bulunan Karatepe-Aslantas Milli Parki,
Harun Resit Kalesi, Haruniye Kaplicalar: ve Sarlak Selalesi
cevresinden toplanan bitki ¢rnekleri olusturmaktadur.
Calisma alanlarma farkli vejetasyon donemlerinde
gidilmis, toplanan bitki 6rnekleri herbaryum materyali
olarak muhafaza edilmeye uygun olacak bicimde
kurutulmus ve preslenmistir. Etiket bilgisi i¢in gerekli
notlar (adres, habitat, tarih vs.) alinmis ve toplanan bitki
ornekleri herbaryum materyali haline getirilmistir.
Toplanan bitki orneklerinin teshisi temel kaynaklardan
(Davis, 1965-1985; Davis, Mill, & Tan, 1988; Giiner,
Ozhatay, Ekim, & Bager, 2000) yararlanilarak yapilmstir.
Bitki oOrnekleri Hatay Mustafa Kemal Universitesi
Herbaryumunda saklanmaktadir. Tespit edilen bitki

orneklerinin tehlike kategorileri ve Tiirkce isimleri
yazilmustir (Vural, 2006; Giiner, Aslan, Ekim, Vural, &
Babag, 2012).

Arastirma alanlarmin florasii meydana getiren
taksonlar ile Tiibives (Tiirkiye Bitkileri Veri Servisi)
verilerinde yer alan taksonlardan ayni olanlar1 (*) isareti ile
isaretlenmistir. Taksonlarm ait olduklar1 gtincel
familyalar, alfabetik siraya gore listelenmistir. Tespit
edilen taksonlar; listede sirasiyla; familya ismi, gtincel

bilimsel  adi,  fitocografik = bolgesi,  endemizm
durumu/tehlike kategorisi ve Tiirkce adi seklinde
verilmigtir. Ornek toplanan adresler numaralarla

gosterilmistir. Bu adresler: 1: Harun Resit Kalesi, 2:
Haruniye Kaplicalari, 3: Karatepe-Aslantas Milli Parki, 4:
Sarlak Selalesi’dir (Tablo 1).

0 4 8 % 24 2
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Sekil 1. Arastirma alanlarinin konumu.
3. Bulgular

Calisma alanlarimin tamami Osmaniye ilinde ve Davis
(1965-1985)'in  kullandig1 grid sistemine gore “C6”
karesinde yer almaktadir. Harun Resit Kalesi ve Haruniye
kaplicalar: Diizigi Ilcesinde, Karatepe-Aslantas Milli Park:
Diizici-Kadirli ve Sarlak Selalesi Sumbas-Kadirli ilceleri
arasinda bulunur (Sekil 1).

Harun Resit Kalesi kalker kayaliklardan olusan bir
tepe tizerine kurulmustur. Alandaki bitki ortiisti tipik
maki elemanlarindan olusmaktadir. Haruniye Kaplicalar:
Ceyhan nehir yatag1 kiyisinda bulunmaktadir. Alanin bir
kenar1 dere vejetasyonu ozelligi gostermektedir. Diger
kisimlar konifer orman ve maki elemanlarindan
olusmaktadir. Karatepe-Aslantas Milli Parki baraj
kenarinda olup, sucul ve konifer orman habitatinin hakim
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oldugu peyzaj degeri yiiksek bir alandir. Sarlak selalesi ise,
Kesiksuyu cay1 tizerinde bulunmaktadir. Arastirma
kapsamina giren bu alanlarda genel olarak kaya, sucul ve
konifer orman vejetasyonu gozlenir (Cevre ve Sehircilik
Bakanligi, 2016).

Osmaniye ili yillik sicaklik ortalamasi 18.4°Cdir.
Ortalama sicakliklar bakimindan en soguk ay 8.6°C ile
ocak, en sicak ay ise 28.5°C ile agustostur. En sicak ve en
soguk ay arasinda 19.9°C'lik fark vardir. Aragtirma
alanlarinda ortalama yillik yagis miktar: 827.6 mm’dir. En
fazla yagis 120.5 mm ile mart ayinda, en az yagis ise 5.7
mm ile agustos ayinda 6lgtilmiistiir. En fazla ve en az yagis
arasinda 114.8 mm fark vardir. Mevsimsel olarak yillik
toplam yagisin %36.2'sinin kisin, %33.6’sinin ilkbahar,
%23.9'unun sonbahar ve %6.3'tintin de yazin diistugi
rapor edilmistir (Meteoroloji Genel Mudirligi, 2019).
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Arastirma alanimin iklim diyagrami Meteoroloji Genel
Mudiirligi (2019)'nden elde edilen 1981-2010 yillar
arasindaki verilere gére hazirlanilmistir (Sekil 2).
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Sekil 2. Osmaniye ilinin iklim diyagrami (Meteoroloji Genel
Miidiirliigii, 2019).
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4. Tartisma

Arastirma alanlarindan toplanan bitkilerin teshisi sonucu;
59 familya ve 139 cinse ait toplam 135 tiir, 23 alttiir ve 6
varyete olmak tizere toplam 164 takson tespit edilmistir.

Tablo 1. Arastirma alaninda tespit edilen bitki listesi

Tespit edilen bu taksonlardan 151 endemik olup,
aragtirilan alanlarin endemizm orami %9.1’dir. Arastirma
alaninda tamimlanan taksonlardan 30 tanesi Tiibives
verilerinde yer alan taksonlarla ayni olup 134 tanesi
farklidir. Cakisan 30 taksondan 7 tanesi endemik olup 8
tanesi ise farklidir. Tespit edilen taksonlarin fitocografik
bolgelere dagilimi soyledir: Akdeniz (Dogu Akdeniz
dahil) 63 takson (%38.4), Avrupa-Sibirya 10 takson (%6.1),
fran-Turan 7 takson (%4.3), Genis yayilish 39 takson
(%23.8) ve bilinmeyen 45 (%27.4) takson (Tablo 2).
Akdeniz fitocografik bolge elementi olan taksonlarmn
fazlahigl, arastirma alanlarimin tamammin bu bolgede
olmasmin dogal bir sonucu olarak degerlendirilmistir
(Tablo 2).

Arastirma alaminda tespit edilen 15 endemik
taksondan 11'i Akdeniz ve 2’si Iran-Turan fitocografik
bolge elementidir. 2 taksonun ise fitocografik bolgesi belli
degildir. Tespit edilen endemik taksonlar, dahil edildikleri
tehlike kategorileri bakimindan gruplandirildiginda; 1
taksonun CR (kritik), 1 taksonun VU (zarar gorebilir), 6
taksonun NT (tehdit altina girebilir) ve 7 taksonun LC (en
az endise verici) kategorisinde oldugu tespit edilmistir
(Vural, 2006).

Endemizm
Familya Bilimsel Ad Fitocografik Bolge /Tehlike  Tiirk¢e Ad Adres
kategorisi

Adoxaceae Sambucus ebulus L. Avrupa-Sibirya Elementi -/ Miirver otu 1,2

Amaryllidaceae Allium neapolitanum Cirillo Akdeniz Elementi -/ Sarimsak ¢icegi 3

Anacardiaceae Cotinus coggygria Scop. - -/ Boyaci somag (Sar1 kok, Sar1 odun) 2,3
Pistacia paleastina Boiss. Dogu Akdeniz Elementi -/ Menengic 1,2,3,4
Rhus coriaria L. - -/ Somak 1

Api Eryngium campestre L. var. virens (Link) . .

piaceae Woeins Genis Yayilish -/ Yerkestanesi 3

E. falcatum F.Delaroche Dogu Akdeniz Elementi -/ Catal bogadikeni 3,4

Apocynaceae Nerium oleander L. Akdeniz Elementi -/ Zakkum 2,4

Araliaceae Hedera helix L. - -/ Duvar sarmasigt 1,2,3

Asparagaceae Asparagus acutifolius L. Akdeniz Elementi -/ Tilkisen 1,234
*Muscari parviflorum Desf. Akdeniz Elementi -/ Giiz miigkiiriimii 3
M. babachii Eker & Koyuncu Akdeniz Elementi +/ CR Tekin Siimbiilii 1,2
Prospera autumnale L. Akdeniz Elementi -/ Giiz Siimbiilii 1,3
*Ruscus aculeatus L. - -/ Tavsanmemesi 1,2,3,4

Astereceae Bellis perennis L. Avrupa-Sibirya Elementi -/ Koyungdziiotu 1,34
g’j{%’gg;} ?E:Z;ffhulus L. subsp. albidus Genis Yayilish -/ Esek soymaci 1,4
Centaurea iberica Trevir. ex Spreng. Genis Yayilish -/ Deligozdikeni 4
*C. lycopifolia Boiss. & Kotschy Dogu Akdeniz Elementi +/NT Cerrah Otu 1,24
C. solstitialis L. subsp. solstitialis Genis Yayilish -/ Cakirdikeni 2,4
Cichorium intybus L. Genis Yayilish -/ Hindiba 4
*Doronicum orientale Hoffm. Genis Yayilish -/ Kaplan otu 1,3
Echinops ritro L. - -/ Topuz 3
Inula viscosa (L.) Aiton Akdeniz Elementi -/ Andizotu 1,2,3
Notobasis syriaca (L.) Cass Akdeniz Elementi -/ Yavan kenger 4
Picnomon acarna (L.) Cass. Akdeniz Elementi -/ Kilgik diken 1
Silybum marianum (L.) Gaertn. Akdeniz Elementi -/ Devedikeni 1
Sonchus oleraceus L. - -/ Esek gevregi 2

Boraginaceae *Alkanna kotschyana DC. Dogu Akdeniz Elementi +/LC Mese havacivasi 3
Cynoglossum creticum Mill. - -/ Pisik tetigi 1,3
C. montanum L. Avrupa-Sibirya Elementi -/ Dag kopekdili 1
Heliotropium europaeum L. Akdeniz Elementi -/ Akrep otu 1

Brassicaceae Capsella bursa-pastoris (L.) Medik. Genis Yayilish -/ Cobangantast 1
Fibigia clypeata (L.) Medik. subsp. clypeata .
var.gerioc%zr;pu (D(C)) Post P -/ Sikkeotu 1
Nasturtium officinale R.Br. Genis Yayilish -/ Su teresi 4
E\\I;:llz’l;‘z)agroc:riﬁu (L) Desv. subsp. thracica Genis Yayilish -/ Gogmenhardall 1,4
glf ggz’;;;ﬁz?mﬁmm L subsp. Genis Yayilish -/ Esek turpu 1
Sinapis arvensis L. Genis Yayilish -/ Hardal 1
Thiaspi cilicicum (Boiss.) Hayek - +/NT  Seytan dagarcigi 1
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Endemizm
Familya Bilimsel Ad Fitocografik Bolge /Tehlike  Tiirk¢e Ad Adres
kategorisi
Campanulaceae *Campanula rapunculoides Ls Avrupa-Sibirya Elementi -/ Elmacik 4
*C. strigosa Banks & Sol. Dogu Akdeniz Elementi -/ Kirag cani 4
*Michauxia campanuloides L'Herit ex Aiton ~ Dogu Akdeniz Elementi -/ Kesir 1
Cannabaceae Celtis planchoniana K.L.Chr. Genis Yayilish -/ Dahum 2,3
Humulus lupulus L. Avrupa-Sibirya Elementi -/ Serbetciotu 1
Capparaceae Capparis spinosa L.a - -/ Kebere 2
Caprifoliaceae Cephalaria taurica Szabo - +/ VU Kirim pelemiri 1,2
Scabiosa rotata M.Bieb. fran-Turan Elementi -/ Top uyuzotu 1
Caryophyllaceae  *Dianthus zonatus Fenzl var. zonatus - -/ Kaya karanfili 1
Silene colorata Poir. - -/ Kum nakilt 1
S. viscosa (L.) Pers. - -/ Konya giviskani 2
Cistaceae Cistus creticus L. Akdeniz Elementi -/ Laden 1,2,3
C. salviifolius L. Genis Yayilish -/ Kartli 2,3
Helianthemum nummularium (L.) Mill.
subsp. nummularium © . -/ Giingula 1
Colchicaceae *Colchicum cilicicum (Boiss.) Dammer Dogu Akdeniz Elementi -/ Ayicigdemi 3
Corylaceae Corylus avellana L. var. avellana Avrupa Sibirya Elementi -/ Findik 1
Ostrya carpinifolia Scop. Akdeniz Elementi -/ Firek 1,4
Crassulaceae Umbilicus luteus (Huds.) Webb & Berthel. - -/ Dik Gobek Otu 2
Cupressaceae Juniperus oxycedrus L. subsp. oxycedrus Genis Yayilish -/ KatranArdici 1
Datiscaceae Datisca cannabina L. - -/ Renk otu 2,3,4
Dennstaedtiaceae  Pteridium aquilinum (L.) Kuhn. - -/ Egrelti 2
Elaeagnaceae Elaeagnus angustifolia L. Genis Yayilish -/ igde 3
Ericaceae *Arbutus andrachne L. - -/ Sandal agaci 2
A. unedo L. - -/ Kocayemis 3,4
Erica manipuliflora Salisb. Dogu Akdeniz Elementi -/ Piiren 3
Euphorbiaceae Euphorbia helioscopia L. Genis Yayilish -/ Feriban otu 1
E. aleppica L. Genis Yayilish -/ Hagul 2
Fabaceae Astragalus hamosus L. - -/ Kogboynuzu 3
*A. schizopterus Boiss. Dogu Akdeniz Elementi -/ Kedi comag: 1,4
*Calicitome villosa (Poiret) Link Akdeniz Elementi -/ Keci bogan 3
*Cercis sliquastrum L. subsp. hebecarpa
(Bornm.) Z(alt. i v ) -/ Zazalak 54
Colutea cilicica Boiss. & Balansa Genis Yayilish -/ Patlangag 1,2
Cytisus drepanolobus Boiss. Dogu Akdeniz Elementi +/NT Has kusgubugu 3
Dorycnium hirsutum (L.) Ser. Akdeniz Elementi -/ Killi kaplanotu 3
*D. Pentuphyllum Scop. subsp. haussknechtii fran-Turan Elementi +/1C Gerveniik 23
(Boiss.) Gams
Eigf"lfsatﬁ/&uzn;fﬁ is Boiss. subsp. lydia (Boiss.) Dogu Akdeniz Elementi -/ Katirtirnag: 3
*Glycyrrhiza flavescens Boiss. Dogu Akdeniz Elementi +/NT Sar1 meyan 3
Hammatolobium lotoides Fenzl Dogu Akdeniz Elementi -/ Alagazal boynuzu 3
Hippocrepis emerus L. subsp. emeroides
(Bgiis. &pSpruner) Lassenp ) -/ Yalaner burcak L23
Lathyrus aphaca L. var. biflorus Post Genis Yayilish -/ Miirdiimiik 1,2
ggiﬁz rus variabilis (Boiss & Kotschy) Dogu Akdeniz Elementi -/ Bay1r burcagi 3
Lotus cytisoides L. Akdeniz Elementi -/ Sepik tirfili 3
Onobrychis gracilis Besser - -/ Zarif korunga 3
ZISS;TE ::tggi;;;lg?r) eelluuttzlzs (M.Bieb.) Akdeniz Elementi -/ Boylu bezelye 2
Bituminaria bituminosa L. Akdeniz Elementi -/ Asfaltotu 1,2
Robinia pseudoacacia L. - -/ Yalanci akasya 1
Securigera cretica( L.) Lassen Akdeniz Elementi -/ Yalanci otu 1,3
S. grandiflora Lassen Dogu Akdeniz Elementi +/LC Yalanci manolya 1,2
S. varia (L.) Lassen Dogu Akdeniz Elementi -/ Tas Yoncasi 1
Spartium junceum L. Akdeniz Elementi -/ Katir Tirnagt 3,4
Trifolium repens L. var. repens - -/ Ak Uggiil 3
Vicia cracca L. subsp. stenophylla Vel. Genis Yayilish -/ Mese figi 3
V. hybrida L. Genis Yayilish -/ Melez bakla 1
Fagaceae Quercus brantii Lindley Iran-Turan Elementi -/ Kara mese 3
Q. cerris L. Akdeniz Elementi -/ Sacli mesesi 1,3,4
Q. coccifera L. Akdeniz Elementi -/ Kermes mesesi 1,23
Gentianaceae Centaurium pulchellum (Sw.) Druce Genis yayilish -/ Pembe Tukul 2
Geraniaceae Erodium gruinum L. Dogu Akdeniz Elementi -/ Kargadidag: 4
Geranium lucidum L. - -/ Dakka otu 1,4
Hypericaceae Hypericum perfoliatum L. Akdeniz Elementi -/ Binbirdelikotu 2,3,4
*H. thymifolium Banks & Sol. Dogu Akdeniz Elementi -/ Cam kantaronu 1
Iridaceae Gladiolus italicus Mill. - -/ Kilig otu 3
Juglandaceae Juglans regia L. Genis Yayilish -/ Ceviz 1
Juncaceae *Juncus inflexus L. Genis Yayilish -/ Sazak 4
Lamiaceae Ajuga orientalis L. - -/ Dag mayasili 1,4
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Endemizm
Familya Bilimsel Ad Fitocografik Bolge /Tehlike  Tiirk¢e Ad Adres
kategorisi
*Lamium maculatum L. Dogu Akdeniz Elementi Benlibalicak 1
é\gi?éga Ié(:ﬁggj})lm (L.)Huds. subsp. typhoides Genis Yayilisl iy Dere nanesi 4
Micromeria myrtifolia Boiss. & Hohen. Dogu Akdeniz Elementi -/ Bogumlucay 3,4
*Origanum laevigatum Boiss. Dogu Akdeniz Elementi -/ Kir mercant 1
O. onites L. Dogu Akdeniz Elementi -/ Bilyal: kekik 1,2,3
*Prunella vulgaris L. Avrupa-Sibirya Elementi -/ Gelincikleme otu 3,4
Salvia fruticosa Mill. Dogu Akdeniz Elementi -/ Adacgay1 1
S. verbenaca L. Akdeniz Elementi -/ Elma kekigi 3
*S. viridis L. Akdeniz Elementi -/ Zarifsalba 2,3,4
*Stachys amanica P.H.Davis Dogu Akdeniz Elementi +/NT Kalin karabas 1
S. rupestris Montbret & Aucher ex Benth. Dogu Akdeniz Elementi +/LC Bodur delicay 2,4
Vitex agnus-castus L. Akdeniz Elementi -/ Hay1t 3,4
Lauraceae Laurus nobilis L. Akdeniz Elementi -/ Defne 2,3,4
Linaceae Linum hzf’sutum L. subsp. pseudoanatolicum fran-Turan Elementi +/LC Bozkir keteni 1,2
P.H.Davis
Lythraceae Punica granatum L. - -/ Nar 1,2,4
Malvaceae Alcea digitata (Boiss.) Alef. fran-Turan Elementi -/ Boylu hatmi 1
Malva sylvestris L. - -/ Ebegiimeci 1,4
Moraceae Ficus carica L. subsp. carica Genis Yayilish -/ Incir 1,2,3,4
Morus alba L. Genis Yayilish -/ Akdut 1
Myrtaceae Muyrtus communis L. subsp. communis - -/ Mersin 2,3
Oleaceae Fontanesia philliraeoides Labill. Dogu Akdeniz Elementi -/ Cilbirt1 2,3,4
Fraxinus ornus L. subsp. cilicica Dogu Akdeniz Elementi +/LC Toros disbudagt 1,3
Jasminum fruticans L. Akdeniz Elementi -/ Boruk 1,2,3
Olea europaea L. - -/ Zeytin 2
O. europaea L. subsp. europaea Akdeniz Elementi -/ Zeytin 3
*Phillyrea latifolia L. Akdeniz Elementi -/ Akcakesme 2,3,4
Orchidaceae Ophrys speculum Link subsp. speculum Akdeniz Elementi -/ Ayna salebi 3
Papaveraceae Papaver rhoeas L. Genis Yayilish -/ Gelincik 1,2
P. syriacum Boiss. & Blanche - -/ Kellinar 2
Pinaceae Pinus brutia Ten. Dogu Akdeniz Elementi -/ Kizilgam 2,3
P. pinea L. GenisYayilish -/ Fistik gamu1 2
Plantaginaceae Anarrhinum orientale Benth. fran-Turan Elementi -/ Siipiirge otu 1
Plantago lanceolata L. Genis Yayilish -/ Damarlica 3
P. major L. subsp. major - -/ Sinir otu 4
Veronica kotschyana Benth. Dogu Akdeniz Elementi +/NT Kaya mavisi 1
Platanaceae Platanus orientalis L. Genis Yayilish -/ Cinar 2,3,4
Poaceae Arundo donax L. - -/ Kargt 3
Awvena sterilis L. subsp. ludoviciana (Durieu
Gillet et Magne F ( ax -/ Horazotu L
Dactylis glomerata L. subsp. glomerata Avrupa-Sibirya Elementi -/ Domuzayrigt 1,23
Hordeum bulbosum L. Genis Yayilish -/ Boncuk arpa 1
Pennisetum orientale Rich. fran-Turan Elementi -/ Fiskiye otu 3
Phragmites australis (Cav.) Trin. ex Steud. Avrupa-Sibirya Elementi -/ Kamus 3
Polygonaceae Rumex crispus L. - -/ Labada 4
Pteridaceae Adiantum capillus-veneris L. Genis Yayilish -/ Baldirikara 2,4
Ranunculaceae *Thalictrum orientale Boiss. Dogu Akdeniz Elementi -/ Zarif kaytaran 2
*Clematis cirrhosa L. Akdeniz Elementi -/ Bahar sarmasig1 3
Rhamnaceae Paliurus spina-christi Mill. - -/ Karagalt 1,3,4
Rosaceae Crataegus monogyna Jacq. var. monogyna Genis Yayilish -/ Yemisen 3,4
Geum urbanum L. Avrupa-Sibirya Elementi -/ Meryem otu 1
*Potentilla calycina Boiss. and Balansa DoguAkdeniz Elementi +/LC icel parmakotu 1
Pyracantha coccinea M.Roem. - -/ Ates dikeni 4
Rosa canina L. - -/ Kusburnu 1
Rubus sanctus Schreb. Genis Yayilish -/ Bogiirtlen 1,2,3,4
Sanguisorba minor Scop. subsp. minor Genis Yayilish -/ Cayir diigmesi 1
Smilaceae *Smilax aspera L. - -/ Gicir Dikeni 1,2,3,4
Styracaceae Styrax officinalis L. - -/ Ayifindig1 1,34
Tamaricaceae Tamarix smyrnensis Bunge - -/ Iigin 3
Ulmaceae Ulmus glabra Huds. Avrupa-Sibirya Elementi -/ Dag karagaci 1
Urticaceae *Parietaria judaica L. Genis Yayilish -/ Duvar feslegeni 2,4
Verbenaceae Verbena officinalis L. Genis Yayilish -/ Minegicegi 2
Vitaceae Vitis vinifera L. - -/ Asma 1,2

Aragtirma alan1 ve yakin bolgelerde yapilan floristik
calismalarda tespit edilen endemizm oranlar1 bakimmdan
bir karsilastrma yapildiginda, en yiiksek endemizm
oraninin %24.38 ile Osmaniye Doga Turizmi Master Plam
calismasinda, en diisiik oraninin ise %1.3 ile Adana
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Yumurtalik Lagiiniinde sinda
(Orman ve Su Isleri Bakanligi, 2013; Altinozli, 2004).
Osmaniye Doga Turizmi Master Planu adli ¢alismada
endemizm oraninin yiiksek ¢ikmasi, bolgenin yiikselti ve
habitat bakimindan ¢ok cesitlilige sahip olmasiyla
aciklanabilir (Tablo 3).

oldugu gorilmiistiir
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Arastirma alanlar1 ile yakin bolgelerde yapilan
floristik ¢alismalarda tespit edilen taksonlar, fitocografik
bolgelere gore dagilimi bakimindan kiyaslandiginda
Sarmmsak Dag1 ve Korkun Vadisi adli ¢alisma hari¢ diger
calismalarda Akdeniz fitocografik bolge elementinin
yiiksek oldugu goriilmiistiir (Altinozlii, 2004; Kavak, 2006;
Akincy, 2010; Paksoy, & Savran, 2011; Kavak et al., 2012;
Orman ve Su Isleri Bakanligi, 2013; Keskin, 2014). Bu
durum, s6z konusu alanlarin Akdeniz bolgesinde yer
almasi seklinde agiklanabilir (Tablo 4).

Aragtirma alanlar1 ile yakin bolgelerinde yapilan
floristik calismalar, en ¢ok takson igeren familyalar
bakimindan kiyaslandiginda Adana Yumurtalik Lagiinii,
Burnaz Kumullar1 ve Osmaniye Doga Turizmi Master
Plant adli calismalarda Fabaceae familyasiun ilk sirada,
diger tim calismalarda ise Asteraceae familyasinin ilk
sirada yer aldig1 goriilmistir (Altinozli, 2004; Kavak,
2006; Akinci, 2010; Paksoy & Savran, 2011; Kavak et al.,
2012; Orman ve Su Isleri Bakanligi, 2013; Keskin, 2014). 11k
iki sirada ¢ikan Fabaceae ve Asteraceae familyalar1 Davis
(1965-1985)’e gore icerdikleri takson sayilari bakimindan
yine ilk iki sirada bulunmaktadir (Tablo 5).

Arastirma alanlar1 ile yakin bolgelerde yapilan
floristik galismalar en ¢ok takson igeren cinsler
bakimindan kiyaslandiginda, arastirma alaminda ilk dort
sirada 3 taksonla Securigera DC., Centaurea L., Quercus L. ve
Salvia L. cinsleri yer almaktadir. Bu cinslere ait takson
sayilari, yakin bolgelerde yapilan floristik calismalarda
tespit edilen cinslere ait takson sayisina gore nispeten
benzerlik gostermektedir (Altnozli, 2004; Kavak, 2006;
Akinc, 2010; Paksoy & Savran, 2011; Orman ve Su Isleri
Bakanligi, 2013; Keskin, 2014). Tatarl Hoytik (Kavak et al.,
2012) calismasinda ilk 4 sirada yer alan cinslerin herhangi
bir benzerlik gostermemesi habitat farkliigi ve Hoyiik
etrafinda bulunan yerlesim alanlarinin fazlahig ile
aciklanabilir (Tablo 6). Arastirma alanlarimiz korunan

alan statiistinde (Sit Alanlar1)) oldugundan floristik
kompozisyonu tehdit eden herhangi bir olguya
rastlanmamustir.

Tablo 2. Arastirma alaninda tespit edilen taksonlarin fitocografik
bolgelere gore dagilimlar:

Fitocografik Elementi Takson Sayist Oram
Akdeniz 63 %38.4
Avrupa-Sibirya 10 %6.1

Iran-Turan 7 %4.3

Genis Yayilish 39 %23.8
Bilinmeyenler 45 %274
Toplam 164 %100

Tablo 3. Arastirma alan1 ve yakin bolgelerinde yapilan
calismalarin endemizm oranlar1

No Arastirma Alam Endemizm
Oram1
1 Arastirma alanimiz %9.1
2 Adana Yumurtalik Lagiinii (Altinozli, 2004) %1.3
3 Burnaz Kumullari (Kavak, 2006) %3.05
4 Akdag ve Cevresi (Akinci, 2010) %13.6
5 Sarimsak dag: ve Korkun Vadisi (Paksoy & %207
Savran, 2011) v
6 Tatarh Hoyiik (Kavak et al., 2012) %2
7 Osmaniye Doga Turizmi Master Plar %2438
(Orman ve Su Isleri Bakanligs, 2013) e
8 Kizildag Yayla ve Cevresi (Keskin, 2014) %16.8

Tesekkiir: Bu calismanmn bir kismu ikinci yazar olan Ishak
ORTAC1In yiiksek lisans c¢alismasindan ve Adiyaman
Universitesine ait FEFYL-2016-0010nolu BAP projesi sonug
raporundan alinmistir. Diger kismi ise T.C. Cevre ve Sehircilik
Bakanligimmin 2014/151078 nolu Ekolojik Temelli Bilimsel
Arastirma Projesinden tiretilmistir. Maddi destekte bulunan her
iki kuruma tesekkiir ederiz.

Tablo 4. Arastirma alani ve yakin bolgelerinde yapilan ¢alismalardaki taksonlarin fitocografik bolgelere dagilim oranlar:

No Arsma Alam A gt bnTom Gl

1 Arastirma alanimiz %38.4 %6.1 %4.3 %51.2

2 Adana Yumurtalik Lagiinii (Altinozli, 2004) %17.4 %2.6 %2.6 %77.1

3 Burnaz Kumullari (Kavak, 2006) %29.26 %5.24 %3.06 %62.45

4 Akdag ve Cevresi (Akinci, 2010) %19.4 %5.1 %16.9 %58.6

5 Sarimsak dag1 ve Korkun Vadisi (Paksoy & Savran, 2011) %18.9 %3.45 %24.6 %53. 05

6 Tatarh Hoyiik (Kavak et al., 2012) %33 %5 %3 %59

7 Osmaniye Doga Turizmi Master Plani (Orman ve Su Isleri Bakanlig, ) ) ) )

2013)

8 Kizildag Yayla ve Cevresi (Keskin, 2014) %18.8 %4.1 %17.2 %59.9
Tablo 5. Arastirma alani ve yakin bslgelerinde yapilan ¢alismalarda en ¢ok takson iceren familyalar

No Arastirma Alani Fabaceae  Asteraceae Lamiaceae Brassicaceae  Rosaceae

1 Aragtirma alanimiz 26 13 13 7 7

2 Adana Yumurtalik Lagiinii (Altinzlii, 2004) 41 26 7 6 3

3 Burnaz Kumullari (Kavak, 2006) 48 27 5 7 2

4 Akdag ve Cevresi (Akinci, 2010) 72 97 53 61 19

5 Sarimsak dag1 ve Korkun Vadisi (Paksoy & Savran, 2011) 70 82 46 51 17

6 Tatarli Hoyiik (Kavak et al.,2012) 13 23 - - -

7 2Ooszrg)amye Doga Turizmi Master Plan1 (Orman ve Su Isleri Bakanlig, 2013- 20 15 13 5 3

8 Kizildag Yayla ve Cevresi (Keskin, 2014) 55 67 44 54 28
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Tablo 6. Arastirma alani ve yakin bolgelerinde yapilan ¢alismalarda en ¢ok takson iceren cinsler

No Arastirma Alani Securigera Centaurea Quercus Salvia
1 Aragtirma alanimiz 3 3 3 3

2 Adana Yumurtalik Lagiinii (Altinzlii, 2004) 1 1 1 2

3 Burnaz Kumullari (Kavak, 2006) - 1 - 1

4 Akdag ve Cevresi (Akinci, 2010) 3 9 5 13

5 Sarimsak dag: ve Korkun Vadisi (Paksoy & Savran, 2011) 2 12 4 14

6 Tatarli Hoyiik (Kavak et al., 2012) - - - -

7 Osmaniye Doga Turizmi Master Plani (Orman ve Su Isleri Bakanlig1, 2013-2023) 1 6 2 2

8 Kizildag Yayla ve Cevresi (Keskin, 2014) 3 7 1 10
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Abstract: In this study, we used human umbilical vein endothelial cells (HUVEC) as an in vitro model to compare the cytotoxic
activities of the venoms of two Macrovipera lebetina subspecies, M. I. obtusa from southern Anatolia and M. I. lebetina from
northern Cyprus. Well-established 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay was
preferred to assess the cytotoxicity. Our results showed that venom reduced cell viability both in a time and dose-dependent
manner. The cytotoxic effect of M. I. lebetina venom on HUVEC is reported for the first time in the present study.

Keywords: hemorrhage, HUVEC, levantine viper, toxinology.

