Ana’F :Iiap J‘ogrn\al’ of
botany

“\= e-ISSN 2602-2818
Ant J Bot 2 (1) (2018) - Anatolian Journal of Botany

- 3




Anatoljan Journal of

Anatolian Journal of Botany
e-1SSN 2602-2818
Volume 2, Issue 1, Year 2018

Published Biannually

Owner
Prof. Dr. Abdullah KAYA

Corresponding Address
Karamanoglu Mehmetbey University, Kamil Ozdag Science Faculty, Department of
Biology, 70100, Karaman — Turkey
Phone: (+90 338) 2262156
E-mail: anatolianjbot@gmail.com
Web: http://dergipark.gov.tr/ajb

Editor in Chief
Prof. Dr. Abdullah KAYA

Editorial Board
Prof. Dr. Kenan DEMIREL — Ordu University, Ordu, Turkey
Prof. Dr. Kuddusi ERTUGRUL — Selguk University, Konya, Turkey
Prof. Dr. Ali ASLAN - Yiiziincii Y1l University, Van, Turkey
Prof. Dr. Gliray UY AR — Gazi University, Ankara, Turkey
Prof. Dr. Tuna UYSAL - Selguk University, Konya, Turkey

Language Editor
Assoc. Prof. Dr. Ali UNISEN — Adiyaman University, Adiyaman, Turkey

A;'t\: Bt 2(1)(2018) - Anatolian Journal of Botany

W



Anatolian Journal of

Anatolian Journal of Botany
e-1SSN 2602-2818
Volume 2, Issue 1, Year 2018

Contents

Karyotype analysis of some lines and varieties belonging to Carthamus tinctorius L. SPecies...........cccocvevevnen. 1-9
Tuna UYSAL, Betiil Sena TEKKANAT, Ela Nur SIMSEK SEZER, Rahim ADA, Meryem OZKURT

A new Inocybe (Fr.) Fr. record for Turkish macrofungi ...........ccoeivevriieneein e 10-12
Yusuf UZUN, Ismail ACAR

A morphometric study on Draba cappadocica Boiss. & Balansa and Draba rosularis BOiss...........c..c..c....... 13-18
Nasip DEMIRKUS, Metin ARMA GAN, Mehmet Kazim KARA

Flammulina fennae Bas, A new record from Karz Mountain (Bithis)........cc.ccocvvviiiiininiininininninnsesiesnniens 19-21
Cemil SADULLAHOGLU, Kenan DEMIREL

o) fl [l Lo o T R g L0 L= BT Tt Tt [ Lo 22-27
Bugrahan EMSEN, Ali ASLAN

New bryophillic Pyronemataceae records for Turkish Pezizales from Gaziantep province...........c.cc.cooue..e. 28-38
Yasin UZUN, Ibrahim Halil KARACAN, Semiha YAKAR, Abdullah KAYA

Anatomical, palynological, morphological and ecological investigations on Gypsophila davisii................... 39-45
Metin ARMAGAN, Fevzi OZGOKCE

Effects of Acorus calamus plant extract on prostate cancer cell CUltUre...........ccccoov i 46-51

Halit Bugra KOCA, Tiilay KOKEN, Mete OZKURT, Gékhan KUS, Selda KABADERE, Niliifer ERKASAP, Oguzhan
KOCA, Omer COLAK

2(1)(2018) - Anatolian Journal of Botany



Referees (of this issuue)

Prof. Dr. Ahmet AKSOY

Prof. Dr
Prof. Dr
Prof. Dr
Prof. Dr
Prof. Dr
Prof. Dr

Assoc.
Assoc.
Assoc.
Assoc.
Assoc.
Assoc.
Assoc.
Assist.
Assist.
Assist.

. Erol YILDIRIM

. Ertugrul SESLI

. Esra MARTIN

. Gryasettin KASIK

. Hasan TURKEZ

. Ibrahim TURKEKUL
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.
Prof. Dr.

Asli DOGRU KOCA
Birol MUTLU

Feyza CANDAN
Gokhan SADI

M. Bilgehan PEKTAS
Mesut KIRMACI
Murat UNAL

Basak TOGAR

Eda GUNES

Hakan ALLI

Dr. Baris OZUDOGRU

Dr. Hayrunnisa Bas SERMENLI
Dr. Mustafa Emre AKCAY

Dr. Nur Banu BAL

Dr. Omer Faruk COLAK

Anatolian Journal of

Anatolian Journal of Botany
e-ISSN 2602-2818
Volume 2, Issue 1, Year 2018

Akdeniz University, Science Faculty, Dept. of Biology, Antalya

Atatiirk University, Agriculture Faculty, Dept. of Plant Protection, Erzurum
Karadeniz Technical Univ., Fatih Ed. Fac., Dept. of Sci. and Math., Trabzon
Necmettin Erbakan Univ., Science Faculty, Dept. of Biotechnology, Konya
Selcuk University, Science Faculty, Department of Biology, Konya

Erzurum Techn. Univ., Science Faculty, Dept. of Mol. Bio. & Genetics, Erzurum
Gaziosmanpasa Univ., Science and Arts Fac., Dept. of Biology, Tokat
Hacettepe Univ., Science Faculuty, Dept. of Biology, Ankara

Inénii University, Science Faculty, Dept. of Biology, Malatya

Celal Bayar Univ, Science & Arts Faculty, Dept. of Biology, Manisa
Karamanoglu Mehmetbey Univ., Science Faculty, Dept. of Biology, Karaman
Afyon Kocatepe Univ., Medicine Fac., Dept. of Pharmacology, Afyon

Adnan Menderes Univ., Science & Arts Fac. Dept. of Biology, Aydin
Yiiziincii Y1l University, Education Faculty, Dept. of Science & Math., Van
Bayburt Univ., Vocational Sch. Of Health Serv., Dept of Medical Serv., Bayburt
Necmettin Erbakan Univ., Tourism Fac. Dept. of Gastronomy, Konya

Mugla University, Science & Arts Faculty, Dept. of Biology, Mugla
Hacettepe Univ., Science Faculuty, Dept. of Biology, Ankara

Mugla University, Science & Arts Faculty, Dept. of Biology, Mugla
Yiizlincii Y1l University, Science Faculty, Department of Biology, Van

Gazi University, Pharmacy Faculty, Dept. of Pharmacology, Ankara

Siileyman Demirel Univ., Isparta Vocational Sch. of Health Serv., Isparta

2(1)(2018) - Anatolian Journal of Botany



Anatolian Journal of Botany
2 (1): 1-9 (2018)
doi:10.30616/ajb.357059

Karyotype analysis of some lines and varieties belonging to Carthamus

Received :22.11.2017

tinctorius L. species

Tuna UYSAL™, Betiil Sena TEKKANAT?, Ela Nur SIMSEK SEZER?, Rahim ADA?, Meryem
BOZKURT!

1Selcuk University, Science Faculty,Biology Department, Konya, Turkey

ZSelcuk University, Agriculture Faculty, Biology Department, Konya, Turkey

*tuysal @selcuk.edu.tr

Carthamus tinctorius L. tiiriine ait baz1 hat ve cesitlerin karyotip analizi

Accepted : 06.01.2018

Abstract: In this paper, karyology of thirty one accessions of Safflower (Carthamus tinctorius L.) were investigated in terms of
their chromosome numbers and karyomorphology. The chromosomal counts confirmed the results of previous reports, that the
Carthamus has same basic chromosome numbers. According to our results discussed all accessions of chromosome numbers
have been identified 2n = 24, x=12 and also all have the diploid number of chromosomes. We found predominance of
chromosomes being metacentric and sub-metacentric in karyotypes. Five quantitative asymmetry indices were used to evaluate
our karyological results in all species and elucidate the chromosomal alterations of Carthamus tinctorius accessions. All
karyotyping analyses were described for the first time in this report via KAMERAM programme. We hope that these findings
would be contributed for Carthamus genetic and breeding studies.

Key words: Safflower, Karyomorphology, Asteraceae.

Ozet: Bu calismada 31 Aspir (Carthamus tinctorius L.) gesidine ait kromozom sayilar1 ve karyomorfolojileri arastirilmustir.
Kromozom sayimlari, Carthamus'un ayni temel kromozom sayilarina sahip oldugunu gosteren daha onceki raporlar
dogrulamistir. Elde edilen sonuglara gore, kromozom sayilari tiim ¢esitler i¢in 2n = 24, x = 12 olarak tamimlanmis ve ayni
zamanda tiimiiniin diploid kromozom sayisina sahip olduklar1 bulunmustur. Karyotiplerde metasentrik ve submetasentrik olan
kromozomlarin baskin oldugu tespit edilmistir. Tim cesitleri karyolojik agidan degerlendirmek ve C. tinctorius gesitleri
arasindaki kromozomal degisikliklerini aydinlatmak icin bes adet kantitatif asimetri indeksi kullanilmigtir. Tim karyotip
analizleri ilk kez bu raporda KAMERAM programu ile tammlanmigtir. Calismada elde edilen bulgularin Carthamus tiiriiniin

genetik ve 1slah ¢aligmalarina katkida bulunmasini umuyoruz.

Anahtar Kelimeler: Aspir, Karyomorfoloji, Asteraceae

1. Introduction

Carthamus L. genus consists of about 25 main species in
the world. Carthamus tinctorius, commonly called
safflower, is the only cultivated species of this genus
(Anjali and Srivastava, 2012). Safflower, C. tinctorius L.,
is a member of the family Compositae or Asteraceae,
cultivated mainly for its seed, which is used as edible oil
and as birdseed. Traditionally, the crop was grown for its
flowers, used for colouring and flavouring foods and
making dyes, especially before cheaper aniline dyes
became available, and in medicines (Dajue and Hans-
Henning, 1996). Safflower is one of humanity’s oldest
crops, but generally it has been grown on small plots for
the grower’s personal use and it remains a minor crop with
world seed production around 800.000 t per year (Gyulai,
1996). Oil has been produced commercially and for export
for about 50 years, first as an oil source for the paint
industry, now for its edible oil for cooking, margarine and
salad oil.

As far as we know Carthamus species have different
chromosome numbers. Cassini (1819) and De Candolle
(1838) classified the species of Carthamus into two
genera, Carthamus and Kentrophyllum and after Knowles
(1958) divided the genus into four taxonomic sections on
the basis of chromosome numbers. Section I, 11, Il and IV
contained taxa with 2n = 24, 2n = 20, 2n = 44, and 2n =
64, respectively (Sehgal et al., 2009). The species having
10 pairs of chromosomes are characterized by a

preponderance of purple, blue and pink flowers and
include C. boissieri, C. dentatus, C. glaucus, C.
leucocaulos and C. tenuis (Lopez-Gonzalez, 1989). The
only species with 11 pairs of chromosomes is C.
divaricatus which has a very restricted range in Libya
(Knowles, 1988). C. tinctorius, C. alexandrius, C.syriacus
and C. tenuis have diploid chromosome number as 2n =
24, C. lanatus L., a tetraploid species with 22 pairs of
chromosomes, occurs naturally in Portugal, Spain,
Morocco, Greece and Turkey (2n=44). In addition a
hexaploid member of Carthamus species, C. baeticus has
2n = 64 chromosome number.

In plant taxonomy, chromosome karyotypes can be useful
in genetic studies and breeding information about species
identification and analysis of hybrid populations (Anjali
and Srivastava, 2012). Further studies were therefore
undertaken to elucidate chromosomal details with the
following objectives: (i) to determining the karyotypes of
the populations, according the shape, size and number of
chromosomes, (ii) classification of the populations with
regard to karyotype evolution, and (iii) determining the
parents for intersections, to obtain maximum diversity for
the next generation (Yazdani, 2013). As far as we know,
there have been many studies about karyology of
Carthamus tinctorius (Yenice and Bayraktar 1996; Anjali
and Srivastava 2009a, 2009b, 2009c).

Within this study we aimed to carried out the chromosome
number and calculate chromosomal indices of
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economically important thirty one Carthamus lines and
varieties.

2. Materials and Method

The research material, different lines and varieties of C.
tinctorius L. were provided by Ass. Prof. Dr. Rahim ADA.
Some varieties used in the study were derived from
patented plant genetic resources. Thirthy one samples
were genotyped in this study. Code of some lines and

Sample number | Sample code Sample ID
1 Tcar 1 Black sun 2
2 Tcar 2 J-41

3 Tcar 3 CB

4 Tcar 4 F4

5 Tcar 5 KS03

6 Tcar 6 KS07

7 Tcar 7 CT-8-3

8 Tcar 8 G8

9 Tcar 9 J-19

10 Tcar 10 Al3

11 Tcar 11 A29

12 Tcar 12 H3

13 Tcar 13 E12

14 Tcar 14 C12

15 Tcar 15 J51

16 Tcar 16 G16

17 Tcar 17 Black sun 1
18 Tcar 18 F6

19 Tcar 19 C11

20 Tcar 20 Y 11-8-14-1
21 Tcar 21 A30

22 Tcar 22 F5

23 Tcar 23 J29

24 Tcar 24 C2-8-1

25 Tcar 25 E5

26 Tcar 26 H7

27 Tcar 27 H14

28 Tcar 28 Dinger

29 Tcar 29 Remzibey
30 Tcar 30 E1l

31 Tcar 31 KS06

varieties of Safflower species are given in Table 1.

Table 1. The codes of Carthamus varieties and lines.

Particularly, mature seeds were selected and periodically
germinated for chromosomal analyses. Somatic
chromosomes were studied in root tips obtained from
germinating seeds, which were pretreated in hydroxinoline
for a while, then fixed in 3:1 absolute ethanol: glacial
acetic acid overnight, stored in fixative and stained using
the Feulgen technique, and squashed in 2% aceto-orcein.
Slides were made permanent in Euparal by mean of
Bowen’s method (1956). Minimum of ten metaphase cells
were selected for preparing the karyotype. The best
metaphase plates were photographed (100 x) with a digital
camera (Olympus DP-72) mounted on an Olympus BX53
microscope). Karyotyping analyses were carried out via
KAMERAM chromosomal analyses software and to
measure chromosome parameters such as Total haploid
complement length (TCL), longest chromosome length
(LC), shortest chromosome length (SC), mean length of
the long short arm (p), mean length of the long arm (q),
mean centrometric index (ClI), karyotype asymmetry index
(Al), coefficient of variation of chromosome length
(CVCL) and coefficient of variation of centromeric index
(CVCI). Chromosome nomenclature followed Levan et al.

(1964), the symbols mc, smc and st designating
metacentric, submetacentric and subtelocentric
chromosomes, respectively (Table 2 and 3). The
chromosomes were assorted into different categories on
the basis of arm’s ratio following Levan et al (1964)
(m=1.0-1.7, sm=1.7-3.0, st=3.0-7.0).

3. Results and Discussion

Chromosomes usually give very important informations
about plant taxonomy. As a result of our cytogenetic
examinations, mitotic metaphase chromosome numbers,
karyotype analysis, idiograms and chromosomal indices
were determined for 31 Carthamus varieties. The
karyotype formulas, asymmetry index (Al) values and the
other karyotype parameters are given in Table 2 and 3.

All of the studied varieties and lines have a chromosome
number of 2X=2n=24 as supported with the earlier studies
(Knowles 1988, Anjali and Srivastava, 2012, Yazdani
2013). On the whole, karyotypes of the most analysed
varieties had a predominance of metacentric (mc)
chromosomes. The most common formula among
analysed specimens was determined to be 18 m+ 6 sm
(eleven species). The other karyotype formulas were
various, followed in 20m + 4sm (eight species), 22m +
2sm (eight species) and 24m (three species) and 10m +
14sm (one species).

The karyotype analysis revealed that there was no sub-
telocentric chromosome in any of the thirty one accessions
of C. tinctorius. When we evaluate varieties in point of
their chromosome sizes, it is seen that very small size
chromosomes range from 1.14 um — 1.9 um. Sheidai et al.
(2009), were performed karyotype and meiotic studies in
thirty-seven cultivars of C. tinctorius grown in Iran and
their findings are suitable with our results in terms of the
predominance of metacentric chromosomes but their
chromosome sizes ranged between 1.55 to 4.63 pm.

Total chromosome lengths (TCL) of the studied samples
were between 27.304 and 45.534 um. Tcar 13 (E12) had
larger chromosomes as well as a larger genome than other
samples. Anjali and Srivastava (2012) investigated
karyomorphological features of twelve accessions of C.
tinctorius. Their total chromosome lengths range from
38.79 — 5556 um. Their chromosome sizes were
moderately larger than our samples. Among the different
samples of C. tinctorius in the present study all the
accessions having maximum number of metacentric
chromosomes may be evaluated as the most primitive. In
terms of chromosomal indices and analyses, Tcar 18 (F6),
Tcar 21 (A30) and Tcar 29 (Remzibey) safflower types
have the lowest chromosomal variation; all of them have
only metacentric chromosomes. So, they considered as
primitive types. At the same time these three varieties
asymmetry index is quite low and in terms of selection
they have high potential to be used as rootstock in the
hybridization studies. Particularly, the commercial
Remzibey variety may be evaluated a good rootstock for
inbreedings. Both of them are quitely close to each other
because of the based on the same genetic source from
Turkey.

On the other hand Kkaryotype asymmetry is one of the
important  standards  for evaluating evolutionary
relationships (Li and Chen, 1985). Karyotype asymmetry
is a good expression of the general morphology of plant
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karyotypes, which has been frequently related to evolution Al values ranged from 0.443 to 2.401. When we evaluate
in higher plants (Stebbins, 1971). According to our results,

Table 2. Karyotype formula according to Levan et al. (1964) and characteristic parameters of the studied varieties. R-range; SC-the
shortest chromosome length; LC- the longest chromosome length; p-mean length of the short arm; g- mean length of the long arm; CL-
mean length of the chromosome; TCL- the total chromosome length; Cl-mean centromeric index; CF- chromosome formula; m-
metacentric; sm-submetacentric; SD-standard deviation.

