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Abstract

Glyphosate (N-phosphonomethylglycine) is a synthetic and non-selective herbicide carrying a stable carbon-
phosphate bind (C-P). Although glyphosate residues in the soil are known to have harmful effects on the environment
and human health, soil bacteria that use and break down herbicides as a food source are used to reduce these harmful
effects. In this study, it was aimed to identify the bacteria isolated from glyphosate-treated agricultural land, belonging
to Kahramanmaras Siit¢ii Imam University, and to determine their potential to degrade this herbicide. The bacterial
colonies to be used for this purpose were obtained by serial selections and the species were identified by using region
sequencing and/or protein-based identification through MALDI-TOF (Matrix Assisted Laser Desorption and lonization
Time-Of-Flight) methods. Afterwards, these bacteria were grown in medium containing no carbon source other than
0.1g/L, 0.5¢/L and 1g/L of glyphosate, and their absorbance at 600 nm was measured on the 14. day to determine their
growth rate. Besides, in order to determine the glyphosate degradation capabilities of these bacteria; the amount of
glyphosate remaining in the medium was determined by measuring the absorbance at 570 nm at the end of the same
period. Obtained results revealed that none of the isolated bacteria could degrade glyphosate, that glyphosate negatively
affected the growth of some bacteria, and that bacteria with the highest growth in the glyphosate-containing medium
were Klebsiella variicola and Klebsiella pneumoniae.

Key words: glyphosate, soil bacteria, molecular identification, degradation

*

Glifosat uygulanmis topraktan izole edilen bakterilerin herbisit degradasyon potansiyellerinin belirlenmesi

Ozet

Glifosat (N-fosfonometilglisin), kararli karbon-fosfat (C-P) bagli, sentetik ve secici olmayan bir herbisittir.
Topraktaki glifosat kalintilarinin gevre ve insan saghgma zararli etkileri oldugu bilinmekle birlikte, herbisitleri besin
olarak kullanip parcalanmasini saglayan toprak bakterilerinden bu zararh etkileri azaltmak icin yararlanilmaktadir. Bu
calismada, Kahramanmaras Siit¢ii imam Universitesi’ne ait, glifosat ile muamele edilmis tarim arazisinden izole edilen
bakterilerin tanimlanmasi ve bu herbisiti degrade etme potansiyellerinin belirlenmesi hedeflenmistir. Bu amagla
kullanilacak bakteri kolonileri seri segilimlerle elde edilmis ve gen bolgesi sekanslamasi ve/veya proteine dayal
tanimlama yapan MALDI-TOF (Matrix Assisted Laser Desorption and lonization Time-Of-Flight) yontemleri
kullanilarak elde edilen bakterilerin tiir tanimlanmasi yapilmistir. Sonrasinda, bu bakteriler 0.1g/L, 0.5¢/L ve 1g/L
glifosat diginda bagka karbon kaynagi igermeyen besiyeri igerisinde yetistirilmis ve biiylime hizlarinin belirlenmesi i¢in
14. giinde 600 nm’de absorbanslar1 6l¢iilmiigtiir. Ayrica, bakterilerin glifosat degradasyon yeteneklerinin belirlenmesi
maksadiyla; besiyerlerinde kalan glifosat miktarlari, ayni siire sonunda 570 nm’de absorbanslarmin olgiilmesiyle
belirlenmistir. Elde edilen sonuglar; izole edilen bakterilerin hi¢birinin glifosati degrade edemedigini, glifosatin bazi
bakterilerin biiylimesini olumsuz yonde etkiledigini ve glifosat iceren ortamda biiyliime miktar1 en yiiksek olan
bakterilerin Klebsiella variicola ve Klebsiella pneumoniae oldugunu ortaya koymustur.
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Anahtar kelimeler: glifosat, toprak bakterileri, molekiiler tanimlama, degradasyon
1. Giris

Tarimsal iriinlerde verim kaybi, artan diinya niifusunun yeterli beslenebilmesi igin istesinden gelinmesi
gereken dnemli sorunlardan birisidir. Bu sorunun ¢éziimiinde kullanilan zirai miicadele yontemlerinden en yaygin olani
tarim ilact kullanimidir. Tarim ilaglarindan diinya genelinde en ¢ok kullanilan: ise herbisitlerdir [1]. Tarimsal olarak
yetistirilen bitkiler ile su, 151k, bitki besin elementleri ve alan bakimindan rekabet eden ve bu sebeple verim kayiplarina
neden olan yabanci otlar ¢esitli herbisitlerin kullanimiyla alandan uzaklagtirilmaktadirlar [2]. Ancak herbisitler,
kullanim amaglarinin disinda pek ¢ok soruna neden olabilmektedir. Bu sorunlar ile bas etmedeki en etkili yontemlerden
birisi herbisitlerin mikrobiyal parcalanmasi yaklasimidir [3].

Topragin biiyiik bir kismumi algler, funguslar ve bakterilerin bulundugu ¢esitli mikroorganizmalar
olugturmaktadir. Bu mikroorganizmalarin topraktaki bazi herbisitleri besin kaynagi olarak kullanabildikleri ve boylece
bu herbisitleri par¢aladiklari bilinmektedir [4]. Kararli karbon-fosfat (C-P) bagli, sentetik ve segici olmayan sistemik bir
herbisit bilesigi olan glifosat [N-(fosfonometil) glisin] [5], tarim, silvikdiltiir, kentsel alanlar ve bahgelerdeki yillik ve
¢ok yillik yabani otlara kars1 yaygin olarak kullanilmaktadir [6, 7, 8].

Glifosatin, diger herbisitler ile kiyaslandiginda daha giivenli oldugu diisiiniilmekle birlikte yaygin kullaniminin
insanlar ve ekolojik ¢evre i¢in tehlikeli olabilecegi belirtilmektedir [9,10]. Bu baglamda, insan idrar orneklerinde
glifosat kalintisnin saptanmasi, insanlarin glifosat birikimine maruz kaldiklarinin bir gdstergesidir [11]. Ornegin, bazi
gift¢iler ve aile bireyleri lizerinde yapilan bir ¢alismada giftcilerin %62’sinde, eslerinin %4’iinde ve g¢ocuklarinin
%12’sinde glifosata rastlandig1 belirtilmistir [12]. Amerika Birlesik Devletleri Gida ve Ilag Bagkanligi’nmin 2017 yil
raporuna goére analiz edilen musir Orneklerinin %18’inde ve soya oOrneklerinin ise %40’inda glifosat kalintisina
rastlanmugtir [13]. Uluslararas1 Kanser Arastirmalart Ajansi tarafindan glifosatin kanserojenik kontaminantlar igerdigi
ve muhtemel kansere sebep oldugunu belirten “2A carcinogen” kategorisinde degerlendirilen bir kimyasal oldugu rapor
edilmistir [14]. Ote yandan, glifosatin uygun olmayan asir1 kullanim1 sonucunda su ve toprakta birikmelerin meydana
geldigi bildirilmektedir [15]. Bu nedenle, genellikle yer alti sulari, yiizey sulari ve erozyon ile tagman topraklarda
glifosat varligi tespit edilebilmektedir [16]. Ayrica, ylizey Sulari, sediment ve yeralti sularinda glifosatin ana metaboliti
olan aminometil fosfonik asite (AMPA) de rastlanmaktadir [17], ve AMPA’nin insan eritrositlerini etkiledigi in vitro
caligmalar ile ortaya konulmustur [18].

Glifosatin biyotik veya abiyotik (sicaklik, 151k degradasyonu) yaklasimlarla bozunabilecegi bilinmektedir.
Ancak, glifosatin insan sagligma olan etkilerini ve ¢evresel riskleri ortadan kaldirmak igin &zellikle gevre dostu,
biyolojik iyilestirme stratejileri {izerinde durulmaktadir [19]. Bunlardan en Onemlisi ise glifosat bozunumunu
gerceklestiren mikroorganizmalarin kullanilmasidir [20]. Bu amagla yapilan pek ¢ok calismada optimum sartlar
saglandiginda, verimli glifosat bozunumu kabiliyeti sergileyebilen bakteriler tanimlanmistir [21, 22].

Bu calismada; glifosat uygulanns Kahramanmaras Siit¢ii imam Universitesi, Avsar Kampiisii tarim
arazisinden izole edilen bakterilerde glifosati degrade etme yeteneginin olup olmadiginin incelenmesi amaglanmustir.
Buradan elde edilen sonuglarin, glifosatin yarattigi ¢evresel kirliligin 6nlenmesine katki sunacagi diisiiniilmektedir.

2. Materyal ve yontem
2. 1. Biyolojik materyal

Bakteri izolasyonu icin glifosat ile muamele edilmis toprak oOrnekleri, Kahramanmaras Siitcii Imam
Universitesi’ne (37°35'29.3"N 36°49'27.6"E) ait tarim arazisinden, toprak yiizeyi yaklasik 5 cm temizlenerek steril
sartlarda alimugtir.

2.2. MSM ve LB besiyeri hazirlanmasi

Mineral tuz besi ortam1 (MSM, mineral salt medium) hazirlamak igin 2 g amonyum siilfat ((NH4)2S04), 0.625
g potasyum fosfat (K:HPQ4), 0.6 g sodyum dihidrojen fosfat (NaH.PO. 2H,0), 0.2 g magnezyum siilfat (MgSO4 7H,0)
ve 0.15 g kalsiyum kloriir (CaCl, 6H20) tartilarak saf su ile 1 litreye tamamlanmis ve pH’s1 7.0 olarak ayarlanmigtir.
Hazirlanan besi ortami 0.22 um por ¢apinda steril filtre kullanilarak sterilize edilmistir.

LB besiyeri hazirlamak i¢in 10 g triptofan, 5 g NaCl, ve 5 g maya 0ziitii tartilarak saf su ile 1 litreye
tamamlanmig ve 10 mL’lik tliplere paylastirilmugtir. Agarli besiyeri igin MSM besiyerine % (w/v) 1.5 oraninda agar
ilave edilmis ve 121 °C’de 15 dakika sterilizasyon yapilmustir.

2. 3. Topraktan bakteri izolasyonu
Herbisit uygulandigi bilinen arazilerin farkli yerlerinden toplamda 10 g kadar toprak alinmig ve bu 6rnegin 5

9’150 mL sterilize edilmis MSM igerisine konulmustur. Bu karisima, ayrica, son derisimi 0.5 g/L olacak sekilde glifosat
ilave edilmis ve karisim 37°C’de 14 giin boyunca inkiibe edilmistir. Inkiibasyonu takiben, 0.5 g/L glifosat igeren agarl
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MSM petrileri hazirlanmig ve inkiibe edilen karisimdaki bakteriler bu petriler iizerine yayma yontemi ile ekilmistir.
Gelisen koloniler koloni morfolojileri dikkate alinarak secilmisg, sonrasinda ¢izme yontemi yapilarak saf koloniler elde
edilmistir. Koloni saflagtirma islemi 3 kez tekrarlanmigtir. Elde edilen saf bakteriler, alinan toprak 6rnegi (X) ve elde
edilen bakteri sayis1 (Y) bilgilerini yansitacak sekilde GPKX-Y olarak adlandirilmislardir.

2. 4. Sanger yontemi ile niikleotid dizileme

Bakterilerin  16S  bolgeleri, evrensel olan 27F (TCCTACGGGAGGCAGCAGT) ve 519R
(GACTACCAGGGTATCTAATCCTGTT) primerleri kullanilarak PCR ile ¢ogaltilmig ve elde edilen PCR iiriinleri
dizilim icin Kahramanmaras Siit¢ii imam Universitesi (KSU) Sanayi Kamu isbirligi Gelistirme, Uygulama ve
Arastirma Merkezi’ne (USKIM) gonderilmistir. Elde edilen diziler Blast programi kullanilarak Gen-Bank veri
tabanindaki (https://blast.ncbi.nim.nih.gov/Blast.cgi) diziler ile karsilastirilarak tiirlerin tanimlamasi gergeklestirilmistir.

2. 5. MALDI-TOF yontemi ile tanimlama

Bakteri Orneklerinden elde edilen taze koloniler, MALDI-TOF (Matrix Assisted Laser Desorption and
lonization Time-Of-Flight ) ile tanimlama yapilmak iizere Hatay Mustafa Kemal Universitesi, Bitki Saghg Klinigi
Uygulama ve Arastirma Merkezi’ne gonderilmistir.

2. 6. Glifosatlh ortamda bakterilerin yetistirilmesi ve biiytime miktarlarinin spektrofotometre ile belirlenmesi

0.5 g glifosat tartilarak 10 mL saf su ile ¢oziilmiis ve por ¢ap1 0.22 um olan steril filtreden gecirilerek sterilize
edilmistir.

10 mL MSM besiyerine stoktan 100 pL (~3.8x107tane) bakteri 6rnegi ve glifosat kimyasalindan 0.1 g/L, 0.5
g/L ve 1 g/L derisiminde olacak sekilde ilave edilerek kapaklar sikica kapatilmis ve vorteks ile karistirilmistir. 14 giin
boyunca inkiibasyona birakilan bakterilerin siire sonundaki canliliklarina LB besiyerine ekim yapilarak bakilmistir. Bu
islemin uygulanmasinda Zhao ve ark. (2015) yontemi takip edilmistir [23].

14 giin boyunca inkiibe edilen 6rneklerden 1 mL alinarak spektrofotometre kiivetine koyulmus ve 600 nm

dalga boyunda absorbans degerleri olgiilmiistiir. Kor olarak MSM besiyeri kullanilmigtir.

2. 7. Spektrofotometre kullanilarak glifosatin miktar tayini yapilmasi

Inkiibasyonu tamamlanan glifosatli besin ortamindan 1 mL alinarak 5000 rpm’de santrifiij edilmis ve
stipernatantin 100 pL’si 500 puL %96’lik etanol igerisinde hazirlanmig 5 ¢/100mL ninhidrin ve 500 uL saf su igerisinde
hazirlanmig 5 ¢/100mL sodyum molibdat ile karistirilmistir. Karisim 75 °C’de 7 dakika bekletildikten sonra
spektrofotometre kiivetlerine alinarak 570 nm dalga boyunda absorbanslari 6l¢iilmiistiir. Bu 6l¢iim metodu Carneiro ve
ark. (2015)’ten uyarlanmigtir [24].

2. 8. Istatistiksel analiz

Her bir grup icin elde edilen tekrarli degerler arasinda istatiksel olarak anlamli bir fark olup olmadiginin
bilinmesi i¢in GraphPad Prism programi (CA, ABD) igerisinde yer alan “unpaired t testi” kullanilmistir. Kargilagtirma
yapilan gruplar i¢in hesaplanan P degerinin 0.05’e esit ya da ondan kiigiik olmas1 durumunda, fark istatistiksel olarak
anlamli kabul edilmis ve “*” ile isaretlenmistir. P degerinin sirastyla 0.01, 0.001 ve 0.0001’den kiigiik olmasi
durumunda “** FxE | FEEE jearetlemeleri kullanilmastir.

3. Bulgular
3. 1. Tamimlanan bakteriler

Kahramanmaras Siit¢ii Imam Universitesi simirlar1 igindeki tarim arazilerinden glifosat kimyasalina maruz
kalan topraklardan izole edilerek Sanger ve MALDI-TOF yontemleri ile tanimlanan bakteriler Tablo 1°de verilmistir.
Hem Sanger dizileme yontemi hem de MALDI-TOF yontemi kullanilarak tiim izole edilen bakteri kolonilerinde
Klebsiella variicola veya Klebsiella pneumoniae bakterilerinin varligi tespit edilmistir. 0.5 g/L derisiminde glifosat
iceren besiyerlerinde tanimlanan bakterilerin, 0.1 g/L glifosat iceren besiyerinde de yetistigi, 1 g/L derisimindeki
besiyerinde ise hig yetisme gostermedigi gozlemlenmistir.
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Tablo 1. Sanger ve MALDI-TOF y6ntemi ile tanimlanan bakteriler
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Kullamlan yéntem Bakterinin kodu Bakterinin tiirii

Sanger yontemi GPK3-2 Klebsiella variicola
GPK8-2 Klebsiella pneumoniae
GPK1-1 Klebsiella pneumoniae

GPK3-2 Klebsiella variicola

MALDI-TOF GPK5-1 Klebsiella variicola
GPK7-1 Klebsiella pneumoniae
GPK8-2 Klebsiella pneumoniae

3. 2. Glifosatli ortamda bakterilerin biiyiime miktarlarimin spektrofotometre kullanilarak belirlenmesi

MSM besi ortaminda 0.1 ve 0.5 g/L glifosat iceren tiiplere ekim yapilan bakterilerin 14. glin sonunda biiyiime
miktarlart spektrofotometre cihazi ile 600 nm dalga boyundaki absorbanslart araciligiyla 6l¢iilmiistiir. GraphPad Prism
programinda “unpaired t test” analizi ile 0-0.1 g/L, 0-0.5 g/L ve 0.1-0.5 g/L 14. giin sonu biiyiime kolonlar1 kullanilarak
istatistiksel karsilagtirmalar yapilmistir (Sekil 1). GPK8-2 kolonisinde bulunan bakterilerden, 0.5 g/L glifosat iceren
besiyerindeki bakteri biiylime miktarinin hi¢ glifosat icermeyen (kontrol) besiyerindeki bakteri biiyiime miktarina gore
anlaml bir azalma gosterdigi (P<0.01), 0.1 g/L glifosat iceren besiyerindeki bakteri biiylimesinin ise kontrole gore
onemli bir degisim gostermedigi goriilmiistiir. GPK8-2 kolonisi disinda bu ¢alismada tespit edilen tiim diger GPK serisi
kolonilerin bakteri miktarlarinda kontrole oranla 0.1 ve 0.5 g/L glifosat igeren besiyerlerinde 6nemli bir degisimin

olmadig: tespit edilmistir.

Bakteri 14.Giin Biiyiime Miktari
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GPK 9-2

Sekil 1. Glifosat igeren MSM besi ortamdaki GPK serisi bakterilerin 14. giin biiylime miktarlari. Her bir bakteri susu
icin 0.1 ve 0.5 g/L i¢in elde edilen degerler kendi kontrol grubu (0 g/L) ile karsilagtirilmigtir. **: P<0.01

Glifosat standart grafigi ¢izmek igin 0 ile 1 g/L arasinda degisen miktarlarda glifosat iceren MSM besiyeri
¢ozeltilerinin 570 nm’de yaptig1 absorbans degerleri, sadece MSM igeren kor ¢ozeltisine karsi okunmus ve elde edilen

absorbans degerleri grafige gegirilmistir (Sekil 2).
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Glifosat Standart Grafigi y = 1.0607x
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Sekil 2. Glifosat standart grafigi. X: glifosat derisimi (G/L), Y: absorbans degeri, R?: belirleme katsayisi

MSM besi ortaminda 0.1 g/L ve 0.5 g/L glifosat iceren tiiplere ekim yapilan bakteriler 14. giin sonunda
uzaklastirilarak, ¢6zeltinin 570 nm dalga boyundaki absorbansi 6l¢iilmiis ve standart grafik formiili (y = 1.0607x)
araciligiyla glifosat derisimi hesaplanmistir. GraphPad Prism programi kullanilarak “unpaired t test” analizi ile 14. giin
sonundaki besiyerlerindeki glifosat miktarinin ilk ekim yapilan giine gore degisimleri istatistiksel olarak
karsilagtinlmistir (Sekil 3.a ve 3.b). 0.1 g/L glifosat igeren besiyerinde biiyiitiilen GPK8-2 kolonisinin besiyerinde 14.
giin sonunda kontrole oranla glifosat miktarinda anlamli bir degisim belirlenirken (P<0.01) GPK1-1 kolonisinin
besiyerinde ise anlamli olmayan bir artig goriilmiistiir (P>0.05). Bu iki koloni digindaki kolonilerin 0.1 g/L glifosat
iceren besiyerlerinde yetistirilen bakterilerin besiyerlerinde kontrole kiyasla 14. giin sonundaki glifosat miktarlarinda
azalmalarin anlamli olmadigi tespit edilmistir (p>0.05) (Sekil 3a). Ayni kolonilerin 0.5 g/L glifosat iceren
besiyerlerinde yetistirme sonucunda 0. giine gore 14. giinde GPK4-2 kolonisinin besiyerinde istatistiksel olarak P<0.05
diizeyinde anlamli bir artig oldugu, GPK5-2 kolonisinin besiyerinde ise istatiksel olarak P<0.01 diizeyinde anlamli bir

artis oldugu tespit edilmistir. Bu iki koloni disindaki tim kolonilerde ise artisin anlamli olmadig1 goriilmiistiir (Sekil
3b).

d.
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Glifosatin zamanla miktar degisimi
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Sekil 3.a. 0.1 g/L glifosat iceren bakterilerin zamanla degisimi b. 0.5 g/L glifosat igeren bakterilerin zamanla degisimi.
Negatif kontrol: bakteri icermeyen ortam. * : P<0.05, **: P<0.01

4. Sonuglar ve Tartisma

Bu c¢alismada Kahramanmaras Siitcii Imam Universitesi Avsar Yerleskesi icerisinde bulunan, glifosat
uygulanmig tarim arazisinden alinan toprak 6rneklerindeki bakteriler tanimlanmis ve bu bakterilerin glifosati degrade
etme potansiyelleri degerlendirilmistir.

Caligmanin basinda, izole edilen iki koloni, GPK3-2 ve GPK8-2, hem sanger metoduna dayali sekanslama hem
de protein analizine dayalt MALDI-TOF yontemi ile tanimlanmis ve her iki analiz metodu da bu canlilart sirasiyla
Klebsiella variicola ve Klebsiella pneumoniae olarak belirlemistir.  Bu veriye dayanarak; MALDI-TOF’un
sekanslamadan daha hizli ve daha ekonomik bir metod olmasi nedeniyle, sonraki tanimlamalarda yalnizca MALDI-
TOF metodu kullanilmistir.

Calismamiz sonunda glifosatli ortamda biiyliyebilen iki tiir bakteri tiirii de (Klebsiella variicola ve Klebsiella
pneumoniae) gram-negatif, basil seklinde, ve hareketsizdir. Bu bakteriler tizerinde yapilan onceki c¢aligmalarda K.
pneumoniae tiriine ait PL1 susunun palisiklik aromatik hidrokarbonlardan olan piren ve benzo [a] — piren
kimyasallarin1 karbon ve enerji kaynagi olarak kullandigi [25], herbisit, insektisit ve boyama sanayisinde kullanilan,
birgok organizma i¢in toksik oldugu bilinen tiyosiyanat kimyasalin1 azot ve karbon kaynagi olarak kullanabildigi [26],
metal ve elektro kaplama sanayisinde kullanilan siyaniiriin biyolojik olarak uzaklastirilmasinda kullanilabilecegi [27]
belirtilmistir. Ayrica, tarim arazilerinde bir insektisit olarak kullanilan endosiilfan kimyasalinin da bu bakteri tarafindan
karbon ve enerji kaynag: olarak kullandigi bildirilmistir [28]. Ote yandan, K. variicola FH-1 susunun bir herbisit olan
atrazin kimyasalim azot kaynagi olarak kullanabildigi bildirilmistir [29]. Buna ilaveten K. variicola bakterisinin
endiistriyel boya olarak kullanilan, reaktif kirmizi 198 boyasini bozma kabiliyeti oldugu da gosterilmistir [30].

Her ne kadar ¢alismamiz, glifosati degrade edebilen bir bakteri tiiriiniin tanimlanmasi ile sonuglanmamigsa da,
daha Onceki ¢alismalarda Achromobacter sp. MPK 7A, Comamonas odontotermitis P2, Ochrobactrum intermedium
Sg20 ve Pseudomonas sp. 4ASW’nin listelendigi bircok bakteri susunun glifosati biiyiime besini olarak kullandig
belirtilmistir [31]. Diger taraftan, bu ¢aligmadaki bakteri tiirleri ile aym cinste olan Klebsiella oxytoca Saw-5 susunun
da molibden indirgemenin yani sira topraktaki glifosati degrade edebilme kabiliyetinin oldugu gosterilmistir [32]. Bu
sebeple, yaygin karbon ve azot kaynagi disinda, yukarida sayildigi gibi toksik maddeleri kullanabildigi gosterilen
Klebsiella variicola ve Klebsiella pneumoniae bakterilerinin glifosati da kullanabilecekleri varsayilmigtir. Ancak
¢alismamizdaki sonuglar1 inceledigimizde; bu kimyasalin bakteriler tarafindan kullamlmadigi goériilmiistiir. Bunun
sebebi olarak; bakterilerin izole edildigi alanlarm 6nceki ¢aligmalardan farkli olmasi dolayisiyla farkli suslarin izole
edilmesi ihtimali olarak diisiniilmektedir.

Ayrica, bakterilerde glifosat degradasyon kabiliyetinin gézlenememesinin bir diger nedeni; ¢aligilan glifosat
dozlarmnm ilgili bakteriler ic¢in toksik Olmasi olabilir. Nitekim o6nceki caligmalarda, glifosat degrade edebilen
mikroorganizmalarin potansiyellerini belirlemek i¢in inkiibasyon zamani, inkiibasyon sicaklig1 ve baslangi¢ pH’sinin
yani sira glifosat konsantrasyonunun da 6nemli rol aldigi bildirilmistir [31]. Bu diisiinceyle ¢aligmamizdaki veriler
incelendiginde Sekil 1°deki GPK3-2, GPK5-2 ve GPK8-2 6rneklerinde goriilen biiyiime miktarlarindan 0.1 ve 0.5
g/L glifosat derisimi igeren besiyerlerindeki bakteri bilyiime ortalama miktarlarinin kontrol grubuna gére azalma
gosterdigi goriilmektedir. Biiyiime miktarlarindaki bu azalma glifosatin 0.1 ve 0.5 g/L derisimlerde Klebsiella variicola
ve K. pneumoniae bakterileri igin toksik olabilecegi diisiincesini desteklemektedir. Ote yandan, GPK4-2, GPK7-1 ve
GPKO9-2 kolonilerinde 0.1 ve 0.5 g/L glifosat derisimlerde yetistirilen bakterilerin ortalama biiyiime miktarlarinda artig
gozlemlenmistir. GPK3-2, GPK5-2 VE GPKS8-2 kolonilerindekine kiyasla bu kolonilerde goriilen artis Klebsiella
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variicola ve K. pneumoniae tiirlerinin olasi farkli suslarinin glifosatt karbon kaynagi olarak kullanmada farklilik
gosterebilecegini diisiindiirmektedir.

Bakteri biiylimesi sonrasinda glifosat miktarinin 6l¢iimii i¢in Carneiro ve ark (2015)’nin spektrofotometrik
yontemi en uygun yontem olarak bulunmustur. Bu yontem ile Sekil 2°de goriilen standart grafik olusturulmasina
ragmen, kimyasalin 6l¢limii sirasinda, bakterilerin irettigi iirlinlerin ve/veya atiklarin Slglimler iizerinde belirli bir
miktar etkisi oldugu diisiiniilmektedir. Bu diisiincenin nedeni; Sekil 3b’de goriildiigi gibi, 14. giin sonunda yapilan
Ol¢timlerde, glifosat miktarinin artiyor goriinmesidir. Ancak, diisiincemizi test etmeye yonelik deneyler
yapilmadigindan yorumumuzun bir spekiilasyondan 6te anlam tagimadiginin bilinmesi gerekir.

Sonug olarak; glifosat uygulanmis Kahramanmaras tarim arazisi topragindan izole edilen bakteriler Klebsiella
pneumoniae ve Klebsiella variicola olarak tanimlanmustir. Tanimlanan bakteriler tarafindan, bu kimyasalin kullanilma
yeteneginin olmadigi diigiinilmistiir. Aksine, bu kimyasalin bakterilere toksik etkisi oldugu gosterilmistir. Toksik
etkisine ragmen 0.1 g/L glifosat iceren ortamda en iyi bilyiime gosteren bakterinin Klebsiella pneumoniae susu oldugu
belirlenmistir.

5. TesekKiir

Bu calisma Kahramanmaras Siitcii Imam Universitesi Bilimsel Arastirma Projeleri Birimi 2018/5-6 YLS Nolu proje
kapsaminda gerceklestirilmistir.
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Abstract

Seed morphology of four Lavatera species distributed in Turkey were investigated via light microscope (LM)
and scanning electron microscope (SEM) to determine their seed macro- and micromorphological characters and to
assess the diagnostic value of these features. The seeds are dark brown in color and reniform with rounded apex and
base reniform in shape. The dimension of seeds ranges between 1.68-2.89 mm in length and 1.51-2.4 mm in width.
Also seeds are glabrous, strophiolate and hilum at basal. Two types of seed surface pattern have been observed:
scalariform-ruminate and reticulate-ruminate. The seed size and seed coat ornamentation have been determined as
important morphological properties for distinguishing the Lavatera species.

Key words: Lavatera, macro-micromorphology, Malvaceae, seed, Turkey

Tiirkiye’deki Lavatera L. (Malvaceae) cinsinin tohum morfolojisi 6zellikleri

Ozet

Tirkiye’de yayilis gosteren dort Lavatera tiiriiniin tohum morfolojisi, bu tiirlerin tohumlarinin makro- ve
mikromorfolojik karakterlerini belirlemek ve bu 6zelliklerin diyagnostik degerini degerlendirmek icin 151k mikroskobu
(IM) ve taramali elektron mikroskobuyla (SEM) incelenmistir. Tohumlar koyu kahverengi renkte ve yuvarlak u¢ ve
reniform taban ile reniform sekillidir. Tohumlarin boyutu, uzunlukta 1.68-2.89 mm ve genislikte 1.51-2.4 mm arasinda
degismektedir. Ayrica tohumlar tiiysiiz, strofiyolat ve hilum bazaldadir. Skalariform-ruminat ve retikiilat-ruminat olmak
tizere iki tohum yiizey tipi gozlenmistir. Tohum biyiikligii ve tohum kabugu ornamentasyonu Lavatera tiirlerinin
ayriminda 6nemli morfolojik 6zellikler olarak belirlenmistir.

Anahtar kelimeler: Lavatera, makro-mikromorfoloji, Malvaceae, tohum, Tiirkiye
1. Introduction

The genus Lavatera L. belonging to the family Malvaceae comprises about 20 species especially herbs and
shrubs in the world. Its main center of diversity is in the Western Mediterranean Basin and also Lavatera species are
distributed in California, Ethiopia, Mexico and western Australia [1-4]. However, this genus is represented by four
species, namely L. bryoniifolia Mill., L. punctata All., L. thuringiaca L. and also L. trimestris L. in Turkey [5, 6].

Bates [7] have grouped the genera Lavatera, Malva L., Althaea L. and Alcea L. hamed as Malva alliance based
on their morphology. In this group, Lavatera is more closely related to Malva than the other genera. At first, Linnaeus
[8] separated the two genera based on the conformation of epicalyx characters (three fused epicalyx bracts in Lavatera
and free of two or three epicalyx bracts in Malva). This classification was followed by some researchers [3, 4, 9, 10].
But the molecular studies [11-13] have been recently carried out indicated that this classification is not reliable for
discriminating these genera. Ray [11] studied the systematics of Lavatera and Malva and the researcher reported two
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groups named as “malvoid” and “lavateroid” for their species based on molecular analysis and fruit morphology. The
species belonging to two genera were in the malvoid group. The malvoid Lavatera species were transferred to the genus
Malva [14-18]. Escobar Garcia et al. [13] studied the genera Lavatera and Malva and their closely related genera Alcea,
Althaea, Kitaibelia Willd. and also Malope L. and they proposed two alternative approaches for their classification: to
split the Malva alliance into a number of small and clearly monophyletic groups or to combine both lavateroids and
malvoids into a single genus.

The morphology of seed has been carried out in some species of Malvaceae. EI Naggar [19] studied the
properties of seed morphology of 14 species from Egypt in order to evaluate the importance of these features as
taxonomic evidence. Esteves [20] investigated the fruits and seeds of Pavonia Cav. species from Brazil and detected
that the variability in fruit and seed characters were useful for distinguishing the closely related species of the studied
subgenera. The seed morphological characteristics of 14 species in Egypt were studied with light microscopy and
scanning electron microscopy by Ather et al. [21]. These researchers stated that these features could be used to delimit
the taxa generic and specific ranks. El Kholy et al. [22] examined the seed surface patterns of 11 cultivars belonging to
two Hibiscus L. species and they said that these characters provided important data to be used in infra-generic
classification. Abid et al. [23] reported that the seed micromorphology was very helpful for discrimination of taxa in
their examined 75 taxa of Malvaceae distributed in Pakistan. Fawzi [24] studied the macro and micromorphological
characters of seeds of five Corchorus L. species to define systematic significance of these properties and the researcher
detected that seed morphological characters were quite diverse and stable and so they could be easily used to delimit the
taxa at specific levels in studied species.

The aims of the current work are to reveal the seed morphological characteristics of the genus Lavatera
distributed in Turkey using stereomicroscope (LM) and scanning electron microscope (SEM), to evaluate the systematic
importance of examined features in terms of macro-micromorphological variations and also to contribute the taxonomy
of the genus.

2. Materials and methods
2.1. Plant material

Research materials were collected from different localities in Turkey at the flowering and fruiting periods.
Collectors and localities are given in Table 1. These specimens are deposited at University of Gazi, Faculty of Science

Herbarium (GAZI). The order of the species was adopted from Uzunhisarcikli [6].

Table 1. Localities of Lavatera species investigated

Species Locality Voucher Number

Lavatera bryoniifolia  Cl1 Aydin: Dilek Peninsula-Biiyiik Menderes Delta National Park, M. Ekici 2838
Aydinlik cove road, 70 m, 26.5.2002, macchie
Lavatera punctata C5 Mersin: Mezitli-Findikpinari, 6. km, 350 m, 14.6.2004, macchie M.E. Uzunhisarcikli 1962

Lavatera thuringiaca A9 Kars: Akgay-Cumagay, 11. km, 1759 m, 16.08.2004, roadsides M.E. Uzunhisarcikli 2004

Lavatera trimestris C5 Mersin: Heleke-Tarsus, west of Heleke district, water canal F. Ozbek 1044
around, 48 m, 01.05.2019, edge of field

2.2. Seed morphological analyses

Seed morphology of the Lavatera species was investigated using light microscopy and scanning electron
microscopy. At least 30 mature seeds of each species were first examined and measured for their length and width
under the Leica EZ4D stereoscopic microscope. The Simpson and Roe graphical test [25] was used in statistical
calculations. For SEM analyses, the seeds were mounted on stubs using double-sided adhesive tape, and then covered
with gold. They were investigated and photographed with a JEOL JSM 6060 Scanning Electron Microscope at Gazi
University, Ankara. The terminology used for seed morphology followed Barthlott [26] and Abid et al. [23].

3. Results

The seeds of the studied species from the genus Lavatera are dark brown, reniform, apex rounded and base
reniform. Seed length ranges from 1.68 to 2.89 mm and seed width from 1.51 to 2.4 mm. They are glabrous,
strophiolate with hilum basal in position. The seed surface is formed by rectangular or polygonal shaped of regularly or
irregularly arranged epidermal cells conspicuous, straight or undulate, raised, striped anticlinal walls and conspicuous,
concave, ruminate periclinal walls. The seed coats exhibit scalariform-ruminate and reticulate-ruminate ornamentation.
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The main seed morphological characters of four Lavatera species investigated are summarized in Table 2 and
also shown in Figures 1, 2.

Lavatera bryoniifolia Mill.

The seeds are dark brown, reniform, 1.68-2.38 x 1.51-1.99 mm with rounded apex, reniform base, glabrous,
strophiolate with hilum basal in position. The ratio of length/width is 1.16 £ 0.09. It has scalariform-ruminate
ornamentation. The seed coat is formed by rectangular or polygonal shaped of irregularly arranged epidermal cells with
straigth or undulate, raised and striped anticlinal walls and also concave, ruminate periclinal walls.

Lavatera punctata All.

The seeds are dark brown, reniform, 1.83-2.1 x 1.73-2.01 mm with rounded apex, reniform base, glabrous, strophiolate
with hilum basal in position. The ratio of length/width is 1.08 = 0.07. It has scalariform-ruminate ornamentation. The
seed coat is formed by rectangular or polygonal shaped of irregularly arranged epidermal cells with straigth or undulate,
raised and striped anticlinal walls and also concave, ruminate periclinal walls.

Lavatera thuringiaca L.

The seeds are dark brown, reniform, 1.98-2.69 x 1.59-2.24 mm with rounded apex, reniform base, glabrous,
strophiolate with hilum basal in position. The ratio of length/width is 1.23 £ 0.06. It has reticulate-ruminate
ornamentation. The seed coat is formed by polygonal shaped of regularly or irregularly arranged epidermal cells with
straigth or undulate, raised and striped anticlinal walls showing a reticule appearance and also concave, ruminate
periclinal walls.

Lavatera trimestris L.

The seeds are dark brown, reniform, 2.45-2.89 x 2-2.4 mm with rounded apex, reniform base, glabrous, strophiolate
with hilum basal in position. The ratio of length/width is 1.18 + 0.06. It has reticulate-ruminate ornamentation. The seed
coat is formed by polygonal shaped of regularly arranged epidermal cells with straigth or undulate, raised and striped
anticlinal walls showing a reticule appearance and also concave, ruminate periclinal walls.

Table 3. Seed morphological data of Lavatera (values in mm)

Species / Characters L. bryoniifolia L. punctata L. thuringiaca L. trimestris
Color Dark brown Dark brown Dark brown Dark brown
Length (L) Min. 1.68 1.83 1.98 2.45

Max. 2.38 2.1 2.69 2.89

Mean 2.07 1.99 2.35 2.65
Width (W) Min. 151 1.73 1.59 2

Max. 191 2.01 2.24 24

Mean 1.83 1.8 1.9 2.23
L/W 1.16 £ 0.09 1.08 £0.07 1.23 +£0.06 1.18 £ 0.06
Indumentum Glabrous Glabrous Glabrous Glabrous
Surface pattern Scalariform-ruminate Scalariform-ruminate Reticulate-ruminate Reticulate-ruminate
Epidermal cells shape Rectangular or Rectangular or  Polygonal Polygonal

polygonal polygonal

Anticlinal walls Level Raised Raised Raised Raised

Shape Straigth or undulate Straigth or undulate Straigth or undulate Straigth or undulate
Periclinal walls Level Concave Concave Concave Concave

Surface | Ruminate Ruminate Ruminate Ruminate
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Figure 2. SEM micrographs of séeds of Lavatera. 1-4. L. bryoniifolia, 5-8. L. punctata, 9-12. L. thuringiaca, 13-16. L.
trimestris.
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4. Conclusions and discussion

The seed morphological properties of the family Malvaceae are consistent and very useful for delimitation the
taxa in this family [21, 23, 27, 28]. The macro- and micromorphology of the seeds show taxonomically important
characteristics in Turkish Lavatera species.