Kibris'tan Macrovipera lebetina lebetina ve Tiirkiye’den M. . obtusa (Serpentes: Viperidae) Ham
Zehirlerinin Insan Kordon Veni Endotel Hiicreleri Uzerindeki Sitotoksik Etkileri

Oz: Bu calismada, Kuzey Kibris’tan Macrovipera lebetina lebetina ve giineydogu Anadolu’dan M. I. obtusa olmak iizere iki M.
lebetina alt tiirtintin zehirlerinin (venomlarmin) sitotoksik aktivitelerini karsilastirmak icin in vitro bir model olarak insan
kordon veni endotel hiicreleri (HUVEC) kullandik. Sitotoksik etkinin degerlendirilmesinde iyi bilinen bir yontem olan 3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromiir (MTT) testi tercih edilmistir. Calismamizin sonuglari her iki zehrin
de hiicre canliligin1 zamana ve doza bagh olarak azalttigini gostermistir. M. . lebetina zehrinin HUVEC {tizerindeki sitotoksik
etkisi ilk kez bu ¢alismada rapor edilmistir.

Anahtar kelimeler: hemoraji, HUVEC, koca engerek, toksinoloji.
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1. Introduction

Snake venom is a molecular cocktail stored in venom
glands and consists mainly of proteins and peptides that
are secreted from the specialized cells of the venom gland.
Enzymes such as serine proteinase, metalloproteinase,
phospholipase A; (PLA>), L-amino acid oxidase (LAAO),
hyaluronidase, acetylcholinesterase, nucleotidase and
other proteins/peptides such as disintegrin, C-type lectin
(CLP), neurotoxins, cysteine-rich secretory protein
(CRISP), bradykinin potentiating peptide (BPP), vascular
endothelial growth factor (VEGF) and nerve growth factor
(NGF) are prominent molecules found in snake venoms.
Snake venoms have various biological activities including
cytotoxic/anticancer,  antimicrobial,  anticoagulant,
procoagulant, antiplatelet activities and neurotoxic effects
(Chippaux, 2006; Mackessy, 2010; Igci & Demiralp, 2012).

Macrovipera lebetina (Linnaeus, 1758), blunt-nosed
viper is the largest venomous viper species in Turkey and
Cyprus. Its distribution ranges from northern Africa to
Pakistan and from the Gulf of Oman to the Caspian Sea
and Dagestan (Russia) with different subspecies.
According to the latest accepted systematics, M. I. obtusa
(Dwigubski, 1832) subspecies has a distribution in
Anatolia whereas nominate taxon, M. I. lebetina (Linnaeus,
1758) occurs in Cyprus (Mallow, Ludwig, & Nilson, 2003).
This species is distributed in southern, southeastern,

eastern, and northeastern Anatolia in Turkey, (Mallow et
al., 2003; Budak & Gogmen, 2008; Sarikaya, Yildiz, & Sezen,
2017).

Venomous snakebite is a neglected but important
public health problem (Williams et al., 2010). Viperid
venoms have proteins that interfere with the coagulation
cascade and generally cause tissue damage resulting in
hemorrhage (Chippaux, 2006). M. lebetina is one of the
medicinally important vipers (Stiimpel & Joger, 2009) in
Anatolia and its venom affects the human hemostatic
system, causes bleeding, edema, and necrosis (Go¢men,
Arikan, Ozbel, Mermer, & Cigek, 2006). Understanding the
pathology of venomous snakebites will help develop more
effective treatments. Vessel endothelial cells are one of the
main targets of snake venoms (Baldo, Janora, Yamanouye,
Zorn, & Moura-da-Silva, 2010). In this study, we aimed to
assess the cytotoxic activity of the crude venom of M. L.
lebetina from Cyprus against human umbilical vein
endothelial cells (HUVEC) as an in vitro model in
comparison to M. I. obtusa venom from southeast Turkey.

2. Materials and Methods
2.1. Snake Venoms

Crude venom was extracted by letting vipers bite paraffin-
covered laboratory beaker from two adult M. I obtusa

*Corresponding author: igcinasit@yahoo.com.tr
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(both male from Sanliurfa and Diyarbakir provinces,
southeastern Turkey) and two adult M. L. lebetina (one
male, one female) from Turkish Republic of Northern
Cyprus). Vipers were collected during the field trips
between 2004 and 2009 and fed in terrariums. M. I. obtusa
individuals were collected in April and May whereas M. L.
lebetina individuals were collected in April and July. After
extraction, venom samples were centrifuged at 2.000 x g
for 10 min at 4°C, supernatants were immediately frozen
and lyophilized using a benchtop freeze-dryer (Millrock
Technology).

2.2. Determination of the protein concentration

Protein concentrations of the reconstituted venom samples
(3.8 mg/ml for each subspecies) were determined by the
Bradford’s Coomassie blue-based method using 96-well
microtiter plate. Bovine serum albumin (BSA) was used as
calibration standard and all standards and samples were
measured at 595 nm wavelength using a multi-plate reader
spectrophotometer (SpectraMax, Molecular Devices). All
the samples and standards were measured in triplicate and
mean values were used.
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Figure 1. The cytotoxic effect of M. I. lebetina and M. I. obtusa crude venoms on HUVEC at different times.

2.3. Cell Culture Conditions

Human umbilical vein endothelial cells (HUVEC)
(provided by Dr. Erkan YILMAZ, Ankara University
Biotechnology Institute) were grown in M-199 medium
(Lonza) supplemented with 10% fetal calf serum
(HyClone), 100 U/ml penicillin, 100 pg/ml streptomycin
(Sigma) and 2 mM L-glutamine at 37°C in a humidified
incubator with 5% CO2. After initial culturing, 2 x 104 cells
were seeded in 96-well cell culture plates in 100 pl of
growth medium and incubated for 24 h to adhere.
Lyophilized venom samples were reconstituted in
deionized water and diluted using medium. 100 pl of
venom samples were added to wells at a final
concentration between 3-24 ug crude venom/ml and
incubated for 3, 16 and 24 h. Only deionized water was
added to negative control wells.

2.4. Cytotoxicity Assay

Assessment of the cytotoxicity was done using 3-(4,5-
dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium

bromide (MTT) assay, which measures mitochondrial
reductase activity (Mosmann, 1983). For this purpose,
MTT dye (Sigma) was reconstituted at 5 mg/ml
concentration and added to wells. The plates were

incubated in the cell culture incubator for 3 h and 1 N HCI-
20% isopropanol solution was added to dissolve formazan
crystals.  Measurement was done using a
spectrophotometer at 570 nm wavelength. Six replicate
wells were used for negative control and each venom
concentrations and mean values were wused for
calculations. The viability percentages of the cells were
calculated according to the following formula:

% Viable cells = [(The absorbance of the treated cells)
— (the absorbance of the blank)] / [(The absorbance of the
control) - (the absorbance of the blank)] x 100

Inhibition of the growth by 50% (ICso) was calculated
using % viability values by plotting the data as sigmoidal
curve and using a four parameter logistic model. The
viability of negative control wells were set to 100%.

3. Results

Protein concentrations of stock venom solutions were
found similar, which were 2.5 pg/ul for M. I. lebetina and
24 pg/ul for M. . obtusa. Dose and time-dependent
cytotoxic activity was observed for both venom samples
with similar reduction rates. The highest venom dose (24
ug/ml) of M. I. lebetina and M. I. obtusa was reduced the
cell viability by 49.0% and 45.7%, respectively after 3 h
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treatment (Fig. 1). The results of 16 and 24 h treatments
were similar but the % inhibition values were much higher
than 3 h treatment. The highest venom dose (24 pg/ml) of
M. 1. lebetina and M. I. obtusa was reduced the cell viability
by 65.0% and 68.3%, respectively after 16 h; whereas this
value is 72.7% for both venoms after 24 h treatment (Fig.
1). The ICsp values for 24 h were calculated as 7.32 and 6.28
pug/ml for M. I obtusa and M. I. lebetina venoms,
respectively (Table 1). The ICsy value of M. [. lebetina
venom at 24 h was slightly decreased compared to 16 h,
while the value of M. I. obtusa venom did not change
significantly between 16 and 24 h.

Table 1. Calculated ICso values of M. I. lebetina and M. I. obtusa
crude venoms for their cytotoxic activities on HUVEC.

Hours
Taxa 16 hours 24 hours
M. L. obtusa 7.30 7.32
M. L lebetina 7.19 6.28

4. Discussion

Snake venoms contain various proteins interacting with
vessel endothelium and as; a result of this interaction,
persistent bleeding can be seen after a viper bite (Baldo et
al. 2010). Edema, hemorrhage, and necrosis are the typical
symptoms of a venomous bite of M. lebetina in humans
(Gocmen et al, 2006). M. lebetina venom causes
intracellular hemorrhage, mononuclear cell infiltration,
and cellular degeneration in liver, kidney, and heart
tissues of mice (Yiicel, Agan, & Hayretdag, 2019).
Histological investigations on mouse capillary blood
vessels after injection of Bothrops asper venom also
showed that Viperid venoms cause endothelial cell
degeneration leading gaps in capillaries and hemorrhage
(Moreira, Gutiérrez, Borkow, & Ovadia, 1992). The results
of the present study showed that the venoms of two
subspecies of M. lebetina have similar time and dose-
dependent cytotoxic effect against HUVEC. The
aforementioned activity of M. I. lebetina (subspecies of M.
lebetina occurring in Cyprus) was reported for the first time
with this study. Islands are isolated ecosystems and
geographical variation can lead significant difference in
the activity and toxicity of the venoms (Glenn, Straight,
Wolfe, & Hardy, 1983). Therefore, it is important to
compare the activities of venoms from different
geographical origins. Although some viperid venoms do
not possess strong cytotoxic activity against endothelial
cells (Borkow, Lomonte, Gutiérrez, & Ovadia, 1994), our
results showed that M. [. lebetina and M. . obtusa venom
could damage vessel endothelium in Dbite cases,
corroborating previous studies (Borkow et al, 1994;
Kakanj, Ghazi-Khansari, Mirakabadi, Daraei, &
Vatanpour, 2015).

Macrovipera lebetina venom contains many bioactive
proteins and peptides that interfere with blood
coagulation cascade and cause tissue damage. Main
protein/peptide families identified in the venoms of
different subspecies of M. lebetina are as follows:
metalloproteinase, serine proteinase, PLA, LAAO,
hyaluronidase, nucleotidase, disintegrin, CLP, CRISP,
VEGF, NGF and BPP. Most abundant proteins in M.
lebetina venom are serine and metalloproteinases and
PLAss (Sanz, Ayvazyan, & Calvete, 2008; Igci & Demiralp,
2012; Siigur, Aaspodllu, & Siigur, 2019). The observed
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cytotoxicity in the present study is a result of the combined
activities of these proteins.

In addition to their role on the pathology of a
venomous snakebite, bioactive proteins of M. lebetina
venom interfere with various molecular pathways. Their
specific activities make these proteins interesting tools
which may have therapeutic and diagnostic potential.
Metalloproteinases purified from M. lebetina venom have
fibrin(ogen)olytic and factor X activating properties
(Siigur et al, 2019). Additionally, a heterodimeric
metalloproteinase purified from the venom of M. lebetina
is known to induce apoptosis in HUVEC (Trummal et al.,
2005). This protein inhibits the endothelial cell adhesion to
extracellular matrix proteins such as fibrinogen,
fibronectin, vitronectin, and collagen I and IV. Snake
venom metalloproteinases also cause local tissue damage
and hemorrhage (Gutiérrez & Rucavado, 2000). Serine
proteinases purified from the venom of M. lebetina show
fibrin(ogen)olytic, factor V activating and bradykinin-
releasing activities. PLA2s in snake venoms can possess
neurotoxic, myotoxic, hemotoxic,  anticoagulant,
antiplatelet, and antibacterial activities. Disintegrins are
another important protein family which is found
especially in Viperid venoms. They are antagonists of
various integrin receptors. Both monomeric and dimeric
disintegrins have been purified and identified in M.
lebetina venom (Siigur et al., 2019). Due to their antiplatelet
and anticancer activities, disintegrins found in snake
venoms have therapeutic value (Calderon et al., 2014).
Additionally, metalloproteinases, LAAOs, PLAzs and
CLPs in snake venoms show anti-cancer activities by
interacting with various pathways (e.g. apoptosis
induction) (Calderon et al., 2014).

Venom proteins of M. [. lebetina and M. . obtusa were
compared previously by two-dimensional polyacrylamide
gel electrophoresis (2D-PAGE) and significant differences
were found. Protein spots of M. I. obtusa venom were
identified by matrix-assisted laser desorption ionization-
time of flight (MALDI-TOF) mass spectrometry and the
most prominent differences were seen in PLA; region (Igci
& Demiralp, 2012). However, we did not observe
remarkable difference between two subspecies regarding
the cytotoxic activities on HUVEC cells. The main protein
family responsible for the hemorrhage, endothelium, and
local tissue damage in viper venoms is metalloproteinases
(Gutiérrez & Rucavado, 2000; Baldo et al. 2010; Panfoli,
Calzia, Ravera, & Morelli, 2010). Therefore, further studies
should be performed especially focusing on the
proteinases of M. I. lebetina and M. I. obtusa venoms.

Crude venom of M. I. obtusa showed dose-dependent
cytotoxicity against some cancer cell lines, kidney
epithelial cells from African green monkey (Vero), and
human embriyonic kidney 293 cells (HEK-293) in previous
studies (Samel, Trummal, Siigur, & Siigur, 2012; Ozen,
[gci, Yalgin, Gogmen, & Nalbantsoy, 2015; Jahromi,
Mirakabadi, & Kamalzadeh, 2016; Siizergoz et al. 2016;
Oghalaie, Kazemi-Lomedasht, Zareinejad, &
Shahbazzadeh, 2017). Moreover, dose-dependent
cytotoxic activity of M. . lebetina venom against 1929
mouse fibroblast cell line was also reported previously
(Nalbantsoy et al., 2012). Kakanj et al. (2015) studied the
cytotoxic effect of Iranian M. lebetina on HUVEC cells and
determined the ICsy value as 11.77 pg/ml after 24 h
incubation using MTT assay. Venoms of Anatolian and
Cypriot M. lebetina were found to be more potent with
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lower ICsp values (6.28 and 7.32 pg/ml) in the present
study. Such intra-specific variation in snake venom
composition and activity can be seen depending on the
geographical origin of the samples (Glenn et al., 1983;
Alape-Girén et al. 2008). Our study showed that
endothelial cell disruption can contribute to the pathology
of venomous bites caused by both Anatolian and Cypriot
M. lebetina.

Acknowledgements: We greatly acknowledge and dedicate this
article to late Prof. Dr. Bayram GOCMEN who passed away
tragically on 22 March 2019, for his great contributions to the field
herpetology and his invaluable support to the studies related to
snake venoms in Turkey by providing venom samples. We also
thank Ankara University Biotechnology Institute for providing
laboratory access and to Dr. Erkan YILMAZ, Ankara University
Biotechnology Institute for providing Human umbilical vein
endothelial cells.

References

Alape-Girén, A., Sanz, L., Escolano, J., Flores-Diaz, M., Madrigal, M., Sasa,
M., & Calvete, J.J. (2008). Snake venomics of the Lancehead Pitviper
Bothrops asper: Geographic, individual and ontogenetic variations.
Journal of Proteome Research, 7(8), 3556-3571.

Baldo, C., Jamora, C., Yamanouye, N., Zorn, T.M., & Moura-da-Silva, A.M.
(2010). Mechanisms of vascular damage by hemorrhagic snake venom
metalloproteinases: Tissue distribution and in situ hydrolysis. PLoS
Neglected Tropical Diseases, 4(6), €727.
https:/ /doi.org/10.1371/journal.pntd.0000727

Borkow, G., Lomonte, B., Gutiérrez, ] M., & Ovadia, M. (1994). Effect of
various Viperidae and Crotalidae Snake Venoms on Endothelial Cells
In Vitro. Toxicon, 32, 12, 1689-1695. https://doi.org/10.1016/0041-
0101(94)90330-1

Budak, A, & Gogmen, B. (2008). Herpetoloji. Izmir, Tiirkiye, Ege
Universitesi Yaynlari, Fen Fakiiltesi Yaymn No: 194, 226 pp.

Calderon, L.A., Sobrinho, J.C., Zaqueo, K.D., de Moura, A.A., Grabner,
AN., Mazzi, M.V., Marcussi, S., ... Soares, AM. (2014). Antitumoral
activity of snake venom proteins: New trends in cancer therapy.
BioMed Reserach International, 2014, 203639, 1-19.
http://dx.doi.org/10.1155/2014 /203639

Chippaux J-P. (2006). Snake Venoms and Envenomations. Florida, USA,
Krieger Publishing Company, 287 pp.

Glenn, J.L., Straight, R.C., Wolfe, M.C., & Hardy, D.L. (1983). Geographical
variation in Crotalus scutulatus scutulatus (Mojave rattlesnake) venom
properties. Toxicon, 21(1), 119-130. https://doi.org/10.1016/0041-
0101(83)90055-7

Goégmen, B., Arikan, H., Ozbel, Y., Mermer, A., & Cicek, K. (2006). Clinical,
Physiological and Serological Observations of a Human Following a
Venomous Bite by Macrovipera lebetina lebetina (Reptilia: Serpentes).
Acta Parasitologica Turcica, 30(2), 158-162.

Gutiérrez, .M., & Rucavado, A. (2000). Snake venom metalloproteinases:
Their role in the pathogenesis of local tissue damage. Biochimie, 82, 841-
850. https://doi.org/10.1016/50300-9084(00)01163-9

Igci, N., & Demiralp, D.O. (2012). A preliminary investigation into the
venom proteome of Macrovipera lebetina obtusa (Dwigubsky, 1832) from
Southeastern Anatolia by MALDI-TOF mass spectrometry and
comparison of venom protein profiles with Macrovipera lebetina lebetina
(Linnaeus, 1758) from Cyprus by 2DPAGE. Archives of Toxicology, 86,
441-451. https:/ /doi.org/10.1007/500204-011-0763-5

Jahromi, H.E., Mirakabadi, A.Z., & Kamalzadeh, M. (2016). Evaluation of
Iranian snake “Macrovipera lebetina” venom cytotoxicity in kidney cell
line HEK-293. Asia Pacific Journal of Medical Toxicology, 5(2), 49-54.

Kakanj, M., Ghazi-Khansari, M., Mirakabadi, A.Z., Daraei, B., & Vatanpour,
H. (2015). Cytotoxic effect of Iranian Vipera lebetina snake venom on
HUVEC cells. Iranian Journal of Pharmaceutical Research, 14, 109-114.

Mackessy, S.P. (2010). The field of reptile toxinology: Snakes, lizards, and
their venoms. In S.P. Mackessy (Ed.), (pp. 3-23). Handbook of Venoms
and Toxins of Reptiles. Florida, USA, CRC Press Taylor & Francis
Group, 528 pp.

Mallow, D., Ludwig, D., & Nilson, G. (2003). True Vipers: Natural History
and Toxinology of Old World Vipers. Florida, USA, Krieger Publishing
Company, 359 pp.

Moreira, L., Gutiérrez, J M., Borkow, G. & Ovadia, M. (1992).
Ultrastructural alterations in mouse capillary blood vessels after
experimental injection of venom from the snake Bothrops asper

(Terciopelo). Experimental and Molecular Pathology, 57, 124-133.
https://doi.org/10.1016/0014-4800(92)90004-U

Mosmann, T. (1983). Rapid colorimetric assay for cellular growth and
survival: application to proliferation and cytotoxicity assays. Journal of
Immunological Methods, 65, 55-63. https://doi.org/10.1016/0022-
1759(83)90303-4

Nalbantsoy, A., Karabay-Yavasoglu, N.U., Sayim, F., Deliloglu-Gurhan, I.,
Gocmen, B., Arikan, H., & Yildiz, M.Z. (2012). Determination of in vivo
toxicity and in vitro cytotoxicity of venom from the Cypriot blunt-nosed
viper Macrovipera lebetina lebetina and antivenom production. The
Journal of Venomous Animals and Toxins including Tropical Diseases,
18(2), 208-216. http:/ / dx.doi.org/10.1590/51678-91992012000200011

Oghalaie, A., Kazemi-Lomedasht, F., Zareinejad, M.R., & Shahbazzadeh, D.
(2017). Antiadhesive and cytotoxic effect of Iranian Vipera lebetina snake
venom on lung epithelial cancer cells. Journal of Family Medicine and
Primary Care, 6, 780-783. https://doi.org/10.4103 /jfmpc.jfmpc_208 17

Ozen, M.O., igci, N., Yal¢in, H.T., Go¢men, B., & Nalbantsoy, A. (2015).
Screening of cytotoxic and antimicrobial activity potential of Anatolian
Macrovipera lebetina obtusa (Ophidia: Viperidae) crude venom. Frontiers
in Life Science, 8(4), 363-370.
https://doi.org/10.1080/21553769.2015.1055862

Panfoli, I, Calzia, D., Ravera, S., & Morelli, A. (2010). Inhibition of
Hemorragic Snake Venom Components: Old and New Approaches.
Toxins, 2, 417-427. https:/ /doi.org/10.3390/ toxins2040417

Samel, M., Trummal, K., Siigur, E., & Siigur, J. (2012). Effect of HUVEC
apoptosis inducing proteinase from Vipera lebetina venom (VLAIP) on
viability of cancer cells and on platelet aggregation. Toxicon, 60, 648-
655. https:/ /doi.org/10.1016/].toxicon.2012.03.023

Sanz, L., Ayvazyan, N., & Calvete, J.J. (2008). Snake venomics of the
Armenian mountain vipers Macrovipera lebetina obtusa and Vipera
raddei. Journal of Proteomics, 71, 198-209.
https:/ /doi.org/10.1016/].jprot.2008.05.003

Sarikaya, B., Yildiz, M.Z., & Sezen, G. (2017). The herpetofauna of Adana
province (Turkey). Commagene Journal of Biology, 1(1), 1-11.
https:/ /doi.org/10.31594/commagene.391784

Siigur, J., Aaspollu, A., & Siigur E. (2019). Biochemistry and pharmacology
of proteins and peptides purified from the venoms of the snakes
Macrovipera lebetina subspecies. Toxicon, 158, 16-32.
https:/ /doi.org/10.1016/j.toxicon.2018.11.294

Stiimpel, N., & Joger, U. (2009). Recent advances in phylogeny and
taxonomy of near and Middle Eastern Vipers-an update. ZooKeys, 39,
179-191. https:/ /doi.org/10.3897 / zookeys.31.261

Siizergoz, F., igci, N., Cavus, C., Yildiz, M.Z., Coskun, M.B., & Go¢men, B.
(2016). In vitro cytotoxic and proapoptotic activities of Anatolian
Macrovipera lebetina obtusa (Dwigubski, 1832) crude venom on cultured
K562 human chronic myelogenous leukemia cells. UHOD International
Journal of Hematology and  Oncology, 26(1), 37-46.
https:/ /doi.org/10.4999/uhod.161104

Trummal, K., Tonismagi, K., Siigur, E., Aasp6llu, A., Lopp, A., Sillat, T.,
Saat, R., ... Siigur, J. (2005). A novel metalloprotease from Vipera lebetina
venom induces human endothelial cell apoptosis. Toxicon, 46(1), 46-61.
https:/ /doi.org/10.1016/j.toxicon.2005.03.008

Yiicel Agan, AF., & Hayretdag, S. (2019). The effects of Macrovipera lebetina
venom on mice. Toxin Reviews, 38(2), 87-92.
https://doi.org/10.1080/15569543.2017.1419266

Williams, D., Gutiérrez J.M., Harrison, R., Warrell, D.A., White, J., Winkel,
K.D., & Gopalakrishnakone, P. (2010). The Global Snakebite Initiative:
an antidote for snake bite. Lancet, 375, 89-91.
https:/ /doi.org/10.1016/s0140-6736(09)61159-4

113



Commagene Journal of Biology

Ayas et al. (2019) Comm. J. Biol. 3(2): 114-116.
DOI: 10.31594/commagene.643796

e-ISSN 2602-456X

Short Note / Kisa Makale

Report of Stranding of Striped Dolphin Stenella coeruleoalba (Meyen,
1833) in Mersin Bay (Northeastern Mediterranean Sea, Turkey)

Deniz AYAS!, Hasan Deniz AKBORA'?2, Nuray CIFTCI1, Deniz ERGUDEN3*

Faculty of Fisheries, Mersin University Yenisehir Campus, 33160, Mersin, Turkey
2Department of Biological Sciences, Faculty of Arts and Sciences, Eastern Mediterranean University, Famagusta 99628, North Cyprus via Mersin 10, Turkey
3Department of Marine Sciences, Faculty of Marine Sciences and Technology, Iskenderun Technical University, TR 31220 Iskenderun, Hatay, Turkey

ORCID ID: Deniz AYAS: https:
CIFTCI: https:

orcid.org/0000-0001-6762-6284; Hasan Deniz AKBORA: https:
orcid.org/0000-0002-2925-0332; Deniz ERGUDEN: http:

orcid.org/0000-0002-6647-866X; Nuray
orcid.org/0000-0002-2597-2151

Received: 06.11.2019 Accepted: 08.12.2019

Published online: 20.12.2019 Issue published: 20.12.2019

Abstract: On 08 April 2019, a mature female striped dolphin Stenella coeruleoalba (Meyen, 1833), 185 cm in length (TL), was
found dead across the shores of the Mersin Naval Museum, Mersin on the northeastern Mediterranean coast of Turkey. Striped
dolphins may accidentally enter the fishing nets, which may be one of the reasons for their death. Although this species has
been classified as Vulnerable in the IUCN list, considering the frequency of deaths among this species, the necessity to develop
species conservation strategies for the Mediterranean was once again proven by the death of this individual.

Keywords: Dolphin, Delphinidae, Record, Turkish Mediterranean coast.

Mersin Korfezi'ndeki (Kuzeydogu Akdeniz, Tiirkiye) Cizgili Yunus Stenella coeruleoalba'nin
(Meyen, 1833) Bogulma Raporu
Oz: 08 Nisan 2019 tarihinde Tiirkiye'nin Dogu Akdeniz kiyisinda Mersin Deniz Miizesi agiklarinda 185 cm uzunluga sahip bir
adet cizgili yunus Stenella coeruleoalba (Meyen, 1833) 6lii olarak bulunmustur. Cizgili yunuslar, balik¢1 aglarina tesadiifen

girebilirler bu durum da onlarin 6liim nedenleri arasinda gosterilebilir. Tiir IUCN listesinde hassas olarak siniflandirilmis olsa
da bu tiirtin 6liim vakalarinin siklig diistintildiigiinde, Akdeniz icin tiire ait koruma stratejileri gelistirilmesi gerekliligi, bu

bireyin oliimii ile de bir kez daha ortaya konmustur.

Anahtar kelimeler: Yunus, Delphinidae, Kayit, Tiirkiye Akdeniz sahili.

Stenella coeruleoalba (Meyen, 1833) is a dolphin species
belonging to order Cetacea and family Delphinidae (Rice,
1998). This species was first described as Delphinus
coeruleoalbus in 1833 by the German zoologist Franz Julius
Meyen from the southwest Atlantic (Kinzelbach, 1997; Van
Waerebeek et al., 1998). The striped dolphin S. coeruleoalba
is widely distributed in tropical, subtropical, and
temperate waters (Van Waerebeek et al., 1998).

Striped dolphin is the common name of this species.
They have a smooth body, with a thin waist, and a beak.
The upper part of the body is dark-gray. There is a light-
gray pattern specific to the species extending from the
head area to the base of the dorsal fin. They have a thin
dark band located between the upper jaw and the eyes
extending towards the flippers to the bottom of the tail.
The upper part of the beak is entirely darker in color and
sometimes, the tip part is pale (Still, Harrop, Stenton, &
Dias, 2019).

Although they can be found in groups of 1 to 500
individuals, they often live in groups of 20-30 in tropical,
subtropical, and warm seas. They mostly prefer deep
waters beyond the continental shelf regions and rarely
coastal areas (Still et al., 2019).

In the literature, the length of S. coeruleoalba is given
as 100 cm at the time of birth. The first reproductive age in
males is 6.7-8.7 and the length is 210-219 cm. The early
reproductive age in females is 7.1-8.8, and the equivalent
length is 209-216 cm. They enter the breeding season 3
times a year with 4-5 month intervals (Miyazaki, 1977).

The first published record of the striped dolphin S.
coeruleoalba in the Mediterranean coast of Turkey (Goksu
Delta, Silifke) was documented by Kinzelbach (1997) and
reported as an incidental capture of one individual in July
1996. Although Oztiirk, Salman, Oztiirk, & Tonay (2007)
states that the dolphin fishery in Turkish waters is banned,
this species had been incidentally caught in the swordfish
driftnet fisheries in the Aegean and Mediterranean parts of
Turkey (Oztiirk, 1996; Orztiirk & Oztiirk, 1998; Orztiirk,
Orztiirk, & Dede, 2001).

In the Mediterranean, dolphins are under continuous
pressure due to whaling, drowning in fishing net, and
marine pollution. S. coeruleoalba are mainly fed with
species which have commercial value and targeted by
fishermen (Pulcini, Angradi, & Sanna, 1993; Blanco, Anzar,
& Raga, 1995). Thus, while fishers and dolphins try to hunt
the same species, they involuntarily reside in the same
environment. For this reason, S. coeruleoalba is often caught
as by-catch (Aguilar, 2000).

The striped dolphin has limited records, although it
is common in the Mediterranean Sea coasts of Turkey. Up
to date, three individuals of striped dolphins were
recorded in the eastern Mediterranean, Turkey (Okus et
al., 2006; Dede, Saad, Fakhri, & Oztiirk, 2012).

Although the occurrence of the striped dolphin
species in the Mediterranean was reported before, this
species is infrequent in the northern part of the
Mediterranean, Turkey. The present study reports the
occurrence of a dead striped dolphin, which represents the
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second confirmed record in the Mersin Bay coast of
Turkey.

On 08 April 2019, a mature female striped dolphin,
Stenella coeruleoalba, 185 cm in total length (TL), was found
dead across the shores of the Mersin Naval Museum
(36°46'45.6" N; 34°36'064" E) in the northeastern
Mediterranean coast of Turkey. The sampling point of the
species in the northeastern Mediterranean Sea was
presented in Figure 1. With the help of information
provided in a study from Silifke, identification of the
species was performed and necessary measurements taken
(Kinzelbach, 1997). Its weight is 114 kg (The weight was
measured with a hook scale (SF-912 300 Kg) with a
sensitivity of 100 g). The specimen is buried to obtain the
skeleton of the individual. After obtaining the skeleton of
the sample, it will be deposited in the Museum of the
Systematic, Faculty of Fisheries, Mersin University,
(Catalogue no: MEUMC-19-11-002).

MERSIN BAY

Figure 1. The red mark indicates the location where the sample
found

Due to the wounds on the skin, it is thought that she
was caught in a fishing net and drowned. According to the
information given about the maturity stages of S.
coeruleoalba in Miyazaki (1977), our sample was a mature
female. The female specimen was measured as 185 cm total
length, from the snout tip to the anterior base of the dorsal
fin was 77 cm, and length of the flipper was 20 cm.
Necessary measurements (body and skull) agree with the
descriptions of Kinzelbach (1997). However, Kinzelbach
(1997) reported as the total actual length of the female S.
coeruleoalba was approximately 191 cm, from the snout tip
to the anterior base of the dorsal fin as 81 cm; length of the
(shrunken) flipper 23 cm for S. coeruleoalba from Goksu
Delta (Silifke Turkey). The most critical parameters of the
skull and body measurements of a female striped dolphin
S.  coeruleoalba specimen was obtained and the
measurements compared with the other previous records
in Mersin Bay (Kinzelbach, 1997). Values are shown in
Table 1.

In this study, the skull measurements of our
specimen and other previous record in the Mersin Bay are
almost similar. These values are shown in Table 1. Our
specimen is found somewhat smaller than the previous
reported striped dolphins in the Silifke, Turkey (N.E.
Mediterranean).

Every year a lot of dolphins are dying because of by-
catch. Marsili, Casini, Marini, Regoli, & Focardi, (1997)
reported the stranding of cetaceans along the
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Mediterranean coasts as a regular event. These dolphins
are dying because of natural causes such as old age or as a
result of accidents such as strike by boats, ingestion of
foreign objects (including plastic bags), or drowning in
fishing nets.