Sample on R (SC-LC) | Ratio p (um) q (um) CL (um) TCL Cl

code (um) LC/SC| Ort+SD Ort+SD Ort+SD (um) | OrtxSD CF

TCARL [24| 1,19-186 | 1,556 | 0,63 (+0,10) | 0,88 (£0,16) | 1,51 (0,22) | 36,216 | 42 (+0,04) | 20,m + 4,5m

TCAR2 |24| 112-151 | 1,345 |0,56 (+0,04) | 0,75 (£0,09) | 1,31 (+0,10) | 31,426 | 43 (x0,04) | 20,m + 4,sm

TCAR3 |24| 1,11-1,83 | 1,641 |0,57 (+0,08) | 0,80 (+0,12) | 1,37 (+0,17) | 32,882 | 41 (+0,04) | 18,m + 6,5m

TCAR4 |24| 094-1,89 | 2,005 |0,58 (£0,07) | 0,85 (£0,19) | 1,43 (+0,25) | 34,294 | 41 (+0,04) | 18,m + 6,5m

TCARS | 24| 097-1,41 | 1,465 |0,49 (+0,06) | 0,69 (+0,09) | 1,18 (+0,13) | 28,212 | 41 (+0,02) | 22,m + 2,5m

TCARG | 24| 1,11-1,73 | 1,561 | 0,58 (+0,07) | 0,83 (x0,14) | 1,42 (+0,16) | 34,044 | 41 (+0,05) | 18,m + 6,5m

TCAR7 |24| 095-1,86 | 1,952 |0,62 (+0,14) | 0,83 (£0,18) | 1,45 (+0,25) | 34,92 |43 (+0,06) | 20,m + 4,sm

TCARS | 24| 1,17-1,70 | 1,455 |0,60 (+0,07) | 0,85 (x0,13) | 1,45 (+0,15) | 34,776 | 41 (+0,04) | 20,m + 4,sm

TCAR9 |24| 1,00-154 | 1,537 |0,54 (20,08) | 0,70 (£0,09) | 1,24 (+0,16) | 29,702 | 44 (+0,03) | 22,m + 2,sm

TCAR10 | 24| 0,90-1,42 | 1,57 |0,50 (20,08) | 0,64 (£0,08) | 1,14 (+0,14) | 27,304 | 44 (+0,04) | 22,m + 2,sm

TCARI11 | 24| 1,19-1,59 | 1,338 | 0,57 (£0,07) | 0,81 (£0,10) | 1,38 (+0,12) | 33,086 | 42 (+0,04) | 18,m + 6,5m

TCAR12 | 24| 1,35-1,96 | 1,454 | 0,66 (+0,09) | 0,93 (20,11) | 1,60 (£0,17) | 38,306 | 42 (+0,04) | 20,m + 4,sm

TCAR13 | 24| 1,56-2,33 | 1,487 |0,73 (+0,09) | 1,17 (£0,22) | 1,90 (£0,24) | 45,534 | 39 (+0,05) | 10,m + 14,sm

TCAR14 | 24| 1,26-1,82 | 1,44 |0,66(+0,09) | 0,91 (£0,11) | 1,57 (+0,17) | 37,63 |42 (+0,04) | 20,m + 4,sm

TCARIL5 | 24| 1,37-2,08 | 1,525 |0,71 (+0,11) | 0,99 (20,15) | 1,69 (+0,21) | 40,61 |42 (+0,04) | 22,m + 2,5m

TCAR16 | 24| 0,99-161 | 1,617 |0,53 (+0,08) | 0,78 (+0,11) | 1,31 (+0,16) | 31,534 | 41 (+0,03) | 18,m + 6,5m

TCAR17 [ 24| 1,11-150 | 1,358 |0,55(%0,09) | 0,73 (x0,07) | 1,28 (+0,13) | 30,648 | 43 (+0,04) | 18,m + 6,sm

TCAR18 [ 24| 096-1,47 | 1,539 |0,51(+0,08) | 0,67 (+0,08) | 1,19 (+0,14) | 28,452 | 43 (+0,03) 24,m

TCAR19 |24 | 1,06-1,86 1,76 | 0,64 (+0,12) | 0,88 (£0,18) | 1,52 (+0,25) | 36,454 | 42 (£0,05) | 18,m + 6,sm

TCAR20 [ 24| 156-220 | 1,413 |0,76 (+0,11) | 1,07 (+0,14) | 1,83 (+0,19) | 44,036 | 41 (+0,04) | 18,m + 6,sm

TCAR21 | 24| 1,04-151 | 1,456 |0,57 (+0,06) | 0,71 (+0,08) | 1,28 (+0,14) | 30,606 | 45 (+0,02) 24,m

TCAR22 | 24| 1,18-1,74 | 1,47 | 0,61 (£0,10) | 0,84 (20,14) | 1,45 (£0,15) | 34,846 | 42 (£0,06) | 20,m + 4,sm

TCAR23 | 24| 0,91-1,82 | 2,002 | 0,62 (£0,12) | 0,86 (20,18) | 1,48 (£0,22) | 35,524 | 42 (+0,06) | 18,m + 6,5m

TCAR24 | 24| 1,02-1,59 | 1,566 | 0,55 (£0,06) | 0,73 (20,12) | 1,28 (£0,15) | 30,83 |43 (£0,03) | 22,m +2,sm

TCAR25 (24| 1,03-158 | 1,537 |0,55(%0,06) | 0,70 (£0,14) | 1,25 (+0,16) | 29,988 | 44 (£0,05) | 22,m +2,sm

TCAR26 |24 | 1,16-2,14 | 1,836 | 0,71 (20,11) | 0,97 (£0,18) | 1,68 (0,26) | 40,422 | 42 (x0,04) | 22,m + 2,sm

TCAR27 | 24| 1,12-1,61 | 1,437 | 0,60 (+0,07)| 0,75 (£0,11) | 1,35 (0,14) | 32,42 | 45(£0,04) | 22,m + 2,sm

TCAR28 | 24| 1,36-2,12 | 1,563 | 0,71 (+0,13) | 1,00 (£0,17) | 1,71 (=0,24) | 41,086 | 42 (£0,05) | 18,m + 6,sm

TCAR29 | 24| 1,02-159 | 1,555 |0,55(+0,07) | 0,68 (+0,10) | 1,24 (£0,17) | 29,676 | 45 (+0,02) 24,m

TCAR30 [ 24| 1,22-212 | 1,73 |0,65(0,12) | 1,00 (£0,18) | 1,65 (0,24) | 39,592 | 40 (+0,05) | 18,m + 6,5m

TCAR31 |24 | 1,07-2,06 | 1,932 | 0,67 (20,10) | 0,89 (£0,24) | 1,55 (+0,30) | 37,224 | 43 (+0,05) | 20,m + 4,5m
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Table 3. Karyotypes of Carthamus varieties using different methods of evaluating karyotype asymmetry. Al-intrachromosomal
asymmetry index; A2-interchromosomal asymmetry index; CVci-relative variation in chromosome length; CV¢-relative variation in
centromeric index; Al-karyotype asymmetry index; DI-dispersion index; Stebbins’ types-classification of karyotypes in relation to their

degree of asymmetry according to Stebbins (1971).

Sample code AL A, CVeL CVai Al

TCAR1 0,27 0,147 14,656 10,375 1,52
TCAR2 0,244 0,08 8,001 8,367 0,669
TCAR3 0,285 0,126 12,575 9,117 1,147
TCAR4 0,286 0,172 17,239 9,614 1,657
TCAR5 0,294 0,114 11,383 5,537 0,63
TCARG6 0,283 0,113 11,304 10,872 1,229
TCAR7 0,226 0,172 17,244 13,924 2,401
TCARS 0,29 0,105 10,52 9,445 0,994
TCAR9 0,222 0,129 12,947 6,529 0,845
TCAR10 0,208 0,125 12,498 7,975 0,997
TCAR11 0,281 0,091 9,063 10,241 0,928
TCAR12 0,283 0,107 10,74 8,696 0,934
TCAR13 0,355 0,127 12,733 13,67 1,741
TCAR14 0,272 0,108 10,76 9,089 0,978
TCAR15 0,272 0,124 12,382 10,414 1,289
TCAR16 0,312 0,123 12,289 7,497 0,921
TCAR17 0,243 0,101 10,132 10,038 1,017
TCAR18 0,232 0,119 11,931 7,068 0,843
TCAR19 0,26 0,164 16,376 12,236 2,004
TCAR20 0,283 0,103 10,31 10,563 1,089
TCAR21 0,191 0,108 10,767 4,117 0,443
TCAR22 0,241 0,106 10,586 13,595 1,439
TCAR23 0,252 0,15 14,96 14,787 2,212
TCAR24 0,241 0,121 12,052 6,795 0,819
TCAR25 0,192 0,129 12,883 10,914 1,406
TCAR26 0,257 0,154 15,408 9,155 1,411
TCAR27 0,186 0,101 10,065 9,926 0,999
TCAR28 0,278 0,143 14,262 11,493 1,639
TCAR29 0,183 0,137 13,719 3,366 0,462
TCAR30 0,334 0,143 14,312 13,858 1,983
TCAR31 0,216 0,194 19,385 11,74 2,276

the varieties in terms of Al, Tcar 7 (CT-8-3) had the most
asymmetric chromosomes. This asymmetry index of wild
accession is 2.401 and higher than patented types. High
asymmetry index values indicate the high levels of
karyotypic  heterogeneity sourced from extensive
chromosomal alterations and it correlates with the
potential for yield. A similar situation applies in Tcar 31

(KS06) and Tcar 23 (J29), they have high asymmetry
indices 2.276 and 2.212 respectively and their karyotype
formulas contain various types of chromosomes. These
two varieties could be evaluated as having high
chromosomal variation but certainly they are not possible
to use more for hybridisations or rootstock.



In addition, Tcar 13 (E12) has a unique karyotype formula
with 10m + 14sm chromosomes. This type’s asymmetry
index is 1.741. Cross-cultivations can be made between
varieties to make this variety most efficient in terms of all
features.

According to the Al index, while 28 species with
symmetric karyotypes had Al values ranging from 0.183
to 0.29, the remaining three species with asymmetric
karyotypes had higher Al values, varying from 0.312 to
0.355. When we consider the A2 values of studied
samples, they displayed a low variation level ranging from
0.08 to 0.194. Our results compatible with the other
studies related with karyomorphology of C. tinctorius.
Yazdani et al., (2013) studied seven C. tinctorius
populations and their Al values, varying from 0.36 to 0.46
and A2 values ranging from 0.13 to 0.18 respectively.

The CV¢, index evaluates differences in centromere
position for each chromosome in the karyotype and
provides a measure of intrachromosomal asymmetry. In
contrast the CV¢_ gives a measure of interchromosomal
asymmetry as it reflects how variable the chromosome
sizes are in the karyotype (Peruzzi, 2009). Our CV¢
values are between 3.366- 14.787. CV_ values range
from 8.001 to 19.385. In both situations, the larger value
indicate the greater the asymmetry in the karyotype. So

Table 4. Satellite locations of the chromosomes.
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when we evaluated our specimens in terms of these
values, they consist of mostly symmetric chromosomes.

Population diversity existed with regards to the number of
satellites and their positions on the chromosomes
(Yazdani et al., 2013). In this study, satellites were
observed at seventeen samples (Tcar 1, 7, 8, 10, 12, 14,
15, 19, 20, 22, 23, 25, 26, 27, 28, 30, 31) at various
chromosome pairs (Table 4).

When we evaluate satellite locations of the studied
species, Tcar 7, 23 and 30 have satellite at fourth
chromosome pairs. They collected from same locality and
asymmetry indices are close to each other. Therefore, we
can say easily that these accessions are belonging to same
origin or one species. On the other hand, Tcar 1 and 31 are
American originated varieties and they share same
chromosome formula. They also have satellites but at
different chromosome pairs. We concluded that satellites
are valuable chromosomal markers; however, they are not
always to be held responsible in determining the
chromosomal origin.

According to our karyological and karyotype analyses of
Carthamus types and varieties we have been found
cytotypes have a very high potential in terms of selection
and hybridization studies.

Sample code | Sample ID r?l?:r?ll)lg[ri Satellite position Chror:fo;sgtr:ﬁiggation
Tcar 1 Black sun 2 1 Third chromosome m
Tcar7 CT-8-3 1 Fourth chromosome m
Tcar 8 G8 1 Sixth chromosome m
Tcar 10 Al3 1 Seventh chromosome m
Tcar 12 H3 1 First chromosome m
Tcar 14 C12 2 First and sixth chromosomes m
Tcar 15 J51 2 First and sixth chromosomes m
Tcar 19 Cl11 1 Second chromosome m
Tcar 20 Y 11-8-14-1 2 First and fifth chromosomes m
Tcar 22 F5 1 Fifth chromosome m
Tcar 23 J29 1 Fourth chromosome m
Tcar 25 E5 2 Fourth and seventh chromosomes m
Tcar 26 H7 1 Second chromosome m
Tcar 27 H14 1 Third chromosome m
Tcar 28 Dinger 1 Third chromosome m
Tcar 30 El 1 Fourth chromosome m
Tcar 31 KS06 1 Fifth chromosome m
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4, Conclusion

The present study emphasizes very important information
in terms of chromosomal variation and, in particular for
improvement of new offspring’s or genotypes. The
findings coming from these 31 accessions indicate the
presence of significant differences between their
karyotypes, in terms of chromosome formula, total length
and symmetry indices. From this information we can
declared that the karyotyping has a big and important
potencial for breeding and selection studies.

When we consider the karyological results obtained as a

Anatolian Journal of Botany

evaluated commercially because they have close-
karyological values with the patented types.

Finally, we can conclude that it is also thought that
molecular markers will be important for the selection of
Carthamus varieties with similar characteristics to be
made and will contribute to breeding varieties in terms of
increase seed yield. These studies are important sources

for plant breeding and rehabilitation.
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Tiirkiye Makrofunguslari i¢in Yeni Bir Inocybe (Fr.) Fr. Kaydi

Abstract: Inocybe (Fr.) Fr. is a very complicated and mostly mycorrhizal genus with a large number of species. A typical
member of the genus, Inocybe decipiens Bres., was collected from Hani (Diyarbakir) district and recorded for the first from
Turkey. Short description and the photographs of the determined taxon was given and discussed briefly.

Key words: Macrofungus, Inocybe decipiens, New record, Hani

Ozet: Inocybe (Fr.) Fr. cogunlukla mikorizal iliskide bulunan oldukca karmasik ve genis tiir sayisina sahip bir cinstir. Cinsin
tipik bir iiyesi olan Inocybe decipiens Bres. Hani (Diyarbakir) yoresinden toplanmus ve Tiirkiye’den ilk kez rapor edilmistir.
Tespit edilen tiiriin fotograflar1 ve kisa deskripsiyonu verilmis ve kisaca tartigilmigtir.

Anahtar Kelimeler: Makrofungus, Inocybe decipiens, Yeni kayit, Hani

1. Introduction

The genus Inocybe (Fr.) Fr. (Inocybaceae, Agaricales) is a
prominent genus of lamellate macrofungi. The majority of
the members of the genus have toxic properties beside the
mycorrhyzal relationships. Inocybe species are generally
characterized by Brown, lilac and sometimes purplish
coloured basidiomata, squamose to fibrillate pileus and
stipe, brownish lamellae, brown spore print and the
growing mode on soil. Some members have cystidia with
crystalline and ornamentations at the apex. Inocybe
species have a distinctive and significant odour (Deepna
Latha ve Manimohan, 2016).

In Turkey, many significant studies are being carried on
macrofungi especially in last three to four decades.
Regarding the diversity of the country, it can easily be
understand that there are losts of macrofungi which are
waiting to be determined. Some Turkish mycologist have
periodically presented the studies which were carried out
on Turkish macrofungi as checklists. Latest checklists
were prepared by Solak et al. (2015) and Sesli and
Denchev (2014).

Some studies were also carried out after the presentation
of latest checklist. According to the checklists and the
previous studies (Acar and Uzun, 2016; Akata and ark.,
2016; Demirel and ark., 2016; Dogan and Kurt, 2016;
Kaya et al., 2016; Sesli et al., 2016; Acar and Uzun, 2017,
All et al., 2017; Demirel et al., 2017; Uzun et al., 20173;
Uzun et al.,, 2017b) 83 Inocybe species have been
determined.

This study aims to make a contribution to the mycobiota
of Turkey.

2. Materials and Method

Macrofungi  specimens were collected within the
boundaries of Hani (Diyarbakir) district in 2010. General
and ecological properties of the samples were recorded to
field notebook and they were photographed with a digital
photograph machine. Later on the samples were
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transferred to the laboratory. Macroscopic and
microscopic data related to the idendification of
macrofungi were traced and the identifiation of the taxon
were performed with the help of the relevant literature
(Moser, 1983; Hoiland, 1978; Breitenbach ve Krinzlin,
2000). The identifed sample is kept in the fungarium of
Yiiziincii Y1l University, Science Faculty, Department of
Biology.

3. Results

The macroscopic and microscopic properties and the
photographs of basidiocarps and basidiospores are
provided.

Basidiomycota R.T. Moore
Agaricomycetes
Agaricales Underw.
Inocybaceae Jiilich

Inocybe decipiens Bres.

Syn: Astrosporina decipiens (Bres.) Zerova, Inocybe
decipiens Bres. var. decipiens, Inocybe decipiens var.
megacystis J. Favre, Inocybe decipiens var. mundula J.
Favre, Inocybe favrei var. mundula (J. Favre) Bon.

Macroscopic and microscopic features: Pileus15-35 mm
in diameter, conical or convex, accentrically umbonate,
with radial fibrils, waxy when young, with vellar remants
at the margin, light Brown to dark brown or slightly
reddish brown. Lamellae wide, dark whitish to light
yellow when young, greyish brown when mature, adnately
to adnexely connected to the stipe. Flesh thin, whitish,
odour distinct. Stipe 17-40 x 4-7 mm, cylindrical, surface
whitish when young, smooth or covered with white
longitudinal fibrils on a brownish background, whitish at
the base and distinctly bulbous. Spores 10-13.5 x 5.5-7.8
um, elliptical to slightly rectanculate with slight
tubercules,  yellowish  brown. Basidia 4-spored.
Cheilocystidia 30-60 x 10-23 pm, usually urticoid.
Pleurocystidia smilar to Cheilocystidia (Figure 1).
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Specimen examined: Diyarbakir, Hani, city centre, along
stream side, under Populus-Salix sp. trees, 38° 24'584"K,

Afyon et al. (2014), Solak et al. (2014) and Oztiirk et al
(2016).

40°23612"D, 881 m, 13.05.2010, A 189. Morphologically Inocybe decipiens show similarities with

I. dunensis. But the habitat and the spore shapes of the two
species differentiates them from each other (Breitenbach
ve Krénzlin, 2000; Moser, 1983).

4, Discussions

With this study, Inocybe decipiens was added to the
mycobiota of Turkey as the 84th member of the genus
Inocybe. Seventy nine of them were compiled within the
checklists prepared by Sesli and Denchev (2014) and
Solak et al. (2015). The other four taxa were recorded by
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Figure 1. Inocybe decipiens, a. basidiocarps, b. basidiospores, c. basidia, d. hypae, e. cheilocystidia
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iizerine morfometrik bir calisma

Abstract: Draba cappadocica Boiss. & Balansa and Draba rosularis Boiss. samples were collected from the around of Van
(Turkey) province, between 1997 and 2001, after performing population observations. Numerical data were obtained minimun
about 10 dry samples collected from each locality and evaluated by SPSS. Special and common characteristics of the taxa were
determined and detailed and reliable knowledge were gathered about the little-known properties of them. As a result of the
statistical analyzes, depending on their range of variation, the new descriptions were obtained.