The dimensions of seeds are variable among the examined species. Seed size ranges from 1.68 to 2.89 mm in
length and from 1.51 to 2.4 mm in width. The largest seeds have been observed in L. trimestris (2.65 x 2.23 mm) and
the smallest ones in L. punctata (1.99 x 1.8 mm). Esteves [20] found no significant differences in the studied Pavonia
species in terms of the seed shape and color. The reseacher observed the reniform seeds in the majority of studied
species except of sect. Asterochlaena (Garcke) Ulbr. and sometimes in sect. Lopimia (Mart.) Endl. (obovoid shape) and
also usually chestnut-coloured in the species of subgenera Typhalea and Goetheoides and vinaceous to blackish in
subgenera Pavonia. Our findings are partly congruent with his results and also similarly, the shape and color of seeds
are rather uniform among the investigated Lavatera species. The seeds are reniform with rounded apex and reniform
base and also dark brown in all investigated species.

El Naggar [19] detected that the seed coat features showed relationships between intra- and inter-groups of his
studied species belonging to the family Malvaceae. Esteves [20] reported that the seed surface pattern was important for
the separation of the sections of subgenera Pavonia. EI Kholy et al. [22] recognized four types of seed coat
ornamentation as reticulate, ocealate, foveolate and ruminate in their investigated Hibiscus species and they detected
that this significant character could be used infra-generic classification. Abid et al. [23] observed considerable variation
on seed coat pattern in their investigated 6 subfamilies belonging to the family Malvaceae. The researchers defined
reticulate, reticulate-foveate, foveate, falsifoveate, rugose, rugosely foveate, rugosely falsifoveate, favulariate,
verrucate, rugosely striate or scalariform and also transversely striate ornamentation on seed surface in the tribe
Malveae which also includes the genus Lavatera. Moreover, Fawzi [24] stated that the seed surface features had a
diagnostic value and observed rugosely-striate, ruminate, reticulate, and ruminate-reticulate ornamentation in studied
Corchorus species. The seed ornamentation shows differences among the studied species in our study. Two types of
seed surface have been revealed from the SEM: scalariform-ruminate and reticulate-ruminate. Scalariform-ruminate
ornamentation has been observed in L. bryoniifolia and L. punctata and reticulate-ruminate sculpturing in L.
thuringiaca and L. trimestris.

The shape and arrangement of epidermal cells are different between these four Lavatera species. Rectangular
or polygonal shaped of epidermal cells have been found in L. bryoniifolia and L. punctata, whereas in L. thuringiaca
and L. trimestris these cells are only polygonal in shape. Moreover, these cells generally show irregular or rarely regular
arrangement except of L. trimestris. The epidermal cells of L. trimestris are arranged in regular. Barthlott [26] detected
that the anticlinal and periclinal walls of the epidermis cell had high taxonomic value at interspecific levels in different
families. However, no variation has been observed in these walls of epidermal cells in our study. The anticlinal walls
are conspicuous, straight or undulate, raised and striped anticlinal walls and conspicuous, concave, ruminate periclinal
walls in all the examined species.

As a conclusion, the present study provides the detailed reports on seed morphological traits of Turkish
Lavatera species. Our results based on LM and SEM analyses has pointed out that the dimensions and surface patterns
of seeds are of important morphological characteristics for the separation of the studied species.
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Abstract

Two non-native freshwater fish species, Gambusia holbrooki Girard, 1859 and Pseudorasbora parva (Temminck &
Schlegel, 1846) were recorded for the first time for the Manyas Lake, and the number of the non-native fish species living in
the lake has increased to three. These non-native fish species described as invasive were considered as new threats to the lake,
which is already threatened by eutrophication and habitat degradation.

Key words: non-native species, shallow lake, biodiversity, Pseudorasbora parva, Gambusia holbrooki

*

Manyas Golii (Tiirkiye)’nde istilaci balhk tehdidi

Ozet

Yerli olmayan iki tathisu baligi tiirti, Gambusia holbrooki Girard, 1859 ve Pseudorasbora parva (Temminck &
Schlegel, 1846) Manyas Gélii igin ilk kez kaydedilmistir ve golde yasayan egzotik baliklarin sayis1 iie yiikselmistir. Istilaci
olarak tanimlanan bu egzotik baliklar, Gtrofikasyon ve habitat tahribati tehdidi de olan gol ig¢in yeni tehditler olarak
tanimlanmustir.

Anahtar kelimeler: yabanci tiir, s1g gol, biyogesitlilik, Pseudorasbora parva, Gambusia holbrooki
1. Introduction

The intentional introduction of fish around the world is mostly the consequence of the globalization of the
aquaculture trade and the increase of the societal demands such as angling or sport fishing, filling an ecological niche as food,
foraging for fisheries, biological control, and ornamental fish [1, 2]. After a non-native species is introduced to a new
ecosystem, if it adapts well in the environment, and reproduces and spreads rapidly, it may become an invasive that will
damage the ecosystem processes [3]. Introduction and spreading of invasive fish have been evaluated as a global problem due
to their both ecological and economical risks and the investigation of the effects of these fishes has constituted an
exponentially growing attention among the scientific literature since the 1970s [2, 4]. With a general view that non-native fish
introduction is considered as a major threat to local fish populations and biodiversity in aquatic ecosystems in general via
mechanisms such as out-competition (food or habitat), hybridization, the transmission of a novel disease and predation when
they became highly abundant [4, 5, 6]. One of the most striking examples of the impacts of an introduced fish is Nile perch
Lates niloticus (Linnaeus, 1758), a large piscivorous, which caused destruction in Lake Victoria and its surroundings. The fish
was introduced with the aim of recreational fishing to the lake, where is considered to have the richest fish fauna in the world,
and it has become the dominant species over time and then has caused the extinction of the many herbivores endemic and
native Cichlid species. As the herbivore fish disappeared, the food web in the lake has severely altered and the excessive algae
increase has caused oxygen depletion in the bottom. The impact of the fish was not limited to the lake, it has led to
socioeconomic changes and environmental damage as well. The increase in the population density of the fish has directed
many families to the fisheries and as a result of the excessive human migration to the surrounding of the lake, fishery- related
employment has approximately doubled. The fish, which were harvested in large quantities, have started to be released to the
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market with the smoking process. Trees cut for these purposes caused landslides on the hills around Lake Victoria, and
therefore, large amounts of silt have entered into the lake [3, 7, 8].

The Manyas Lake located at the Susurluk river basin in northwest Anatolia is one of the most important shallow
lakes in Turkey. Susurluk river basin is one of Turkey's 25 main watersheds by the hydrological properties [9]. While the lake
gets most of its water from Kocacay, Sigirci and Miirvetler streams and groundwater, the outlet water of the lake is Karadere
connected to the Susurluk River. This special lake, which has the status of wetland, was designated as Ramsar Site in 1994 in
terms of being at migration routes of some bird species and used by these birds as a nesting and shelter area [10]. The lake,
from the past to the present, has been also a valuable fish production area that has favourable ecological conditions for fish to
survive, and fishing activities are evaluated as an important income for the local people [11]. Previous studies reported 23 fish
species living in the Manyas lake basin as follows; Alburnus carinatus Battalgil, 1941, Alburnoides manyasensis Turan,
Ekmekgei, Kaya & Gglii, 2013, Alosa maeotica (Grimm, 1901), Barbus niluferensis Turan, Kottelat & Ekmekgi, 2009, Blicca
bjoerkna (Linnaeus, 1758), Capoeta tinca (Heckel, 1843), Cobitis puncticulata Erk'akan, Atalay-Ekmekgi & Nalbant, 1998,
Cyprinus carpio (Linnaeus, 1758), Carassius carassius (Linnaeus, 1758), Carassius gibelio (Bloch, 1782), Esox lucius
(Linnaeus, 1758), Knipowitschia longicaudata (Kessler, 1877), Leuciscus aspius (Linnaeus, 1758), Neogobius fluviatilis
(Pallas, 1814), Oxynoemacheilus simavicus (Balik & Banarescu, 1978), Petroleuciscus borysthenicus (Kessler, 1859),
Proterorhinus semilunaris (Heckel, 1839), Rhodeus amarus (Bloch, 1782), Rutilus rutilus (Linnaeus, 1758), Scardinius
erythrophthalmus (Linnaeus, 1758), Silurus glanis (Linnaeus, 1758) Squalius cii (Richardson, 1857) and Vimba vimba
(Linnaeus, 1758) [12, 13, 14, 15]. Five of them (A. carinatus, A. manyasensis, B. niluferensis, O. simavicus, and S. cii) are
cited as endemic fish species for western Anatolia and this biological richness further increases the importance of the lake
basin.

Over the last years, the Manyas Lake has become more and more polluted due to eutrophication, habitat degradation,
and environmental pressures such as agriculture, poultry husbandry, and industrial facilities, and its ecological function was
threatened by these negative effects [16, 17]. Besides the decrease in the lake’s ecosystem services and processing, non-native
and/or invasive fish species may become direct threats. They may have a detrimental impact on the sustainability of fish
diversity and their biomass as well as local fisheries and may cause irreversible damages especially for the future of endemic
fishes. The first non-native fish species reported for the lake is C. gibelio but as an invasive species, there have been no
studies on its possible impacts on the fish fauna since the 2000s when it was reported [18]. This study aims to report the
presence of the other non-native fish species that may pose a threat to the biodiversity in the Manyas Lake and to list possible
invasion threats to the future of the native and endemic fishes in the lake.

2. Materials and methods

Fish samples were collected using a portable electro-shocker (SAMUS 725G), cast-nets (10 mm mesh-sized) and a
scoop-net (2 mm mesh-sized) from the shorelines of the Manyas Lake (Figure 1) between April and August 2019. The fish
samplings were conducted near Bird Paradise National Park with a coordinate 40.225561°N, 28.049675°E.
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Figure 1. The sampling area in the Manyas Lake

The fish specimens were killed with an overdose anaesthesia (clove oil) and then immediately transferred to the
Laboratory of Istanbul University Faculty of Aquatic Sciences Department Freshwater Resources and Management with cold
conditions. The fish samples were measured for total length (TL) to the nearest 0.1 cm and weighed for total body weight (W)
on a digital balance with a 0.01 g accuracy.

3. Results

During the routine ichthyological surveys in the Manyas Lake, three non-native species, C. gibelio, Gambusia
holbrooki Girard, 1859 and Pseudorasbora parva (Temminck & Schlegel, 1846), and nine native fishes (A. carinatus, B.
bjoerkna, C. puncticulata, K. longicaudata, N. fluviatilis, R. rutilus, S. erythrophthalmus, R. amarus, and P. semilunaris) were
caught. Gambusia holbrooki and P. parva were recorded for the first time for the Manyas Lake (Figure 2, Figure 3). The
individual numbers, body size, and weight distributions and sampling dates of these fishes were listed in Table 1.
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Table 1. The individual numbers (n), length (TL) and weight (W) distributions, and sampling dates of fishes caught in
the Manyas Lake (a: electro-shocker, b: cast-net, c: scoop-net)
TL,cm W, g Sampling
min — max min — max Dates
Carassius gibelio &° 56 43-131 1.68-38.54 12.06.2019;
24.07.2019;
21.08.2019
Gambusia holbrooki ¢ 95 1.7-35 0.04-0.72 24.07.2019;
21.08.2019
Pseudorashora parva ®® 25 2.6-9.9 0.15-11.15 18.04.2019;
21.08.2019
Alburnus carinatus? 60 9.0-11.9 12.45-32.03 18.04.2019;
16.05.2019;
12.06.2019;
24.07.2019
Blicca bjoerkna® 85 9.6-23.1 9.13 - 159.29 18.04.2019;
16.05.2019;
12.06.2019;
24.07.2019;
21.08.2019
Cobitis puncticulata 1 3.7 0.51 21.08.2019
Knipowitschia longicaudata® 22 25-34 0.11-0.38 21.08.2019
Neogobius fluviatilis®® 17 8.9-154 8.54 - 47.44 18.04.2019;
16.05.2019;
12.06.2019
Rutilus rutilus? 78 95-21.1 8.83-117.58 18.04.2019;
16.05.2019;
12.06.2019;
24.07.2019;
21.08.2019
Scardinius erythrophthalmus ®° 21 4.4-21.7 0.86 — 132.51 18.04.2019;
24.07.2019;
21.08.2019
Rhodeus amarus® 43 2.1-3.9 0.09 -2.90 21.08.2019
Proterorhinus semilunaris ® ¢ 10 2.7-44 0.18-0.93 21.08.2019
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Figure 2. Gambusia holbrooki Girard, 1859, male, 2.9 cm TL, Manyas Lake, 2019
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Figure 3. Pseudorasbora parva (Temminck & Schlegel, 1846), male, 8.0 cm TL, Manyas Lake, 2019
4. Conclusions and discussion

In order to obtain the safe withdrawal amount from fish stocks within sustainable limits, it is important to
quantify the fish populations, especially their species and size compositions, at intervals. The contribution of the
Manyas Lake, which provides valuable ecosystem services as a lake-wetland complex, to local fisheries is also very
important. Therefore, it is critical to monitor the dynamics of the lake in order to obtain a sustainable maximum
efficiency from the lake.

The presence of invasive C. gibelio in the Manyas Lake was already reported in the 2000s [18], but the other
invasive fishes, G. holbrooki and P. parva were notified for the first time with this study. With these invasive fish
records, a new one has been added to the threats for the future of the lake. According to the information from the local
fishermen, C. gibelio has rapidly increased the size of the population after introduction into the lake and became one of
the most intensively hunted fish species. However, nowadays it is postulated that the population density of this invasive
fish has decreased with the excessive fishing pressure on it.

In this study, the use of different fishing gear allowed different fish species to be caught: invasive C. gibelio
and P. parva were caught with electro-shocker and cast-nets, while G. holbrooki was caught with electro-shocker and
scoop-net (Table 1). Failure to catch some of the previously reported fishes (such as B. niluferensis, O. simavicus, and
A. bipunctatus) from the lake basin is related to the fact that these species mostly prefer the streams. Catch per unit
effort (CPUE) values of fishes were not calculated because they were caught with three different fishing equipment.
Although their abundance cannot be calculated, the individual numbers and size ranges of both endemic and native
fishes of the lake are quite satisfactory (Table 1). Unfortunately, the catch of the individuals of the two new invasive
species in different size ranges (P. parva, 2.6 — 9.9 cm, TL; G. holbrooki, 1.7 — 3.5 cm, TL) indicates that they have
successfully reproduced and colonized in this lake.

Small bodied G. holbrooki is originally native to the coastal regions of south-eastern United-States and it has
been intentionally or accidentally introduced throughout worldwide especially the warm temperate and tropical regions
[19, 20]. Intentional introductions of this mosquitofish were undertaken for using it as a biological control agent for the
prevention of malaria threats [21, 22]. Some features of this species such as having a high level of plasticity and
survival capability, colonizing easily to new habitats, withstanding wide ranges of temperature and salinity and
surviving in heavily polluted waters are effective in spreading through wide areas [23, 24]. According to the Global
Invasive Species Program (GISP), G. holbrooki is one of the world’s 100 worst invasive alien species [25]. There are
some records that confirm its negative effects and predatory behaviour on many native fish, amphibians and
invertebrates; such as eating the eggs and larvae of fishes or amphibians and competing with native fishes for food
resources through niche overlap [26, 27]. Rincon et al. [28] mentioned that G. holbrooki had an impact on seriously
threatening endemic species, most notably Aphanius and Valencia species, in Europe. Similarly, it is thought that this
invasive fish, which reproduces several times a year, may increase its population size and can create pressure on native
and endemic fish species living in Manyas Lake with food and habitat competition.

The topmouth gudgeon P. parva, a small freshwater species originating from East Asia (Japan, China, Korea,
and the River Amur), is an invasive species that was introduced to many countries in different continentals accidentally
[29]. The primary pathway of P. parva introduction into its expanded range is the accidental transfer and release of this
fish within the translocations of native fishes for aquaculture activities [30]. The most remarkable threat of this fish,
showing a rapid colonization success in new habitats, is to carry non-native pathogens for native fauna besides the risk
of food and space competition [29]. Pseudorasbora parva is a healthy carrier of the rosette agent Sphareothecum
destruens that is a fungal disease and a potential threat to native fish biodiversity [31, 32]. This agent was first identified
in Europe in 2005 as a disease threat to endangered native fish Leucaspius delineatus and it caused a large increase in
fish mortality [33]. In Turkey, the emergence of S. destruens was detected in 2017 and it associated with severe declines
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in endemic fish species in the wild [31]. In Manyas Lake, where small-scaled fishery is carried out on local fish species,
it is thought that this invasive fish P. parva with a high deadly pathogen risk may have a negative effect on native and
endemic fish populations.

In conclusion, for the future of the endemic and native fishes living in the Manyas Lake, risk assessment
analyses are essential for these invasive species identified. According to IUCN Red List [34, 35], two endemic fish
species living in the lake basin are classified as threatened; A. carinatus as Endangered (EN) and O. simavicus as
Critically endangered (CR). Firstly, the population sizes of the endemic and native fishes should be determined and the
changes over the years should be followed. Additionally, pathogen emergence, which is caused by P. parva, in the
native fish populations should be investigated. These invasive fishes can be taken under biological control by the
carnivorous fish species of the lake, E. lucius and S. glanis, and the waterfowls that put pressure on them. For this
reason, prey-predator relationships should be revealed in the lake ecosystem. It is also pretty important to take the
necessary precautions to prevent the existence of endemic and native fishes living in the lake from being threatened by
invasive fish species.
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Abstract

This research was carried out for the purpose of determining the flora of Kizildag Higlands (Adana) and its
environments which located in section 6b (section Adana) between 2010 and 2013. 1000 plant specimens were collected
from the research area. As a consequence, according to evaluating of specimens 75 families, 285 genera and 574 taxa
were identified. These four taxa belong to Pteridophyta and 570 taxa belong to Spermatophyta divisio.
Gymnospermaesub divisio represented by 12 taxa and Angiospermaesub divisio represented by 558 taxa from among 570
taxa belong to Spermatophytadivisio. Angiospermaesub divisio is consisted of 484 members of Magnoliopsida and 74
members of Liliopsida classis. 100 taxa collected are endemic for Tehe area locatad of plants hunders plant endemism (%
17, 5). It is determined that 25 taxa are new record for section 6b. One of the most important result of research is the
presenting of the plant “Lysimachia savranii Baskose& Keskin”.

Key words: Kizildag higlands, flora, endemic, section 6b

Kizildag yayla (Adana) ve ¢evresinin florasi (Adana/Tiirkiye)

Ozet

Bu arastirma 2010-2013 yillar1 arasinda 6b bdliimiinde (Adana boliimii) yer alan Kizildag Yayla (Adana) ve
¢evresinin florasini tespit etmek amactyla yapilmistir. Arastirma alanindan 1000 bitki 6rnegi toplanmis ve degerlendirme
sonucunda; 75 familyaya ait, 285 cins ve 574 takson teshis edilmistir. Bunlardan 4 tanesi Pteridophyta, 570 tanesi
Spermatophyta divizyosunda yer almaktadir. Bu 570 taksonun 12°i Gymnospermae, 558’1 ise Angiospermae alt
divizyosuna aittir. Angiospermae da bulunan taksonlarin 484’ Dicotyledones, 74’ii Monocotyledones smifi iiyeleri
olusturmaktadir. Alanda bulunan bitkilerden 100’{iniin (% 17,5) endemik, 25’inin 6b boliimii i¢in yeni kayit oldugu
belirlenmistir. Bu arastirmanin en énemli sonug¢larindan biride “Lysimachia savranii Bagskose& Keskin” taksonunun yeni
tiir olarak bilim diinyasina tanitilmas1 olmustur.

Anahtar kelimeler: Kizildag yayla, Flora, Endemik, 6b Bolimii
1. Giris

Tiirkiye konumu ve topografik 6zellikleri itibartyla bitki zengini bir tilkedir. Tiirkiye’de 2012 verileri ve 2012
den 2017 kadar yapilan flora yayinlarina gore; 11959 civarinda damarl bitki taksonu bulunmaktadir. Bunlardan 3240
tiirlin endemik olmasi Tiirkiye florasinin degerini arttirmaktadir. Belirtilen sayisal degerlerde goriildiigii gibi % 31,12’lik
orani ile Tiirkiye’nin endemik tiirleri Avrupa kitasindan (2778) daha fazladir. Bu taksonlarin % 40’1 I¢ ve Dogu
Anadolu’yu kapsayan Iran-Turan Fitocografik Bolgesinde, % 34°{i Akdeniz Fitocografik Bolgesinde, % 10’u ise Avrupa-
Sibirya Fitocografik Bolgesinde yayilis gostermekte ve %16°s1 ise bitki cografyasi belli olmayan endemik tiirlerdir [12,
13]. Buradan hareketle, Tiirkiye florasina katki saglayabilmek ve 6b Adana boliimiine yeni bitki kayitlar1 kazandirmak
amaciyla Kizildag Yayla (Adana) ve ¢evresinin florasi arastirilmistir.

* Corresponding author / Haberlesmeden sorumlu yazar: Tel.: +905056844317; Fax.: +905056844317; E-mail: biyologalikeskin@gmail.com
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1.1. Calisma alaninin cografik durumu

Calisma alam Kizildag Yayla, 37°23' - 37° 26" kuzey enlemleri ile 34°52' - 34°59' dogu boylamlari arasinda,
Adana ili (6b boliimil) Karaisali ilgesinin kuzeybatisinda yer almaktadir. Dogusunu Susuz Dagi (2000 m), kuzeyini
Cilgurliz Dag1 (2100 m) ve giineyinde Kopek Dagi (1750 m) ¢evrelemektedir (Sekil 1.1). Alan 1500-1600 m yiikseklige
sahiptir.

/ — - Karaardic T. |
LD Kilwgkayas: T, ~A850m

 GILGURLIZ DAGI :
2152 7

s = Kok

80 Kizildag Yayla

Subattig N Egrica N7 ¥
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L

Sekil 1.1. N-34 numaralt pafta tizerinde ¢aligma alaninin topografik harités1 (MTA 1996)' [3]

Vejetasyon ortiisii olarak Abies, Cedrus ve Pinus tiirlerinin olusturdugu tarlalar ortasinda kalmis ormanlar dikkati
¢ekmektedir. Step vejetasyonu yoniinden oldukga zengindir ve ayrica kaya, orman ve su vejetasyonu igermektedir. Alanin
1700 m’ lerden sonraki kesimlerini subalpinin 6zelligi olan ¢iplak kayaliklar meydana getirmektedir. Caligma alani
Akdeniz bolgesi (6) Adana boliimiinde (6b) Akdeniz fitocografik bolgesi igerisinde bulunmaktadir [16]. Eteklerinde ¢ali
formasyonlari, bunu takiben orman zonu, 1900 metrelerden sonra subalpinin otsu ve yastik bitkileri hayat bulmaktadir.
Kizildag Yaylada kiiciik dereler de mevcuttur. Bunlardan Giiney ve Giineydoguya bakan derelerin ¢ogu Su Battig1 denilen
bir alanda yer altina akmaktadir. Batisinda bulunan Akpinar dere Meydan Yayladan dogar ve Karacay kapuz deresine
karigir.

1.2. Calisma alaninin jeolojisi

Aragtirma alanina iligkin jeolojik bilgiler, “Kizildag Yayla (Adana) Dolaymin Stratigrafisi” adli rapor esas
almarak verilmistir. Kizildag Yaylas1 ve ¢evresinin; Kizildag melanji, Demirkazik kiregtasi ve Yav¢a formasyonuna ait
jeolojik yapilardan olustugu belirtilmektedir [22].
1.3 Calisma alaninin iklimsel ozellikleri

Caligma alaninin, Karaisali’ya yakin olmasina ragmen yiikseltisinin fazla olmasi (1200-2200 m) nedeniyle
yagish, yar1 kurak, Ust Cok Soguk Akdeniz Biyoiklim Kat1 6zelligi gosterir. Calisma alanmin iklimsel zellikleri tablo
1.1’ de goriilmektedir.

Tablo 1.1. Calisma alaninin iklimsel 6zellikleri

Istasyon Ad1 | Rakim (m.) | P PE | M m S Q Biyoiklim kati

Karaisali 250 897,3 | 73,4 | 344 | 56 | 2,13 | 85,39 | Az yagisl, kisi yumsak Akdeniz iklimi

Pozanti 750 7199 | 214 | 32,0 | - 0,66 | 68,38 | Az yagish, kist soguk Akdeniz iklimi
1,9
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Sekil 1.2. Karaisali ilgesine ait ombro-termik iklim diyagramm (a= Istasyon adi, b= Istasyon rakimi, c= Rasat siiresi
(Sicaklik-Yagis), d= Yillik ortalama sicaklik, e= Toplam yillik yagis ortalamasi, f= Yagis egrisi, g= Sicaklik egrisi, h=
Yagigh donem, i= Kurak déonem, k= Don ihtimali olan aylar).

Calisma alanina iliskin iklim bilgileri, “Akdag (Pozanti-Adana) ve Cevresinin Floras1” adli tez” den alinan veriler
kullanilarak hazirlanmistir [1]. iklimsel verilerin yorumlanmasinda, Akman’m “Iklim ve Biyoiklim” adli eserinden
yararlamilmustir [2]. Istasyonlara ait yillik ortalama sicaklik ve yillik toplam yagis miktarlarini gdsteren veriler
kullanilarak GAUSSEN Kuralina gore kurak devreyi ve siiresini belirlemek amaciyla istasyonlarin Ombro-Termik iklim
diyagramlari ¢izilmistir ve sekil 1.2” de gosterilmistir.. Alanda yagislarin Ekim, Kasim, Aralik, Ocak, Subat, Mart, Nisan
ve Mayis aylarinda, kurak mevsimin Haziran, Temmuz, Agustos ve Eyliil aylarinda goriilmektedir. Ayrica Kasim, Aralik,
Ocak, Subat ve Mart aylarinda don mevcuttur.

2. Materyal ve yontem

Calismanin materyalini, 2011-2013 yillar1 arasinda bitkilerin vejetasyon déneminde gergeklestirilen arazi gezilerinde
toplanan 1000 bitki 6rnegi olusturmaktadir. Toplanan 6rneklerin 6zellikle kok, gdvde, ¢icek ve meyveli alinmasina ve
soganli veya yumrulu bitkilerin toprak alt1 kisimlari ile birlikte ¢ikarilmasina dikkat edilmistir. Agag ve ¢alilardan drnek
almak i¢cin meyveli donemlerde arazi gezileri yapilarak herbaryum igin uygun pargalar kesilerek alinmistir. Presleme
sirasinda 6rnekler numaralandirilarak, ¢icek rengi ve meyve yapisi gibi degisebilecek bazi 6zellikleri ile birlikte toplanma
tarihleri, habitat durumlar1 ve yiikseltileri arazi defterine not edilmistir. Herbaryum ortaminda kurutulan 6rnekler familya
ve cins diizeyinde tasnif edilmistir. Tirlerin teshisinde Tiirkiye Florasi [10; 14] basta olmak iizere, bazi revizyon, tez ve
diger ¢alismalardan [4, 7, 9, 10, 11, 13, 17, 18] ve Resimli Tiirkiye Floras1 Cilt I’ den [16] yararlanilmistir Tayin ve
teshis edilen taksonlar herbaryum kartonlarina yapistirilarak etiketlenerek Nigde Omer Halisdemir Universitesi
herbaryum dolaplarina yerlestirilmistir. Bulgular boliimiinde Familya siralamas1 APG I1I-2009 sistemine gore yapilmistir
[23]. Orneklerin cins, tiir ve otor adlar1 yazilirken “Tiirkiye Bitkileri Listesi (Damarli Bitkiler)” esas almmustir [15].
Taksonlara ait lokalite bilgileri (Tiirkiye bitki cografyasi haritasina gore yer aldigi1 bolge, il, kdy, yer veya mevki ve
yiikselti) bir liste yapilarak numaralandirilmistir. Bu numaralar ile birlikte, toplama tarihi, toplayict adi, stok numarasi,
endemizm durumu ve fitocografik bolgesi seklinde siralanarak verilmistir. Taksonlarin tehlike kategorileri NGBB ve
ANG Vakfi, Tehdit Altinda Bitki Tiirleri Listesi gore belirlenmistir [19]. Arastirma alaninda 30 farkl: istasyondan bitki
toplanmis olup, istasyonlarin listesi Tablo 2.1° de verilmistir.

N 6 b Adana; Karaisal, Kizildag Yayla, NO. 6b Adana; Karaisali, Kizildag Yayla,

O.

1. Bozsivri, 1200 m 13. | Subattig1 giineyi, 1600-1800 m

2. | Kuvvettasi tepesi, 2010 m 14. | Subattigi dogusu, 1510 m

3. Kopek dagi batisi, 1990 m 15. | Cilgurliz etegi, Yavsan mevkii, 1650-1800 m

4. | Kopek dagi dogusu, 1992 m 16. | Cilgurliz dogusu, 2100 m

5. Soganolugu ¢cesmesi mevkii, 1650 m 17. | Diis tepe, 1550 m

6. | Kaltak Yayla, 1450-1500 m 18. | Yukari meydan, Meydan kalesi, 1600-1800 m

7. | Akpinar giineyi, 1500 m 19. | Kizildag Yayla batisi, 1650 m

8. Akpinar kuzeyi, 1500 m 20. | Pozant1 yolu, Kanli ¢inar (¢amlik alan), 1200 m

9. Akpinar batisi, 1300 m 21. | Pozanti yolu, Kanli ¢inar (¢amlik ormani alani ve tarlalik
alan), 1400 m

10. | Karagay batisi, 1300 m 22. | Karaardig tepesi, 1850 m

11. | Karagay giineyi, 1300 m 23. | Gavur kalesi, 1240 m

12. | Susuz dagi batist, 1821 m 24. | Susuz dag1 kuzey yamaglar1, Koyun kirkacagi mevkii,
1500-1550 m
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3. Bulgular

3.1 Bitki Listesi

PTERIDOPHYTA / EGRELTI BOLUMU
EQUISETIDAE / ATKUYRUGU ALTSINIFI
EQUISETACEAE / ATKUYRUGUGILLER
EQUISETUM L./ ATKUYRUGU.

Equisetum ramosissimum Defs.; 2, 15.05.2012, Keskin, 901.
POLYPODIIDAE / EGRELTI ALTSINIFI
ASPLENIACEAE / SACAKOTUGILLER

ASPLENIUM L./ SACAKOTU.

Asplentum ceterach DC.; 3, 14.05.2012, Keskin, 613.
DRYOPTERIDACEAE / PILUNCGILLER
DRYOPTERIS Adans. / PILUNC.

Dryopteris filix-mas (L.) Schott; 5, 02.07.2011, Keskin,308;
7, 21.06.2012, Keskin, 902.

D. pallida (Bory) Fomin; 12, 14.06.2011, Keskin, 213. Akd.
MAGNOLIOPHYTA (SPERMATOPHYA) / TOHUMLU
BITKILER BOLUMU

PINOPHYTINA (GYMNOSPERMAE) /
ACIKTOHUMLULAR ALTBOLUMU

PINOPSIDA /CAM SINIFI

PINIDAE / CAMLAR ALTSINIFI

PINALES / CAM TAKIMI

PINACEAE / CAMGILLER

ABIES Miller. / GOKNAR.

Abies cilicica (Ant. & Kotschy) Carriére; 7, Keskin, 903. D.
Akd.

CEDRUS Link./ SEDIR.

Cedrus libani A. Rich var. libani; 12, 14.06.2011, Keskin,
214. Akd.

PINUS L./ CAM.

Pinus nigra J.F.Arnold subsp. pallasiana (Lamb.); 10,
22.10.2011, Keskin, 556.

P. brutia Ten. var. brutia f. brutia; 2, 15.05.2012, Keskin,
665. D. Akd.

P. pinea L.; 2, 15.05.2012, Keskin, 666.
CUPRESSOPSIDA / SERVT SINIFI

CUPRESSALES / SERVI TAKIMI

CUPRESSACEAE / SERVIGILLER

JUNIPERUS L./ SERVI.

Juniperus drupacea Lab.; 12, 14.06.2011, Keskin, 215.

J. communis L. subsp. saxatilis (Pall.) E Murray; 4,
13.06.2011, Keskin, 142.

J. oxycedrus L. subsp. oxycedrus; 12, 14.06.2011, Keskin,
216; 2, 15.05.2012, Keskin, 677.

J. foetidissima Willd.; 2, 15.05.2012, Keskin, 678.

J. excelsa M. Bieb.; 14, 10.04.2012, 37-24-37 kuzey, 35-02-
52 dogu, Keskin, 583. Ir.-Tur.

GNETOPSIDA / DENizUZUMU SINIFI

GNETIDAE / DENiZUZUMU ALTSINIFI

GNETIALES / DENiZUZUMU TAKIMI
EPHEDRACEAE / DENiZzUZUMUGILLER

EPHEDRA L./ DENiZUZUMU

Ephedra major Host.; 3, 14.05.2012, Keskin, 614.
MAGNOLIOPHYTINA (ANGIOSPERMAE) / KAPALI
TOHUMLULAR ALTBOLUMU

MAGNOLIOPSIDA / MANOLYA SINIFI
MAGNOLIIDAE / MANOLYA ALTSINIFI
ARISTOLOCHIACEAE / LOHUSAOTUGILLER
ARISTOLOCHIA / LOHUSAOTU.

Aristolochia maurorum L.; 8, 16.05.2012, Keskin, 774. Ir.-
Tur.

A. hirta L.; 8, 16.05.2012, Keskin, 795. D. Akd. End.
ARACEAE / YILANYASTIGIGILLER

ARUM L./ YILANYASTIGL

Arum discorides Sm. in Sibth. & Sm. var. syriacum (Blume)
Engier.; 18, 24.05.2011, Keskin, 122. D. Akd.
COLCHICACEAE / ACICIGDEMGILLER
COLCHICUML. / ACICIGDEM.

Colchicum szovitsii Fisch. & Mey.; 23, 10.04.2012, Keskin,
606. Ir.-Tur.

C. triphyllum G. Kunze; 21, 02.07.2011, Keskin, 409; 22,
03.07.2011, Keskin, 551. Akd.

C. balancae Planchon; 6, 16.05.2012, Keskin, 827. D. Akd.
Endemik. (LC).

C. speciosum Steven; 6, 16.05.2012, Keskin, 828; 21,
02.07.2011, Keskin, 411. Hirkan-Oksin

LILIACEAE / ZAMBAKGILLER

EREMURUS Bieb. / CIRIS

Eremurus spectabilisBieb.; 18, 24.05.2011, Keskin, 123. Ir.-
Tur.

FRITILLARIA L./ TERSLALE.

Fritillaria aurea Schott; 16, 15.05.2012, Keskin, 658. Ir.-Tur.
Endemik.

TULIPAL./LALE.

Tulipa humilisHerbert; 18, 24.05.2011, Keskin, 135.

T. armena Boiss. var. lycka (Baker) Marais; 21, 02.07.2011,
Keskin, 407. Endemik. (LC).

GAGEA Salish. / SARIYILDIZ.

Gagea luteoides Stapf; 18, 24.05.2011, Keskin, 137.

G. fistulosa Ker-Gawler; 15, 23.05.2011, Keskin, 77.

G. guanatellii Parl.; 22, 03.07.2011, Keskin, 550. Akd.
AMARYLLIDACEAE / NERGISGILLER

ALLIUM L./ SOGAN

Allium paniculatum L. subsp. paniculatum; 6, 16.05.2012,
Keskin, 822. Akd.

A. sativum L.; 15, 23.05.2011, Keskin, 63.

A. scorodoprasum L. subsp. scorodoprasum; 6, 16.05.2012,
Keskin, 839. Euro.-Sibr.

A. scorodoprasum L. subsp. rotundum (L.) Stearin.; 21,
02.07.2011, Keskin, 402. Akd.

A. sphaerocephalon L. subsp. arvense (Guss.) Arc.; 18,
24.05.2011, Keskin, 124. D. Akd.

A.vineale L.; 6, 16.05.2012, Keskin, 845.

STERNBERGIA L./ KARANERGIS

Sternbergia clusiana (Ker-Gawler) Ker-Gawler ex Sprengel;
23,10.04.2012, Keskin, 610. Ir.-Tur.

ASPARAGACEAE / KUSKONMAZGILLER

RUSCUS L./ TAVSANMEMESI

Ruscus aculeatus L. var. angustifolius Boiss.;16, 15.05.2012,
Keskin, 653.

MUSCARI Miller / MUSKURUM.

Muscari tenuiflorum Tausch; 6, 16.05.2012, Keskin, 825.

M. longipes Boiss.; 21, 02.07.2011, Keskin, 405. Ir.-Tur.

M. massayanum Grunert; 6, 16.05.2012, Keskin, 840. Ir.-Tur.
Endemik.

M. armeniacum Leichtl. ex Baker; 18, 24.05.2011, Keskin,
131.

M. botryoides (L.) Miller; 16, 15.05.2012, Keskin, 657.

M. racemosum Lam. & DC.; 18, 24.05.2011, Keskin, 133.
ORNITHOGALUM L./ AKYILDIZ.

Ornithogalum narbonense L.; 15, 23.05.2011, Keskin, 1; 6,
16.05.2012, Keskin, 824. Akd.

O. oligophyllum E. D. Clarke; 18, 24.05.2011, Keskin, 126;
21,02.07.2011, Keskin, 403.

O. monthanum Cyr.; 18, 24.05.2011, Keskin, 128. D. Akd.
O. platyphyllum Boiss.; 18, 24.05.2011, Keskin, 129. Ir.-Tur.
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O. lanceolatum Labill.; 6, 16.05.2012, Keskin, 846; 16,
15.05.2012, Keskin, 654. D. Akd.

O. ulophyllum Hand.-Mazz.; 18, 24.05.2011, Keskin, 130.

O. umbellatum L; 15, 23.05.2011, Keskin, 11.

O. orthophyllum Ten.; 16, 15.05.2012, Keskin, 655.
SCILLA L./ SUMBULCUK.

Scilla bifolia L.;18, 24.05.2011, Keskin, 125. Akd.

S. cilicica Siehe; 6, 16.05.2012, Keskin, 823. D. Akd.
HYACINTHELLA Schur. / DAGSUMBULU.

Hyacinthella hispida (J.Gay) Chouard; 6, 16.05.2012, Keskin,
826. D. Akd. Endemik.

H. glabrescens (Boiss.) K.Persson & Wendelbo; 21,
02.07.2011, Keskin, 406. D. Akd. Endemik.
XANTHORRHOEACEAE / CIRISGILLER
ASPHODELINE Reichb. / DELI CIRIS.

Asphodeline rigidifolia (Boiss.) Baker; 6, 16.05.2012, Keskin,
821. Ir.-Tur. Endemik.

A. damascena (Boiss.) Baker subsp. damascena; 10,
22.10.2011, Keskin, 580. Ir.-Tur.

IRIDACEAE / SUSENGILLER.