Table 1. The crucial measurements of S. coeruleoalba compared
with the previous Mediterranean record

Measurements (cm) Values
Specimen No 1 1
Present Study Kinzelbach (1997)
References N.E. Mediterranean N. E. Mediterranean
(Mersin, Turkey) Silifke, Turkey
Total length 185 191
The snout tip to the
anterior base of the 77 81
dorsal fin
Length of the flipper 20 23*
Condylobasal length 35.2 >35.8
Rostrum length 19.1 >19.4
Breadth of rostrum 101 104
near base
Preorbital breadth 18.4 19.0
Postorbital breadth 20.6 212
Mandible length 315 >32.3
Mandible height 6.4 6.6
*This value was reported as shrunken
Mediterranean population of S. coeruleoalba is

categorized as Vulnerable on the IUCN Red List (IUCN,
2019) and Least Concern global Red List of Threatened
Species category (Braulik, 2019). The number of mature
individuals for this species is unknown (Aguillar &
Gaspari, 2012). Besides, this species listed in Appendix II
of the Convention on International Trade in Endangered
Species (CITES) (IUCN, 2019). However, there is still a
need for conservation strategy for S. coeruleoalba and other
dolphins in the Mediterranean Sea.

The striped dolphins may be taken incidentally in
fishing nets. As a result, human interactions can be a cause
or contributing factor in the deaths of striped dolphins in
the Mediterranean Sea. Thus, conservation measures
should be enforced at the local and national level more
intensively for this species.

In this study, we aimed to report a S. coeruleoalba who
drowned as a result of by-catch in Mersin Bay
(Northeastern Mediterranean Sea, Turkey).

For preventing non-target fishing, it is recommended
to design perceptible nets in water considering the
biological characteristics of by-catch species.
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Abstract: Cyanobacteria help to dissolve phosphate and minerals to increase plant production and soil fertility, and contribute
to the biological nitrogen fixation. In addition, many cyanobacteria secrete elicitor molecules such as amino acids, proteins,
polysaccharides, phytohormones, vitamins and carbohydrates to promote plant growth. Thus, they protect plants against
biotic and abiotic stress. Cyanobacteria have antagonistic activity against many plant pathogen fungi. With the application of
cyanobacteria as the biocontrol agent, the severity of the disease has decreased in many plants. In this review, the effects of
metabolites secreted by cyanobacteria on plant growth and their effects on their use in agriculture are discussed.

Keywords: Cyanobacteria, elicitor molecules, biofertilizer, plant growth promotion.

Bitki Gelisimini Tegvik Eden Siyanobakteriler ve Metabolitleri

Oz: Siyanobakteriler, bitkisel tiretimi ve toprak verimliligini artirmak igin fosfat ve mineral ¢oziinmesine yardimei olurlar,
biyolojik azot fiksasyonuna katkida bulunurlar. Ayrica, bircok siyanobakteri, bitki gelisimini tesvik icin aminoasit, protein,
polisakkarit, fitohormon, vitamin, karbonhidrat gibi elisitor molekiilleri salgilarlar. Boylece bitkileri biyotik ve abiyotik strese
kars1 korurlar. Siyanobakteriler bircok bitki patojeni fungusa karsi antagonistik aktivite gostermektedir. Biyokontrol etmeni
olarak siyanobakterilerin uygulanmasi bir¢ok bitkide hastalik siddetini azaltmistir. Bu derlemede, siyanobakteriler tarafindan
salgilanan metabolitlerin bitki gelisimi ve biiyiimesindeki rolleri, tarrmda kullanimi iizerine etkilerine deginilmistir.

Anahtar kelimeler: Siyanobakteri, elisitor molekiiller, biyogiibre, bitki gelisimini tesvik.

1. Giris

Bitkilerle iligkili olan farkli mikroorganizma gruplarinin,
bitkiler tizerinde yararli etkilere sahip, metabolitler
iirettigi agiklanmustir (Berendsen, Pieterse, & Bakker, 2012;
Mendes, Garbeva, & Raaijmakers, 2013). Patojenlerin
bitkilerle olan zararli etkilesimleri uzun yillar boyunca
bilinmekte olup; bitki biiytimesini tesvik eden (PGPR)
mikroorganizmalar ve bitki iletisimleri ile ilgili sinyalleri
ortaya c¢ikarmak igin calismalar son yillarda hiz
kazanmistir. PGPR mikroorganizmalarinin, plazma zar1
tizerindeki reseptor bolgelerine baglanabilen ve genlerin
aktivasyonuna neden olabilen, proteinlerin ve enzimlerin
veya sekonder metabolitlerin sentezine yol agan
sinyallesme bilesiklerini serbest biraktiklar: bildirilmistir
(Hussain, Hamayun, & Shah, 2013). Karbonhidrat, lipid,
glikolipid veya glikoprotein grubuna ait olan fitokimyasal
tepkiye dahil olan elisitorlerin ve sinyalleme bilesiklerinin
bir¢ogu tanimlanmustir (Yamaguchi & Huffaker, 2011). Bu
bilesiklerin bazilari, sprey seklinde veya kok muamelesi
olarak bitkilere uygulandiginda glikosinolatlar,
alkaloidler,  polifenoller,  flavonoidler,  flavonoid
glikozitler, saponinler terpenler, fitoaleksinler gibi bir dizi
bitki fitokimyasalinin birikiminde artisa neden oldugu
tespit edilmistir (Hussain et al., 2013; Misra & Kaushik,
1989a; Rodriguez, Stella, Storni, Zulpa & Zaccaro, 2006).
Bu fitokimyasallarin bitkileri biyotik ve abiyotik strese
karst koruma saglamakta olup, direng gelistirmelerine
yardimci olduklar1 belirlenmistir (Shan, Yan, & Xie, 2012;
Sokolova, Akimova, & Vaishlya, 2011). Bitkilerde
fitokimyasal Dbilesimini arttirmak icin elisitorlerin
kullarumu ile ilgili gesitli arastirmalar yapilmistir. Ornegin;
Briceno et al. (2012) ve Pan ve Liu (2011) ¢alismalarinda

elmada antosiyanin, fenolik ve askorbik asit tiretimi,
mango ve patateslerde fitosterol ve taraksasterol ve
ahudududaki flavonoidlerin arttigim tespit etmislerdir.
Elisitorlerle muamele edildiginde karotenoidlerin,
ozellikle likopen ve f-karoten seviyesinin, domateslerde
arttigr (Singh, 2014), havuglarda ise terpenler, 6zellikle
terenler, limonen ve kariyofil iceriklerinde artis meydana
geldigi arastiricilar tarafindan bildirilmistir (Singh, 2014;
Takaichi, Maoka, &  Mochimaru, 2009). Bu
fitokimyasallarin bitkilere uygulanan yararli etkilerinin
yanu sira, terapotik olarak yiiksek degere sahip olduklar:
actklanmis; antioksidanlar, antikanserojen, antibakteriyel,
antifungal, antiviral, antitrombotik, antienflamatuar, kan
basincini ve kan sekeri ile bagisikligi destekleyici ve
kolesterol diisiirticii 6zelliklerinden dolay1 saglik tizerinde
de etkili olabildikleri Yadav et al. (2017) tarafindan
aciklanmistir. Boylece, fitokimyasallarin gelistirilmesi,
tarim endiistrisi ig¢in onemli ekonomik faydalara sahip
olabilecek yeni bir arastirma alami ac¢mustir. Bitki
hastaliklarimin laboratuvar, sera ve tarla kosullarinda
kontrol altina almmasi i¢in uyarilan direng ile ilgili
calismalar, AR-GE {irtinlerinin ticarilestirilmesini saglamis
ve boylece {ireticilere yeni nesil mikrobiyal giibreler veya
iirtin koruyucular: kazandirilmistir.

Bitki gelisimini destekleyen mikroorganizmalar ilgili
yapilan c¢alismalar incelendiginde tizerinde en ¢ok
arastirma yapilanlarin rizobakteriler, mikorizal mantarlar
ve simbiyotik rhizobia oldugu tespit edilmistir. Son
zamanlarda yapilan arastirmalarda ise bitki gelismesini
tesvik eden bir baska mikroorganizma grubunun da
siyanobakteriler oldugu goriilmektedir (Mendes et al.,
2013; Willis, Rodrigues, & Harris, 2013). Son yillarda
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yapilan arastirmalarda siyanobakteriler tarafindan
iiretilen sinyaller ile konak bitkilerin gen ifadesini
etkileyen veriler elde edilmis, boylece bitkilerin
fitokimyasal Dbilesimlerinde kalitatif ve kantitatif

degisiklikler meydana geldigi tespit edilmistir (Manjunath
et al,, 2010; Sing, Kumar, Rai, & Singh, 2016; Yadav et al.,
2017). Bu derlemede, siyanobakterilerin olasi elisitor
molekiilleri ve siyanobakteriler tarafindan bitkilerin
gelisimleri tizerindeki rollerine deginilmistir.

2. Siyanobakteriler ve Onemleri

Mavi-yesil algler olarak da bilinen siyanobakteriler,
oksijenli solunum yapan, fotosentetik prokaryotik
organizmalar olarak tanimlanmustir (Yadav et al., 2017).
Bunlar, morfolojik ve gelisimsel olarak, degisik hiicre
tiplerine sahip olan, ipliksi formlara kadar ikili fiizyon ile
¢ogalan, basit tek hiicreli formlardan olusan prokaryot
canli gruplarindan biridir (Yadav et al, 2017).
Siyanobakterilerin habitat olarak tatli su, deniz ve karasal
ortamlar1  kullandiklar1  bilinmektedir. Bu yasam
ortamlarina ilave olarak kaplica sulari ve buzullar1 da
habitat olarak kullanabildikleri cesitli arastirmalar ile
tespit edilmistir (Nagarajan, Maruthanayagam, &
Sundararaman, 2011). Bitkilerle birlikteliklerinin yani sira,
agac kabugu tizerinde, yapraklar, kokler ve su altindaki
alanlarin batik kokleri ve saplar: tizerinde epifitik olarak
gelisebilmektedirler (Aguiar et al, 2008; Boopathi,
Balamurugan, Gopinath, & Sundararaman, 2013).
Siyanobakteriler, bitki partnerinin biiyiimesi i¢in azot
saglarlar. Siyanobakterilerin, atmosferik azotu nitrogenaz
enzimi ile amonyum formuna déntistiirebildikleri (N2 + 8

H* +8e +16 MgATP — 2 NH; + H2 + 16 MgADP + 16
Pi) ve bu olayda ATP'nin kullamildigi agiklanmustir
(Magnuson, 2019).

Simbiyotik  birliktelikteki bitki partneri ise,
siyanobakteriye koruma ve beslenmeyi saglayan 6zgiin
fiziko-kimyasal faktorlere sahip essiz bir yasam alamn
sunmaktadir. Basarili simbiyozun baslatilmasinin ve
koordine edilmesi ortaklar arasindaki bir dizi diizenli
sinyal alisverisine baghdir (Long, 2001; Mendes et al., 2013;
Stam & Kumar, 2010). Yapilan c¢alismalar,
siyanobakterilerin, konakgilarda gen ifadesini etkileyen
sinyaller {tirettigi ve konakcilardan gelen sinyalleri
algilayarak, bunlara cevap verip ortakligin olusumunda
¢ok 6nemli rol oynadigini gostermistir (Yadav et al., 2017).
Bitkilerde, cevresel degisiklikleri algilayan, patojen ve
simbiyotik mikroorganizmalarin ayirt edilmesinden
sorumlu mekanizmalar bulunmaktadir (Mendes et al.,
2013). Bu sinyallerin rhizobia tarafindan salinan nodiil
induikleyici faktorler (Nod faktorleri) ile fonksiyonel
olarak benzer oldugu diistiniilmektedir. Nod faktorleri
kok korteksinde hiicre boliinmesini uyararak yeni bir
organ olan kok nodiilii olusumuna yol actig1 bildirilmistir
(Long, 2001).

Siyanobakterilerin likenlerde tallus morfojenezini
etkiledigi bilinmektedir (Singh et al, 2016). Likenler
iizerinde yapilan calismalarda, belirli bir mantarmn farkl
siyanobakteriyel ortaklarla farkli morfolojiler tirettigini ve
farkli siyanobakteriyel suslar tarafindan farkli sinyaller
salgillandigini gostermistir (Singh, 2014).

Siyanobakterilerin ve 6zellikle bitkilerle simbiyotik
iligkiler olusturanlarin karbonhidrat agisindan zengin
arabinogalaktan proteinleri saldiklar1 kesfedilmistir. Bu
proteinlerin sinyal molekiilleri olarak hareket etmeleri,
bitki biiytimesi ve gelisiminin diizenlenmesinde 6nemli
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bir rol oynamadig tespit edilmistir (Abdel-Raouf, Al-
Homaidan, & Ibraheem, 2012). Siyanobakteriler tarafindan
fitohormonlarin salgilanmasi, simbiyotik birlikteligin
olusumu ile baslamaktadir (Sing et al., 2016). Yapilan
calismalarda  Anabaena-Azollaenin azot baglanmasi
sirasinda  {irettikleri fitohormonlar tespit edilmistir
(Sokolova et al, 2011; Yadav et al, 2017). Uretilen
fitohormonun sadece simbiyozu uyarmakla kalmadig;,
ayni zamanda konak¢t bitkide bir dizi metabolik
aktivitenin tetiklenmesine yardimci oldugu tespit
edilmistir (Sokolova et al., 2011; Yadav et al., 2017).

3. Bitkilerde Siyanobakteriyel Sinyaller

Siyanobakteriler, biyolojik azot fiksasyonuna potansiyel
katkida bulunan, toprak verimliligini ve tiriin verimliligini
arttirmak igin fosfatin ¢oziinmesine ve mineral salinimina
katkida bulunan bir¢cok tarim topraklarmin 6nemli
sakinleri  olarak  tamimlanmustir (Singh,  2014).
Siyanobakterin, bitki biiytimesini desteklemek icin sinyal
molekiilleri olarak islev goren proteinler, vitaminler,
karbonhidratlar, amino asitler, polisakkaritler ve
fitohormonlar gibi gesitli biyolojik olarak aktif maddeleri
serbest biraktigt bilinmektedir. Ilgili bakterilerin ekili
tarlalarda da  bulunduklar1 = saptanmustir.  Bitki
biiytimesinde etkili baskin suslarin saptanmas: bitkisel
iiretim agisindan 6nemli bulunmustur (Osman, El-Sheekh,
El-Naggar, & Gheda, 2010; Prasanna et al., 2009b).

Rizosfer igin mikroorganizmalarn bollugu ve
cesitliligi onemlidir. Cogu mikroorganizma icin uygun bir
nis sunmaktadir ve bu mikroorganizmalarin metabolik
aktiviteleri bitki gelisimi ile yakindan iligkilidir (Singh,
2014). Prasanna, Jaiswal, Nayak, Sood ve Kaushik (2009a),
Hindistan'in ¢esitli bolgelerinden izole edilen piring
rizosferindeki siyanobakterilerin bollugunu ve cins olarak
cesitliligini karakterize etmek icin bir arastirma
yapmislardir. Arastirma sonucunda Nosfoc sp. Vaucher ex
Bornet & Flahault ve Anabaena sp. Bory ex Bornet &
Flahault cinslerine ait siyanobakteriyel suslarin, rizosfer
izolatlarin % 80'ini olusturdugunu belirlemislerdir.
Ayrica Hapalosiphon intricatus West & G.S. West,
Westiellopsis sp. Janet, ve Calothrix ghosei Bharadwaja,
rizosferden izole edilen diger tiirler olarak kaydedilmistir
(Prasanna et al., 2009a). Oscillatoria Vaucher ex Gomont ve
Phormidium Kiitzing ex Gomont'un rizosferde bulundugu,
Scytonema C. Agardh ex E. Bornet & C. Flahault'nin ise
tuzlu toprak orneklerinde baskin oldugu belirlenmistir.
Song, Martensson, Eriksson, Zheng ve Rasmussen, (2005)
Cin'deki piring tarlalarinda siyanobakterilerin gesitliligini
degerlendirmisler, Nostoc ve Phormidium dahil olmak
tizere 24 tip tespit etmislerdir. Benzer bir dagilim Iran'm
piring ekili bolgelerinden elde edilmis (Shariatmadari,
Riahi, Hastroudi, Ghassempour, & Aghashariatmadar,
2013) ve 20 lokasyondan 49 farkl tiir izole edilmistir. Bu
taksonlar arasinda, Anabaena ve Nostoc ¢ogu istasyonda
baskin olarak bulunmustur (Shariatmadari et al., 2013).

Calothrix ghosei Bharadwaja, Hapalosiphon intricatus
West & G.5.West, Nostoc sp. Vaucher ex Bornet & Flahault,
Hapalosiphon sp. Nageli ex E.Bornet & C.Flahault, Calothrix
sp. C. Agardh ex Bornet & Flahault, Desmonostoc muscorum
(C.Agardh ex Bornet & Flahault) Hrouzek & Ventura,
Westiellopsis prolifica Janet, Calothrix membranacea Schmidle,
olarak tanimlanan sekiz farkli cinse ait sekiz siyanobakteri
tiiri izole edilmistir. Piring tarlalarmnin siyanobakteriyal
cesitliligi ile ilgili yapilan c¢alismada, Phormidium ile
birlikte, Nostoc ve Anabaena’nin baskin oldugu saptanmis
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ve bu tiirler oldukca rekabetci olarak tanimlanmustir
(Yadav et al., 2017). Nostoc'un, serbest yasayan ve gok
cesitli bitki tiirleriyle simbiyotik ortaklik kuran ¢ok yénlii
diazotrofik siyanobakteriyel cinslerden biri oldugu
bilinmektedir. Bu cinsin iiyelerinin, cesitli ekolojik
habitatlara uyum saglayan 6zellik gosterdigi saptanmistir
(Prasanna et al., 2009b).

Siyanobakterilerin gevrelerine ¢ok sayida metabolit
salgiladiklar1 bilinmektedir; bu da yakin cevrelerinde
bulunan diger organizmalarin biiytimesini ve gelismesini
etkileyebilir. Piring fideleri algal filtratla muamele edilmis,
gelisme sonunda koklerde algler tarafindan salgilanan
gibberalik asit benzeri bir bilesik tespit edilmistir (Singh,
Prabha, Yandigeri, & Arora, 2011). Celtik tarlalarindan
izole edilen D. muscorum'dan iiretilen bir maddenin
kromatografi tanimlamasi yapilmis, bu madde indol asetik
aside benzer ozelliklere gostermistir (Prasanna et al.,
2009a). Daha sonra Misra & Kaushik (1989a; 1989b)
tarafindan yapilan c¢alismalarda; Hapalosiphon pumilus
Kirchner ex Bornet & Flahault ve D. muscorum'un hiicre ve
hiicre dis1 bilesiklerinin celtik fidelerinin uzunlugu ve
gelisiminin kontrol fidelerine goére onemli oranda
arttirdigini saptamislardir. Cimlenme orani, siirgiin ve
kok uzunlugu, biyokiitle gibi gelisme 6zelliklerindeki
artisin, bitkinin gesitli fitokimyasal bilesenlerindeki artis
ile pozitif iligkili oldugu gosterilmistir.

Nostoc oryzae (F. E. Fritsch) J. Komdrek & K.
Anagnostidis, Trichormus doliolum (Bharadwaja) Komarek
& Anagnostidis, Phormidium sp., Calothrix geitonos Skuja,
Hapalosiphon intricatus, Trichormus fertilissimus (C. B. Rao)
Komarek & Anagnostidis, Tolypothrix tenuis Kiitzing ex
Bornet & Flahault, Oscillatoria acula Briihl & Biswas ve
Leptolyngbya boryana (Gomont) Anagnostidis & Komarek
gibi siyanobakteriyel suslar ile asilanan celtikte; fenolik
asitlerin (gallik, gentisic, caffeic, chlorogenic) flavonoidler
(rutin ve quercetin) fitohormonlarin (indol asetik asit ve
indol biitirik asit), yapraklarda ise protein ve klorofil
iceriginde artis oldugu yapilan calismada belirtilmistir
(Singh et al., 2011). L. boryana ve O. acula ile agilanmis geltik
yapraklarinda peroksidaz ve fenilalanin amonyak liyaz
enzim aktivitesi ve toplam fenolik igeriginin ytikseldigi
rapor edilmistir (Singh et al., 2011).

Siyanobakteriler —tarafindan {iretilen biyoaktif
bilesiklerin, bitkinin toprak alt1 ve toprak tistii kisimlarmin
gelisimini tetiklemekten sorumlu olan fitohormon
diizeylerini arttirdigr saptanmustir.  Fitohormonlarm
ayrica, enzimatik aktiviteleri ve bitki biiytimesi sirasinda
meydana gelen metabolik degisiklikleri diizenledigi
bilinmektedir (Tvorogova, Osipora, Doduyeva, & Lutova,
2013) ve bu nedenle, savunma enzimlerinden peroksidaz
ve fenillalanin amonyak ligaz enzimlerinin aktivitesindeki
artis da fitohormon diizeylerine baglanmistir (Tvorogova
et al., 2013). Flavonoidler ve fitohormonlarin bitki-
mikroorganizma etkilesimlerine yardimei olduklar1 rapor
edilmistir (Jaiswal, Das, Koli, & Pabbi, 2018), bu bilesikler
mikroorganizmalarin kok kolonizasyonunu arttirmis
(Kehr, Picchi, & Dittmann, 2011), diger organizmalarin
popiilasyonu {tizerinde allelokimyasal etkiyi saglamistir
(Khan, Syeed, Nazar, R, & Anjum, 2012). Bunlar aym
zamanda sinyal molekiiller olarak gorev yapmustir (Kehr
etal., 2011; Khan et al., 2012).

4. Siyanobakterilerin Biyotik ve Abiyotik Stresle
Miicadeledeki Rollerinin Onemi

4.1. Siyanobakterilerin Tuza Toleransi
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Siyanobakteriler, tuzdan etkilenen topraklarda dogal
olarak koloni olusturduklarindan genellikle tuz stresine
kars1 toleransh kabul edilmistir. Siyanobakterilerin tuzlu
topraklarda olusturdugu kolonilerin rizosfer tarafindan
topraga cesitli metabolitlerin salimimini sagladig1 ve bu
metabolitlerin de bitki biiytime-gelismesini tesvik ettigi
yapilan galismalar ile belirlenmistir. (Sing & Dhar, 2010).
Scytonema hofmanii C. Agardh ex Bornet & Flahault 'nin tuz
stresine maruz alanlarda yetistirilen pirin¢ fidelerinin
gelisimi tizerinde olumlu bir etkisi oldugu bulunmustur
(Rodriguez et al., 2006). Tamoi, Kurotaki, & Fukamizo
(2007)  tarafindan  Synechocystis'ten  Ssglc  olarak
adlandirilan ve B-1,4-glukonaz benzeri bir proteini (SsGlc)
kodlayan bir gen izole edilmistir. Bu genin tuz stres
toleransinda islev gordiigii ve dolayisiyla bitkilerde tuz
toleransini  arttrmak  icin  kullanulabilecegi  tespit
edilmigtir.

4.2. Siyanobakterilerin Hastaliklara Kars: Direnci

Toprak kaynakli bitki patojenlerine karst kullanilacak
biyokontrol etmenleri olarak bitki gelisimini tesvik eden
bakterilerin kullamimu, siirdiiriilebilir bir tarim igin son
yillarda  olduk¢a cazip hale  gelmistirr Bu
mikroorganizmalar, hiicre duvarinin fiziksel ve mekanik
giictinii giiclendiren ve patojenlere karsi savunma icin
metabolitlerin sentezi ile konakgimn fizyolojik ve
biyokimyasal reaksiyonunu degistiren indiiklenmis
sistemik direncini (ISR) ortaya ¢ikarmaktadir (Chaudhary
etal., 2012).

Bazi siyanobakterilerin, bitki patojenlerinin hastalik
olusumunu azalttig tespit edilmistir (Tablo 1). Ornegin;
Calothrix elenkinii Kossinskaja'nin kiiltiir filtrat1 ve etil
asetat ekstresinin; saksi denemelerinde, Pythium
aphanidermatum (Edson) Fitzp ile enfekteli soya fasulyesi,
domates, biber tohumlar1 {iizerinde hastalik siddetini
azalttigr bulunmustur (Manjunath et al., 2010). Pythium
debaryanum R. Hesse, Fusarium oxysporum f.sp. lycopersici
W.C. Snyder & H.N. Hansen, Gibberella fujikuroi (Sawada)
Wollenw, ve Rhizoctonia solani ].G. Kithn'yi igeren bir grup
fungal patojenler ile inokule edilmis domates fidelerinde
¢okerten hastaliginin Trichormus variabilis (Kutzing ex
Bornet & Flahault) Komarek & Anagnostidis ve Anabaena
oscillarioides Bory ex Bornet & Flahault uygulamalar: ile
azaldig1 incelenmistir (Chaudhary et al., 2012). Trichormus
variabilis ve A. laxa A.Braun 'min, Fusarium sp.
solgunluguyla miicadele edilen domates bitkilerinde
sistemik savunma yaniti olusturdugu bulunmustur.
Fenilalanin amonyak liyaz (PAL), polifenol oksidaz (PPO),
kitosanaz ve B-1,3 glukanaz gibi enzim aktiviteleri,
siyanobakteriyal ~formiilasyonlarla muamele edilen
domates fidelerinin koklerinde yiiksek bulunmustur. Bu
durum domates fideleri ile siyanobakteriyal etkilesimin
6nemini ortaya koymustur (Prasanna et al., 2013).

4.3. Siyanobakterilerin Sinyal Molekiilleri

Fitohormonlar; rizosferik, epifitik ve simbiyotik
mikroorganizmalar tarafindan salgilanmaktadir (Shan et
al., 2012). Bitkilerle iliskili mikroorganizmalar tarafindan
iiretilen fitohormonlar, bitki biiytimesinin uyarilmasinda,
bitki patojenezinde ve bitki-mikroorganizma simbiyotik
etkilesimlerinde  belirleyiciler =~ olarak anahtar rol
oynamaktadir (Singh, 2014). Bu hormonlar, konak¢inin
endojen fitohormon dengesini degistirebilir ve tepkilerini
tetikleyebilir, bu durumun iretilen fitohormon
konsantrasyonuna, konak¢inin tipine ve hormonlara olan
duyarliigina bagh oldugu agiklanmustir (Sokolova et al.,
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2011). Fitohormonlar, bitkilerde gesitli fizyolojik stireclerin
koordine edilmesine katkida bulunurlar. Bunlarin tohum
¢imlenmesinin diizenlenmesi, kok olusumu, ¢iceklenme,
dal olusumu ve meyve olgunlasmasinda 6nemli etkileri
belirlenmistir (McAtee, Karim, Schaffer, & David, 2013).
Ayrica gevresel faktorlere kars: bitki direncini arttirmslar,

2012). Yapilan ¢alismalar, siyanobakterilerin, IAA (indol-
3-asetik asit), sitokinin, gibberellin, etilen, jasmonik asit
veya absisik asitlere benzer biiytimeyi arttirici
diizenleyiciler iireterek bitkilere yararli olabildigini
gostermistir (Kher et al., 2011, Moreno, Blanch, & del
Castillo, 2010; Osman et al, 2010). Tablo 2’de baz

genlerin ekspresyonu, enzimlerin, pigmentlerin ve siyanobakter tarafindan iiretilen bitki gelisimini
metabolitlerin sentezini indiiklemislerdir (Shan et al., destekleyen hormonlar verilmistir.
Tablo 1. Farkli siyanobakterilerin bazi bitki patojenlerine kars: biyokontrolii
Siyanobakteri Hedef organizma Bitki Hastalik Kaynak
Pythium debaryanum R. Hesse Domates Cokerten
Anabaena sp. Fusarium verticillioides (Sacg.) Nirenberg Domates Kok ve kok bogaz ciiriikliigii Chaudhary et al. (2012)
F. oxysporum f.sp. lycopersici W.C. Snyder &
Domates Solgunluk
H.N. Hansen
Nostoc commune Vaucher ex  F.oxysporum f.sp. lycopersici W.C. Snyder & . .
Bornet & Flahault FA 103 H.N. Hansen Domates Solgunluk Kim & Kim (2008)
Oscillatoria spp.
Anabaena sp.,
Nostoc sp., . . .. < .
Nodularia sp. Mertens ex Alternaria alternata (Fr.) Keissl. Piring Yaprak leke hastalig1 Kim (2006)
Bornet & Flahault,
Calothrix sp.
Nostoc commune FK-103
Oscillatoria tenuis C.Agardh  Phytophthora capsici Leonian Piring Kok bogazi yanikligi Kim (2006)
ex Gomont FK109
Tablo 2. Farkli siyanobakteri tarafindan tiretilen baz1 bitki gelisimini tesvik eden hormonlar
Siyanobakteri Grup Hormon Kaynak
Calothrix spp.,
Kamptonema animale (C.Agardh ex Gomont) Cyanophyta Oksin, sitokinin, kinetin benzeri aktivite Osman et al. (2010)
Strunecky, Komarek & J.Smarda )
Nostoc spp. Cyanophyta Indol-3-asetik asit Shariatmadari et al. (2013)
Aphanothece sp. C.Néageli MBDUS515 Cyanophyta Indol-3-asetik asit Rodriguez et al. (2006)
Wollea vaginicola (F.E.Fritsch & Rich) R.N.Singh, Indol-3-asetik asit, indol-biitirik asit, indol-3-
Nostoc calcicola Brébisson ex Bornet & Flahault Cyanophyta propionik asit Khan etal. (2012)
Tetradesmus obliquus (Turpin) M.J.Wynne Cyanophyta Indol-3-asetik asit Khan et al. (2012)
Chroococcus, Nostoc, Phormidum Cyanophyta Sitokinin Zizkova et al. (2017)
. . . . ciszeatin, zeatin ribosid, dihidrozeatin ribosid ve zeatin-o-
Misra ve Kaushik, (1989a), siyanobakterilerin L N ! N i
. o . glukozit olmak tizere bes farkli sitokinin salgilayabildigi
fitohormona benzer ozellikte hormonal bilesikler

iirettikleri belirlemiglerdir. Yaptiklar1 aragtirmada Nostoc
and Haplosiphon'un ekstraktlarinin oksin benzeri ozellikte
olup, ekstraktlarin saflastirilmas: sonucunda indol 3 asetik
asit, indol-3-propionik asit ve 3-metil indol ozelliginde
oldugu tespit edilmistir (Misra & Kaushik, 1989a).
Shariatmadari et al. (2013) Anabaena, Anabaenopsis V. V.
Miller, Calothrix, Chlorogloeopsis A. K. Mitra & D.C.
Pandey, Cylindrospermum Kiitzing ex E. Bornet & C.
Flahault, Gloeothece C. Négeli, Nostoc, Plectonema Thuret ex
Gomont, Haplosiphon ve Synechocystisin IAA trettigi
saptamuslardir. IAA biyosentezinde 6nemli bir gen olan
ipdC geninin homologlar1 ise siyanobakterilerin bazi
suglarinda tanimlamuglardir.

Karthikeyan et al. (2009) tarafindan yapilan
arastirmada; karanlik ve 1g1k alan kosullar altinda Calothrix
sp., Calothrix ghosei, Calothrix membranacea Schmidle,
Hapalosiphon  intricatus, Nostoc sp., D. muscorum,
Westiellopsis ~ prolifica  gibi  siyanobakteriyel —suslar
tarafindan tiretilen TAA miktar1 arastirilmis; karanlikta
inkiibe edilen kiiltiir ekstraktlarinda IAA miktar1 0.6-3.37
pg/ml arasinda, 1sikta ise JAA miktarim 0.5-1.39 pg/ml

olarak bulmuslardir. Bitki biiytimesini hizlandiran
sitokinin ve indol-3-asetik asit (IAA), Anabaena,
Oscillatoria, ~ Phormidium,  Chroococcidiopsis ~ Geitler,

Synechocystis gibi siyanobakteriyel suslarda Hussain et al.
(2013) tarafindan saptanmustir. Yapilan arastirmada
Siyanobakteriyel suslar kiiltiir ortaminda transzeatin,
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belirlenmistir (Hussain et al., 2013). Chroococcidiopsis sp.
diger siyanobakteriler ile karsilastirildiginda en yiiksek
sitokinin treticisi olarak kabul edilmis, Nostoc paludosum
Kiitzing ex Bornet & Flahault, Lyngbya, Chlorogloeopsis ve
Calothrix'in de sitokin {tirettigi tespit edilmistir (Osman et
al., 2010).

