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Abstract: Systematic studies on Trichoptera larvae in Turkey are very limited. The larval stage of the endemic species remains
especially unknown. This study was carried out in Arag Creek between April and October 2013 and it is the first study to
determine the caddisfly fauna in Arag Creek. Fourteen caddisflies taxa belonging to nine genera within eight different families
(Brachycentridae, Hydropsychidae, Hydroptilidae, Lepidostomatidae, Leptoceridae, Limnephilidae, Psychomyiidae and
Rhyacophilidae) were identified. Four of these taxa have previously been recorded from the creek and the other ten taxa are
new records for the study area while Micrasema cinereum Mosely is the first record for the Trichoptera fauna of Turkey. As a
result of the study, the number of caddisfly taxa in Turkey is now 501, with the addition of M. cinereum.

Key words: New record, larvae, description, benthic macroinvertebrates, Arag creek, Turkey.

Ozet: Tiirkiye’de Trichoptera larvalar iizerindeki sistematik ¢alismalar cok smmirlidir ve 6zellikle endemik tiirlerin larva evresi
bilinmemektedir. Calisma Ara¢ Cayi'nda 2013 yili Nisan-Ekim aylar1 arasinda gergeklestirilmistir ve Ara¢ Cayi’nin
Trichoptera faunasini belirleyen ilk ¢alismadir. Sekiz farkli familyadan (Brachycentridae, Hydropsychidae, Hydroptilidae,
Lepidostomatidae, Leptoceridae, Limnephilidae, Psychomyiidae ve Rhyacophilidae) 9 cinse ait 14 Trichoptera taksonu
belirlenmistir. Bu taksonlardan dordii daha 6nce Arag Cayi’ndan kaydedilmis, diger 10 takson ise Arag Cay1 i¢in yeni kayittir.
Buna ek olarak, Micrasema cinereum Mosely ise Tiirkiye Trichoptera faunasi igin ilk kayittir. Caligmanin sonucunda,

Tiirkiye'deki Trichoptera takson sayist yeni bir kayitla birlikte 501 olmustur.

Introduction

Brachycentridae larvae are characterized and
distinguished from larval stages of other caddisfly
families by (i) the absence of lateral and dorsal humps in
the first abdominal segment, (ii) possessing transverse
groove at midlenght of pronotum, (iii) a pair of plates (that
are often divided longitudinally by narrow sutures) on
mesotonum, and (iv) either the absence of primary setal
area or the presence of sclerotized setae on metanotum
(Flint 1984, Vieira-Lanero et al. 1998, Pescador et al.
1995). Larvae, in general, live in cold lotic fresh-water
springs, streams and rivers while some species can also
live in the shores of lakes, as in the case of the genus
Micrasema McLachlan (Pescador et al. 1995). Micrasema
consists of only 23 species in the West Palearctic Region
fauna (Malicky 2004) and their larvae, whose inhabitant
area is mostly surrounded by mosses and other plants, can
resist and therefore inhabit shallow streams (Hilsenhof
1985). The caddisfly fauna of Turkey is represented by
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500 taxa (461 species and 39 subspecies) (Darilmaz &
Salur 2015, Kiigiikbasmaci & Kiyak 2017, Sipahiler 2016,
Sipahiler 20174, b, Sipahiler 2018a, b) Most of the studies
on caddisflies have been performed based on their adults,
but taxonomic studies on their larval stages are limited in
Turkey. In particular, there is a lackabout descriptive
studies on larvae of endemic species. The lack of
taxonomic and ecological data on benthic
macroinvertebrates has been concluded to negatively
affect their reliable use in biomonitoring related studies in
Turkey, and studies at species level on key taxons one of
which is Trichoptera in addition to Ephemeroptera,
Odonata, Plecoptera, Simuliidae and are believed to
contribute to improvement of such studies (Kazanci &
Ertung 2010). From this point of view, this study was
performed in order to determine caddisfly fauna of Arag
Creek (Kastamonu) as a contribution to Turkish caddisfly
fauna.
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Materials and Methods

Study area

The study was performed in Ara¢ Creek located in
northern part of Turkey (Fig. 1). Ara¢ Creek, originating
from the northern slope of llgaz Mountains and passing
through Ihsangazi and Arag districts of Kastamonu
province, merges with Soganli Creek to form Yenice
River (Filyos River) with other tributaries. The creek is

TURKEY
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affected by various human activities including city
sewage systems, organic wastes, agricultural activities,
hydroelectric power plants and sand quarries.
Macroinvertebrate samplings were performed at 6 stations
along the creek in April, August and October 2013 (Fig.
1). The coordinates and altitudes of the sampling stations
as well as sampling dates and short descriptions of the
localities where the stations were selected are given in
Table 1.