IRIS L./ SUSEN.

Iris sari Schott ex Baker; 18, 24.05.2011, Keskin, 138.Ir.-Tur.
Endemik.

CROCUS L./ CIGDEM.

Crocus kotschyanus C. Koch subsp. kotschyanus; 23,
10.04.2012, Keskin, 607.

C. biflorus Miller subsp. tauri (Maw) Mathew; 23,
10.04.2012, Keskin, 608. Ir.-Tur.

C. speciosus Bieb. subsp. speciosus; 21, 02.07.2011, Keskin,
412; 23, 10.04.2012, Keskin, 609.

GLADIOLUS L./ KILICOTU

Gladiolus atroviolaceus Boiss.; 16, 15.05.2012, Keskin, 660.
Ir.-Tur.

ORCHIDACEAE / SALEPGILLER.

CEPHALANTHERA L. / CAMCICEGI

Cephalanthera kurdica Bornm. ex Kranzlin; 16, 15.05.2012,
Keskin, 661.1r.-Tur.

C. rubra (L.) L. C. M Richard.; 21, 02.07.2011, Keskin, 413;
21, 02.07.2011, Keskin, 414.

ORCHIS L./ SALEP.

Orchis lactea Poiret; 21, 02.07.2011, Keskin, 415. Akd.

O. laxiflora Lam.; 21, 02.07.2011, Keskin, 416. Akd.
DACTYLORHIZA Necker ex Nevski /
BALKAYMAKSALEBI.

Dactylorhiza iberica (Bieb. ex Willd.); 10, 22.10.2011,
Keskin, 582. D. Akd.

CYPERACEAE / HASIROTUGILLER.

SCIRPOIDES L./ VURLA

Scirpoides holoschoenus (L.) Sojak.; 23, 10.04.2012, Keskin,
611.

BLYSMUS L./ YASSIHASIROTU.

Blysmus compressus (L.) Panzer ex Link; 16, 15.05.2012,
Keskin, 662. (EN).

CAREX L./ AYAKOTU

Carex distans L.; 18, 24.05.2011, Keskin, 140. Avr.-Sibir.
POACEAE (GRAMINEAE) / BUGDAYGILLER.
AEGILOPS L./ BUGDAYANASI

Aegilops cylindrica Host; 6, 14.06.2011, Keskin, 300. Ir.-Tur.
TRITICUM L./ BUGDAY

Triticum aestivum L.; 6, 16.05.2012, Keskin, 829.

SECALE L./ CAVDAR

Secale anatolicum Boiss.; 6, 14.06.2011, Keskin, 301.
HORDEUM L./ ARPA

Hordeum bulbosum L.; 18, 24.05.2011, Keskin, 141.
BROMUS L./ IBUBUKEKINI.

Bromus tectorum L.; 21, 02.07.2011, Keskin, 417.

B. tomentollus Boiss.; 15, 23.05.2011, Keskin, 64; 6,
14.06.2011, Keskin, 303. Ir.-Tur.

KOELERIA L./ KIRNAL

Koeleria cristata (L.) Bertol.; 7, 21.06.2012, Keskin, 887.
ALOPECURUS L./ TILKIKUYRUGU.

Alopecurus arudinaceus Poiret; 15, 23.05.2011, Keskin, 67.
Euro.-Sibr.

A. gerardii Vill. var. gerardii; 6, 16.05.2012, Keskin, 841.
Akd.

FESTUCA L./ YUMAK.

Festuca valesiaca Schleicher ex Gaudin; 7, 21.06.2012,
Keskin, 888.

LOLIUM L./ CiM

Lolium perenne L.; 21, 02.07.2011, Keskin, 418. Euro.-Sibr.
POA L./ SALKIMOTU.

Poa trivialis L.; 7, 21.06.2012, Keskin, 889.

P. longifolia Trin.; 6, 16.05.2012, Keskin, 31. Oksin

P. compressa L.; 21, 02.07.2011, Keskin, 419.

P. alpina L.; 6, 14.06.2011, Keskin, 305.

P.bulbosa L.; 22, 03.07.2011, Keskin, 554.

DACTYLIS L./ DOMUZAYRIGI.

Dactylis glomerata L. subsp. glomerata; 6, 16.05.2012,
Keskin, 842. Avr.-Sibir.

MELICA L./ INCICiMI

Melica persica Kunth subsp. inaequiglumis (Boiss.) Bornm.;
21,02.07.2011, Keskin, 420.

STIPA L./ SORGUCOTU

Stipa lessingiana Trin. & Rupr.; 15, 23.05.2011, Keskin, 29.
PHALARIS L./ KANYAS

Phalaris arundinacealL.; 7, 21.06.2012, Keskin, 900.
PUCCINELLIA L./ TUZCIMI

Puccinellia distans (Jacq.) Parl. subsp. distans; 6, 14.06.2011,
Keskin, 307.

BERBERIDACEAE / KARAMUKGILLER

BERBERIS L./ KARAMUK

Berberis crataegina DC; 2, 15.05.2012, Keskin, 691.
PAPAVERACEAE / HASHASGILLER.

CORYDALIS Medik. /| KAZGAGASI.

Corydalis solida (L.) Swartz subsp. solida; 13, 24.05.2011,
Keskin, 88.

C. rutifolia (Sibth.) DC. subsp. erdelii (Zucc.) Cullen & Davis;
15, 23.05.2011, Keskin, 21.

GLAUCIUM Adans. / COMLEKCATLATAN

Glaucium corniculatum (L.) Rud. subsp. corniculatum; 3,
14.05.2012, Keskin, 617.

G. flavum Crantz; 13, 24.05.2011, Keskin, 87.

PAPAVER L. / GELINCIK.

Papaver triniifolium Boiss.; 2, 15.05.2012, Keskin, 692. Ir.-
Tur. Endemik. (LC).

P. fugax Poiret var. fugax; 6, 16.05.2012, Keskin, 849.

P. polychaetum Schott & Kotschy; 2, 15.05.2012, Keskin,
693. Endemik. (LC).

P. lacerum Popov.; 15, 23.05.2011, Keskin, 28.

P. argemone L.; 12, 14.06.2011, Keskin, 218.

FUMARIA L./ SAHTERE

Fumaria parviflora Lam.; 5, 02.07.2011, Keskin, 309.
RANUNCULACEAE / DUGUNCICEGIGILLER.
NIGELLA L./ COREKOTU

Nigella arvensis L. var. glauca Boiss.; 2, 15.05.2012, Keskin,
679.

CALTHAL./LILPAR

Caltha palustris L.; 10, 22.10.2011, Keskin, 557.
DELPHINIUM L./ HEZAREN

Delphinium peregrinum L.; 2, 15.05.2012, Keskin, 680. D.
Akd.

CONSOLIDA (D.C.) S.F. Gray/ MAHMUZOTU
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Consolida orientalis (Gay) Schrdd.; 3, 14.05.2012, Keskin,
615; 7, 21.06.2012, Keskin, 904.

ANEMONE L./ DAGLALESI.

Anemone blanda Schott & Kotschy; 13, 24.05.2011, Keskin,
83.

HELLEBORUS L./ COPLEME

Helleborus vesicarius Aucher; 3, 14.05.2012, Keskin, 616. D.
Akd.

RANUNCULUS L./ DUGUNCICEGI.

Ranunculus demissus DC. var. major Boiss.; 1, 03.07.2011,
Keskin, 424.

R. argyreus Boiss.; 13, 24.05.2011, Keskin, 84.

R. ficaria L. subsp. ficariiformis Rouy & Fouc; 13,
24.05.2011, Keskin, 85; 6, 16.05.2012, Keskin, 848.
PLATANACEAE / CINARGILLER

PLATANUS L./ CINAR

Platanus orientalis L.; 6, 16.05.2012, Keskin, 816.
CRASSULACEAE / DAMKORUGUGILLER
ROSULARIA (DC.) Stapf/ KAYAKORUGU.

Rosularia libanotica (Lab.) Muirhead; 19, 02.07.2011,
Keskin, 358.

SEDUM L./ DAMKORUGU.

Sedum amplexicaule DC.; 19, 02.07.2011, Keskin, 359; 11,
03.07.2011, Keskin, 475. Akd.

S. acre L.; 17, 22.06.2012, Keskin, 935.

S. albiim L_.; 10, 22.10.2011, Keskin, 566.

S. pallidum Bieb. var. pallidum; 4, 13.06.2011, Keskin, 183;
12, 14.06.2011, Keskin, 246.

PAEONIACEAE / AYIGULUGILLER

PAEONIA L./ AYIGULU

Paeonia mascula (L.) Miller. subsp. mascula; 13, 24.05.2011,
Keskin, 86.

VITACEAE / ASMAGILLER

VITIS L./ ASMA

Vitis vinifera L.; 19, 02.07.2011, Keskin, 338.
AMPELOPSIS Michaux / BIKIR ASMASI

Ampelopsis orientate (Lam.) Planchon; 20, 02.07.2011,
Keskin, 339.

SANTALACEAE / GUVELEKGILLER.
ARCEUTHOBIUM L./ ARDICGUVELEGI
Arceuthobium oxycedri (DC). Bieb.; 16, 15.05.2012, Keskin,
652.

THESIUM L./ TEZGUVELEK.

Thesium billardieri Boiss.; 21, 02.07.2011, Keskin, 399. Ir.-
Tur.

VISCUM L./ OKSEOTU.

Viscum albiim L. subsp. abietis (Wiesb.) Abromeit; 8,
16.05.2012, Keskin, 773.

AMARANTHACEAE / HOROZIBIGIGILLER.

BETA L./PANCAR

Beta adanensis Pamuk; 2, 15.05.2012, Keskin, 744. Ir.-Tur.
Endemik.

CHENOPODIUM L./ SIRKEN.

Chenopodium botrys L.; 5, 02.07.2011, Keskin, 332.
CARYOPHYLLACEAE / KARANFILGILLER.
ARENARIA L./ KUMOTU.

Arenaria kotschyana Fenzl,  subsp. kotschyana; 16,
15.05.2012, Keskin, 633. Endemik. (LC).

MINUARTIA L./ TISTISOTU.

Minuartia juniperina (L.) Maire &Petitm.; 12, 14.06.2011,
Keskin, 223.

M. rimarum (Boiss. & Bal.) Mattf. var. rimarum; 1,
03.07.2011, Keskin, 445. Ir.-Tur. Endemik.

M. glandulosa (Boiss. & Huet) Bornm.; 5, 02.07.2011,
Keskin, 322. D. Akd. (LC).

M. hamata (Hausskn.) Mattf.; 12, 14.06.2011, Keskin, 224; 7,
21.06.2012, Keskin, 912.

STELLARIA L./KUSOTU

Stellaria media (L.) Vill subsp. media; 15, 23.05.2011,
Keskin, 5; 12, 14.06.2011, Keskin, 225.

CERASTIUM L./ BOYNUZOTU.

Cerastium fontanum Baumg.; 13, 24.05.2011, Keskin, 93; 17,
22.06.2012, Keskin, 984.

C. dichotomum L. subsp. dichotomum; 13, 24.05.2011,
Keskin, 94; 4, 13.06.2011, Keskin, 155.

C. fragillimum Boiss.; 15, 23.05.2011, Keskin, 14.
TELEPHIUM L./ ZULZULA

Telephium imperati L. subsp. orientale (Boiss.) Nyman; 12,
14.06.2011, Keskin, 226.

DIANTHUS L./ KARANFIL.

Dianthus zonatus Fenzl var. zonatus; 5, 02.07.2011, Keskin,
324; 1, 03.07.2011, Keskin, 446.

SAPONARIAL. / SABUNOTU.

Saponaria glutinosa Bieb.; 1, 03.07.2011, Keskin, 447.

S. kotschyi Boiss. var. kotschyi; 5, 02.07.2011, Keskin, 325;
6, 16.05.2012, Keskin, 857. Endemik. (LC).

GYPSOPHILA L./ COVEN.

Gypsophila venusta Fenzl; 1, 03.07.2011, Keskin, 448. Ir.-
Tur.

G. pilulifera Boiss. & Heldr.; 2, 15.05.2012, Keskin, 722. D.
Akd. Endemik.

SILENE L./ NAKIL.

Silene italica (L.) Pers.; 2, 15.05.2012, Keskin, 723.

S. capitellata Boiss.; 13, 24.05.2011, Keskin, 95. Ir.-Tur.
Endemik. (LC).

S. spergulifolia (Desf.) Bieb.;5, 02.07.2011, Keskin, 327. Ir.-
Tur.

S. supina Bieb.; 5, 02.07.2011, Keskin, 328

S. odontopetala Fenzl.; 1, 03.07.2011, Keskin, 449.

S. vulgaris (Moench) Gareke var. vulgaris; 4, 13.06.2011,
Keskin, 158.

S. caryophylloides (Poiret) Otth. subsp. stentoria (Fenzl)
Coode & Cullen; 16, 15.05.2012, Keskin, 634. Ir.-Tur. End.
(LC).

S. alba (Miller) Krause subsp. eriocalycina (Boiss.) Walters;
5, 02.07.2011, Keskin, 329.

S. dichotoma Ehrh. subsp. dichotoma; 5, 02.07.2011, Keskin,
330.

S. subconica Friv.; 7, 21.06.2012, Keskin, 913.
HERNIARIA L./ ATYARAN.

Herniaria incana Lam.; 12, 14.06.2011, Keskin, 227.
PARONYCHIA Miller. / ETYARAN.

Paronychia argyroloba Stapf; 1, 03.07.2011, Keskin, 451.
Endemik.

P. davisii Chaudhri; 15, 23.05.2011, Keskin, 20. D. Akd.
Endemik.

PHYTOLACCACEAE / SEKERCIBOYASIGILLER
PHYTOLACCA L./ SEKERCIBOYASI

Phytolacca americana L.; 14, 10.04.2012, 37-24-37 kuzey,
35-02-52 dogu, Keskin, 590.

P. pruinosa Fenzl.; 4, 13.06.2011, Keskin, 164. D. Akd.
PLUMBAGINACEAE / KARDIKENGILLER.
ACANTHOLIMON Boiss. / KARDIKENI

Acantholimon acerosum (Willd.) Boiss. subsp. acerosum var.
acerosum; 22, 03.07.2011, Keskin, 542. Ir.-Tur.

A. libanoticum Boiss.; 8, 16.05.2012, Keskin, 771. D. Akd.
POLYGONACEAE / MADIMAKGILLER

POLYGONUM L./ MADIMAK

Polygonum cognatum Meissn.; 15, 23.05.2011, Keskin, 59;
12, 14.06.2011, Keskin, 228.

RUMEX L./ LABADA

Rumex acetosella L.; 4, 13.06.2011, Keskin, 161.

R. scutatus L.; 13, 24.05.2011, Keskin, 96.
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R.tuberosus L., subsp. tuberosus; 4, 13.06.2011, Keskin, 162;
7,21.06.2012, Keskin, 914.

R. cristatus DC; 4, 13.06.2011, Keskin, 163.
PORTULACACEAE / SEMIZOTUGILLER
PORTULACA L./ SEMIZOTU

Portulaca oleraceae L.; 16, 15.05.2012, Keskin, 632.
EUPHORBIACEAE / SUTLEGENGILLER
EUPHORBIA L./ SUTLEGEN

Euphorbia macrocarpa Boiss. & Buhse; 22.10.2011, Keskin,
578. Ir.-Tur.

E. apios L.; 8, 16.05.2012, Keskin, 775.

E. herniarifolia Willd. subsp. herniarifolia; 10, 22.10.2011,
Keskin, 579.

E. denticulata Lam.; 15, 23.05.2011, Keskin, 72; 6,
16.05.2012, Keskin, 881. Ir.-Tur.

E. rigida Bieb.; 22, 03.07.2011, Keskin, 546. Akd.

E. kotschyana Fenzl; 8, 16.05.2012, Keskin, 796. D. Akd.
HYPERICACEAE (GUTTIFERAE) /
KANTARONGILLER

HYPERICUM L./ KANTARON

Hypericum hyssopifolium Chaix subsp. elongatum (Ledeb.)
Woron var. elongatum; 1, 03.07.2011, Keskin, 452; 6,
16.05.2012, Keskin, 859. Ir.-Tur.

H. confertum Choisy. subsp. stenobotrys (Boiss.) Holmboe;
4,13.06.2011, Keskin, 165.

H. avicularifolium Jaub. & Spach subsp. depilatum (Freyn &
Bornm.) Robson var. depilatum; 4, 13.06.2011, Keskin, 166.
Ir.-Tur. Endemik.

H. perforatum L.; 10, 22.10.2011, Keskin, 564.
SALICACEAE / SOGUTGILLER

SALIX L./SOGUT

Salix alba L.; 22, 03.07.2011, Keskin, 547. Avr.-Sibir.
VIOLACEAE / MENEKSEGILLER

VIOLA L./ MENEKSE

Viola sieheana Becker; 12, 14.06.2011, Keskin, 221.

V. modesta Fenzl.; 15, 23.05.2011, Keskin, 15; 14,
10.04.2012, 37-24-37 kuzey, 35-02-52 dogu, Keskin, 588.

V. kitaibeliana Roem. & Schult; 14, 10.04.2012, 37-24-37
kuzey, 35-02-52 dogu, Keskin, 589.

FABACEAE (LEGUMINOSAE) / BAKLAGILLER
CERCIS L./ ERGUVAN

Cercis siliquastrum L. subsp. siliquastrum; 15, 23.05.2011,
Keskin, 79.

SOPHORA L./ ACIMEYAN

Sophora alopecuroides L. var. alopecuroides; 2, 15.05.2012,
Keskin, 670.

GENISTA L./ BORCAK

Genista albida Willd.; 4, 13.06.2011, Keskin, 170.
COLUTEA L./ PATLANGAC

Colutea cilicica Boiss. & Bal.; 19, 02.07.2011, Keskin, 341.
ASTRAGALUS L./ GEVEN

Astragalus suberosus Banks & Sol. subsp. suberosus; 15,
23.05.2011, Keskin, 35; 6, 16.05.2012, Keskin, 862;

A. densifolius Lam.; 17, 22.06.2012, Keskin, 921. Ir.-Tur.

A. tauricolus Boiss.; 8. Ir.-Tur. Endemik.

A. depressus L.; 1, 03.07.2011, Keskin, 458.

A. acmophyllus Bunge; 4, 13.06.2011, Keskin, 171. Ir.-Tur.
A. macrocephalus Willd. subsp. finitimus (Bunge)
Chamberlain; 1, 03.07.2011, Keskin, 459. Ir.-Tur.

A. schizopterus Boiss; 6, 16.05.2012, Keskin, 863. D. Akd.
Endemik.

A. odoratus Lam.; 12, 14.06.2011, Keskin, 233.

A. lydius Boiss.; 15, 23.05.2011, Keskin, 61. Ir.-Tur.

A. mesogitanus Boiss.; 1, 03.07.2011, Keskin, 460. Endemik.
A. hirsutus Vahl; 15, 23.05.2011, Keskin, 52.

A. nitens Boiss.& Heldr; 4, 13.06.2011, Keskin, 174. Ir.-Tur.

A. angustifolius Lam. subsp. angustifolius var. angustifolius;
19, 02.07.2011, Keskin, 234.

A. angustifolius Lam. subsp. pungens (Willd.) Hayek; 4,
13.06.2011, Keskin, 176.

VICIA L./ FIG

Vicia cracca L. subsp. stenophylla Vel.; 19, 02.07.2011,
Keskin, 342. (LC).

V. caesarea Boiss. & Bal.; 1, 03.07.2011, Keskin, 461. Ir.-
Tur. Endemik.

V. balansae Boiss.; 4, 13.06.2011, Keskin, 177. Oksin

V. aintabensis Boiss. & Hausskn.; 19, 02.07.2011, Keskin,
343; 17, 22.06.2012, Keskin, 923. Ir.-Tur.

V. sativa L. subsp. nigra (L.) Ehrh. var. nigra; 12, 14.06.2011,
Keskin, 235.

V. narbonensis L. var. narbonensis; 19, 02.07.2011, Keskin,
344,

LATHYRUS L./ MURDUMUK

Lathyrus cilicicus Hayek & Siehe; 1, 03.07.2011, Keskin,
462. D. Akd. Endemik. (VU).

L. cicera L.; 1, 03.07.2011, Keskin, 463.

PISUM L./ BEZELYE

Pisum sativum L. subsp. elatius (Bieb.) Aschers. & Graebn.
var. elatius; 19, 02.07.2011, Keskin, 345. Akd.

ONONIS L./ KAYISKIRAN

Ononis pusilla L.; 2, 15.05.2012, Keskin, 671. Akd.

O. spinosa L. subsp. leiosperma (Boiss.); 14, 10.04.2012, 37-
24-37 kuzey, 35-02-52 dogu, Keskin, 591.

TRIFOLIUM L./ YONCA

Trifolium speciosum Willd.; 18, 24.05.2011, 1600 -1800 m,
Keskin, 99. D. Akd.

T. pratense L. var. pratense; 12, 14.06.2011, Keskin,237.

T. arvense L. var. arvense; 12, 14.06.2011, Keskin, 239.
TRIGONELLA L./ CEMENOTU

Trigonella strangulata Boiss.;10, 03.07.2011, Keskin 464.
Ir.-Tur.

T. aurantiaca Boiss.; 19, 02.07.2011, Keskin, 347; 17,
22.06.2012, Keskin, 925.1r.-Tur.

T. spicata Sibth. & Sm.; 1, 03.07.2011, Keskin, 466. D. Akd.
MEDICAGO L./ KARAYONCA

Medicago radiata L.; 2, 15.05.2012, Keskin, 680. Ir.-Tur.

M. lupulina L.; 2, 15.05.2012, Keskin, 725.

M. sativa L. subsp. sativa; 19, 02.07.2011, Keskin, 348.

M. xvaria Martin; 2, 15.05.2012, Keskin, 682.

M. rigidula (L.) All. var. agretis Burniat; 17, 22.06.2012,
Keskin, 998.

DORYCNIUM Miller. / KAPLANOTU

Dorycnium graecum (L.) Ser.; 19, 02.07.2011, Keskin, 349.
Oksin. (CD).

D. pentaphyllum Scop. subsp. anatolicum (Boiss.) Gams.; 19,
02.07.2011, Keskin, 350.

LOTUS L./ GAZALBOYNUZU.

Lotus collinus (Boiss.) Heldr.; 2, 15.05.2012, Keskin, 683.
Akd.

L. corniculatus L. var. corniculatus; 12, 14.06.2011, Keskin,
242; 19, 02.07.2011, Keskin, 351.

L. corniculatus L. var. alpinus Ser.; 19, 02.07.2011, Keskin,
352.

L. aegaeus (Gris.) Boiss.; 16, 15.05.2012, Keskin, 637; 17,
22.06.2012, Keskin, 926. Ir.-Tur.

CORONILLA L./BURCAK.

Coronilla emerus L. subsp. emeroides (Boiss. & Sprun.)
Uhrova; 2, 15.05.2012, Keskin, 726.

C. scorpioides (L.) Koch; 19, 02.07.2011, Keskin, 353.

C. parviflora Willd.; 2, 15.05.2012, Keskin, 727. D. Akd.

C. grandiflora Boiss.; 8, 16.05.2012, Keskin, 779. D. Akd.
Endemik. (LC).

C. varia L. subsp. varia; 4, 13.06.2011, Keskin, 178.
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ONOBRYCHIS Adans. / KORUNGA.

Onobrychis cornuta (L.) Desv.; 4, 13.06.2011, Keskin, 179;
17, 22.06.2012, Keskin, 928. Ir.-Tur.

0. armena Boiss. & Huet; 2,15.05.2012, Keskin, 728; 17,
22.06.2012, Keskin, 929. Endemik.

O. argyrea Boiss. subsp. argyrea; 8, 16.05.2012, Keskin, 780.
Ir.-Tur. Endemik.

EBENUS L./ MORGEVEN

Ebenus laguroides Boiss. var. cilicica (Boiss.) Bornm.; 2,
15.05.2012, Keskin, 729. Ir.-Tur. Endemik. (CD).
POLYGALACEAE / SUTOTUGILLER.
POLYGALAL./SUTOTU.

Polygala supina Schreb.; 16, 15.05.2012, Keskin, 631.

P. pruinosa Boiss. subsp. pruinosa; 1, 03.07.2011, Keskin,
444,

RHAMNACEAE / CEHRIGILLER.

PALIURUS Miller. / KARACALIL

Paliurus spina-christi Miller; 19, 02.07.2011, Keskin, 340; 7,
21.06.2012, Keskin, 919.

Z1ZIPHUS Miller / HUNNAP.

Ziziphus jujuba Mill.; 2, 15.05.2012, Keskin, 668.
RHAMNUS L./ CEHRI.

Rhamnus libanoticus Boiss.; 18, 24.05.2011, Keskin, 98. D.
Akd.

ROSACEAE / GULGILLER.

PRUNUS L. / ERIK

Prunus spinosa L.; 16, 15.05.2012, Keskin, 638. Avrupa-
Sibirya

P. divaricata Ledeb. subsp. divaricata; 14, 10.04.2012, 37-24-
37 kuzey, 35-02-52 dogu, Keskin, 592.

CERASUS Mill. Gard. Dict. Abr. / KIRAZ.

Cerasus prostrata (Lab.) Ser. var. postrata; 16, 15.05.2012,
Keskin,639.

C. avium (L.) Moench.; 8, 16.05.2012, Keskin, 781.

C. vulgaris Miller; 8, 16.05.2012, Keskin, 782.
AMYGDALUS L./ BADEM.

Amygdalus communis L.; 2, 15.05.2012, Keskin, 731.
RUBUS L./ BOGURTLEN.

Rubus sanctus Schreber; 8, 16.05.2012, Keskin, 783.

R. discolor Weihe & Ness; 19, 02.07.2011, Keskin, 355.
POTENTILLA L./ BESPARMAKOTU.

Potentilla bifurcaL.; 19, 02.07.2011, Keskin, 356.

P. recta L.; 19, 02.07.2011, Keskin, 357.

P. kotschyana Fenzl; 15, 23.05.2011, Keskin, 19; 4,
13.06.2011, Keskin, 180. Dogu Akd.

P. reptans L.; 12, 14.06.2011, Keskin, 243.

P. speciosa Willd. var. speciosa; 1, 03.07.2011, Keskin, 470.
GEUM L./ MERYEMOTU

Geum urbanum L.; 11, 03.07.2011, Keskin, 471; 17,
22.06.2012, Keskin, 932. Avr.-Sibir.

SANGUISORBA L. / CAYIRDUGMESI.

Sanguisorba minér Scop. subsp. muricata (Spach) Brig.; 17,
22.06.2012, Keskin, 7.

ALCHEMILLAL./ ASLANPENCESi.

Alchemilla compactilis Juz.; 2, 15.05.2012, Keskin, 732.

A. pseudocartalinica Juz.;8, 16.05.2012, Keskin, 784.

A. holocycla Rothm.; 6, 16.05.2012, Keskin, 833. Ir.-Tur.
Endemik.

A. retinervis Buser; 17, 22.06.2012, Keskin, 933. Oksin.

A. ellenbergiana Rothm.; 6, 16.05.2012, Keskin, 845. Oksin.
ROSAL./GUL.

Rosa canina L.; 12, 14.06.2011, Keskin, 245.

R. pulverulenta Bieb.; 11, 03.07.2011, Keskin, 472.
COTONEASTER Medik. / DAGMUSMULASI.
Cotoneaster nummularia Fisch. & C.A. Mey.; 6, 16.05.2012,
Keskin, 867. D. Akd.

CRATAEGUS L./ ALIC.

Crateagus orientalis Pallans ex M. Bieb. var. orientalis; 8,
16.05.2012, Keskin, 785.

C. meyeri Pojark.; 2, 15.05.2012, Keskin, 734. Ir.-Tur.

C. monogyna Jacg. subsp. monogyna; 8, 16.05.2012, Keskin,
786; 17, 22.06.2012, Keskin, 934.

SORBUS L./ UVEZ.

Sorbus umbellata (Desf.) Fritsch. var. umbellata; 11,
03.07.2011, Keskin, 473.

PYRUS L./ ARMUT.

Pyrus communis L. subsp. communis; 2, 15.05.2012, Keskin,
735.

MORACEAE / DUTGILLER.

MORUS L./ DUT.

Morus alba L.; 6, 16.05.2012, Keskin, 13.

M. nigra L.; 6, 16.05.2012, Keskin, 837.

FICUS L./ INCIR.

Ficus carica L. subsp. carica (All.) Schinz et Thell.; 6,
16.05.2012, Keskin, 814.

URTICACEAE / ISIRGANGILLER.

URTICA L./ ISIRGAN.

Urtica dioica L.; 8, 16.05.2012, Keskin, 797. Avr.-Sibir.
CUCURBITACEAE / KABAKGILLER.

BRYONIA L./ BINKULAC.

Bryonia multiflora Boiss. & Heldr.; 11, 03.07.2011, Keskin,
474, Ir.-Tur.

BETULACEAE / HUSGILLER

CARPINUS L. / GURGEN.

Carpinus orientalis Miller; 1, 03.07.2011, Keskin, 423.
FAGACEAE / KAYINGILLER.

QUERCUS L./ MESE.

Quercus infectoria Olivier. subsp. boissieri (Reuther.)
0O.Schwarz.; 6, 16.05.2012, Keskin, 817.
JUGLANDACEAE / CEVIZGILLER.

JUGLANS L./ CEVIZ.

Juglans regia L.; 6, 16.05.2012, Keskin, 815.
GERANIACEAE / TUNAGAGASIGILLER.

GERANIUM L./ TURNAGAGASI.

Geranium lucidum L.; 4, 13.06.2011, Keskin, 167.
G.purpureum Vill.; 16, 15.05.2012, Keskin, 635.

G. columbinum L.; 7, 21.06.2012, Keskin, 916.

G. tuberosum L. subsp. tuberosum; 18, 24.05.2011, Keskin,
97; 16, 15.05.2012, Keskin, 636.

G. pyrenaicum Burm. fil.; 19, 02.07.2011, Keskin, 337.
ERODIUM L’Herit. /| DONBABA.

Erodium absinthoides Willd. subsp. absinthoides; 15,
23.05.2011, Keskin, 31. Ir.-Tur. Endemik.

E. cicutarium (L.) L’ Herit. subsp. cicutarium L.; 7,
21.06.2012, Keskin, 917.

LYTHRACEAE / AKLAROTUGILLER.

PUNICA L./ NAR.

Punica granatum L.; 8, 16.05.2012, Keskin, 787.
ONAGARACEAE / YAKIOTUGILLER.

EPILOBIUM L./ YAKIOTU.

Epibolium hirsutum L.; 14, 10.04.2012, 37-24-37 kuzey, 35-
02-52 dogu, Keskin, 593.

BRASSICACEAE (CRUCIFERAE)/ TURPGILLER.
CONRINGIA L./ TELKARIOTU.

Conringia planisiliqua Fisch. & Mey.; 3, 14.05.2012, Keskin,
618. Ir.-Tur.

LEPIDIUM L./ TERE.

Lepidium draba L.; 6, 16.05.2012, Keskin, 850.

L. chalepense L.; 1, 03.07.2011, Keskin, 426.

ISATIS L./ CIVITOTU.

Isatis frigida Boiss. & Kotschy (Boiss.); 4, 13.06.2011,
Keskin, 145. Endemik. (VU).

I. tinctoria L. subsp. tomentella (Boiss.) Davis; 5, 02.07.2011,
Keskin, 311.
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IBERIS L./ HUNKARBEGENDIOTU.

Iberis carnosa Willd.; 15, 23.05.2011, Keskin, 46. D. Akd.

I. sempervirens L.; 4, 13.06.2011, Keskin, 146. Akd.
AETHIONEMAR. Br./ KAYAGULU.

Aethionema stylosum DC.; 13, 24.05.2011, Keskin, 89.

A. speciosum Boiss. & Huet in Boiss.; 16.05.2012, Keskin,
851.1r.-Tur.

A. iberideum (Boiss.) Boiss.; 13, 24.05.2011, Keskin, 90.

A. schistosum Boiss. & Kotschy; 15, 23.05.2011, Keskin, 37;
7, 21.06.2012, Keskin, 907. Endemik.

A. capitatum Boiss. & Bal.; 4, 13.06.2011, Keskin, 148; 3,
14.05.2012, Keskin, 619. Endemik.

A. armenum Boiss.; 14, 10.04.2012, 37-24-37 kuzey, 35-02-
52 dogu, Keskin, 584. Ir.-Tur.

THLASPI L./ COBANDAGARCIGL.

Thlaspi arvense L.; 3, 14.05.2012, Keskin, 620.

T. rosulare Boiss. & Bal.; 3, 14.05.2012, Keskin, 621.
Endemik. (CR)

MICROTHLASPI F. K. Mey. / GIYLE.

Microthlaspi perfoliatum (L.) F. K. Mey. / Giyle.; 5,
02.07.2011, Keskin, 312.

NOCCAEAE Moench, / KUSBASIOTU.

Noccaeae violascens (Rech.f.) F.K.Mey.; 2, 15.05.2012,
Keskin, 694. Endemik.

CAPSELLA Medik. / COBANCANTASL

Capsella bursa-pastoris (L.) Medik.; 1, 03.07.2011, Keskin,
428; 10, 22.10.2011, Keskin, 558.
PSEUDOSEMPERVIVUM (Boiss.) / KASIKOTU.
Pseudosempervivum sempervivum (Boiss. & Bal) Pobed.; 10,
22.10.2011, Keskin, 559. Endemik.

NESLIA Desv. / TOPHARDAL.

Neslia paniculata (L.) subsp. thracica (Velen.) Bornm.; 1,
03.07.2011, Keskin, 430.

RICOTIA L./ CAVLAKOTU.

Ricotia aucheri (Boiss.) B. L. Burtt; 8, 16.05.2012, Keskin,
776; 15, 23.05.2011, Keskin, 43. Ir.-Tur. (LC).

FIBIGIA Medik. / SIKKEOTU.

Fibigia clypeata (L.) Medik; 5, 02.07.2011, Keskin, 313.

F. eriocarpa (DC.) Boiss.; 15, 23.05.2011, Keskin, 36.
BORNMUELLERA Rothm. / SADIRLI DAVUNOTU.
Bornmuellera glabrescens (Boiss. & Bal.) Cullen & Dudley;
2, 15.05.2012, 2010 m, A.Keskin, 696. Ir.-Tur. Endemik
ALYSSUM L./ KUDUZOTU.

Alyssum minus (L.) Rothm. var. minus; 15, 23.05.2011,
Keskin, 45; 13, 24.05.2011, Keskin, 91.

A. minus (L.) Rothm. var. micranthum;15, 23.05.2011,
Keskin, 13.

A. hirsutum Bieb.; 7, 21.06.2012, Keskin, 908.

A. masmenaeum Boiss.; 15, 23.05.2011, Keskin, 12; 17,
22.06.2012, Keskin, 972. Endemik. (LC).

A. oxycarpum Boiss. & Bal.; 2, 15.05.2012, Keskin,
697.Endemik. (CD).

A. murale Waldst. & Kit. var. murale; 1, 03.07.2011, Keskin,
431; 17, 22.06.2012, Keskin, 973.

A. peltarioides Boiss. subsp. virgatiforme (Nyar.) Dudley; 15,
23.05.2011, Keskin, 6. Ir.-Tur.

CLYPEOLA L./ AKCEOTU.

Clypeola jonthlaspi L.; 15, 23.05.2011, Keskin, 53.

DRABA L./ KAYADOLMASI.

Draba bruniifolia Stev. subsp. heterocoma (Fenzl) Coode &
Cullen var. heterocoma; 10, 22.10.2011, Keskin, 560.
ARABIS L./ KAZTERESI.

Arabis alpina L. subsp. brevifolia (DC.) Cullen; 16,
15.05.2012, Keskin, 624. D. Akd.

A. nova Vill.; 15, 23.05.2011, Keskin, 44.

A. verna (L.) DC; 14, 10.04.2012, 37-24-37 kuzey, 35-02-52
dogu, Keskin, 586. Akd.

TURRITIS L./ SIRIKTERE.

Turritis glabra L.; 17, 22.06.2012, Keskin, 975.

T. laxa (Sibth. & Sm.) Hayek; 2, 15.05.2012, Keskin, 718; 7,
21.06.2012, Keskin, 909.

RORIPPA L./ CAKANDURA.

Rorippa aurea (Boiss. & Heidr.) Hub.-Mor.; 17, 22.06.2012,
Keskin, 976. Endemik. (NT).

BARBAREA R.Br. / NICAROTU.

Barbarea vulgaris R.Br; 15, 23.05.2011, Keskin, 26.

B. planteginea DC; 4, 13.06.2011, Keskin, 151.

B. branchycampa Boiss. subsp. minér var. minér Busch; 7,
21.06.2012, Keskin, 719; 13, 24.05.2011, Keskin, 92.
CARDAMINE L./ ACITERE.

Cardamine hirsuta L. Bieb.; 16, 15.05.2012, Keskin, 629.
AUBRETIA Adans. / OBRIZYA.

Aubretia canescens (Boiss.) Bornm. subsp. cilicica (Boiss.)
Cullen; 15, 23.05.2011, Keskin, 70; 5, 02.07.2011, Keskin,
314. Endemik.

HESPERIS L. / AKSAMYILDIZI.

Hesperis kotschyi Boiss.; 1, 03.07.2011, Keskin, 436. Ir.-Tur.
Endemik. (LC).

H. bicuspidata (Willd.) Poir.; 1, 03.07.2011, Keskin, 437. Ir.-
Tur. Endemik.

H. anatolica A. Duran; 14, 10.04.2012, 37-24-37 kuzey, 35-
02-52 dogu, Keskin, 586. D. Akd. Endemik.

H. pendula DC. subsp. campicarpa (Boiss.) Dvorak; 10,
22.10.2011, Keskin, 561. D.Akd. Endemik.

ERYSIMUM L./ ZARIFEOTU.

Erysimum cuspidatum (Bieb.) DC; 5, 02.07.2011, Keskin,
315; 5, 02.07.2011, Keskin, 316.

E. thyrsoideum Boiss. subsp. thyrsoideum; 15, 23.05.2011,
Keskin, 39. Endemik.

ALLIARIA Scop. / SARMISAKHARDALI.

Alliaria petiolata (Bieb.) Cavara. & Grande; 5, 02.07.2011,
Keskin, 317.

SOBOLEVSKIA Bieb. / AKYELOTU.

Sobolevskia clavata (Boiss.) Fenzl.; 7, 21.06.2012, Keskin
910. Ir.-Tur.

CAMELINA Crantz. / KETENTERE.

Camelina rumelica Vel.; 5, 02.07.2011, Keskin, 318.
RESEDACEAE / GERDANLIKGILLER.

RESEDA L./ GERDANLIK.