Hussain et al. (2013) tarafindan piring koklerinden
izole edilen endofitik Nostoc kiiltiiriinde sitokinin ve IAA
belirlenmistir. Sera kosullarinda bu Nostoc susunun,
bugday ve piring fideleri ile muamelesi sonunda bugday
ve piring siirgiin uzunlugu, kok uzunlugu ve tane
agirhginda artis oldugu saptanmistir. Siyanobakteriyel
suslarin lateral kok olusumunu tetikledigi,
siyanobakterilerle asih bitki koklerinin, yiizey alanlarimin
artmasma neden oldugu ve siyanobakteriler tarafindan
salinan fitohormonlarin, bitki kokleri ile siyanobakteri
birlikteliginde ¢ok onemli bir rol oynadig agiklanmustir
(Hussain et al., 2013). Gibberellin benzeri maddeler de
Jaaginema angustissimum (West & G.S.West) Anagnostidis
& Komarek, Cylindrospermum sp., Anabaenopsis sp.’den de
izole edilmistir (Osman et al., 2010).

Siyanobakterilerde jasmonik asit (JA) varlig1 tespit
edilmistir (Singh, 2014). Bu bakterilerin solgunluk, su
stresi, ozmotik stres ve tuz stresi gibi stres kosullarinda
bitkinin hayatta kalmasim saglayan absisik asit birikimini
tetikledigi bildirilmistir (Khan et al., 2012). Jasmonik asit
ve gesitli metabolitlerinin bitki gelisiminin yani sira
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abiyotik ve biyotik strese karsi bitki reaksiyonlarini
diizenlemekten sorumlu oldugu bilinmektedir (Khan et
al., 2012). Siyanobakterilerde jasmonik asit (JA) tespit
edilmistir (Singh, 2014). Ayrica Synechococcus, Anabaena,
Nostoc, Calothrix, Scytonema ve Cylindrospermum tiyelerinin
etilen tirettikleri bildirilmistir (Singh et al., 2016).

4.4. Siyanobakteriyel Polisakkaritler

Polisakkaritler, bitki bagisikligi indiikleyicilerinin en
onemlilerinden biridir (Singh, 2014). -glukanlar, kitin,
lipopolisakkaritler gibi polisakkaritlerin ¢ogu, bakteriyel
ve fungal tiirlerden salimirken, konakgr bitkilerle
etkilesimlidir. Bununla birlikte, algler tarafindan tiretilen
polisakkaritlerin, bitkileri patojenlere kars1 koruyabilecegi
ve boylece biyolojik olarak aktif molekiillerin salgilanacagi
ucuz bir kaynak olarak aciklanmustir (Singh, 2014).

Siyanobakteriyel — polisakkaridlerin  polisakkarit
kaynagi olarak kullanimu ile ilgili alismalar oldukga azdir.
Siyanobakteriyel polisakkaritler, hiicre etrafinda musilaj
bir dis tabaka olarak bulunmaktadirlar. Bir kilif veya hticre
yiizeyi ile yakindan iligkili olan bir kapsiil ya da sadece
hiicre ytiizeyi veya ¢oziiniir polisakkaridler ile gevsek bir
sekilde iligkili olan bir yap1 olarak bulunurlar. Hiicre
biiytimesi sirasinda gevreye salinirlar. Bu
ekzopolisakkaritlerin, bir smir tabakas: olarak hiicrenin
korunmasimda 6énemli rol oynadiklar1 bildirilmistir (Singh
et al., 2016), topraktaki sodyum iyonlarim (Oztiirk &
Aslim, 2010) ve agir metalleri (De Philippis, Colica, &
Micheletti, 2011) bagladiklari, yapisma ozelliklerinden
dolay1 toprak agregasyonuna katki sagladiklari
saptanmugtir (de Caire, de Cano, de Mule, Palma, &
Colombo, 1997).

Xu et al. (2013) tarafindan Leptolyngbya tenuis
(Gomont) Anagnostidis & Komadrek'den salinan bir
polisakkarit, ¢ali bitkisi olan Caragana korshinskii Kom.'nin
bitki biiytimesini arttirdig1 belirlenmistir. Polisakkaridin
ortama eklenmesi, tohum ¢imlenme oranini, iyon alimini,
fotosentez aktivitesini ve karbonhidrat icerigini de 6nemli
olgide arttirdign  goriilmiistiir.  Ayrica, stiperoksit
dismutaz tireterek, stres sirasinda organizmalarda reaktif
oksijen tiirti olusumunu ortadan kaldirmaktan sorumlu
olarak oksidatif hasarin azaltilmasim saglamistir. Bu
polisakkaritler galaktoz, fruktoz, ksiloz ve birkag
tanumlanmamis sekerlerden olusmaktadir. Polisakkarit
iceren Desmonostoc muscorum ve Hapalosiphon pumilus
Kirchner ex Bornet & Flahault ekstraktlarinin, celtik
fidelerinin ¢imlenmesini uyardigt ve boylece fide
biiytimesini gelistirdigi belirlenmistir (Misra & Kaushik,
1989a). Siyanobakteriler tarafindan salinan
polisakkaritlerin, 6-10 farkli monosakkaritten olusan
karmasik heteropolimerler oldugu, cogunun piruvil veya
siilfat gibi tironik asitlerin veya degisik gruplarin
varhgindan dolayr anyonik bir yapr gosterdigi
bildirilmistir. Siyanobakteriyel EPS'lerdeki 10
monosakkari ise; heksozlardan glukoz, galaktoz ve
manoz, pentozlardan riboz, arabinoz ve ksiloz,
deoksiheksozlardan fukoz ve ramnoz ile asidik hekzos
olan glukuronik ve galakturonik asit olarak saptanmistir
(Pereira et al., 2009). Bitkilerde patojenle iligkili molekiiler
paternler (PAMP) olarak islev goren, bagisiklik
indiikleyicileri oldugu bilinen bir diger polisakkarit grubu
lipopolisakkaritler (LPS)'dir (Singh, 2014).
Siyanobakteriyal LPS’ler ile ilgili yapilan c¢alismalar
oldukca sinirhdir.
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4.5. Siyanobakteriyel Vitaminler ve Pigmentler

Vitaminlerin, bitkilerin biiytimelerine ve gelisimlerine
yardimc1r olduklari kanitlanmustir. Vitaminler, genel
stresin azaltilmasmma ve bitkilerin ¢esitli enzimatik
yollarini aktive ederek, hastaliga ve ekstrem kosullara
kars1 bagisikliklarinin artmasima yardimcr olurlar (Goyer,
2010). Tiamin (B1 vitamini); arpa ve bezelyede yaprak biti
enfeksiyonlarimt azaltmis (Hamada & Jonsson, 2013),
piring (Oryza sativa L.), ttitiin (Nicotiana tabacum L.),
domates (Solanum lycopersicum L.), salatalikta (Cucumis
sativus L.) SAR (sistemik kazamilmus direng) ile iligkili
genleri aktive ederek mantar, bakteri ve viral
enfeksiyonlarin neden oldugu cesitli hastaliklara karsi
bitkileri korudugu Lugtenberg & Kamilova (2009)
tarafindan belirlenmistir. Bilytimeyi hizlandiran 6zelligi
nedeniyle; tiamin, doku kiiltiirti ortaminin 6nemli bir
bilesenidir (George, Hall, & De Klerk, 2008). Bitki
biiytimesini ~ onemli  Olgtide  uyarabilen  toprak
mikroorganizmalarinin, gevrelerindeki vitaminleri serbest
biraktig1 bildirilmistir (Lugtenberg & Kamilova, 2009).

Suda ¢oziinen vitaminler, bitkilerin ve toprak
mikroorganizmalarinin gelisiminin uyarilmasinda diger
biyolojik olarak aktif maddelerle sinerjik olarak etki
edebilirler (Singh, 2014). Toprak mikroorganizmalarinin
¢ogunun, biyotin, tiamin, kobalamin, pantotenik asit ve
niasin gibi B-grubu vitaminleri {irettigi ve (iretilen
vitaminlerin bitki gelisimi i¢in yararl oldugu agiklanmistir
(Gupta, Ratha, Sood, Chaudhary, & Prasanna, 2013).

Siyanobakterilerin de vitamin bakimindan zengin
olduklar1 bilinmektedir. Spirulina Turpin ex Gomont,
Anabaena sp., Dolichospermum flosaquae (Brébisson ex
Bornet & Flahault) P.Wacklin, L.Hoffmann & J.Komarek,
Dolichospermum circinale (Rabenhorst ex Bornet & Flahault)
P. Wacklin, L. Hoffmann & J. Komarek, Microcystis pulverea
(H. C. Wood) Forti, Nostoc sp., Nostoc punctiforme Hariot,
Nodosilinea bijugata (Kongisser) Perkerson & Kovacik,
Kamptonema jasorvense (Vouk) Strunecky, Komarek & J.
Smarda ve Chroococcus minutus (Kiitzing) Néageli gibi
siyanobakteriyel tiirlerin; thiamine (vitamin B1), riboflavin
(vitamin B2), folik asit, askorbik asit, nikotinik asit
(vitamin B3), siyanokobalamin (vitamin B12) ve pentoten
icerdigi rapor edilmistir (Singh et al., 2016). Spirulina’nin
B12 vitaminine ilave olarak B1, B2, B3 ve E vitaminlerini
de igerdigi aciklanmustir (Gupta et al., 2013). Vitamin Bz
(siyanokabalamin) siyanobakteriler tarafindan tiretilen en

onemli vitamindir. Vitamin B12 (siyanokobalamin)
Anabaena  cylindrica Lemmermann, Nostoc cycadae
Maruyama & Fukushima, nom. inval, Cyanobium

waterburyi Komarek ve Synechococcus suslarinda da tespit
edilmistir (Singh et al, 2016). D. muscorum and
Hapalosiphon’dan  elde edilen ekstraktlarin  geltigin
¢imlenmesi ve bitki boyunu ticari vitaminlerle benzer
oranda arttirdigi belirlenmistir. D. muscorum ve
Hapalosiphon’dan elde edilen ekstraktlarmn kimyasal
karakterizasyonu yapilmis ve bu iki susun ekstraktlarinda
suda ¢oziinen B-kompleksi grubu niasin, pantotenik asit,
folik asit ve siyanokobalamin vitaminlerinin varligi
ortaya konulmustur (Misra & Kaushik, 1989b). Bu nedenle,
ekim alanlarinda bulunan siyanobakteriyel suslarin
bitkilere baslica vitamin kaynag olarak kullanilabilecegi
sonucuna ulasilmgtir.

Polipeptitler ve peptitler, bitki savunmasim
tetikleyen o6nemli sinyal molekiillerin bir grubudur
(Yamaguchi & Huffaker, 2011). Siyanobakteriyel sekonder
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metabolitlerin énemli bir kismi, yiiksek diizeyde yapisal
varyasyona sahip peptitlerdir veya peptidik alt yapilara
sahiptir. Bu peptidlerin ¢cogunun NRPS (nonribosomal
peptit sentetaz) veya NRPS/PKS (poliketid sintaz) hibrid
yolaklart ile sentezlendigi varsayilmakta ve bugiine kadar
600 siyanobakteriyel peptit tanimlanmustir (Kehr et al,,
2011). Bu  peptitlerin veya bunlar1  olusturan
aminoasitlerinin bircogu bitki biiytimesini ve gelisimini
desteklemekten sorumlu olarak belirlenmistir. Kehr et al.
(2011), D.muscorum'un kiiltiir filtratindaki amino asitler ve
peptidlerin bitkilerin gelismesini destekledigi sonucuna
varmistir. Benzer olarak D. muscorum, H. pumilus ve
Cylindrospermum  muscicola  Kiitzing ex Bornet &
Flahaultnin  aminoasitlerce  zengin olan  kiiltiir
filtratlarimin piring fidesinin gelisiminde uyarict etkiye
sahip oldugu bildirilmistir (Misra & Kaushik, 1989a).
D.muscorum igin kaydedilen aminoasitler treonin,
glutamik asit, prolin, valin, glisin/aspartik asit ve
serin/arjinin olarak ve H.pumilus'da ise sistin, arjinin,
serin, aspartik asit, glisin histidin, izolosin, lisin ve
ornitin/sistin olarak rapor edilmistir (Misra & Kaushik,
1989a). C. muscicola ekstraktinda bulunan amino asitler,
sistin, tirosin ve fenilalanin olarak belirlenmis, piringte
biiytime stimiilasyonu igin islev gordiigii tespit edilmistir
(Misra & Kaushik, 1989a). Karthikeyan et al. (2009) ise bitki
bitytimesini hizlandirabilen birkag siyanobakteriyel tiirtin
(Nostoc sp., Hapalosiphon sp., Calothrix sp., W. prolifica)
kiiltiir ekstraktlarmnda hiicre dis1 proteinlerin varhgim
saptamuslardir.

Siyanobakteriler ~klorofil a, karotenoidler ve
fikobiliproteinler gibi zengin bir pigment kaynagidir
(Takaichi et al., 2009). Fikobiliproteinler (fikosiyanin,
allosiyanin ve fikoeritrin) sadece siyanobakteriler ve
kirmizi alglerde goriilmiistir ve fikobiliproteinlerin
toplam kuru agirhgm yaklasik % 20'sini olusturdugu
belirlenmistir ~ (Singh, 2014).  Arthrospira  platensis
Gomont'ten izole edilen mavi pigment olan fikosiyanin,
strastyla Capsicum frutescens L. (kirmuizi biber) ve Daucus
carota L. (havug) hiicre kiiltiirlerinde kapsaisin ve
antosiyanin birikimini arttirmak icin kullanmilmistir (Sing,
2014).

5. Sonug
Giintimiizde  tarimsal  {iriinler  icin  kullarilan
kimyasallarin azaltilmasi, kimyasallarin yerine

kullanilacak daha ekonomik bir iiriin ve cevre dostu
tarimin yapilmasina yardimci olabilecek stratejiler talep
edilmektedir. Uriin verimini arttirmak icin cesitli metodlar
denenmektedir. Siyanobakteriler tarim alanlarinda ve
ozellikle de celtik yetistirilen topraklarda bol miktarda
bulunmakta olup, mikroalg ile birlikte topragn
mikrobiyal fotosentetik ajanlar1 olarak kabul edilmektedir.
Azot fiksasyonundaki onemli rolleri nedeniyle,
siyanobakterilerin bitkisel tiretimi arttirmak icin tarimda
kullanimi kaginilmazdir. Azot fiksasyonu yetenekleri ile
ilgili gesitli arastirmalar olmasina ragmen, ekolojik rolleri
tam olarak tanimlanmamustir. Topraklardaki varliklari,
bircok siirecin isleyisi icin biiyiitk 6nem tasimaktadir.
Tarim alanlarinda siyanobakteriyel inokiilasyonun,
yiiksek dozda azotlu giibrelerin varliginda bile verim
artis1 sagladig1 belirlenmistir. Bitkilerin azot igeriklerinin
arttirmasinin yarnu sira, siyanobakteriler bitki bitytimesini
tesvik icin bir arag¢ olarak kullarilabilirler. Bu nedenle
bircok tilkede siyanobakteriyal igerikli biyogiibrelerin
gelistirilmesi ve uygulanmasinda son yillarda 6nemli
ilerlemeler kaydedilmistir.
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Fitohormonlarin, polisakkaritlerin, vitaminlerin,
aminoasitlerin ve peptitlerin biyosentezi, bitki biiytimesi
ve gelisimi i¢in ¢ok onemli olarak kabul edilmektedir. Bu
aktif bilesikleri mikroorganizmalar rizosferde bitki
koklerinin emebilecegi yerlere serbest birakirlar.

Siyanobakteriyal suslarin  bitkinin  biiytimesini
destekleyici aktivitesi yapilan ¢alismalarda genellikle sera
ve kontrollii kosullar altindagerceklestirilen saks1
denemeleri ile tespit edilmistir. Siyanobakteriyel suslarimn
tarla kosullarinda da denenmesi igin yeni ¢alismalara

gereksinim vardir. Derlememizin bu popiilasyon
dinamiklerinin daha detayli arastinllmast ve bu
mikroorganizmalarin tarim alanlarina uygulanmasi
yoniinde  yapilacak  calismalara  1sik  tutmas:
beklenmektedir.
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Abstract: In this study, the reports covering the years 1984-2019 for propagation, reproduction, and breeding of Sideritis
perfoliata L., S. stricta Boiss. & Heldr., S. erythrantha Boiss. & Heldr., Leucojum aestivum L., Borago officinalis L., Cuminum cyminum
L., Lavandula angustifolia Mill., Rosa damascena Mill., R. canina L., Thymus longicaulis subsp. longicaulis C.pres 1., Tussilago farfara
L., Digitalis lanata Ehrh., D. lamarckii Ivan., Crocus sativus L., Capsicum annuum L., Origanum syriacum subsp. bevanii (Holmes)
Greuter & Burdet, Ecballium elaterium (L.) A. Rich., Sinapis arvensis L., Papaver somniferum L., P. bracteatum Lindl., Capparis
spinosa L., Coriandrum sativum L., Petroselinum crispum (Mill.) A. W. Hill,, Silybum marianum (L.) Gaertn., Ziziphus jujuba Mill.,
Peganum harmala L., Carthamus tinctorius L., Rumex acetosella L., Dianthus caryophyllus L., Ocimum basilicum L., Mentha spicata
subsp. spicata L. taxa, used for medicinal purposes in Turkey with biotechnological methods, have been reviewed.
Biotechnological methods such as in vitro organogenesis and somatic embryogenesis can be used in plants for a sufficient
amount of production and desired yield in medicinal and aromatic plants. Moreover, various breeding practices can be carried
out by using biotechnological methods. In addition to the traditional methods of propagation in medicinal and aromatic plants,
the provision of mass and clonal propagation via in vitro propagation techniques has a significant potential.

Keywords: Organogenesis, somatic embryogenesis, medicinal and aromatic plant.

Tiirkiye’de Baz1 Tibbi ve Aromatik Bitkilerin Biyoteknolojik Yontemlerle Cogaltilma
Calismalar1

Oz: Bu galismada, Tiirkiye’de tibbi amagli olarak kullarulan Sideritis perfoliata L., S. stricta Boiss. & Heldr., S. erythrantha Boiss.
& Heldr., Leucojum aestivum L., Borago officinalis L., Cuminum cyminum L., Lavandula angustifolia Mill., Rosa damascena Mill., R.
canina L., Thymus longicaulis subsp. longicaulis C.pres 1., Tussilago farfara L., Digitalis lanata Ehrh., D. lamarckii Ivan., Crocus sativus
L., Capsicum annuum L., Origanum syriacum subsp. bevanii (Holmes) Greuter & Burdet, Ecballium elaterium (L.) A. Rich., Sinapis
arvensis L., Papaver somniferum L., P. bracteatum Lindl., Capparis spinosa L., Coriandrum sativum L., Petroselinum crispum (Mill.)
A. W. Hill,, Silybum marianum (L.) Gaertn., Ziziphus jujuba Mill., Peganum harmala L., Carthamus tinctorius L., Rumex acetosella
L., Dianthus caryophyllus L., Ocimum basilicum L., Mentha spicata subsp. spicata L. taksonlarinin biyoteknolojik yontemlerle
tiretimi, cogaltimi1 ve 1slah ¢alismalarina yonelik 1984-2019 yillar1 arasinda yapilan arastirmalar derlenmistir. Tibbi ve aromatik
bitkilere olan ihtiyaci karsilamaya yonelik tiretimin yapilabilmesi ve istenen verimin alinabilmesi igin, bitkilerde in wvitro
sartlarda organogenesis, somatik embriyogenesis gibi biyoteknolojik yontemler kullanilabilmektedir. Ayni zamanda
biyoteknolojik yontemlerle cesitli 1slah calismalar1 da gerceklestirilebilmektedir. Tibbi ve aromatik bitkilerde klasik ¢ogaltim
yontemlerinin disinda in vitro ¢ogaltim teknikleri ile yogun ve klonal bir ¢ogaltimin saglanmasi, biiyiik bir potansiyel olarak
ortaya ¢ikmaktadir.

Anahtar kelimeler: Organogenesis, somatik embriyogenesis, tibbi ve aromatik bitki.
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1. Giris

Insanlik tarihi boyunca bitkilerin, saglig1 korumak ya da
geri kazanmak amaciyla kullanildigr bilinmektedir.
Mezopotamya bolgesinde yasamis Asurlular, Akatlar ve
Stimerler gibi medeniyetlerde, bitkilerden ve hayvansal
iirtinlerden tedavi amagl ilaclarin tiretilerek kullanildig:
M.O. 3000 yillarina ait ilk yazili belge niteliginde olan
Ninova tabletlerinde belirtilmistir (Geng & Kagar, 2012).
M.O. 2500 yillarinda da Cin'de uygulanan tibbi
yontemlerle biiyiik benzerlik gosteren ve Hint bolgesinde
uygulanan tibbin en onde gelen isimlerinden olan Rig
Veda, eserlerinde bircok sifali bitki ve bitkisel iirtinden s6z
etmistir. Eski Yunan medeniyetinde Eskulap ve modern
tibbin da atas1 sayillan Hipokrat da, kitaplarinda 400
civarinda bitki ve bitkisel iiriiniin tedavi amagh
kullanimindan bahsetmislerdir. Tibbi ve aromatik bitkiler,
insanlik tarihi boyunca deneme yamlma yontemleri ile
birlikte ve giintimiizde de modern eczacilik ve tip aracilig

ile insan, hayvan ve bitki saghg: icin kullanilmaktadir
(Faydaoglu & Siiriictioglu, 2011; Geng & Kagar, 2012; Mert
& Dagistan, 2016).

insanoglu, bitkilerin kok, yaprak, cicek, meyve gibi
kisimlariin hangilerinin tedavi edici etkileri oldugunu
deneme/yanilma, tesadiiflerle veya hayvanlarin tiikettigi
bitkileri gozlemleyerek 6grenmistir. Bitkiler o donemlerde
de gelisi giizel degil, dénemin filozoflarinin onerilerine
gore kullamilmustir. Herleyen zamanlarda bitkilerin
kimyasal yapilart aydinlatilmis ve igerdikleri etkili
maddeler saf olarak izole edilmistir. Boylece “saf ve
standart ila¢” kavraminin temelleri atilmistir (Tanriseven,
2013). Bunun en gtizel Ornegi, sogiit agacindan
salisilikasitin izole edilmesi ve yapisinin aydinlatilmasidir.
1890 yilinda bu bilesikten basit bir kimyasal islemle
sentetik olarak elde edilen “Aspirin” (asetil salisilik asit)
insanhigin yararina sunulmustur. Giintimiizde ashinda
modern tibbin yanminda alternatif tip olarak da
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isimlendirilen tedavi yontemlerinin bir¢ogu, bilimsel
olarak arastirilip degerlendirildikten ve tabi ki etkinlikleri
ispatlandiktan ~ sonra  insan  hayatina  girmeye
baslamuslardir (Geng & Kagar, 2012).

Giiniimiiz modern tibbinda kullarulan pek ¢ok ilag
hammadde kaynagimn bitkiler oldugu bilinmektedir.
Avrupa'nin giineyi ile Giineybat1 Asya floralar: arasinda
bir képrii olusturan Anadolu ayni zamanda tig fitocografik
bolgenin kesistigi bir bolgedir. Bir¢ok cins ve seksiyonun
orijini ve farklilasim merkezidir (Akman, 1995).
Anadolu'nun zengin florasi, bircok tibbi ve aromatik
bitkiye ev sahipligi yapmakla kalmayip bununla birlikte
pek cok bitkinin de gen merkezidir (Arslan, Baydar, Kizik,
Arik, Sekeroglu, & Giimiiscii, 2015). Ancak tiim bu
zenginlige ragmen bitki popiilasyonlarindan ne tam
manasiyla yararlanilmakta ne de kiiltiirel olarak tiretimi
yapilmaktadir.

Anadolu’da  florada dogal olarak bulunan
bitkilerden; hem insan hem de hayvan hastaliklarmnin
tedavisinde (Fitoterapi), ¢ay, gida, baharat, boya, regine,
insektisit, zamk, uqucu yaglarindan faydalanma, ip ve
sepet yapimi, mesrubat, kozmetik sanayinde kullanimi
gibi halk arasinda yaygin bir sekilde faydalanilmaktadir.
Tiirkiye, Diinya’da tibbi ve aromatik bitki ticaretinde
onemli bir yere sahiptir. Ulkemizden, hem nihai tirtin hem
de bitkisel ilag ve kimyasal sanayi i¢cin hammadde, gida
sektoriinde kullanilan bitkisel kokenli katki maddeleri,
kozmetik ve parfiim sanayi i¢in nihai tirtin ve hammadde
ile boya sanayi gibi onemli sektorlere de hammadde
saglanmaktadir (Arslan, Javani, & Taher, 2016; Geng &
Kagar, 2012;).

Bitki doku kiiltiirti: Genel anlamda steril sartlar
altinda bitki hiicre ya da organlarini elde etmek ve
biiytitmek icin kullanilan teknikleri agiklayan bir
kavramdir (Chawla, 2002; Ozcan, Babaoglu, & Sancak,
2001;). Bitki biyoteknolojisinin énemli bir parcasi olan in
vitro ¢ogaltim yontemleri, klasik yontemlerle 1slahi zor
veya tamamen imkansiz olan durumlarda ¢ozim
sunmaktadir. Bu sayede hastaliktan, viriisten ve diger
zararlilardan armndirilmis saglikl bitkiler yetistirebilmek,
yogun ve klonal ¢ogaltim yapabilmek, sekonder ve diger
degerli metabolitleri tiretmek ve ayn1 zamanda miktarin
artirilabilmek, verimsiz, yetisme olasiigi disitk olan
bitkilerin  yetistirilebilmesi ve genetik cesitliligin
saglanmasi miimkiindiir. Tim bunlar diisiik maliyetli
daha az 1is giiciine gereksinim duyularak klasik
yontemlere gore daha hizli bir tretim olanag:
saglamaktadir (Acar, Iskil, & Biiriin, 2017; Bayraktar,
Orztiirk, & Arslan, 2017; Carimi, Tortorici, Pasquale, &
Crescimanno, 1998; Dilmen & Goktiirk, 2016; Giiven &
Giirsul, 2014).

Biyoteknoloji Tiirkiye’de ormancilik alaninda yeni
sayilabilecek bir bilim dalidir ve ormancilikta klasik
yontemlerle birlikte tilkemiz ekonomisine 6nemli katkilar
saglayacagi beklenmektedir. Ayrica orman kaynaklarimin
korunmas: ve daha fazla yararlanilmasi hususunda, hem
bolgesel hem de uluslararas: siiregler biyoteknoloji
uygulamalarini giindeme getirmistir. Bunun bir yansimasi
olarak Avrupa Birligi kapsaminda yiiriitiilen “Eurosilva”
sebekesinin hayata gegirilmesi kapsaminda, biyoteknoloji
arastirmalarinin  6nemine vurgu yapilmis, asli ve tali
orman {rtinlerinin ¢ogaltimi, 1slah1 ve korunmasi
hususunda biyoteknolojiden daha fazla yararlamilmasi
gerektigi vurgulanmustir.
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Tiirkiye ekonomisine katk: saglayabilecek olan bazi
tibbi ve aromatik bitkilerin biyoteknolojik yontemlerle
iiretim yontemleri, cogaltimi ve 1slah calismalarma yonelik
arastirmalar derlenmistir. In vitro ortamda kiiltiire alinmis
ve ¢ogaltimi yapilmis bitkilerin listesi Tiirkge isimleriyle
birlikte Tablo 1’de verilmistir (Giiner, Aslan, Ekim, Vural,
& Babag, 2012).

Tablo 1. In vitro kiiltiirii yapilan bazi tibbi aromatik bitkilerin

Latince ve Tiirkge isimleri

Bitkinin Latince Ismi Bitkinin  Titrkce
Ismi

1- Sideritis perfoliata L. Fincan gay1

2- Sideritis stricta Boiss. & Heldr. Tilkikuyrugu cay1

3- Sideritis erythrantha Boiss. & Heldr. Morcay

4- Digitalis lamarckii Ivan. Yiikstikotu

5- Digitalis lanata Ehrh. subsp. lanata. Yiinlii yiikstikotu

6- Leucojum aestivum L. Golsogan

7- Papaver somniferum L. var. somniferum Afyongicegi

8- Papaver somniferum L. Hashas

9- Papaver bracteatum Lindl. Adamagusu

10-  Borago officinalis L. Hodan

11-  Cuminum cyminum L. Acem kimyonu

12-  Coriandrum sativum L. Kignig

13- Lavandula angustifolia Mill. Lavanta

14-  Lavandula officinalis Chaix. (synonym) Lavanta

15-  Silybum marianum (L.) Gaertn. Devedikeni

16-  Rosa damascena Mill. Isparta giilii

17 Thymus ) longicaulis ~ C.Presl.  subsp. As kekigi
longicaulis

18- Thymus vulgaris L. Kekik

19-  Tussilago farfara L. Oksiirtikotu

20-  Rumex acetosella L. Kuzukulagt

21-  Mentha spicata L. subsp. spicata Esek nanesi

22-  Cyclamen persicum Mill. Alayaprak

23-  Ecballium elaterium (L.) A.Rich. Esek hiyar1

24-  Sinapis arvensis L. Hardal

25-  Capparis spinosa L. Kebere

26-  Capsicum annuum L. Biber

27-  Rosa canina L. Kusburnu

28-  Petroselinum crispum Mill. A.W Hill. Maydanoz

29-  Crocus sativus L. Safran

30-  Ziziphus jujuba Mill. Hiinnap

31-  Peganum harmala L. Uzerlik

32-  Carthamus tinctorius L. Aspir

33-  Dianthus caryophyllus L. Karanfil

34-  Ocimum basilicum L. Feslegen

35. Origanum syriacum L. subsp. bevanii Hababa

(Holmes) Greuter & Burdet.

2. Bitkilerin Cogaltiminda Kullanilan in vitro Teknikler

Turkiye'de yetisen bazi tibbi ve aromatik bitkilerin
cogaltiminda kullanilan somatik embriyogenesis, stirgiin
ucu kilttirti, bogum kiltiirii, haploid bitki tiretimi
(androgenesis), biyoreaktor araciligiyla tiretim, somatik
melezleme ve protoplast fiizyonu gibi biyoteknolojik
tekniklerle yapilan cogaltim calismalarinin; ne amagla
yapildig1, hangi yontemlerin uygulandig1 ve elde edilen
bulgular ile ilgili bilgiler sunulmustur. Bitki ¢ogaltiminda
kullanilan embriyo kiiltiirti, kallus kiiltiirti hiicre kiiltiirti
gibi diger in vitro teknikler de, tibbi ve aromatik bitkilerin
¢ogaltim calismalarinda kullanilabilecek birer yontem
olarak ele almabilmektedir.

2.1 Somatik Embriyogenesis

Bitkinin somatik dokularindan kapali iletim sistemine
sahip bipolar bir embriyonun tiretilmesini saglayan
asekstiel gelisme siireci, somatik embriyogenesis olarak
adlandirilir (Cardoza, 2008; Ozcan, Babaoglu et al., 2001).
Somatik embriyogenesis, in vitro cogaltim teknikleri
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arasinda oldukga 6nemli bir yontemdir. Yogun ve klonal
bir ¢ogaltim i¢in uygulanan bu teknikte embriyolar ya
direkt olarak eksplant dokusundan ya da kallustan
indirekt olarak olusabilir. Genetik materyalin muhafazasi,
sentetik tohum tiretimi, genetigi degistirilmis organizma
tiretimi, in vitro kosullarda cesitli test ve galismalarda
biiytik bir potansiyel saglayan bu teknikte basari,
genotipe, eksplant kaynagma, biiytime diizenleyici
maddelere, azot kaynaklarina ve inkiibasyon kosullarina
baglhidir. Somatik embriyolar ayni zamanda tohum olarak

somatik embriyolarin bol miktarda tiretimi ve bunlardan
sentetik tohum tiretimi basarili sonuglar vermistir (Fang,
Wetten, & Hadley, 2004). Bu tohumlarin genetik
materyalin muhafazasi amaciyla farkli tekniklerle (sivi
azot igerisinde dondurarak, kurutma, yavas biiytitme vb.)
uzun siire saklanmasi ve ihtiyag¢ duyuldugunda
¢imlendirilmesi miimkiindiir. Bu aslinda, dogal ¢cimlenme
islemini taklit eden bir olaydir. Tiirkiye’de bazi tibbi
aromatik bitkilerde yapilan somatik embriyogenesis
calismalarmin materyal metot ve sonug kisimlar1 Tablo

da kullanilabilmektedir.