Key words: Draba rosularis, Draba cappadocica, morphometry, Van

Ozet: Van (Tiirkiye) ¢evresinde 1997-2001 yillar1 arasinda Draba cappadocica Boiss. & Balansa ve Draba rosularis Boiss.
tiirlerine ait populasyon gozlemleri yapilarak, 6rnekler toplanmig ve her lokaliteden en az 10 kuru bitki 6rnegine ait numerik
veriler derlenerek SPSS paket programu ile degerlendirilmistir. Taksonlarin 6zgiin ve ortak 6zellikleri saptanarak, literatiirde az
bilinen &zellikleri hakkinda daha ayrintili ve saglkli bilgi derlenmistir. Istatistik analizleri sonucunda, karakterlerin degisim

araliklarina bagl olarak yeni betimler ortaya konmustur.

Anahtar Kelimeler: Draba rosularis, Draba cappadocica, morfometri, Van

1. Introduction

Draba L., the largest genus in the family Brassicaceae
(Al-Shehbaz et al., 2006; Bailey et al., 2006; Koch et al.,
2007), comprises more than 370 species in the world
(Warwick et al., 2006). It has been spread in arctic,
subarctic, alpine, and mountainous regions of the world.
Members of Draba are annuals, biennials or perennials.
Some molecular studies (Koch and Al-Shehbaz, 2002;
Beilstein and Windham, 2003) showed that most of the
sections of Draba are polyphyletic (Drabella, Tylodraba,
Calodraba, Adenodraba, Phyllodraba etc.).

The computer has made it possible to consider
large numbers of characteristics in classifying many
phenomena, notably living organisms, fossil organisms
and even imaginary organisms (Sokal, 1966). We chose
Draba rosularis Boiss. and Draba cappadocica Boiss. &
Balansa species in an attempt to fill the gap in the
literature caused by their description which is based on
fewer materials in terms of quantitative and qualitative
properties, and to emphasize the importance of numerical
taxonomy, though simple in this field.

The present basic information about these two species is
bounded with the information provided by the first articles
published by the Flora of Turkey (Coode and Cullen,
1965). However, information about the morphological
characteristics and habitat-spreading habits of species is

“The abbreviated form of this study was presented in 18"

National Biology Congress;(p.26-27), Adnan Menderes
University, Department of Biology, June 26-30, 2006,
Kusadasi/AYDIN
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inadequate or incomplete (Vural and Aytag, 2005;
Adigiizel et al., 2006; Kandemir and Tiirkmen, 2008;
Jordan-Thaden and Koch, 2008; Baskdse and Dural, 2011;
Karaer, 2012; Yetigen et al., 2014; Moradkhani and Milan,
2015). Considering the current status of the taxa in the
literature, this study was carried.

The study aims to make a contributionthe Flora of Turkey
by obtaining and presenting much more reliable
characteristics for the determinetion of the two Draba
species.

2. Materials and Method

Field studies were carried out between the years 1997-
2001, especially during 4th, 5th and 6th months, and
minimum 10 plant specimens were collected for each
species from different localities, 7 times for D. rosularis,
and 2 times for D. cappadocica (Demirkus et al., 2000). D.
rosularis samples were collected from the localities
around the fountain in Giizeldere Pass (Baskale-Van) for 6
times, and the end of Kesis Lake, around Giivelek Village
for 1.

Photographs of collected fresh and dry materials were
taken, and they were scanned by using Isik Kutusu (Light
Box) (Demirkus et al., 2005). During field studies,
observations related to the populations, flowering time,
and the characteristics of the spreading areas of these
species were also carried out.

Ten dry plant specimens were used for each locality to
obtain numerical data. Firstly they were numbered from 1
to 10 and placed in small envelopes. Then stem (plant)
size, number of flowers, stem leaves width and height
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(sub, middle and upper part), sepals width and height (sub,
middle and upper branches), petals width and height (sub,
middle and upper branches), pedicels width and height
(sub, middle and upper branches), fruit width and height
(sub, middle and upper branches), width x height ratio and
stylus (sub, middle and upper branches) length
measurements were carried out. Under a 10X, 20X, 80X
magnification Lup-Microscope, measurement datapedicel
length, sub-middle-upper rosette leaves length, base leaves
width x height, width of sub-middle-upper sepals in
inflorescence x height, width of sub-middle-upper petals
in inflorescence x height, width of fruit in inflorescence x
height, stylus and flowers were obtained.

SPSS demo version was used for evaluating the data, and
reliability ratings, variation and change analyses of the
numerical properties of each species were evaluated. By
sorting the variants according to the ratio of variance
coefficients of the analysed data from the most to the least
variant characteristics, we drew graphs. Following the
original English descriptions of the two specimens in the
Flora of Turkey, we provided new descriptions based on
the data obtained out of our research.

The samples (ND5163, ND5336, ND5654, ND7130,
ND7184, ND7184A, ND7697, MA1103, and MK230408)
are stored in VANF herbarium (ND= Nasip Demirkus,
MA= Metin Akpinar, MK= Mehmet Koyuncu).

3. Results

Population sample 1 (D. cappadocica): B9 Van; between
Hosap (Glizelsu) and Bagkale, Giizeldere Pass, over the
Fountain, 2650 m, 21.04.2000, ND7184A. We collected
and named this population sample on the same date and in
the same locality as Number 5 Population of D.
cappadocica species, which was collected from Giizeldere
Fountain.

Population sample 2 (D. cappadocica): B9 Van; between
Hosap (Giizelsu) and Baskale, Giizeldere Pass, Fedai Tas1
surroundings, rocky slope, 2900 m, 27.06.1997, ND5654.
We collected and diagnosed the fruited sample of this
population on Fedai Tag1 hill (rocky hill) which is located
opposite Giizeldere Hill in the accompaniment of Prof. Dr.
M. Koyuncu, and evaluated it as original D. cappadocica
species.

Population sample 3 (D. rosularis): B9 Van; between
Hosap (Glizelsu) and Bagkale, Giizeldere Pass, 2750 m.
24.05.1997. ND5163. Quantitative and qualitative
characteristics of this population’s specimens, pertaining
to mature flowering time, generally overlaps with the
limited definition in The Flora of Turkey.

Population sample 4 (D. rosularis): B9 Van; between
Hosap (Glizelsu) and Bagkale, Giizeldere Pass, over the
fountain, 2660 m. 21.04.2000, MK230408. Quantitative
and qualitative characteristics of this population’s
specimens, which were collected in early flowering time,
generally overlaps with the limited definition in The Flora
of Turkey.

Population sample 5 (D. rosularis): B9 Van; between
Hosap (Glizelsu) and Baskale, Giizeldere Pass, 2750 m.
24.05.1997, ND7184. Quantitative and qualitative
characteristics of this populations’ specimens, which were
collected in early flowering time, show many variations.
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As some plant specimens we collected in this area
overlapped with D. cappadocica taxon (ND7184A), we
evaluated them as population number 1 under the name of
D. cappadocica, as for the other specimens (7184),
however, we evaluated them as D. rosularis (population
number 5). It generally overlaps with the limited
definition in The Flora of Turkey.

Population sample 6 (D. rosularis): B9 Van; the end of
Kesis Lake (upper foothill of Erek mountain) Giivelek
Village and surroundings, 2000 m, 19.05.1999, ND7697.
Quantitative and qualitative characteristics of this
population’ specimens belonging to mature flowering time
originally overlaps with the limited definition in The Flora
of Turkey.

Draba rosularis samples were collected from the localities
around the fountain in Giizeldere Pass (Baskale-Van) for 6
times, and the end of Kesis Lake, around Giivelek Village
for 1.

Population sample 7 (D. rosularis): B9 Van; between
Hosap (Giizelsu) and Bagkale, Giizeldere Pass, rocky
slopes, 2700 m. 19.05.2001. MA1103. Quantitative and
qualitative characteristics of this population’s specimens
of mature flowering time generally overlaps with the
limited definition in The Flora of Turkey.

Population sample 8 (D. rosularis): B9 Van; between
Hosap (Giizelsu) and Bagkale, Giizeldere Pass, over the
Fountain, 2680 m, 28.05.2000, ND7130. This population
sample belonging to mature flowering time collected from
this locality is different from the other 6 samples of the
same locality. Quantitative and qualitative characteristics
of this population’s specimens generally overlaps with the
limited definition in The Flora of Turkey.

Population sample 9 (D. rosularis): B9 Van; between
Hosap (Giizelsu) and Bagkale, Giizeldere Pass, 2750 m,
13.06.1997, ND5336. Quantitative and qualitative
characteristics of this population’ specimens pertaining to
mature flowering time, generally overlaps with the limited
definition in The Flora of Turkey.

The descriptions of population samples;1 and 2 pertaining
to D. cappadocica, and 3, 4, 5, 6,7, 8, 9 belonging to D.
rosularis species. The 7th, 8th, and 9th population belongs
to D. rosularis. Because of the data in these three
populations are insufficient, they have not been evaluated.

Among the measured characteristics of the two species;
descriptive characteristics used in Flora of Turkey (for
them to show parallelism with ours in comparison) were
preferred.

All studied descriptive characters and measurements
results of them are given in Table 1.

4. Discussionand Conclusions

It seems to be more reliable to make a decision about the
status of D. cappadocica species in Van basin after
collecting specimens from B5 Kayseri: Erciyes Mountain,
2400 m, and B9Van: Ispiriz Mountain, 3400 m, D. 23685
localities again and compiling them with the current data.

Draba cappadocica Boiss. & Balansa in Boiss., Diagn.
ser. 2(6): 14 (1859). Syn: D. calycosa Boiss. & Balansa in
Boiss., FI. Or. 1:299 (1867), excl. var. aucheri Boiss.
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Table 1. Descriptive averages and limit values of population samples’ numerical data pertaining to Draba cappadocica and Draba
rosularis (The significant data pertaining to D. cappadocica were given bold and in red; those of D. rosularis were given bold)

Measured Plant Organ Evaluated Taxa S'\?Sfri]?:rn Mean gg;:ggg Minimum | Maximum
1. D. cappadocica 64 51 1,22 2,9 8
Stem (plant size) (cm) 2. D. rosularis 231 6,14 3,03 15 16,5
3. Total 295 5,92 2,77 15 16,5
1. D. cappadocica 64 8,34 3,28 1 19
Number of flowers 2. D. rosularis 219 9,42 4,71 1 28
3. Total 283 9,18 4,45 1 28
1. D. cappadocica 20 8,33 2,37 4 12
Sub-rossette leaves length (mm) 2. D. rosularis 59 11,82 4,96 4 30
3. Total 79 10,94 4,69 4 30
1. D. cappadocica 20 8,38 331 4 15
Middle-rosette leaves length (mm) 2. D. rosularis 59 10,97 4,64 5 28
3. Total 79 10,32 4,47 4 28
1. D. cappadocica 20 78 291 4 13
Upper-rosette leaves length (mm) 2. D. rosularis 59 10,58 4,27 4 25
3. Total 79 9,87 4,13 4 25
1. D. cappadocica 20 1,62 0,38 1 2,2
Sub-rosette leaves width (mm) 2. D. rosularis 59 1,66 0,42 1 2,8
3. Total 79 1,65 0,41 1 2,8
1. D. cappadocica 20 1,82 05 11 35
Middle-rosette leaves width (mm) 2. D. rosularis 59 1,6 0,49 0,75 3
3. Total 79 1,67 0,5 0,75 35
1. D. cappadocica 20 1,8 0,44 1 3
Upper rosette leaves width (mm) 2. D. rosularis 59 15 0,45 05 2,2
3. Total 79 1,58 0,46 0,5 3
1. D. cappadocica 14 2,82 0,36 2 3
Sub-branch sepals length (mm) 2. D. rosularis 60 2,54 0,51 15 35
3. Total 74 2,59 0,49 15 35
1. D. cappadocica 14 2,85 0,29 2 3
Middle-branch sepals length (mm) 2. D. rosularis 60 2,49 0,48 15 32
3. Total 74 2,56 0,47 15 32
1. D. cappadocica 11 2,86 0,78 2 5
Upper-branch sepals length (mm) 2. D. rosularis 59 2,38 0,45 1,3 3,1
3. Total 70 2,45 0,54 13 5
1. D. cappadocica 14 1,61 0,39 1,2 25
Sub-branch sepals width (mm) 2. D. rosularis 60 1,43 0,28 1 2
3. Total 74 1,46 0,31 1 25
1. D. cappadocica 14 1,59 0,29 1,2 2
Middle-branch sepals width (mm) 2. D. rosularis 60 1,45 0,32 0,8 2
3. Total 74 1,48 0,32 0,8 2
1. D. cappadocica 11 1,66 0,51 1,2 3
Upper-branch sepals width (mm) 2. D. rosularis 59 1,39 0,33 0,7 2,8
3. Total 70 1,44 0,37 0,7 3
1. D. cappadocica 13 5,35 0,56 4,5 6
Sub-branch petals length (mm) 2. D. rosularis 58 5,01 0,76 35 7
3. Total 71 5,07 0,73 35 7
1. D. cappadocica 14 52 0,71 4 6
Middle-branch petals length (mm) 2. D. rosularis 58 4,82 0,9 3 7
3. Total 72 4,89 0,88 3 7
1. D. cappadocica 11 4,45 0,78 3 6
Upper-branch petals length (mm) 2. D. rosularis 56 4,48 0,77 23 6
3. Total 67 4,47 0,78 2,3 6
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1. D. cappadocica 13 2,82 04 2 33
Sub-branch petals width (mm) 2. D. rosularis 58 2,26 0,37 15 3
3. Total 71 2,37 0,43 15 33
1. D. cappadocica 14 2,69 0,61 1,8 4
Middle-branch petals width (mm) 2. D. rosularis 58 2,25 0,34 1,7 3
3. Total 72 2,33 0,44 1,7 4
1. D. cappadocica 11 2,41 0,58 1,4 3
Upper-branch petals width (mm) 2. D. rosularis 56 2,16 0,35 1,3 3
3. Total 67 2,2 0,4 1,3 3
1. D. cappadocica 20 6,99 2,02 4.2 12
Sub-branch pedicel length (mm) 2. D. rosularis 60 71 2,54 2,5 15
3. Total 80 7,07 2,41 25 15
1. D. cappadocica 20 5,63 1,32 4 10
Middle-branch pedicel length (mm) 2. D. rosularis 60 5,79 2,33 2 12
3. Total 80 5,75 2,11 2 12
1. D. cappadocica 17 4,64 1,07 3 7
Upper-branch pedicel length (mm) 2. D. rosularis 59 4,99 1,94 1 10
3. Total 76 4,92 1,78 1 10
1. D. cappadocica 6 3,75 0,88 25 5
Sub-branch fruit length (mm) 2. D. rosularis 2 6 0 6
3. Total 8 4,31 1,28 25
1. D. cappadocica 6 3,67 0,61 3 45
Middle-branch fruit length (mm) 2. D. rosularis 2 6 1,41 5 7
3. Total 8 4,25 1,31 3 7
1. D. cappadocica 6 3,42 0,66 3 45
Upper-branch fruit length (mm) 2. D. rosularis 2 5 0 5
3. Total 8 3,81 0,92 3
1. D. cappadocica 6 3,33 0,82 2
Sub-branch fruit width (mm) 2. D. rosularis 2 4,25 0,35 4 45
3. Total 8 3,56 0,82 2 45
1. D. cappadocica 6 3,17 0,52 25 4
Middle-branch fruit width (mm) 2. D. rosularis 2 3,75 0,35 35 4
3. Total 8 3,31 0,53 2,5 4
1. D. cappadocica 6 2,77 0,54 2 35
Upper-branch fruit width (mm) 2. D. rosularis 2 35 0,71 3 4
3. Total 8 2,95 0,63 2 4

The original description in the Flora of Turkey;

Perennial herb, forming rounded tufts. Caudiculi leafy
only near the top. Scapes up to 2 cm, villous. Leaves
linear to linear-obovate, soft, overlapping, canescent
with stellate hairs. Petals yellow, c. 4 mm. Ovary with
16-24 ovules. Siliculae ovoid, as long as broad. FI. 6.
Rock crevices, slopes, 2400-2900 m.

The new description in respect of this study

Perennial plant, forming rounded tufts. Caudiculi leafy
only near the top. Scapes 2.9-8 cm, villous. Leaves
linear to linear-obovate; 4-15 x 1-3 mm, soft,
overlapping, canescent with stellate hairs. Flowers 1-19.
Pedicel 3-12 mm. Sepals, 2-5 x 1.2-3 mm. Petals yellow,
3-6 x 1.4-4 mm. Ovary with 16-24 ovules. Siliculae
ovoid, as long as broad, 2-2.5 x 2-4 mm. Fl. 6. Rock
crevices, slopes, 2400-2900 m.

Draba rosularis Boiss. in Ann. Sci. Nat. 17: 165 (1842).
Syn: D. calycosa Boiss. & Balansa var. aucheri Boiss.,
F1.0r.1:299(1867).
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The original description in the Flora of Turkey;

Caespitose perennial. Scapes ascending-erect, up to 10
cm, pubescent. Leaves narrowly elliptic, soft, canescent
with stellate hairs, 8-20 mm long. Petals yellow, 4-5
mm. Ovary with (12-)16-32 ovules. Siliculae ovoid-
ellipsoid, inflated, with an indumentum of stellate hairs.
Fl. 4-7. Rocks, up to 3200 m.

The new description in respect of this study;

Caespitose perennial, soft, stellate and branching hairy.
Scapes ascending-erect, 1.5-17.5 cm, pubescent. Rosette
leaves narrowly elliptic, oblong-lanceolate to linear,
acute and acuminate at the apex soft, canescent with
stellate and branching long hairy; 4-30 x 0.75-2.8 mm.
Flowers 1-28. Pedicel 1-15 mm. Sepals 1.5-3.5 x 0.8-2
mm, with soft; stellate and branching hairy. Petals
yellow, 2.3-7 x 1.3-3 mm. Ovary with (12-)16-32
ovules. Silicula ovoid-ellipsoid, inflated, 5-7 x 3-4.5
mm, with an indumentum of short stellate hairs. Fl. 4-7.
Rocky slopes, 2400- 3200 m.
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Flammulina fennae Bas, A new record from Karz Mountain (Bitlis)
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Flammulina fennae Bas, Karz Dagi’ indan (Bitlis) bir yeni kayit

Abstract: Flammulina fennae Bas (Physalacriaceae) is recorded for the first time from Turkey. Ecology, distribution, locality,
and photographs related to macro and micromorphologies and a short description of the new record were given.

Key words: Flammulina fennae, Physalacriaceae, new record, Karz Mountain, Turkey.

Ozet: Flammulina fennae Bas (Physalacriaceae) Tiirkiye’de ilk kez kaydedilmistir. Yeni kaydin ekolojisi, yayilis1, lokalitesi,
makro ve mikro fotograflari ve kisa bir deskripsiyonu verilmistir.

Anahtar Kelimeler: Flammulina fennae, Physalacriaceae, yeni kayit, Karz Dag, Tiirkiye.

1. Introduction

Flammulina P.Karst. is a genus in the family
Physalacriaceae Corner which has a cosmopolitan
distribution, especially in temperate regions. Robert et al
(2005;  http://lwww.  mycobank.org) and  Index
fungorum.org (accessed 1 November 2017) list 17
conformed species of Flammulina, most of which are
edible (Ge et al., 2008).