Reseda armena Boiss. var. armena; 12, 14.06.2011, Keskin,
220. Ir.-Tur. Endemik. (CD).

R. lutea L. var. lutea; 2, 15.05.2012, Keskin, 720.
CISTACEAE / LADENGILLER.

HELIANTHEMUM Adans. / GUNGULU.

Helianthemum  nummularium  (L.)  Miller  subsp.
nummularium; 1, 03.07.2011, Keskin, 441.

H. ledifolium (L.) Miller var. ledifolium; 5, 02.07.2011,
Keskin, 319.

CISTUS L./ LADEN.

Cistus creticus L.; 7, 21.06.2012, Keskin, 911.

C. parviflorus Lam.; 8, 16.05.2012, Keskin, 778. D. Akd.

C. salviifolius L.; 8, 16.05.2012, Keskin, 799.

C. laurifolius L.; 6, 16.05.2012, Keskin, 832. Akd.
MALVACEAE / EBEGUMECIGILLER.

MALVA L./ EBEGUMECI

Malva sylvestris L.; 7, 21.06.2012, Keskin, 915.

M. neglecta Wallr.; 5, 02.07.2011, Keskin, 334.
ALCEAL./HATMI.

Alcea calvertii (Boiss.) Boiss.; 5, 02.07.2011, Keskin, 335.
Ir.-Tur. Endemik.

A. biennis Winterl,; 12, 14.06.2011, Keskin, 231.
ANACARDIACEAE / MENENGICGILLER.

PISTACIA L./ MENENGIC.
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Pistacia terebinthus L. subsp. palaestina (Boiss.) Engler; 7,
21.06.2012, Keskin, 920. D. Akd.

SAPINDACEAE / AKCAAGACGILLER.

ACER L./ AKCAAGAC.

Acer monspessulanum L. subsp. microphyllum (Boiss.)
Bornm.; 7, 21.06.2012, Keskin, 918.

PRIMULACEAE / CUHACICEGIGILLER.
LYSIMACHIA L./ FAREKULAGI.

Lysimachia vulgaris L.; 9, 02.07.2011, Keskin, 385.
Lysimachia savranii Baskose & Keskin sp. now.; 24,
18.06.2014, Keskin, 1071. Endemik.

PRIMULA L./ CUHACICEGI

Primula vulgaris Huds. subsp. vulgaris; 11, 03.07.2011,
Keskin, 504. Avr.-Sibir.

CYCLAMEN L./ YERSOMUNU.

Cyclamen cilicium Boiss. & Heldr. var. cilicicum; 23,
10.04.2012, Keskin, 602. Endemik. (NT).

C. coum Miller var. coum; 23, 10.04.2012, Keskin, 603.
ANAGALLIS L./ FAREKULAGI.

Anagallis arvensis L. var. caerulea (L.) Gouan.; 10,
22.10.2011, Keskin, 574.

BORAGINACEAE / HODANGILLER.

MYOSOTIS L./ UNUTMABENI.

Myosotis sylvatica Ehrh. ex Hoffm. subsp. rivularis
Vestergren; 4, 13.06.2011, Keskin, 207. Hirkan-Oksin

M. alpestris F.W. Schmidt subsp. alpestris; 22, 03.07.2011,
Keskin, 506.

M. lithospermifolia (Willd.) Hornem.; 15, 23.05.2011,
Keskin, 49; 22, 03.07.2011, Keskin, 507.

M. sicula Guss.; 18, 24.05.2011, Keskin, 112.
PARACARYUM (DC.) Boiss. / CARSAKOTU.
Paracaryum strictum (C.Koch) Boiss.; 15, 23.05.2011,
Keskin, 991. Ir.-Tur.

CYNOGLOSSUM L. / PISIKTETIGi.

Cynoglossum montanumL.; 6, 14.06.2011, Keskin, 280; 16,
15.05.2012, Keskin, 647. Avr.-Sibir.

BUGLOSSOIDES Moench. / TARLATASKESENi.
Buglossoides arvensis (L.) Johnston; 22, 03.07.2011, Keskin,
5009.

ONOSMA L./ EMZIKOTU.

Onosma albo-roseum Fisch. & Mey. subsp. sanguinolenta
Bornm.;15, 23.05.2011, Keskin, 74; 6, 16.05.2012, Keskin,
876. Ir.-Tur. Endemik.

0. aucheranum DC; 6, 14.06.2011, Keskin, 282. D. Akd.
CERINTHE L./ ALACAKIZ.

Cerinthe minor L. subsp. auriculata (Ten.) Domac; 4,
13.06.2011, Keskin, 210.

SYMPHYTUM L./ KARAKAFESOTU.

Symphytum brachycalyx Boiss.;4, 13.06.2011, Keskin, 211.
D. Akd.

ANCHUSA L. / SIGIRDILI.

Anchusa leptophylla Roemer & Schultes subsp. incana
(Ledeb.) Chamb.; 17, 22.06.2012, Keskin, 957. Ir.-Tur.
Endemik. (LC).

A. undulata L. subsp. hybrida (Ten.) Coutinho; 15,
23.05.2011, Keskin, 50; 6, 14.06.2011, Keskin, 283. Akd.

A. officinalis L.; 22, 03.07.2011, Keskin, 514. Avr.-Sibir.
NONEA Medicus / SORMUKOTU.

Nonea melanocarpa Boiss.; 2, 15.05.2012, Keskin, 699. Ir.-
Tur.

ALKANNA Tausch / HAVACIVAOTU.

Alkanna orientalis (L.) Boiss. var. orientalis; 22, 03.07.2011,
Keskin, 515. Ir.-Tur.

A. tinctoria (L.) Tausch subsp. tinctoria; 6, 16.05.2012,
Keskin, 877. Akd.

APOCYNACEAE / ZAKKUMGILLER.

VINCA L./ MAVIYILDIZ.

Vinca herbacea Waldst. & Kit.; 16, 15.05.2012, Keskin, 645.
CYNANCHUM L./ BACIRGAN.

Cynanchum acutum L. subsp. acutum; 9, 02.07.2011,
Keskin, 386;15, 23.05.2011, Keskin, 992.

RUBIACEAE / KOKBOYAGILLER.

ASPERULA L./ BELUMOTU.

Asperula glomerata (Bieb.) Griseb. subsp. glomerata; 22,
03.07.2011, Keskin,548.

A. lilaciflora Boiss. subsp. mutensis Schonb.-Tem.; 6,
16.05.2012, Keskin, 818. D. Akd. Endemik. (VU).
A.arvensis L.; 22, 03.07.2011, Keskin, 549. Akd.

GALIUM L./ YAPISKANOTU.

Galium verum L. subsp. verum; 6, 14.06.2011, Keskin, 295;
2, 15.05.2012, Keskin, 731. Avr.-Sibir.

G. verum L. subsp. glabrescens Ehrend.; 6, 16.05.2012,
Keskin, 882. Ir.-Tur.

G. subuliferum Somm. & Lev.; 6, 14.06.2011, Keskin, 298.
G. dieckii Bornm.; 6, 16.05.2012, Keskin,883. Endemik.
(CD).

G. incanum Sm. subsp. pseudocornigerum Ehrend.; 21,
02.07.2011, Keskin, 400. Ir.-Tur. Endemik.

G. cilicicum Boiss.; 23, 10.04.2012, Keskin, 605. D. Akd.
Endemik. (LC).

CRUCIATA Miller / SARILIKOTU.

Cruciata taurica (Pallas ex Willd.) Ehrend.; 18, 24.05.2011,
Keskin, 121. Ir.-Tur. Elm

C. pedemontana (Bellardi) Ehrend.; 6, 14.06.2011, Keskin,
299.

ACANTHACEAE / AYIPENCESIGILLER.

ACANTHUS L. / AYIPENCESI.

Acanthus hirsutus Boiss.; 2, 15.05.2012, Keskin, 709; 16,
15.05.2012, Keskin, 650. Ir.-Tur. Endemik. (LC).
LAMIACEAE (LABIATAE) / BALLIBABAGILLER.
ORIGANUM L./ MERCANKOSK.

Origanum vulgare L. subsp. hirtum (Link); 22, 03.07.2011,
Keskin, 522. D. Akd.

AJUGA L./ MAYASILOTU.

Ajuga orientalis L.; 22, 03.07.2011, Keskin, 523.

A. chamaepitys (L.) Schreber. subsp. chia (Schreber.)
Arcangeli var. chia; 15, 23.05.2011, Keskin, 41.
TEUCRIUM L./ MAYASILOTU.

Teucrium orientale L.; 22, 03.07.2011, Keskin, 525; 2,
15.05.2012, Keskin, 710. Ir.-Tur.

T. montanum L.; 22, 03.07.2011, Keskin, 526.

T. polium L.; 6, 14.06.2011, Keskin, 290. Akd.
SCUTELLARIAL./KASIDE

Scutellaria velenovskyi Rech. fil.; 22, 03.07.2011, Keskin,
527. D. Akd.

S. salviifolia Bentham.; 2, 15.05.2012, Keskin, 711; 22,
03.07.2011, Keskin, 528. Endemik.

S. orientalis L. subsp. pinnatifida Edmondson; 8, 16.05.2012,
Keskin, 759.

S.orientalis L. subsp. santolinoides (Hausskn. Ex Bornm.)
Edmondson; 15, 23.05.2011, Keskin, 81; 8, 16.05.2012,
Keskin, 760. Ir.-Tur. Endemik.

LAMIUM L./ BALLIBABA

Lamium garganicum L. subsp. reniforme (Montbret. &
Aucher ex Bentham) R.; 22, 03.07.2011, Keskin, 529.

L. macrodon Boiss. & Huet; 17, 22.06.2012, Keskin, 965. Ir.-
Tur.

BALLOTA L./ NEMNEMOTU.

Ballota saxatilis Sieber ex J. & C. Presl, subsp. saxatilis; 22,
03.07.2011, Keskin, 531. D. Akd.

B. macrodonta Boiss. & Bal.; 8, 16.05.2012, Keskin, 761. Ir.-
Tur. Endemik. (VU).

MARRUBIUM L./ MAYASILOTU.
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Marrubium astracanicum Jacg. subsp. astracanicum; 10,
22.10.2011, Keskin, 576.

SIDERITIS L./ DAGCAYI

Sideritis lanata L.; 8, 16.05.2012, Keskin, 763; 17,
22.06.2012, Keskin, 996. D. Akd.

S. montana L. subsp. remota (d’Urv.) P.W. Ball ex Heywood,
8, 16.05.2012, Keskin, 764. D. Akd.

S. congesta P.H. Davis & Hub.-Mor.; 8, 16.05.2012, Keskin,
792. D. Akd. Endemik. (NT).

S. bilgerana P.H. Davis; 8, 16.05.2012, Keskin, 793. D. Akd.
Endemik. (VU).

STACHYS L./ DELICAY.

S. cretica L. subsp. anatolica Rech.; 2, 15.05.2012, Keskin,
715. Ir.-Tur. Endemik. (LC).

S. rupestris Montbret & Aucher ex Bentham; 22, 03.07.2011,
Keskin, 532. D. Akd. Endemik. (LC).

S. lavandulifolia Vahl. var. lavandulifolia; 2, 15.05.2012,
Keskin, 716. Ir.-Tur.

NEPETA L./ KEDINANESI.

Nepeta nuda L. subsp. albiflora (Boiss.) Gams; 9, 02.07.2011,
Keskin, 391.

N. isaurica Boiss. & Heldr.; 6, 14.06.2011, Keskin, 291; D.
Akd. Endemik. (LC).

N. betonicifolia C.A. Meyer; 15, 23.05.2011, Keskin, 40; 8,
16.05.2012, Keskin, 765. Ir.-Tur.

LALLEMANTIA L./ AJDARBASL

Lallemantia peltata (L.) Fisch. & Mey.; 9, 02.07.2011,
Keskin, 392. Ir.-Tur.

CLINOPODIUM L./ YABANIFESLEGEN.

Clinopodium vulgare L. subsp. vulgare; 9, 02.07.2011,
Keskin, 393. Avr.-Sibir.

C. betulifolium (Boiss. & Balanse) Kuntze; 8, 16.05.2012,
Keskin, 766.

CYCLOTRICHIUM L./ DAGNANESI.

Cyclotrichium origophyllum (Labill.) Manden. & Scheng.;
23, 10.04.2012, Keskin, 604. D. Akd.

THYMUS L. / KEKIK.

Thymus sipyleus Boiss. subsp. sipyleus var. sipyleus; 22,
03.07.2011, Keskin, 535. Endemik. (LC).

T. roegneri K.Koch, Linnaea; 22, 03.07.2011, Keskin, 536.
Ir.-Tur. Endemik.

THYMBRA L./ ZAHTER.

Thymbra spicata L. var. spicata; 22, 03.07.2011, Keskin, 537.
MENTHA L./ NANE.

Mentha aquatica L.; 18, 24.05.2011, Keskin, 119.
ZIZIPHORA L./ ANUK.

Ziziphora capitata L.; 9, 02.07.2011, Keskin, 394; 9,
02.07.2011, Keskin, 395. Ir.-Tur.

SALVIA L./ ADACAYL.

Salvia aucheri Benth. subsp. aucheri; 8, 16.05.2012, Keskin,
767. Endemik. (VU).

S. cadmica Boiss.; 22, 03.07.2011, Keskin, 538; 17,
22.06.2012, Keskin, 968. Endemik. (LC).

S. multicaulis Vahl; 22, 03.07.2011, Keskin, 539. Ir.-Tur.

S. absconditiflora (Montbret & Aucher ex Benth.)
Greuter&Burdet; 10, 22.10.2011, Keskin, 577. Ir.-Tur.
Endemik.

S. montbretii Bentham; 6, 14.06.2011, Keskin, 294; 17,
22.06.2012, Keskin, 969. Ir.-Tur.

S. brachyantha (Bordz.) Pobed.; 8, 16.05.2012, Keskin, 768.
Ir.-Tur.

S. frigida Boiss.; 22, 03.07.2011, Keskin, 540. Ir.-Tur.

S. virgata Jacq.; 9, 02.07.2011, Keskin, 397. Ir.-Tur.

S. verticillata L. subsp. verticillata Bornm.; 22, 03.07.2011,
Keskin, 541. Avr.-Sibir.

S. verticillata L. subsp. amasiaca (Freyn & Bornm.) Bornm.;
17, 22.06.2012, Keskin, 970. Ir.-Tur.

OLEACEAE / ZEYTINGILLER.

JASMINUM L./ YASEMIN

Jasminum fruticans L.; 8, 16.05.2012, Keskin, 755. Akd.
FRAXINUS L. / DISBUDAK.

Fraxinus ornus L. subsp. cilicica (Lingelsh.) Yalt.; 6,
16.05.2012, Keskin, 809. D. Akd. Endemik. (LC).
OLEAL./ZEYTIN

Olea europaea L. var. sylvestris (Miller) Lehr.; 2, 15.05.2012,
Keskin, 702. Akd.

OROBANCHACEAE / CANAVAROTUGILLER.
OROBANCHE L./ CANAVAROTU

Orobanche alba Stephan; 9, 02.07.2011, Keskin, 389.

O. pubescens d'Urv; 2, 15.05.2012, Keskin, 708. Akd.
PLANTAGINACEAE / SINIROTUGILLER.
GLOBULARIA L./ KURE CICEGI

Globularia trichosantha Fisch. & Mey.; 22, 03.07.2011,
Keskin, 521.

LINARIA Miller. / NEVRUZOTU.

Linaria genistifolia (L.) Miller subsp. praealta (Boiss.) Davis;
17, 22.06.2012, Keskin, 960. Endemik. (NT).

L. genistifolia (L.) Miller subsp. confertiflora (Boiss.) Davis;
9, 02.07.2011, Keskin, 388. Avr.-Sibir. Endemik.
PLANTAGO L./ SINIROTU.

Plantago major L. subsp. intermedia (Gilib); 22, 03.07.2011,
Keskin, 543.

P. lanceolata L.;18, 24.05.2011, Keskin, 120.

VERONICA L./ MAVISOT.

Veronica hederifolia L.; 16, 15.05.2012, Keskin, 649.

V. anagalis-aquatica L.; 18, 24.05.2011, Keskin, 115.

V. macrostochya subsp. macrostochya Vahl; 6, 14.06.2011,
Keskin, 288.

V. cuneifolia D. Don. subsp. cuneifolia; 2, 15.05.2012,
Keskin, 687. Endemik. (LC).

V. surculosa Boiss. & Bal.; 22, 03.07.2011, Keskin, 519. D.
Akd. Endemik. (DD).

V. multifida L.; 6, 14.06.2011, Keskin, 289. Ir.-Tur. (LC).
SCROPHULARIACEAE / SIRACAOTUGILLER.
SCROPHULARIA L./ SIRACAOTU

Scrophularia pulverulenta Boiss.; 8, 16.05.2012, Keskin,
758. Ir.-Tur. Endemik

S. xanthoglossa Boiss. var. decipiens (Boiss. & Kotschy)
Boiss.; 17, 22.06.2012, Keskin, 959. Ir.-Tur.

S. scopolii (Hoppe ex) Pers var. scopolii; 22, 03.07.2011,
Keskin, 517.

VERBASCUM L./ SIGIRKUYRUGU.

Verbascum orientale (L.) All.; 17, 22.06.2012, Keskin, 958.
D. Akd.

V. cilicicum (Boiss. & Heldr.) O. Kuntze; 6, 14.06.2011,
Keskin, 287. D. Akd. Endemik. (VU).

V. urceolatum Hub.-Mor.; 2, 15.05.2012, Keskin, 674. D.
Akd. Endemik.

V. splendidum Boiss.; 22, 03.07.2011, Keskin, 516. D. Akd.
Endemik. (LC).

V. glomerulosum Hub.-Mor.; 2, 15.05.2012, Keskin, 675. D.
Akd. Endemik. (NT).

V. cheiranthifolium Boiss. var. pisidicum (Boiss. & Heldr.)
Murb.; 2, 15.05.2012, Keskin, 676. Endemik.

EUPHRASIA L./ GOZOTU.

Euphrasia pectinata Ten.; 2, 15.05.2012, Keskin, 690. Avr.-
Sibir.

PEDICULARIS L./ KESGEROTU.

Pedicularis cadmea Boiss.; 2, 15.05.2012, Keskin, 705. D.
Akd. Endemik.

P. comosa L. var. sibthorpii (Boiss.) Boiss.; 6, 16.05.2012,
Keskin, 811.

RHINANTHUS L./ HOROZOTU.
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Rhinanthus angustifolius C.C. Gmelin; 6, 16.05.2012,
Keskin, 812; 2, 15.05.2012, Keskin, 707.
CONVOLVULACEAE/ TARLASARMASIGIGILLER.
CONVOLVULUSL./ TARLASARMASIGI.

Convolvulus arvensis L.; 6, 16.05.2012, Keskin, 875.

C. betonicifolius Miller subsp. betonicifolius; 16, 15.05.2012,
Keskin, 646.

C. compactus Boiss.; 8, 16.05.2012, Keskin, 757; 17,
22.06.2012, Keskin, 955. Ir.-Tur.

C. holosericeus Bieb. subsp. holosericeus; 6, 16.05.2012,
Keskin, 810.

C. scammonia L.; 6, 16.05.2012, Keskin, 835. D. Akd.

C. stachydifolius Choisy; 2, 15.05.2012, Keskin, 700. Ir.-Tur.
CUSCUTA L./ CINSACI.

Cuscuta palaestina Boiss. subsp. balansae (Yuncker) Plitm.;
10, 22.10.2011, Keskin,575.

SOLANACEAE / PATLICANGILLER.

PHYSALIS L./ GUVEYFENERI.

Phsalis alkekengi L.; 6, 14.06.2011, Keskin, 285.

ATROPA L./ GUZELAVRATOTU.

Atropa belladona L.; 6, 14.06.2011, Keskin, 286; 17,
22.06.2012, Keskin, 993. Avr.-Sibir.

HYOSCYAMUS L./ BANOTU.

Hyoscyamus niger L.; 2, 15.05.2012, Keskin, 672.
THYMALACEAE / SIYIRCIKGILLER.

DAPHNE L. / SIYIRCIK.

Daphne oleoides Schreber subsp. oleides; 8, 16.05.2012,
Keskin, 772.

APIACEAE (UMBELLIFERAE) / MAYDONOZGILLER.
SCANDIX L./ KISKIS.

Scandix stellata Banks. & Sol.; 12, 14.06.2011, Keskin, 247;
11, 03.07.2011, Keskin, 478.

S. aucheri Boiss.; 17, 22.06.2012, Keskin, 936. Ir.-Tur.

S. iberica Bieb.; 15, 23.05.2011, Keskin, 27.

SMYRNIUM L./ YABANIKEREVIZ.

Smyrnium connatum Boiss. & Kotschy; 18, 24.05.2011,
Keskin, 100. D. Akd.

BUNIUM L./ AKLEMA.

Bunium microcarpum (Boiss.) Freyn. subsp. microcarpum;
18, 24.05.2011,Keskin, 101. D. Akd.

PRANGOS Lindl. / AKLEMA.

Prangos uechtritzii Boiss. & Hausskn.; 19, 02.07.2011,
Keskin, 361. Ir.-Tur. Endemik. (LC).

FALCARIA Fabr. / ORAKOTU.

Falcaria vulgaris Bernh.; 19, 02.07.2011, Keskin, 362.

F. falcarioides (Bornm. & Wolff) Wolff; 17, 22.06.2012,
Keskin, 936.

ANGELICA L./ MELEKOTU.

Angelica sylvestris L. var. sylvestris; 18, 24.05.2011, Keskin,
102. Euro.-Sibr.

FERULA L./ CAKSIR.

Ferula drudeana Korovin; 2, 15.05.2012, Keskin, 738. D.
Akd. Endemik. (VU).

F. orientalis L.; 19, 02.07.2011, Keskin, 363. Ir.-Tur.

F. elaeochytris Korovin; 8, 16.05.2012, Keskin, 789. D. Akd.
FERULAGO W. Koch / SEYTANTERESI.

Ferulago humilis Boiss.; 2, 15.05.2012, Keskin, 739. D. Akd.
Endemik. (LC).

F. pachyloba (Fenzl) Boiss.; 8, 16.05.2012, Keskin, 800; 17,
22.06.2012, Keskin, 937. Endemik. (VU).

MALABAILA Hoffim / KOYUNEKMEGI.

Malabaila secacul Banks & Sol.; 2, 15.05.2012, Keskin, 740;
6, 16.05.2012, Keskin, 801.

ZOSIMA Hoffm. / PEYNIROTU.

Zosima absinthifolia (Vent.) Link; 10, 22.10.2011, Keskin,
567.

TORDYLIUM L./ DAVULOTU

Tordylium apulum L.; 19, 02.07.2011, Keskin, 364. Akd.

T. syriacum L.; 17, 22.06.2012, Keskin, 938. D. Akd.
LASER Borkh. / KEFEKIMYONU

Laser trilobum (L.) Borkh. in; 6, 16.05.2012, Keskin, 802; 1,
03.07.2011, Keskin, 741.

TURGENIOPSIS Boiss. / DEMIRPITRAK

Turgeniopsis foeniculacea (Fenzl) Boiss. foeniculacea; 12,
14.06.2011, Keskin, 251.

TURGENIA L./ KARAHECI

Turgenia latifolia (L.) Hoffm.; 19, 02.07.2011, Keskin, 366;
19, 02.07.2011, Keskin, 367.

DAUCUS L./ HAVUC

Daucus carota L.; 12, 14.06.2011, Keskin, 253.
CAPRIFOLIACEAE / HANIMELIGILLER

SCABIOSA L./ UYUZOTU

Scabiosa hispidula Boiss.; 4, 13.06.2011, Keskin, 188.

S. rotata Bieb.; 9, 02.07.2011, Keskin, 369. Ir.-Tur.
VALERIANA L./ KEDIOTU

Valeriana alliariifolia Adams.; 10, 22.10.2011, Keskin, 568.
V. sisymbriifolia VVhal; 2, 15.05.2012, Keskin, 743. Ir.-Tur.
V. dioscoridis Sm.; 16, 15.05.2012, Keskin, 640. D. Akd.

V. tuberosa L.; 17, 22.06.2012, Keskin, 940.
VALERIANELLA Miller / KUZUGEVREGI

Valerianella vesicaria (L.) Moench; 6, 16.05.2012, Keskin,
804.

DIPSACUS L. / FESCITARAGI

Dipsacus laciniatus L.; 9, 02.07.2011, Keskin, 368
ADOXACEAE / MURVERGILLER

SAMBUCUS L./ MURVER

Sambucus nigra L.; 2, 15.05.2012, Keskin, 742; 6,
16.05.2012, Keskin,869. Euro.-Sibr.

ASTERACEAE (COMPOSITAE) /PAPATYAGILLER
INULA L./ ANDIZOTU.

Inula oculus-christi L.; 11, 03.07.2011, Keskin, 480; 2,
15.05.2012, Keskin, 746. Avr.-Sibir.

I. viscosa (L.) Aiton; 16, 15.05.2012, Keskin, 641. Akd.
HELICHRYSUM Gaertner / OLMEZCICEK.

Helichrysum armenium DC. subsp. araxinum (Kirp.) Takht;
11, 03.07.2011, Keskin, 481.1r.-Tur.

FILAGO L./ KECEOTU

Filago arvensis L.; 9, 02.07.2011, Keskin, 370.
ERIGERON L./ SIFAOTU.

Erigeron cilicicus Boiss. ex Vierh.;11, 03.07.2011, Keskin,
482. Akd. Endemik. (LC).

CONYZA Less. / CAKALOTU.

Conyza canadensis (L.) Cronquist; 14, 10.04.2012, 37-24-37
kuzey, 35-02-52 dogu, Keskin, 594.
BELLISL./KOYUNGOZU.

Bellis perennis L.; 18, 24.05.2011, Keskin, 103; 17,
22.06.2012, Keskin, 943. Avr.-Sibir.

DORONICUM L./ KAPLANOTU.

Doronicum orientale Hoffm.; 15, 23.05.2011, Keskin, 3.
SENECIO L./ KANARYAOTU.

Senecio vernalis Waldst. & Kit.; 4, 13.06.2011, Keskin, 190.
S. farfarifolius Boiss. & Kotschy; 15, 23.05.2011, Keskin, 55.
D. Akd. Endemik. (LC).

S. tauricolus Matthews; 12, 14.06.2011, Keskin, 255.Ir.-Tur.
Endemik. (LC).

S. pseudo-orientalis Schischkin; 11, 03.07.2011, Keskin, 483;
17, 22.06.2012, Keskin, 944. Ir.-Tur.

S.viscosus L.; 11, 03.07.2011, Keskin, 484.

TUSSILAGO L./ OKSURUKOTU.

Tussilago farfara L.; 14, 10.04.2012, 37-24-37 kuzey, 35-02-
52 dogu, Keskin, 595. Avr.-Sibir.

ANTHEMIS L./ PAPATYA.

Anthemis cretica L. subsp. anatolica (Boiss.) Grierson; 18,
24.05.2011, Keskin, 104.
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A. kotschyana Boiss. var. kotschyana; 2, 15.05.2012, Keskin,
747.

A. kotschyana Boiss. var. discoidea (Bornm.) Grierson; 14,
10.04.2012, 37-24-37 kuzey, 35-02-52 dogu, Keskin, 596.

A. fumariifolia Boiss.; 11, 03.07.2011, Keskin, 486. Ir.-Tur.
Endemik. (LC).

A. pungens Yavin; 17, 22.06.2012, Keskin, 945. Endemik.
(NT).

A. tinctoria L. var. tinctoria; 17, 22.06.2012, Keskin, 1000.
ACHILLEA L./ CIVANPERCEMI.

Achillea wilhelmsii C.Koch.; 2, 15.05.2012, Keskin, 749; 17,
22.06.2012, Keskin, 946. Ir.-Tur.

A. teretifolia Willd.; 12, 14.06.2011, Keskin, 257; 11,
03.07.2011, Keskin, 487. Ir.-Tur. Endemik. (LC).

A. kotschyi Boiss. subsp. kotschyi; 12, 14.06.2011, Keskin,
258.

A. setacea Waldst. & Kit.; 8, 16.05.2012, Keskin, 750; 6,
16.05.2012, Keskin, 806. Avr.-Sibir.

A. biebersteinii Afan.; 12, 14.06.2011, Keskin, 259; 11,
03.07.2011, Keskin, 489. Ir.-Tur.

A. cappadocica Hausskn. & Bornm.; 4, 13.06.2011, Keskin,
191. Endemik. Ir.-Tur. (LC).

TANACETUM L./ PIREOTU.

Tanacetum argenteum (Lam.) Willd. subsp. canum (C.Koch)
Grierson var. canum; 4, 13.06.2011, Keskin, 192; 9,
02.07.2011, Keskin, 374.

T. nitens (Boiss. & No€) Grierson; 4, 13.06.2011, Keskin, 193;
12, 14.06.2011, Keskin, 260. Endemik. (LC).

ARTEMISIA L./ YAVSAN

Artemisia vulgaris L.; 10, 22.10.2011, Keskin, 570; 14,
10.04.2012, 37-24-37 kuzey, 35-02-52 dogu, Keskin, 597.
GUNDELIA L./ KENGER.

Gundelia  tournefortii L. var. tournefortii; 6,
14.06.2011,Keskin, 261. Ir.-Tur.

CIRSIUM Miller./ KOYGOCUREN.

Cirsium libanoticum DC. subsp. arachnoideum Davis &
Parris; 4, 13.06.2011, Keskin, 195. Ir.-Tur.
PTILOSTEMON Cass. / BOZLANOTU.

Ptilostemon afer (Jacq.) Greuter. subsp. eburneus Greuter;
14,10.04.2012, 37-24-37 kuzey, 35-02-52 dogu, Keskin, 598.
Endemik.

CARDUUSL. / ESEKDIKENI.

Carduus nutans L. subsp. nutans sensu lato.; 17, 22.06.2012,
Keskin, 947.

RHAPONTICUM Ludwig, / KEKREDIKENI.
Rhaponticum repens (L.) Hidalgo, Ann. Bot.; 8, 16.05.2012,
Keskin, 751. Ir.-Tur.

CENTAUREA L./ PEYGAMBERCICEGI.

Centaurea virgata Lam.; 11, 03.07.2011, Keskin, 491. Ir.-
Tur.

C. cheirolopha (Fenzl) Wagenitz; 9, 02.07.2011, Keskin, 376.
D. Akd. Libnan.

C. solstitialis L. subsp. solstitialis;6, 14.06.2011, Keskin, 265;
17, 22.06.2012, Keskin, 948.

C. urvillei DC. subsp. urvillei; 9, 02.07.2011, Keskin, 377. D.
Akd.

C. ptosimopappa Hayek; 10, 22.10.2011, Keskin, 571. D. Akd.
Endemik. (VU).

C. mucronifera DC.; 4, 13.06.2011, Keskin, 196; 11,
03.07.2011, Keskin, 493. Ir.-Tur. Endemik. (LC).

C. triumfettii All.; 6, 16.05.2012, Keskin, 872.

CRUPINA (Pers.) DC. / GELINDONDUREN.

Crupina crupinastrum (Moris) Vis.; 6, 14.06.2011, Keskin,
267.

XERANTHEMUML. / KAGITCICEGI.

Xeranthemum annuum L.; 8, 16.05.2012, Keskin, 752.
ECHINOPS L./ TOPUZ.

Echinops viscosus DC. subsp. bithynicus (Boiss.) Rech.; 14,
10.04.2012, 37-24-37 kuzey, 35-02-52 dogu, Keskin, 599. Ir.-
Tur.

CICHORIUM L./ HINDIBA.

Cichorium intybus L.; 11, 03.07.2011, Keskin, 494.
SCORZONERA L./ TEKESAKALLI.

Scorzonera mollis Bieb. subsp. szowitzii (DC.) Chamberlain;
15, 23.05.2011, Keskin, 57. Ir.-Tur.

S. tomentosa L.; 9, 02.07.2011, Keskin, 378; 17, 22.06.2012,
Keskin, 949. Ir.-Tur. Endemik.

TRAGOPOGON L./ YEMLIK.

Tragopogon longirostris Bisch. ex Schultz Bip. var.
longirostris; 18, 24.05.2011, Keskin, 106.

T. coloratus C.A.Meyer; 6, 16.05.2012, Keskin, 73. Ir.-Tur.
T. latifolius Boiss. var. latifolius; 4, 13.06.2011, Keskin, 198;
9, 02.07.2011, Keskin, 379. Ir.-Tur.

T. latifolius Boiss. var. angustifolius Boiss.; 6, 14.06.2011,
Keskin, 271. Ir.-Tur.

LEONTODON L./ ASLANDISI.

Leontodon asperrimus (Willd.) J. Ball; 6, 14.06.2011, Keskin,
273. Ir.-Tur.

L. crispus Vill. subsp. asper (Waldst. & Kit.) Rohl. var.
setulosus (Hal.) Kupicha; 23, 10.04.2012, Keskin, 600.

L. oxylepis Boiss. & Heldr. var. oxylepis; 23, 10.04.2012,
Keskin, 601. D. Akd.

SONCHUS L. / ESEKGEVREGI

Sonchus asper (L.) Hill subsp. glaucescens (Jordan) Ball; 6,
14.06.2011, Keskin, 274.

REICHARDIA Roth / KARASAKIZ

Reichardia glauca Matthews; 11, 03.07.2011, Keskin, 496.
Ir.-Tur.

HIERACIUM L./ SAHINOTU.

Hieracium pannosum Boiss.; 9, 02.07.2011, Keskin, 380. D.
Akd.

H. bornmuelleri Freyn; 11, 03.07.2011, Keskin, 497; 17,
22.06.2012, Keskin, 950. Endemik. (LC).

PILOSELLA Hill/ TIRNAKOTU.

Pilosella piloselloides (Vill.) Sojak. subsp. megalomastix
(NP.) Sell & West; 6, 14.06.2011, Keskin, 275.

LACTUCA L./ MARUL.

Lactuca muralis (L.) Gaertn.; 8, 16.05.2012, Keskin, 753.
Auvr.-Sibir.

Lactuca tuberosa Jackg., Hort. Bot. Vindob.; 9, 02.07.2011,
Keskin, 381.D. Akd.

LAPSANA L./ SEBREK.

Lapsana communis L.; 8, 16.05.2012, Keskin, 754.
TARAXACUMWiggers. / KARAHINDIBA.

Taraxacum montanum (C.A.Meyer) DC.; 17, 22.06.2012,
Keskin, 951. Ir.-Tur.

T. officinale Weber; 18, 24.05.2011, Keskin, 107.

CREPIS L./ KISKIS.

Crepis reuterana Boiss. subsp. reuterana;17, 22.06.2012,
Keskin, 952. D. Akd.

C. foetidaL. subsp. rhoeadifolia(Bieb.); 4, 13.06.2011,
Keskin, 202.

C. sancta(L.) Babcock; 15, 23.05.2011, Keskin, 54.
CAMPANULACEAE / CANCICEGIGILLER.
CAMPANULA L./ CANCICEGI.

Campanula psilostachya Boiss. & Kotschy; 9, 02.07.2011,
Keskin, 383. Endemik. (NT).

C. glomerata L. subsp. hispida (Witasek) Hayek; 11,
03.07.2011, Keskin, 498. Avr.-Sibir.

C. involukrate L.; 11, 03.07.2011, Keskin, 500; 11,
03.07.2011, Keskin, 501. Ir.-Tur.

C. cymbalaria L.; 6, 16.05.2012, Keskin, 874. D. Akd.
ASYNEUMA Griseb. & Schenk. / CICEKLIDEGNEK.
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Asyneuma limonifolium (L.) Jonchen subsp. limonifolium; LEGOUSIA Durande. / KADINAYNASI

10, 22.10.2011, Keskin, 572. Legousia falcata (Ten.) Fritsch; 17, 22.06.2012, Keskin, 953.
MICHAUXIAL’Herit. / KECIBICIGI Akd.

Michauxia campanuloides L'hérit.; 2, 15.05.2012, Keskin, L. speculum —venesis (L.) Chaix; 4, 13.06.2011, Keskin, 205.
704. D. Akd. D. Akd

M. tchihatchewii Fisch. & Mey.; 9, 02.07.2011, Keskin, 384.
D. Akd. Endemik.
4. Sonuglar ve tartisma

Yapilan ¢alisma sonucu elde edilen verilere gore en ¢ok takson igeren familya ve cins, mevcut taksonlarin
fitocografik bolgelere gore dagilimlari ve endemizm orani daha onceki yillarda arastirma alanina yakin gevrelerde
gergeklestirilen diger ¢aligmalar ile kiyaslanmistir (Tablo 4.1, 4.2, 4.3 ve 4.4). Karsilastirma yapilan diger ¢aligmalar
sunlardir;

1. Kizildag Yayla (Adana) ve Cevresinin Florasi, 2. Akdag (Pozanti-Adana) ve Cevresinin Florasi [1], 3. Bolkar
Daglari’nin (Orta Toroslar) Flora ve Vejetasyonu [12], 4. Alihoca-Giimiis-Maden Koyleri Arasindaki Alanin ve Cevr.
Florasi [8], 5. Aladaglarin (Zamanti Irmag1 Yahyali Arasi, Kayseri) Florasi [5], 6. Pozant1 Dag1 (Nigde) ve Aladaglarin
(Nigde Kesimi) Florasi [20], 7. Mazmili Dag1 (Adana) ve Cevresinin Florasi [21].

Tablo 4.1. En ¢ok taksona sahip familyalarin kiyaslanmasi
Yapilan Calismalar P 1 2 3 4 5 6 7
Takson sayilari > 574 | 739 | 1645 | 540 | 713 | 1122 | 766

Asteraceae % | 116 13,1 | 104 | 115 | 9,9 | 11,7 | 11,2
Fabaceae % | 95 | 9,7 | 10,9 | 10,8 | 10,5 | 10,3 | 10,8
Brassicaceae % | 92 | 83 | 57 | 99 | 7,7 | 84 8,4

Tablo 4.2. Fitocografik bdlgelerin kiyaslanmasi
Yapilan Calismalar P 1 2 3 4 5 6 7
Takson sayilar > 574 | 739 | 1645 | 540 | 713 | 1122 | 766
Akdeniz % | 188|194 | 26,9 | 229 | 16,7 | 40,9 | 19,2
Iran-Turan % [ 172]169| 139 | 209 ] 285 | 22,3 | 195
Avrupa-Sibirya % |31 |51]| 72 | 56| 42| 56 | 63

Tablo 4.3. Endemizm oranlarinin kiyaslanmasi
Yapilan Calismalar P 1 2 3 4 5 6 7

Takson sayilari > 574 | 739 | 1645 | 540 | 713 | 1122 | 766
Endemizm Orani | % | 17,4 | 136 | 185 | 20,2 | 20,3 | 22,3 | 19,5

Tablo 4.4. En ¢ok taksona sahip cinslerin kiyaslanmasi

Yapilan Caligmalar » 1 2 3 4 5 6 7
Takson sayilari > 574 | 739 | 1645 | 540 | 713 | 1122 | 766
Astragalus 14 | 17 46 15 | 27 34 21
Silene 10 | 16 34 12 | 19 21 20
Salvia 10 | 13 18 | 11 | 14 | 20 | 16
Ornithogalum L. 8 5 6 6 8 9 4

Endemik taksonlarin tehlike kategorilerine bakildiginda; 38’1 LC (En az endise verici), 7’si NT (Tehdit altina
girebilir), 10’u VU (Zarar gorebilir), 5’1 CD (Koruma dnlemi gerektiren), 1’1 EN (Tehlikede), 1’1 CR (Kritik tehlikede),
1’i DD (Veri yetersiz) seklindedir [19]. Tehlike kategorileri bulgular kisminda takson adlarinin sonuna eklenmistir.
Calisma alanindan toplanan taksonlardan 25 tanesi 6B karesi i¢in yeni kayit olarak belirlenmis olup ve bu kareye katk1
saglanmustir.