Biyoreaktorler

araciligiyla

Tablo 2. Tibbi aromatik bitkilerde uygulanan somatik embriyogenesis ¢alismalari

2’de agiklanarak ifade edilmistir.

Literatiir, Tiir, Eksplant

Kiiltiir Kosullar:

Sonug

- (Kogak et al., 2014)

- Cyclamen persicum Mill. (Domuz
Turpu)

- Bogum aras:

-(Ovecka, Bobak, Blehova, &
Kristin, 1997).

-Papaver somniferum L. (Hashas)
-Somatik embriyogenesis

-(Basalma, Uranbey, Mirici, &
Ozer, 2008).

- Carthamus tinctorius L. (Aspir)
- Somatik embriyogenesis

- (Ljubinka, Snezana, Radmila, &
Mirjana, 1987).
- Rumex acetosella L. (Kuzukulagr)

MS (Murashige & Skoog, 1962) besin ortamina: Fe-EDTA, pepton
(250 mg/L), myo-inositol (100 mg/L), glycine (2.0 mg/L), NAA
(0.5 mg/L), thiamine HCI (0.1 mg/L), pyridoxine-HCI (0.5 mg/L),
sukroz (30 g/L), glukoz (2 g/L), gelrite (3.7 g/L), 2,4-D (2.0 mg/L)
ve 2iP (0.8 mg/L) ekleyerek hazirlamislardir. 22-25°C’de karanlikta
inkiibe etmiglerdir.

Farkl1 dozlarda NAA ve KIN'nin eklendigi MS (Murashige &
Skoog, 1962) ortaminda kiiltiire alma calismasi yapmuslardir. Tiim
kiiltiire alma ve ¢ogaltim asamasinda 16 saatlik fotoperiyot ve 25 +
2 °C sicaklik uygulamislardir. Elde edilen kalluslar1 0.1mg/L NAA,
0.Img/L KIN, 0.1mg/L IAA ve 0.5mg/L BAP igeren MS ortaminda
alt kiiltiire almiglardir.

In vitro ortamda ¢imlendirilerek elde edilen filizlerdeki 1-2 mm
capindaki kotiledonlar, bogum kisimlarinda ki siirgiinler ve
kalluslar %3 sukroz ve %0.8 agar iceren MS (Murashige & Skoog,
1962) ortamina, farkli konsantrasyonlarda TDZ; 0.05, 0.1 ve 0.5
mg/L ve IBA; 0.25 ve 0.5 mg/L hormonlarini iceren (100 x 10
mm)'lik petri kaplarinda kiiltiire almislardir. Meristem kiiltiirii
kotiledon dan 14 giin sonrasinda direk organogenesis ile elde
etmiglerdir. Kotiledon bogumlar1 2 - 3 cm uzunlugunda ve
meristem tiptekileri 1 - 2 mm uzunlugunda MS ortaminda gesitli
konsantrasyonlar da BAP (0.5 ve 1.0 mg/L) tek basina veya NAA
(0.02 ve 0.2 mg/L) Magenta kaplarinda (GA-7) kiiltiire almuslardur.

3-4 mm uzunlugunda steril edilen eksplantlar1 kullanmislardir. MS
(Murashige & Skoog, 1962) besin ortamina; thiamine (1.0 mg/L),
pyridoxine HCI (1.0 mg/L), NAA (5.0 mg/L) ve %0.7 agar
eklemislerdir. 3 farkl1 besin ortami hazirlayip: siirgiinler %2 sukroz,
BAP (2.2 mg/L) ve IAA (0.17 mg/L) ile muamele etmislerdir; alt
kiiltiirlerde sadece %6 sukroz, mannitol veya sorbitol eklenerek ya

%80-95 oraninda somatik embriyo elde
etmisler, siirgiin gelisimi, bitki olusumu
gozlemislerdir.

Calismada P. Somniferum L. bitkisinde
0.Img/L NAA, 0.1mg/L KIN igeren MS
besin ortaminda kallus elde etmislerdir.
Siirgiin olusumundan 6nce kallus tizerinde
kiigiik beyaz preembriyonik yapilar:
gozlemislerdir.

En yiiksek siirgiin rejenerasyonu (%33.33)
ve en yiiksek sayida siirgiin adeti (6.5) MS
ortamina eklenen 0.5 mg/L TDZ ve 0.25
mg/LIBA ile gozlemislerdir. Meristem ve
kalluslardan direk organogenesis ile 14-21
giin sonrast MS ortaminda bulunan farkl
dozlardaki BAP ve NAA’de
gozlemislerdir.

En yiiksek embriyo gelisimi GA3 eklenen
ortamda olmustur.

- Somatik embriyogenesis

da %6lik sukroz tek basina eklenerek ortam hazirlanp kiiltiire

almuslardir. Olgunlasmis embriyolar %6 sukroz BAP ve IAA
olmaksizin sadece GAs (10 mg/L) eklenerek kiiltiire almislardir.
pH 7.2 ile 7.3 arasinda ayarlamuslardir.

- (Ebrahimie et al., 2007).
- Cuminum cyminum L. (Kimyon)

- Somatik embriyogenesis yapmuslardir.

MS (Murashige & Skoog, 1962) besin ortamina: IAA (0.4 mg/L),
NAA (0.4 mg/L) eklenerek pH 5.7 de 21-22°C’de inkiibasyon

Ug farkl tipte eksplant olusmus ve
embriyo gelisimi gozlemislerdir.

2.2. Haploid Bitki Uretimi

Somatik hiicrelerde bulunan kromozom sayisi ile gamet
hiicrelerindeki kromozom sayis1 birbirine esit olan bitkiler
haploid bitkiler olarak adlandirilir. Bu bitkiler, her
lokustaki alellerden yalnizca bir seriyi biinyesinde
bulundurmakta ve bu ozellikleri nedeniyle 1slah ile ilgili
calismalarda yaygin olarak kullanilmaktadir (Chupeau,
Caboche, & Henry, 1998; Ellialtioglu, Sar1, & Abak, 2001;
Palmer & Keller, 1997). Anter kiiltiiriinde (androgenesis)
en uygun baslangic materyali, heniiz tam olgunlasmaya
erismemis ve igerisinde tek cekirdekli mikro sporlart
bulunan, ilk polen mitozu asamasindaki anterlerdir. Cigek
tomurcuklar1 igerisinde bu asamada bulunan anterler,
yiizeysel sterilizasyonundan sonra aseptik kosullarda,
onceden hazirlanmus steril besin ortamina dikilir (Caglar,
Aras & Bayram, 2004; Ellialtioglu et al.,, 2001;). Anter
kiltiirtinde, eksplantlar dikimlerinden yaklasik 40 giin
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sonra geliserek embriyo halinde anterlerin igerisinden
gortiilebilir asamaya ulasmaktadir. Bu olay direkt
androgenesis olarak adlandirilmaktadir. Bundan farkl
olarak, baz1 bitki tiirlerinde once kallus meydana gelmekte
ve akabinde kallustan organogenesis veya embriyogenesis
vasitastyla haploid bitkiler olusmaktadir. Bu ikinci olusum
yoluna da indirekt androgenesis denilmektedir. Haploid
bitki tiretimi amaciyla yapilan calismalarin materyal metot
ve sonug kisimlar1 Tablo 3’de belirtilmistir.

2.3. Somatik Hiicre Melezlemesi, Protoplast Kiiltiirii

Somatik melezleme, prezigotik eseysel uyusmazlik gibi
nedenlerden dolay1r klasik yontemlerle melezlemesi
yapilamayan hibritlerin tiretilmesinde gerek fiziksel
gerekse kimyasal yontemlerden faydalanilarak uygulanan
bir kiiltiir teknigidir (Babaoglu & Ozcan, 2001). Uretilen
somatik melez hiicreden, kallus uyarimi ve bundan bitkiye
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doniisiim, sistemin en énemli pargasidir. Genel anlamda
bu isleme genetik kopyalama denilebilir ve bitkilerde
yaklasik 60 yildan beri yapilagelmektedir (Ochatt &
Power, 1992). Protoplast yonteminde ise ¢ok hiicreli
bitkilerde bitki hiicreleri birbirlerine hiicre duvari yapist
ile baglanmaktadirlar. Bir bitki hiicresinin hiicre duvari
uzaklastirlldiginda geriye kalan yapiya protoplast
denilmektedir. Olusturulan bu protoplastlar izotonik
ortamda canlihgim siirdiirerek, kendisine yeni bir hiicre
duvar1 sentezlerler. Mitozla ¢ogalarak yeni hiicre
birliktelikleri olusturan hiicreler (mikrokallus), daha sonra
bu yapidan da yeni bitkiler meydana getirebilmektedir.

Iste bu yontem bitkilerin totipotensi 6zelligini ortaya
actk¢a koymaktadir. Yani her bir bitki hiicresi kendisinden
yeni bir bitki olusturabilme kapasitesine sahiptir
(Babaoglu & Ozcan, 2001). Bu yontemle yapilan
calismalarin materyal, metot ve sonug kisimlar1 Tablo 4'de
agiklanarak ifade edilmistir.

2.4. Suirgtin Ucu Kiiltiirtinde Biyoreaktor Kullanimi

Biyoreaktorler, canli organizma, hiicre veya dokularin sivi
besi yeri igerisinde kiiltiir ortamina zarar vermeden pH,
sicaklik, hava temini, karistirma ve taze besi yeri ekleme
islemlerinin yapilabildigi elektronik kontrole imkan
saglayan metal, cam veya plastikten tiretilmis tanktir.
Biyoreaktor igerisindeki besin ortamimin = sartlarini

Tablo 3. Capsicum annuum L.” da anter kiltiiri

yakindan takip etmeye olanak tamdig gibi fiziksel ve
kimyasal miidahaleye de elverisli bir sistemdir (Topgu &
Colgecen, 2015). Tablo 5de biyoreaktor ile g¢ogaltimi
saglanan tibbi aromatik bitkilerin, ¢ogaltim asamasinin
materyal metot ve sonug kisimlar1 gosterilmistir.

2.5. Siirgtin Ucu ve Bogum Kiiltiirleri

Totipotensi 6zelligine sahip bitki kisimlarindan alinan (tek
hiicre, polen tanesi, embriyo, tohum, govde, siirgiin, kok,
kallus vb.) eksplantlarin, besin ortamlari tizerinde ve steril
kosullarda yeni bitkilerin elde edilmesi amaciyla kiiltiire
alinmasina mikrogogaltim denir. Bitkilerin yetistirilmesine
uygun besin ortami, bitki biiytime diizenleyici madde ve
kiiltiir ihtiyaglar1 yeteri kadar biliniyorsa mikrogogaltim
teknigi aracilig ile her tiir bitkinin tiretimi ve ¢ogaltimi
miimkiindiir (Ayabe & Sumi, 2001; Hartman & Kester,
1975; Ugar & Turgut, 2009; Wang et al., 2006). Bitkilerin in
vitro sartlarda tretiminde teknigin adlandirilmasi,
kullanilan eksplantin (embriyo, meristem, anter, bogum,
hiicre vb.) 6zelligine gore olmaktadir. Ancak ¢cogunlukla
iiretimde kallus, bogum, bogum aras1 yontemi, siirgiin
ucu, adventif stirgiin ya da tomurcuklardan rejenerasyon
gibi teknikler kullanilmaktadir (Mansuroglu & Giirel,
2001). Tablo 6’da siirgiin, bogum, bogum arasi, kok
cimlendirme yontemleri ile iiretilen bitkilerin materyal
metot ve sonug kisimlar1 agiklanarak anlatilmstir.

Literatiir, Tiir, Eksplant Kiiltiir Kosullar:

Sonug

-(Caglar et al., 2004).
-Capsicum annuum L.
(Kirmizibiber)

- Kirmuzi pul biber olarak

kullanilan biberin anterleri mg/L) eklemislerdir.

Eksplantlar MS (Murashige & Skoog, 1962) temel besin ortaminda
kiiltiire almislardir. Ayrica MS ortamina: myo-inositol (100 mg/L),
sukroz (30 g/L) ve agar (8 g/L) ilave edilip. Biiyiime diizenleyici
madde olarak ise: NAA (2.0, 4.0, 6.0 mg/L) ve 2,4-D (1.0, 2.0, 3.0,
4.0 mg/L) ile BAP (0.1, 1.0, 2.0, 3.0 mg/L) ve KIN (0.1, 1.0, 5.0

In vitro sartlarda ii¢ binden fazla anter
kiiltiire almiglardir. Bunlardan 284 tanesi
kallus meydana getirirken, dogrudan
embriyogenesis de basar1
saglayamamuslardir. Kirmizi biberlerden
Kahramanmaras gesidinde dogrudan
embriyogenesis yalnizca BAP (0.1 mg/L) +
NAA (4 mg/L) + aktif karbon (%0.2) +
AgNO:s (10 mg/L) iceren MS besin
ortamina dikilmis olan anter eksplantlar da
olusmus ve embriyo meydana getirme
orant ise %2.8 olarak belirlemiglerdir.

Tablo 4. Protoplast kiiltiirii ile cogaltilan tibbi aromatik bitkiler

Literatiir, Tiir, Eksplant

Kiiltiir Kosullart

Sonug

-(Primard, Vedel, Mathieu, Pelletier

& Chavre, 1988).
- Sinapis arvensis L. (Hardal)
-Hibritleme, protoplast

Brassica hirta ve Brassica napus arasinda Sinapis arvensis L. kullanilarak
hibritleme ile protoplast yontemi ¢alismiglardir. MS (Murashige & Skoog, 1962)
besin ortamina: Bs besin ortamin mineral tuzlari agar (2.0 g/L), gelrite (3.0 g/L),
sakkaroz (30 g/L), mannitol (10 g/L), BAP (0.5 mg/L), IBA (0.5 mg/L)
eklenerek hazirlamislardir. pH 7.2 olarak ayarlamip, 25°C’de 16 /8 saat
aydinlik/ karanlik sartlarda inkiibe etmislerdir.

2-4 hafta sonunda siirgiin
gelisimi gozlemislerdir.

Tablo 5. Biyoreaktor araciligiyla ¢ogaltilan tibbi aromatik bitkiler

Literatiir, Tiir, Eksplant

Kiiltiir Kosullart

Sonug

- (Georgiev et al., 2012).

- Leucojum aestivum L (G6l sogan)
- Bogum, bogum arasi ve siirgiinler

Biyoreaktor tanklar: icine 80 adet siirgiin olacak sekilde 18°C, 22°C ve 26°C’de
dikim yapmuslardir. MS (Murashige & Skoog, 1962) besin ortamina: sakkaroz
(30 g/L), agar (5.5 g/L), NAA (1.15 mg/L) ve BAP (2 mg/L) eklemislerdir.
Siirgiinler

26°C’de 16:8 h (1s1k: karanlik) aydinlik kosullarda, 110 pmol (m2sSYLVANIA
Gro-Lux) floresan 1s1ginda biiyiimeye birakmuslardir. (F1I8W/GRO-LUX).

80 adet siirgiiniin basaril1 bir
sekilde gelisme gosterdigini
tespit etmislerdir.

- (Panizza & Tognoni, 1992).

- Lavandula officinalis Mill. (Lavanta)

- Stirgiin arasi

Biyoreaktor tanklar1 25°C de 16:8 h (istk: karanlik) aydinlik kosullarda
ayarlamuslardir. MS (Murashige & Skoog, 1962) besin ortamina: sakkaroz (30
g/L), agar (6 g/L), ve biiytime diizenletici olarak NAA, IBA, ve IAA nin farkli

En yiiksek koklendirme MS
besin ortammma ITAA (1
mg/L) ve IBA (1 mg/L)
eklendiginde gozlenmisken,
NAA (0.5 mg/L)nin tek

dozlar1 eklenip inkiibe etmislerdir. basina  eklenmesiyle en
yiiksek ~ siirgiin  gelisimi
gozlemislerdir.
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Tablo 6. Siirgiin, bogum ve bogum aras1 yontemleri ile tiretilen yapilan tibbi aromatik bitkiler

Literatiir, Tiir, Eksplant

Kiiltiir Kosullar1

Sonug

-(Ugar & Turgut, 2009).

- Sideritis perfoliata L., Sideritis
stricta Boiss. & Heldr.,
Sideritis erythrantha Boiss. &
Heldr. (Dag cay1)

-Yaprak, yaprak sap1, bogum,
bogum aras1 tohum

-(Yiicesan at al., 2018).
-Digitalis lanata Ehrh. subsp.
lanata (Yiinli yiiksiik otu)
-Siirgiin rejenerasyonu

-(Karaoglu, 2004)

-Leucojum aestivum L. (G6l
sogani)

-Yapraklardan ve
olgunlasmis embriyolardan
doku kiiltiirii yolu ile
cogaltim

-(Daneshvar Royandazag,
2005)

-Papaver bracteatum Lindl.
(Hashas)

-Adventif siirgiin
rejenerasyonu, Hipokotil,
kotiledon ve hipokotil -
kotiledon kisimlar1
kullanmuglardir

- (Merig, Tuman, Ayan, &
Atak, 2019).

- Lavandula angustifolia Mill.
(Lavanta)

- Siirgiinlerden doku kiiltiirii
ile in vitro cogaltim

- (Saker, Gengaihi, Kamel, &
Farid, 2010).

- Ecballium elaterium (L.) A.
Rich. (Esek hiyarr)

- Doku kiiltiirii

- (Aawad, Khateeb, & Al-
Ekbal, 2006).

- Digitalis lamarckii Ivan.
(Yiinlii ytiksiik otu)

- Cimlendirme igin tohum,
bogum aras1 bogum, kok,
govdeden 1 cm uzunlugunda
eksplant

-(Whipkey, James, & Janick,
1988).

- Borago officinalis L. (Hodan)
- Siirgiin, yaprak, yaprak
sap1, bogum

-(Gopi & Ponmurugan, 2006).
-Ocimum basilicum L.
(Feslegen)

- Bogum aras1 ve bogum

Cimlendirme icin MS (Murashige & Skoog, 1962) besin ortamina: sakkaroz
(30 g/L), agar (7 g/L) ve GA3in farkli dozlar1 eklenerek ortami
hazirlamislardir (MSO- BBD (0 mg/L), MS1- GA3 (5.0 mg/L), MS2- GAs (10
mg/L) ve MS3- GA3 (15 mg/L) olmak tizere 4 farkli ortam hazirlamislardir).
S. stricta ve S. perfoliata tiirlerinde farkli eksplant kaynaklar: (yaprak, yaprak
sap1, bogum ve bogum arast) icin hazirlanan MS besin ortamina; NAA (0.5
mg/L) ile BAP'in 1, 2, 4 mg/L dozlar1 (MS1, MS2, MS3) ilave etmislerdir.
Sonrasinda yeni siirgiinler, MS besin ortamma TDZ'nin farkli
konsantrasyonlar: eklenerek rejenere etmislerdir. Kontrol olarak biiyiime
diizenleyici madde icermeyen temel besin ortami (MS0) kullanmuslardar.

Steril edilen Digitalis lanata Ehrh. subsp. lanata (yiiksiik otu) tohumlar1 25 ml
MS (Murashige and Skoog 1962) 30 g/L sukroz, 8 g/L Plant agar ihtiva eden
ortamda petri kaplarina in vitro ekmislerdir.

* 6 hafta sonra gelisen yeni filizlerden 0.5 cm uzunlugunda eksplantlar
alarak (0.25, 0.50, 1.0, 2.0 mg/L) IAA, NAA, IBA biiyiime diizenleyicilerini
ihtiva eden 330 ml‘lik MS ortaminda kiiltiire almislardir.

Besin ortamu olarak MS (Murashige ve Skoog 1962) ve N6 (Chu vd. 1975)
mineral tuzlari ve vitaminleri kullanmustir. iki farkl eksplant tipi (sogan pul
yapraklar1 ve olgunlasmamis embriyolar) kullanilmis olup, her iki eksplant
tipi igin de farkli ortamlar kullanmuslardir. Olgunlasmamis embriyolardan
sogancik olusumu 4 farkli ortam iizerinde ve 4 ayr1 asamada yiiriitmiislerdir.
Bu ortamlar; a) Kallus tesvik ortami (KTO): N6 mineralleri ve vitaminleri, 2.3
g/L L-prolin, 200 mg/L kazein hidrolisat, 20 g/L sukroz, BAP (1, 2 ve 4
mg/L dozlarinda), NAA (0.5, 1 ve 2 mg/L dozlarinda), 2.5 g/L gelrite b)
Embriyo gelistirme ortami (EGO): Kallus tesvik ortamu ve 30 g/L mannitol
¢) Embriyo olgunlastirma ortami (EOO): MS mineralleri ve vitaminleri, 60
g/L sukroz, 7 g/L agar d) Siirgiin olusturma ortami (SOO): MS, 20 g/L
sukroz, 7 g/L agar

Denemelerde MS mineral, tuz ve vitaminleri (Murashige & Skoog 1962) ile
%3 sukroz igeren ve %0.75'lik agar (type A, Sigma) ile katilagtirilan temel
besin ortami (MS) kullanmuslardir. Steril edilen tohumlar yine steril petri
kaplar icerisinde %3 sukroz iceren ve %0.8 agar ile katilagtirilan MS besin
ortaminda 19 +1cC’ de 16 saat 151k ve 8 saat karanlik foto periyodunda
¢imlendirmislerdir. Her biri 4-5 mm uzunlugunda parcalara ayrilarak
rejenerasyon ortamina konulmus, calismada uygulanan forcing metodunda
eksplantlar yiiksek oranda 2,4-D, NAA ve IBA 15 mg/L igeren MS
ortamlarinda 3 giin siiresinde bekletildikten sonra 0.24 mg/L 2,4-D ve 0.19
mg/L NAA ve vitaminler (2 mg/L glisine, 0.5 mg/L nikotinik asit, 0.5mg/L
pyridoxine, 200 mg/L miyoinositol ve 0.5mg/L thiamine ) iceren MS
ortamina aktarmislardir. 120 giin sonra 2,4-D, NAA ve degisik vitaminler
iceren MS ortaminda gelisen bitkicikler ayni ortama alt kiiltiire almislardir.
Koklenmeyi saglamak icin, rejenere olan siirgiinler 0.25, 0.50 ve 1.0 mg/L
IBA igeren MS besin ortamina almiglardur.

Bitkinin siirgiin kisimlarindan aldiklar1 eksplantlar: kallus, siirgiin ve kok
olusumu igin in vitro ortamda doku kiiltiirti yontemi ile kiiltiire almustir.
Bunun igin MS ortamina farkli dozlarda (1 mg/L, 1.25 mg/L, 2 mg/L) 2,4-D,
BAP, IBA, NAA ekleyerek farkli ortamlar hazirlamustir.

Misir da El-Arish kentinde yetismekte olan Ecballium bitkisinden eksplantlar
almislardir. Steril edilen tohumlar1 MS ortamina %3 sukroz ve 7 gr/L agar
eklenen besi ortaminda biiyiitmiislerdir. Ug hafta sonra gelisen filizlerden
5mm kotiledon orneklerini alip MS ortamina farkli dozlarda biiyiime
diizenleyicileri NAA ve BA eklenerek kiiltiire almislardir. Kalluslar:
gelistirmek icin de MS ortamina 0.2 mg/L NAA ve 2 mg/L BA eklemislerdir.

MS besin ortamina bir oksin (BBD), farkli dozlarda IAA, IBA, NAA (0.05,0.1,
05 ve 1.0 mg/L) ilave edilmis, pH 5.7ye ayarlanarak hazirlanan
ortamlardaki bitkiler 25°C’de inkiibe etmislerdir.

MS besin ortamina: Bs besin ortaminin vitamin tuzlari ile birlikte thiamine
(0.3 mg/L), 2,4 -D pyridoxine-HCl, myo-inositol (100 mg/L), NAA (0.5
mg/L), glisin (2 mg/L), kazein hidrolizat (1 g/L), sakaroz (30 g/L) ve agar
(6g/L) eklenip pH 5.7’ye ayarlanarak, ortama almislardir.

MS (Murashige & Skoog, 1962) besin ortamina BAP (1.0 mg/L), NAA (1.0
mg/L), KIN (0.5 mg/L) eklemislerdir. Inkiibasyon kosullar1 ise 25°C sicaklik
ta ve karanliga maruz birakarak yapmuslardir.

TDZ'nin yiiksek konsantrasyonunu (1.5
mg/L) iceren besin ortamlarinda gelisim
orani az olurken, rejenerasyon ve gelisim en
fazla MSO (0 (BBD))'da oldugunu
gozlemlemislerdir.

8 hafta sonunda siirgiin  gelisimi
gozlemisglerdir. 12 hafta sonunda kok
tiretimini MS besi ortaminda 0.25 mg/L
TIAA iceren besi ortaminda
gerceklestirmislerdir. En yiiksek 0.25 mg/L
IAA,

050 mg/L IAA ve 050 mg/L IBA
hormonlarint iceren ortamlarda
iklimizasyona aldiklarinda %95 oraninda
hayatta kalma oranlarini gozlemislerdir.

Sogan pul yapraklarindan en yiiksek
eksplant basina siirgiin sayis;; 11.02 adetle
Img/L BAP ve Img/L NAA igeren
ortamdan elde edilirken ortamlarin genel
ortalamas1 5.16 adet olmustur. Eksplant
basina en yiiksek sogancik olusumu 6.17
adetle yine 1 mg/L BAP ve 1 mg/L NAA
iceren  ortamda  gerceklestirmislerdir.
Gelisen soganciklar farkli NAA iceren
ortamlar da koklendirmeye alip ve en iyi
koklendirme ortami olarak 1 mg/L NAA
iceren ortam tespit etmislerdir.

Adventif stirgiin rejenerasyonu amaciyla
Papaver bracteatum’ un 7 ve 18 nolu
hatlarindan

alinan, hipokotil-kotilodon eksplantlarda
sirastyla 7. hatta en iyi sonu¢ 1 mg/L
Kinetin, 0.5

mg/L NAA ve 0.1 mg/L GAs iceren MS
ortamda ve 18. hattinda Kinetin, 2.00 mg/L
NAA ve 0.1 mg/L GAs, 2.00 mg/L Kinetin,
2.00 mg/L NAA ve 0.1 mg/L GAs igeren
ortamlardan elde etmiglerdir. Koklenme de
en iyi sonucu 0.5 mg/L IBA igeren
ortamlardan elde etmislerdir.

En yiiksek cogaltim %64.7 oraninda MS
ortamma eklenen 2 mg/L BAP ile
gozlemistir. En iyi stirgiin gelisimi ise %95.6
oraninda MS ortamma NAA ve IBA ‘nin
cesitli dozlarda birlikte eklenmesi ile elde
etmistir. En yiiksek koklenme ise %60
oraninda MS ortaminda 1.25 mg/L IBA
eklenmesi ile elde etmistir. En iyi kallus
gelisimi ise %66 oraminda MS besin
ortamma 2 mg/L 2,4-D ve 2 mg/L BAP
eklenmesi ile elde etmistir.

En iyi kallus, Hipokotil ve kotiledon
olusumu MS besin ortaminda 0.1-0.5 mg/L
NAA ile birlikte 2 mg/L BA eklendiginde
elde etmiglerdir.

En iyi siirgiin gelisimi IBA (0.5 mg/L)
eklenmis ortamda kaydetmislerdir.

En yiiksek verim: NAA (0.5 mg/L) ve
thiamine (0.3 mg/L) eklenen ortamda
gozlemlemislerdir.

Maksimum biiyiime BAP (1.0 mg/L) NAA
(1.0 mg/L) ve KIN (0.5 mg/L) eklenmis
ortamda gozlemislerdir.
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SH besin ortamina farkli dozlarda NAA ve GAs eklemislerdir. Dozlar:
-(Stephen & Jayabalan, 1998). *NAA (0.05 mg/L)+GAs (0.5 mg/L) En iyi ¢iceklendirme ve  siirgiin

- Coriandrum sativum L.
(Kignis)

- Cimlendirme igin tohum ve
siirgiin, bogum, bogum arasi

-(Moallem, Behbahani,
Mousavi, & Karimi, 2012).
-Rosa canina L. (Kusburnu)
-Kok, tohum, siirgiin, bogum,
bogum aras1

- (Vandermoortele, Billard,
Boucaud, & Gaspar, 1996).

- Petroselinum crispum (Mill.)
A. W. Hill. (Maydanoz)

- Bogum, bogum arasi, kok
-(Abbasi, Khan, Mahmood,
Mushtaq, Chaudhary, &
Khan, 2010).

-Silybum marianum (L.)
Gaertn. (Devedikeni)
-Bogum, bogum arasi siirgiin
-(Unalds, 2007; Acar et al.,
2017).

-Crocus sativus L. (Safran)
-Yaprak, yaprak sapi, siirgiin

-(Aricy, San, & Kazaz, 2017).
-Rosa damascena Mill. (Isparta
Giili)

-Siirgiin, bogum, bogum arasi

-(Oztidogru, Kaya, Kirdok,
Issever, & Oztiirk, 2011).

- Thymus longicaulis subsp.
longicaulis C. presl.
(Askekikigi)

- Kok, bogum ve bogum arasi

-(Soliman & Hegazi, 2013).
- Ziziphus jujuba Mill.
(Hiinnap)

- Bogum ve bogum aras1

-(Ren, Rei, & Li, 2017).

- Tussilago farfara L. (Okstiriik
otu)

- Cimlendirme, bogum ve
bogum aras1

- (Harshan & Nag, 1984; Saini
& Jaiwal, 2000).

- Peganum harmala L. (Uzerlik)
- In vitro ortamda
¢imlendirilen tohumlarm
hipokotil kisimlar1

- (Ozdemir, Ugur, Yildirim &
Kabhrizb, 2015).

- Mentha spicata subsp. spicata
L. (Bahge nanesi)

- Bogum ve bogum aras1

- (Cetin, Kazaz & Goktiirk,
2007).

- Dianthus caryophyllus L.
(Karanfil)

- Stirgiin ucu (0.5 - 1 cm)

-(Tiirker & Hatipoglu, 2018).
- Origanum syriacum subsp.
bevanii (Holmes) Greuter &
Burdet (Dag kekigi, hababa)
- Yaprak diski, bogum,
tomurcuk

*NAA (0.1 mg/L)+GAs (0.5 mg/L)

NAA (0.1 mg/L)+GA3(0.5 mg/L)

NAA (0.15 mg/L)+GAs (0.5 mg/L)

NAA (0.2 mg/L)+GA3 (0.5 mg/L)

MS besin ortamina aktif komiir (3 mg/L) ve BAP (0.25 mg/L), GAs (1 mg/L),
GA3(0.5mg/L)+ BAP (0.25mg/L), GA3 (1 mg/L) + BAP (0.25mg/L), ve GAs
(1.5 mg/L) + BAP (0.25 mg/L). Koklendirme igin; aktif komiir (3 mg/L) ve
BAP (0.25 mg/L), NAA (1mg/L), NAA (0.5 mg/L) + BAP (0.25mg/L), NAA
(1 mg/L) + BAP (0.25 mg/L) ve NAA (1.5 mg/L) + BAP (0.25 mg/L)
eklenerek hazirlamislardir.

MS ortamina farkli 9 (BBD) kombinasyonu denemislerdir. BAP “den (0 -
0.562-1.125 mg/L ile) NAA: 0, 0.465 veya 0.93 mg/L tek basmna eklenerek
ortamlar hazirlamiglardir.

MS besin ortamina BAP (0.25, 0.5,1.0,2.0,5.0, ve 10 mg/L) veya GAs ile NAA
(1.0 mg/L) eklenerek hazirlamislardir.

MS besin ortamma farkli dozlarda NAA ve BAP eklenerek ortamlar
hazirlamiglardir.