Two Flammulina species, F. ononidis Arnolds and F.
velutipes (Curtis) Singer, have been recorded from Turkey
up to date. Although F. velutipes has been reported from
many places of Turkey (Abatay, 1983; Demirel, 1998;
Sesli, 1999; Solak et al., 1999; Oztiirk et al., 2001; Uzun
et al., 2004; Kaya et al., 2009), F. ononidis has been
collected only from Samsun (Peksen and Karaca, 2003).

During routine field studies in Karz Mountain (Bitlis-
Turkey) some basidiomes were collected. Flammulina
fennae Bas, was described as a new record according to
the current checklists on Turkish macromycota (Sesli and
Denchev, 2014; Solak et al., 2015) and the latest
contributions to the basidiomycetous macrofungi of
Turkey (Demirel and Kogak, 2016; Akata and Uzun,
2017; Aktas et al., 2017; Demirel et al., 2017; Isik and
Tiirkekul, 2017; Sesli and Vizzini, 2017; Uzun and Kaya,
2017; Uzun et al., 2017a,b).

The present study aims to make a contribution to the
macrofungi of Turkey.

2. Materials and Method

Fungal specimens were collected from Obuz village, Karz
Mountain (Tatvan-Bitlis-Turkey) in 2010. Morphological
and ecological chracteristics of the samples were recorded
during the field study and they were photographed in their
natural habitats. Then, they were taken to the laboratory
and microscopic investigations were carried out on them.

Microscopic investigation of the samples were done by
using a Nikon light microscope. Reagents such as 5 %
KOH and Congo red were used. Identification was
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performed with the aid of the relevant literature (Bas,
1983; Ripkova et all., 2010; Schafer and Kibby, 2015).

3. Results

Fungi Bartling

Basidiomycota R.T. Moore

Agaricales Underw.

Physalacriaceae Corner

Flammulina P. Karst.

Flammulina fennae Bas, Persoonia 12(1): 52 (1983)

Macroscopic features: Pileus 20-45 mm in diameter,
convex-parabolic, smooth, slightly viscid, pale ochre
yellow, when moist short translucently striate at margin of
mature  basidiocarps, thick-fleshed, rather elastic.
Lamellae adnexed to adnate, sinuate, moderately distant,
with numerous intermediate gills, white to pale cream.
Stipe 25-90 x 2-8 mm, cylindric-tapered, mostly solid,
tough, densely subtomentose, concolorous with the pileus
at apex, becoming darker reddish brown to dark brown
below. In large basidiocarps there are a few remarkable
longitudinal grooves (Fig. 1a).

Microscopic features: Spores 5.8-7 x 4-4.5 um, ellipsoid
to elongate-ellipsoid, thin-walled, smooth, hyaline, with
small apiculus. Basidia 28-33 x 4.5-6.um, 4-spored,
clamped. Cheilocystidia 35-70 x 6-15 um, scarce, utriform
to lageniform, slightly thick-walled relatively to spore and
basidium walls, hyaline. Pleurocystidia similar to
cheilocystidia (Fig. 1b,c,d).

Specimen examined: Bitlis-Tatvan, Karz Mountain,
Obuz village, mixed woodland, on buried roots, 38°
26'625"K, 42° 22'467"D, 1788 m, 02.10.2010. S. 036.

4. Discussions

Flammulina fennae was added to Turkish mycobiota as
the third member of the genus Flammulina. Macro and
micromorphological properties of the newly recorded
taxon agree with those described by Bas (1983) and
Schafer and Kibby (2015).
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Figure 1. Flammulina fennae: a- basidiomata; b- basidiospores; c- basidia and basidioles, d- cheilocystidia.

Among the Flammulina species, F. velutipes and F.
ononidis are morphologically similar to F. fennae. But
both of them have larger spores. Though F. fennae has a

grows usually in winter season. But F. fennae has no
association with Ononis and normally fruits outside winter
season (Schafer and Kibby, 2015).

spore size of 6-8 x 4-4.5(-5) pm, spore sizes of F.
velutipes and F. ononidis were reported as 7-11 x (2.5-)3-
4 pm, and as 8.5-12.5 x 4.5-5.5 um, respectively (Ripkova
etal., 2010).

Field characteristics may also be used to distinguish these
three species. Flammulina ononidis is known to associate
with the roots of Ononis spinosa. Flammulina velutipes
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Likenlerin dogal insektisit olarak kullanim

Abstract: Agriculture has become one of the greatest sources of employment for mankind from the past to the present. The
products obtained in this area provide a significant contribution to the national economies. However, the number of organisms
causing the decline in crop yield is quite high. The preferred applications for combating harmful organisms are the use of
chemical insecticides. However, the high level of side effects of these insecticides led researchers to alternative study areas.
Insecticide production through natural products that is under the title of biological struggle, is within popular areas. Lichens are
also materials for natural insecticide sources due to their unique constituents in the constructions. For many years, the toxic
effects of lichens utilized in many fields on different insect species have been tested through their extracts and pure components.
At this point, it is noteworthy that while high yield is obtained from lichens, the studies are predominantly carried out on the
extracts. In the light of all these studies, it will be contributed to biological insecticide production stage by increasing of the
studies performed on determination of the active components in lichens showing insecticidal activity on different species and on
mechanisms of action in insects.

Key words: Extract, Insecticide, Lichen, Metabolite

Ozet: Tarim, gegmisten giiniimiize kadar insanoglu igin en biiyiik istihdam kaynaklarindan biri olmustur. Bu alanda elde edilen
riinler iilke ekonomilerine 6nemli Olgiide katki saglamaktadir. Bununla birlikte, {iriin veriminde diistislere sebep olan
organizma sayisi bir hayli fazladir. Zararli organizmalar ile miicadele konusunda tercih edilen uygulamalarin basinda kimyasal
insektisit kullanimi gelmektedir. Fakat bu insektisitlerin yan etkilerinin yiiksek diizeyde olmasi arastirmacilar alternatif ¢alisma
konularina yonlendirmistir. Biyolojik miicadele basligi altinda ele alinan, dogal iiriinler araciligi ile insektisit iiretimi popiler
alanlar icerisinde yer almaktadir. Likenler de yapilarinda bulunan kendilerine 6zgii bilesenleri sayesinde dogal insektisit
kaynaklarma malzeme olmaktadir. Yillardir birgok alanda yararlanilan likenlerin gerek ekstraktlar1 gerekse saf bilesenleri
aracilig ile farkli bocek tiirleri tizerinde toksik etkileri test edilmektedir. Bu noktada, likenlerden yiiksek oranda verim elde
edilmekle beraber ¢aligmalarin agirlikli olarak ekstraktlar {izerinde gergeklestirildigi dikkat ¢ekmektedir. Tim bu ¢aligmalar
1s181nda, farkl tiirler lizerinde insektisit aktivite gosteren likenlerdeki aktif bilesenlerin ve boceklerdeki etki mekanizmalarinin
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tespiti tizerine gergeklestirilecek ¢aligmalarin artirilmast ile biyolojik insektisit iiretim basamagina katki saglanacaktir.

Anahtar Kelimeler: Ekstrakt, insektisit, Liken, Metabolit

1. Introduction

The goal in all past studies is to develop insecticides that
can only be effective on the harmful target organism,
taking care not to disturb the natural balance without
affecting the environment and human health. In this
direction, the researchers have been working in the last
years and serious studies have started to be done on herbal
insecticides (Pant et al.,, 2016). Natural herbicide
insecticides constitute 1% of the world insecticide market.
As more work is done on organic agriculture than in the
past, annual sales increase by about 10-15% per year
(Isman, 1997).

Many researchers have proved that plants are potential
sources of insecticides. It was reported that many plant
species affect various forms of insects which are harmful
to agriculture. Despite the fact that so many of the plants
are known to have the insecticidal effect, few have been
used in practice. Isman (1997) cites the reasons for this, as
natural resources are limited, standardization and licensing
difficulties. Natural insecticides have some advantages
and disadvantages compared to synthetic insecticides.
Natural insecticides break down very quickly in sunlight,
humidity and windy conditions, so they can be used just
before harvesting. However, many of these insecticides
stop feeding their insects very quickly, although they do
not kill them immediately. Therefore, it sometimes takes a
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few days for the death of the insects, but it has a rapid
effect in terms of prevention of damage (Oberemok et al.,
2015).

If we exclude some highly toxic plant-based insecticides,
it can be said that most of the plant-derived natural
insecticides are not toxic to mammals and the
environment. Rapid disintegration and stomach poisoning
make natural insecticides more selective against plant-
feeding harmful insects (Walia et al., 2017). Natural
insecticides are not usually phytotoxic. They also have no
negative effects on their germination, growth and product
quality. However, nicotine may have a negative effect on
some ornamental plants. When they are used in their
natural form, the risks of creating durability are practically
absent. They can be obtained cheaper and easier than
synthetic insecticides in those areas, as they grow mostly
in areas with less developed and lower labor costs (Sierro
etal., 2013).

The compounds that plants cause to act on the insects are
secondary metabolites that secrete at the time of stress
(Rattan, 2010). Herbal substances used against insects are
compounds which are obtained by various methods from
plants and show insecticidal properties. These can be in
various forms, such as unprocessed plant materials, plant
extracts, and pure compounds isolated from plants. While
some of the natural insecticides are used directly as lethal,
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others have repellent and
properties (Murugesan et al., 2016).

nourishment-inhibiting

The action mechanisms of insecticides are generally on
the nervous and digestive system of the organism.
Insecticides of plant origin are said to have entered the
body of insects through contact and poisoned the nervous-
muscle system via secondary metabolites (Denecke et al.,
2015). In addition, it has also been found that herbal
insecticides affect physiology of the insect by acting in
different forms on various receptor sites (Buckingham et
al., 2017).

It is known that plant-based insecticides have effect a
number of harmful species. Yildirim et al. (2005) have
investigated the effect of three essential oil extracts on
Tribolium confusum (du Val) which damages products
such as flour and flour produced pasta, biscuits, bran, soup
material, starch and some oil seeds and Sitophilus
granarius (L.) damaging in stored seed known as wheat
weevil. As a result of the experiment, mortality rate of
67% for T. confusum and 43% for S. granarius appeared.
In another study, fumigant toxicity effect of essential oils
from nine plant species on adults of S. granarius was
investigated (Kordali et al., 2012).

Yildirim et al. (2009) have evaluated effectiveness of
plants grown from pesticide seeds against cabbage aphid
(Brevicoryne brassicae L.), cabbage leaf fleas (Phyllotreta
atra F., Phyllotreta nigripes F.), cabbage moth (Plutella
xylostella L.) and large cabbage butterfly (Pieris
brassicae L.). As a result, it was detected that the damage
of leaf fleas in cabbage plants was considerably reduced
and after six weeks, the loss was reduced by 90%. Many
studies that demonstrate that some medical plants have the
same effect as some chemical insecticides are also
included in the literature (Tewary et al., 2005; Kordali et
al., 2013; Yildirim et al, 2013). In recent years,
insecticidal activity studies carried out through
compounds derived from in vitro propagated plants have
also gained popularity (Emsen et al., 2016; Dogan et al.,
2017).

Since plant origin ones among the insecticides used in the
struggle with harmful organisms act differently on the
target organism without harming the environment, their
usage areas have expanded.

2. General Characteristics of Lichens

Among the many species of organisms used for the
purpose of obtaining insecticides, lichens are the most
remarkable species. Lichens are very interesting livings
with their forms of formation, their living habits, their
diversity of uses, and their components that they have in
their structure. According to Nash (2008), lichens are
symbiotic organisms formed with a fungus partner called a
mycobiont and by the photosynthetic partner which can be
one or more algae or cyanobacteria and is known as a
photobion. Lichens show a completely separate structure
from the algae and fungi that form themselves in terms of
shape and life. The photosynthetic organism (photobiont)
involved in the structure of a colorless fungal hyphae is
usually green algae or a cyanobacterium; but they are also
known to be composed of some yellow-green algae and
brown algae (Backor and Fahselt, 2008). Some of the
genus belonging to Cyanophyta and Chlorophyta and
some algae from Xanthophyta and Phaeophyta are
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observed. Mushrooms are usually Ascomycetes and rarely
belonging to Basidiomycetes (Grube and Spribille, 2012;
Millot et al., 2016).

In the periods when the lichens first began to be
examined, although the fungus in the lichen symbiosis
was thought to have benefited from algae such as parasites
due to lack of chlorophyll, but later this explanation lost
its significance. It has been understood that the fungus has
been supplied with water and water-soluble minerals from
the environment in common life with the help of hyphae
(Brodo et al., 2001; Nash, 2008). Fungi that can not
produce their own carbohydrates meet the needs for
glucose from photosynthesizing algae and cyanobacteria
thanks to the chlorophyll pigment contained. Starch is also
used as a storage material in lichens (Rikkinen, 2015;
Suzuki et al., 2016).

For years, many scientists have gone to the way of
classifying lichens by adding their own interpretation. One
of these classifications is based on the environment on
which lichens live. According to this, lichens are divided
as living on limestone rocks, siliceous soils, tree trunks
and branch bark, leaves, overturned tree logs, and in
water. Another classification has been made according to
the type of fungus found in the lichen species. In this case,
lichens are divided into three classes as Phycolichens,
Ascolichens and Basidiolichens (Brodo et al., 2001).
Nowadays, the most important classification accepted by
many scientists is to group lichens according to thallus
structures. The thallus structures found in lichens show the
character of this lichen. Because, in many cases, a great
deal of a lichen comes from the thallus, unlike the
reproductive and reproduction processes. According to
thallus structure, lichens are divided into three groups,
namely crustose, foliose and fruticose (Sipman, 2002;
Armstrong and Bradwell, 2010).

Among the lichens, the species that are short-lived are
rare. Although there are environmental issues that reduce
the lifespan of lichens like other life forms, they can
survive for more than 1000 years under favorable
conditions such as fresh air, adequate humidity and light
(Armstrong, 2004). Lichen species are very susceptible to
polluted air, so the lichen flora is very poor in industrial
areas and near large cities. On the other hand, the lichens
cover the rocks, tree trunks and branches in various colors
and shapes in clean air areas. For this reason, they are
indicator organisms for the cleanliness of a zone's air
(Szczepaniak and Biziuk, 2003; Rikkinen, 2015).

Lichens are distributed almost everywhere in the world.
They are able to develop even in the desert where there is
enough humidity, Arctic and Antarctic regions, the
freezing temperatures of high mountains, on the stones
that other plants can not live on, inefficient soil, dry tree
bark and tiles (Kranner et al., 2008). The feature that
allows lichens to survive on extreme conditions is hidden
in the acids in their structure. Lichen acids, the secondary
metabolites of lichens, give the lichens the ability to
become a preliminary organism in the primary succession
in the nature. The sandy, rocky, clayey, marsh and gravel
environments are primarily occupied by lichens. These are
called leading populations. At this point, lichens increase
the soil quality of the environment (Xu et al., 2005;
Zambare and Christopher, 2012; Nguyen et al., 2013).



3. Different Usage Areas of Lichens

Due to the lichen acids produced by the fungi in the
symbiotic life of lichens, since the past centuries it was
benefitted from the lichens in many areas. For example; in
the past, during scarcity in Scandinavia, Cetraria
islandica (L.) Ach. was milled and added to wheat flour or
potatoes to increase insufficient supplies. In the 1880s in
Sweden, Cladina rangiferina (L.) Nyl. was used as a sugar
source (Brodo et al., 2001). C. islandica and Lobaria
pulmonaria (L.) Hoffm. have been used for skin tanning
because of their shrunken properties. L. pulmonaria has
also been used in the fermentation of beer. It has been
found that the beer made with this lichen is exactly the
same as the one made with hops (Tutel, 1986).

Most of the Rocella species from lichens were used in the
dyeing of wool and clothes until the mid-19th century.
Two different color substances were identified among
Rocella species. There is erythrin acid in Roccella
fuciformis (L.) DC., Rocella fucoides (Dicks.) Vain.,
Rocella peruensis Krempelh., Lecanora montagnei (Fr.)
Schaer. and lecanorin acid was determined in Roccella
tinctoria DC., Roccella sinensis Nyl. and Cladonia
portentosa ((Dufour) Coem.) (Aslan, 1995; Culberson and
Culberson, 2001). Evernia prunastri (L.) Ach,,
Pseudevernia furfuracea (L.) Zopf., L. Pulmonaria,
Anaptychia ciliaris (L.) Korb. and some Usnea sp.,
Physcia sp. were used in the field of cosmetics. These
lichens are used in perfume as a mixture, not alone. The
lichens that increase the persistence of smell give a
pleasant fragrance to the combination of perfume (Tutel,
1986).

The lichens were also used in the medical field. The lichen
species in this area are generally used with meaning
according to their morphological appearance. L.
pulmonaria was used as a softening cream in the treatment
of pulmonary disease for pulmonary resemblance. Usnea
Florida (L.) Weber ex F.H. Wigg. and many other Usnea
species, which are filamentous and resembling hair, were
used to prevent hair loss and to make hair look louder and
more vibrant. Xanthoria parietina (L.) Beltr. which has a
yellow-orange color and Peltigera apthosa (L.) Willd.
which is similar to the small warts in the thallus were used
in the treatment of jaundice and canker diseases,
respectively (Brodo et al., 2001).

Lichens are used in the form of laxatives, expectorants,
tonic, internal or external pastes, decoction (boiling) or
infusion. In various parts of the world, researches are
being conducted for new pharmaceutical uses of lichens
(Shukla et al., 2010). It has been found that some lichens
have antitumor activity through components such as
polysaccharide, glucan and glycoprotein. Antimicrobial
activities against different bacterial species were identified
in lichens where many antibiotic substances were detected
(Shrestha and St. Clair, 2013; Shrestha et al., 2015).

4. Insecticidal Efficacies of Lichens

It is also necessary to add the insecticide activities to the
above-mentioned and many other unused usage areas of
lichens. It was reported that Letharia vulpina (L.) Hue ve
Vulpicida pinastri (Scop.) J.-E. Mattsson species are toxic
and these lichens have been used in some European and
Scandinavian countries to Kill wolves and foxes that have
damaged to animals in winter . When these species are
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eaten by animals, they cause death by stopping breathing,
particularly by influencing the respiratory system. Brodo
et al. (2001) reported that a lichenologist who collected L.
vulpina from these toxic species in large quantities
severely undergone respiratory tract irritation since he was
constantly in contact with this species and this person had
a nosebleed. This event suggests that these lichen species
may also be poisonous to humans. Some researchers,
considering these properties of lichens, have gone to
investigate the insecticidal effect of lichens.