Yapilan bu akademik c¢aligma ile hazirlanan yiiksek lisans tezinin yani sira 21. Ulusal Biyoloji Kongresinde
“Kizildag Yayla (Adana) ve Cevresinde Yayilis Gosteren Geofitler” adli bir sunum yapilmistir. Ayrica Nigde Omer
Halisdemir Universitesi Bilimsel Arastirmalar Projeleri Birimince desteklenen tez projemizin sonug raporu ilgili birime
sunulmustur. Bunu yani sira Nigde Omer Halisdemir Universitesi Fen Bilimleri Enstitiisii’ne 6zgiin bir yiiksek lisans tezi
kazandirlmigtir. Ayrica yapilan ¢alisma ile Tiirkiye florasina katkinin yani sira; flora, etnobotanik, bitkisel drog, tibbi
bitki, aktif madde analizcileri ve anti-mikrobiyal ¢alisanlar i¢in kaynak olusturabilecek taksonlarin varhigi ortaya
konulmustur. En 6nemli sonuglardan biriside alandan topladigimiz Myrsinaceae familyasi, Lysimachia cinsine ait
Lysimachia savranii Baskose & Keskin Tiirkiye florasi i¢in tiirii yeni tiir ve Akdeniz Bolgesi Adana Bolimii igin yeni
kay1t olarak yaymlanmustir. [6]
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Tesekkiir

Bu ¢alisma, "Kizildag Yayla (Karaisali-Adana) ve Cevresinin Florasi" adli proje kapsaminda gerceklestirilmistir.

Bu projeyi destekleyen Nigde Omer Halisdemir Universitesi Bilimsel Arastirma Projeleri Birimine (BAP) tesekkiir
ederim.

Simgeler ve Kisaltmalar
%: Yiizde, m/sn: Metre / Saniye, &: ve, °: Derece, *: Dakika, m.: Metre, mm?: Milimetre kiip, °C: Santigrat derece, yy.:
Yizyil, N: Kuzey, E: Dogu, W: Bati, GAZI: Gazi Universitesi Herbaryumu.
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Abstract

Tripleurospermum fissurale var. radiata (Asteraceae) was determined at Artvin Province in North-eastern
Anatolia (Turkey) and was defined as a new variety for the scientific world. The description of the taxon, its
distribution, ecology, detailed illustrations and achene morphology have been given in this study. It can be easily
differentiated from the T. fissurale by its ligulate flowers.

Key words: Artvin, Asteraceae, new variety, Tripleurospermum, Turkey

*

Tiirkiye’den yeni bir Tripleurospermum (Asteraceae) varyetesi

Ozet

Tripleurospermum fissurale var. radiata, Kuzeydogu Anadolu’da Artvin ilinde tespit edilmis ve bilim diinyasi
icin yeni bir varyete olarak tanimlanmistir. Bu ¢aligmada taksonun betimi, yayilisi, ekolojisi, aken morfolojisi ve detayli
resmi verilmistir. Dilsi gigeklere sahip olmasi ile T. fissurale tiiriinden kolayca ayirt edilir.

Anahtar kelimeler: Artvin, Asteraceae, yeni varyete, Tripleurospermum, Tiirkiye
1. Introduction

Within the Angiosperms, Asteraceae is a family which represents the greatest number species in the world.
With approximately 1600-1700 genera and 24000-30000 species, they are distributed throughout the entire globe,
excluding Antarctica. The number of species of the family constitutes approximately 10% of the flowering plants,
which is estimated to be between 250000-350000 [1]; whereas, Anthemideae, which is one of the 43 tribes of the
family, has a distribution of 111 genera and approximately 1800 species [2].

The Anthemideae tribe consists of 13 genera in the Flora of Turkey. These are the genera of Anthemis L.,
Chamaemulum Miller, Anacyclus L., Leucocyclus Boiss., Achillea L., Santolina L., Otanthus Hoffmans. & Link,
Chrysanthemum L., Leucanthemum Mill, Tanacetum L., Matricaria L, Tripleurospermum Schultz Bip. and Artemisia
L. [3].

In the differentiation of these genera and the taxa belonging to these genera, morphological characters,
especially, are extremely important, such as the capitulum, involucrum, receptacle and achene. For example, while the
capitulum is heterogamous and radiate in the Anacyclus, Achillea, Chrysanthemum and Leucanthemum, they are
homogamous and discoid in the Santolina and Otanthus. The fact that the involucrum is oblong to depressed-globose
(not hemispherical) in the tribe belonging to the Artemisia differentiates them from the other genera of the tribe. The
receptaculum is with palea in the Anthemis and Achillea, whereas it is without palea in the Tripleurospermum and
Tanacetum. While the achene is cylindrical, oblong or obpyramidal in the Tripleurospermum and generally with 2
glands, in the Achillea, it is compressed, oblong or obovate and without glands. However, in the Anthemis, it is
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obconical, cylindrical or in the shape of a square on the cross-section of its breadth and sometimes it is compressed
dorsiventrally and the gland is absent. There is no pappus in Chrysanthemum, Otanthus and Santolina, whereas it has
been reduced to the shape of a corona in the other genera.

In recent years, numerous taxonomical, anatomical, karyological and palynological studies have been made on
the genera, including the Anthemideae tribe [2,4,5,6,7,8,9,10,11,12,13]. Furthermore, research has been undertaken on
the phylogenetic relationships amongst the genera, with the studies being made at a molecular level. At the conclusion
of these studies, there have been changes made in the systematic position of some genera. For example, according to the
Flora of Turkey, all the species located in the Cota (J.Gay) Rupr. section of the Anthemis have been transferred to the
Cota J.Gay ex Guss. [14,15,16]. On the other hand, the Chamaemelum mixtum (L.) All., Cladanthus mixtus (L.) Oberpr.
& Vogt, Otanthus maritimus (L.) Hoffmans. & Link, Achillea maritima (L.) Ehrend. & Y.P.Guo and the Leucocyclus
formosus Boiss. have been accepted as a synonym of the Achillea formosa (Boiss.) Sch. Bip. [17,18,19]. In accordance
with this information, the Anthemideae tribe is represented in the present-day with 12 genera in Turkey with the
inclusion of the Cota and Cladanthus Cass.

Tripleurospermum is a genus that is distributed throughout the world with approximately 40 species in Europe,
North Africa, temperate Asia and North America [20]. The first revision of the genus in Turkey was made in the work
entitled The Flora of Turkey and the East Aegean Islands and 26 taxa were described. In subsequent years, 2 new
records and 3 new species were added to Turkish Flora [6,20,21,22,23,24]. The addition of these taxa to the flora of
Turkey has increased the number of Tripleurospermum taxa showing a distribution in Turkey to 32 (29 species, 3
varieties). Of these taxa, 16 are endemic.

When examining the specimens located at Ankara University, Faculty of Pharmacy Herbarium in 2018, two
Tripleurospermum specimens were encountered which had not previously been identified. When the detailed
morphological investigations of the specimens were made, one of these species was identified as Tripleurospermum
fissurale (Sosn.) E. Hossain., whereas the other was a specimen of the same species having ligulate flowers. At the
conclusion of the field studies which we made a year later in Yusufeli District of Artvin Province, both taxa displayed a
distribution and we decided that the specimens that had a ligule were a new variety of the Tripleurospermum fissurale.

2. Materials and methods

The materials of the study were composed of specimens of Tripleurospermum fissurale, which was distributed
in the environs of Derei¢i Village in Yusufeli District of Artvin Province in May 2019. There was an attempt to identify
the specimens collected in a detailed manner from literature related to the subject [25,26,27,28,29]. Furthermore, the
study materials were compared with specimens found in the AEF, ANK, GAZI and HUB herbaria. Photographs were
taken of the specimens from the study area.

The achenes were first investigated using a Leica EZ4D stereomicroscope. In order to determine their average
sizes, at least 20 mature fruits were measured for each species. For SEM analyses, the mature achenes were placed on
stubs and covered with gold. They were investigated and photographed with a JEOL JSM 6060 Scanning Electron
Microscope at the SEM laboratory of the Faculty of Science, Gazi University, Ankara. The terminology was adopted by
Barthlott [30], Inceer et al. [9] and Ozbek et al. [12].

3. Results
3.1. Tripleurospermum fissurale (Sosn.) E. Hossain, Notes Royal Botanical Garden Edinburgh 33: 435 (1975).

Type: [Turkey A8/9 Erzurum] prov. Kars: Olty prope p., Ukjam in rupium fissuris, 17 v 1912, Sosnowsky
(photo E!).

= Chamaemelum fissurale Sosn. in Monit. Jard. Bot. Tiflis, Ann. 11: 15 (1915).

Description: Annual or biennial, 30-70 cm. Stem solitary or divided at base, arising from taproot. Leaves
sessile, laciniae small, triangular-acute or linear-acute, mucronate, + densely pubescent; lower leaves 3-pinnatisect;
upper leaves 1-2 pinnatisect. Capitula heterogamous, radiate or homogamous, discoid. Involucre hemispherical, 7-18
mm broad. Peduncles long, 5-15 cm, glabrous. Phyllaries 4-seriate, glabrous; outer phyllaries 2-2.5 x 1-1.5 mm, ovate-
lanceolate; inner phyllaries 4 x 1-1.5 mm, oblong-lanceolate, all with pale brownish membranous margins. Receptacle
ovoid, epaleate. Ray flowers (if present) female, 15-20, white, elliptic, 8-10 x 3-4.5 mm, 3-lobed at apex. Disc flowers
numerous, hermaphrodite, yellow, 5-lobed, lobes 0.2-0.4 mm, tube cylindirical, 2-2.2 mm, eglandular at tips. Anthers
5, coherent along most of their length and forming a tube around style, filaments ca. 0.4 mm, appendages conical, blunt
at base; style of disc flowers ca. 2 mm, bifid, branches ca. 0.5 mm. Achenes 1.3-2.5 x 0.4-1 mm, oblong or
obpyramidal, brown at maturity copiously mucilaginous, dorsal side smooth or faintly tuberculate, ventral side 3-ribbed;
ribs thickened, white, fissures narrow; corona lobate, white, 0.25-0.8 mm.

Specimens examined: Tripleurospermum fissurale TURKEY. A8 Artvin: Yusufeli to Ispir 2 km, rocky
slopes, 40°47'59"E, 41°31'52"N, 25 May 2019, 605 m, U.Ozbek 3119 (GAZI); Yusufeli-Ispir road, around Kozakura
district, on the rock, 17 May 2004, 590-620 m, H. Duman 9416 et al. (GAZI); Artvin: Yusufeli, Ahlat district, dry steep
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slopes, 20 May 1983, 650 m, 4. Giiner 4821 & M. Vural (AEF), Artvin: From Ispir to Yusufeli, 10 km to Yusufeli,
roadsides, 31 May 2008, 653 m, H.Inceer 533 (photo E).

3.2. Tripleurospermum fissurale (Sosn.) E. Hossain var. radiata Ozbek var. nova Figures 1-4.

Type: TURKEY. A8 Artvin. Yusufeli, 1.5 km from Derei¢i village, rocky slopes, 40°51'43"E, 41°31'30"N, 25
May 2019, 745 m, U.Ozbek 3117 & M. Ekici (holotype GAZI, isotype AEF, ANK, NGBB).

Diagnosis: The new variety is similar to Tripleurospermum fissurale, but it clearly differs by the capitulum
presence of ray flowers.

Paratypes: TURKEY. A8 Artvin: Yusufeli, Dereici village, rocky slopes, 20 May 1983, 720 m, 4. Giiner
4808 & M. Vural (AEF).

Ecology: Tripleurospermum fissurale var. radiata, which is endemic to Turkey, grows between 720 and 745
m. elevation on rocky slopes. The variety grows together with Cleome ornithopodioides L., Chesneya elegans Fomine,
Haplophyllum myrtifolium Boiss., Dianthus orientalis Adams, Veronica oltensis Woronow ex Elenevsky, Astragalus
aduncus Willd., Astragalus xylobasis Freyn & Bornm., Tragopogon reticulatus Boiss. & A.Huet and Micromeria
elliptica K.Koch.

Phenology: The new variety was observed flowering from April to June and fruiting from May to July.

Figure 1. Distribution map of Tripleurospermum fissurale var. fissurale and T. fissurale var. radiata (black square)

3.3. Achene Morphology

The achenes of Tripleurospermum fissurale var. radiata are blackish-brown, obpyramidal or oblong, 2-2.5 x
0.7-1 mm, faintly tuberculate in anterior and 3-ribbed in posterior. Epidermal cells are rectangular with conspicuous,
straight or rarely undulate anticlinal walls, showing a reticulate appearance and conspicuous, concave, rugose striped
periclinal walls. These cells contain slime. The corona is lobate white and 0.5-0.8 mm in length. In T. fissurale var.
fissurale, the achenes are blackish-brown, obpyramidal or oblong, 1.3-2 x 0.4-0.6 mm, tuberculate in anterior and 3-
ribbed in posterior. Epidermal cells are rectangular with conspicuous, straight anticlinal walls, showing a reticulate
appearance and conspicuous, concave, rugose striped periclinal walls. These cells contain slime. The corona is lobate,
white and 0.25-0.5 mm in length. In T. oreades, the achenes are dark brown, obpyramidal or oblong, 1.5-2.2 x 0.6-1
mm, tuberculate in anterior and 3-ribbed in posterior. Epidermal cells are rectangular or polygonal with conspicuous or
inconspicuous, straight anticlinal walls, showing a reticulate appearance and conspicuous, flat or concave, ruminated or
striped periclinal walls. These cells contain slime. The corona is lobate, white and 0.5-1 mm in length (Fig. 4).
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Figure 2. Tripleurospermum fissurale var. radiata, A- Habit; B- Ray flowers; C- Achene, D- Style; E1- Outer

phyllaries; E2- Inner phyllaries
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Figure 3. Tripleurospermum fissurale var. radiata, A-B. General views of habit
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Figure 4. SEM micrographs of achenes of Tripleurospermum fissurale var. radiata (a-c), T. fissurale var. fissurale (d-f),
T. oreades (g-i). a, d, g). General aspect; b, c, e, f, h, i). Surface ornamentation. Black arrows indicate slime cells.

4. Conclusions and discussion

Tripleurospermum fissurale is one of 4 species which is distributed in Turkey and which does not have ligulate
flowers. The other species are T. disciforme (C.A. Meyer) Schultz Bip., T. decipiens (Fisch. & Mey.) Bornm. and T.
microcephalum (Boiss.) Bornm. Amongst these, the only endemic species is T. fissurale. The leaves have very small
laciniae, the flowers have a long peduncle, the corolla lobes are eglandular and the achenes are anteriorly smooth or
faintly tuberculate, posteriorly 3-ribbed and include an abundant amount of mucilage and are differentiated from the
other three species by having a long corona. However, the T. fissurale var. radiata, which is distributed in the same
geographical area, is easily differentiated from T. fissurale by the existence of ligulate flowers. These types of
variations are also observed in some genera within the tribe. For example, there are varieties of the Anthemis aciphylla
Boiss. that have both radiate and discoid capitula and are endemic in these two taxa. A similar situation also occurs in
the taxa belonging to the Anthemis pectinata (Bory & Chaub.) Boiss. & Reut., Anthemis pauciloba Boiss., Anthemis
calcarea Sosn. and Tanacetum balsamita L.

Identification key to new variety with T. fissurale is given below:
1. Capitula diSCOIA. .. . vttt e var. fissurale
L. Capitula TAAIALE. . ...ttt ettt et et et et et e e e et e e e et et ettt a et e aana var. radiata

T. fissurale var. radiata resembles the T. oreades, which has a distribution in the same region, since the new
variety has ligulate flowers on the capitula and they are eglandular at the corolla tips. The fact that it is annual or
biennial (not perennial), that the lower leaves are 3-pinnatisect (not 1-2-pinnatisect) and deep laciniae, triangular-acute
or linear-acute (not linear-lanceolate or linear-filiform), the capitula 2-3 and 6-8 mm in width excluding the ligulate
flowers (single and sometimes 2-9 and not a width of 1-1.8 mm excluding the ligulate flowers), that the outer phyllaries
are ovate-lanceolate (not triangular-acute), that the inner phyllaries are oblong-lanceolate (not oblong), that the
receptacles are ovoid (not ovoid-conical, ovoid or & hemispherical), that the achenes are 2-2.5 x 0.7-1 mm (not 1.5-2.2
x 0.6—1 mm) and that the corona is 0.5-0.8 mm (not 0.5-1 mm), shows its difference (Table 1).

The achenes of the three investigated taxa are very similar to each other. In general, achenes are blackish-

brown or dark brown, obpyramidal or oblong, (1.3-)1.5-2.5 x 0.4-1 mm, tuberculate in anterior and posteriorly 3-
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ribbed. The surface ornamentation shows a little difference amongst the T. fissurale var. radiata, T. fissurale var.
fissurale and T. oreades. The ornamentation on the achene surface is reticulate-rugose-striate in T. fissurale var.
radiata and T. fissurale var. fissurale, whereas it is reticulate-ruminate-striate in T. oreades. All taxa have distinct slime
cells on their achene surfaces. These results are in agreement with the data about T. fissurale of Inceer et al. (2012b).
Enayet Hossain (1975) and also Inceer et al. (2012b) stated that the presence or absence of the slime has a diagnostic
value for Tripleurospermum species.

Table 1. Morphological comparison of Tripleurospermum fissurale var. radiata and T. oreades

Characters T. fissurale var. radiata T. oreades

Habit annual or biennial perennial

Lower leaves 3-pinnatisect; triangular-acute or linear- | 1-2-pinnatisect; linear-lanceolate or linear-
acute filiform

Capitula 2-3; 6-8 mm width 2-9; 1-1.8 mm width

Outer phyllaries ovate-lanceolate triangular-acute

Inner phyllaries oblong-lanceolate oblong

Receptacle ovoid ovoid-conical, ovoid or hemispherical

Achenes 2-2.5x0.7-1 mm 1.5-2.2 x 0.6-1 mm

Corona 0.5-0.8 mm 0.5-1 mm
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Abstract

In this study, Salep and Salep products were evaluated in terms of food and pharmacy. For this purpose,
investigated which plants are used as salep, the growth status of these plants in our country was examined and the
pharmacological properties of salep were compiled with source data. Clinical studies on salep have shown that they are
effective in the treatment of chronic constipation and obesity. In the experimental part of our study, 11 different salep
samples in the market in Ankara were purchased, and examined organoleptic and anatomically. The anatomical
properties of these samples were compared with the characteristic elements of the Orchis anatolica tubers collected
from nature. Raphides are a characteristic anatomical features for natural salep samples. According to our results
obtained from the microscopic study, it was observed that substances such as starch, carboxymethylcellulose (CMC),
methylcellulose (MC) were added to the salep samples on the market.

Key words: Orchidaceae, Salep tubera, salep, anatomy

Salep ve salep iceren iiriinlerin gida ve eczacilik agisindan incelenmesi

Ozet

Bu calismada salep ve salep igeren iiriinler gida ve eczacilik agisindan degerlendirilmistir. Bu amagla, salepin
elde edildigi cins ve tiirler belirlenmis, bu tiirlerin {ilkemizdeki yetisme durumu incelenmis ve salepin farmakolojik
ozellikleri kaynak verileriyle derlenmistir. Salep iizerinde yapilan klinik g¢aligmalar, kronik kabizlik ve obezite
tedavisinde etkili oldugunu gostermistir. Caligmamizin deneysel kisminda, Ankara piyasasinda bulunan 11 farkli salep
ornegi satin alinip, organoleptik ve anatomik olarak incelenmigtir. Bu numunelerin anatomik o6zellikleri dogadan
topladigimiz Orchis anatolica yumrularinin karakteristik elemanlari ile karsilagtirilmistir. Dogal salep 6rneklerinde rafit,
karakteristik bir anatomik 6zelliktir. Mikroskobik c¢alisma sonucu elde edilen bulgularimiza gore, piyasada bulunan
salep numunelerine nisasta, karboksimetilseliiloz (CMC), metilseliilloz (MC) gibi maddelerin katildig1 gortilmiistiir.

Anahtar kelimeler: Orchidaceae, Salep tubera, salep, anatomi

1. Giris

Orchidaceae familyasi, diinya ¢apinda kaydedilen yaklasik 26.570 tiir ile bitkiler aleminin en biiyiik ve yaygin
familyalarindan biridir [1]. Bu bitkiler ¢ok yillik, ototrof ya da bazen heterotrof olup endotrop mantarlar ile simbiyotik
yasam siiren otsu formlardir. Rizom siirliniicii veya etli, lifli bir yapiya indirgenmis ya da yumru benzeri koklere
sahiptir. Yumrular silindirik, ovoid veya pargali, 1-2 cm, ¢ok sert, kirli sari-bej renkli, {izeri piirtiiklidiir. Yapraklar
bazal ya da govdede bulunur, nadiren yaprak tasimaz. Ci¢ek durumu basak seklinde, gévde ucunda bulunur. Cigekler
zigomorf, biiyiikliikk ve renk bakimindan ¢ok cesitlilik gosterirler. Cigeklerin sayisi, sik veya aralikli dizilmesi bitkinin
teshisinde kullanilabilecek 6nemli ayirt edici 6zelliklerdir [2,3,4]. Tirkiye, Liliaceae ve Orchidaceae familyalarma ait
geofit cins ve tiirler bakimindan zengindir. Orchidaceae familyasina ait tiirler Tiirkiye nin hemen hemen her bolgesinde
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yetisebilmektedir. Salep bazi ¢ok yillik Orchidaceae tiirlerinin ¢ift kok yumrularimin soluk sarimsi, kaba ve sert
kurutulmug yumrularin 6giitilmesi ile elde edilir. Tiirkiye’de 5 cinse ait (Anacamptis Rich., Himantaglossum Spreng.,
Ophrys L., Orchis L., Serapias L.) 28 orkide tiirii endemiktir [5]. Orkide tiirlerinin % 85’inden salep tretilebilmektedir
[6]. Salep elde edilmesine uygun tiirler daha ¢ok Orchis, Anacamptis, Ophyrs, Serapias, Himantoglossum, Barlia Parl.
gibi ovoid gibi yumrulu olanlar ve Dactylorhiza Necker ex Nevski gibi parcali yumrulu olanlardir. Son zamanlarda
Platanthera Rich. tiirlerinden de bazi bolgelerde salep elde edildigi bilgisi mevcuttur [3,7]. Kastamonu yoresinde ise
genellikle Orchis mascula L. ve O. purpurea Hudson tiirleri yetismektedir [8]. Ticari salep olarak Mugla (Orchis
anatolica Boiss., O. italica Poir., O. tridentata Scop., O. simia Lam., O. pinetorum Boiss. & Kotschy, O. provincialis
var. pauciflora (Ten.) Batt, O. sancta L. , O. morio L., O. romana Sebast., Anacamptis pyramidalis Rich.,
Himantoglossum longibracteatum (Rchb.f.) Schltr., Serapias laxiflora Rchb.f., S. vomeracea (Burm.f.) Brig., Ophrys
fuciflora (F.W.Schmidt) Moench, O. fusca Link, O. mammosa Desf., O. cornuta ssp. orientalis Renz, O. ferrum-
equinum Desf., O. bombyliflora Link, O. lutea var. minor (Tod.) Guss., O. speculum Link), Kahramanmaras
(Dactylorhiza osmanica (Klinge) P.F.Hunt & Summerh., Orchis palustris Jacq., O. coriophora L.) ve Kastamonu salebi
en iyiler arasindadir [6,9]. Orkide yumrularinin salep disinda degisik preparatlar halinde balgam soktiiriicii veya gogiis
yumusatici olarak kullanildig1 bilinmektedir [3].

Bu ¢alisma, 6zellikle kis aylarinda yogun olarak tiiketilen ve tilkemiz agisindan ekonomik degere sahip oldugu
gibi gelecegi tehlike altinda olan salebi drog (tibbi degeri olan bitki kismi) olarak incelenmek iizere tasarlanmigtir. Bu
incelemede oOncelikle drogun tanitimi, tarihgesi, halk arasinda geleneksel kullamimi, kimyasal bilesimi, ekonomik
degeri, gida ve tibbi agidan 6nemi yapilan bilimsel ¢alismalar 1g1ginda ayr1 basliklar halinde verilmistir. Drogun genel
tanmittm1 ayrintili olarak incelendikten sonra ikinci olarak salep Orneklerinde anatomik bir standardizasyonunu
belirlemek amaciyla, Ankara piyasasinda farkli yerlerden farkli sekillerde satin almman ornekler, standart olarak
kullanilan (Safranbolu ve Elmadag) numunelerin anatomik O6zellikleriyle ve ayrici gida katki maddesi olarak
kullanildig1 bilinen metil seliiloz ve karboksimetil seliiloz ile karsilastiriimistir.

1.1. Salep tubera

Orkideler yoresel olarak, Arapg¢a’dan dilimize gegen ve “tilki” anlamina gelen “salep” ya da “sahlep” olarak
adlandiriimaktadir. “Salep tubera” eski eserlerde “Husyet-iil sa’leb” (tilki testisi) veya “Husyet-iil kelb” (kopek testisi)
olarak adlandirilmistir. Diger dillerde de benzer bir durum vardir. Italyanca'da “testicolo di cane”; eski Ingilizce'de ise
“foxstones” veya “dogstones” kelimeleri kullanilmistir [3].

Ilman kusak veya karasal orkidelerin toprakalti organlari; yumru (tuber), kdk ve rizom olarak farklilik
gostermektedir. Yukarida bahsi gecen cinslerin (Dactylorhiza disinda) iki yumrusu vardir. Bunlardan birisi digerinden
daha kiigiik, kahverengi renktedir. Bitkiyi besledigi i¢in biiziismiis yapidadir. Diger yumru ise daha biiyiik, sigkin ve
parlak goriinimlidiir ve gelecek sene yeni bitkinin gelismesini saglayacaktir. Bu biiylik yumruya kardes yumru
(hemsire yumru) denir. Salep iiretimi i¢in bu kardes yumru bu bitkiler ¢igekli haldeyken kazilip topraktan ¢ikarilmakta,
toplanip salep elde etmek amaciyla kullanilmaktadir. Sert ve seffaf goriiniimli olan yumrular 5-30 mm genislik ve 10-
40 mm uzunlugunda yumurta seklindedir [3].

1.2. Tiirkiye 'de Salep Elde Edilen Bilgeler

Kuzey Anadolu’da, Tokat ilinden Yozgat’mm Maden ilgesine kadar olan bolgelerde, ayrica Kastamonu’da
“Kastamonu Salebi”’; Dogu Anadolu’da, Bitlis, Mus ve Van yorelerinde “Van salebi”; Giineydogu Anadolu’da,
Malatya, Adiyaman ve Kahramanmarag civarinda “Maras salebi”; Anadolu’nun batisinda, Kiitahya-Bilecik civarinda;
Anadolu’nun giineyinde, “Silifke salebi”, “Mugla salebi” ve “Antalya salebi” elde edilmektedir [10].

1.3. Salep tubera’nin Tarih¢esi

Salep, ¢ok eski zamanlardan beri tip kitaplarinda yer alan bir drogtur. Orkidelerin yaprak ve ¢i¢ekleri hakkinda
bilgi veren Dioscorides’in “Materia Medica”sinda biiylik yumruyu yiyen kisinin erkek, kiiciik yumruyu yiyen kisinin ise
kiz ¢ocuk sahibi olacagi sdylenmistir [3]. Tbn-i Sina'min “Kanun” adli eserinin 2. cildinde “Satrinuyun ve Buzidan”
baslhig1 altinda saleple ilgili bilgiler bulunmaktadir. Tbn-i Sina, cinsel giicii arttiric1 ve felg giderici olarak bu drogu
tavsiye etmektedir. Eklem ve gut agrilarina iyi geldigini ve zehirlenmelerde yararli oldugunu belirtmistir. Sarapla
icilirse veya salep yumrulari elle ogusturulursa cinsel coskuyu arttirdigini belirtmistir [11].

1.4. Salep tubera’nin Elde Edilisi

Eskiden degisik amaglarla ilag yapiminda kullanilmigsa da, bu kullanimi terk edilen salep, giiniimiizde sadece
gida olarak degerlendirilmektedir [12]. Tirkiye'de, salep 6zellikle Kahramanmaras tipi dondurmada stabilize edici
olarak kullanilir ve salep belirli nitelikleri igin (6rnegin, gorece erime ve gelistirilmis tat gecikme) vazgegilmezdir [13].
Salep bitkisinin dogal sartlarda ¢imlenip gelismesi yaklasik olarak dort yil siirmektedir. Dogada yapilan incelemeler
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sonucunda bazi bitkilerin kiimeler halinde gelistikleri gdzlenmis ve bunlarin kardes yumrularla ¢ogaldigi tahmin
edilerek daha detayli gézlemler yapilmistir [14,15].

Orkidelerin taban yapraklar1 ¢ikmaya basladig1 ya da g¢igeklenme oldugu zaman, salep toplayicilari tarafindan
bitkinin etrafi kazilarak yumrular g¢ikarilarak yeni yumrular alinir. Topraktan ¢ikarilan yumrular bol su ile yikanir.
Temizlenen yumrular kaynar suyun igine daldirilir ve tekrar kaynama baglayincaya kadar yumrular su iginde tutulur.
Sonra sicak su igerisinden ¢ikarilarak soguk suya daldirilir. Soguk sudan ¢ikarilan yumrular eleklere yayilir ve tazyikli
su ile yikanir. Daha sonra betona serilerek, giineste kurutulur [6].

Tirkiye’nin tehlike altindaki ve nadir tiirlerini iceren Kirmizi kitaba gore, Orchidaceae familyasinin bazi
tiirleri, gelecekte yok olma tehlikesiyle karsi karstya bulundugu i¢in yiiksek risk sinifinda yer alir. Tiirkiye’de “Salep”in
dis satim1 1974 yilindan itibaren yasaklanmustir, fakat farkli formlarda ihracati hala devam etmektedir [15].

1.5. Salep tubera’min Halk Arasinda Kullanimi

Salep antik zamanlardan beri besin, keyif verici madde ve ilag olarak kullanilmistir ve orkidelerin yumru
seklindeki koklerinden iiretilmistir. Yumrulardan yapilan ilag “mucilago salep” (salep mukusu) olarak tanimlanmakta
ve ilacin her kullanimda taze olarak hazirlanmasi gerekmektedir. Ayn1 madde, 6zellikle diger ilaglar i¢in de kivam
arttirict dolgu malzemesi olarak da kullanilmistir [16].

Tiirklerin tarihinde 8. yiizy1l basinda Islam’a déniis basladiginda, sarap ve kimiz yasaklaninca bu alkollii
icecekler yerine alkolsiiz olan boza, {iziim siras1 ve salep tercih edilir olmustur. Yaz aylarinda {izim sirasi tiiketilirken
boza ve sicak salep kisin tercih edilen sicak igecektir [17]. Sicak salep, viskoz, siitlii bir igecektir. Genellikle evde
hazirlanir ve 6zellikle kis aylarinda tercih edilir. Salep tozu, siit ve seker ile kaynatilarak sicak bir igecek hazirlanir ve
iistline tar¢in serpilerek servis edilir. Salep ayrica geleneksel Kahramanmaras tipi dondurmada ana bilesendir [18].

Giiney Afrika iilkelerinde salebin yiiksek miktarda kullanildigi belirlenmistir. Etsiz sucuk seklinde olan
‘chikanda’ Disa, Habenaria ve Satyrium orkide yumrularindan yapilmis geleneksel bir 6gle yiyecegi olarak tiiketilen,
popiiler Zambiya yemegidir. Chikanda’nin yiiksek popiilaritesi, Zambiya'da orkide tiirlerinin ciddi bir sekilde dogada
azalmasma neden olmustur. Ardindan, Tanzanya’dan Zambiya’ya kadar genis bir yelpazede yenilebilir salep ihrag
edilmigtir [19].

Salep orkideleri, iilser ve list solunum yollart rahatsizliklarinda, ishal kesici, kuvvet verici ve gida olarak
tilkemizde kullanilmaktadir [15]. Orkideden yapilan terapétik preparatlar Geleneksel Cin Tibb1 ve geleneksel Hint
Tibbi’nda kullamilir. Hindistan'da Habenaria edgeworthii Hook.f. ex Collett orkidesi, tonik ‘chyawanprash’
hazirlanmasinda kullanilmaktadir. Hindistan’da halk arasinda tonik, antibakteriyel, afrodizyak, antitiimor, ates diisiiriicii
ve yara iyilestirici ozellikleri yani sira, kiir ve yardimer madde ile tliberkiiloz, hazimsizlik, bas agrisi, ates, kirik
kemiklerin iyilesmesinde, mide rahatsizliklarinda ve hatta yilan sokmasinda kullanildig tespit edilmistir [12,20,21].

1.6. Salep tubera’nin Kimyasal Bilesimi ve Biyolojik Etkileri

Orkidelerde polisakkaritler, alkaloid, glikozidler, fenolik bilesiklerin varligi bilinmektedir [22]. Salep
Tirkiye'nin farkli bolgelerinde farkli yabani Orchidaceae tiirlerinden iretilir, standart bir kimyasal bilesime sahip
degildir [3,13,23]. Salep kaynakl triinlerin kalitesini, salebin kimyasal bilesimi ve 6zellikle glukomannan ve nigasta
icerigi etkilemektedir [24]. “Tiirk Salep Cesitleri Uzerine Arastirmalar” adli ¢alismada, salep tiirlerinin ¢icek, yaprak ve
yumru morfolojilerindeki farkliliklarin yani sira, bunlarin; kimyasal igerikleri bakimindan da farkli olduklarini ve
yapilarinda nisasta, seker (glikoz ve fruktoz), azotlu maddeler ve glukomannan o6zelliginde miisilaj tasidiklarini
belirtmiglerdir [23]. Salep, toz edilmis halde ve ¢ogunlukla da nisasta ile katistirtlmis olarak satilmaktadir. Drogun
mikroskobik karakteristik elementleri, iri miisilaj hiicreleri ve iki tip, kisa ve uzun, ince rafitleridir. Mikroskobik
incelemede sekli bozulmamis nisasta taneleri goriiliirse tozun tagsis edildigi (katistirildigi) anlasilir, ¢ilinkii salepte
bulunan nisgasta, drog hazirlanirken 1s1l islem gordiigiinden peltelesmistir [4,25].

Giliniimiizde glukomannan ilag olarak diisiiniilmemekle birlikte, literatiirde tanimlanan biyolojik etkileri
nedeniyle biyoaktif bir polimer olarak kabul edilmistir. Tip 2 diyabet gelistirilmis siganlara, oral yoldan, glukomannan
verilmesini takiben, serum glukoz seviyelerinde azalma belirlenmistir. Bu etki, karbonhidrat absorbsiyonunun
inhibisyonuna ve ayrica yemek sonrasi insiilin saliniminin diismesine baglanmistir. Diger taraftan kemirgenler lizerinde
ylriitiilen bazi arastirmalar, glukomannanin tiimor gelisimini inhibe edici 6zellik gosterdigini 6ne siirmektedir. Ancak
bu etkinin mekanizmasi detayli olarak ac¢iklanamamistir [26]. Glukomannan yan etki gostermeksizin kronik kabizlik
tedavisinde kullanilabilmektedir [27]. Orchis anatolica Boiss.’nin yumrularinin erkek siganlarda dogurganligr arttirdigi,
yapraklarinin ise dogurganlig1 azalttig1 [28,29], Orchis latifolia L. igeren bir bitkisel preparat ile iki haftalik takviyenin
secilen geng erkeklerde dolagimdaki testosteronu arttirabildigi tespit edilmistir [30]. O. mascula L.’ nin antikonviilsan ve
antioksidan etkisinin oldugu [31] ve hipertansiyon tedavisinde etkili oldugu tespit edilmistir [32]. Salep dogal
dengeleyici madde olarak Tiirk tipi dondurmada yaygin olarak kullanilmaktadir. Farkli salep numunelerinin, farkli
konsantrasyonlardaki viskozitelerinin sicakliga bagli oldugu belirlenmistir. Siit-salep-seker ve su-salep-seker
karigimlarinin  viskoziteleri karsilastirilmig, elde edilen verilere gore siit-salep-seker karigiminin ¢aligilan tiim
konsantrasyonlarda ve sicakliklarda akigkanlhiginin zor oldugu anlagilmistir. Salep konsantrasyonunda sicakligin
viskozite degisiminde daha etkili oldugu tespit edilmistir [33].
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2. Materyal ve yontem

Calismada mikroskobik karakteristik elemanlar1 belirlemek igin salep yumrusu 6rnekleri Safranbolu’dan (1
Nisan 2017) kurutulmus yumru seklinde yerel bir diikkindan satin alinmustir. Ornekler kavanoz iginde Ankara
Universitesi Eczacilik Fakiiltesi Herbaryumu’nda depolanmistir (AEF 28903). Ayrica Elmadag (Ankara)’dan salep
hazirlamak igin toplanan sadece iki adet bitki herbaryum 6rnegi (ANK/EP-60625) hazirlamak ve yine mikroskobik
ozellikleri tayin etmek i¢in dogadan toplanmistir. Standart olarak kullanilmak iizere temin edilen her iki 6rnek de toz
edilmis ve standart numune olarak kullamilmistir (Sekil 1). Calismamiza konu olan 11 farkli salep 6rnegi Ankara
piyasasindan (yerel diikkan, market, aktar, pastane, kafe) “salep” adi ile paketli (kutu, poset iginde) veya toz halde acik
olarak satin alinmigtir (Tablo 1). Standart numune olarak kullanilacak olan salep 6rneklerinin morfolojik 6zellikleri
tespit edilmis ve fotograflari g¢ekilmistir (Panasonic DMC-FX33). Standart numunenin organoleptik kontroliinde,
numune toz edilmis ve genel goriiniis, renk, koku, tat gibi karakterleri saptanmigtir. Anatomik incelemeler i¢in satin
alinan piyasa 6rneklerinden Sartur Cozeltisi (TFR) [34-36], Kloralhidrat Cozeltisi ve Distile su ile ayr1 ayri hazirlanan
preparatlar, 1s1ik mikroskobunda (Leica CME) incelenmis ve mikrofotograflari ¢ekilmistir (Leica DM 4000B).

|- > c
Sekil 1. a. Orchis anatolica (Elmadag/Ankara), b. Salep tubera (Safranbolu), c. Toz edilmis Salep tubera

Tablo 1. Calisma sirasinda materyal olarak kullanilan Salep tubera 6rneklerinin ve standartlarin temin edildigi yerler
Numune Numune Temin Edildigi Yer Satilma Sekli

Kodu

Standart Std (1) Safranbolu Ipe dizilmis sekilde, kurutulmus yumrular (AEF 28903)
Standart Std (2) Elmadag ANKI/EP-60625
Numune 1 N1 Ankara, Aktar Toz halde, agikta satilan numune
Numune 2 N2 Ankara, Aktar Toz halde, agikta satilan numune
Numune 3 N3 Ankara, Aktar Toz halde, agikta satilan numune
Numune 4 N4 Ankara, Pastane Tek kullanimlik poset
Numune 5 NS Ankara, Pastane Paket halinde

Numune 6 N6 Ankara, Aktar Toz halde, agikta satilan numune
Numune 7 N7 Ankara, Yerel diikkan (Bahgelievler) Toz halde, acikta satilan numune
Numune 8 N8 Ankara, Kafe Toz halde

Numune 9 N9 Ankara, Market Paket halinde

Numune 10 N10 Ankara, Market Paket halinde
Numune 11 N11 Ankara, Kafe Tek kullanimlik poset

3. Bulgular

3.1. Salep tubera toz érneginin organoleptik kontrolii

Standart toz drog heterojen, sarimsi-kahverengi, aromatik kokulu, kendine 6zgii lezzetli, sert, kiigiik kitleler
halindedir (Sekil 1.¢).