Besin ortami olarak MS kullanmuslardir. Besin ortamina: agar (7.5 g/L) ve
sakaroz (30 g/L) ilave etmislerdir. Ortamin pH’s1 5.8 olarak ayarlanmis ve
agar ilavesinin ardindan 1sitilarak eritilen besin ortamlar1 5’er ml olacak
sekilde tiiplere dagitilmistir. 32 farkli BBD kombinasyonu denemislerdir.

MS besin ortamina IAA, IBA, NAA ile birlikte 2,4-D (BBD) (0.01, 0.05, 0.1
veya 1.0 mg/L) dozlarinda eklemislerdir. Kéklendirme igin; MS Ortamina:
KIN (1.0 mg/L) ve GA3 (0.3 mg/L) eklemislerdir.

MS besin ortamina: %3 (w/v) sakaroz ve bitkisel gelrite (2.5 g/L) ve farkli
oranlarda (BBD) kullanmuslardir. Bunlar; sitokininlerden: BAP, 2iP ve TDZ
ile oksinlerden: NAA, TAA ve IBA’ dir.

MS besin ortaminda 6 farkli (BBD) kombinasyonu eklenerek kiiltiire alma
calismasi denemislerdir. Bu 6 farkli ortama farkli dozlarda KIN, IBA, 2,4-D,
BAP (BBD) eklemislerdir.

ilk 6nce %0.8 agar ve %3 sakaroz ile hazirlanan ortama tohumlar ekilmis.
Cimlenen tohumlar MS besin ortamina BAP olmadan yalnizca 0.04 ve 0.09
mg/L oranlarinda NAA eklenerek kiiltiire almislardir. Farkli dozlarda BAP,
NAA ve GAs eklenerek hazirlanan ortamlar da kiiltir calismast
denemiglerdir.

Tohumlarin ¢imlendirilmesinde biiyiime diizenleyici madde icermeyen MS
besin ortami kullanmuglardir. Hipokotil kismindan alinan eksplantlar BAP
(0.25, 0.50, 1.0, 2.0 mg/L) ve NAA’ nin (0, 0.25, 0.50 mg/L) 16 farkli
kombinasyonunu iceren MS besin ortamina dikmislerdir. Koklendirme
asamasinda ise MS besin ortamina IBA (0.5 mg/L) ilave edilerek dikip, pH
5.8 olarak ayarlamislardir.

Siirgiin olusumu i¢in MS besin ortamina ilave edilen KIN, BAP ve NAA” in
farkli dozlar1 denemislerdir. Koklendirme igin iki farkli ortam
hazirlamislardir. MS besin ortamina IBA (2.0 mg/L) ve BAP (0.01 mg/L)
eklenerek ilk ortam, IBA (0.05 mg/L) ve BAP (0.01 mg/L) eklenerek diger
ortam hazirlamiglardir.

MS besin ortamina 2,4-D veya NAA in (0; 0,25; 0,5; 0,75 ve 1,0 mg/L) dozlar1
ile BAP veya KIN “in (0; 0,5; 1,0; 1,5 ve 2,0 mg/L) dozlar1 eklemislerdir.

rejenerasyonu: SH besin ortamima: NAA
(0.15 mg/L) ve GAs (0.5 mg/L) eklenerek
hazirlanan ortamda gozlemlemislerdir.

En yiiksek siirgiin rejenerasyonu (1.5 mg/L)
GA; + (0.25 mg/L) BAP eklenen ortamda
gozlemlemislerdir. En iyi koklenme ise:
NAA (1 mg/L) ile BAP (0.25 mg/L)
eklenmesiyle elde etmislerdir.

En iyi siirgiin rejenerasyonu BAP (0.562
mg/L) ve NAA (0465 mg/L) eklenen
ortamda gozlemlemislerdir.

BAP (1 mg/L) ve NAA’ da %80 oraninda
biiytime; BAP “de (5 mg/L) %90 oraminda
biiytime gozlemlemislerdir.

Siirgiin rejenerasyonunda en iyi sonug: BAP
(0.04 mg/L) ve NAA (001 mg/L)
eklenmesiyle elde etmislerdir.

En fazla siirgiin gelisimi eksplant basina 4
siirgiin ile MS ortamina: BAP (1.0 mg/L) +
GAs (0.5 mg/L) (BBD) konsantrasyonu
eklendiginde gozlemlemislerdir. En iyi kok
olusumunu MS besin ortamimna: IBA (0.5
mg/L) eklenmesiyle elde etmislerdir.

%97  oraninda  gergeklesen  siirgiin
rejenerasyonu, MS besin ortamima KIN (1
mg/L) ve GAs (0.3 mg/L) BBD eklenen
ortamda gozlemlemislerdir.

En iyi biiytime MS besin ortamma NAA
(0.05 mg/L) + 2iP (2 mg/L) eklendiginde
gozlemlemislerdir.

En iyi gelisim %96.2 oraninda 6 numaral
MS besin ortaminda: BAP (3.0 mg/L) + 2,4-
D (20 mg/L) (BBD) eklendiginde
gozlemlemislerdir. Tohumlarin ¢imlenmesi
ise KIN (1.0 mg/L) ve IBA (0.3 mg/L)
eklenmesiyle %91 oraminda olurken, en iyi
kok gelisimi %95.22 oraninda MS besin
ortamma IBA (02 mg/L) (BBD)
eklendiginde gozlemlemislerdir.

En iyi stirgiin gelisimi MS ortamina 1.125

mg/L  BAP ve 0.02 mg/L NAA
eklenmesiyle %75 oraninda
gozlemlemislerdir.
GAs hormonu eklenen ortamda hig biiytime
gozlememislerdir.

Kallusun meydana gelme oranlar: %1.67 ile
%87.67 arasmdadir. Bu olusum yiizdesinin
BAP (2mg/L) iceren MS besin ortaminda en
diistik miktarda ve BAP (0.25 mg/L) + NAA
(0.50 mg/L) igeren MS besin ortaminda en
yiiksek miktarda oldugu ifade etmislerdir.
%2613 ile %9733 oranlarinda stirgiin
rejenarasyonu elde etmislerdir. Siirgiin
rejenerasyonu BAP (0.50 mg/L) + NAA
(0.25 mg/L) igeren MS besin ortaminda en
az miktarda meydana gelirken, BAP (2.0
mg/L) + NAA (0.25 mg/L) iceren MS besin
ortaminda ise en fazla miktarda meydana
geldigini aciklamislardir.

En yiiksek ortalama (5.97) siirgiin sayisi:
KIN (2 mg/L) + NAA (0.02 mg/L) igeren
ortamdan, NAA (0.02 mg/L) + BAP (2
mg/L) eklenmis ortama alnan
siirgiinlerden elde etmislerdir.

Kardeglenen siirgiinler tepe veya yan
tomurcuk eksplantlarindan gelismistir. BAP
(1,5 mg/L) igeren ortamda en fazla siirgiin
gelisimi elde etmislerdir.

129



Sezgin & Kapdan (2019) Comm. J. Biol. 3(2): 124-131.

Literatiir, Tiir, Eksplant

Kiiltiir Kosullar1

Sonug

-(Chalak, Elbitar, Cordahi,
Hage & Chehade, 2003).

- Capparis spinosa L. (Kapari)
- Tomurcuk, nodul, apikal
kisimlar, tohum

In vitro ¢ogaltim igin Liibnan ekotipinin tohumlar1 ve nodal tomurcuklar1
eksplant olarak kullanmislardir. Tohumlar hormonsuz MS ortamina (%71)
ve steril su (%64) vererek ¢imlendirmislerdir. Olusan filizler MS ortamina
BAP (1.5 mg/L ) , IBA (0.05 mg/L) + GAs (0.1 mg/L), eklenerek kiiltiire
almiglardir. Her alti haftada bir 2-3 diigiimlii siirgiin boliimlerinin alt
kiiltiirlenmesi ile ayn1 ortamda siirgiin gogaltim1 yapmuslardr.

Bitkinin apikal ve nodiil kisimlarindan aldiklar1 1-2 em uzunlugundaki

Siirgtinlerin yiiksek koklenme tepkisi (%87),
TAA ¢ozeltisi (100 mg/L ) ile karanlikta 4
saatlik siire ile muamele dildikten sonra
elde etmiglerdir.

eksplantlar 3 farkli1 MS ortaminda inkiibe etmislerdir.

-(Rodriguez, Rey, Cuozzo, &
Ancora, 1990).

- Capparis spinosa L. (Kapari)
- Tomurcuk, nodul, apikal

kisimlar, tohum CsHsOs(askorbik asit)

- MS1 (MS mineral tuzlardan 0.5 0.327 mg/L
myo-inositol ve 0.265 mg/L thiamine eklemislerdir),

-MS2 (mineral tuzlardan modifiye dilmis MS ortami nitrattan az miktarda,
CaCl, MgSOs eklemislerdir ve 0.325 mg/L m-inositol, 0.795 mg/L thiamine,
325 6.04 mg/L NAA, 0.102 mg/L pyridoxine-HCl and 3.036 mg/L

Yiiksek oranda koklenme (%70) ekim
yapildiktan 20 giin sonra MS1: 5.25 mg/L
TAA igeren ortamda kaydetmislerdir.
Siirgiin gelisimi MS2’ ye eklenen BAP (0.45
mg/L) ve IAA (0.05 mg/L) i ortamda 20
giin sonunda gozlemislerdir.

- MS3 MS2 ile aym sartlari eklemisler sadece CaCl. MS1’e gore bes kat

artirmiglardir.

3. Sonuglar ve Tartisma

Molekiiler yontemlerle birlikte bitki biyoteknolojisini
olusturan in vitro cogaltim teknikleri, kisa zamanda,
yiiksek kalitede ve bol miktarda tiriin elde etmek amaciyla
Diinya’da birgok tilkenin kullandig: bir tiretim ve 1slah
seklidir. Pestisit ve herbisitlere karsi dayarukli, yiiksek
besin kalitesine sahip, meyvelerde olgunlasma zamaninn
degistirilmesi, raf ve depolama oémriiniin uzatilmas: ve
aromanin artirilmas1 gibi konular, tizerinde c¢alisilan
baslica konulardir. Bu anlamda, Tiirkiye'nin tibbi ve
aromatik bitki cesitliligi bakimindan yiiksek bir
potansiyele sahip olmasi, in vitro yontemlerle cogaltim ve
kilttire alma, bu potansiyelin degerlendirilmesi
bakimindan oldukca &nemlidir. Ancak bu yontemlerin
yeterince kullanilmamasi, dogadan klasik usullerle ve
tahribata neden olacak kadar bilingsiz bir sekilde tibbi ve
aromatik ozellige sahip bitkilerin toplanmasi, gelecegimiz
icin buiytik bir kaygi yaratmaktadir. Bitkilerin bilingsiz bir
sekilde toplanmasi ekolojinin tahribatina ve bazi tiirlerin
yok olmasina sebep olmaktadir. Ulkemizde hem gesitlilik
hem de miktar bakimindan oldukca yogun bir sekilde
bulunan tibbi aromatik bitkiler en kisa zamanda kiiltiire
alinarak koruma altina alinmalidir. Bu korumanin
kapsami yok olma tehlikesi altinda bulunan ve
bulunmayan ayni zamanda ticari olarak kiymetli olan tiim
tiirler igin miimkiin mertebe genis tutulmaldir. In vitro
kosullar altindaki iiretimde istatistiksel anlamda bir
standartin saglanmasi, optimizasyonun gerceklestirilmesi
ile mtimkiin olacak ve basar1 seviyesini belirlemede
yardimc olacaktir. Tibbi ve aromatik bitkilerin kiiltiire
alinmasinda ve c¢ogaltilmasinda in vitro tekniklerin
arastirmaci ve {ireticiye sundugu imkanlar, giintimiize
kadar bu konuda yapilmis olan c¢alismalarin biiyiik bir
kisminin  toparlandigt  bu calismadan kolaylikla
anlasilmaktadir.

Sonug olarak, stirdiiriilebilir ormancilik yaklagimi
cercevesinde odun hammaddesi, yan {irin ve
rekreasyonel amacli ormanlarn kullanimi oldukga
onemlidir. Tiirkiye’de tibbi ve aromatik bitkilerinin
stirdiiriilebilir bir sekilde yonetimi, biyoteknoloji bilimi
sayesinde ve ¢agin gerisinde kalmadan teknik bakimdan
ve teknoloji bakimindan geliserek, bu alandaki sorunlara
karst yeni ¢6ztim yollar1 bularak, donanimh personel
yetistirerek ve tabi ki gerekli alt yapiy1 hazirlayarak
miimkiindiir. Bu anlamda planlanmis olan yeni tiretim,
yogun ve klonal ¢ogaltim ile birlikte 1slah ¢alismalar, yer
ve zamanin verimli kullanilmasi, fizyolojik ve biyolojik
sorunlarmn ¢oziimiinde in vitro ¢ogaltim tekniklerinden
yararlamilmasi, flora gesitliligi bakimindan essiz orman ve
meralarimiz i¢in gergek bir firsattir.
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Abstract: In this article, genotoxic and mutagenic effects of mycotoxins that are produced by various fungus species have been
reviewed. A total of 259 mycotoxins were found in the literature. Genotoxic effects of 109 of these were investigated. Among
the studied mycotoxins, only actinomycin D, aflatoxin, alternariol, chrysazin (dantron), citrinin, fumonisin, mytomycin C,
nivalenol, ochratoxin A, patulin, sterigmatocystin, versicolorin A and B, vomitoxin, and zearalenone have sufficient number
of studies that present or prove their genotoxic effects. Additional studies are required in order to determine whether other
mycotoxins have any genotoxic effects. The current study provides valuable information regarding studied mycotoxins.
Therefore, it may lead researchers for designing future mycotoxin-related studies that have never been studied.

Keywords: Genotoxicity, mutagenicity, secondary metabolites, possible drugs.

Mikotoksinlerin Genotoksik ve Mutajenik Etkileri: Derleme

Oz: Bu makalede, cesitli mantar tiirleri tarafindan tiretilen mikotoksinlerin genotoksik ve mutajenik etkileri derlenmistir.
Literatiirde toplam 259 mikotoksin bulundu. Bunlarin 109'unun genotoksik etkileri daha once arastirildi. Bugiine kadar
yapilmis olan calismalarda, calisilan mikotoksinler arasinda sadece aktinomisin D, aflatoksin, alternaril, chrysazin (dantron),
sitrinin, fumonisin, mitomisin C, nivalenol, okratoksin A, patulin, sterigmatosistin, versicolorin A ve B, vomitoksin ve
zearalenon genotoksik etki gostermis veya genotoksik etkileri kanitlanmistir. Diger mikotoksinlerin herhangi bir genotoksik
etkisi olup olmadigini belirlemek i¢in ek calismalar gereklidir. Bu ¢alisma, daha 6nce calisilan mikotoksinler hakkinda snemli
bilgiler sunmaktadir. Dolayisiyla bu derleme, arastirmacilara, daha 6nce hig calisiimamus olan mikotoksinlerle ilgili gelecekteki

calismalari tasarlama konusunda katki saglayabilir.

Anahtar kelimeler: Genotoksisite, mutajenisite, ikincil metabolitler, muhtemel ilaglar.

1. Introduction

The term “mycotoxin” is derived from the combination of
two words: Myco- meaning “fungus” and Toxin meaning
“naturally produced poison”. Mycotoxins are secondary
metabolites produced by fungi such as Aspergillus,
Penicillium, Fusarium, Alternaria, Claviceps, and many
others. They are natural toxins that have low molecular
weight with a wide variety of chemical structures.
Mycotoxins produce potent and various toxic effects on
humans, animals, and plants (Zain, 2011).

Species belonging to Aspergillus and Penicillium
produce the most diverse types of mycotoxins. Among
these, the most widely known mycotoxins are Aflatoxins.
Aflatoxins cause carcinogenicity, teratogenicity, and
mutagenicity in animals. The mode of action of Aflatoxin
can be listed as inhibition of DNA, RNA, and protein
synthesis, reduction in various enzyme activities,
depression of glucose metabolism, inhibition of lipid
synthesis including phospholipids, free fatty acids,
triglycerides, cholesterol and their esters, and inhibition of
the coagulation factors (Hussein & Brasel, 2001).

In 1970, some tests were developed to quickly
determine whether a chemical substance has any
mutagenic and/or carcinogenic effects. Since then, a wide
variety of investigation systems have been developed for
genotoxicity studies. These are mutagenicity tests that
detect gene, chromosome or genomic mutations and
indicator tests that show other effects that are induced in
parallel to the mutation. Most of the recent genotoxicity

studies have been done by using cytogenetic methods (CA:
Chromosome Aberration, FISH: Fluorescent in situ
Hybridization, MN: Micronucleus, and SCE: Sister
Chromatid Exchange tests). The cytogenetic methods are
capable of determining the structural and numerical
chromosome aberrations by using biochemical and
electrophoretic methods by detection of DNA damage
(adducts, double-strand breaks, cross-linking, alkaline-
labile regions, and HGPRT: Hypoxhantine Guanine
Phosphoribosyl Transferase gene mutation) (Albertini et
al., 2000).

Methods of genotoxicity studies have been
continuously evolving. Changes such as large deletions,
insertions, inversions, rearrangements, and recombination
can be determined at the chromosomal level within the
microscopic methods used in routine genotoxicity studies
(Noel & Rath, 2006).

Cytogenetic methods known today as short-term
genotoxicity tests and used to determine whether a
chemical substance is genotoxic are SCE (Tucker et al.,
1993), CA (Carrano & Natarajan, 1988; Hagmar et al., 1994)
and MN (Fenech, 2002; Heddle et al., 1991). These tests can
be performed both in vitro in human peripheral
lymphocytes and in bone marrow cells of in vivo test
animals.

Sister chromatid exchange is an exchange in the DNA
replication products between the homologous loci of sister
chromatids that repair DNA double chain breaks by
homologous recombination (Helleday, 2003; Sonoda et al.,
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1999). In humans and animals exposed to substances
known to be mutagenic and carcinogenic, it was found out
that there is a linear relationship between the increase in
the frequency of SCE and the increase in single-gene
mutations (Albertini et al., 2000; Carrano & Natarajan,
1988; Perry & Evans, 1975). A similar relationship was
found between the increase in SCE and the formation of in
vivo tumors (Norppa et al., 2006). In contrast to CA, SCE
alone is insufficient to determine genotoxic risk. However,
in experimental studies, SCE is continued to be used as a
suitable indicator method for determining genotoxic
effects in humans (Norppa et al., 2006).

Since the development of CA mechanism is similar in
different tissues, it is thought that the level of abnormality
in lymphocytes is an indicative of the degree of
abnormality in cancer-prone tissues and; thus, is indicative
of the cancer risk (Albertini et al., 2000; Bonassi et al., 2000;
Bonassi, Znaor, Norppa, & Hagmar, 2004; Bonassi et al.,
2005). High CA frequency may be an indicator of high
cancer risk, regardless of the reason for initiating CA
increase because it has been reported that CA formation
may also result from incorrect repairment of chain
fractures in DNA (Savage, 1993).

MN:s are small nuclei parts that can be found out of
the nucleus. The MNs are formed on the telophase due to
the acentric chromosome or chromatid fractures that occur
when nucleoplasmic bridges (NPB) are formed, stretched,
and broken during telophase. Micronuclei formation may
also result from chromosome (laggard chromosome)
malsegregation during anaphase (Surrallés, Xamena,
Creus, & Marcos, 1995). In addition, multipolar anaphase
and telophase cause MN formation (Topaktas &
Rencuzogullari, 2010). The loss of chromosomes that can
lead to MN formation or non-disjunction of the
chromosomes are among the major events observed in
cancer and aging. This is probably the result of distortion
in spindle fibers and centromere or condensation of
chromosome structure before metaphase (Dellarco,
Mavournin, & Tice, 1985). Thus, both the clastogenic and
aneugenic effects can be determined by the MN test
(Kirsch-Volders, Elhajouji, Cundari, & Van Hummelen,
1997; Norppa & Falck, 2003). In previous studies, the
increase in MN frequency in peripheral blood
lymphocytes from cancer patients was found to be as
much as MN frequency in the cancerous target tissue
(Bonassi et al., 2007; Cheng et al.,, 1996; Duffaud et al.,
1997). In addition, Fenech, Holland, Chang, Zeiger, and
Bonassi (1999) clearly showed the relationship between
MN and cancer in humans.

Recently, molecular geneticists have developed
several new, rapid, and reliable methods for measuring
genotoxicity (Swaileh, Hussein, & Ezzughayyar, 2008;
Zhiyi & Haowen, 2004). One of them is RAPD (Randomly
Amplified Polymorphic DNA) technology (Ferrero,
Castafio, Gonzalez, Sanz, & Becerril, 1998; Swaileh et al.,
2008). RAPD analysis was developed by Williams,
Kubelik, Livak, Rafalski, & Tingey (1990). This method is
simple, sensitive, and very effective in determining genetic
damage (Zhiyi & Haowen, 2004). Also, it gives information
about a large number of loci along the genome. The
randomly amplified band profiles can be obtained without
the need of any information about the target genome or
used primers. When electrophoretically observed, changes
in band profiles were reported resulted from changes in
damage-prone binding sites of genetic material (Becerril,
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Ferrero, Sanz, & Castafio, 1999; Savva, 2000). In addition to
changes in the number of bands, changes in band density
have also been associated with genetic changes (Atienzar
et al, 2000; De Wolf, Blust, & Backeljau, 2004). This
technique is widely used in phylogenetic, taxonomy,
ecotoxicology, epidemiological, and genotoxicity studies
(Marillia & Scoles, 1996). Additionally, the bacterial
reversion test method using Salmonella typhimurium LT2
strains known as Ames test is also used as mutagenicity
test (Maron & Ames, 1983). Although the above described
tests give false positive and false negative results, they are
still recommended by some authorities (such as European
Food Safety Authority (EFSA) Scientific Committee). In
2011, the EFSA Scientific Committee published an opinion
about genotoxicity testing strategies applicable to food and
feed safety assessment (EFSA Scientific Committee
“Opinion on genotoxicity testing strategies,” 2011). As
described by the EFSA Scientific Committee, the most
commonly used methods for assessing the genotoxic
potential of substances are listed as follows together with
the relevant Organisation for Economic Co-operation and
Development Test Guideline (OECD TG) on the basis of
their principal genetic end-point. Bacterial reverse
mutation test in Salmonella typhimurium and Escherichia coli
(OECD TG 471) and in vitro mammalian cell gene mutation
test (OECD TG 476) are used for investigation of point
(gene) mutation. In vitro mammalian CA test (OECD 473)
and in vitro mammalian cell MN test (OECD TG 487) are
used for investigation of CA. On the other hand, the most
commonly used in vivo tests can be listed as follows:
Mammalian erythrocyte MN test (Test No: 474) and
mammalian bone marrow CA test (Test No: 475) are used
for investigation of gene mutations, while transgenic
rodent somatic and germ cell gene mutation assays (OECD
TG 488) are used for CA investigations. Additionally, most
common in vivo tests used for primary DNA damage
investigations are Comet Assay and Unscheduled DNA
synthesis (UDS) test with mammalian liver cells in vivo
(OECD TG 486) as described by EFSA Scientific Committee
(2011).

Currently, mycotoxins are still one of the most
important food contaminant compounds. Along with their
carcinogenic effects, mycotoxins can cause to mutations in
our genetic structure by showing genotoxic effects. Too
many types of mycotoxins have been detected so far.
Numerous studies have been done on determining their
genotoxic effects. Therefore, the aim of this study is to
guide researchers in order to design better experiments by
bringing all of the previous results together. In this study,
both in vitro and in vivo genotoxic effects of mycotoxins are
described in table 1.

2. Materials and Methods

A total of 259 mycotoxins were found as a result of the
literature review (Atherton & Betb, 2019; Blanc et al., 1995;
Bosio, Siciliano, Gilardi, Gullino, & Garibaldi, 2017;
Chagas, Dias, & Pupo, 2013; Escriva, Font, & Manyes, 2015;
Hradil, Hallock, Clardy, Kenfield, & Strobel, 1989;
Kokkonen, Ojala, Parikka, & Jestoi, 2010; Limon,
Rodriguez-Ortiz, & Avalos, 2010; Lin, Zhang, Wang,
Wang, & Chen, 1998; Mikami et al.,, 1984; Ostry, 2008).
Undoubtedly, this number has been increasing day by day
and new mycotoxins are being defined. Genotoxic and
mutagenic effects of these mycotoxins have been reviewed
by checking previous studies.
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Genotoxicity or mutagenicity tests can be classified
as in vitro tests, in vivo tests, bacterial tests (Ames test, also
among in vitro tests), and molecular genotoxicity tests.
These tests are also referred to as short-term genotoxicity
tests. Previously published articles provided information
on the advantages and disadvantages, the methodology,
and the conditions to be considered of the in vitro testing
system (Albertini et al., 2000; Atienzar & Jha, 2006; Kirsch-
Volders et al., 1997; Maron & Ames, 1983; Norppa & Falck,
2003; Perry & Evans, 1975). More detailed information can
be obtained from articles published in different years by
the OECD (OECD 1986, 1997a, b) and EFSA Scientific
Committee (EFSA, 2011, 2017).

More than 341 articles on investigation of genotoxic
effects of mycotoxins were found by searching "Mycotoxin
names and genotoxicity", "Mycotoxin names and
mutagenicity", and "Mycotoxin names and comet assay"
key words in PubMed. In these studies, genotoxic effects

of various mycotoxins in different organisms were
investigated using both in vitro and in vivo cytogenetic
methods and molecular genotoxicity methods. In addition,
the mutagenicity studies of mycotoxins with the Ames test
were also reviewed. The obtained results from examining
all previous studies are presented in table-formats (Table
1 and 3).

3. Results

A total of 259 mycotoxins were found in the literature.
Genotoxic or mutagenic effects of 109 were investigated
(Table 1). No studies have been found on the genotoxic or
mutagenic effect of the remaining 150 mycotoxins (Table
2). This result shows that we have no knowledge about the
genotoxicity or mutagenicity of 57.91% of all mycotoxins.
Additionally, the methods used for cell and tissue types
used in genotoxic studies are presented in Table 3.

Table 1. Genotoxic and mutagenic effects of mycotoxins that have been studied.

Mycotoxins  and  mycotoxin Fungus produced*  Test materials Tissue and _Abnormalities™ References
group cells CA SCE MN DF GM
. . . (Wehner et al.,
S. typhimurium LT2 strains - 1978a)
(Krivobok,
E. coli PQ37 strains - Soéilgllsf{v[ui\:igzitn,
Acetoxyscirpenol (mo-, di- and ?I‘ ten‘uzpf &Gs,t??mrll’ 587)1
tri- derivatives) F. sem?rec' um D. melanogaster Wing SMART - - (Gurbuzel, Uysal,
Trichothecenes - equiseti & Kizilet, 2015)
A. chevalieri (Hassanane,
. Abdalla, El-Fiky,
Mice Bone marrow + Amer, & Hamdy,
2000)
. (Hassanane et al.
Mice Germ + 2000)
(Beljanski et al.,
1982; Benedict,
S. typhimurium LT2 strains +,- Baker, Haroun,
Choi, & Ames,
1977)
(Nestmann,
E. coli WP2 UvrA- - Nasim, Haynes, &
Kowbel, 1981)
(Aoyama,
Euglena gracilis Body cells + Iwahori, &
Miyata, 2003)
S. cerevisiae Haploid, ) (Nestmann et al.,
’ - diploid 1981)
(Fisher, Malling,
N. crassa Ad-3 mutants + De Serres, &
Snyder, 1975)
Rat and Mice Hepatocyte + (Mori et al., 1984)
Actinomycin D St. parvullus Chicken DT40 . (Yamamoto et al.,
2011)
(DeMarini, Brock,
) Lymphoma Doerr, & Moore,
Mice et/ - + + 1987;
Wangenheim &
Bolcsfoldi, 1988)
Mice Blastocysts + g;%gl)an et al,
Chinese CHO 5 genetic + (Gupta & Singh,
hamster loci 1982)
(Hashimoto et al.,
. 2010; Olive &
Chinese Lung + + Ban é’ th 1997:
hamster CHL,V79 Wilson, Harris, &
Ferguson, 1984)
Human Fibroblast + + gzgl;es & Scott
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Mycotoxins and mycotoxin
group

Fungus
produced*

Test materials

Tissue and
cells

Abnormalities**

CA

SCE

DF

References

Aflatoxins
(B1,B2,G1,G2M1,Q1,
Aflatoxicol)
Anthraquinones

A. flavus,
A. parasiticus

S. typhimurium

S. typhimurium

E. coli

Rat and Mice

Rat and Mice

Mice
Mice
Human

Human

Human

Human

Human

Chinese
hamster

Turkey and
Chicken

Pig

Fish

Monkey

LT2 strains,

SV50 ara

PQ37 strains

Bone marrow

Hepatocyte,
Liver

Embrio
C3H,FM3A
Lymphocytes

A549

Hepatocytes,
Hep2,
HepaRG cells

Colon caco-2
cells

Umblical cord
blood cells

Bone marrow

Fetal liver
cells

Blastocysts,
Liver and
blood cells

blood, liver,
kidney

Kidney Vero

+?

(Mori et al., 1986;
Wehner, Marasas,
etal., 1978;
Wehner, Thiel, et
al., 1978; Wong et
al., 1977; Xu,
Whong, & Ong,
1984; Yourtee &
Kirk-Yourtee,
1986)

(Xu et al., 1984)
(Auffray &
Boutibonnes,
1987; Krivobok et
al., 1987; Sakai et
al., 1992)
(Corcuera et al,,
2015; Madle et al.,
1986)

(Corcuera et al,,
2015; Mirsalis,
Tyson, &
Butterworth,
1982; Mori et al.,
1984)
(Matthiaschk &
Korte, 1986)
(Umeda, Tsutsui,
& Saito, 1977)
(Bayram et al.,
2016)

(Jaksic¢ et al.,
2012)

(Le Hegarat et al.,
2010; Liu et al.,
2019; Uhl, Helma,
& Knasmiiller,
2000)

(Zhang et al.,
2015)

(Ghaderi,
Allameh,
Soleimani,
Rastegar, &
Ahmadi-
Ashtiani, 2011)
(Madle et al.,
1986; Matthiaschk
& Korte, 1986)
(Williams,
Deschl, &
Williams, 2011)
(Miranda et al.,
2007; Shin, Guo,
Niu, & Cui, 2018)
(Abd-Allah, el-
Fayoumi, Smith,
Heckmann, &
O'Neill, 1999)
(Golli-Bennour et
al., 2010)

Agroclavine
1-propyl and 1-pentyl Clavine
alkaloids

C. purpurea

S. typhimurium

E. coli

LT2 strains

WP2 uvrA

(Glatt, Jung, &
Oesch, 1983;
Glatt, Pertz,
Kasper, & Eich,
1992)

(Glatt, Eich,
Pertz, Becker, &
Oesch, 1987)

1-allylelymoclavine Clavine
alkaloids

C. purpurea

S. typhimurium

LT2 strains

(Glatt et al. 1992)

6-allyl-1-propyl-6-
norfestuclavine
Clavine alkaloids

C. purpurea

S. typhimurium

LT2 strains

(Glatt et al. 1992)

Alternariol
Mycoestrogens

Al altyernata
Al tenuissima
Ni. sphaerica

Human

H-29, HT29

(Aichinger, Beisl,
& Marko, 2017;
Tiessen et al.,
2013)
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Mycotoxins and mycotoxin
group

Fungus
produced*

Test materials

Tissue and
cells

Abnormalities**

DF GM

References

Alternariol
Mycoestrogens

Al altyernata
Al tenuissima
Ni. sphaerica

Human

Chinese
hamster

Mice

Mice

S. typhimurium

KYSE510,
Colon cacao-2
cells

V79

L5178Y

Mcrophage
RAW,
fibroblast
NIH/3T3

LT2 strains

(Fernandez-
Blanco, Font, &
Ruiz, 2015;
Tiessen et al.,
2017)

(Brugger et al.,
2006; Fleck et al.,
2016)

(Brugger et al.
2006)

(Solhaug et al.,
2012)

(Schrader et al.,
2006, 2001; Scott
& Stoltz, 1980)

Altenuene
Dibenzopyrone derivatives

Alternaria sp.