Cetin et al. (2008) investigated the insecticidal effects of (-
)-usnic acid and (+)-usnic acid secondary metabolites
obtained from Cladonia foliaceae (Huds.) Wield. and
Ramalina farinacea (L.) Ach. against Culex pipiens L.
(mosquito) larvae in laboratory conditions and get 100%
results in some biological periods of these organisms.
1440 samples from 50 lichen species with different
chemical properties were analyzed to determine whether
these characteristics of lichens-fed insects originated from
lichen species, particularly lichen chemistry by Nimis and
Skert (2006). Multivariate analyzes revealed a special
negative correlation between the presence of grass-fed
animals and some lichen substances.

Silva et al. (2009) examined potential insecticide effects
of lectin isolated from Cladonia verticillaris (Raddi) Fries
on Nasutitermes corniger Motschulsky termite. As a result
of their work, it was stated that C. verticillaris
preparations might be able to control termites (or other
insects) that are economically related to agriculture and
the wood industry. In another study, the effects of
methanol, chloroform and water extracts of L. pulmonaria
on the life span of Drosophila melanogaster Meigen
(vinegar fly) were investigated (Uysal et al., 2009). They
found that methanol extract was more effective than
chloroform and water extracts and water extract was
relatively weaker than methanol and chloroform extracts.
Emmerich et al. (1993) investigated the antifeedant and
lethal effects of four of the lichen metabolites, (-)- and
(+)-usnic acid, wvulpinic acid, and stictic acid on
Spodoptera littoralis Boisduval larvae. They noted that
both types of usnic acid as well as vulpinic acid showed a
lethal effect at high levels and delayed growth. It was also
detected that stictic acid did not show any effect.

In various treatments, it was reported that larval killer
effect of usnic acid and wvulpinic acid was tested on
Bemisia tabaci Gennadius (white fly) and vulpinic acid
was more effective than (-)- usnic acid. In addition, it was
determined that hexane, ethyl acetate, methanol and water
extracts of Roccella montagnei Bél. had a lethal effect on
Helicoverpa armigera (Hubner) Among (green worm)
(Balaji et al., 2007). Another lichen-insecticide related
study was performed on Usnea sp., Heterodermia
diademata (Taylor) D.D. Awasthi, Roccella montagnei
Bél. and Leproloma sipmanianum Kiimmer! & Leuckert.
from lichen species. In the related work, high insecticidal
effect of ambewelamide A compound isolated from
aforementioned lichens was determined on the second
period larvae of Aedes aegypti (L.). In another study
performed with the same larvae, it was pronounced that
cabraleadiol monoacetate and 3,6-dimethyl-2-hydroxy-4-
methoxybenzoic acid from lichen acids had insecticidal
activity (Tufan Cetin and Siimbiil, 2008).
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In recent years, efforts to create biological insecticides
against storage pests through different lichen extracts and
components have gained popularity. Emsen et al. (2012b)
observed toxicity of Cladonia foliacea (Huds.) Willd. and
Flavoparmelia caperata (L.) Hale on grain weevil,
Sitophilus granarius (L.) and reported 91 and 83%
mortality rates for both species, respectively. Similarly,
experiments carried out with L. vulpina, Lecanora muralis
(Schreb.) Rabenh. and Peltigera rufescens (Weiss) Humb
revealed other lichen species that was effective on S.
granarius (Emsen et al., 2015). In that study where
concentration-dependent  insecticidal  activity = was
observed, median lethal concentration (LCs) values of L.
vulpina, L. muralis and P. rufescens were 0.51, 0.67 and
0.33, respectively. Insecticidal activities caused by
extracts of L. vulpina, L. muralis and P. rufescens were
100, 86 and 100%, respectively.

There are also studies in which insecticidal effects of
active ingredients isolated from lichens against grain
weevil are tested. Yildirim et al. (2012a) obtained
diffractaic and usnic acid from Usnea longissima Ach. and
measured  insecticidal effect of these secondary
metabolites. Although they found that both compounds
had high activity, it was revealed that usnic acid was more
effective than diffractaic acid. Another insect that causes
loss in warehouse products is Sitophilus zeamais
Motschulsky. Lichens were also used to combat with this
pest through natural insecticide. Diffractaic acid and usnic
acid from pure lichen compounds and L. vulpina, P.
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Abstract: This study was based on fourteen bryophilous Pyronemataceae species. Thirteen of them (Inermisia gyalectoides
(Svréek & Kubicka) Dennis & Itzerott, Lamprospora carbonicola Boud., Lamprospora dictydiola Boud., Lamprospora miniata
De Not., Octospora areolata (Seaver) Caillet & Moyne, Octospora axillaris (Nees) M.M. Moser, Octospora coccinea (P.
Crouan & H. Crouan) Brumm., Octospora excipulata (Clem.) Benkert, Octospora gemmicola Benkert, Octospora musci-
muralis Graddon, Octospora orthotrichi (Cooke & Ellis) K.B. Khare & V.P. Tewari, Octospora polytrichi (Schumach.) Caillet
& Moyne and Octospora rustica (Velen.) J.Moravec) are given as new records for the macromycota of Turkey. Inermisia and
Lamprospora are new at genus level. New localities are given for the 14" species, Octospora leucoloma Hedw. Brief
descriptions about the macroscopic and microscopic characters of the species and their photographs are provided.

Key words: Biodiversity, bryoparasitic fungi, Pyronemataceae, new records, Turkey

Ozet: Bu calisma 14 briyofilik Pyronemataceae tiirii iizerinde temellendirilmistir. Bunlardan 13 tanesi (Inermisia gyalectoides
(Svréek & Kubicka) Dennis & Itzerott, Lamprospora carbonicola Boud., Lamprospora dictydiola Boud., Lamprospora miniata
De Not., Octospora areolata (Seaver) Caillet & Moyne, Octospora axillaris (Nees) M.M. Moser, Octospora coccinea (P.
Crouan & H. Crouan) Brumm., Octospora excipulata (Clem.) Benkert, Octospora gemmicola Benkert, Octospora musci-
muralis Graddon, Octospora orthotrichi (Cooke & Ellis) K.B. Khare & V.P. Tewari, Octospora polytrichi (Schumach.) Caillet
& Moyne ve Octospora rustica (Velen.) J.Moravec) Tiirkiye makromikotasi i¢in yeni kayittir. Inermisia ve Lamprospora cins
diizeyinde yenidir. On dordiincii tiire (Octospora leucoloma Hedw:.) iligskin yeni lokaliteler verilmistir. Tiirlerin makroskobik ve

mikroskobik karakterlerine iligkin kisa betimlemeleri ve fotograflar1 verilmistir.

Anahtar kelimeler: Biyogesitlilik, bryoparazitik mantarlar, Pyronemataceae, yeni kayitlar, Tiirkiye

1. Introduction

Fungi are heterotrophic organisms growing on either dead
organic material or on different organs of some other
living organisms. Those growing on gametophytic or
sporophytic organs of bryophytes are usually known as
bryophilous fungi. Within the order Pezizales the
members of the genera Filicupula Y.J.Yao & Spooner,
Hiemsia Svréek, Inermisia Rifai, Lamprospora De Not,
Neottiella (Cooke) Sacc., Octospora Hedw., Octosporella
Dobbeler, Octosporopsis U.Lindem. & M.Vega and
Ramsbottomia W.D.Buckley are known to have
bryophilous mode of life (Felix, 1988; Benkert, 2007;
Kirk et al., 2008). Except the genus Filicupula all of them
are currently positioned in Pyronemataceae.

Since they require similar environmental conditions, moss
and fungus could also live together. Bryophytes are
capable of supporting fungal growth by providing a good
microenvironment (Stephenson & Studlar 1985). Some
fungi within the order Pezizales, especially the members
of the genera Octospora, prefer small, acrocarpous mosses
as substrates that can live in unfavorable conditions like a
rocky or hot and frequently dry surfaces (Hughes, 1982).

Though research on bryoparasitic species has a long
tradition in some European countries (Egertova et al.,
2015) and the presence of about 300 species of
ascomycetes growing on the gametophytes of mosses or
hepatics were reported (Ddbbeler, 1997), bryophilous
fungi has received almost no attention in Turkey.
According to the current checklists (Sesli and Denchev,
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2014; Solak et al., 2015) 31 basidiomycete species
growing on or around the bryophytes are known to exist in
Turkey. But only six bryophilous ascomycete species,
Marcelleina persoonii (P.Crouan & H.Crouan) Brumm.
(Pezizaceae) (Yilmaz et al., 1997), Neottiella rutilans (Fr.)
(Akata and Kaya, 2013), Octospora itzerottii Benkert
(Uzun et al., 2017), O. leucoloma Hedw. (Colak and
Kaygusuz, 2017), Scutellinia trechispora (Berk. &
Broome) Lambotte (Pyronemataceae) (Kaya et al., 2016)
and Pseudoplectania sphagnophila (Pers.) Kreisel
(Sarcosomataceae) (Tiirkoglu and Yagiz, 2012), have so
far been recorded from Turkey yet. Compared to 81
octosporoid fungi existing in Europe (Benkert, 2007),
there is still much to be done in Turkey.

The work aims to make a contribution to the mycobiota of
Turkey by adding new bryophilous ascomycete species.

2. Materials and methods

Macrofungi samples were collected from the different
localities within the boundaries of Gaziantep province
between 2013 and 2017. Geographic positions were noted
together with their necessary morphological and
ecological characteristics, and they were photographed in
their natural habitats. Olympus SZX7 trinocular
stereomicroscope was used for some macrostructural
properties of smaller fruit bodies. Nikon eclipse Ci-S
trinocular light microscope, DS-Fi2 digital camera and
Nikon DS-L3 displaying apparatus were used for
microstructural  investigation and  photographing.
Identification of the samples were performed with the help
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of Seaver (1912, 1914, 1942), Le Gal (1940), Svréek and
Kubicka (1961), Dougoud and Roth (1972), Dennis and
Itzerott (1973), Khare and Tewari (1975), Khare (1976,
2003), Breitenbach and Krinzlin (1984), Senn-Irlet
(1988), Wang and Kimbrough (1992), Schumacher
(1993), Fox et al. (1994), Benkert (1987, 1997, 1998),
Yao and Spooner (1996), Hansen and Pfister (2006),
Medardi (2006), Eckstein and Eckstein (2009, 2013),
Eckstein (2014), Pradhan et al. (2013), Wieschollek
(2013), Beug et. al. (2014), Eckstein et al., (2014) and
Egertova et al., (2015).

3. Results

The systematics of the taxa are given in accordance with
Cannon and Kirk (2007), Kirk et al. (2008), and the Index
Fungorum  (www.indexfungorum.org; accessed 02
November 2017). The taxa are listed in alphabetical order
with brief descriptions, habitats, localities, collection dates
and accession numbers.

Ascomycota Whittaker
Pezizales J. Schrot.

Pyronemataceae Corda

3.1. Inermisia gyalectoides (Svréek & Kubicka) Dennis &
Itzerott, Kew Bull. 28(1): 22 (1973) (Figure 1)

Syn. Octospora gyalectoides Svréek & Kubicka.

Macroscopic and microscopic features: Apothecia 1-2
mm in diameter, more or less convex, pale orange to
orange, sometimes with lighter margin. Asci 180-240 x
15-18 um, cylindrical, eight spored, spores uniseriate.
Paraphyses cylindrical, enlarged towards the apex, some
forked above. Spores 16.5-22 x 9-12.5 um, ellipsoid,
smooth, hyaline, with a large oil drop. Inermisia
gyalectoides grows in association with scattered small
mosses, Bryum argenteum Hedw., Funaria hygrometrica
Hedw, Pterygoneurum ovatum (Hedw.) Dixon and Pottia
(Reichenbach) Fiirnrohr sp. (Dennis and ltzerott, 1973,;
Benkert, 2007; Eckstein and Eckstein, 2009).

Specimen examined: Gaziantep, Sehitkdmil, city
cemetery, on Pterygoneurum ovatum, 37°04'N, 37°23'E,
845 m, 04.01.2015, K.11164; Ogiimsogiit village,
37°06'N, 37'18°E, 1020 m, 07.03.2015, K.11409.

Figure 1. Inermisia gyalectoides: a- ascocarps, b- asci and paraphyses, c- ascospores.

Hist.

3.2. Lamprospora carbonicola Boud., Class.

Discom. Eur. (Paris): 68 (1907) (Figure 2)

Syn. Barlaeina carbonicola (Boud.) Sacc. & Traverso;
Octospora carbonicola (Boud.) Yei Z. Wang.

Macroscopic and microscopic features: Apothecia 1-4
mm in diameter, broad, partly submerged in the soil
among shoots of its host, hymenium orange to bright red,
with conspicious membranaceous margin. Asci 180-260 x
16-19 um, cylindrical, tapering towards the base.
Paraphyses straight, septate, enlarged at the tip with
orange, granular content. Spores 13-16 pum, globose to
subglobose, with a ridged ornamentation forming a fine-
meshed reticulum, and a large oil drop. Lamprospora
carbonicola grows among the moss Funaria Hedwig,
Tortula Hedw. (Wang and Kimbrough, 1992), Pholia
Hedw., Barbula Hedw. sp. (Schumacher, 1993) on moist,
burnt sandy gravelly forest floor in shade of trees
(Pradhan et al., 2013).
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Specimen examined: Gaziantep, Nizip, Sekili village, on
cemetery wall with Funaria hygrometrica Hedw.,
36°58'N, 37°40'E, 600 m, 28.02.2015, K.11340;
Sehitkamil, central city cemetery, 37°04'N, 37°23'E, 845
m, 06.03.2015, K.11383; Oguzeli, cemetery, 36°57'N,
37°30’E, 670 m, 08.03.2015, K.11427; Nurdagi, Atalar
village, 37°08'N, 36°54'E, 985 m, 22.03.2015, K.11497.

3.3. Lamprospora dictydiola Boud., Hist. Class. Discom.
Eur. (Paris): 68 (1907) (Figure 3)

Syn. Barlaeina dictydiola (Boud.) Sacc. & Traverso;
Octospora dictydiola (Boud.) Caillet & Moyne.

Macroscopic and microscopic features: Apothecia 1-2
mm in diameter, broad, shallow cupulate to turbinate,
partly submerged among shoots of its host, hymenium
orange to orange red, with prominent membranaceous
margin. Asci 170-200 x 17-19 um, cylindrical, gradually
tapering towards the base. Paraphyses straight, sparsely
branched from below, enlarged at the tip with orange,
granular content. Spores 14-16 x 13.5-15.5 um, globose to



subglobose, with a ridged ornamentation forming a fine-
meshed reticulum, and a large oil drop. Lamprospora
dictydiola was reported to grow on vertical parts of old
garden wall among the moss Tortula muralis L. ex Hedw.
(Benkert and Brouwer, 2004).

Anatolian Journal of Botany

Specimen examined: Gaziantep, Sehitkdmil, central city
cemetery, on Tortula muralis, 37°04'N, 37°23’E, 860 m,
27.03.2015, K.11503; Islahiye, Tandir village, Huzurlu
high plateau, near the road, 36°58'N, 36°30'E, 1410 m,
K.11899.

Figure 2. Lamprospora carbonicola: a- ascocarps, b,c- asci and paraphyses, d- ascospores.

S

~ 30 pm

Figure 3. Lamprospora dictydiola: a- ascocarps, b- asci and paraphyses, c- ascospores.

3.4. Lamprospora miniata De Not., Comm. Soc. crittog.
Ital. 1(fasc. 5): 388 (1864) (Figure 4)

Syn. Ascobolus miniatus P. Crouan & H. Crouan; Barlaea
crouanii (Cooke) Massee; Barlaesa miniata (De Not.)
Sacc.; Barlaeina miniata (De Not.) Sacc. & Traverso;
Crouania crouanii (Cooke) Lambotte; Crouania miniata
(De Not.) Fuckel; Humaria crouanii (Cooke) Quél.;
Lamprospora crouanii (Cooke) Seaver, Lamprospora
crouanii  (Cooke) Seaver f. crouanii; Lamprospora
crouanii f. magnihyphosa J. Moravec; Lamprospora
miniata De Not.; Lamprospora miniata De Not. f.
miniata; Lamprospora miniata f. parvispora Benkert;
Lamprospora miniata De Not. var. miniata; Lamprospora
miniata var. parvispora Benkert; Lamprospora miniata
var. ratisbonensis Benkert; Octospora miniata (De Not.)
Caillet & Moyne; Peziza crouanii Cooke.
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Macroscopic and microscopic features: Apothecia 1-5
mm in diameter, subglobose at first, expanding and
becoming concave to almost plane with a slightly elevated
margin when mature. Bright red, margin lighter. Asci 180-
260 x 18-22 um, cylindrical, eight spored, spores
uniseriate. Paraphyses cylindrical, somewhat thickened
above. Spores 15-17 um in diameter, globose, hyaline,
with a large oil drop and ridged ornamentation when
mature. Lamprospora miniata grows in association with
Pottia bryoides (Dicks.) Mitt. and Phascum cuspidatum
Schreb. ex Hedw. (Eckstein and Eckstein, 2009).

Specimen examined: Gaziantep, Nizip, Sekili village,
cemetery, on soil with Phascum cuspidatum, 36°58'N,
37°40'E, 600 m, 14.12.2014, K.11110; Oguzeli, cemetery,
36°57'N, 37°30'E, 670 m, 05.04.2015, K.11664.



Uzun et al - New bryophillic ...

3.5. Octospora areolata (Seaver) Caillet & Moyne, Bull.
trimest. Soc. mycol. Fr. 96(2): 199 (1980) (Figure 5)

Syn. Lamprospora areolata Seaver; Lamprospora
areolata Seaver var. areolata; Octospora areolata
(Seaver) Yei Z. Wang.

Macroscopic and microscopic features: Apothecia 0.5-1
mm in diameter, discoid to cupulate, hymenium orange
red, light yellow when dry, margin slightly raised, outer
surface darker and closely attached with moss. Asci 190-

Ll ¥ .
|

240 x 18-21 pm, clavate-cylindrical, eight spored, spores
uniseriate. Paraphyses subclavate, septate, slightly
enlarged at apex up to 6-7 um. Spores 14-16 um exluding
ornamentation, globose, hyaline, marked with high ridges
of 3-4 x 0.8 um. Octospora areolata grows on soil among
mosses (Wang and Kimbrough, 1992).

Specimen examined: Gaziantep, Nurdagi, Olucak village,
on Syntrichia ruralis (Hedw.) F.Weber & D.Mohr,
37°10'N-36°40'E, 950 m, 10.04.2015, K.11684.

Figure 5. Octospora areolata: a- ascocarps, b- asci and paraphyses, c- ascospores.