KASTAMONU

s 43
* GDIR “ARAG

o2 IHSANGAZI
.

Fig. 1. (A) Map of Turkey. (B) The general view of study area. (C) Sampling stations in Arag Creek (Google Earth 2019). The numbers

denote the stations whose details are given in Table 1.

Table 1. Details of the stations from where the samples were collected.

Station Sampling . . . Altitude
NO date Sampling station Coordinate (m)
26.04.2013 Kast ih i, beyond 1 km from the Orencik 41°10'39.60"N
astamonu, Ihsangazi, beyon m from the Orenci °10'39.60"
1 L 20 village road junction 33°34'16.30"E 920
27.10.2013
28.04.2013 . . .
5 15.08.2013 Kastamonu, Thsangazi, ihsangazi-Arag road 7t km, 41°13'6.70"N 784
- Akkaya village road junction, the bridge vicinity 33°28'57.50"E
27.10.2013
26.04.2013 Kast Ar d of the Ar. ty, vicinity t 41°1421.13"N
astamonu, Arag, end of the Arag¢ county, vicinity to °14'21.13"
3 LB the gas station 33°19'19.80"E e
27.10.2013
26.04.2013 Kast Arag, Arag—Karabiik road 7t km, Tatl 41°14'8.76"N
astamonu, Arag, Ara¢c—Karabiik roa m, Tatlica °14'8.76"
4 LS{EIANS village road junction, the bridge vicinity 33°1521.67"E >94
27.10.2013
26.04.2013 Kast Arag, Arag-—Karabiik road 26" k 41°13'52.24"N
astamonu, Arag, Ara¢c—Karabiik roa m, °13'52.24"
5 15082003 =y Silova village 3390022.95"E 42
27.10.2013
28.04.2013 41°12" .
6 15.08.2013 Karabiik, Safranbolu, Navsaklar village SO 301

27.10.2013

32°44'14.81"E
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Sampling method

Benthic macroinvertebrates in each station were
collected between the stones, pebbles and plants on the
ground using a standard dip net with a transecting area of
100 m?2. Each sampling lasted 5 minutes. All samples were
fixed in 80% ethanol immediately after collection, and
then taken to the laboratory. The sampled material was
investigated in the laboratory under a binocular
stereomicroscope (Leica APO S8) and caddisfly larvae
among the collected macroinvertebrates were transfered
into tubes containing fresh 80% ethanol. The study
material is deposited in the Entomology Laboratory of
Biology Department of Faculty of Sciences and Arts,
Kastamonu University, Turkey.

Identifications of the caddisflies

Caddisfly species, based on larvae, were identified
under the binocular stereomicroscope using Trichoptera
Families 2007 and Trichoptera 2005 package programmes
(Lechthaler & Stockinger 2005, Lechthaler 2007) and
literature (Brohmer 1979; Edington & Hildrew 1981,
1995; Hickin 1942, 1943, 1948, 1952, 1954, 1967, Ulmer
1909, Zamora-Muiioz et al. 1995). A general knowledge
of morphological structures associated with caddisfly
larvae is necessary for ease of identification. The head is
dorsally divided by a Y-shaped ecdysial line referring to
the frontoclypeal and coronal sutures, the frontoclypeus is
bordered laterally by the frontoclypeal sutures, and the
parietals extend posteromesally along the coronal suture.
The anterolateral portion of the head contains the eyes and
antennae, whose locations vary among the families.
Mouthparts are among the essential structures for the
identification of larvae, which include the labrum and
labium that contain mandibles and maxillae. The position
and view of these parts carry distinctive characteristics at
family or genus levels. The posterior portion of the head
often has a number of muscle scars which appear as dark
or light spots. The shape and structure of the thorax
segments are also important for identification of the
larvae. The thorax segments -prothorax, mesothorax and
metathorax- contain a dedicated pair of legs that are often
a sclerotized notum. The prothorax generally has a finger-
like prosternal horn and a lateral pair of trochantins, which
can be distinctive for several families. The prothorax is
always covered by dorsal sclerotized plates while the
meso- and metathorax do not always have sclerotized
notal plates but possess notal subdivisions. Setae, if
arising on the meso- or metanota, reside in characteristic
areas termed setal area 1 (sal), setal area 2 (sa2) and setal
area 3 (sa3). Arrangement of both setal areas and sclerites
can be of taxonomic importance. Thoracic legs have a
tarsal claw apically. Each tarsal claw usually has a basal
seta, the size of which can be of taxonomic value. The first
abdominal segment often bears a dorsal hump and a pair
of lateral humps, which provide circulation of water
through the case as well as in securing the larva in the
case. Some families have abdominal segments with
numerous tracheal gills that facilitate gas exchange. The
tracheal gills may be single or more filamentous, finger-