S. typhimurium

LT2 strains

(Schrader et al.
2006)

Altertoxin
Polyketides stemphyperylenol

Al. tenuissima
Ni. sphaerica

Human

Chinese
hamster

S. typhimurium

HT29

V79

LT2 strains

(Schwarz et al.,
2012)

(Fleck,
Burkhardt,
Pfeiffer, &
Metzler, 2012;
Fleck et al., 2016;
Schrader et al.,
2006)

(Schrader et al.,
2001, 2006)

Asperlin

A. nidulans

S. typhimurium

LT2 strains

(Glatt et al., 1983)

Aurosporin
Quinone chemicals

Ep. floccosum
M. cookei

S. typhimurium

LT2 strains

+?

(Mori, Kawai,
Ohbayashi,
Kitamura, &
Nozawa, 1983)

Austdiol

A. ustus

Penicillium sp.

S. typhimurium

LT2 strains

(Wehner et al.,
1978b)

Austocystins A, D

A.puniceus
A.ustus

Penicillium sp.

S. typhimurium

LT2 strains

(Wehner et al.,
1978b)

Averufin
(dehydroaverufin)
Anthraquinones

A. versicolor
A. multicolor

E. coli

S. typhimurium

Rat and Mice

PQ37 strains

LT2 strains

Hepatocyte

(Krivobok et al.,
1987)

(Wong et al.,
1977)

(Mori et al., 1984)

Azaserine***

Natural

Rat and Mice

Rat

Rat

Chinese
hamster

Hepatocyte

Pancreas

Kidney

V79

(Mori et al., 1984;
Mirsalis et al.
1982)

(Shepherd, Tsao,
& Duguid, 1990;
Zurlo, Roebuck,
Rutkowski,
Curphey, &
Longnecker,
1984)

(Tyson &
Mirsalis, 1985)
(Schaeffer,
Curphey, &
Longnecker,
1987)

Baccharin B3,B4,B5***

Natural

E. coli

PQ37 strains

(Sakai et al., 1992)

Beauvericin
Emerging mycotoxins

B. bassiana
Fusarium sp.
Co. coronatus

Human

Pig

Lymphocyte

Kidney PK15

(Celik, Aksoy, &
Yilmaz, 2010;
Klari¢, Darabos,
Rozgaj, Kasuba,
& Pepeljnjak,
2010)

(Klari¢ et al.,
2010)

Bikaverin
Polyketides stemphyperylenol

Fusarium sp.
My. jaapii
V. agaricinum

Rat

Hepatocyte

(Norred, Plattner,
Vesonder, Bacon,
& Voss, 1992)

17-bromofestuclavine
Clavine alkaloids

C. purpurea

S. typhimurium

LT2 strains

(Yen, Chang,
Sheu, & Chiang,
2001;Glatt et al.,
1992)
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Mycotoxins and mycotoxin Fungus . Tissue and Abnormalities**
. Test materials References
group produced cells CA DF
13-bromo-1-
cyclopropylmethylfestuclavine C. purpurea S. typhimurium LT2 strains (Glatt et al., 1992)
Clavine alkaloids
(Yen, Chang,
. . . Human intestine 407 - Sheu, & Chiang,
Candidusin B A. candidus
2001)
Salmonella LT2 strains (Yen et al., 2001)
Chaetoglobosin B Ch. globosum . (Umeda et al.,,
(Penochalasin) P. chrysogenum Mice C3HEM3A ] 1977)
Colon HCT116
. . Liver HepG2 (Prata-Sena et al.,
Chevalone N. siamensis Human Melanoma - 2016)
A375
E. coli PQ37 strains (Sakai et al., 1992)
(Krivobok, Seigle-
Murandi,
Steiman, Marzin,
& Betina, 1992;
S. typhimurium LT2 strains Tikkanen,
Matsushima, &
Natori, 1983;
Chrysazin (Dantron) Paraconiothyrium Zhang et al.,
Anthraquinones sp. 2011)
Brain
Human GBMB8401 + (Lu et al., 2010)
. (Zhang et al.,
Mice Balb/c 3T3 + 2011)
Lvmphoma (Miiller, Eckert,
Mice L%,17§Y + Lutz, & Stopper,
1996)
Rat and Mice Hepatocyte (Mori et al., 1984)
E. coli PQ37 strains (Sakai et al., 1992)
(Liberman et al.,
S. typhimurium LT2 strains 1980; Tikkanen et
al., 1983)
S. typhimurium TM§77’LT2 (Stark et al., 1978)
7 strains
Chrysophanol P. rugulosum Human Lung A549 + (Ni et al., 2014)
Anthraquinones P. islandicum Rat and Mice Hepatocyte (Mori et al., 1984)
. Lymphoma (Mueller et al.,
Mice L5178Y - 1999)
Chinese (Mengs et al.,
hamster Ovary . 2001)
(Auffray &
E. coli PQ37 strains Boutibonnes,
1987)
(Dénmez-
Altuntas,
Dumlupinar,
Human Lymphocyte Imamogly,
Hamurcu, &
Liman, 2007)
(Anninou,
Chatzaki,
P. expansum Papachristou,
P. viridicatum Human Hep3B Pitiakoudis, &
P. citrinum Simopoulos,
P. camemberti 2014)
A. niveus, A. Lymphocytes, ;
4 Human - Liu et al., 2003
Citrinin terreus HEK293 ( ) )
Benzopyran compounds A .oryzae Pi Kidnev PK15 (Klari¢ et al.,
A. candidus & Y 2012) o
A. carneus Monkey Renal + (Bouslimi et al.,
A. flavipes 2008) o
M. ruber Mice Bone marrow +? (Bouslimi et al,
M. purpureus 2008)
Rat F344 and gpt ) B (Kuroda et al.,
delta 2013)
Chinese Ovary and (Flajs & Peraica,
h t HEK293 - 2009; Liu et al.,
amster 2003)
Chinese (Thust & Kneist,
hamster V79 * 1979)
Mice Bone marrow + (Jeswal, 1996)
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Mycotoxins and mycotoxin Fungus T . Tissue and Abnormalities**
est materials References
group produced* cells CA SCE MN GM
(Auffray &
P. expansum Boutibonnes,
P. viridicatum 1987; Krivobok et
P. citrinum . . al., 1987;
P. camemberti E. coli PQ37 strains B Malaveille, Brun,
A. niveus, A. & Bartsch, 1991,
Citrinin terreus 1994; Sakai et al.,
Benzopyran compounds A .oryzae 1992)
A. candidus (Flajs & Peraica,
A. carneus 2009; Wehner,
AM]Z %lgprgs S. typhimurium LT2 strains +- %&ilg’litr?l” 1978;
M. purpureus Friederich, &
Schlatter, 1991)
6-cyano-1-propyl-6-
norfestuclavine C. purpurea S. typhimurium LT2 strains + (Glatt et al., 1992)
Clavine alkaloids
Cyclochlorotine P. rugulosum . . TM677, LT2
Ci,llorinated pentapeptide P. islé;ndicum S typhimurium strains ) (Stark et al, 1978)
ai}ififfz?;;/llcf’?;—stuclavme C. purpurea S. typhimurium LT2 strains + (Glatt et al., 1992)
A. flavus
A. versicolor
P. aurantiogriseum
Cyclopiazonic acid P. griseofulvum . . . Wehner et al.,
El?,goli}rie alkaloids P. foquejf‘oirti S. typhimurium LT2 strains ) g978b)
P. camembertii
P. cyclopium
P commune
(Shah, Prasanth
Kumar, Rao, &
Pandya, 2018;
Yuzawa, Kondo,
Human Lymphocytes - + + Fukao, Iwasaki,
& Hamaguchi,
1986;
. Zwanenburg &
Cyclos‘,p orin A . T. inflatum Cordier, 199g4)
Non-ribosomal peptide oy
Human MRC-5 + (Cilido et al.,
2015)
(Matter,
Mice Bone marrow - - Donatsch, Racine,
Schmid, & Suter,
1982)
Chinese Bone marrow ) ) (Matter et al.,
hamster 1982)
Rat and Mice Hepatocyte - (Mori et al., 1984)
(Fenech &
Cytochalasin B, E Phoma sp. Morley, 1985;
Polyketide-amino acid hybrid A. clavatus Human Lymphocytes + o+ Lindholm,
Norppa, Hayashi,
& Sorsa, 1991)
Colon HCT116
2,4-dihydroxy-3- N siamensis Human Liver HepG2 (Prata-Sena et al.,
methylacetophenon Melanoma 2016)
A375
Duclauxin, Xenoclauxin and .. . Mori et al., 1984;
desacetylduclauxin P duclauxii Rat and Mice Hepatocyte ) %(awai et al. 1985)
A. amstelodami
inuli A. chevalieri
EDCiELItlgngiTJeerazines A herbariorum Rat and Mice Hepatocyte - (Mori et al., 1984)
Eu. chevalieri
E. coli PQ37 strains - (Sakai et al., 1992)
(Krivobok et al.,
1992; Lietal,,
P. rugulosum S. typhi’ﬂuriunl LT2 strains +,- i?}gbg;e,SSIany et
P. islandicum Tikkanen et al.,
Emodin,Archin,Emodol, A. glaucus 1983)
Frandulic Acid A. aureus o TM677,LT2
Anthraquinones A. sclerotiorum S. typhimurium strains - (Stark et al., 1978)
A. terreus (Brkanac et al.
A. wentii Lymphocytes 2015; Li et al.,
Human MCF-7, SCC- + ¢ 20I3Lietal,

4, H460 cells

2010; Chen et al.,
2010; Lee et al.,
2006)
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Mycotoxins and mycotoxin Fungus . Tissue and Abnormalities**
Test materials References
group produced* cells CA SCE MN DF GM
p. f’ugulqsu;n Rat and Mice Hepatocyte - (Mori et al., 1984)
‘ - P. islandicum . N (Miller et al.,
Emodm,-Arch‘ln,Emodol, A. glaucus Mice ymphoma + o+ + 1996; Mueller et
Frandulic Acid A. aureus L5178Y
; . al. 1999)
Anthraquinones A. sclerotiorum
A. terreus Mice Liver,Kidney + + (Nesslany et al.,
A. wentii 2009)
. (Follmann et al.,
Ehmetse V79 - - - - 2009; Behmetal,
amster 2009)
Enniatin B Fusarium sp. (Follmann et al.,
Emerging mycotoxins Co. coronatus S. typhimurium LT2 strains - 2009; Behm et al.,
2009)
(Mamur et al.,
Human HeLa - + - + 2018a)
Festuclavine Lo .
Clavine alkaloids C. purpurea S. typhimurium LT2 strains + (Glatt et al., 1992)
Fiscalin A Colon HCT116
. N NP . . Liver HepG2 (Prata-Sena et al.,
(epi-neofiscalin A, epi-fiscalin N. siamensis Human -
AC Melanoma 2016)
-©) A375
(Mori et al., 1984;
Flavoglaucin A. ruber Rat and Mice Hepatocyte - Kawai et al.,
1983)
. Mori et al., 1983;
Floccosin Ep. floccosum Rat and Mice Hepatocyte - 3984)
Quinone chemicals Mi .cookei S. typhimurium LT2 strains +? (Mori et al., 1983)
Mice Bone marrow + + (Stanimirovic et
- . al., 2007)
Fumagillin A. fumigatus S . 1
Human Lymphocytes + + + (Stevanovic etal.,
y Y 2008)
A caespitosus (Wehner et al,.
. - CAcspIios S. typhimurium LT2 strains - 1978b; Sabater-
Fumitremorgen B A. egyptiacus E .
. . JP Vilar et al., 2003)
Tremorgenic mycotoxins A. fumigatus .
N. fischeri Human Lymphocytes + (Sabater-Vilar et
s ymphocy al,, 2003)
(Theumer et al.,
. 2010; Aranda et
Rats, Mice Bone marrow +,- + al., 2000; Karuna
& Rao, 2013)
(Knasmiiller et
Rat Hepatocyte + + - al., 1997; Norred
etal., 1992)
(Domijan et al.,
Rat Kidney, . 2007; Domijan et
ST Astrocytes al., 2006; Galvano
F. verticillioides
r ili et al., 2002a)

- o iforme (Lerda et al.,2005;
Fumonisin B(1), F. proliferatum Domiian et al
B(2)yB(3),FB(1),FB(2)yFB(3) F. nygamai Lymphocytes, 2015']Eh li h‘,t
Trichothecenes Al alternata Human HepG2 cells, + + + + ; ZICICh €

. . al., 2002a;
A. niger Fibroblasts
Co. coronatus Galvano et al.,
' 2002b)
. . (Lerda et al.,
Allium cepa Root tip cells + 2005)
. . ) (Knasmiiller et
E. coli PQ37 strains al, 1997)
(Aranda et al.,
2000; Knasmiiller
S. typhimurium LT2 strains - etal., 1997;
Ehrlich et al.,
2002a)
Chinese
Thust et al., 1983;
N ” ( ,1983;
hamster V79 cells +? +? Bony et al., 2007)
Fusarenon X F. graminearum Enterocyte-
Trichothecenes -8 Human . Y + (Bony et al., 2007)
like Caco-2
. ) ) (Umeda et al.,
Mice C3H,FM3A 1977)
(Mamur at al.,
Human Lymphocytes - - - + 2018b)
Fusaric acid F. heterosporium (Ghazi et al.,
Oesophageal ) .
Human SNO, HenG2 + 2017; Devnarain
» Hep etal, 2017)
Fusarin i (Norred et al.
7 ,
Mycoestrogens F. moniliforme Rat Hepatocyte ? 1992)
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Mycotoxins and mycotoxin Fungus . Tissue and Abnormalities**
. Test materials References
group produced cells CA SCE MN DF GM
(Auffray &
. . Boutibonnes,
4 E. coli PQ37 strains - 1987; Nieminen et
A. fumigatus al.,, 2002)
A. terreus iemi
Gliotoxin E. coli WP2, CM871 + (Nieminen etal,
. L A. flavus 2002)
Epipolythiodioxo . -
iperazine A niger S. typhimurium LT2 strains - (Nieminen etal,
Pip Eu. chevalieri, T 2002)
N. pseudofischeri Chinese B (Nieminen et al.,
hamster Ovary 2002)
. Macrophage (Nieminen et al.,
Mice RAW264.7 )
. . (Venier et al.,
E. coli PQ37 strains - 1989)
. . . ) (Wehner et al.,
S. typhimurium LT2 strains 1978b)
. (Curry etal.,
Mice Bone marrow + 1984)
. Lymphoma (Oliver et al.,
Mice L5178Y * 2006)
(Fahmy &
. Spermatocyte, Hassan, 1996;
Mice Oocyte * Mailhes et al.,
P ori . 1993)
Griseofulvin 8 riseofu oum Rat and Mice Hepatocyte - (Mori et al., 1984)
P. janczewskii
(Inoue, Baba,
D.melanogaster ~ Wing SMART + + Awano, &
Yoshikawa, 1995)
(Frenzilli, Bosco,
& Barale, 2000;
Migliore & Nieri,
Human Lymphocyte + + + + 1991; Muehlbauer
& Schuler, 2005;
Rosefort, Fauth,
& Zankl, 2004)
. . (Sandhu &
Vicia faba Root tip cells + Acedo, 1988)
. Human intestine 407 - (Yen et al., 2001)
3-hydroxyterphenyllin A. candidus
Salmonella LT2 strains - (Yen et al., 2001)
Iridoskyrin P. rugulosum Rat ?ﬁ[}:;t;i};; ) (Mori etal., 1988)
Anthraquinones P. islandicum S. typhimurium L - (Stark et al., 1978)
’ strains
(Liberman et al.,
S. typhimurium LT2 strains + 1980; Tikkanen et
Islandicin P. rugulosum al., 1983)
Anthraquinones P. islandicums S. typhimurium TM§77’LT2 - (Stark et al., 1978)
K strains
Rat Hepatocyte - (Mori et al., 1988)
(Bjeldanes &
Chew, 1979; Higa
etal., 2007;
Nohynek et al.,
2004; Shibuya,
Murota,
S. typhimurium LT2 strains +,+?  Sakamoto,
Iwahara, & Ikeno,
1982; Wehner,
Thiel, et al., 1978;
Wei, Huang,
Fernando, &
A. arachidicola Chung, 1991)
A. candidus . (Nohynek et al.,
Kojic acid A. minisclerotigenes E. coli WP2uvrA * 2004)
A. oryzae (Higa et al., 2007;
Penicillium sp. Rat Liver, bone ) B Ogiwara et al.,
marrow 2015; Suzuki et
al., 2005)
(Ogiwara et al.,
Rat Lymphocyte +2,+ - 2015; Suzuki et
al., 2005)
. (Higa et al., 2007;
Mice gg ;ierl;arzzow - - Nohynek et al.,
2004)
. (Nohynek et al.,
Mice Lymphoma - 2004)
. . (Shibuya et al.,
Mice Embrio - 1982)
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est materials References
group produced* cells CA SCE MN DF GM
. (Nohynek et al.,
E:I’Iie;’“; V79 +2 - - 2004; Shibuya et
A. arachidicola al., 1982)
A. candidus Chinese .
Kojic acid A. minisclerotigenes ~ hamster Lung ) (Higa etal,, 2007)
A. oryzae Chinese .
Penicyillium sp. hamster Ovary * * (Wei etal, 1991)
Keratinocyte, Nohynek et al.,
Human hepatocyt}é ] (2004)y
Leucinostatins Pa. lilacinus A nidulans Funeus cells ) (Crebelli et al.,
Peptide mycotoxins Pa. marquandii ) 8 1988)
(Wehner et al.,
. . . 1978b; Stark et al.,
S. typhimurium LT2 strain - 1978; Tikkanen et
Luteoskyrin P. islandicum S. typhimuri T™677 + a;t li83t) 1,1978
Lumiluteoskryin Pl }:u e . typhimurium (Stark et al., )
Anthraquinones TH8 E. coli PQ37 strains - (Sakai et al., 1992)
. (Umeda et al.,
Mice C3H,FM3A - - 1977)
Rat and Mice Hepatocyte + (Mori et al., 1984)
. P. chermesinum .
Lut‘eosporln . M. cookei Rat and Mice Hepatocyte + (Mori etal., 1983;
Quinone chemicals E 1984)
p. floccosum
Drosophila i(te}cl(;swe + (Browning, 1968)
. Goetz, Sram, &
Mice and rats Spermatocytes + (Zu dové, 1974)
Mice Bone marrow - (Van Went, 1978)
Mice Dominant + (érém, Zudovi, &
lethal Goetz, 1974)
(Cohen,
Lysergic acid, Marinello, &
-diethylamide C. purpurea Back, 1967; Li &
Clavine alkaloids Lin, 1998;
Human Lymphocyte + Muneer, 1978;
Nielsen,
Friedrich,
Jacobsen, &
Tsuboi, 1968)
(Estop, Cieply,
Human Sperm + Vankirk, Munne,
& Garver, 1991)
a?f;:gg{;;;i?g?emyl ether C. purpurea S. typhimurium LT2 strains + (Glatt et al., 1992)
Chicken DT40 . (zz{)iir;amoto etal.,
Mevinolin (lovastatin) A terreus (Jafari, Rezaei,
(dihydromevinolin) ’ H Colon HT29 Kalantari, &
uman + .
cells Hashemitabar,
2013)
(Frenzilli et al.,
2000; Muehlbauer
Human Lymphocyte + + + & Schuler, 2005;
Rosefort et al.,
2004)
. (Wang & Qian,
Human, Mice Lymphocytes - 1997)
(Miyamae et al.,
7 Sk,
Mice Multiple + I L
organs zumiyama,
Matsusaka, &
Tsuda, 1997)
Mitomycin C St. caespitosus (Cole, Taylor,
Mice Erythroblasts + Cole, & Arlett,
1981)
Bone marrow (Salamone et al.,
Mice L929 . + 1980, Nito et al.,
1988)
Rat Lymphocytes + i—g—l‘;\ga;n & Qian,
)
(Dean, Bynum,
Rat HTC + Kram, &
Schneider, 1980)
Rat and Mice Hepatocyte + (Mori et al., 1984)
Chinese CHO 5 . (Gupta & Singh,
hamster genetic loci 1982)
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. Test materials References
group produced cells CA SCE MN DF GM
Chinese v79 + (Krishpa, Kropko,
hamster & Theiss, 1989)
Oncorhynchus (Kocan, Landolt,
mykiss Gonad RTG-2 * * & Sabo, 1982)
Vicia faba Ceeds + (Koppen &
. . . Verschaeve, 1996)
Mitomycin C St. caespitosus
Euglena gracilis Body cells + (Aoyama etal,
$IE JTACHIS y 2003)
Lo . (Beljanski et al.,
S. typhimurium LT2 strains + 1982)
. . (Venier et al.,
E. coli PQ37 strains + 1989)
(Auffray &
. . Boutibonnes,
E. coli PQ37 strains - 1987; Knasmiiller
etal., 1997)
(Wehner et al.,
Moniliformin ) — : 1978a;
S. typhimurium LT2 strains - .
Emerging mycotoxins Fusarium sp. P Knasmiiller et al.,
1997)
(Knasmiiller et
Rat Hepatocyte + + - al., 1997; Norred
etal., 1992)
Human Lymphocyte + + + (Celik et al., 2009)
. . . ) (Wehner et al.,
Mycophenolic acid o S. typhimurium LT2 strains 1978b)
Merot id Penicillium sp. Umeda et al
eroterpenids Mice C3H,FM3A 0 + (Umeda et al.,,
1977)
A. versicolor S. typhimurium LT2 strains +? (Mori et al., 1985)
Nidurufin . - .
P. flavidorsum Rat Hepatocyte +? (Mori et al., 1985)
(Alarcon-Herrera
. etal., 2017;
Mice Blood * Norberto et al.,
2017)
(Oshiro, Piper,
Mice grr/p_homa + Balwierz, &
A. flavus Soelter, 1991)
3-Nitropropionic acid A. oryzae Chinese ) (Oshiro et al.,
A. wentii hamster CHO/HPGRT 1991)
Drososhila (Batiste-Alentorn,
’ P . Wing SMART + Xamena, Creus,
melanogaster & Marcos, 1995)
(Oshiro et al.,
S. typhimurium LT2 strains +,+?  1991; Hansen,
1984)
Enterocyte- (Bony et al., 2006;
Human like Caco-2 * 2007)
Human Lymphocyte + + (Yang et al., 2014)
(Takakura,
Nesslany,
? -
Human TK6,HepaRG +7? Fessard, & Le
Hegarat, 2014)
(Lusky, Wagner,
Stihr,
Boar Lymphocytes + Doberschiitz, &
Peter, 1991)

i A. flavus, Chinese (Tsuda et al
Nivalenol, 3- and 15- Lo Ovary cells + v
acetyldeoxy derivatives ? Z’:JZZ fiogrisetm — hamster 1998)
Trichothecenes . ° Mice Organs and + (Tsuda et al.,

F. graminearum tissues 1998)
(Singh, Banerjee,
. Hepatocyte, Chattopadhyay,
Mice bone marrow * * Borthakur, &
Veer, 2015)
(Hsia, Wu, Lu, &
Chinese Li, 1988; Thust,
5 5 , ; ,
hamster V79 cells +? e Kneist, & Hiihne,
1983)
(Wehner et al.,
S. typhimurium LT2 strains - 1978a; Takakura
etal., 2014)
E. coli PQ37 strains - gl;g;\;obok etal,
Nc‘)rsolorinic acid ' (Wong etal,,
TrlchotheFenes A. versicolor S. typhimurium LT2 strains +2? 1977; Mori et al.,
Anthraquinones 1985)
Rat Hepatocyte +? (Mori et al., 1985)
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Mycotoxins and mycotoxin
group

Fungus
produced*

Test materials

Tissue and
cells

Abnormalities**

CA

SCE MN DF

GM

References

Ochratoxin A
Ochratoxin mycotoxins

ochraceus
alliaceus
auricomus
carbonarius
glaucus
melleus
niger

affinis
albertensis
citricus

A. fonsecaeus
A. lanosus

A.
ochraceopetaliformis
A. ostianus

A. petrakii

A. sclerotiorum
A. sulphureus
P. verrucosum

e

Human

Human

Human

Human

Monkey

Canine

Bovine

Mice

Mice

Mice

Mice

Rat and Mice

Rat

Hep3B,
HepG2

Lymphocytes

Urothelial,
Fibroblast,
kidney

A549, HK-2,
CYP2C9-hOR,
CYP3A4-hOR,
Neuro-2a,

Renal, kidney
vero

Kidney

Lymphocytes

Liver, kidney

Bone marrow

L5178Y tk(+/-
)

C3H,FM3A

Hepatocyte,
kidney

F344 and gpt
delta, Liver,
kidney

+?

+,+?

(Anninou et al.,
2014; Ehrlich et
al., 2002b)
(Domijan, Gajski,
Novak Jovanovi¢,
Geri¢, & Garaj-
Vrhovac, 2015;
Donmez-
Altuntas,
Hamurcu,
Imamoglu, &
Liman, 2003;
Gonzalez-Arias et
al., 2014; Hennig,
Fink-Gremmels,
& Leistner, 1991;
Klari¢ et al., 2010;
J. Liu et al., 2012)
(Ali et al., 2011;
Degen, Lebrun,
Lektarau, &
Follmann, 2005;
Dorrenhaus et al.,
2000; Lebrun,
Golka, Schulze, &
Follmann, 2006;
Robbiano, Baroni,
Carrozzino,
Mereto, &
Brambilla, 2004;
Russo et al., 2005)
(Arbillaga,
Azqueta,
Ezpeleta, &
Lépez de Cerain,
2007; Bhat et al.,
2016; Segvic
Klari¢ et al., 2015;
Simarro Doorten,
Nijmeijer, de
Nijs-Tjon, & Fink-
Gremmels, 2006)
(Bouslimi et al.,
2008; Costa et al.,
2016; Golli-
Bennour et al.,
2010)

(Lebrun &
Follmann, 2002)
(Lioi, Santoro,
Barbieri, Salzano,
& Ursini, 2004)
(Creppy etal,
1985)

(Bouslimi et al.,
2008; Corcuera et
al., 2015)

(Ali et al., 2014;
Bendele et al.,
1985)

(Umeda et al.,
1977)

(Bendele et al.,
1985; Corcuera et
al., 2015;
Domijan, Zeljezic,
Kopjar, &
Peraica, 2006;
Mori et al., 1984;
Robbiano et al.,
2004; Zeljezic,
Domijan, &
Peraica, 2006)
(Kamp et al.,
2005; Kuroda et
al., 2014; Mally et
al., 2005)
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. Test materials References
group produced cells CA SCE MN DF GM
(Follmann,
Hillebrand,
Kidney PK15, Creppy, & Bolt,
Pig bladder + + + 1995; Follmann &
epithelial Lebrun, 2003;
Klari¢ et al., 2010,
2012)
V79, CHO-K1- (Ali et al., 2011;
A. ochraceus Chinese BH4 B + + 185;1551 ?Zﬁfnﬁﬁn
A. alliaceus hamster bladder Behr;1 & De en,
A. auricomus epithelial 2007 ! gen
A. carbonarius ) L
A. glaucus (Iferda-, Biagi
A. melleus Allium cepa Root tip cells + BISt.Om.’ .
A picer Pelliccioni, &
o ﬂ%ﬁs Litterio, 2010)

. A. albertensis (Auﬂ?ray &
Ochratoxin A A citricus Boutibonnes,
Ochratoxin mycotoxins A' 1987; Krivobok et

- fonsecaeuss E. coli PQ37 strains o+ al,1987;
A. lanosus .
N Malaveille et al.,
: 1991, 1994; Sakai
ochraceopetaliformis ! !
A ostiunpus 4 etal, 1992)
A' etrakii (Bendele et al.,
A' cherotiorum 1985; Ehrlich et
A. e al., l2002b; Hennig
! etal., 1991;
P. verrucosuim Obrecht-Pflumio,
Chassat,
S. typhimurium LT2 strains -+ Dirheimer, &
Marzin, 1999;
Wehner, Thiel, et
al., 1978b;
Wiirgler,
Friederich, &
Schlatter, 1991)
A. acanthosporus Rat F344,Liver, . (Mally et al.,
A. albertensis a Kidney 2005)
A. alliaceus . . (Malaveille et al.,
A. auricomus E. coli PQ37 strains - 1991; 1994)
Ochratoxin B A. carbonarius
Ochratoxin mycotoxins ochraceopetaliformis Wiiseder etal
A. ochraceus S. typhimurium LT2 strains - 39911 & M
A. sclerotiorum )
A. sulphureus
A. wentii
. . ) (Malaveille et al.,
Ochratoxin alpha sveraill s E. coli PQ37 strains 1991; 1994)
Ochratoxin mycotoxins perg P i Bladder . (Follmann et al.,
& epithelial 1995)
. . Kidney,
gosporelnh - Ce. kusanoi. I\C/[eTmne and Spleen, RAW . (ZI({)ignesha etal.,
uinone chemicals ice 264,7 cells, )
Oxalic acid A. niger Human Buccal cells + (Unlu & Saglar,
2015)
R . ) (Wiirgler et al.,
S. typhimurium LT2 strains 1991)
(Auffray and
Boutibonnes,
E. coli PQ37 strains - 1987; Krivobok et
al., 1987; Sakai et
al., 1992)
P. atul (Alves, Oliveira,
- patuium Laires,
: Rueff, 2000; Liu et
Patulin Byssochlamy sp. Chinese V79, bone . . . . al, 2003
Benzopyran compound 2 ciuvaionumcus hamster marrow, CHO Matthiaschk &
. clavatus
e Korte, 1986;
A. longivesica Schumacher,
A. terreus Metzler, &
Lehmann, 2005)
. . ) (Matthiaschk and
Mice Embrio Korte, 1986)
Mice Bone marrow + + (Song et al., 2014)
. . (de Melo et al.,
Mice Bl:‘am, kidney, + 2012; Saxena et
sk al., 2009)
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. Test materials References
group produced cells CA SCE MN DF GM
. (Umeda et al.,
Mice C3H,FM3A + + 1977)
Rat and Mice Hepatocyte - (Mori et al., 1984)
P. patulum Lymphocytes, ;
P. expansum Human HEK293 + + (Liu et al., 2003)
D. expansum (Alves et al., 2000;
Patulin Byssochlamy sp. Donmez-
Benzopyran compound A. clavatonanicus Human Lymphocytes + Altuntas, Gokalp-
A. clavatus Yildiz, Bitgen, &
A. longivesica Hamurcu, 2013)
A. terreus (Zhou, Jiang,
Geng, Cao, &
Human HepG2 + + Zhong, 2009,
2010)
(Sabater-Vilar,

a1 Aspergillus sp. S. typhimurium LT2 strains - Nijmeijer, & Fink-

Paxilline e ‘
. . Penicillium sp. Gremmels, 2003)
Tremorgenic mycotoxins ; .
Claviceps sp Human Lvmphocytes . (Sabater-Vilar et
ymphocy al,, 2003)
. . . (Wehner et al.,
S. typhimurium LT2 strains - 1978b)
(Krivobok et al.,
L P. roqueforti ; : } 1987; Auffray &
}’emcﬂhcl:lc[ld tetronic acid P. camemberti E. coli PQ37 strains Boutibonnes,
sopropylidene tetronic aci Aspergillus sp. 1987)
. (Umeda et al.,
Mice C3H,FM3A + + 1977)
Rat and Mice Hepatocyte - (Mori et al., 1984)
Human Lvmphocytes B (Sabater-Vilar et
Penitrem A ymphocy al,, 2003)
Tremorgenic mycotoxins P- crustosum R . (Sabater-Vilar et
S. typhimurium LT2 strains - al,, 2003)
. . . (Krivobok et al.,
Physcion Microsporum sp. S. typhimurium LT2 strains + 1992)
Anthraquinones A. glaucus Mice Lymphoma ) B ) (Mueller et al.,
L5178Y 1999)
Pibasterol p. f’ugulqsu;n S. typhimurium. TM§77’LT2 - (Stark et al., 1978)
P. islandicum i strains
(Auffray &
. . Boutibonnes,
E. coli PQ37 strains - 1987; Sakai et al.,
1992)
P forti (Mouleé,
. . roqueforti H. &
PR toxins . : : . _ ermann,
P. camemberti S. typhimurium LT2 strains Renault, 1981; Xu
etal., 1984)
S. typhimurium SV50 ara + (Xu et al., 1984)
Chinese (Moulé et al.,
hamster V79 } 1981)