3.6. Octospora axillaris (Nees) M.M. Moser, in Gams, KI.
Krypt.-Fl., Edn 3 (Stuttgart) 2a: 110 (1963) (Figure 6)

Syn. Helotium axillaris (Nees) Boud.; Humaria axillaris
(Nees) Sacc.; Humaria carneola (Saut.) Sacc.; Humaria
sublutea Velen.; Humarina axillaris (Nees) Seaver;
Leucoloma axillaris (Nees) Fuckel; Octospora axillaris
(Nees) M.M. Moser var. axillaris; Octospora axillaris var.
dennisii Itzerott; Octospora axillaris var. tetraspora
Benkert; Octospora carneola (Saut.) Dennis; Octospora
sublutea (Velen.) Svréek; Peziza axillaris Nees; Peziza
carneola Saut.
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Macroscopic and microscopic features: Apothecia 0.5-2
(2.5) mm in diameter, flat to convex, sessile, orange. Asci
140-190 x 18-22 pm, cylindrical, eight spored, somehow
tapered toward the base, spores usually uniseriate.
Paraphyses filiform, enlarged toward the apex up to 7-8
um. Spores 21-28 x 10-12 pm, ellipsoid, hyaline, smooth,
usually with two large oil drops. Octospora axillaris was
reported to grow on soil among Barbula unguiculata
Hedw., Entosthodon fascicularis (Hedw.) Miill. Hal.,
Pottia davalliana (Sm.) C.E.O.Jensen, Pottia lanceolata
(Hedw.) Miill.Hal. (Caillet and Moyne, 1989), Phascum
cuspidatum Schreb. ex Hedw., Syntrichia ruralis (Hedw.)
F.Weber & D.Mohr, Tortula ruralis (Hedw.) Gaertn.



(Dennis and ltzerott, 1973; Benkert, 2007; Eckstein and
Eckstein, 2009), and on the protonema of Dicranella
heteromalla (Hedw.) Schimp. (ltzerott, 1977).

Figure 6. Octospora axillaris: a- ascocarps,

3.7. Octospora coccinea (P. Crouan & H. Crouan)
Brumm., Persoonia, Suppl. 1: 213 (1967) (Figure 7)

Syn. Ascobolus coccineus P. Crouan & H. Crouan;
Byssonectria coccinea (P. Crouan & H. Crouan) M. Torre;
Humaria coccinea (P. Crouan & H. Crouan) Sacc.;
Humaria coccinea var. maritima Grélet; Humaria muralis
Quél.; Humarina coccinea (P. Crouan & H. Crouan)
Seaver; Humarina coccinea (P. Crouan & H. Crouan)
Seaver var. coccinea; Humarina coccinea var. maritima
(Grélet) Cash; Neottiella corallina (Cooke) Massee;
Octospora coccinea (P. Crouan & H. Crouan) Brumm.
var. coccinea; Octospora coccinea var. maritima (Grélet)
Parrett. & Gaggian.; Octospora coccinea var. tetraspora
Benkert; Peziza corallina Cooke; Peziza muralis Quél.

Macroscopic and microscopic features: Apothecia 1-2
mm in diameter, cup to flat disk shaped, margin
sometimes pubescent, hymenium orange. Asci 120-180 x
16-22 pm, cylindrical to clavate, eight spored, spores
biseriate. Paraphyses cylindrical, very slim, enlarged
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Specimen examined: Gaziantep, Islahiye, Hanagzi

village, on soil among Ptychostomum donianum (Grev.)
Holyoak & N.Pedersen,

37°03'N-36°36'E, 625 m,

b- asci and paraphyses, c- ascospores.

towards the apex up to 3-7 pum, often slightly curved.
Spores 25-27 x 7.5-9.5 um, narrowly ellipsoid to narrowly
fusiform, smooth, hyaline, with two big drops in the
middle and often small drops at the poles. Octospora
coccinea grows mainly among Mniobryum sp. but also
with Bryum argenteum Hedw., Bryum klinggraeffii
Schimp., Ceratodon purpureus (Hedw.) Brid., Pottia sp.
(Dennis and ltzerott, 1973; Eckstein and Eckstein, 2009),
Encalypta vulgaris Hedw. (Benkert, 2007), Barbula
unguiculata Hedw. and Oxyrrhynchium praelongum
(Hedw.) Warnst. (Caillet and Moyne, 1989).

Specimen examined: Gaziantep, Sehitkamil,
Cerityeniyapan village, among Bryum sp., 37°10'N-
37°08'E, 1070 m, 07.03.2015, K.11398; K.11402;
Yavuzeli, Cimenli village, 37°16'N-37°34’E, 710 m,
29.03.2015, K.11548; Nurdagi, Komiirler village,
roadside, 37°09'N-36°48'E, 535 m, 03.04.2015, K.11583;
Atmali village, 37°07'N-36°53’E, 700 m, 04.04.2015,
K.11618.

Figure 7. Octospora coccinea: a- ascocarp, b- asci and paraphyses, c- ascospores.
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3.8. Octospora excipulata (Clem.) Benkert, Mycologia
Montenegrina 10: 10 (2008) (Figure 8)

Syn. Leucopezis excipulata Clem., Octospora roxheimii
Dennis & Itzerott, Octospora roxheimii var. aestivalis
Caillet & Moyne, Octospora roxheimii Dennis & ltzerott,
var. roxheimii.

Macroscopic and microscopic features: Apothecia 0.5-5
mm in diameter, pale orange to orange, lighter at the
margin. Asci 150-220 x 17-22 pum, cylindrical to clavate,
eight spored, spores uniseriate. Paraphyses cylindrical,
septate, enlarging towards the apex up to 5-7 um. Spores

17-27 x 12-17 pm, ellipsoid, smooth, hyaline, with a
central large drop. Octospora excipulata grows in
association with the moss Funaria hygrometrica Hedw.
(Benkert, 2007; Eckstein and Eckstein, 2009).

Specimen examined: Nurdagi, Atmali village, roadside,
among Bryum dichotomum Hedw., 37°08'N-36°52'E, 620
m, 04.04.2015, K.11619; Atakdy, roadside, among moss,

37°08'N-36°54'E, 985 m, 22.03.2015, K.11486;
Sehitkamil, Ogiimsogiit village, roadside, 37°07'N-
37°19'E, 1110 m, 01.03.2015, K.11371; Gaziantep,

Sahinbey, Gaziantep Zoo, among moss, 37°02'N-37°17'E,
970 m, 15.11.2015, K.12788.

Figure 8. Octospora excipulata: a- ascocarps, b- asci and paraphyses, c- ascospores.

3.9. Octospora gemmicola Benkert, Ost. Z. Pilzk. 7: 49
(1998) (Figure 9)

Syn. Octospora gemmicola Benkert, var. gemmicola,
Octospora gemmicola var. tetraspora Benkert.

Macroscopic and microscopic features: Apothecia 1-2.5
mm in diameter, cup to disc shaped with a weak
membranaceous margin, hymenium plane to cupulate,
orange. Asci 160-240 x 16-23 um, cylindrical to
somewhat clavate, eight spored, spores mostly biseriate.
Paraphyses cylindrical, enlarged toward the apex up to 5-8
pm. Spores 18-25 x 12-15 um, narrowly ellipsoid to
subfusiform, smooth, one to two (seldomly three) large
and several small oil droplets. Octospora gemmicola was
reported to grow among Bryum dichotomum Hedw., B.
rubens Mitt.,, B. ruderale Crundw.& Nyholm and B.
radiculosum Brid. (Eckstein and Eckstein, 2009).

Specimen examined: Gaziantep, Sehitkamil, Diiliikkbaba
picnic area, on Bryum sp, 37°07'N-37°19’E, 1110 m,
01.03.2015, K.11367.

3.10. Octospora leucoloma Hedw., Descr. micr.-anal.
musc. frond. (Lipsiae) 2: 13 (1789) (Figure 10)

Specimen examined: Gaziantep, Sahinbey, Yesilkent
cemetery, among Pterygoneurum ovatum (Hedw.) Dixon,
37°00'N-37°25'E, 865 m, 13.11.2015, K.12771; Nurdagi,
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Koémiirler village, roadside, 37°09'N-36°48'E, 535 m,
03.04.2015, K.11593; Konya, city center, bus terminal,
between the floor brick, on Bryum argenteum, 37°56'N-
32°30'E, 1030 m, 04.12.2017, K.13944,

3.11. Octospora musci-muralis Graddon, Trans. Br.
mycol. Soc. 58(1): 147 (1972) (Figure 11)

Syn. Octospora musci-muralis Graddon var. musci-
muralis; Octospora musci-muralis var. neglecta (Dennis
& ltzerott) Benkert; Octospora neglecta Dennis & ltzerott.

Macroscopic and microscopic features: Apothecia 1-4
mm in diameter, hymenium bright orange to orange-
brown, margin paler and finely toothed. Asci 160-200 x
19-24 um, cylindrical to clavate, attenuated at the base, 8
spored, spores biseriate. Paraphyses filiform, apically
curved and enlarged up to 4-5 um. Spores 20-25 x 9-10.5
um, elliptical to subcylindrical, hyaline, with two or one
large drops. Octospora musci-muralis was reported to
grow on the walls on the pads of Grimmia Hedw. sp.
(Dennis and Itzerott, 1973; Eckstein and Eckstein, 2009)
and Schistidium Brid. sp. (Benkert, 2007).

Specimen examined: Gaziantep, Sehitkamil, cemetery,
on Grimmia pulvinata (Hedw.) Sm., 37°04'N-37°23'E,
845 m, 27.02.2015, K.11329; Cerityeniyapan village,
37°10'N-37°08'E, 1070 m, 07.03.2015, K.11395; Oguzeli,
cemetery, 36°57'N-37°30'E, 670 m, 08.03.2015, K.11428.
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Figure 10. Octospora leucoloma: a- ascocarps, b- asci and paraphyses, c- ascospores.

3.12. Octospora orthotrichi (Cooke & Ellis) K.B. Khare
& V.P. Tewari, Can. J. Bot. 56(17): 2118 (1978) (Figure
12)

Syn. Humaria orthotrichi (Cooke & Ellis) Sacc.,
Humarina orthotrichi (Cooke & Ellis) Seaver, Peziza
orthotrichi Cooke & Ellis.

Macroscopic and microscopic features: Apothecia 0.5-2
mm in diameter, cup to disc shaped, with inconspicuous
membranaceous margin, hymenium pale orange to orange,
margin paler. Asci 140-240 x 17-24 um, cylindrical, 8
spored, spores generally uniseriate. Paraphyses straight,
septate, enlarged towards the apex. Spores 15-20 x 10-13
um, ellipsoid to broadly ellipsoid, some with flattened one
side, warted, with one or less often with two guttules.
Though the exclusive association of Octospora orthotrichi
with  Orthotrichum diaphanum Brid. was reported
(Benkert, 1998), it can also be found on the bark of trees
or on stones, always between shoots of its host (Egertova
etal., 2015).
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Specimen examined: Gaziantep, Nurdagi, Olucak village,
on Orthotrichum diaphanum Schrad. ex Brid., 37°10'N-
36°40'E, 950 m, 10.04.2015, K.11678.

3.13. Octospora polytrichi (Schumach.) Caillet & Moyne,
Bull. trimest. Soc. mycol. Fr. 96(2): 192 (1980) (Figure 13)

Syn. Barlaea polytrichi (Schumach.) Sacc.; Lamprospora
polytrichi (Schumach.) Le Gal; Neottiella polytrichi
(Schumach.) Massee; Peziza polytrichi Schumach.; Peziza
turfosa Pers.; Sarcoscypha polytrichi (Schumach.) Hohn.

Macroscopic and microscopic features: Apothecia 1-3
mm in diameter, saucer to disc-shaped, resting stalkless on
the ground. Hymenium orange to orange reddish. Outer
surface lighter, margin smooth. Asci 230-250 x 19-21 pm,
cylindrical, tapering towards the base. Paraphyses
cylindrical, forket at the base, septate. Spores 12-14 um in
diameter, round, hyaline and reticulately ornamented.
Octospora polytrichi was reported to grow in association
with Polytrichum Hedw. sp. (Wang and Kimbrough,
1992).
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Figure 11. Octospora musci-muralis: a- ascocarps, b- asci and paraphyses, c- ascospores.

Figure 12. Octospora orthotrichi: a- ascocarps, b- asci and paraphyses, c- ascospores.

ascospores.

C-

asci and paraphyses

b-

Figure 13. Octospora polytrichi: a- ascocarps,
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Specimen examined: Gaziantep, Nurdagi, Komiirler
village, roadside, among Funaria hygrometrica Hedw.,
37°09'N-36°48'E, 535 m, K.11581.

3.14. Octospora rustica (Velen.) J. Moravec, Ceska
Mykol. 23(4): 226 (1969) (Figure 14)

Syn. Humaria rustica Velen.

Macroscopic and microscopic features: Apothecia 1-4
mm in diameter, at first cup shaped, soon becomes flat and
disc shaped, hymenium orange, pale orange without a

3 -

membranaceous margin. Asci 140-190 x 14-19 um,
cylindrical, eight spored, spores uniseriate. Paraphyses
cylindrical and enlarged up to 4-7 pum towards the apex.
Spores 15-18 x 10-12 um, ellipsoid, smooth, hyaline with
a large drop. Octospora rustica grows on sandy soil on
burnt ground among Ceratodon purpureus (Hedw.) Brid.
(Dennis and Itzerott, 1973; Cailet and Moyne, 1989).

Specimen examined: Gaziantep, Nurdagi, Atmali village,
among Tortula acaulon (With.) R.H. Zander, 37°08'N-
36°52'E, 620 m, 12.04.2015, K.11728.

Figure 14. Octospora rustica: a- ascocarps, b- asci and paraphyses, c- ascospores.

4. Discussion

The habit is very similar in most bryophilous Pezizales
with extremely small and more or less orange colored
ascomata hidden between host plants or organs. That’s
why they are usually an easily overlooked group of fungi.
Even for a keen and experienced observer it is a time-
consuming and troublesome task to detect them in field
(Dobbeler, 1997). Due to the close similarities between
macroscopic ~ features,  microscopic  characteristics,
especially the spores as being globose, subglobose,
ellipsoid, fusiform, smooth or ornamented, are generally
used as important diagnostic characters for the
identification of them.

Though Lamprospora and Octospora have generally been
differentiated from each other by globose and ellipsoid
spores (Seaver, 1914; Yao and Spooner, 1996), here the
systematics of Kirk et al. (2008) and the Index fungorum
(www.indexfungorum.org; accessed 2 November 2017)
were followed.

As a result of this study, two bryophilous ascomycete
genera (Inermisia and Lamprospora) and thirteen
bryophilous species within the order Pezizales (Inermisia
1, Lamprospora 3 and Octospora 9) were added as new
records for the macromycota of Turkey, increasing the
number of bryophilous ascomycete species of Turkey
from 6 to 19. Among the determined species, Inermisia
gyalectoides resembles Sepultaria semi-immersa (P.
Karst.) Massee, in terms of habitat and morphology. But it
differs with colorless and thin-walled anchoring hyphae,
and less fusoid and shorter ascospores. It also recalls
Inermisia pilifera (Cooke) Dennis & Itzerott, from which
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it differs with larger and broder ascospores (Dennis and
Itzerott, 1973).

Due to the spore similarity, Lamprospora carbonicola has
generally been misinterpreted and frequently confused
with L. dictydiola. However, the habitat and the host of
latter species makes it easy to distinguish each other
(Benkert, 1987). This species also has morphological
similarities with Pulvinula mussooriensis (K.S. Thind,
E.K. Cash & Pr. Singh) L.R. Batra. But P. mussoriensis
differs with yellow apothecia and smaller spores (Pradhan
etal., 2013; Eckstein and Eckstein, 2013).

Seaver (1914) has noted the similarity of Octospora
areolata to the Moravecia calospora (Quél.) Benkert,
Caillet & Moyne, but round and non-elliptic spores of O.
areolata distinguishes it from the latter species.

Octospora musci-muralis may grow in association with
cushions of Grimmia sp., where O. grimmia Dennis &
Itzerott generally exists. However O. music-muralis is
easily recognizable by its elliptic cylindric, smooth and
biguttulate ascospores (Dennis and ltzerott, 1973).

Octospora orthotrichi has a special habitat, Orthotrichum
sp., but O. affinis Benkert & L.G. Krieglst may also
parasitize the mosses within the same genus. However,
smaller, ellipsoid to subglobose spores and exclusive
parasiticity of O. affinis on Orthotrichum affine Schrad. ex
Brid. differs it from O. orthotrichi (Egertova et al., 2015).

Morphological and ecological characteristics of the
determined species generally agree with those given in
literature. But some ecological differences were also
determined. For example, O. areolata were reported to
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grow on some mosses belonging to the genera Bryum and
Pohlia, but our sample was determined on Syntrichia

were also determined as new hosts for O. axillaris and O.
rustica respectively.

ruralis. Here we determined the substrate of Octospora
exipulata as Bryum dichotomum, while it was reported on
Funaria  hygrometrica.  Likewise,  Ptychostomum
donianum, Pterygoneurum ovatum and Tortula acaulon
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Abstract: Gypsophila davisii Barkoudah, an endemic species from Mugla (Turkey), was investigated for the first time as a
whole in terms anatomy, morphology, ecology, karyology, and palynology. No druse crystals were observed in stems and roots
of examined specimens in contrast to the known. Seeds are pyriform with shiny, smooth grooves on the surface. The pollen
grains are polyporate, spheroidal, granulate-microechinate-microperforate. G. davisii has 30 somatic chromosomes (2n=30). The
samples are compared morphologically with the description given in Flora of Turkey.

Key words: Anatomy, chromosome number, ecology, Gypsophila davisii, morphology, palynology.

Ozet: Mugla'ya endemik bir tiir olan Gypsophila davisii Barkoudah, anatomik, morfolojik, ekolojik ve palinolojik agidan bir
biitiin olarak ilk kez incelenmistir. Bilinenin aksine incelenen orneklerin kok ve goévdelerinde higbir druz kristaline
rastlanmamustir. Tohumlar armut seklinde olup yiizeyinde parlak diiz tiiberkiiller vardir. Polen taneleri, ¢ok porlu, kiiremsi,
graniil-mikroekinat-mikroperforattir. G. davisii'nin 30 somatik kromozomu vardir (2n = 30). Ornekler morfolojik agidan Tiirkiye

Florasi’ndaki betim ile karsilastirilmistir.

Anahtar Kelimeler: Anatomi, kromozom sayisi, ekoloji, Gypsophila davisii, morfoloji, palinoloji.

1. Introduction

The genus name Gypsophila Barkoudah was derived with
the combination of the Greek terms “gypsos=gypsiferous
soil” and “philos=like, prefer”, since the members of this
genus prefers gypsiferous soils or limestones (Korkmaz et
al., 2012). Seventy four Gypsophila species, 43 of which
are endemic, currently exist in Turkey (Barkoudah, 1962;
Huber-Morath, 1967; Davis et al., 1988; Ataslar, 2000;
Ekim, 2012; Armagan et al., 2017). The existence of all
the three subgenera (Gypsophila, Pseudosaponaria and
Macrorhizaea) of Gypsophila increases the importance of
this genus in terms of Turkey. Among the 126 species of
the subgenus Gypsophila, 75 species have distribution in
the region containing Turkey, North lrag, North Iran,
Caucasus and Black Sea region (Barkoudah, 1962). The
pollens of Gypsophila taxa are spheroid and polyporate,
and generally have granulate-microechinate-
microperforate ornamentations (Ataglar et al., 2009).
Members of Gypsophila contains excess amount of
calcium oxalate crystals in the structure of their roots and
stems (Ataglar and Ocak, 2017). Although diploid number
of the chromosomes (2n=34) is a typical representative of
this genus, the differences at a ploidy level has been found
between the Gypsophila species (Vettori et al., 2015).
Gypsophila species generally prefer of gyps and erosive
areas. They are widespread in arid and semiarid steppe
areas and also distributed on dry and calcareous rocks,
serpentine rocks, and stony-sandy lands (Korkmaz and
Ozgelik, 2013).