3.2. Salep tubera, karboksimetilseliiloz (CMC) ve metilseliiloz (MC) Standart érneklerinin mikroskobik kontrolii

Standart olarak kullandigimiz Salep tubera toz o6rnekleri (Safrabolu 6rneginde peltelesmis nisasta ve rafit,
Elmadag o6rneginde rafit) ile karboksimetilseliiloz (CMC) ve metilselilloz (MC) distile su, Kloralhidrat ve Sartur
¢ozeltileri kullanilarak incelenmis, karakteristik goriintiileri belirlenmis ve mikrofotograflari ¢ekilmistir. Piyasadan
temin edilen 11 farkli 6rnek de ii¢ farkli reaktif i¢inde incelenmis ve bu 6rneklere ait mikrofotograflar verilmistir (Sekil
2.-16.).
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¥B C
Sekil 2. Salep tubera standart numune (Safranbolu 6rnegi). A. Distile su (rafitler), B. Kloralhidrat Cozeltisi (rafitler),
C. Sartur Cozeltisi (peltelesmis nisasta)

A s

: .A S R 2 R C
Sekil 3. Salep tubera standart numune (Elmadag 6rnegi). A. Distile su (rafitler), B. Kloralhidrat Cozeltisi (rafitler),
C. Sartur Cozeltisi (rafitler)

B
Sekil 4. Karboksimetilselilloz (CMC). A. Distile su, B. Kloralhidrat Cozeltisi, C. Sartur Cozeltisi

Sekil 5. Metilseliiloz (MC). A. Distile su, B. Kloralhidrat Cozeltisi, C. Sartur Cozeltisi
3.3. Piyasa orneklerinin incelenmesi

3.3.1. Organoleptik kontrol

Ankara’nin fakli yerlerinden ¢esitli sekillerde “salep” adr ile satilan drneklerin organoleptik incelenmesinde,
N2 ve N8 orneklerinin homojen goriiniime, digerlerinin ise heterojen bir goriiniime sahip oldugu; N2, N6 ve N8’in
beyaz renkli, digerlerinin sarimsi-kahverengine sahip toz oldugu; N1, N2, N5, N6, N7 6rnekleri disinda diger 6rneklerin
aromatik kokulu, kendine 6zgii lezzetli oldugu tespit edilmistir.

3.3.2. Mikroskobik kontrol

Aktarlardan ve marketlerden temin edilen ¢aligma materyalleri, distile su, Kloralhidrat ve Sartur ¢ozeltileri
kullanilarak incelenmis, karakteristik 6zellikleri belirlenmis ve mikrofotograflart ¢ekilerek gorsel olarak verilmistir
(Sekil 6.-16.).
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Sekll 8. Numune 3. A. Distile su (rafit), B. Kloralhidrat Cozeltisi, C. Sartur Cozeltisi (peltelesmis nigasta ve
miisilaj hiicresi)

3

B

Sekil 11. Numune 6. A. Distile su (nlsasta) B. Kloralhldrat Cozeltlsl C. Sartur Cozeltlsl

Investigation of salep and salep containing products in view of food and pharmacy
Muhammed Mesud HURKUL, Rahime Biisra CIFTCI, Aysegiil KOROGLU



150 Biological Diversity and Conservation — 13 / 2 (2020)

Sekil 16. Numune 11. A. Distile su, B. Kloralhidrat C6zeltisi, C. Sartur Cozeltisi

4. Sonugclar ve tartisma

Bu ¢alismada, Orchidaceae familyasinin toprakta yetisen bazi tiirlerinden elde edilen ve yumrular drog olarak
kullanilan Salep tubera hakkinda oncelikle bilgi derlenmis sonrasinda ise piyasadan satin alinan salep oOrnekleri
mikroskobik karakteristik elemanlar1 agisindan incelenmistir. Bu amagla, Ankara piyasasinda farkli yerlerden ve farkli
satig sekillerinde, 11 numune incelenmek iizere satin alinmistir, ayrica standart olarak kullanilmak iizere Safranbolu’dan
ve Elmadag (Ankara)’dan numune temin edilmistir.

Salep drogu halk arasinda ge¢misten giiniimiize birgok farkli toplumda oldugu gibi iilkemizde de ¢ok fazla
taninmakta ve kullanilmaktadir. Geleneksel bitki kullanimi bilgisine dayanan salep tiiketimi, giiniimiizde 6zellikle kis
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aylarinda medyanin yogun olarak giindeme getirmis oldugu tibbi bitki kullanimi konusunun yarattigi bir arz-talep
iligkisi sonucu daha da fazla ilgi gérmektedir. Ayn1 zamanda geleneksel kullamimdan baglayip klinik ¢aligmalarla da
cesitli etkileri bilimsel olarak kanitlanmis olan salep [12,15-21,26-32], gida olarak kullaniminin yani sira tibbi degeri
acisindan da yogun ilgi gérmektedir. Drogun bilesiminde glukomannan, miisilaj, nisasta gibi daha ¢ok karbonhidrat
yapisinda olmakla birlikte protein yapisinda primer ve sekonder metabolitler yer almaktadir [22-24]. Bunlar arasinda
etkiden sorumlu olan bilesigin genellikle glukomannan oldugu ¢esitli ¢aligsmalarla belirlenmistir [17]. Bu piyasa talebini
yok olma tehlikesiyle karsi karsiya olan dogal bitkilerden karsilamak pek de miimkiin gériilmemektedir. Ciinkii bitkinin
gelecek sene devamuni saglayacak olan kardes yumrulari drog olarak kullanilmak {izere toplanmakta ve tiiriin
devamlilig1 tehlikeye girmektedir [15]. Drog yogun olarak kullanilmasina ragmen birgok farkli cinse ait tiirden elde
edildigi i¢in Avrupa (2010) ve Tiirk Farmakopesi’nde (2017) monograf olarak yer almamaktadir. Bu baglamda, yogun
piyasa talebinin nasil karsilandigini belirlemek icin mikroskobik karakterlerin belirlenmesi ve kaynagin tespit edilmesi
onem tasimaktadir. Bu calismada drog olarak kullanilan bitki kisminin biitiin 6zellikleri kaynak verileriyle derlenmis ve
mikroskobik olarak karakterizasyonu tespit edilmeye calisilmistir.

Incelenen kaynaklara gore, Salep yumrularinin siirekli ve diizensiz toplanmasi, baz tiirlerde kritik diizeyde bir
azalmaya neden olmaktadir. Ulkemizin tehlike altindaki ve nadir tiirlerini iceren Kirmiz1 kitaba gore, Orchidaceae
familyasindan bazi tiirlerin yiiksek risk altinda oldugu ve yakin gelecekte yok olma tehlikesiyle kars1 karsiya bulundugu
kayithdir. Ulkemizde 1974 yilindan itibaren “Salep” dis satimu yasaklanmis olmasina ragmen farkli formlarda ihracat:
hala devam etmektedir. Ozellikle kirsal kesimlerde yogun yumru toplamalar1 ve gelecek sene iiriin olacak kardes
yumrularin tahrip edilmesi, floramizdaki salep tiirlerinin ve popiilasyonlarinin azalmasina, bazi tiirlerin ise yok
olmasma neden olmaktadir [15]. Bu g¢evresel zararin onlenebilmesi ve salebin bilingli olarak tiiketilebilmesi i¢in
orkidelerin kiiltiirlenme ¢alismalarinin yapilmasi [37], kagak toplanmanin 6niine gegilmesi gerektigi, salep liriinlerinin
iiretiminin denetlenmesi, tibbi olarak kullanilan salebin satiginin bir eczaci tarafindan yapilmasi gerektigi sdylenebilir.

Salep Ortadogu’ya 6zgii olmasina ragmen yaptigimiz kaynak taramalart sonucunda salebin antik zamanlardan
beri Cin, Hindistan, G. Afrika gibi farkli cografya ve kiiltiirlerde de kullanildig1 gériilmiistiir [12,16,19-21]. Ulkemizde
tarih boyunca salep kullanimi vardir [17]. Salep iilkemizde iilser ve iist solunum yolu rahatsizliklarinda, ishal kesici,
afrodizyak ve kuvvet verici olarak kullanilmaktadir. Ayrica gida katki maddesi olarak da (geleneksel Kahramanmarag
tipi dondurma, muhallebi vb.) lilkemizde yaygin bir kullanim alanina sahiptir [15,18].

Salep (Salep tubera) tilkemizde daha ¢ok toz edilmis sekilde aktarlarda ve ticari paketler halinde marketlerde
ve kafelerde satilmaktadir. Drog, 6zellikle kig aylarinda soguk alginligina kars1 ve oksiiriik kesici olarak onerilmektedir.
Paketlenmeden satig1 yapilan bu {iriinlerin nisasta igerigi, ortamm neminin %15°i astig1 durumlarda dekstrinlere ve
indirgen sekerlere pargalanabilir bdylece nisasta yapist bozulur [39]. Calisma sirasinda, piyasadan satin alinan drnekler,
saklandig1 kavanozdan, kavanoz i¢inde duran ve genellikle plastik olan bir kiirekle alinip naylon bir posete doldurularak
miisteriye sunulmaktadir. Bu satis sekli genel olarak olumsuz bir bulgu gibi goriilmese de iriin etiketli bir ambalajda
tiiketiciyle bulugsmalidir. Ayrica bitkisel droglarda naylon poset, nem diizeyini etkilemesi ve olas1 etken madde-plastik
etkilesmesi gibi nedenlerden dolayr ambalaj malzemesi olarak kullanilmamalidir. N9, N10, N11 o6rnekleri ise ticari
ambalaj formunda satilmaktadir. Bu 6rneklerin ambalajlar: {izerinde igindekiler, miktar, iiriin y1l1, paketleme tarihi, son
tiiketim tarihi, parti no., TS no., tipi, saklama kosullar1 ve tiretici firmanin iletisim bilgileri yer almaktadir. Ancak bu ii¢
Ornegin bilesiminde salep bulunmamaktadir (Tablo 2). Tibbi amagla satis1 yapilan droglarda, Saglik Bakanligi’nin
denetlemeleriyle iyilesme olmakla beraber bu tibbi amagli droglarin belirli standartlara uygun bir bigimde bilgili ve bu
konuda uzman kisiler tarafindan satilmast saglanmalidir. Satilan Orneklerin satisa sunulma sekli ve ortam sartlari,
hijyenik agidan olumsuzluk gdstermekle beraber, anatomik caligmalarimiz sonucu bu Orneklere metilseliiloz,
karboksimetilseliiloz ve ¢esitli nigasta 6rnekleri ile katistirma yapildigr goriilmiisttir (Sekil 6.-16, Tablo 2).

Organoleptik olarak incelenen numunelerde renk, koku, goriiniis ve tat farklihgi tespit edilmistir. Kendi
topladigimiz ornekler iizerinde reaktif olarak Distile su, Kloralhidrat Cozeltisi ve Sartur Cozeltisi kullanilarak
mikroskobik caligmalar yapilmistir. Standart numunede anatomik olarak belirlenmis olan karakteristik elemanlar olan
[4,25,38,40] miisilaj hiicresi, peltelesmis kiime halinde nisasta ve rafitler aranmig ve bu karakteristik yapilar Safranbolu
orneginde mikroskobik olarak tespit edilip fotograflanmistir. Ayrica Elmadag Orneginin yumrularindan hazirlanan
preparatlarda rafitler karakteristik olarak goriilmiistiir. Elmadag Orneginin Sartur Cozeltisi ile incelenmesinde
nisastalarin peltelesmedigi i¢in kiimeler halinde olmadig1 da tespit edilmistir. Her iki standart numunenin incelemesi
sonucunda rafitlerin varhigi, kaynak [4,25,38,40] verileri ile de eslestirilince salep drogu i¢in 6nemli bir anatomik bulgu
olarak belirlenmistir. Mikroskobik ¢alisma sonucu piyasadan satin alinan N1, N3, N5 ve N7 kodlu 6rneklerde
karakteristik rafit varlig1 belirlenmis ve gorsel olarak verilmistir; bu 6rneklerde (N1, N3 N5, N7) ayrica Sartur Cozeltisi
ile hazirlanan preparatta peltelesmis nisasta varligt belirlenmigtir. N2, N4, N6, N8, N9, N10 ve N11 kodlu 6rneklerde
ise rafite hi¢ rastlanmamustir. N8 ve N9 6rneklerinde rafit goriilmemesine ragmen peltelesmis nisasta belirlenmigtir. N2
ve N6 numunelerinde karboksimetilselilloz (CMC), N6 6rneginde ayrica CMC yaninda tek hiicreli yapilarin varlig
goriilmiigtiir. N3, N4, N8 N9 ve N11 numunelerinde metilseliloz (MC) varlig1 tespit edilmistir. Bunun yani sira N4 ve
N11 6rneginde musir nisastasi; N9 numunesinde ise piring nisastasi katistirildigi (tagsis edildigi) belirlenmigtir. N10
orneginin ise dogrudan patates nisastasi oldugu yapilan mikroskobik analiz sonucu tespit edilmistir. N6 6rneginde her
ii¢ inceleme ortaminda da kiigiik hiicreler goriilmiistiir. Goriilen bu hiicreler Sartur Cozeltisi bilesiminde bulunan liigol
ile boyanmamuistir. Liigol ile boyanmayan bu yapilarin nisasta olmadigi, ancak mantar hiicreleri olabilecegini
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diistindiirmiistiir. Drogun satilma kosullar1 dikkate alindiginda kontamine olma olasiliginin yiiksek oldugu ve bu
hiicrelerin bir fungusa (mantar) ait olabilecegi sdylenebilir (Sekil 6-16, Tablo 2).

Bu sonuglara gore, Ankara piyasasindan ¢esitli satig alanlarindan (Tablo 1) temin edilen, 11 farkli 6rnegin, ii¢

farkli inceleme ortaminda (distile su, Kloralhidrat Cozeltisi ve Sartur Cozeltisi), 151k mikroskobu ile yapilan
mikroskobik analizi sonucunda: N1, N3 (MC igeriyor), N5 ve N7 drneklerinin katistirma yapilmis olsa da salep drogu
oldugu sdylenebilir. N10 6rneginin ise dogrudan patates nisastasindan olugmaktadir. Salep adiyla satist yapilan N1, N3,
N5 ve N7 6rnekleri disinda kalan diger 7 numunenin, salep drogundan beklenen tibbi yararlar1 saglamayip sadece sicak
bir igecek olarak tiiketilmekten bagka faydasinin olmayacagi ¢calismanin ¢arpici sonucu olarak verilebilir.

Tablo 2. Piyasa 6rneklerinin tarafimizdan tespit edilen icerikleri
Numune icerik

"Numunel  Rafitler, Miisilaj hiicreleri, Peltelesmis nisasta
Numune 2 Karboksietilseliiloz (CMC)
Numune 3 Rafitler, Miisilaj hiicreleri, Peltelesmis nisasta, Metilseliiloz (MC)
Numune 4 Maisir nigastasi, Metilseliiloz (MC)
Numune 5 Rafitler, Miisilaj hiicreleri, Peltelesmis nisasta
Numune 6 Tek hiicreli muhtemelen bir mantar, Karbosimetilselilloz (CMC)
Numune 7 Rafitler, Miisilaj hiicreleri, Peltelesmis nisasta
Numune 8 Metilseliiloz (MC), Peltelesmis nisasta
Numune 9 Piring nisastasi, Metilseliiloz (MC), Peltelesmis nisasta

Numune 10 Patates nigastast

Numune 11 Misir nisastasi, Metilseliiloz (MC)
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Abstract

In breast cancer, p53 is generally mutant and plays an important role in the development of metastasis,
including bone metastasis. However, mutations are not always responsible for regulation disorders in cancer-related
genes. Epigenetic changes such as hyper-methylation-related gene silencing errors and chromatin remodeling in CpG
islands contribute to the development of cancer and metastasis. Free DNAs play an important role in cancer and
metastasis formation. Studies show that DNA fragment levels are low in normal conditions and an increase in
malignancy. In our study, invasive breast cancer cells MDA-MB-231 and hFOB 1.19 cells representing bone tissue,
which is one of the most metastasized tissues of breast cancer, were cultured in the same environment (co-culture). In
both cells, the presence of hypermethylation in the mutant p53 exon 8 region and APC1A, APC1B, and RASSF1 genes
in MDA-MB-231 cells was observed. Appropriate primer sequences were selected for p53 exon8 amplifications and
APC1A, APC1B, and RASSF1A methylation analysis. After PCR treatment applied for mutant p53 exon8
determinations, the products were subjected to electrophoresis in a 30% homogeneous polyacrylamide gel. Methylation
Specific PCR (MSP) was performed by the APC1A, APC1B, and RASSF1A gene regions. PCR products were
analyzed by conducting 2% agarose gel electrophoresis. The results were also evaluated in environments where DNase |
was added. The results of our study provide researchers with a model that shows that some gene and structural features
of tumor cells can be transported to normal cells via free DNA. Also, it is aimed to reveal the effect of DNase | in
providing or preventing this transport.

Key words: cell-free DNA, breast cancer cell, metastasis, bone cell, DNase | k

*

DNase I 'in serbest DNAlar iizerine etkisi ve metastaz ile iligkisi: ilk sonuclar

Ozet

Meme kanserinde p53 genellikle mutanttir ve kemik metastaz1 da dahil olmak {izere metastaz gelisiminde
onemli bir rol oynar. Bununla birlikte, mutasyonlar kansere bagli genlerdeki regiilasyon bozukluklarindan her zaman
sorumlu degildir. CpG adalarinda hipermetilasyonla iligkili gen susturma hatalar1 ve kromatin yeniden modellenmesi
gibi epigenetik degisiklikler, kanser ve metastaz gelisimine katkida bulunur. Serbest DNA'lar kanser ve metastaz
olusumunda 6nemli bir rol oynar. Calismalar, DNA fragment seviyelerinin normal kosullarda diisiik oldugunu ve
malignitede arttigin1 gostermektedir. Calismamizda, meme kanserinin metastaz yapma egiminde oldugu dokularindan
biri olan kemik dokusunu temsil eden hFOB 1.19 hiicreleri ile invaziv meme kanser hiicreleri MDA-MB-231 ayn
ortamda kiiltiire edilmistir (ko-kiiltiir). Her iki hiicrede de, mutant p53 ekson 8 bolgesinde hipermetilasyon ve MDA -
MB-231 hiicrelerinde APC1A, APCIB ve RASSFI1 genlerinin varlig1 gozlendi. P53 ekson8 amplifikasyonlar1 ve
APCIA, APC1B ve RASSF1A metilasyon analizi i¢cin uygun primer sekanslar1 se¢ildi. Mutant p53 ekson8 saptamalari
icin PCR isleminden sonra, iriinler %30 homojen bir poliakrilamid jel iginde elektroforeze tabi tutuldu. APC1A,
APCI1B ve RASSFIA gen bolgelerinde, Metilasyon Spesifik PCR (MSP) islemi gergeklestirildi. PCR iiriinleri %2
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agaroz jel elektroforezi yapilarak analiz edildi. Sonuglar DNase I'in eklendigi ortamlarda da degerlendirildi. Calismamiz
aragtirmacilara, tiimor hiicrelerinin bazi genlerinin ve yapisal 6zelliklerinin, serbest DNA yoluyla normal hiicrelere
tasinabilecegini gosteren bir model sunmaktadir. Ayrica, DNase I'in bu taginmayr saglama veya onlemedeki etkisini
ortaya koymaktadir.

Anahtar kelimeler: cell-free DNA, breast cancer cell, metastasis, bone cell, DNase |
1. Introduction

It has been known for a long time that tumor cells move through the body and form metastases. Subsequent
studies have led to the suggestion that this metastasis could be via free DNA released from tumor cells into the blood.
Free DNAs, which are DNA fragments released into the bloodstream as a result of cell apoptosis, necrosis, or active
release of living cells, can be released from cancerous cells into plasma and serum. These DNAs, which were first
determined in 1948, have been shown in various studies in which horizontal gene transfer takes place by integrating
some cells into the genome [1]. These data were obtained in 1982 by Pulciani et al. it proves the view that "dominant
oncogenes present in tumor cells can be transferred to normal cells" [2]. These studies led to the view that “metastasis
can be realized by transfection of sensitive cells localized in the target organ with free DNA containing the dominant
gene belonging to the primary tumor”. With the discovery that free DNA can reflect invasive and prognostic features in
cancer, laboratory studies on its applicability in the clinic have begun. Studies show that DNA fragment levels are low
in normal conditions and an increase in malignancy [1]. These studies reveal the importance of free DNA in cancer and
metastasis formation.

Studies determining tumor-specific DNA exchanges between primary tumor and blood in breast cancer
patients have focused on oncogene and tumor suppressor gene mutations, methylation states, and microsatellite changes
[1,3]. Point mutations or chromosome integrity changes occur in various regions of the tumor cell's genome. These
changes may affect proto-oncogenes, tumor suppressor genes, and metastasis-related genes such as HIF-1 (Hypoxia-
Inducible Factor-Hypoxia-Inducible Factor-1) [1,2].

In primary tumor, mostly p53 gene exon 5-8 mutations occur and in many cases, the same mutations have been
identified in cell-free DNA in plasma parallel to tumor tissue [4,5]. In breast cancer development, the p53 gene is
usually mutant and plays an important role in many stages of metastasis development [6].Mutant p53 oncoprotein
activates or blocks downstream target genes, causing DNA damage and various oncogene activations in cells.
According to the International Agency for Research on Cancer (IARC) data, 70% of p53 missense mutations cause
breast cancer development [7].p53 plays a very important role in the development of most metastases, including bone
metastasis [8,9].

Regulation disorders in cancer-related genes do not always result in mutation. Epigenetic changes such as
hyper-methylation-related gene silencing errors and chromatin remodeling in CpG islands also contribute to the
development of metastasis [10,11]. DNA methylation causes gene silencing, causing the gene to be inactivated at the
transcriptional level [11,12]. In normal cells, CpG dinucleotides in repeat sequences are methylated, while CpG islets in
the promoter regions of 50% of genes are un-methylated. In cancer cells, with diffuse hypo-methylation in the genome,
hyper-methylation is observed in CpG islets in the promoter regions. Promotor region hypermethylation causes
silencing of the subsequent gene, which is especially important in the inactivation of tumor suppressor genes
[11,12].Studies have shown that RASSF1A and APC are methylated in the plasma and serum of primary or metastatic
breast cancer patients [11].Because of the high rate of promoter hyper-methylation in RASSF1A and APC genes in
breast cancer, it has been suggested that these genes can be used as an epidemiological biomarker in individuals at risk
for breast cancer. The most common hypermethylated gene region in human cancers is RASSF1A, and the CpG islands
are highly hyper-methylated in breast cancer patients [12].

The effects of free DNAs on metastasis in vitro conditions and the role of DNase | have been investigated in
various studies. The effect of DNase |, which plays an important role in the nucleic acid metabolism in the blood with
the determination of oncogenic free DNA, has been a matter of curiosity. Studies on the anti-tumoral effect of DNase |
started from the 1960s and continue until today [13]. DNase I’s are a large family of endonuclease enzymes that break
down the phosphodiester bonds of double chain DNA between pyrimidine bases [14]. Generally, it is thought that the
free DNAs in the plasma are cut by DNases [3,15]. It is interpreted that the reason why cancer patients have higher
levels of free DNA in the plasma of healthy individuals may be circular DNase inhibitors in some sources and low
DNase levels in some sources [15,16]. It is reported that DNase | activity is seen more frequently in regions where
methylation is repeated [17]. Previous studies suggest that free DNA released from tumor cells into the blood may form
metastases. There are several studies about the role of DNase | in the development of metastasis due to its role in free
DNA breakdown [12]. MDA-MB-231 cells have been shown in previous studies to be sensitive to DNase | [15].

In this study, it is aimed to determine the transfer of free DNA fragments released from MDA-MB-231 cells to
hFOB cells in the co-culture medium and to determine the effect of DNase | on this transfer. In our study, MDA-MB-
231, which represents invasive breast cancer cells, and hFOB 1.19 cells, which represent bone tissue, one of the tissues
where breast cancer metastasizes at the highest rate, were kept in the same environment (co-culture). Thus, we predicted
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that p53 exon8 and methylated/un-methylated gene regions specific for MDA-MB-231 cells can be detected in hFOB
1.19 cells. Previous studies have shown that DNase | affects oncogenic free DNAs released from MDA-MB-231 cells.
For this reason, we added DNase | to the culture medium and thus evaluated the results from a different perspective. We
did not know which of the two possible results would be in the presence of DNase I. The first possibility is to increase
DNA transfer to hFOB 1.19 cells by causing more oncogenic free DNA released to the environment due to the
sensitivity of MDA-MB-231 cells to DNase I. The second possibility is that the free DNA released from MDA-MB-231
cells was not transferred to hFOB 1.19 cells since it was cleaved with DNase | in the medium. You can find the results
and comments in the following lines of the article.

2. Materials and methods

Human breast cancer cells MDA-MB-231 and human osteoblast cells hFOB 1.19 were obtained from ATCC
(Washington D.C., USA). The cells were seeded into T-25 and T-75 cm2 flask (Greiner, Cellstar, Germany) using
Dulbecco’s Modified Eagle’s Medium-F12, supplemented with %10 Fetal Bovin Serum (FBS; Gibco, UK) in 5% CO;
at 34,5°C. The cells were co-cultured with MDA-MB-231 on the plate base and hFOB 1.19 cells in the inserts. The cells
in the co-culture medium were administered DNase | at a concentration of 0.1 mg/ml for 72 hours. Cells were removed
from the flask base with trypsin after 72 hours of incubation, and DNAs were isolated from these cells using the
Thermo Scientific Phusion Human Specimen Direct PCR kit (Thermo Fisher Scientific, USA). Following the kit
procedure, 20 pl Dilution Buffer and 0.5 pl DNARelease Additive were added to the tubes. After vortexing, it was
incubated for 2-5 minutes at room temperature. Samples were incubated at room temperature for 2-5 minutes after the
vortex step. Then, incubation was continued at 98°C for 2 minutes. 20 pl of the PCR mixture was created by taking 0.5
pl of the supernatant. Following the kit protocol, 10 ul 2x Phusion Human Specimen PCR Buffer, 0.4 pl Universal
Control Primer, 0.4 pl Phusion Human Specimen DNA Polymerase, 0.5 pl sample and enough distilled water was
added to complete the total volume to 20 pl. The PCR parameters were 98°C for 1 second, 72°C for 1 minute, 72°C for
15 seconds for 40 cycles followed by a final elongation at 72°C for 5 min. The concentrations of the DNA samples
obtained were determined on the Multiskan ™ GO Microplate Spectrophotometer device and stored at -20°C until use.
To perform methylation analysis, bisulfite conversion was performed in the samples. EZ DNA Methylation-GoldTM
Kit was used for this application. Primer sequences were selected for the p53 exon8 (E-8) and the methylation analysis
of APC1A, APC1B, and RASSF1A gene regions (methylated and un-methylated) (Table 1, Table 2, Table 3).

Table 1. Primer sequences for p53 exon 8 amplification
p53 | Forward Primer Dizisi Reverse Primer Dizisi
E-8 | 5>-GGGACAGGTAGGACCTGATTTCCTT-3’ | 5>-ATCTGAAGGCATAACTGCACCCTTGG-3’

Table 2. Methylated and un-methylated primer sequences for the APC1A and APC1B genes

APC Forward Primer Dizisi Reverse Primer Dizisi

1A-M 5’-TATTGCGGAGTGCGGGTC-3’ 5’-TCGACGAACTCCCGACGA-3’
1A-UM 5’-GTGTTTTATTGTGGAGTGTGGGTT-3" | 5>-CCAATCAACAAACTCCCAACAA-3’
1B-M 5’- TAGAATAGCGAACGAGTGTTC-3’ 5’-TCCGACGACCACACCCCG-3
1B-UM 5’>-GATAGAATAGTGAATGAGTGTTT-3* | 5>-CTTCCAACAACCACACCCCA-3’

1A-M: APC1A Methylated gene region; 1A-UM: APC1A Un-methylated gene region; 1B-M: APC1B Methylated
gene region; 1B-UM: APC1B Un-methylated gene region.

Table 3. Methylated and un-methylated primer sequences for the RASSF1A gene

RASSF1 | Forward Primer Dizisi Reverse Primer Dizisi
M 5’-CGAGAGCGCGTTTAGTTTCGTT-3’ 5’-CGATTAAACCCGTACTTCGCTAA-3’
UM 5’-GGGGGTTTTGTGAGAGTGTGTTT-3> | 5’-CCCAATTAAACCCATACTTCACTAA-3’

M: RASSF1A Methylated gene region; UM: RASSF1A Un-methylated gene region

For determination of p53 exon 8, 25 ul PCR mix was prepared using 12.5 pul One Taq ® Quick-Load 2x
Master Mix (BioLabs, UK), 2 pl forward primer, 2 pl reverse primer, 2 ul DNA sample and sufficient amount of
distilled water. PCR was performed at 94°C for 1 minute, 68°C for 1 minute, 70°C for 1 minute, 40 cycles. After PCR,
30% homogeneous polyacrylamide gel was prepared and electrophoresis was performed at +4°C.

Methylation Specific PCR (MSP) was performed following the APC1A, APC1B, and RASSF1A gene regions.
Using appropriate primers, 12.5 pul One Taq ® Quick-Load 2x Master Mix, 2 pl forward primer, 2 pl reverse primer, 2
ul bi-sulfide converted DNA sample and 25 pul MSP mixture were prepared using a sufficient amount of water. Then,
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the MSP procedure was performed according to each primer. For APC1A and APCI1B; 95 cycles of 15 seconds, 60°C
45 seconds, 72°C 30 seconds, 35 cycles, RASSF1A 95°C 1 minute, 56°C 1 minute, 72°C 1 minute 40 cycles of PCR
were applied. The PCR products obtained were analyzed by 2% agarose gel electrophoresis method..

3. Results

The presence of mutant p53 exon 8 region, which is absent in normal cells, was detected in hFOB 1.19 normal
osteoblast cells co-cultured with breast cancer cells. It was observed that APC1A, APC1B, and RASSF1 gene regions
were hyper-methylated in MDA-MB-231 cells, and APC1A, APC1B, and RASSF1 gene regions were un-methylated in
hFOB 1.19 osteoblast cells. In our study, it was found that these normally un-methylated regions in hFOB 1.19
osteoblast cells were methylated in co-culture. In our study, all these results were also investigated after DNase | added
to the co-culture medium. It was observed that the mutant p53 exon 8 region was not found in hFOB 1.19 osteoblast
cells in the environment of DNase I. It was also determined that hyper-methylated regions seen in co-culture medium in
hFOB cells were not seen after DNase | administration (Figure 1).

Marker 1 2 3 4

231 bp

o8 bp

108 bp

195 bp
190 bp

192 bp

204 bp

Figure 1. For P53-exon 8; hFOB1.19 cells (well 1), MDA-MB-231 cells (well 2), hFOB1.19 cells in co-culture (well 3),
hFOB1.19 cells treated with DNase | in co-culture (well 4) (A), for APC1A-methylated region; hFOB1.19 cells (well
1), hFOB1.19 cells administered DNase in co-culture (well 2), MDA-MB-231 cells (well 3), hFOB1.19 cells in co-
culture (well 4) (B), for APC1A- un-methylated region; MDA-MB-231 cells (well 1), MDA-MB-231 cells applied
DNase | in co-culture (well 2), hFOB1.19 cells in co-culture (well 3), hFOB1.19 cells administered DNase | in co-
culture (well 4) (C), for APC1B-methylated region; MDA-MB-231 cells (well 1), hFOB1.19 cells (well 2), hFOB1.19
cells in co-culture (well 3), hFOB1.19 cells applied DNase | in co-culture (well 4) (D), for APC1B- un-methylated;
MDA-MB-231 cells (1), MDA-MB-231 cells treated with DNase | in co-culture (well 2), hFOB1.19 cells (well 3),
hFOB1.19 cells treated with DNase | in co-culture ( well 4) (E), for RASSF1 methylated region; MDA-MB-231 cells
(well 1), hFOB1.19 cells in co-culture (well 2), hFOB1.19 cells (well 3), hFOB1.19 cells treated with DNase | in co-
culture (well 4) (F), for RASSF1 un-methylated region; MDA-MB-231 cells (1), MDA-MB-231 cells (well 2) treated
with DNase in co-culture, hFOB1.19 cells (well 3) in co-culture, hFOB1.19 cells treated with DNase in co-culture (well
4) (G).
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4, Conclusions and discussion

Mutant p53 is a very important oncogene in the development of breast cancer and in the metastasis of many
cancers, including bone metastasis, and this mutation can develop as a genetic or spontaneous [4,5,7-9]. Osteoblast
differentiation is also regulated by the p53 signal pathway [16]. In our study, MDA-MB-231 cells, which are mutant
and invasive breast cancer cells in terms of the p53 gene, and hFOB 1.19, normal osteoblast cells, were co-cultured.
MDA-MB-231 cells used in our study have p53 exon 8 AGA-> AAA (Arg (R) -Lys (K)) missense mutation [11]. In our
study, it was found that the p53 exon 8 (mutant) gene not found in hFOB 1.19 cells was also found in hFOB 1.19 cells
co-cultured with MDA-MB-231 cells. This suggests that this can be achieved through oncogenic free DNA fragments
of tumor cells. Free DNAs play an important role in cancer formation [18]. The effects of free DNAs on metastasis in
vitro conditions and the role of DNase | have been investigated in various studies [1,17]. Although there are studies in
the current literature showing its effect on methylation with DNase | activity, there is no research yet showing whether
it has effects in terms of gene mutations.

In our study, the cancer cell-specific p53 exon 8 (mutant) gene was found in hFOB cells co-cultured with
MDA-MB-231 cells in the environment without DNase I. It suggests that these tumor specific regions may have been
transported to hFOB cells via oncogenic free DNA fragments. It was observed that there was no p53 exon 8 (mutant)
gene in hFOB 1.19 cells co-cultured with MDA-MB-231 cells in the environment with DNase I. Therefore, it was
concluded that DNase | has the potential to prevent this transition. In mammalian cells, the epigenetic system forms
DNA methylation, histone modification, and non-coding RNAs. Studies show that gene silencing through methylation,
which is one of the most important mechanisms of epigenetic control, can be a biological biomarker in cancer [19].
Jeronimo et al. conducted a methylation analysis of 23 gene regions in primary tumor tissue. It is suggested that these
genes can be separated from invasive carcinoma and fibroadenoma due to the absence of hyper-methylation in normal
tissue [20]. In many studies, it has been determined that APC and RASSF1A gene methylation play an important role in
the development of breast cancer. Methylation gene pattern studies show that methylation can be used as an effective
biomarker in cancer cells because normal cells contain non-methylated gene regions, cancer cells contain methylated
gene regions. Swellam et al. in their study, they determined that methylated APC was higher in metastatic breast cancer
patients than in benign breast cancer patients. It was also stated in the study that there was no hyper-methylated APC in
healthy controls. Therefore, it has been stated that among the serum-based molecular markers, APC is very important in
the early diagnosis of breast cancer [21]. Many studies show that the RASSF1A gene has low methylation levels in
healthy individuals, and is hyper-methylated in breast cancer patients [8,11, 22-26]. Fackler et al. reported that tumor
tissue has higher RASSF1A promoter methylation patterns than healthy tissue, as well as methylated genes in normal
tissue around the tumor [27]. Also, it has been suggested that circular hyper-methylated RASSF1A in serum detected in
metastatic breast cancer patients is associated with poor prognosis and maybe a very important prognostic biomarker
[22, 27-28]. Another study in breast cancer patients found that RASSF1A and APC methylations were significantly
higher than controls. It has been proposed that hyper-methylation seen in the promoter of these genes can also be used
as an epidemiological biomarker in individuals at risk for breast cancer [12]. Another study in breast cancer patients
found that RASSF1A and APC methylations were significantly higher than controls. It has been proposed that hyper-
methylation seen in the promoter of these genes can also be used as an epidemiological biomarker in individuals at risk
for breast cancer [12].

It has been previously determined that MDA-MB-231 cells are sensitive to DNase | [19]. Following this
reported literature information, it was observed in our study that the viability of DNase | sensitive MDA-MB-231 cells
decreased in the environment containing DNase 1. In our study, in addition to evaluations for the p53 mutant gene, it
was planned to demonstrate the methylation status of APC1A, APC1B, and RASSF1A genes in hFOB 1.19 cells
cultured with MDA-MB-231 cells.

Accordingly, it was found that these genes, which are methylated in MDA-MB-231 cells, are not seen in the
hFOB 1.19 cells cultured alone, but in the methylated state in the co-cultured hFOB 1.19 cells. There are studies in the
literature to reveal the effect of DNase | in cancer [29, 30]. In a study evaluating the DNase | activity in the methylated
and non-methylated gene regions, it was determined that the DNase | cut-out was more common in the regions where
repeated methylation occurred [31].