. . . . } (Schrader et al.,
Radicinin Al alternata S. typhimurium LT2 strains S+ 2001; 2006)
Roquefortine P. roqueforti R . (Schoch, Liithy, &
Diketopiperazines P. camemberti S typhimurium LT2 strains ) Schlatter, 1984)
Roridin A Mr. roridum . . .
Trichothecenes Cylindocarpon sp. E. coli PQ37 strains - (Sakai et al., 1992)
Rubratoxin B
Alpha, beta unsatu-rated P. rubrum E. coli PQ37 strains - (Sakai et al., 1992)
lactone

S. typhimurium TM677s + (Stark et al., 1978)
Rubroskyrin P. rugulosum R .
Anthraquinones P. islandicum S. typhimurium LT2 strains - (Stark et al., 1978)
Rat Hepatocyte - (Mori et al., 1988)
E. coli PQ37 strains - (Sakai et al., 1992)
(Tikkanen et al.,
1983; Stark et al.,
. S. typhimurium LT2 strains -+? 1978; Krivobok et
Rugulosin P. rugulosum i . .
Anth . P. islandi al., 1992; Mori et
nthraquinones . islandicum al, 1983)
S. typhimurium T™M677 + (Stark et al., 1978)
. ) (Mori et al., 1983;
Rat and Mice Hepatocyte 1984)
Satratoxin H S. chartarum (Nusuetrong et
Trichothecenes S. atra Rat P12 * * - * al., 2012)
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group produced* cells CA SCE MN GM
. . . (Wehner et al.,
S. typhimurium LT2 strains - 1978b)
A. aculeatus (Reddy, Reddy,
Secalonic acid D A. ochraceus Mice Male germ - Chan, & Hayes,
ecalonic aci A woarum 1980)
A. japonicus ; ? (Reddy et al,,
Mice Bone marrow +7? 1980)
Rat and Mice Hepatocyte - (Mori et al., 1984)
. . P. rugulosum S. typhimurium LT2 strains - (Stark et al., 1978)
Simatoxin . Lo o
P. islandicum S. typhimurium TM677 + (Stark et al., 1978)
(Tikkanen et al.,
S. typhimurium LT2 strains - 1983; Krivobok et
Skyrin P. rugulosum al., 1992)
Anthraquinones P. islandicum S. typhimurium T™M677 + (Stark et al., 1978)
Rat and Mice Hepatocyte - (Mori et al., 1984)
P . ) (Ferguson et al.,
S. typhimurium LT2 strains 1992)
(Munday,
Sporidesmin Mice Bone marrow +? Pearson, &
Epidithiodioxopi-perazine Pi. chartarum Ferguson, 1993)
mycotoxins Chinese (Ferguson et al.,
hamster AALS * 1992)
B (Ferguson et al.,
Sheep Lymphocytes 1992)

. Al alternata S. typhimurium LT2 strains + (Davis & Stack,
Stemphyltoxin . i 1991)
Perylenequinone metabolites Al cassiae Chinese

yieneq Se. botryosum V79 (Fleck et al., 2016)
i hamster
Al alternata . . . (Davis & Stack,
Stemphyperylenol Al cassiae S. typhimurium LT2 strains + 1991)
. . A. nidulans Lo . .
Sterigmatin A versicolor S. typhimurium LT2 strains - (Mori et al., 1986)
(Krivobok et al.,
E. coli PQ37 strains + 1987; Sakai et al.,
1992)
(Wehner et al.,
A. versicolor 1978a; 1978b,
A. parasiticus S. typhimurium LT2 strains +,-  1979; Mori et al.,
A. flavus 1986; Wong et al.,
Sterigmatocystin, A. rambellii 1977)‘
(5,6-Dimethoxy-,O-methyl-,5- A. discophorus (Anninou etal.,
methoxy-, 5-Methoxydihydros-  A. multicolor Hep3B,A549, 2014; Gao et al.,
,Dihydro-, Demethyl-, A. nidulans Human Liver cells, + + 2015; Jaksié et al.,
Demethyldihydro-, O-Acetyls-,  A. olivicola GES-1 2012; Zhang et
Hydroxymethyl-) derivatives A. ustus ) al., 2013)
Anthraquinones Emericellu Chinese V79 (Fleck et al., 2016)
nidulans, hamster
Emericella Mice C3H,FM3A +2 +  (Umedaetal,
venezuelensis 1977)
(Curry, Reed,
Mice Bone marrow + Martino, &
Kitchin, 1984)
Rat and Mice Hepatocyte + (Mori et al., 1984)
. . . (Wehner et al,
S. typhimurium LT2 strains - 1978a; 1978b)
. . ) (Krivobok et al.,
E. coli PQ37 strains 1987)
Chinese (Hsia et al., 1988;
hamst V79 cells +? +? + Li & Lin, 1998;
amster Thust et al., 1983)
(Frankic, Pajk,
Rezar, Levart, &
Salobir, 2006;
Blood. liver Rezar, Frankic,
T-2 toxins F. sporotrichioides Chiken s Ieer{ ! Narat, Levart, &
Trichothecenes F. sulphureum P Salobir, 2007;
leukocytes - .
Sokolovic, Garaj-
Vrhovac, Ramic,
& Simpraga,
2007)
Pi Mononuclear (Horvatovich et
g cells al., 2013)
. . (Zhang, Yang, Li,
Mice Leydig cells & Zhou, 2017)
Hepatocyte,
Rat esophageal + (Li & Lin, 1988)
epithelial
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Test materials References
group produced* cells CA SCE MN DF GM
T-2 toxins F. sporotrichioides . (Giirbiizel et al.,
Trichothecenes F. sulphureum D melanogaster  Wing SMART j ] 2015)
. Al alternata . . . (Schrader et al.,
Tentoxin AL tenuis S. typhimurium LT2 strains - 2006, 2001)
(Parkes & Scott,
Tenuazonic Acid AL tenuis S. typhimurium LT2 strains - 1982; Schrader et
o o al., 2006, 2001)
Tetramic acid deri-vatives Al alternata
Human HT29 B (Schwarz et al.,
2012)
A. fumigatus Colon HCT116
Tryptoquivaline A. clavatus Human Liver HepG2 B (Prata-Sena et al.,
(Iso-,Nor-derivatives) N. fischeri Melanoma 2016)
N. siamensis A375
- (Sabater-Vilar et
Verrucosidin p. aurantzogr{se'um Human Lymphocytes + al,, 2003)
. . P. melanoconidium .
Tremorgenic mycotoxins . R . (Sabater-Vilar et
P. polonicum S. typhimurium Lt2 strains +
al., 2003)
A. egyptiacus B (Sabater-Vilar et
Verruculogen A. fumigatus Human Lymphocytes al., 2003)
Tremorgenic mycotoxins P. estinogenum Lo . (Sabater-Vilar et
N. fischeri S. typhimurium Lt2 strains + al,, 2003)
(Krivobok et al.,
E. coli PQ37 strains + 1987; Sakai et al.,
1992)
Versicolorin A, B A. flavus ?3;3?3/5;?&
(6,8—‘O-D1r‘nethy1— and 6-deoxy- A versicolor S. typhimurium LT2 strains + al,, 1977; Mori et
versicolorin) P
. Penicillium sp al., 1985)
Anthraquinones .
Rat and Mice Hepatocyte + (Mori et al, 1984,
1985, 1988)
(Jaksic¢ et al.,
Human A549 + + 2012)
Versiconal e
(hemiacetal acetate) Ap arasificils S. typhimurium.  LT2 strains +? (Wongetal,
. A. versicolor i 1977)
Anthraquinones
. A. funiculosus
Violaceol I . .
(Aspermutarubrol, Ethericin A) A. sydngz Rat and Mice Hepatocyte - (Mori et al., 1984)
Em. Violacea
Viomellein A. melleus (Auffray &
Benzopvran compounds A. ochraceus E. coli PQ37 strains +? Boutibonnes,
Py P Penicillium sp. 1987)
s . Aspergillus sp. Lo . (Wehner et al.,
Viridicatumtoxin Penicillium sp. S. typhimurium LT2 strains + 1978b)
. . ) (Knasmiiller et
E. coli PQ37 strains al, 1997)
(Wehner et al.,
1978a;
S. typhimurium LT2 strains - Knasmiiller et al.,
1997; Takakura et
al., 2014)
(Hsia et al., 1988;
Chinese Rogers &
? -
hamster v7e +? Héroux-Metcalf,
1983)
. (Singh et al.,
Mice Bone marrow + 2015)
. (Abdel-Wahhab
Rat Blood, tissue + + etal, 2018)
o . (Knasmiiller et
Vomitoxin (4-deoxynivalenol) . Rat Hepatocyte + + al. 1997
. F. graminearum - )
Tricothecenes (Awad et al.
Lvmphocytes 2012; Awad,
. ymphocytes, Ghareeb, Dadak,
Chicken Spleen + ~
leukocytes Hess, & Bohm,
2014; Frankic et
al., 2006)
(Lusky etal.,
Boar Lymphocytes + 1991
Human Lymphocytes + (Yang et al., 2014)
Caco-2,
Human intestinal + (Bony et al.,2006)
(Takakura et al.,
Human TK6,HepaRG - - 2014)
(Bensassi et al.,
Human HT29, HepG2 + 2009; Zhang et
al., 2009)
. . Chinese (Oliveira et al.,
Wortmannin A. janus hamster V79 + 2002)
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Abnormalities**

Mycotoxins and mycotoxin Fungus Test materials Tissue and

. References
group produced cells CA SCE MN DF GM

Xanthomegnin
Quinone chemicals

A. melleus

A. ochraceus
A. sulphureus
Tr. megninii
M. cookei
Ep. floccosum

Rat and Mice

S. typhimurium

Hepatocyte

LT2 strains

+

+?

(Mori et al., 1983,
1984)

(Mori et al., 1983)

Zearalenone (F2-Toxin)

a-, B-zearalenol,
Zeranol
Mycoestrogens
Trichothecenes

F. graminearum
F. culmorum

F. equiseti

F. crookwellense

S. typhimurium

E. coli

E. coli

Chinese
hamster

Boar

Bovine

Mice

Mice

Mice

Mice

Rat

Monkey

Human

Human

Zebrafish

LT2 strains

PQ37 strains

C600

V79, CHO-K1 -

Lymphocytes +

Lymphocytes +

Bone marrow +

Liver, kidney

Spermatids

L5178Y tk(+/-
)

Liver, kidney

Kidney vero +

HeLa +

Enterocyte-
like Caco-
2,DOK,
HepG2;
HEK293

Embrios

(Wehner et al.,
1978a;
Bartholomew and
Ryan, 1980)
(Krivobok et al.,
1987; Auffray &
Boutibonnes,
1987; Sakai et al.,
1992)
Ghédira-Chékir
etal. 1998

(Thust et al., 1983;
Hsia et al., 1988;
Scheutwinkel et
al., 1986; Tatay et
al., 2016)

(Lusky etal.,
1991)

(Lioi et al., 2004)
(Ayed, Ayed-
Boussema,
Ouanes, & Bacha,
2011; Ouanes et
al., 2003)

(Pfohl-
Leszkowicz et al.,
1995)

(Pylkkénen et al.,
1991)

(McGregor et al.,
1988)

(Pfohl-
Leszkowicz et al.,
1995)
(Ayed-Boussema
et al., 2007; Abid-
Essefi et al., 2003;
Ouanes et al.,
2003)

(Ayed et al., 2011)

(Abid-Essefi et
al., 2003; Gao et
al., 2013; Hassen,
Ayed-Boussema,
Oscoz, Lopez, &
Bacha, 2007;
Tatay, Espin,
Garcia-
Fernandez, &
Ruiz, 2017)
(Muthulakshmi,
Maharajan,
Habibi,
Kadirvelu, &
Venkataramana,
2018)

*A:Aspergillus sp.; Al:Alternaria sp.; B:Beauveria sp.; C:Claviceps sp.; Ch:Chaetomium sp.; Co:Conidiobolus sp; Cc: Cochliobolus sp.;
E:Eupenicillium sp.; Em:Emericella sp.; Ep:Epidermophyton sp.; Eu:Eurotium sp.; F:Fusarium sp.; M:Monascus sp.; Mr:Myrothecium sp.;
Mi:Microsporum sp.; My:Mycogone sp.; N:Neosartorya sp.; Ni:Nigrospora sp.; P:Penicillium sp; Pa:Paecilomyces sp; Pi:Pithomyces
sp.; Po:Podostroma sp.; S:Stachybotrys sp; Se:Stemphylium sp.; St:Streptomyces sp; T:Tolypocladium sp.; Tr:Trichophyton sp.;
V:Verticillium sp.

**CA:Structural and numerical chromosome abnormalities; SCE:Sister chromatid exchanges; MN:Micronucleus; DF:DNA
fragmentations, Unsheduled DNA synthesis, Comet assay; GM:Gene mutation, Nucleotide substitution, Dominant lethal mutation.
(+):genotoxic or mutagenic; (-):non-genotoxic or non-mutagenic; (+?):weakly or moderately genotoxic or mutagenic; (?):inconclusive
(questionable) results; (£): in some tissues of animals are genotoxic or mutagenic and in other tissues are non-genotoxic or non-mutagenic

** Baccharin, a component of Brazilian propolis, isolated from natural plant Baccharis dracunculifolia DC (Asteraceae). It was evaluated

as a mycotoxin.®214* Azaserine (9-diazoacetyl-L-serine) is a natural diazoazetyl amino acids (dipeptide). It was evaluated as a mycotoxin
(Mori et al. 1984).
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Table 2. List of mycotoxins that have not been investigated in terms of genotoxic and mutagenic effects

13-O-Methylviriditin Dihydrogeodin Astellolide B Kotanin
i;};};igﬁﬁfr?:ethyl_l"l_ Dihydroxyaflavinine Astepyrone metabolite 3, 4, 6 Lolitrem
EZ};\;I:itclllgl—l,4—benzoquinone 56- Dioxopiperazine Asterric acid Malformins
2"-oxoasterriquinol D Me ether 1 ~ Dithiosilvatin Asterriquinone (Demethyl) B1, B3, D, A4,C2 Maltoryzine
3’-hydroxy HT-2 toxin Ditryptophenoline Auranthine Mellein (Ochracin)
3’-Hydroxy T-2 triol Emestrin Auroglaucine Methoxyhydroxyheptadienylbenzyl
3-Furanacetic acid Emethacin Austamide Mevalonate
3-Methylorsellinic acid Equisetin Austin (Deacetylaustin) Monascidin A
Aflatrem Erdin Azaphilon Naphthalic anhydride
Aflavinine Erythroglaucin Benzylbismethylthiopiperazinedione Naphthazarin epoxide
Alanyltryptophan anhydride Ethanedioc acid Bianthrone N-benzoyl-L-phenylalaninol
Alpha-sarcin Flavipin b-Resorcylaldehyde-a-14C Neoechinuline
Alteichin Flavoglaucin b-Resorcylic-carboxy-14C Neosartorin
Alterperylenol Frequentin Brevianamide Neosolaniol
Andibenin C Fumigaclavine Butanedioic acid Nidulin
Andilesin Fumitoxin Butenolide Nidulol
Anditomin Fusaproliferin Butyrolactone Norisotryptoquivaline
lj?izzr;(t)lt'liir;bismethylthioace tyl Fusarochromanone Canescin O-ethylparvulenone
Asparvenone Geodin 1 (Dihydrogeodin) Carboxydiphenylbutenoic anhydride Rubrocristin
Asperfuran O-Methylasparvenone Catenarin Scleramide
Asperfuranone O-methylparvulenone Chlorflavonin Sclerin
Aspergillic acid Orlandin Chloromethyresorcyloylhydroxyanisinate ~ Siderine
Aspermutarubrol Pachybasin Chrysogine Silvaticamide
Asperphenamate Palitantin Cichorine Silvaticol
Asperthecin Paraherquamide cis-4-Hydroxymellein Sphingofungin
Aspertoxin Paspalicine Citraconic anhydride Spinulosin
Aspochalasin A,B,D Paspaline (Paspalinine) Cladosporin Sulochrin
Aspulvinone Paspalitrem Gregatin Sydonic acid
Compactin Pergillin Helvolic acid Sydonol
Crotocin Phenprocoumon Hexanoic Terphenyllin
Cryptoechinuline Phomopsin HT-2 toxin Terreic acid
Cyclopaldic acid Phthalide (Chromanol) Hydrazinecarboxamide Terrein
D-Altritol Species Physcionanthrone Hydroxysydonic acid Terremutin
Deacetylaustin Preechinulin Indole Species Terretonin
Dechloronidulin Questin Isodihydroauroglaucin Territrem
Desmethylkotanin Regulin Isoflumigaclavines Parasiticol
Destruxin ig’irési)iyroﬁéin) D E Itaconic acid
Dihydroalterperylenol Aspyrone Janthitrems

Table 3. Test protocol for cell and tissue types used in genotoxic studies
Test Materials Tissue and cells Test Protocols References

S. typhimurium
S. typhimurium
E. coli
E. coli

S. cerevisiae

D.melanogaster

LT2 strains

SV50 ara

PQ37 strains

WP1 and WP2 UvrA
Haploid, diploid strains

Wing

Ames Test
Forward Mutation Assay
SOS Chromotest

UvrA reverse Mutation Assay

Gene Conversion and Mitotic
Recombination Tests

SMART Test
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Maron & Ames, 1983)
Xu et al., 1984)

Quillardet et al., 1982)
Nestmann et al., 1981)

Nestmann et al., 1981)

P N e =

Graf et al., 1984)
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Test Materials Tissue and cells

Test Protocols

References

Rodents and other animals Bone marrow cells

Rodents and other animals Erythrocytes

DT40 or other tissue cells

Hepatocytes and orther
tissues cells

Rodents and other animals
Rodents and other animals
Rodents and other animals Germ cells

Rodents and other animals Lymphoma TK 4/-
Peripheral blood cells or

Human and Rodents other tissues cells

Human Cancer cells

In vivo CA, SCE and MN Methods

Mammalian Erythrocyte
Micronucleus Tests

CometAssay
DNA Repair Test
Germ Cells Mutation Test

Forward Mutation Assay

In vitro CA, SCE and MN
Methods

MTT Test or Comet Assay

(DeMarini et al., 1987; Wangenheim &
Bolesfoldi, 1988) (OECD, 1996;
Rencuzogullari & Aydin, 2018)

(OECD, 2013; Rencuzogullari & Aydin, 2018)
(Yamamoto et al., 2011)

(Mori et al., 1984)
(

Hassanane et al., 2000; Marchetti et al., 2018)
(Wangenheim and Bolcsfoldi, 1988; DeMarini
etal., 1987)

(Evans, 1984; Perry and Thompson, 1984;
Kirsch-Volders et al., 1997; Albertini et al.,
2000; Rencuzogullari & Aydin, 2018)
(Prata-Sena et al., 2016)

When Table 1 is examined, it can be seen that the
genotoxic or mutagenic effect of many mycotoxins is
investigated with only one test (46 mycotoxin) or two tests
(24 mycotoxin) system. These mycotoxins may also be
considered among mycotoxins that have not been
determined genotoxic or mutagenic toxins because the
genotoxic effect of any mycotoxin or a chemical is only
tested with a test battery in order to say that the results are
reliable. The test group, called the test battery, should
contain an in vitro or in vivo test and should consist of a
bacterial test system such as the Ames test. The results will
be more reliable when molecular tests such as RAPD-PCR
included in the system. Therefore, the number of
mycotoxins that we do not know about their genotoxic
effects increases when we take these mycotoxins among
the unexplained ones.

Cytochalasin and fumagillin are the two mycotoxins
effects of which were studied in vivo in rodents and in vitro
human lymphocytes without any bacterial test system.
Cytochalasin has genotoxic effect only in human
lymphocytes, while fumagillin has genotoxic and
mutagenic effects in all tests (Banerjee & Paruthy, 2016). In
particular, in vivo tests are extremely important in terms of
presenting mycotoxin metabolism. Floccosin, iridoskyrin,
islandicin, mycophenolic acid, nidurufin, norsolorinic
acid, rubroskyrine, and skyrin are the mycotoxins
genotoxic effects of which were investigated by both in
vivo and bacterial test (Aleksic et al., 2017). It can be said
that there is a non-genotoxic or suspected genotoxic effect
in all of the mentioned mycotoxins.

It is important to study candudisin B, fumitremorgen
B, fusaric acid, 3-hydroxyterphenyllin, ochratoxin alpha,
oosporein, penitrem A, physcion, stemphltoxin,
verrucosidin, and verruculogen, which were studied with
only one in vitro and one bacterial test, and beauvericin
and fusarenon X mycotoxins that were studied using only
two different in vitro tests by in vivo testing system for
demonstrating genotoxic or mutagenic activity. Among
these mycotoxins only oosporein, stemphltoxin,
verrucosidin, and beauvericin showed positive results in
terms of genotoxic effects, but other mycotoxins showed
either negative or unclear/suspicious results (Gonzélez-
Perias, Vettorazzi, Lizarraga, Azqueta, & Lopez de Cerain,
2019).

Among the studied mycotoxins, actinomycin D,
aflatoxin, alternariol, chrysazin (dantron), citrinin,
fumonisin, mytomycin C, nivalenol, ochratoxin A, patulin,
sterigmatocystin, versicolorin A and B, vomitoxin, and
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zearalenone can be evaluated as genotoxic or mutagenic
(Kaynarca, Hecer, & Ulusoy, 2019).

Acetoscripenol appears to be genotoxic in mouse
bone marrow and germ cells, but not in Drosophila wing
spot test and bacterial tests. It may have a genotoxic risk
due to its effect in in vivo studies in mice. Although
averufin, azaserine, cyclosporin A, emodin, girseofulvin,
kojic acid, lysergic acid, moniliformin, 3-nitropropionic
acid, and T-2 toxins give genotoxically positive results in
most tests, additional further tests are required to
determine whether they are genotoxic or mutagenic
(Bennett & Klich, 2003). The same matter is applied for
chyrsophanol, gliotoxin, luteoskyrin, penicillic acid, PR
toxins, rugulosin, secalonic acid D, and sporidesmin,
which are negative in most tests because some of the tests
that are supposed to be in the test battery are not used in
the studies.

4. Discussion

Genotoxicity and mutagenicity are terms that are used to
describe damage caused by chemicals on chromosome and
DNA structure and lead to gene mutations, chromosome
abnormalities, and DNA chain breaks. Such mutations can
cause foremost congenital defects and many other diseases
such as cancer, aging, and infertility. Identification of such
effects of chemicals is extremely important in terms of
minimizing the frequency of abnormality and disease
(Phillips & Arlt, 2009).

Mutagenicity refers to a chemical or physical agent’s
capacity to cause mutations (genetic alterations). Agents
that damage DNA causing lesions that result in cell death
or mutations are genotoxins. All mutagens are genotoxic
but not all genotoxins are mutagens as they may not cause
retained alterations in DNA sequence (Betdowski, Been,
& Turmus, 2017).

Of the 109 genotoxically and mutagenically studied
mycotoxins, only 14 (actinomycin D, aflatoxin, alternariol,
chrysazin (dantron), citrinin, fumonisin, mytomycin C,
nivalenol, ochratoxin A, patulin, sterigmatocystin,
versicolorin A and B, vomitoxin, and zearalenone) were
found to be genotoxic. Of the mentioned mycotoxins,
aflatoxin, sterigamatocystin and fumonisin are complete
animal carcinogens and only aflatoxin is a human
carcinogen. There is no sufficient information on the
genotoxic and mutagenic effects of the remaining 95
mycotoxins. In particular, additional tests should be
performed to detect the genotoxic effects of mycotoxins
that are investigated by using only two test systems in case
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of genotoxicity in one of the test systems but non-
genotoxicity in the other test system.

When genotoxic studies are performed, application
of in vivo tests is especially important because many
mycotoxins may show genotoxic effects in in vivo or by
being metabolized in the presence of metabolic activators
in in vitro. These mycotoxins must undergo
biotransformation processes in order to be able to show
genotoxicity (Aydn et al., 2017; Bayram, Renctizogullari,
Almas, & Geng, 2016; Flajs & Peraica, 2009; Yourtee & Kirk-
Yourtee, 1986). Wehner, Marasas, & Thiel (1978a) found
out that toxins such as austdiol, austocystins A and D, kojic
acid, and viridicatum toxin had mutagenic effects after
biotransformation. The same can be said for many other
mycotoxins (Wehner, Thiel, van Rensburg, & Demasius,
1978b).

In some cases, oxidation reactions can expose
genotoxicity. Arbillaga Azqueta, Ezpeleta, & Lopez de
Cerain (2007) reported that ochratoxin A is not directly
genotoxic; however, oxidative stress in human renal cells
affects genotoxicity. It was also found that ochratoxin A
enhances radical oxygen production by Russo and
colleagues (Russo et al., 2005).

Sometimes in vivo nitrosylation can lead to more
severe genotoxic activity. Some studies reported that some
alternaria metabolites such as altenuene, alterotoxin I,
alternarol, alternarol monomethyl ether, and radicinin
mycotoxins have very strong genotoxic effects after
nitrosation (Schrader, Cherry, Soper, & Langlois, 2006;
Schrader, Cherry, Soper, Langlois, & Vijay, 2001).

The chemical structure of mycotoxins or some groups
they contain may affect its genotoxic effect. For example,
norsoloronic acid, averufin, and versiconal acetate contain
anthraquinone. Therefore, their mutagenic effects are
weak. However, versicolorin, which is another
anthraquinone and contains the bisfuran ring, has high
mutagenic activity. Sterigmatocystin also has an
anthraquinonedur and xanthone content that contains 2
times more mutagenic effect compared to versicolorin.
Aflatoxin B1 contains an anthraquinone and xanthone but
the xanthone has been transferred onto a coumarin. This
makes aflatoxin B1 10 times more genotoxic (Wong, Singh,
& Hsieh, 1977).

Perhaps the greatest risk for mycotoxins is the
combined synergistic effect of multiple mycotoxins.
Because many Fusaria can produce more than one
mycotoxin at the same time (Scott & Stoltz, 1980).
Aupanun, Poapolathep, Giorgi, Imsilp, & Poapolathep
(2017) showed that some mycotoxins could be present
together. It was reported that ochratoxin A and citrinin
mycotoxins (Bouslimi, Bouaziz, Ayed-Boussema, Hassen,
& Bacha, 2008) and also cyclopiazonic acid and aflatoxin
mycotoxins (Sorenson, Tucker, & Simpson, 1984) show
strong synergistic effects.

One of the greatest risks of mycotoxins is causing
cancer. Hsia, Wu, Lu, & Li (1988) found out that humans
eating corn that is contaminated with the trichothecenes
group mycotoxins and nivalenol and deoxy-, 3-
acetyldeoxy, 15-acetyldeoxy derivatives developed
esophageal cancers. Brugger et al. (2006) reported that
alternariol also causes esophageal cancer. It was also
reported that aflatoxin Al and B, sterigmatocystin, and
luteoskyrin are hepatocarcinogen (Miiller, 1987).
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Fuminisin was reported to be associated with esophageal
cancer as well as with liver cancer in rats (Aranda, Pérez-
Alzola, Ellahuefie, & Sepulveda, 2000). Mirsalis, Tyson, &
Butterworth (1982) found out that azaserin is a pancreatic
carcinogen.

Some carcinogenic mycotoxins are known to cause
cancer through genetic damage. In previous studies, it was
reported that mycotoxins that are likely to be genotoxic
carcinogens are aflatoxin Bl,  sterigmatocystin,
luteoskyrin, ochratoxin A, azaserine, mitomycin C, and
actinomycin D (Beljanski, Le Goff, & Beljanski, 1982;
Hashimoto, Nakajima, Matsumura, & Chatani, 2010; Mori
et al., 1984) and non-genotoxic carcinogens were reported
to be penicillic acid, patulin, griseofulvin, and rugulosin
(Mori et al., 1984).

Although mitomycin C and actinomycin D are
known to be genotoxic carcinogens, these two mycotoxins
also have anti-cancer effects due to their direct-acting
alkylating agents (Gupta & Singh, 1982; Parkes & Scott,
1982) and they have also been used as anti-cancer drugs.
Similarly, cytochalasin is also a mycotoxin and has anti-
tumor effect (Chang et al., 2016; Chen et al., 2015) because
it is a cytokine-blocking agent (Fenech & Morley, 1985).
These chemicals are used as positive mutagenes in
genotoxicity studies due to their high genotoxic effects.
Duclauxin and danthron have also been reported to be
important anticancer compounds (Anisha,
Sachidanandan, & Radhakrishnan, 2018; Fuska, Kubhr,
Nemec, & Fuskovd, 1974; Kuhr et al., 1973). Therefore, it is
also understood that some mycotoxins may be used as
anticancer drugs, antibiotics, antibacterials or as medicines
for other purposes. Many mycotoxins, such as penicillin,
griseofulvin, danthron, emodin, luteoskyrin,
cyclochlorotine, rugulosin, rubroskyrin, lumiluteoskyrin,
pibasterol, skyrin, cyclosporine, chrysophanol, islandicin,
iridoskyrin, fumagillin, and mevinolin (lovastatin) are
used as antibiotics or other therapeutic agents (Anisha et
al., 2018; Flint, Forsey, & Usher, 1959; Henninger et al.,
2012; Liberman et al., 1980; Mengs, Schuler, & Marshall,
2001; Mok & Tey, 2018; Nesslany, Simar-Meintiéres,
Ficheux, & Marzin, 2009; Sakai et al., 1992; Schafhauser et
al., 2016; Stark et al., 1978; Stevanovic, Stanimirovic,
Radakovic, & Stojic, 2008; van den Heever, Thompson,
Curtis, & Pernal, 2015; Yang et al., 2018). Nevertheless, it
should not be forgotten that mycotoxins may cause
adverse effects in humans such as high blood pressure,
headache, kidney problems, increased hair growth,
vomiting, liver problems, and increased risk of lymphoma
(Cho, Davis, Wetter, Bartley, & Brewer, 2018; Geller et al.,
2018; Ivandi¢ & Basié-Juki¢, 2014). When mycotoxin is
used as a medicine, it will be beneficial for the health of the
patient to be under special care.

Mycotoxins, such as alternariol, fusarin, and
zearalenone are defined as mycoestrogens. They may
cause a number of physiological events in the reproductive
tract by exhibiting high estrogenic activity (Ayed-
Boussema, Ouanes, Bacha, & Abid, 2007). Although some
articles state that zearalenone is non-steroidal estrogenic
(Pfohl-Leszkowicz, Chekir-Ghedira, & Bacha, 1995), Abid-
Essefi et al. (2003) reported that zearalenone increased
estrogenic and anabolic properties by binding to human
estrogen receptors. It was reported that some mycotoxins
may have different effects depending on sexual difference
although they are not mycoestrogens. In a genotoxicity
study that has been done in male and female mice, it was
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shown that aflatoxin B1 causes higher genotoxic effects in
males than females (Madle, Korte, & Beek, 1986).

5. Conclusions

Mycotoxins are toxins that are naturally produced as
secondary metabolic products of Fusarium and constitute
the greatest risk to humans by causing contaminations in
food. Mycotoxins are a large group of toxins that cause
various abnormalities in living things, especially cancer,
infertility, and congenital defects during pregnancy. Very
few of them are known to have genotoxic effects (El
Khoury, Fayjaloun, Nassar, Sahakian, & Aad, 2019).
However, the mutation-formation effects of a large part of
the remaining mycotoxins have not been investigated.
Knowing the genotoxic effects of a mycotoxin ensures the
explanation of the disease molecular levels. This is
extremely important in terms of reducing the abnormality
of the chemistry and the frequency of the disease.

There are also mycotoxins that are used as
therapeutics for many diseases, especially antibiotics, and
even as anti-cancer drugs. Mycotoxins, which are used as
drugs, are biotechnologically produced and purified
chemicals. These drugs naturally may give adverse effects
and cause some unwanted effects in the living system (Loi,
Fanelli, Liuzzi, Logrieco, & Mule, 2017).

As aresult, since mycotoxins are produced at specific
temperature and humidity grades, storage of food in
appropriate conditions from the time of production to
consumption can reduce mycotoxin contamination. This is
extremely important for the protection of human health.
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