The aims of this study is to report of pollen
morphological, anatomical, karyological and ecological
characteristics of G. davisii for the first time and thus to
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provide a contribution to the taxonomy of the genus
Gypsophila.

2. Materials and Method

The Gypsophila davisii specimens which are collected
during PhD thesis and the herbarium specimens
previously collected within the boundaries of Turkey
constitute the materials of the study. The initial samples
were collected from Mugla province (Figure 1). During
field works ecological and morphological characteristics
of the populations were recorded, photographed in their
natural habitat and some of them were collected to prepare
herbarium specimens and some of them keep in 70 %
ethanol. For further ecological studies, soil samples were
also collected from a deep of 20 cm. Morphological,
studies was carried out in the herbarium of VANF, HUB,
GAZI, K, and E (herbaria acronyms according to Thiers
2016+), while anatomical, ecological, palynological, and
karyological studies were conducted in the laboratories of
Yiiziincii Y1l University.

2.1. Morphological studies

Morphological findings were obtained from the field,
herbaria and laboratories works. Macromorphological and
some micromorphological measurements were performed
from the herbarium samples. High resolution photographs
of the specimens kept in different virtual herbaria were
also investigated. The terminology of Stearn (1992) and
Bittrich (1993) was adopted to describe the seed coat.

2.2. Anatomical studies

Anatomical findings were obtained by thin sections from
the roots, stems and leaves of the samples kept in %70
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ethanol. These sections were stained with Fast Green and
Safranin dyes. Metcalfe and Chalk (1957) were followed
for the anatomical terminology.

2.3. Ecological studies

Soil samples which were transported to the laboratory in
cloth bags were used for further ecological studies. They
were dried and passed through from 2 mm sieves. Then,
the physical and chemical (texture, pH, salinity, CaCO3,
N, P, K, Ca, Mg, Fe, Cu, Zn, Mn and Na) analysis of them
were carried out by using standard techniques, in the
laboratories of Agricultural Analysis Laboratory of Egirdir
Fruit Research Station.

2.4. Palynological studies

Pollen grains were investigated using both light and

Marmaris

icmeler,

Turung

Selimiye

scanning electron microscopes (SEM). Wodehouse (1935)
technique was followed for light microscopy preparations.
Pollen determining terminology is in accordance with
Hesse et al. (2009). Terminology for pollen morphology
proposed by Hesse et al. (1966) and Ataslar et al. (2009)
was considered.

2.5. Seed surface studies

Seed surface investigations were carried out using a Leica
EZ4 Stereo Microscope. Shape, colour, length, width,
surface structure, and length/width ratio of the seeds were
determined. For this purpose, more than 20 seeds were
measured and photographed. A millimetric ruler was used
to measure the length and the width of the seeds, and the
smallest and the biggest average data were provided.

Beyagag

AO

Kéycegiz

D400 |

Datyan Ortaca

Dalaman
Gocek

Yaniklar

Figure 1. The distribution map of Gypsophila davisii. A In Flora of Turkey, @ in this study.

2.6. Karyological studies

Mature seeds of the collected G. davisii samples were
germinated in petri dishes and root tips of these plantlets
were used for karyological investigations. The seeds were
germinated within one week at room temperature.
Though methods used to obtain chromosomes vary more
or less according to the researchers and the species, the
common first step for all the methods was fixation,
hydrolysis and staining (Darlington and La Cour, 1976;
El¢i, 1994, Atasagun et al, 2016).

Root  tips  were  pretreated  with 1% o-
monobromonaphthalene at 4°C for 16-17 h. Root tips
were fixed with Farmer fixative (3:1 ethyl alcohol: glacial
acetic acid) for 24 h at 4°C. The material was hydrolyzed
with 1IN HCI for 13-14 minutes at room temperature after
the alcohol-extracted root tips have been washed with
distilled water several times. The chromosomes were
stained with 2% acetic orcein and mounted in 45% acetic
acid. Permanent slides were prepared using Canada
balsam. Photographs were taken using a Leica EZ4 Stereo
Microscope.
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3. Results

Gypsophila davisii Barkoudah, Wentia 9: 62 (1962),
(Figure 2, 3, and 6).

Type: Turkey-Mugla: Gokgeova near to Sandras
mountain, 1700 m, 23.07.1947, Davis 13516a (holo. E,
iso. K)

Perennial, caespitose, glabrous, minutely scabrous. Stem
numerous, flowering stems 4-16 cm. Basal leaves rigid,
linear, acute, subspiny, ciliate below, distinctly three
veins, keeled in the middle vein, scarious papillous at
margins, 7-10 x 0.8-1.2 mm, numerous. Stem leaves
similar to basal leaves, 2-8 x 0.3-0.8 mm, 3-4 pairs.
Inflorescence minutely scabrous somewhere, dichasial
(from 2/3 of the body), 3-7 flowered. Bracts leafy,
lanceolate-ovate, green, finely ciliate at the base, 1.2-2.3 x
0.4-0.5 mm. Pedicels 3-13 mm. Calyx campanulate-
turbinate, 2.5-3.5 x 2-3 mm. Calyx teeth ovate, subobtuse,
ciliate, 0.9-1.3 x 0.9-1.1 mm. Petals pink with darker
veins, linear-cuneate, obtuse, 4.2-5 x 1-1.6 mm. Style 1.6-
2.3 mm. Ovarium 1.3-2.0 x 1.0-1.3 mm. Capsules 3.8-4.6



x 2.5-2.6 mm. Number of ovules 8-11. Seeds pyriform,
flat tubercles, dark brown to black, shiny, 0.98-1.17 x
1.08-1.39 mm.
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Flowering-fruiting: July
Habitat: Subalpine meadows
Altitude: 1750-1770 m
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Figure 2. Herbarium sample of Gypsophila davisii (VANF162322!).

Conservation status: Its habitat is located in the Sandras
Mountain which is one of important Nature Areas in
Turkey. This endemic species has a distributing area of
about 10 km? just in Mugla. The picnickers, the creation
of recreational areas and grazing threat its habitat. Based
on the criteria Bla, B1b(iii), B2b(iii, v), we propose to
assess G. davisii as Critically Endangered (CR) (IUCN
2014).

Specimens examined: Mugla: Around Gokgeova lake, on
organic matter-rich (wet) soil deposited on the serpentine
bedrock, 37°03'34.3"N 28°48'17.5"E, 1770 m, 10.07.2009,
VANF162322  (Figure 2); subalpine  meadows,
37°03'39.4"N  28°4822.4"E, 1752 m, 18.07.2017,
Armagan 7708 (Figure 3).

Anatomic properties:

Stem: Secondary enlargement was not observed. A thin
cuticle layer exists as an outermost layer and an epidermal
layer, which is composed of oval cells, takes place just
under this cuticle. Intercellular space doesn’t exist, but a
single celled scabrid which was formed by the
differentiation of epidermis, takes place. Cortex starts just
under the epidermis and much more coloured
sclerenchyma cells take place between them. Phloem cells
lined up beside the cortex. Just after phloem, much larger
xylem cells exist. Thee pith takes place at the innermost
region where many large cells with hyaline appearance are
seen. No druse crystals were observed in the stems of
examined specimens (Figure 4c).

i

Figure 3. The habitat (Gokgeova lake and Sandras mountain) (a)
and habit (b) of Gypsophila davisii.
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Caudex and root; at the outermost layer, 6-7 layered cork
exists as the protective tissue. Cortex takes place just
under the cork layer. An endodermis layer which is
composed of smaller cells compared to cortex cells exists
at the innermost layer of the cortex. At the central cylinder
which starts just under the endodermis, vascular bundles
take place. No druse crystals were observed in the roots of
examined specimens (Figure 4a, 4b).

/

Figure 4. The root (a), caudex (b) and stem (c) anatomy of
Gypsophila davisii (m. cortex, p. parenchyma, s. sclerenchyma, f.
phloem, k. xylem, pt. pith, t. scabrid).

Leaf; an epidermis which is composed of ovate-to
rectangular and single layered cell, forms the outermost
layer. Mesophyll is composed of 9-13 layered cells which
start from upper epidermis and extends till lower
epidermis. There isn’t a parenchymatic differentiation in
mesophyll. Other than chloroplasts, druse crystals are seen
seldomly. Venation is parallel and the central vein is
larger compared to others (Figure 5a).

Through the sections taken from the surface of the leaves,
amaryllis type stoma, the form belonging to the family
Caryophyllaceae was observed. Neighbouring cells have a

varying shape from ovoid to rectangular with more or less
smooth cell walls (Figure 5b)

Figure 5. The leaf (a) and leaf surface (b) anatomy of
Gypsophila davisii (e. epidermis, st. stoma, d. druse crystal, id.
vascular bandle, p. palisade parenchyma).

Seed Morphology:

The seeds are pyriform, mature seeds dark brown to black,
0.98-1.17x1.08-1.39 mm. Unripe seeds red. Seed surface
with flat tubercles (Figure 6).

Pollen Morphology:

The pollen grains are polyporate, spheroidal, granulate-
microechinate-microperforate; the equatorial diameters are
25.87561-28.397911 um (Figure 7).

Ecological properties:

Gypsophila davisii, prefers soils with medium texture;
neutral; unsalted; low in terms of lime, phosphorus,
potassium, calcium, sodium and zinc; medium in terms of
magnesium and cupper; rich in terms of iron and organic
matter (Table 1). Though it doesn’t have a side preference,
it grows on wet soils accumulated on serpentine bedrock.

Figure 6. The seeds of Gypsophila davisii.
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Figure 7. The pollen grains of Gypsophila davisii (a & b. SEM,
c. LM).

It was determined to have a natural distribution around
Koycegiz (Mugla) district. It is generally distributed on

Table 1. Soil properties of Gypsophila davisii

Anatolian Journal of Botany

red-brown Mediterranean soils, accumulated on mesosoic
peridatit bedrock. Annual precipitations, summer time
precipitations, precipitation regimes, annual average
temperatures, maximum mean temperature of the hottest
months, minimum average temperatures of the coldest
months and the climate types of Kdycegiz, Dalaman and
Mugla are given in Table 2 in accordance with Emberger
(Akman, 2011). There have also been sedimentary or
volcanic rocks around the region.

Karyological properties:

The chromosome numbers of G. davisii an endemic
species in Turkey were examined. The results of our
studies showed that the chromosome number of G. davisii
was 2n = 30. The basic chromosome number of species
was determined as x = 15 (Figure 8).

4, Discussions

The other species (G. repens L., G. nana Bory et Chaub.,
G. spergulifolia Grisebach, and G. achaia Bornm.) of the
section Gypsophila have distributions in Europe. G.
davisii is known from a few localities only within the
boundaries of Mugla province in Turkey. It prefers wet
meadows as habitat. The major difference of this species
from the others is the smooth, bright and pyriform
structure of the seeds. As a result of this study, the
description of the species in Flora of Turkey was
expanded by adding the missing properties (Table 2).

Satur. EC pH Lime  Org. Subs. P K Ca Mg Na Fe Cu Mn Zn
50 125 6.66 2.2 4.9 11 748 858 590 14 636 07 245 1.2
Table 2. Climatic data, precipitation regimes and climate type of Kdycegiz, Dalaman and Mugla (Anonymous 1).
Max. av. Min. av.
Annual Summer Average
Locality rainfall rainfall Precipitation Regime temperature ten;]g.ttc;fstthe ten;gl.dc;fstthe Climate type
O
(mm) (mm) = month °C) _ month (°C)
Koycegiz 1122.1 23.8  WinterAutumnSpringSummer 18.3 35.0 4.7 Hun&g;ﬁg::g;gﬁrate
Dalaman 1080.9 6.2 WinterAutumnSpringSummer 18.0 33.7 5.1 Huﬂg(;l;:;rt:r?;gﬁrate
Mugla 1209.2 38.4  WinterSpringAutumnSummer 15.0 334 16 Hl\bllgc]iii(tje??:r;gggl
VTN None of the determined samples have a view preference.
. G. davisii prefers to grow at mountain meadows where
: e excess amount of water exist. Peridotites belonging to
¢ 3 \ Yon mesozoic exist in the habitats of G. davisii and it lives on
':' ."' the soils formed by the metamorphosis of these rocks.
‘et S . .
s 4 'r: Druse crystals don’t exist in the pith, pith branches and
’)ﬁ’, ’ cortex of G. davisii. They were not observed in
preparations from the cross section of the stem either.
Although druses are present in woody species of the
Caryophyllaceae family (Carlquist 1995), it was not found
in stem and caudex of G. davisii. It may not have
produced the druse crystals as G. davisii's habitat is humid
" meadow. The epidermis of the stem has prominent
'_.*‘ﬂ_(@ﬂmﬁ"_ protrusions. It is diacytic in terms of the number of cells

Figure 8. The metaphase chromosomes of Gypsophila davisii
(2n=30).

43

surrounding the stoma.

Anatomy of root, stem and leaves well fit with the
descriptions of Metcalfe & Chalk (1957), Barkoudah
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(1962) and Ataslar & Ocak (2017). Leaves of G. davisii
are isolateral and have 2 or rarely 3 neighbouring cells.
Stoma neighbouring cells rectangular underside while
generally ovate to square shaped at upper side. Stomal
cells are abundant at upper side of the leaves.

The chromosome number ranges between x=6 and 34 in
the genus Gypsophila. The chromosome number of G.

perfoliata L. was x=17, 18, 24, and 34 (Rice et al. 2014).
It could be suggested that there is polyploidy in some
species of Gypsophila based on these amounts. The
chromosome number of G. davisii an endemic species in
Turkey was examined. The results of our studies showed
that the chromosome number of G. davisii was 2n = 30.
The basic chromosome number of species was determined
as x = 15 such as G. cerastoides D.Don (Sharma, 1970).

Table 3. Morphological comparison of our samples and the species description given in Flora of Turkey for Gypsophila davisii.

Flora of Turkey Our samples
Habitat Subalpine meadows, 1700 m Subalpine meadows, 1700-1800 m
Stem Caespitose, 5-10 cm Caespitose, 4-16 cm, minutely scabrous
Linear, ciliate at the base, acute, Linear, scarious papillous at the margins, acute, subspiny, distinctly three
Basal leaves subspiny, 5-10x0.6-1 mm, veins, keeled in the middle vein on the back, ciliate at the base, 7-10x0.8-1.2
flmerors 28 % 0308 1 irs, li te, scarious papillous at the margins
2-8 x 0.3-0.8 mm, 3—4 pairs, linear, acute, ,
Stem leaves ) ciliate at the base P
Inflorescence - Minutely scabrous somewhere, dichasial, branched 2/3 of stem
Flowers 2-7 3-7
Pedicel (mm) 5-13 3-13
Petals Iﬁilr?liwiﬁrgjiitlfér Veinglbzfzer}:ﬁguse’ Linear-cuneate, obtuse, pink with darker veins, 4.2-5x1.0-1.6 mm
Calyx Campanulate-turbinate, 3-3.5 mm  Campanulate-turbinate, 2.5-3.5x2-3 mm
Calyx teeth Ovate, subobtuse, ciliate Ovate, subobtuse, ciliate, 0.9-1.3x0.9-1.1 mm
Bracts é?gigﬁﬁ:%?r%%a;’ 9reeN. | eafy, lanceolate-ovate, green, ciliate at the base, 1.2-2.3x0.4-0.5 mm
Style length - 1.6-2.3 mm
Ovarium - 1.3-2.0x1.0-1.3 mm
Capsules - 3.8-4.6x2.5-2.6 mm
Ovules - 8-11
Seeds - Pyriform, flat tubercles, dark brown-black, shiny, 0.98-1.17x1.08-1.39 mm
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etkileri

Abstract: In western countries, prostate cancer is the most frequently diagnosed cancer and the second most common cause of
death from cancer in men. Vascular endothelial growth factor-A (VEGF-A), thought to be the single most important angiogenic
factor in prostat cancer. Poly-(ADP-ribose) polymerase (PARP) involved in apoptotic process and cleavage of PARP serves as a
marker of cells undergoing apoptosis. Acorus calamus have long been considered to have anti-carcinogenic and medicinal
properties especially in Asia. We examined whether ethanolic extract of A. calamus root affects the survival of prostate cancer
LNCaP cells and induces apoptosis and angiogenesis of these cells in vitro. Cells were incubated during 24 and 48 hours with
various doses of extract. Extract with these concentrations reduced the number of LNCaP living cells up to 44 % as compared to
the control at dose and time dependent manner at 24 and 48 hours. Significantly alterations were observed at cleaved PARP,
VEGF-A protein and gene expression amounts after 24 and 48 hours. The present study reveals the possibility that ethanolic
extract of A. calamus root posseses a dose and time dependent anticancer, apoptotic and anti-angiogenic properties.

Key words: LNCaP, Acorus calamus, anti-cancer, anti-angiogenic, apoptotic

Ozet: Batili iilkelerde erkekler arasinda prostat kanseri en sik tamsi koulan kanser tiiriidiir ve erkeklerde kanser nedeniyle
oliimde ikinci sirada yer almaktadir. Prostat kanserinde vaskiiler endotelyal biiytime faktér-A’nin (VEGF-A) tek basma en
onemli anjiogenik faktor oldugu diisiiniilmektedir. Apoptotik siiregte yer alan poli-(ADP-riboz) polimeraz’in (PARP) yikilimi
apoptotik siireg markiri olarak kullanilmaktadir. Acorus calamus’un anti-kanserojen etkisi ile birlikte gesitli tibbi ozelliklere
sahip oldugu uzun yillardir 6zellikle Asya’da kabul edilmektedir. Caliymamizda A. calamus kokiiniin etanolik ekstraktimin insan
prostat kanser LNCaP hiicre dizisinde hiicre ¢ogalmasina, anjiogeneze ve apoptozise olasit etkileri in vitro ortamda ¢alisildi.
Hiicreler 24 ve 48 saat boyunca cesitli ekstrakt konsantrasyonlariyla muamele edildi. Bu konsantrasyonlardaki ekstraktlar 24 ve
48 saatte LNCaP hiicre yasayabilirligini kontrolle karsilagtirildiginda doza ve zamana bagh olarak %44’lere kadar azaltti.
Bolinmiis PARP, VEGF-A proteini ve gen ekspresyon miktarlarinda 24 ve 48 saat sonra belirgin degisiklikler gézlemlendi. Bu
calisma A.calamus kokiiniin etanolik ekstraktinin zaman ve doz bagimli olarak gii¢lii bir anti-kanser, anti-anjiogenik ve

Acorus calamus bitki ekstraktinin prostat kanser hiicre kiiltiirii iizerine

apoptotik etkileri olabilecegini ortaya koymaktadir.