When the data obtained from our study were evaluated, it was determined that the APC1A, APC1B and
RASSF1A genes in the hFOB 1.19 cells kept in co-culture medium were hyper-methylated, whereas the APC1A,
APC1B, and RASSF1A genes remained un-methylated in the environment containing DNase 1. In the literature, DNase
I has been reported to inhibit tumor cell proliferation as a potential antitumor agent and also reduce metastatic capacity
[32,33].
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Abstract

Herbal compounds are important resources that used in the treatment of many diseases, and are inspiring in
drug design and development. Rheum ribes, a perennial native plant, has potentially diverse medicinal effects, including
antioxidant, antibacterial and anti-tumor activity. The key molecules associated with anticancer activity of R. ribes in
tumor formation still remains unclear. The present study was aimed to elucidate the antiproliferative effects of two
purified compounds, emodin and aloe-emodin, from R. ribes. In our study, chromatographic separation was used to
purification of compounds. Experimental 1D and 2D 1H and 13C-NMR spectra helped us to confirm the chemical
structures of emodin and aloe-emodin. The viability of human glioblastoma cell line (U373), human breast carcinoma
cells (MCF-7), and human colorectal cancer cell line (HT-29) were detected by WST-1 proliferation assay as dose- and
time-dependent. The isolated emodin and aloe-emodin from R. ribes, reduced viability of human glioblastoma, breast
and colorectal cancer cell lines in dose- and time-dependent manner significantly. These antiproliferative effects may
contribute as a possible strategy to the development of new therapeutic approaches in the treatment of cancer.

Key words: Rheum ribes, emodin, aloe-emodin, cancer, glioblastoma

k

Rheum ribes’ten izole edilen emodin ve aloe-emodinin farkli kanser hiicre hatlar iizerindeki antiproliferatif
potansiyeli

Ozet

Bitkisel bilesikler birgok hastaligin tedavisinde kullanilan ve ilag tasarimi ve gelistirilmesinde ilham verici olan
6nemli kaynaklardir. Cok yillik dogal bir bitki olan Rheum ribes, antioksidan, antibakteriyel ve anti-timor aktivite dahil
olmak {lizere gesitli potansiyel tibbi etkilere sahiptir. R. ribes’in tiimor olusumundaki antikanser aktivitesi ile iligkili
anahtar molekiiller hala belirsizligini korumaktadir. Bu ¢aligmanin amaci, R. ribes'den saflastirilan iki bilesik olan
emodin ve aloe-emodinin antiproliferatif etkilerini aydinlatmaktir. Caligmamizda bilesiklerin saflagtirilmasi igin
kromatografik ayirma kullanilmigtir. Deneysel 1D ve 2D 1H ve 13C-NMR spektrumlari, emodin ve aloe-emodinin
kimyasal yapilarin1 dogrulamamiza yardimci oldu. insan glioblastom hiicre hattinin (U373), insan meme karsinom
hiicrelerinin (MCF-7) ve insan kolorektal kanser hiicre hattinin (HT-29) canliligi, WST-1 proliferasyon analizi ile doza
ve zamana bagli olarak belirlendi. R. ribes’den izole edilmis emodin ve aloe-emodin, insan glioblastomu, meme ve
kolorektal kanser hiicre hatlarinin canliliini doza ve zamana bagl bir sekilde onemli Ol¢iide azaltmistir. Bu
antiproliferatif etkinlik, kanser tedavisinde yeni terapotik yaklasimlarin gelistirilmesine olas1 bir strateji olarak katkida
bulunabilir.

Anahtar kelimeler: Rheum ribes, emodin, aloe-emodin, kanser, glioblastoma
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1. Introduction

Plants have been used for many centuries as nutrient, dietary supplementation, food additives, flavoring, and
main source of drugs used in treatment of human sickness. In particular, the therapeutic properties of plants are
currently being studied intensively for the development and discovery of newer therapeutics. Increasing incidence and
high mortality rates have make highlighted the studies on the treatment of cancer in recent years. In cancer studies,
phyto-compounds, which are compounds derived from plants, have an important position, because of their low or no
cytotoxicity and clinical efficacy. Plant-derived compounds such as irinotecan, camptothecin, paclitaxel, vinblastine,
combrestatin and etoposide, are used in clinical as chemotherapy drugs [1], and natural plant polyphenols, curcumin,
quercetin, resveratrol, luteoline, gallic acid, hesperidine and genistein, etc., are also considered as promising adjuvants
for cancer prevention and treatment [2].

Rheum species are known to have medical importance in the treatment of many diseases and disorders. Rheum
ribes L., a member of the Polygonaceae family, is an important source in folk medicine. The medically important
Rheum species are rich in anthracene-derived compounds [3]. R. ribes are used to treat laxative and joint disorders in
Iran [4, 5]. The Polygonaceae family also includes eight genera and seventy species in the Turkey. R. ribes is the only
species in the family represented by the Turkey [6]. This plant grows naturally Turkey, Lebanon and Iran and it famous
with names “Isgin, Kurdish Banana and Uggun”.

R. ribes' young twigs and stems consumed as the salad, fresh vegetable and appetizing by the local people
especially in Turkey's eastern and south-eastern Anatolia region. Besides, roots, leaves, flowers and stems are also used
by natives in this area to treat the bile ducts, stomach discomforts, diarrhea, hemorrhoids, measles and smallpox as well
its use as an appetite enhancer [7, 8]. Further, ethnobotanists in Jordan reported that the root of R. ribes was used by the
public in diabetes, hypertension, obesity, kidney stone and sand [9]. Water decoction from the R. ribes roots was shown
to reduce blood sugar in mice when given to mice diabetic with alloxan, but not hypoglycemia when administered to
healthy mice forming the control group [10]. It was shown that isolates of the roots, leaves and stems of R. ribes had
anti-viral and anti-microbial effect activity [11-14].

Phytochemical studies performed by the researchers on R. ribes species where collected from different
provinces, such as Hakkari and Erzincan in Turkey. It has revealed the existence of different types of secondary
metabolites chrysophanol, rhein, emodin, aloe-emodin, aloe-emodin-8-O-glucoside, physcion, physcion-8-O-glucoside,
sennoside A, rhaponticin quercetin, 5-desoxyquercetin, quercetin 3-O-rhamnoside, quercetin 3-O-galactoside and
quercetin 3-O-rutinoside [15-17].

The objective of this study was to purify the bioactive compounds, emodin (E) and aloe-emodin (AE), from R.
ribes, and to determine the anti-proliferative activities of these purified compounds first time. The anti-proliferative
activities of E and AE was observed in the cancer cell models of human glioblastoma, breast and colorectal cancer,
U373, MCF-7 and HT-29 cell lines, respectively. This study elucidates the anticancer potential of R. ribes E and AE
phytochemicals as potential anti-tumor agents.

2. Materials and methods

2.1. Plant material

R. ribes species, which were grown at 2000 m and higher in the natural habitats of Yelesen village of Bingdl,
Turkey, were collected from the field following the flowering period during April-May months. The collection of the
species was devoted to collecting without destroying nature. The species identification of the plant material was made
by Alpaslan Kog¢ak and the herbarium specimen was stored with KOCAK 4003 registration number. R. ribes, collected
in a suitable form from the field, was spread on unprinted paper and dried in a damp and shaded environment. The dried
material was milled in the laboratory type mill so as not to exceed 3 cm.

2.2. Chemicals and reagents

Dulbecco's modified eagle medium-high glucose (DMEM-HG), fetal bovine serum (FBS),
penicillin/streptomycin and phosphate buffered saline (PBS) was obtained from Lonza (Walkersville, MD, USA).
Tripan blue, tris HCI, tripsin-EDTA, dimethyl sulphoxide (DMSO), ethanol and methanol was obtained from Sigma-
Aldrich (St. Louis, MO, USA). Hydrogen peroxide (H20.), sodium hydroxide (NaOH) and glycine was purchased from
Merck (Darmstadt, Germany). WST-1 [Water Soluble Tetrazolium-1; 2-(4-lodophenyl)-3-(4-nitrophenyl)-5-(2, 4-
disulfophenyl)-2H-tetrazolium, monosodium salt)] cell proliferation assay kit was obtained from Intron Biotechnology
(Gyeonggi-do, Korea).

2.3. Extraction, fractination and isolation process

Dried and ground plant material (5 kg) was taken in a glass flask and 10.0 L of methanol: chloroform (1:1; v/v
ratio) was added and left to extraction for 2 days at the laboratory temperature. At the end of the second day, the extract
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was filtered with the help of the Whatman no 4 filter paper and the remaining pulp was allowed to be extracted again
with the same amount and ratio of solvent system. This procedure was repeated three more times. The extracts obtained
by the extraction process were combined and the solvents they contained were removed under reduced pressure at a
temperature of 35°C by means of the rotary evaporator. Removal of the solvent system from the extracts yielded 523.8
g of dry extract with a yield of 10.476%. The extraction yield was calculated by the following formula; % Extract yield
= [Dry extract amount (g)/dry plant quantity (g)]x100. The dry extract was stored at +4°C by taking an amber flask for
anticancer activity and isolation studies. For isolation, 50 g of methanol: chloroform dry extract was dissolved in 1L of
distilled water. The aqueous extract was fractionated with chloroform (8x0.6 L). At the end of the fractionation, 15.63 g
of dry chloroform extract was obtained as a result of the removal of chloroforms by rotary evaporator. Isolation process
was continued with this part. For the flash chromatography system, the pharmaceutical glass column (5x60cm)
containing sephadex LH-20 column filler. The methanol: chloroform (35:65; v: v) solvent system was used as mobile
phase and operating conditions for elution collection were adjusted to 2 mL per minute. A total of 126 sub-fractions
were eluted in each elution volume of 10 mL. As a result of the chromatographic separation, the emodine (68 mg) and
aloe-emodin (56 mg) were obtained in the sub-fraction 37 and 75, respectively (Figure 1).

OH O OH R:1 R2
Emodin -OH -CHs
Aloe-emodin -H -CH,OH

Figure 1. Chemical structures of emodin and aloe-emodin from R.ribes
2.4. Cell lines and cell culture conditions

Human glioblastoma cells (U373), breast cancer cell line (MCF-7) and colorectal adenocarcinoma cells (HT-
29), were obtained from the Central Laboratory Research and Application Center of Bingol University, Turkey. All cell
lines were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) supplemented with 10% fetal bovine serum
(FBS) and 1% penicillin/streptomycin, and cells were maintained in a humidified atmosphere of 5% CO; at 37°C [18].

2.5. Cell viability

The dose- and time-dependent antiproliferative effects of E and AE from R. ribes, was measured using the
WST-1 cell proliferation assay kit according to manufacturer's protocol (Intron Biotechnology, Gyeonggi-do, Korea),
in vitro. Cells (5 x 103 cells/well) were seeded into 96-well culture plates and incubated at 37°C and 5% CO2 overnight.
The plates were treated with various concentrations (1, 10, 25, 50, and 100 pg/mL) of E and AE for 24 and 48 hours.
The control groups were exposed to 0.05% DMSO containing media. Culture medium was replaced by fresh medium
and 10 pl of WST-1 reagent were pipetted into wells. After 3 h incubation period, the amount of soluble formazan dye
produced by metabolically active cells was measured with an ELISA microplate reader (SpectraMax 384 Plus,
Molecular Devices, USA) at 450 nm as absorbance (optical density (OD). The mixture of WST-1 reagent and culture
medium without cells was evaluated as a background control. To determine percentage of cell survival that formula was
used: % cell survival = ODtest/ODcontrol x 100%. The half maximal inhibitory concentration (ICso) value for each test
group was calculated according to the findings.

2.6. Statistical analysis

Each assay was performed in three experiments and mean+ standard deviation (SD) values were calculated.
Statistical analysis of the findings were evaluated by t-test and one-way ANOVA test using GraphPad Prism 8.0
(GraphPad Software, San Diego, CA, USA). P values <0.05 was assumed to be statistically significant.
3. Results
3.1. Chemical characterization

The *H and *C NMR spectra of E and AE compounds were analyzed using 600 MHz NMR spectrometer
(Bruker AVANCE). 7 mg of each compound was taken to NMR tube and dissolved in 450 pL of DMSO-ds. The

chemical shifts of compounds that consistent with the literature was documented in the table 1 [19, 20]. Also chemical
structures of emodin and aloe-emodin confirmed by experimental 1D and 2D 'H and *C-NMR spectra.
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Table 1. The 3C-NMR chemical shifts (8; ppm) of the emodin, aloe-emodin and they comparison with literature data
(150 MHz, DMSO-ds)

Emodin Emodin Aloe-emodin Aloe-emodin

(Experimental) [19] (Experimental) [20]
C1 166.03 166.44 161.76 161.8
C2 108.39 108.17 117.51 117.7
C3 161.87 162.14 154.14 154.5
C4 109.43 109.36 124.78 125.1
C5 124.59 124.51 121.06 121.4
C6 148.71 148.76 137.72 138.0
Cc7 120.93 121.23 119.74 120.0
Cc8 164.90 166.17 162.06 162.1
C9 190.19 190.43 191.97 191.9
C10 181.85 181.34 181.70 182.1
Cda 135.58 135.47 133.64 134.7
C8a 113.85 113.90 114.73 114.9
C9a 109.22 109.36 116.18 116.4
C10a 133.29 133.10 133.41 1335
-OCH3 21.96 21.50 63.3
-CH3 62.50

3.2. Antiproliferative effects of emodin and aloe-emodin from R. ribes

The dose- and time-dependent antiproliferative activities of E and AE were assesed in U373, MCF-7 and HT-29
cells. The increasing concentrations of E and AE were treated cell lines. After 24 and 48 h treatment, the viability of the
cells were observed with WST-1 cell proliferation assay. The GraphPad Prism 8 software was used to estimate the half-
maximal inhibitory concentrations (1Cso).

A B
5 U373 (ICgy=29.75 pg/mL) = — U373 (ICqy= 13.94 pg/mL)
£ 1004 MCF-7 (IC5= 92.33 pg/mL) § 1004 MCF-7 (1Csg= 35.45 pg/mL)
..; 904 mm HT-29 (1C5= 27.64 pg/mL) s 90 * = HT-29 (ICsy=9.51 pg/mL)
S 804 2
= <
g 7o
2 604 =3
- -
i 504 e
2 40 2
> 304 >
3 29 g
> 104 z
8 o4 3
1.00 10.00 25.00 50.00 100.00 1.00 10.00 25.00 50.00 100.00
Emodin (ng/mL) Emodin (ng/mL)
C D
m— U373 (I1Cg= 18.59 pg/mL)
1004 U373 (IC5= 65.06 pg/mL) 1004 MCF-7 (1Csp= 16.56 pg/mL)
904 MCF-7 (ICs= 51.53 pg/mL) 90+ m— HT-29 (ICs= 5.38 pg/mL)
80 *  kkk mmm HT-29 (1C5= 13.23 pg/mL)

Cell viability (WST-1 uptake) % of control

Cell viability (WST-1 uptake) % of control

1.00 10.00 25.00 50.00  100.00
Aloe-emodin (ng/mL)

1.00 10.00 25.00 50.00 100.00
Aloe-emodin (ng/mL)

Figure 2. Emodin and aloe-emodin, from R. ribes, decreases the viability of cancer cells in vitro. U373, MCF-7 and HT-
29 cells, grown in conditions which as described in materials and methods. (A) The cancer cells were treated for 24 h with different
concentrations of E. (B) U373, MCF-7 and HT-29 cells were treated for 48 h with various concentrations of E. (C) The cells were treated with
different AE concentrations for 24 h. (D) U373, MCF-7 and HT-29 cells were treated with various concentrations of AE for 48 h. The GraphPad
Prism 8 programme was used to calculate the I1Cso values for E and AE. Asterisks indicate statistical significance by comparison of treatment groups
with control cells (100%, cells treated with 0.05% DMSO containing media). The results are mean + SD of three experiments (U373 *p<0.001; MCF-
7 **p<0.001 and HT-29 ***p<0.001, when compared to control).
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E and AE exhibited dose- and time-dependent effects on viability of all cell lines. As shown in Fig 2, the
decreases in percentage of viability were statistically significant in all treatment groups compared to control (U373
*p<0.001; MCF-7 **p<0.001; and HT-29 ***p<0.001). Treatment with E at 1 pg/mL significantly reduced viability in
all three cell lines in 24 h treatments, however, the decrease in viability of U373 and MCF-7 cells was milder at 48
hours treatment of the same concentration. The ICsp values of E, at 24 h treatment, were 29.75, 92.33 and 27.64 ug/mL
for U373, MCF-7 and HT-29 cell lines, respectively (Fig 2A). The required concentrations of E to inhibite the growth
of 50% of cells (ICsp) for U373, MCF-7 and HT-29 were 13.94, 35.45 and 9.51 ug/mL at 48 hours (Fig 2B). These
results indicate that, 48 h treatment with E reduces ICso values by more than half, compared to 24 h treatment. On the
other hand, the viability of the cells decreased significantly in treated with AE at 1 pg/mL, which was the lowest
concentration, but at the highest concentration, 100 pg/mL, the viability of all cells was the lowest at 48 hours of
treatment. AE treatment at 100 pg/mL in 48 h, reduced the viability of U373 human glioblastoma cells, MCF-7 breast
cancer cell line and HT-29 colorectal adenocarcinoma cells to 37.1, 41.2 and 20.7%, respectively (Fig 2D). The ICso
values of AE were 65.06, 51.53, 13.23 pg/mL and 18.59, 16.56, 5.38 pg/mL in U373, MCF-7 and HT-29 cell lines, at
24 and 48 h treatment, respectively (Fig 2C, Fig 2D). ICso values in 48 h AE treatment groups, also decreased
approximately three-fold compared to 24 h treatments.

4. Conclusions and discussion

Cancer causes huge losses as a major health problem all over the world. Many new therapeutics and clinical
treatments have been proposed to combat this disease. In this context, herbal-based treatment approaches stand out in
the fight against cancer with their low toxic effects and efficacy. The therapeutic potential of medicinal plants has
recently aroused a great interest in the treatment and prevention of many diseases, such as cancer [21]. The
anticarcinogenic effect of Rheum genus have been shown in several studies. It was determined that R. officinale water
extract was significantly growth inhibitory on A549 and MCF-7 cell lines and 1Cs values were 620 and 515 pg/mL
[22]. R. emodi water and methanol extracts have been reported to show anticancer activity against two human
carcinomas (MDA-MB-435S breast cancer and Hep3B liver carcinoma cell lines) [23]. R. ribes ethanol, water and
methanol extracts significantly reduce the viability of HCT-116, A2780, MCF-7 and PC-3 cells, especially at
concentrations of 25, 50 and 100 pg/mL, and in the same cell lines the 1Cso values were determined between 14.2-42.2
pg/mL [24]. In another study, ethanolic extract of R. ribes was showed significantly cytotoxic activity against SW742
and MCF-7 cells, and this extract inhibited the half of the cells at concentrations of 46.4 and 51.3 pug/mL, respectively
[25]. R.ribes butanol fraction exhibited antiproliferative activity on MCF-7 human breast cancer cells, and 1Cs value
was determined as 36 pg/mL [26]. R.ribes is particularly rich in anthraquinone compounds, and emodin and aloe-
emodin are among the main components [15-17]. In this study, the anti-proliferative effects of two anthraquinone
derivatives, emodin (1,3,8 trihydroxy-6-methylanthraquinone) and aloe-emodin (1,8-dihydroxy-3-hydroxymethyl-
anthraquinone), which isolated from R.ribes, were investigated on different cancer cell lines.

Glioblastoma is a malignant brain tumor that affects stem/progenitor cells in the brain and it has the rapidly
spread potential in adults [27]. Ismail et al. demonstrated that aloe-emodin inhibits proliferation of U87 malignant
glioma cells in a dose and time dependent manner and has an ICsp value of 58.6 pg/mL in 24 h treatment and 25.0
ug/mL in 48 h treatment [28]. In accordance with this study, we found that aloe-emodin, that isolated from R. ribes, was
decreased the viability of U373 glioblastoma cells in a dose and time dependent manner, and the 1Cso value was 65.1
pg/mL and 18.6 pg/mL at 24 and 48 h treatment, respectively. We have also demonstrated that isolated emodine
significantly inhibits the viability of U373 glioblastoma cells depending on increasing time and concentration.

Breast cancer is the most common cancer among women and accounts for 9.6% of cancer-related deaths
worldwide [29]. Kang et al. determined the 1Cs value of the emodin and aloe-emodin isolated from R. palmatum for 48
h in MCF-7 breast cancer cells as 16.4 and 12.6 ug/mL, respectively [30]. Similarly, we found the 1Cso value as 16.6
pug/mL for R. ribes' aloe-emodin in MCF-7 cells at 48 h treatment. However, isolated emodin from R. ribes was had a
milder antiproliferative effect than aloe-emodin. It has been reported that, emodin and aloe-emodin significantly
inhibited the proliferation of MCF-7 cells in a dose and time dependent manner and show anticancer activity [31]. We
can also say that, emodin and aloe-emodin show anticancer activity depending on dose and concentration, and these two
compounds make important contributions to R.ribes anticancer potential.

Colorectal cancer is the second cause of cancer-related deaths in both men and women [32]. Suboj et al. treated
WiDr, RKO, SW 480 and SW 620 colon adenocarcinoma cells for 48 h with commercially AE, and showed that AE has
a dose-dependent antiproliferative effect and it was arrested the cell cycle in the G2/M phase [33]. Similarly, in our
study, AE exhibited dose-dependent inhibition in the proliferation of HT-29 colorectal cancer cells. In addition, both
emodin and aloe-emodin, that isolated from R.ribes, significantly inhibited the proliferation of HT-29 colorectal
adenocarcinoma cells, even at very low concentrations.

Overall, these results indicate that, isolated emodin and aloe-emodin from R. ribes have a significant anti-
proliferative effect in human breast, colon and glioma cancer cell lines, and therewithal suggesting that these isolated
compounds from R. ribes have potential therapeutic efficacy in the prevention and treatment of cancer. However,
further investigations are needed to clarify the molecular mechanisms of these isolated compounds.
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Figure S1. 1 H-NMR spectrum of the emodin compound (1 H-NMR: 600 MHz; DMSO-d 6)
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Figure S2. 13C-NMR spectrum of the emodin compound (13C-NMR: 150 MHz; DMSO-d6)
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Figure S3. 1 H-NMR spectrum of the aloe-emodin compound (1 H-NMR: 600 MHz; DMSO-d 6).
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Figure S4. 13 C-NMR spectrum of aloe-emodin compound (13 C-NMR: 150 MHz; DMSO-d 6)
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Abstract

In this study, it was aimed to identify the plants of Anadolu University Arboretum and to make a list of
existing plants. In the study, Anadolu University Yunus Emre Campus study area was determined as woody plants as
study material. Plants in the arboretum are identified with the help of flora books, named, numbered and labeled.
Anadolu University Arboretum was established on an area of 5000 m? within Anadolu Yunus Yunus Emre Campus. At
the end of the studies, in Anadolu University Arboretum; It was determined that there were 250 species and six species
taxa belonging to 54 families and 108 genera. The families with the most taxa are; Rosaceae (16.8%), Cupressaceae
(9.6%), Pinaceae (8.4%), Oleaceae (6%), Caprifoliaceae (5.2%), Fagaceae and Salicaceae (4.4%); Aceraceae and
Leguminosae, Moraceae (3.6%); Celastraceae (2.8%), Berberidaceae (2%), Betulaceae (1.6%) and others. Breeds with
the most species and subspecies taxa are; Prunus (4.4%), Acer (3.6%), Juniperus (3.2%), Pinus (3.2%), Euonymus and
Thuja (2.8%); Chamaecyparis, Quercus and Salix (2.4%); Cedrus, Ficus, Fraxinus, Picea, Populus (2%) and others.
Anadolu University Arboretum takes a very important task in nature education, environmental protection, development
of social awareness and conservation of biological diversity.

Key words: Arboretum, Trees, Shrubs, Anadolu University, Eskisehir

*

Anadolu Arboretumu’nun bitkileri

Ozet

Bu ¢alismada Anadolu Universitesi Arboretumu’nun bitkilerini teshis etmek ve mevcut bitki listesini ¢ikarmak
amaclanmugstir. Arastirmada Anadolu Universitesi Yunus Emre Kampiisii ¢alisma alani, odunsu bitkiler ise calisma
materyali olarak belirlenmistir. Arboretumda bulunan bitkiler flora kitaplar1 yardimi ile teshis edilerek, isimlendirilmis,
numaralandirilmis ve etiketlendirilmistir. Anadolu Universitesi Arboretumu, Anadolu Universitesi Yunus Emre
Kampiisii icinde 5000 m®lik bir alanda, olusturulmustur. Yapilan calismalar sonunda Anadolu Universitesi
Arboretumu’nda; 54 familya ve 108 cinse ait, toplam 250 tiir ve tiir alt1 takson bulundugu tespit edilmistir. En fazla
takson iceren familyalar sirasi ile Rosaceae (%16,8), Cupressaceae (%9,6), Pinaceae (%8,4), Oleaceae (%0),
Caprifoliaceae (%5,2), Fagaceae ve Salicaceae (%4,4), Aceraceae, Leguminosae, Moraceae (%3,6); Celastraceae
(%2,8), Berberidaceae (%2), Betulaceae (%1,6) ve digerleri seklinde siralanmaktadir. En fazla tiir ve tiir alti1 taksona
sahip cinsler ise Prunus (%4,4), Acer (%3,6), Juniperus (%3,2), Pinus (%3,2), Euonymus ve Thuja (%2,8);
Chamaecyparis, Quercus ve Salix (%2,4); Cedrus, Ficus, Fraxinus, Picea, Populus (%2) ve digerleri seklinde
stralanmaktadir. Sahip oldugu ézellikler ile Anadolu Universitesi Arboretumu doga egitimi ve gevre koruma alaninda
Eskisehir ve gevre iller basta olmak {iizere toplumsal bilincin gelismesi ve biyolojik cesitliligin korunmasinda ¢ok
6nemli ve tarihi bir gorevi iislenmektedir.

Anahtar kelimeler: Arboretum, Agaglar, Calilar, Anadolu Universitesi, Eskisehir
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1. Giris

Egitim, bilimsel ¢aligmalar ve gézlem yapmak amaciyla agag, ¢ali ve diger odunsu bitkilerin belli bir alanda
yetistirilip sergilendigi alanlara arboretum adi verilmektedir. Arboretum agag, agagcik veya cali gibi odunsu bitkilerin
yetistirilmesi i¢in ayrilmig botanik bahgeleridir. Arboretumlar g¢esitli odunsu tiirleri igerebilecegi gibi, sadece bir veya
birkag tiirden olusabilir. Arboretumlar odunsu bitkilerin biyolojisi, ekolojisi, habitatlar1 hakkinda bilgi vermesi yan sira,
endemik tiirlerin korunmasi, egzotik tiirlerin adaptasyonu gibi konularda da toplumsal bilimcin olusturulmasina katkida
vermektedir.

Arboretumlar canli aga¢ miizeleri olup, ¢evre ve toplum yararma ¢ok dnemli fonksiyonlar iistlenmektedir.
Ogrencilerin anaokulundan baslayarak iiniversite diizeyine kadar olan 6grenme ddnemlerinde egitim ve &gretim
stireclerinde agik laboratuvar niteligindedir. Ayrica arboretumlar yasam boyu egitim kapsaminda her yastan insanin
odunsu bitkileri tanimasi ve onlar hakkinda bilgi sahibi olmasi konusunda ve toplumda g¢evre bilincinin gelismesine
katkida bulunmaktadir. Diger taraftan bu alanlar insanlarin dinlenme gibi rekreaktif ihtiyaglarinin da karsilandig
onemli agik alanlardir.

Bu calismanm amaci Anadolu Universitesi Arboretumu’nda bulunan bitkilerin listesini ¢ikarmak, mevcut
potansiyelini belirlemek, gelismesi ve tamtimina katkida bulunmaktir.

2. Materyal ve yontem

Bu calismada Anadolu Universitesi Yunus Emre Kampiisii ¢aligma alani, odunsu bitkiler ise ¢aligma materyali
olarak belirlenmistir. Arboretumda bulunan bitkiler gesitli kaynaklar yardimu ile teshis edilerek [1-7], isimlendirilmis,
numaralandirilmis ve etiketlendirilmistir. Bitki iizerine veya yakinina konan etiketlerde bitkinin bilimsel ad1, Tiirk¢e
adi, biyolojik dzellikleri, ekolojik dzellikleri, habitati ve orijini gibi bitkiyi tanimlayan bilgiler karekot i¢ine konmugtur
(Sekil 1). Arboretum ziyaretgileri telefonlar ile karekot okutarak bitki hakkinda her tiirlii bilgiye ulasabilirler.
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Sekil 1. Anadolu Arboretmu’nd ‘
3. Bulgular

Anadolu Arboretumu; Anadolu Universitesi Yunus Emre Kampiisii iginde yer almaktadir. Arboretum alani
Yurti¢i Bélge Kumandanhig1 arazisinin 180 doniimliik bir kisminin 1964 yilinda Eskisehir Iktisadi ve Ticari {limler
Akademisi’ne tahsis edilmesi ile olusmaya baglamistir. Askeri birlik zamaninda baglayan bitkilendirme ¢aligmalari,
akademinin 1968 yilinda bu birligin alanina (Yunus Emre Kampiise) tasinmasiyla devam etmistir. Akademinin 1982
yilinda Anadolu Universitesine baglanmast ile alana gevre ve peyzaj diizenleme kapsaminda gok sayida ve degisik bitki
tiirleri dikilmeye devam etmistir. Anadolu Universitesi Yunus Emre Kampiisii iginde 5000 m?’lik bir alanda, 2017
yilinda Arboretuma doniistiirme calismalari baglatilmistir. Bu kapsamda alanda bulunan bitkiler teshis edilerek
uluslararas1 kriterlere gore etiketlenmistir. Anadolu Universitesi Arboretumu 15 Haziran 2018 tarihinde, Rektor
Prof.Dr. Naci Giindogan tarafindan yapilan acilis téreni ile hizmet vermeye baslamistir (Sekil 2).
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Anadolu Universitesi Arboretumu’nda; etiketlenmis toplam 54 familya ve 108 cinse ait, toplam 250 tiir ve tiir
alti takson bulunmaktadir (Tablo 1). En fazla takson igeren familyalar sirasi ile Rosaceae (%16,8), Cupressaceae
(%9,6), Pinaceae (%8,4), Oleaceae (%6), Caprifoliaceae (%5,2), Fagaceae ve Salicaceae (%4,4), Aceraceae,
Leguminosae, Moraceae (%3,6); Celastraceae (%2,8), Berberidaceae (%2), Betulaceae (%1,6) ve digerleri seklinde
siralanmaktadir. Arboretumu’nda en fazla tiir ve tiir alt1 taksona sahip cinsler ise Prunus (%4,4), Acer (%3,6), Juniperus
(%3,2), Pinus (%3,2), Euonymus ve Thuja (%2,8); Chamaecyparis, Quercus ve Salix (%2,4); Cedrus, Ficus, Fraxinus,
Picea, Populus (%2) ve digerleri seklinde siralanmaktadir [8]. Anadolu Universitesi Arboretumu’nda bulunan bitkilerin
listesi Tablo 1’de topluca verilmistir. Bu bitkilerin habitatlar1 incelendiginde bunlarin 12 farkli farkli cografyadan
gelmis oldugu goriilmektedir. Bitkilerin %541 egzotik ve %46 Tiirkiye orijinli olup, Amerika Kitas1 (%17), Cin (%34),
Japonya (%20), Asya (%19), Avrupa (%9) ve digerleri seklinde siralanmaktadir (Sekil 3). Mevcut bitkilerin ¢ok 6nemli

bir kismi agik alanlarda yetistirilirken, soguklara dayanikli olmayan baz bitkilerde seralarda yetistirilmektedir.

Tablo 1. Anadolu Arboretumu bitki listesi

Ad1 Familyasi Tiirkce ad1 Habitati
Abelia x grandiflora Caprifoliaceae Giizellik ¢alis1 Dogu Cin
Abies alba Pinaceae Giimiisi koknar Giiney Avrupa
Abies nordmanniana Pinaceae Kafkas koknart Tiirkiye

Acer campestre Aceraceae Ova akcaagaci Tiirkiye

Acer negunda Aceraceae Disbudak yaprakli ak¢aagag Kuzey Amerika
Acer negundo “Aureomarginatum” Aceraceae Alacayaprakli akgaagac Kuzey Amerika
Acer palatanoides “Crimson Sentry” Aceraceae Kirmiz1 yaprakli akgaagag Avrupa

Acer palmatum Aceraceae Elsi akcaagac Japonya

Acer palmatum “Dissectum Stella Rosa” Aceraceae Kiziltiiysii japon akgaagaci Cin

Acer pseudoplatanus Aceraceae Dag akcaagaci Kafkaslar

Acer rubrum Aceraceae Seker akcaagaci Kuzey Amerika
Acer tataricum Aceraceae Tatar akcaagaci Giineydogu Avrupa
Aesculus hippocastanum Hippocastanaceae | At kestanesi Tiirkiye
Ailanthus altissima Simaroubaceae Kokar agag Cin

Albizzia julibrissin Leguminosae Giilibrisim Tropik Asya
Alnus glutinosa Betulaceae Kizilagag Tiirkiye
Amorpha fruticosa Leguminosae Yalanci givit Kuzeydogu Amerika
Atriplex halimus Chenopodiaceae Deniz semizotu Giiney Avrupa
Berberis julianae Berberidaceae Herdemyesil kadintuzlugu Cin

Berberis thunbergii “Atropurpurea” Berberidaceae Kirmiz1 yaprakli kadintuzlugu | Japonya
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Tablo 1. Devam ediyor

Betula pendula Betulaceae Akhug Tiirkiye
Betula pendula “Youngii” Betulaceae Salkim hus Tiirkiye
Bougainvillea glabra Nyctaginaceae Begonvil Brezilya
Buddleia davidii Buddleiaceae Kelebek ¢alisi Cin

Buxus microphylla Buxaceae Osmanli1 simsiri Japonya
Buxus sempervirens Buxaceae Anadolu simsiri Tiirkiye
Calycanthus floridus Calycanthaceae Kizilganak Kuzey Amerika
Campsis radicans Bignoniaceae Acem borusu Dogu Amerika
Carpinus betulus “Pyramidalis” Corylaceae Piramit giirgen Tiirkiye
Catalpa bignonoides Bignoniaceae Katalpa Amerika
Cedrus atlantica Pinaceae Atlas sediri Cezayir
Cedrus atlantica “Glauca” Pinaceae Mavi yaprakli atlas sediri Cezayir
Cedrus deodara Pinaceae Himalaya sediri Afganistan
Cedrus deodara “Pendula” Pinaceae Sarkik himalaya sediri Afganistan
Cedrus libani Pinaceae Toros sediri Tiirkiye
Cercis siliquastrum Fabaceae Erguvan Tiirkiye
Cerecis siliquastrum “Alba” Leguminosae Beyaz ¢igekli erguvan Tiirkiye
Chaenomeles cathayensis Rosaceae Pembe ¢icekli japon ayvasi Cin
Chaenomeles speciosa Rosaceae Japon ayvasi Cin
Chaenomeles x californica Rosaceae Melez japon ayvasi Kaliforniya
Chamaecyparis lawsoniana Cupressaceae Lavzon yalanci servisi Kuzey Amerika
Chamaecyparis lawsoniana “Aurea” Cupressaceae Altuni lavzon servisi Kuzey Amerika
Chamaecyparis lawsoniana “Ellwoodii” Cupressaceae Lavzon yalanci servisi Kuzey Amerika
Cistus laurifolius Cistaceae Pinar Tiirkiye
Citrus fortunella “Margarita” Rutuceae Kiz portakali Giineydogu Asya
Citrus limon Rutaceae Limon Cin

Citrus sinensis Rutaceae Portakal Cin

Clematis montana var. rubens Ranunculaceae Pembe akasma Cin

Clematis vitalba Ranunculaceae Akasma Tiirkiye
Colutea arborescens Leguminosae Patlangag Tiirkiye
Cornus alba “Elegantissima” Cornaceae Alaca yaprakli kizileik Cin

Cornus alba “Sibirica” Cornaceae Kizilcik ¢alis Asya

Cornus mas Cornaceae Kizilcik Tiirkiye
Cornus sanguinea Cornaceae Demircik Tiirkiye
Corylus avellana Betulaceae Findik Tiirkiye
Cotinus coggyria Anacardiaceae Peruka calisi Tiirkiye
Cotoneaster horizantalis Rosaceae Yaprakdoken medik Bat1 Cin
Cotoneaster lacteus Rosaceae Bahge medigi Cin
Cotoneaster microphyllus Rosaceae Bodur medik Asya
Crataegus mongyna Rosaceae Alig Tiirkiye
Crataegus oxyacantha Rosaceae Geyikdikeni Tiirkiye
Crataegus oxyacantha “Coccinea Plena” Rosaceae Kirmizi ¢igekli geyikdikeni Tiirkiye
Cryptomeria japonica Taxodiaceae Kriptomeriya Japonya
Cryptomeria japonica var. elegans Taxodiaceae Zarif kriptomeriya Japonya
Cupressocyparis leylandii Cupressaceae Melez servi Ingiltere
Cupressocyparis leylandii “Variegatus” Cupressaceae Alaca yaprakli melez servi Leighton Hall
Cupressus arizonica Cupressaceae Mavi servi Amerika
Cupressus sempervirens var. horizantalis Cupressaceae Akdeniz servisi Tiirkiye
Cupressus sempervirens var. pyramidalis Cupressaceae Piramit servi Tiirkiye
Cycas revoluta Cycadaceae Yalanci palmiye Japonya
Cydonia oblonga Rosaceae Ayva Tiirkiye
Elaeagnus angustifolius Elaeagnaceae I3de Amerika
Elaeagnus pungens “Maculata” Elaeagnaceae Altin yaprakli kug igdesi Tiirkiye
Elaeagnus x ebbingei Elaeagnaceae Melez kus igdesi Tiirkiye
Euonymus alatus Celastraceae Kirmizi taflan Japonya
Euonymus europaeus Celastraceae I agaci Tiirkiye
Euonymus fortunei “Emerald'n Gold” Celastraceae Altuni yaprakli bodur igcik Japonya
Euonymus fortunei “Gracilis” Celastraceae Giimiisi yaprakli bodur igcik Japonya
Euonymus japonicus Celastraceae Taflan Japonya
Euonymus japonicus “Aureo-picta” Celastraceae Altuni taflan Japonya
Euonymus japonicus “President Gautier” Celastraceae Giimiisi taflan Japonya
Fagus orientalis Fagaceae Dogu kaymi Tiirkiye
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Ficus benjamine Moraceae Kiigiik yaprakli kauguk Filipinler