Anahtar Kelimeler: LNCaP, Acorus calamus, anti-kanser, anti-anjiogenik, apoptotik

1. Introduction

Traditional medicine (TM) is very popular not only in
Asia or Africa, but also in Europe and in the United States
(Zuba and Byrska, 2012). Historically, the majority of
new medicines are either derived from natural products or
from natural products (Jesse and Verdaras, 2009). In
recent years, the use of traditional medicine has increased
significantly in developed and developing countries. The
use of Acorus calamus L. plant, in addition to foodstuffs
in India and Far East countries, for medical purposes is
based on a very long history. In studies conducted, these
plants have been reported to have characteristics such as
anticancer (Pandit et al., 2011; Bisht et al., 2011), anti-
inflammatory (Kim et al., 2009), anti-microbial (Devi and
Ganjewala, 2009), anti-inflammatory (Joshi, 2016),
neuroprotective (Shukla et al., 2006), antioxidant (Acuna
et al., 2002) and antiasthmatic effects (Shah and Gilani,
2010). Different parts of the plant showed the presence of
large number of phenyl propanoids, sesquiterpenes and
monoterpenes as well as xanthone glycosides, flavones,
lignans, steroids and inorganic constituents (Raja et al.,
2009). The most important ingredients of A. calamus are
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asarones, that is alpha- and beta-asarone (Zuba and
Byrska, 2012).

Angiogenesis is the physiological processes through
which new blood vessels form from pre-existing vessels.
It leads to tumor expression of pro-angiogenic factors such
as angiogenin, vascular endothelial growth factor (VEGF),
fibroblast growth factor (FGF), TGF-B, etc. and resulted in
an increased tumor vascularization. These factors are
reported to promote proliferation of new vascular
structures from blood vessels. Inhibition of angiogenesis
leads to suppression of “angiogenic switching” which
prevents activation of pro-angiogenic factors and
subsequently the tumor progression halts (Mahapatra et
al., 2015). Angiogenesis has become an attractive target
for anticancer chemotherapy due to its important role in
the progression of solid tumors (Wei et al., 2011). It has
been reported that tumor growth and metastasis are
angiogenesis dependent processes and that inhibition of
angiogenesis may be a strategy for the prevention of
disease progression (Folkman, 1971). Tumor cells produce
pro-angiogenic growth factors. Among these factors,
vascular endothelial growth factor (VEGF) is the most
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important and accelerates all stages of angiogenesis and
shows pro-angiogenic properties. It has been shown that
VEGF is overexpressed in high amounts in various
tumors. Therefore, VEGF-targeted approaches to tumor
angiogenesis are of great importance (Gerald, 2012).

Apoptosis, also known as programmed cell death or cell
suicide, allows the death of the cell at the end of a
particular series of molecular manipulations and is also
required for the maintenance of embryonic development
and adult tissue development. Apoptosis is characterized
by unique phenotypic changes involving cell shrinkage,
chromatin condensation, plasma membrane blistering and
the formation of apoptotic bodies, and walking is an
energy-dependent process (Bohm and Schil, 2003). A
nuclear enzyme, poly (ADP-ribose) polymerase (PARP)
plays an important role in the repair of DNA yarn breaks.
This enzyme binds by recognizing DNA strand breaks that
occur with oxidative damage or other causes and
facilitates protection of the cell from DNA damage. The
destruction of PARP, which is also a target of caspase-3,
is one of the processes of apoptotic mechanism. (Brock et
al., 2004).

In this study, we investigated the effects of A. calamus
extracts on cell proliferation, apoptosis and angiogenesis
in human prostate carcinoma LNCaP cells..

2. Materials and Method
2.1. Cell line and culture conditions

The LNCaP cell line was obtained from the Yeditepe
University, Faculty of Medicine, Department of
Physiology (Istanbul, Turkey). The cell line was cultured
in Roswell Park Memorial Institute medium (RPMI) 1640
supplemented with 10% fetal bovine serum, 100 U/ml
penicillin G and 100 mg/ml streptomycin and kept at 37
°C in a humidified incubator with an atmosphere of 5%
CO2 and 95% air.

2.2. Preparation of ethanolic extract of A. calamus

Plant processing was done in the Anadolu University
Medicinal Plants, Drugs and Scientific Research Center.
The plant was chopped into small pieces and dried in the
shade. The dried plant was crushed to coarse powder using
a hand mill and sieved. Coarse powder was successively
extracted in a soxhlet apparatus with 70% ethanol for 12
h. The ethanol extracts were concentrated by evaporating
under vacuum. The vyield of the ethanol extract was
28.29%. The ethanol extracts were freshly dissolved in
dimethylsulphoxide (DMSO) just before administration.

2.3.Cell viability assay of LNCaP cells using XTT assay

Cells were seeded at 1x10* cells per well in complete
culture medium containing various concentrations of
ethanolic extract of A. calamus (0, 250, 500, 750, 1000,
1250 pg/ml and 1% DMSO vehicle control). The cells
were incubated for 24 and 48 h, respectively, to determine
cytotoxic and apoptotic effects. Each concentration of
ethanolic extract of A. calamus for each incubation period
was incubated in four wells to identify the most efficient
dose(s) and incubation period(s). Cytotoxic activity was
measured using a colorimetric assay system (XTT Cell
Proliferation Kit; Biological Industries), which measures
the reduction of a tetrazolium component, XTT (sodium 3’
- [1- phenyl-aminocarbonyl)-3,4-tetrazolium]  bis(4-
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methoxy-6-nitro)benzenesulphonic acid) into a soluble
formazan product by the mitochondria of viable cells.
Briefly, cells were cultured in 96-well plates containing
200 pl of complete medium. 100 pl of XTT solution was
added into the wells and plates were incubated for
additional 3 h. at 37 °C. The controls included native cells
and medium only. Optical density (OD) of 96-well plates
was measured at 450 nm in a microplate enzyme-linked
immunosorbent assay (ELISA) reader (Trinity Biotech
PLC, Bray CO. Wicklow, IRELAND). The percentage
cytotoxicity was calculated with the formula: Percentage
cytotoxicity (cell death) = [1-(absorbance of experimental
wells/absorbance of control wells)] x 100%.

2.4. Apoptosis assay: Cleaved PARP (asp 214)
sandwich ELISA

Cleaved PARP was assayed using the PathScan cleaved
PARP (asp 214) sandwich ELISA kit (Cell Signaling
Technology, Danvers, MA). Cells were seeded at 1x10*
cells per well in complete culture medium containing
various concentrations of ethanolic extract of A. calamus
(0, 250, 500, 750 pg/ml). The cells were incubated for 24
and 48 h, respectively, to determine apoptotic effects.
Briefly, after treatment cells were washed twice with ice-
cold PBS, lysed with 500 ul of ice-cold lysis buffer,
scraped, and sonicated on ice. The cell lysate was then
microcentrifuged for 10 min, 10.000 g at 4 °C, and the
supernatant was stored at —80 °C before analysis. 100 pl
of the soluble fraction was used in each well of the ELISA
plate. The ELISA was performed according to the
manufacturer’s instructions. Absorbance was measured
with a microplate reader.

2.5. Reverse transcription-polymerase chain reaction
(RT-PCR) to amplify VEGF mRNA

Total RNA was extracted from cultured LNCaP cells
according to the manufacturer's instructions using the
RNeasy Protect Mini Kit (Qiagen, Manheim, Germany).
RNA concentration and purity was calculated after
measuring absorbance at 260 nm on a UV
spectrophotometer and then stored at -80°C. First-strand
cDNA synthesis was performed with the QuantiTect
Reverse Transcription ¢cDNA Kit (Qiagen, Manheim,
Germany). The synthesized cDNA was used as a template
for PCR amplification. Quantitative PCR was performed
on a LightCycler (Roche Diagnostics GmbH, Mannheim,
Germany) using TagMan technology with amplification of
human  glyceraldehyde  phosphate  dehydrogenase
(GAPDH) mRNA as a housekeeping standard.
Oligonucleotide sequences of the cDNA primers were
designed at Gene Research Laboratories, UK. The forward
primer for VEGF was 5'-
CCAGGAAAGACTGATACAGAACG-3' and the reverse
primer was 5- GGTTTCTGGATTAAGGACTGTTC -3'.
The forward primer for GAPDH was 5'-
GAAGGTGAAGGTCGGAGT-3' and the reverse primer
was 5-GAAGATGGTGATGGGATTTC-3' The following
Light Cycler conditions were used: initial denaturation at
95 °C for 10 min, followed by 50 cycles with denaturation
at 95 °C for 20 s, annealing at 55 °C for 30 s, and
elongation at 72 °C for 20 s. Cycle threshold (CT) values
were determined by automated threshold analysis. The
primer quality (lack of primer-dimer amplification) was
confirmed by melting curve analysis. Relative
quantification of gene expression was performed using a



standard curve constructed with serial dilutions of control
mMRNA or RT-PCR amplicons. All experiments were
carried out in triplicate. VEGF levels were standardized to
GAPDH (ratio VEGF.:GAPDH) to account for loading
differences. Gene expression levels (mMRNA) were
reported using the median as a point estimator and the
range of values.

2.6. Statistical analysis

In the cell proliferation assay, experiments were repeated
three times, measurements within an experiment were
done in six duplicates, and in cell cycle analysis,
experiments were repeated three times. Data from three
independent experiments were expressed as mean =+
standard deviation (SD). Data were analyzed by a
computerized probit analysis, which provided an estimate
of the half maximal inhibitory concentration (ICs). The
level of significance between different groups was based
on ANOVA test followed by Tukey test. All analyses
were performed using SPSS 17.0 trial (IBM, USA) with P
< 0.05 as the significance level.

3. Results
3.1. Effect of A. calamus on cell viability

The effect of A. calamus extract on the viability of LNCaP
cells is shown in figure 1. The XTT assay showed that A.
calamus extract decreased the viability of LNCaP cells.
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Figure 1. Effect of A. calamus treatment on the viability of
prostate cancer cell lines LNCaP. (A) The cells were treated with
various concentrations (0, 250, 500, 750, 1000, and 1250 pg/mL)
of A. calamus for 24 h and (B) 48 h. Percentages of viable cells
after treatment were determined by XTT assay. Error bars
represent SD of triple samples (*P < 0.001 compared with
control group). SD, standard deviation.

Acorus calamus concentrations ranging from 500 to 1250
pg/ml at 24 h and from 250 to 1250 pg/ml at 48 h showed
a dose—response relationship of cell survival (24 h: control
vs. 500, 750, 1000 and 1250 pg/ml; 48 h: control vs. 250,
500, 750, 1000 and 1250 pg/ml P < 0.001), while A.
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calamus concentrations ranging from 750-1250 pg/ml
showed a time-dependent decrease (750 ug/ml: 24 vs. 48h,
P < 0.001; 1000 pg/ml: 24 vs. 48 h, P < 0.001; 1250
pg/ml: 24 vs. 48 h, P < 0.001). The ICs, value was 923
pg/mL for the 48 hr treatment with extract. Based on this
experiment, three concentrations (250, 500 and 750 pg/ml)
lower than the ICs, were chosen for later experiments
examining the effects of A. calamus on LNCaP cells.

3.2. Effect of A. calamus on Apoptosis of LNCaP Cells

A. calamus induces apoptotic cell death in LNCaP cells.
The levels of cleaved poly (ADP-ribose) polymerase
(PARP), one of the best biomarkers of apoptosis, were
analyzed after 24 and 48 hours of treatment with A.
calamus. Full-length active PARP is a 116 kDa molecule,
which is cleaved to fragments of 86 and 30 kDa by the
action of caspase-3 and related caspases. A marked
increase in cleaved PARP was observed after 24 hours of
exposure to A. calamus at concentration of 750 upg/ml
(p<0.01); 48 hours at 500 and 750 pg/ml (p<0.01,
p<0.001) (Fig. 2).
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Figure 2. Effects of A. calamus treatment on PARP cleavage in
prostate cancer cell lines LNCaP. The cells were treated with
various concentrations (0, 250, 500, and 750 pg/mL) of A.
calamus for 24 and 48 h. values represent mean = SD (*P < 0.01;
**P< 0.001 compared with control group). PARP, poly (ADP-
ribose) polymerase.

3.3. Effect of A. calamus on VEGF mRNA expression

The dose-dependent effect of A. calamus extract on
LNCaP cells showed a significant decrease in VEGF
MRNA expression at 500 and 750 pg/ml when assessed at
48 hours post-treatment. No changes were observed after
24 hours of exposure to A. calamus (Fig. 3).
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Figure 3. Effect of A. calamus treatment on VEGF mRNA
expression in prostate cancer cell lines LNCaP. The cells were
treated with various concentrations (0, 250, 500, and 750 pg/mL)
of A. calamus for 24 and 48 h. values represent mean + SD. (*P <
0.001 compared with control group). VEGF, vascular endothelial
growth factor.
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4, Discussions

Natural products have long been an important source of
anticancer agents. More than 60% of drugs for cancer
treatment are of natural origin, particularly derived from
plants (Zhao et al., 2016). The aim of this study was to
evaluate the anticancer effect of A. calamus extract on
human prostate carcinoma LNCaP cells. We found that A.
calamus extract inhibited the proliferation and viability of
human prostate cancer LNCaP cells via induction of
apoptosis. LNCaP cells showed clear apoptosis within 24
h after (750 pg/ml ) and 48 h after A. calamus (500 and
750 pg/ml) treatment.

Apoptosis is a programmed cellular process that occurs in
physiological and pathological conditions (Wu et al.,
2014). Furthermore, the programmed cell death is
disrupted in the cancer, which causes the malignant cells
to grow too much. Induction of tumor cell apoptosis is the
ultimate goal of many cancer therapies (Zhao et al., 2016).
One of the cellular responses that preceded DNA repair
mechanisms against DNA damage is PARP activation
(Dungey et al., 2009). Anti-cancer therapies are being
developed in combination with the inhibition of PARP
activation and the combination of drugs that cause DNA
damage (Penning et al., 2009). In the present study, we
demonstrated that A. calamus treatment of LNCaP cells
resulted in both a time and dose-dependent increase of the
cleavage of PARP, which is considered a biochemical
hallmark of apoptosis. However, it is not clear yet whether
induction of apoptosis is mediated by pro-apoptotic
factors, anti-apoptotic factors or a combined effect.

Regarding the chemical composition of A. calamus
extract, we could hypothesize that its apoptotic effects
might be dependent on the presence of lectins, volatile oils
and flavonoids. Chemical analysis has demonstrated that
the main constituents of A. calamus are monoterpenes,
sesquiterpenes, phenlypropanoids, flavonoids, quinine
(Kim et al., 2009). Two major active components in
volatile oils of A. calamus are alpha-asarone and beta-
asarone (Zuba and Byrska, 2012). Lectins from the
rhizomes of A. calamus have mitogenic activity and
inhibitory potential in murine cancer cell growth (Bains et
al., 2005). Alfa-asarone shows radioprotective activity
against lethal and sublethal doses of gamma-radiation by
preventing radiation-induced production of free radicals
and damage to DNA, membranes, and the hematopoietic
system in animal models. Beta-asarone has anticancer
effects, inhibiting survival of the human hepatoma cell
line HepG2 (Kevekordes et al., 2001). Xenograft tumor
models in mice showed similar results, with beta-asarone
decreasing tumor size. Furthermore, survival of colorectal
cancer cells in vitro was markedly inhibited by incubation
with beta-asarone. They propose that it acts through
inducing expression of lamin B1 and activating p53 (Liu
et al., 2013). Beta-asarone significantly activated caspase-
3, caspase-8, caspase-9, Bax, Bak and suppressed Bcl-2,
Bel-xL and survivin activity. Moreover, beta-asarone
increased the expression of RECK, E-cadherin and
decreased the expression of MMP-2, MMP-9, MMP-14
and N-cadherin. Beta-asarone effectively inhibits the
proliferation of human gastric cancer cells, induces their
apoptosis and decreased the invasive, migratory and
adhesive abilities.(Wu et al., 2015). Beta-asarone can
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suppress the growth of colon cancer and the induced
apoptosis is possibly mediated through mitochondria/
caspase pathways (Zou et al., 2012).

Angiogenesis, neovascularization from pre-existing
vessels, is a key step in tumor growth and metastasis, and
anti-angiogenic agents that can interfere with these
essential steps of cancer development are a promising
strategy for human cancer treatment (Kim et al., 2016).
VEGF is the most potent known mitogen for endothelial
cells, and is a specific of angiogenesis in several cancer
types, including prostate cancer. Elevated VEGF levels
have been observed in a variety of tumor cells (Lee et al.,
2006). Prostate cancer cells produce VEGF that facilitates
the growth of the tumor presumably through enhancing
angiogenesis and perhaps migratory ability. VEGF
promotes endothelial cell proliferation, survival, and
migration (Kitigawa et al., 2005). Because prostate cancer
tumors require angiogenesis for growth and metastasis,
and angiogenesis is a complex multifactorial process,
antiangiogenic therapy could offer a variety of avenues to
arrest tumor growth, induce tumor regression, or block the
ability of tumors to metastasize. Antiangiogenic therapy is
a particularly attractive antitumor modality with many
potential targets, considering that the regulation of tumor
angiogenesis is profoundly multifactorial (Nicholson and
Theodorescu, 2004).

The process of tumor angiogenesis is highly regulated by
growth factors such as VEGF-A which is secreted by
tumor cells and ECs and functions via paracrine and
autocrine signaling pathways. After secretion VEGF-A
primarily binds to its specific receptors located on ECs,
triggering the process of angiogenesis (Ferrara et al.,
2003). Therefore, we evaluated VEGF gene expression
levels. Although we did not thoroughly investigate the
mechanism, we demonstrated that VEGF expression was
downregulated by treatment with A. calamus. Similar
results indicated that S. barbata D. Don inhibits
expression of VEGF in human colon carcinoma cells. S.
barbata D. Don inhibits cancer growth via at least two
mechanisms, inducing mitochondrion-dependent apoptosis
of cancer cells and inhibiting tumor angiogenesis. Both
apoptosis and angiogenesis are regulated by multi-
pathways. In addition, A. calamus is composed of many
chemical compounds including monoterpenes,
sesquiterpenes,  phenlypropanoids,  steroides  and
flavonoids. It is unknown how many of these compounds
contain anti-cancer activity, and we do not know which
pathway(s) effected from these compounds (Wei et al.,
2011).

Taken together, our study demonstrated the first evidence
that A. calamus extract can effectively decrease
proliferation, induce apoptosis and suppress VEGF-A
expressions of prostate carcinoma LNCaP cells in a time-
and dose-dependent manner. Therefore, although further
studies are required, A. calamus extract may be a
promising therapeutic agent for the treatment of prostate
tumors.
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