Ficus carica Moraceae Incir Tiirkiye

Ficus elastica Moraceae Kauguk Tropik Asya
Ficus elastica “Tricolor” Moraceae Alacayaprakli kauguk Avustralya
Ficus lyrata Moraceae Keman yaprakh kauguk Bati1 Afrika
Forsythia x intermedia Oleaceae Altinganak Kuzeybati Cin
Fraxinus angustifolia ssp. oxycarpa Oleaceae Dar yaprakl disbudak Tiirkiye
Fraxinus exelsior Oleaceae Boylu disbudak Tiirkiye
Fraxinus exelsior “Pendula” Oleaceae Sarkik digbudak Tiirkiye
Fraxinus ornus ssp. cilicica Oleaceae Cigekli digbudak Tiirkiye
Fraxinus oxycarpa Oleaceae Sivri meyveli digbudak Tiirkiye

Ginkgo biloba Ginkgoaceae Mabet agaci Giineydogu Cin
Gleditschia triacanthos “Sunburst” Fabaceae Gledigya Amerika
Hedera colchica “Sulphur Heart” Araliaceae Alacayaprakli orman sarmagi31 Tiirkiye

Hedera helix Araliaceae Duvar sarmagigi Tiirkiye
Hibiscus rosa - sinensis Malvaceae Yaz giilii Cin

Hibiscus syriacus Malvaceae Agag hatmi Cin

Hippophae rhamnoides Elaeagnaceae Kum dikeni Tiirkiye
Hydrangea macrophylla Hydrangeaceae Ortanca Dogu Asya

llex aquifolium Aquifoliaceae Cobanpiiskiilii Tiirkiye

llex aquifolium “Golden Gem” Aquifoliaceae Alaca yaprakli gobanpiiskiilii | Tiirkiye
Jasminum officinale Oleaceae Yasemin Tiirkiye
Juglans regia Juglandaceae Ceviz Tiirkiye
Juniperus chinensis “Pfitzeriana Aurea” Cupressaceae Yayvan altuni ardig Kuzey Amerika
Juniperus chinensis “Pfitzeriana Glauca” Cupressaceae Mavi yayvan ardi¢ Kuzey Amerika
Juniperus communis Cupressaceae Siitun ardi¢ Tiirkiye
Juniperus exelsa Cupressaceae Boylu ardig Tiirkiye
Juniperus foetidissima Cupressaceae Kokar ardig Tiirkiye
Juniperus oxycedrus ssp. oxycedrus Cupressaceae Cakirga Tiirkiye
Juniperus sabina Cupressaceae Sabin ardici Tiirkiye
Juniperus virginiana Cupressaceae Kursunkalem ardict Kuzey Amerika
Kerria japonica “Pleniflora” Rosaceae Keriya giilii Japonya
Koelreuteria paniculata Sapindaceae Sabun agaci Japonya
Laburnum anagyroides Fabaceae Sarisalkim Avrupa

Laurus nobilis Lauraceae Defne Tiirkiye
Ligustrum ovalifolium Oleaceae Genis yaprakli kurtbagri Japonya
Ligustrum ovalifolium “Aureum” Oleaceae Alacayaprakli kurtbagri Japonya
Ligustrum vulgare Oleaceae Kurtbagri Tiirkiye
Liquidambar orientalis Hamamelidaceae | Anadolu sigla agaci Tiirkiye
Liquidambar styraciflua Hamamelidaceae | Amerikan sigla agaci Kuzey Amerika
Lonicera japonica “Halliana” Caprifoliaceae Yesil dalli hanimeli Japonya
Lonicera japonica “Repens” Caprifoliaceae Kirmizi dalli hanimeli Japonya
Lonicera nitida Caprifoliaceae Siirtiniicii hanimeli Bati1 Cin
Lonicera tatarica Caprifoliaceae Tatar hanimeli Tiirkiye

Lycium barbarum Solanaceae Atlangag Cin

Maclura pomifera Moraceae Yalanci portakal agaci Kuzey Amerika
Mahonia aquifolium Berberidaceae Mahonya Amerika
Mahonia japonica Berberidaceae Japon mahonyasi Cin

Mahonia repens ‘“Rotundifolia” Berberidaceae Bodur mahonya Kuzey Amerika
Malus hybrida Rosaceae Elma Asya

Malus x purpurea Rosaceae Siis elmasi Asya

Morus alba Moraceae Ak dut Dogu Asya
Morus alba “Pendula” Moraceae Sarkik dut Asya

Morus rubra Moraceae Kirmizi dut Kuzey Amerika
Nerium oleander Apocyanaceae Zakkum Tiirkiye

Olea europaea var. sativa Oleaceae Zeytin Tiirkiye
Parthenocissus quinquefolia Vitaceae Beslim sarmasgigt Kuzeydogu Amerika
Paulownia tomentosa Scrophulariaceae Pavlonya Cin
Philadelphus coronarius Saxifragaceae Filbahri Giiney Avrupa
Phillyrea latifolia Oleaceae Akcakesme Tiirkiye
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Photinia x fraseri “Red Robin” Rosaceae Alevagaci Cin

Picea abies Pinaceae Avrupa ladini Avrupa

Picea glauca “Conica” Pinaceae Konik ladin Amerika

Picea omorica Pinaceae Balkan ladini Bosna Hersek
Picea orientalis Pinaceae Dogu ladini Tiirkiye

Picea pungens Pinaceae Mavi ladin Amerika

Pinus brutia Pinaceae Kizilgam Tiirkiye

Pinus griffithii Pinaceae Aglayan gcam Afganistan
Pinus nigra ssp. pallasiana var. seneriana Pinaceae Ebe karacam Tiirkiye

Pinus nigra ssp. pallasiana Pinaceae Anadolu karagami Tiirkiye

Pinus nigra ssp. pallasiana var. pyramidata Pinaceae Ehrami karagam Tiirkiye

Pinus pinea Pinaceae Fistik camt Tiirkiye

Pinus strobus Pinaceae Veymut ¢ami Kuzeydogu Amerika
Pinus sylvestris spp. hamata Pinaceae Sarigam Tiirkiye
Pittosporum sp. Pittosporaceae Yapigkan tohum Cin

Platanus orientalis Platanaceae Dogu ¢inart Tiirkiye
Polygonum aubertii Polygonaceae Tiirkistan sarmasig1 Tiirkistan
Populus alba Salicaceae Akkavak Tiirkiye
Populus nigra var. italica Salicaceae Karakavak Tiirkiye
Populus tremula Salicaceae Titrek kavak Tiirkiye
Populus usbekistanica “Afghanica” Salicaceae Asya servi kavagi Orta Asya
Populus x canadensis Salicaceae Kanada kavagi Kuzey Amerika
Prunus amygdalus Rosaceae Badem Tiirkiye

Prunus armeniaca Rosaceae Kayisi Cin

Prunus avium Rosaceae Kiraz Tiirkiye

Prunus cerasifera “Pissardii” Rosaceae Kirmizi yaprakl erik Tiirkiye

Prunus cerasus Rosaceae Vigne Tiirkiye

Prunus divaricata Rosaceae Yaban erigi Tiirkiye

Prunus domestica Rosaceae Erik Tiirkiye

Prunus laurocerasus Rosaceae Karayemis Tiirkiye

Prunus mahalep Rosaceae Mahlep Tiirkiye

Prunus serrulata Rosaceae Siis kirazi Cin

Prunus serrulata “Kanzan” Rosaceae Katmerli siis kirazi Asya
Pseudotsuga menziesii Pinaceae Duglas Kuzey Amerika
Punica granatum Punicaceae Nar Tiirkiye
Pyracantha coccinea Rosaceae Atesdikeni Tiirkiye
Pyracantha rogersiana “Flava” Rosaceae Sar1 meyveli atesdikeni Bati1 Cin

Pyrus hybrida Rosaceae Kiiltiir armutlari Cin

Quercus cerris Fagaceae Tiirk mesesi Tiirkiye
Quercus ilex Fagaceae Pirnal mesesi Tiirkiye
Quercus ithaburensis ssp. macrolepis Fagaceae Anadolu palamut mesesi Tiirkiye
Quercus pubescens Fagaceae Tiiyli mese Tiirkiye
Quercus robur Fagaceae Sapli mege Tiirkiye
Quercus robur “Fastigiata” Fagaceae Piramidal mese Kuzey Amerika
Rhus coriaria Anacardiaceae Derici sumagi Tiirkiye

Rhus typhina Anacardiaceae Sumak Kuzey Amerika
Robinia pseudoacacia Leguminosae Yalanci akasya Kuzey Amerika
Robinia pseudoacacia “Umbraculifera” Leguminosae Top akasya Kuzey Amerika
Robinia x margaretta “Casque Rouge” Leguminosae Kirmiz gicekli akasya Kuzey Amerika
Rosa canina Rosaceae Kusburnu Tiirkiye

Rosa damascena Rosaceae Isparta giilii Tiirkiye

Rosa foedita Rosaceae Sar1 yaban giilii Tiirkiye

Rosa sp. Rosaceae Giil Tiirleri Tiirkiye

Rubus caesius Rosaceae Bogiirtlen Tiirkiye

Rubus idaeus Rosaceae Ahududu Tiirkiye

Rubus sanctus Rosaceae Bogiirtlen Tiirkiye

Salix alba Salicaceae Aksogiit Tiirkiye

Salix babylonica Salicaceae Salkim sogiit Tiirkiye

Salix caprea Salicaceae Kegi sogiidi Tiirkiye

Salix caprea “Pendula” Salicaceae Sarkik ke¢i sogiidii Tiirkiye
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Salix eleagnos Salicaceae Igde yaprakh sogiit Tiirkiye
Salix matsudana var. tortuosa Salicaceae Tribigon sogiidii Tiirkiye
Sambucus ebulus Caprifoliaceae Bodur miirver Tiirkiye
Sambucus nigra Caprifoliaceae Siyah miirver Tiirkiye
Sambucus nigra var. aurea Caprifoliaceae Altuni miirver Tiirkiye
Sophora japonica Leguminosae Japon soforasi Cin
Sophora japonica “Pendula” Fabaceae Sarkik japon soforasi Cin
Sorbaria sorbifolia Rosaceae Beyaz piiskiil Dogu Asya
Sorbus aria Rosaceae Ak iivez Tiirkiye
Sorbus aucuparia Rosaceae Kus tivezi Tiirkiye
Spiraea cantoniensis Rosaceae Dar yaprakl ispir Cin
Spiraea japonica “Little Princess” Rosaceae Japon ispiri Japonya
Spiraea salicifolia Rosaceae Sogiit yaprakli ispir Tiirkiye
Spiraea x vanhouttei Rosaceae Beyaz cicekli ispir Cin
Symphoricarpos albus Caprifoliaceae Beyaz inci Amerika
Symphoricarpus orbicularis Caprifoliaceae Pembe inci Amerika
Syringa vulgaris Oleaceae Leylak Tiirkiye
Syringa vulgaris “Mme Felix” Oleaceae Beyaz leylak Tiirkiye
Syringa vulgaris “Mrs Edward Harding” Oleaceae Kirmizi leylak Tiirkiye
Tamarix gallica Tamaricaceae Tlgin Avrupa
Tamarix tetrandra Tamaricaceae Pembe ¢icekli 1lgin Kibris
Taxus baccata Taxaceae Porsuk Tiirkiye
Taxus baccata “Fastigiata Aurea” Taxaceae Altuni piramidal porsuk Tiirkiye
Taxus baccata “Fastigiata” Taxaceae Piramidal porsuk Tiirkiye
Thuja occidentalis Cupressaceae Bat1 mazisi Kuzey Amerika
Thuja occidentalis “Columna” Cupressaceae Piramidal bat1 mazisi Kuzey Amerika
Thuja occidentalis “Europa Gold” Cupressaceae Altuni bat1 mazisi Kuzey Amerika
Thuja orientalis Cupressaceae Dogu mazisi Asya
Thuja orientalis “Aurea Nana” Cupressaceae Altuni dogu mazisi Dogu Asya
Thuja orientalis “Pyramidalis Aurea” Cupressaceae Piramidal altuni dogu mazis1 | Dogu Asya
Thuja plicata Cupressaceae Boylu mazi Amerika
Thujopsis dolobrata Cupressaceae Balta yaprakli mazi Japonya
Tilia platyphyllos Tiliceae Biiyiik yaprakli thlamur Tiirkiye
Tilia rubra Tiliaceae Kafkas thlamuru Tiirkiye
Tilia tomentosa Tiliaceae Giimiisi thlamur Tiirkiye
Trachycarpus fortunei Arecaceae Yelpaze palmiye Cin

Ulmus glabra Ulmaceae Dag karaagaci Tiirkiye
Ulmus glabra “Pendula” Ulmaceae Sarkik dag karaagaci Tiirkiye
Ulmus glabra "Fastigiata" Ulmaceae Piramidal dag karaagaci Tiirkiye
Ulmus pumila Ulmaceae Sibirya karaagaci Tiirkiye
Viburnum lantana Caprifoliaceae Tiiyli kartopu Tiirkiye
Viburnum opulus Caprifoliaceae Yaban kartopu Tiirkiye
Vitis vinifera ssp. vinifera Vitaceae Asma Tiirkiye
Washingtonia filifera Arecaceae Palmiye Kaliforniya
Washingtonia robusto Arecaceae Boylu palmiye Kuzeybati Meksika
Weigela florida Caprifoliaceae Vegelya Cin
Wisteria sinensis Leguminosae Morsalkim Cin

Yucca recurvifolia Agavaceae Yukka Amerika
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Sekil 3. Anadolu Arboretumu’nda bulunan bitkilerin orijinlerine gore dagilimi
4. Sonugclar ve tartisma

Yapilan ¢alisma sonunda Anadolu Universitesi Arboretumu’nda; etiketlenmis toplam 54 familya ve 108 cinse
ait, toplam 250 tiir ve tiir alt1 takson bulundugu belirlenmistir. Arboretumda yetisen agag¢ ve ¢alilar, bu ¢alismada yer
alan bitkilerle siirli olmayip ¢ok daha fazladir. Ancak bazi nedenlerle tiir ve sayr siurlt kalmistir. Yapilacak ilave
¢aligmalar ile bu saymm 300’in lizerine ¢ikartilabilecedi agik¢a goriilmektedir. Burada bulunan bitkilerden bazilari
Tiirkiye florasinda dogal olarak bulunmalarina ve bahge sanati acisindan bilyiik bir potansiyel tasimalarina ragmen,
heniiz taninmamakta, bunun sonucu olarak park ve bahgelerde yaygin bir sekilde yetistirilmemektedir. Arboretum her
yas grubuna yonelik ayri bir egitim programi diizenleyerek doga koruma ve cevre egitimi agisindan daha

etkin hale gelebilir. Agag ve galilar kent ekosistemine ¢ok yonlii katkilar saglamasi yaninda bazen dolaylh olarak
kendileri de birer kirletici unsur olarak karsimiza ¢ikmaktadir [9]. Son yillarda yapilan ¢aligmalarda 6zellikle bazi bitki
tirlerinin polenlerinin alerjik oldugu, bazilarinin ise zehirli olabilecegi bilinmektedir. Anadolu Arberetumu ayni
zamanda kent igi ve gevresinde, yesil alan fonksiyonu da gormekte sehrin mikro iklimini etkileme, hava
kirliligini dnleme, insanlarin fiziksel saghigini koruma gibi fonksiyonlarida Gstlenmektedir.

Tiirkiye’de; Atatiirk Arboretumu (istanbul), Yunusemre Arboretumu (Fethiye- Kdycegiz), Siileyman Demirel
Arboretumu (Adana), Kavakli Orman Isletme Sefligi Arboretumu (Zonguldak-Yenice) ve Karaca Arboretumu (Yalova)
[10], Kovada Cay1 Arboretumu gibi sayili miktarda arberetumdan bahsedilebilir. Bu arberetumlara 2018 yilinda
Anadolu Universitesi Arboretumu ilave olmustur. Ayrica bunlar disinda Kahramanmaras, Antalya ve diger bazi illerde
de arboretum kurma c¢aligmalar1 devam etmekte oldugu billinmektedir.

Arboretumda Pinus nigra ssp. pallasiana var. pyramidata (Ehrami karagam) gibi Tiirkiye nin endemik bitkileri
yer alirken, Ginkgo biloba (Mabet agac1) gibi rolik endemik (yasayan fosil) bitkiler; Cotinus cogyria (Peruka calisi) ve
Crataegus mongyna (Alig) gibi tibbi bitkiler yer almaktadir. Farkli iilke ve habitatlara ait olan bu bitkiler etnobotanik
acidan da Onemli degerler tasimaktadir. Eskisehir'de yetistirilen aga¢ ve c¢alilarin kentsel ekoloji agisindan
degerlendirilmesine yonelik bazi c¢aligmalar bulunmaktadir [5, 9]. Arboretumda bulunan bitkiler ilk kez bilimsel
normlara gore etiketlenerek ziyaretgilere 2018 yilinda hizmet vermeye baglamistir. Arboretumda bitkilerin etiketlenmis
olmas ziyaretgilerin cep telefonlarina indirecekleri karekot okuyucular sayesinde bitkiler hakkinda kolayca bilgi sahibi
olmalarina imkan1 saglamaktadir. Ayrica Arboretum iginde ziyaretgilerin dinlenme ihtiyaclarini karsilamak amaciyla
oturma guruplart ve kafeterya yer almaktadir. Eskigehir’de halen bilimsel anlamda bir Botanik Bahgesi
bulunmamaktadir. Dolayisi ile Anadolu Arboretumu doga egitimi ve ¢evre koruma alaninda Eskisehir ve gevre iller
basta olmak tizere toplumsal bilincin gelismesinde ve biyolojik ¢esitliligin korunmasinda ¢ok 6nemli ve tarihi bir gorev
iislenmektedir.
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Abstract

The effects of carbohydrates and tannen on the development and food preferences of Uresiphita gilvata larvae
were investigated in this study. In addition, with the addition of tannin, the importance of plant-herbivore co-evolution
in the food choice of the larvae was mentioned. For this reason, thirteen different artificial diets were prepared. Each
diet contains sucrose, glucose, galactose, maltose, fructose, arabinose, mannose, or starch at the same concentration. To
investigate the effect of tannic acid, 5 % tannic acid was added to the diets each containing sucrose, starch, glucose or
maltose at the same concentration. According to the results of the study, sucrose was consumed by larvae more than
glucose and fructose. However, the maximum food consumption of U. gilvata larvae was on the diet containing
arabinose and their minimum consumption was on the diet containing mannose. Galactose is more consumed by larvae.
However, intake galactose can not converted to pupal lipid by larvae. The addition of tannin to the diet reduced the
amount of consumption of diet the dry pupal weight and lipid amount of pupae. However, the addition of tannin to the
diet increased the amount of protein and extended the development time of pupae.

Key words: carbohydrates, Uresiphita gilvata, tannin, plant-insect interaction, feeding
%

Cesitli karbonhidratlar ve tanik asidin Uresiphita gilvata (Lepidoptera: Crambidae)’nin besin tiiketimi ve
gelisme performansina etkileri

Ozet

Bu calismada, Uresiphita gilvata larvalarinin besin tercihi ve gelisiminde karbonhidratlarin ve tanennin etkisi
arastirllmistir. Ayrica, tanen ilavesiyle larvalarin besin tercihinde bitki-herbivor birlikte evrimlesmesinin dnemine
deginilmistir. Bu amagla, 13 farkli yapay diyet hazirlanmistir. Herbir diyet ayni konsantrasyonda siikroz, galaktoz,
glikoz, maltiz, fruktoz, arabinoz, mannoz ya da nisasta igermektedir. Tanenlerin etkisini incelemek igin ayni
konsantrasyonda siikroz, nisasta, glikoz veya maltoz igeren diyetlere %5 tanen ilavesi yapilmistir. Calisma sonuglarina
gore, larvalar siikrozu, glikoz ve maltozdan daha fazla tiiketmistir. Fakat, U. gilvata larvalar1 en fazla arabinoz igeren
diyeti, en az ise mannoz iceren diyeti tiiketmistir. Galaktoz igeren diyet fazla tiiketilmesine ragmen larva tarafindan
doniistiiriilememistir. Diyete tanen ilavesiyle besin tiiketim miktar1, pupa kuru agirligi, pupa lipit miktar1 azalmistir.
Fakat, pupa protein miktar1 artmis, gelisim siiresi de uzamustir.

Anahtar kelimeler: karbonhidrat, Uresiphita gilvata, tanen, bitki-bocek iliskisi, beslenme
1. Introduction

The host preference and the performance of the insect communities are determined by the host plants’ qualities
[1]. Host plants’ qualities are depended upon the plants’ protein, carbohydrate, and water contents, along with their

secondary metabolites contents [2]. Carbohydrates that contribute to the structures and functions of insect tissues are
principal classes of organic compounds for insects and other organisms. In addition to hemolymp of insects,
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carbohydrates are found in the nucleus, cytoplasm, andcell membrane of all cells [3]. They are also used as a nutritional
source and general energy source for insects especially in their later larval stages [4-5] which stored them as glycogen
and lipids. Feeding with carbohydarate-rich foods contributes to the survival of adults in diapause and the longevity of
heterotroph individuals [6]. Basically, glucose, fructose, and sucrose are indispensable carbohydrates as nutritional
components for many insect species. But, there are differences in the use of these nutritional carbohydrates among
insect species [7]. In addition, some carbohydrate compounds may play a role as a nutritional stimulant for some insect
species. Nevertheless, the same carbohydrates may be a nutritional deterrent for other insect species. The nutritional
deterrents cannot be completely hydrolyzed or absorbed by some insect individuals [3].

Also, secondary metabolites are very important factors in choosing host plants for feeding and oviposition for
insects and various plant secondary metabolites are produced for defensive purposes against herbivores in plant-
herbivore relationships. As a secondary metabolite, tannins are the most common of phenolic compounds produced by
plants [8]. They are accumulated at much lower levels in herbaceous plants than woody dicotyledons. Tannins can bind
a wide variety of natural polymeric compounds in vitro, including carbohydrates and lipids [8]. Ingested tannins in plant
foods can bind surfactants and can cause a nutritionally significant loss of essential fatty acids [8]. They also affect
herbivores by inhibiting insect enzymes. Tannins in an artificial insect diets can be caused a significant decrease in
larval performance that is consistent with decreased protein digestion. However, some insect species may have ability to
tolerate ingested tannins. The ability of insects to tolerate ingested tannins comes from a variety of biochemical and
physical adaptations in their guts, including surfactants, high pH, antioxidants, and a protective peritrophic envelope
that lines the midgut [8].

Uresiphita gilvata F. (Crambidae: Lepidoptera) is widely found in Europe, North Africa and in South Africa in
Namibia [9]. The ecological importance of this species is the distribution in the Kizilirmak delta. The Kizilirmak Delta
in the Central Black Sea region of Turkey is defined as a Ramsar Area by virtue of its natural habitats and rich
biodiversity. Besides playing an important part in both achieving ecological food chains and protecting biological
diversity, wetlands are ecosystems that make significant contributions to the economy of regions and countries [10].
The larvae of U. gilvata feed on various low-growing herbaceous plants, including Genista, Cytisus and Ulex.
Therefore, this insect species is important to maintain ecological diversity.

As pointed out above, carbohydrates may play a role as phagostimulants or deterrents in insects, they are also
energetic in their reproductive and developmental processes. Every insect species has been evolved a different
adaptation to different carbohydrates. Insect deterrent carbohydrate cannot be completely hydrolyzed or absorbed by
insect species. Tannins may decrease protein digestion in insects’ guts. Therefore, in this study, the effect of
carbohydrate varieties on food consumption and development of this species will be examined. Although there are
many woody and herbaceous plants in the habitat of the species, U. gilvata larvae are fed with herbaceous plants.
Woody plants protect themselves with secondary metabolites especially tannins. So, in this study; it can be explained
that the larvae prefer to feed on herbaceous plant rather than woody plants by adding tannic acid to the diet. Also, which
kind of carbohydrate is a deterrent effect on feeding the species can be determined?

2. Materials and methods
2.1. Insects and Experimental Chambers

U. gilvata larvae were collected from the Kizilirmak Delta in 2014 while they were feeding on their natural
host plant Sophora alopecuroides L. (Fabaceae). The collected larvae were fed on an agar based artificial diet originally
designed by Yamamoto [11] until the final instar in the laboratory. Immediately upon molting to the final instar, the
individuals were weighed in 0.0001 mg sensitive scale; then each one was placed singly into a plastic cup with a cover.
Both the culture and the experimental chambers were kept at the constant temperature at 25 +1 0C, 12h: 12h light-dark
regime and 65 = 5% RH.

2.2. The Artificial Diets

The artificial diet menu developed by Yamamoto [11] was used as the control diet and modified to obtain
experimental diets. Sucrose (3 %) was used as a carbohydrate ingredient in Yamamoto’s diet. We used one of the
carbohydrates (glucose, galactose, maltose, fructose, arabinose, mannose, starch) instead of sucrose in the same
concentration in each experimental artificial diets. One of the experimental diets was not contained any added
carbohydrate source. By adding an amount of 5 % of tannic acid of total dry weight to the artificial diet; four different
artificial diets were prepared to investigate the effects of tannic acid with sugars. Each of these artificial foods having
tannic acid contained one of different carbohydrates (sucrose, maltose, glucose or starch). Totally, thirteen experimental
artificial diets were prepared this way and were used to the last instar larvae of U. gilvata in the experiment chamber.
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2.3. Experimental Protocol

The weight of each of the last instar larva was measured at the beginning of experimental feeding. Each food
block prepared as described above was pre-weighed before being presented to the larva for each treatment. A total of
ten replicates was used for each diet treatment. Every day, any uneaten food by the larvae remaining in the larval
chamber was collected and replaced with fresh pre-weighed food block. The uneaten food left by the larva from each
feeding chamber was collected separately and dried in an oven (50 °C) and weighed after it had reached a constant dry
weight. Each larva was also weighed daily. This procedure was repeated until all of the larvae entered the pupal stage
[12].

2.4. Pupal Lipid and Protein Analyses

The total lipid amount in each pupa was calculated by modifying from Loveridge (1973) [13]. The total
amount of lipids stored in each pupae was determined with chloroform extraction by three times, 24-h changes of
chloroform [13]. At the end of the third chloroform wash they were re-dried and re-weighed to calculate lipid content.

The lipid-free pupae were analyzed for their nitrogen content using Thermo Scientific Flash 2000 series-NCS
analyzer instrument by Dumas method [14]. Dried samples weighed approximately 2.5 mg in tiny containers. Samples
introduced into the combustion reactor via the Thermo Scientific™ MAS Plus Autosampler with the oxygen determined
by the proprietary Thermo Scientific OxyTune® feature. It allows the automated evaluation of the oxygen needed for
combustion, according to the weight and nature of the sample. After combustion, the produced gases are carried by a
helium flow to a second reactor filled with copper, then swept through CO2 and H20O traps, a GC column. Finally they
are detected by a Thermal Conductivity Detector. At the end of this process, the amounts of % nitrogen were multiplied
by the constant of 6.25 to convert to the crude protein quantities [15].

2.5. Statistical Analysis

The amount of food consumption by each larva fed on each artificial diet, the pupal dry weight, protein and
lipid amounts in the pupae were analyzed statistically using the SPSS 17 version. A normality test was performed to
determine whether the variables were normally distributed. Then ANOVA and then TUKEY test were performed to
determine whether the variables differed. A Pearson correlation test was performed to determine whether there was an
association between variables.

3. Results

There was a clear effect of different carbohydrates and tannin on the food consumption and growth
performance of larvae (Figure 1). As a remarkable result; among the tannin-free diets, it was determined that the most
consumption amount was found in the larvae fed with the dietary intake of arabinose. The minimum consumption is in
the diet containing mannose (Figure 1). According to the results of the ANOVA test, differences were found between
consumption quantities of the different food types (F=222149,93, p<,001). According to the TUKEY test results, the
consumption amounts of the larvae on the artificial diets were statistically different from each other (Figure 1).
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Figure 1. Food consumption on different artificial diet (mg). *Diets with the same letter are not significantly different
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Larval diet treatment had a significant effect on pupal dry weight (ANOVA: F=6059.47, p<0.01). The highest
dry weight of pupa in diets containing no secondary metabolite was determined in the diet containing mannose. The
lowest pupae is dry weight in the galactose-containing diet (Figure 2). Although the consumption of larvae fed on
glucose-containing diets was low, it is noteworthy that the pupae dry weight was high. According to the results of
TUKEY test, dry weight of pupa in all diets, except for maltose + T; sucrose + TA and starch + TA, diet is different
from each other (Figure 2). Pearson correlation test results show that there is a weak relationship between food

consumption and pupa dry weight (R=0.376; P<0.01).
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Figure 2. Pupa dry weight on different artificial diet (mg). *Diets with the same letter are not significantly different

When the pupal protein contents were calculated, the highest value was obtained with the pupae of the larvae
fed on the artificial diet containing starch and the lowest value was measured as expected in the pupae of the larvae fed
on the artificial diet having no carbohydrate. The lowest value was determined on the artificial diet containing glucose
(Figure 3). The results of the ANOVA test show that there is a difference between the amounts of pupae protein in the

treatments (F=214.34; p<0.01).
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Figure 3. Pupa crude protein on different artificial diet. *Diets with the same letter are not significantly different

Among the tannin-free diets, the highest pupal lipid amount was determined for larvae consuming galactose
and the lowest pupae lipid amount was determined for glucose-consuming larvae. (Figure 4). A significant difference
was determined between the amounts of pupae lipids of larvae fed on different artificial diets (ANOVA: F=461.62;
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p<0.01). According to the results of the TUKEY test, the pupae lipid amounts for larvae consuming arabinose, mannose
or glucose + TA do not differ from each other. Similar results have been found for diets containing maltose + TA,
starch + TA, and fructose, maltose or starch. According to Pearson correlation test results, there is a weak negative
correlation between the amount of pupae lipid and food consumption (R=-0.233; p<0.01). There is a weak positive
correlation between the amount of pupae lipid and pupal protein amount (R=0.280; P<0.01). Similarly, it was
determined that the pupa dry weight affects the amount of pupa lipid positively (R=0.0489; p<0.01).
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Figure 4. Pupa lipid amount on different artificial diet (mg). *Diets with the same letter are not significantly different

The duration of larval development varies between artificial diets (ANOVA: F=166.09; P<0.01). Among
tannic acid free diet, it was determined that the longest larval stage length was in the larvae fed on the artificial diet
containing no carbohydrate; the shortest larval period was in the larvae fed on the artificial diet containing mannose
(Figure 5). The analyses of these data by TUKEY test showed that there was no significant difference between the
developmental stage length of the larvae fed on the artificial diets containing mannose or arabinose. Similarly, there was
no difference between the length of larval stage fed on the artificial diets containing arabinose or galactose. The
developmental stages of the larvae fed on the artificial diets containing mannose or galactose were different from each

other (Figure 5).
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Figure 5. Larval development duration on different artificial diet. *Diets with the same letter are not significantly
different
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A Pearson correlation test results show that there is a negative correlation between food consumption and
development duration (R=-0.0484; p<0.01). It was found out that as the food consumption amount decreased, the
duration of growth increased. Similarly, there was a negative correlation between pupal dry weight and development
duration (R=-0.665; p<0.01). As the duration of the larval development was prolonged, the pupae weight were
decreased.

It was determined that the amount of food consumption, pupa dry weight, and pupa lipid amount decreased
with the addition of tannic acid to artificial diet. However, the amount of pupa protein increased with the addition of
tannic acid, and the development time was prolonged.

4, Conclusions and discussion

In the literature, sucrose is indicated as a more preferred carbohydrate than glucose and fructose [16; 17; 18].
In our study, sucrose was consumed more than glucose and fructose. However, it cannot be said that glucose is more
preferred by U. gilvata larvae than fructose. Also, the fructose consumption or the arabinose consumption is higher than
the sucrose consumption by U. gilvata larvae. Therefore, the stimulatory effect of arabinose and fructose to U. gilvata
larvae may be greater than that of sucrose. Also, our results differ from the literature. Many studies have pointed out
that some carbohydrates act as a phagostimulants to insects [18; 19]. The continuation of feeding depends on the
continuation of feeding stimulants [19]. The more stimulating the effect, the more nutrient consumption will be too
much [19]. Fructose is a feeding stimulant for many insects. Jiang (2015) [20] stated that D-fructose stimulates the
gustatory receptor in antennas. Therefore, fructose has also been a feeding stimulant for U. gilvata larvae. It has been
determined that the pupal lipid ratios of the larvae fed with fructose are also high. Fructose has effects on glycogenesis
and several lipogenic enzyme systems [21]. Therefore fructose may have stimulated lipid storage in larvae.

Although arabinose is a sugar which is toxic to many insect species and can be used as an insecticide [22],
interestingly, U. gilvata larvae an more consume. Carbohydrates which have toxic effects cause changes in the insect
cuticula, dry the cuticula or block the spiracles and cause them to suffocate [23]. High concentrations of arabinose play
as lectin in members of the Solanaceae family and are not digested by insects [24], even if carbohydrates have a toxic
effect for the development of insects, sugar transport across the gut epithelium into their cells with sugar transport
molecules [25]. No toxic effect of arabinose on U. gilvata larvae was detected. The larvae may have used the arabinose
to complete their development.

Some carbohydrates could be feeding deterrents to insects [3]. The deterrent carbohydrates cannot be
hydrolyzed or absorbed in the insects’ guts. But some carbohydrates can be absorbed but not metabolized in the insects’
bodies. According to our results, galactose could be a feeding stimulant for the U. gilvata larvae, but it may not be
metabolized in their body. Because galactose is converted to galactitol [3]. This alcohol may be metabolized by U.
gilvata larvae and accumulates in the hemolymph.

Although U. gilvata larvae consumed the mannose-containing artificial diet quite low, the pupae dry weight
turned out to be the highest on the artificial diet containing this sugar. Another remarkable result is that the
developmental stage length does not differ from that of the larvae fed on the arabinose-containing artificial diet, which
had the highest amount of consumption. Mannose may be absorbed and used by U. gilvata larvae although it was
consumed in small quantity.

It is noteworthy that the consumption of the glucose-containing artificial diet by U. gilvata larvae was low, but
especially the pupae lipid content was quite high. Circulating glucose in the hemolymph is rapidly converted into
trehalose in the fat body by the enzyme trehalose-6-phosphate synthase [26]. Glucose is stored as glycogen in a
polymeric form in animal bodies. Glycogen is synthesized from UDP-glucose mainly derived from dietary
carbohydrates or amino acids. UDP-glucose can be used for the synthesis of either glycogen or trehalose, the circulating
sugar in the hemolymph. When fat body trehalose reaches a certain level, its synthesis is inhibited, and UDP-glucose is
used for glycogen synthesis. Lipids are the main fat body components, and more than 90 % of the lipids stored are
triglycerides. Triglycerides are synthesized from dietary carbohydrates, fatty acids, or proteins [26]. Therefore, the
excess amount of pupal lipids fed on the glucose-containing artificial diets may be converted to the glucose into the fat
body.

It has been determined that the consumption of U. gilvata larvae fed on the carbohydrate-free artificial diet was
in the 3rd rank following those artificial diet containing arabinose or galactose. It is remarkable that the pupal dry
weight, protein and lipid contents in pupal body were quite low, the development period length was longer on this diet.
Therefore, it can be concluded that carbohydrate is essential for the development of U. gilvata larvae.

According to our results, there is a negative correlation between the amount of consumed food and the duration
of development. Insects have the capacity to tolerate the decline in nutrient concentrations. The decrease in the nutrient
concentrations is tolerated by U. gilvata larvae, either by increasing the food consumption [27] or by changing the food
use efficiency. U. gilvata larvae may have increased the consumption of the carbohydrate-free artificial diet to provide
the needed nutrients. Low pupal dry weight, low protein and lipid content can be caused by using the protein from the
diets as an energy source through glycogenesis to meet the carbohydrate needs of the larvae [12]. Nash and Chapman
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[28] suggested that carbohydrates, especially starch, lactose, maltose, and glucose, have no effect on the development
length of the larvae. Our results differ from that of Nash and Chapman’s suggestion in this respect. The correlation
results indicating a negative relationship between the duration of development and the pupal dry weight. The larvae
would spend more energy on feeding as the duration of the development increases. This may have caused the pupal dry
weight to decrease.

When tannin was added to the artificial diets containing different carbohydrates at a concentration of 5 %, the
food consumption by the larvae was reduced compared to the artificial diet containing the same carbohydrates without
tannin. In herbivores that are not adapted to tannins as a nutritional deterrent in their foods, the adverse effects of
tannins could come out as by binding to digestive enzymes in the intestines of animals, creating lesions in the intestinal
epithelium, causing oxidative stress and the formation of semiquinone radicals, destroying microbial symbiotic
communities and exhibiting pharmacological toxic effects [29]. Therefore, the decreases in the food consumption by the
larvae when tannin added to the artificial diets are the results of the conditions mentioned in the literature [30]. The
results of this study demonstrated that the pupal dry weights and the lipid contents of the pupae fed on the artificial diets
containing tannin, have decreased. Lower results of the pupal dry weight by the addition of tannin to the artificial diet
support the study carried out with some species [13; 31; 32-33]. The emergence of semiquinone radicals when tannin
ingested in artificial diets may have increased the metabolic cost and reduced the conversion efficiency of the consumed
food to body mass [32]. Mrdakovic et al. [34] determined that high lipase activity was observed in the larvae of
Lymantria dispar as a reaction to tannin. The reason for a decrease in the pupae lipid content of U. gilvata species by
the addition of tannin to the artificial diet may cause higher lipase activities. According to our results, an increase in the
protein content of pupa was detected by the addition of tannin to the artificial diet. This result obtained from our study
supports the studies of Simpson and Raubenheimer [13]. During the plant-herbivore coevolution, encounters of
herbivores with various adverse secondary compounds may have triggered the ability to stored proteins in herbivores’
bodies [35]. The developmental lengths of the larvae were prolonged with the addition of tannin to the artificial diet
according to our results. Tannin may have also prolonged the developmental period of the larvae as it causes the
inhibition of digestive enzymes and affecting the usability and convertibility of nutrients, causing lesions in the
digestive tract. This may explain why larvae feed on herbaceous forms, despite the presence of woody forms of tannin
in the habitat. Larvae may be fed with S. alopecuroides to avoid adverse effects of tannin and to avoid competition.

In conclusion; arabinose exhibiting a toxic effect on many insects but no toxic effect for U. gilvata larvae. The
amount of galactose consumed was quite higher that it may be a nutritional stimulant for U. gilvata larvae, but galactose
may not be metabolized by U. gilvata larvae. It could be summarized that the food consumptions, dry weights and lipid
contents of pupae were decreased, but the amount of the protein in pupa was increased when the larvae fed the artificial
diets having tannin when compared with other sugar type. Therefore our results regarding with tannin can shed light on
co-evolution.
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