Trakya Univ J Nat Sci, 20(2): 81-87, 2019
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like, comb-like, etc. The shape of the abdominal gills
provide important taxonomic characters in diagnosis.
Each of the anal prolegs has an anal claw, which can be
simple or complex, that bear accessory spines. The anal
prolegs, in terms of sclerites and nature and extension of
setation, vary from family to family in degree of
separation from the body. The case structure and form are
among the distinguishing characters for the larvae of
caddisflies. Some larvae have a case while others can
survive without. The case can be made out of a variety of
materials including sand grains, small pebbles, vegetal
fragments and secretions. The shape of the larval case and
the type of the materials used are utilized for taxonomic
characterization.

Results

A total of 1223 larvae belonging to the order of
Trichoptera were collected from the Arag Creek. 14 taxa
belonging to nine genera within eight families
(Brachycentridae,  Hydropsychidae, = Hydroptilidae,
Lepidostomatidae, Leptoceridae, Limnephilidae,
Psychomyiidae and Rhyacophilidae) were identified
(Table 2). The systematic list of the identified
trichopterans is given in Table 2. Among the determined
taxa Micrasema cinereum is the first record for
Trichoptera fauna of Turkey.

Morphometric, biological and ecological
characteristics and the distribution of new record for the
fauna of Turkey are as follows:

Brachycentridae Ulmer
Micrasema cinereum Mosely, 1930
Description of the larva

Materials examined: 1 larva, (Station 1); 1 larva,
(Station 2).

Head capsule: Mean head width 0.67 mm, mean head
length 0.7 mm. Head round (Fig. 2A); chestnut in color
with Y-shaped patterned in yellowish along dorsal
ecdysial line.

Head with a dorsolateral supraocular ridge are clear on
each side, and one extra lateral infraocular ridge present
that is shorter and less conspicuous. The frontoclypeal
apotome (Fig. 2A) follows broadening view from the
starting point.

Profile view of the head capsule (Fig. 2B) has a curved
dorsal edge view. Periocular area is light yellowish.
Ventral side of the head capsule (Fig. 2C) has similar
color-toned to dorsum; ventral apotome is more of
rectangular viewed with a narrowing end towards the
anterior section that separates the genae completely.
Sclerites of cardo brown in color, median margin with a
slightly sharp anterior process. Submental sclerites have
extended view, possessing seta as the ventral side of the
head along with possessing long seta on each (Fig. 2C).

Legs (Figs. 2D, E, F) have same but paler colored as
seen for meso- and metanotum. Prothoracic legs are
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shorter and stouter (Fig. 2D). Meso- and metathoracic legs
are approximately same in size (Fig. 2E, F). Distal part of
tibia of leg 1l and leg I11 show thin small tubercles (Fig.
2G). Tarsal claws of 3 legs have similar structure.

Thorax (Fig. 2H): One half of the posterior pronotum
is uniformly brown, and anterior section is obviously
paler. Pronotum has an obvious curved transverse ridge
view, one half of anterior and ridge does not show sparse
view. Mesonotum has greenish islands in brown colored
surface while the metanotum has bluish view. Tergite on
each half of mesonotum is consisting of one single plate
with the total number of tergite plates 2 (Fig. 2H).
Metanotum is membranous, and has 2 pairs of small
sclerites.

J — K
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Abdomen is nearly cylindrical and posterior section is
gradually tapered while segment IX is clearly thinner
(Fig. 2K). Dorsal hump is absent and lateral humps are
indistinct in segment I. Abdominal gills and lateral lines
are absent.

Mid dorsal sclerite of segment 1X (Fig. 21) is weakly
sclerotized, elliptical, with ca. 12 setae that are different
in size along posterior margin.

Anal prolegs (Fig. 21) are nearly sclerotized at dorsal
view. Lateral sclerite is strongly sclerotized at dorsal
view. Anal claw is stout and with 3 accessory hooks (Fig.
2J), for which one of them is poorly developed and often
unobtrusive.

L

Fig. 2. Larva and case of M. cinereum (A) Head in dorsal view, (B) Head in lateral view, (C) Head in ventral view, (D) Prothoracic
leg, (E) Mesothoracic leg, (F) Metathoracic leg, (G) Distal part of tibia of leg 11 and leg 111, (H) Thorax in dorsal view, (1) 9" abdominal
segment and anal prolegs in dorsal view, (J) 9" abdominal segment and anal prolegs in lateral view, (K) Larvae in lateral view, (L)
Case in lateral view. Scale bars: 0.5 mm.
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Table 2. Trichopteran taxa identified from the Arag Creek.
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Family Taxa

Rhyacophila nubila Zetterstedt
Rhyacophila sp.

Hydroptila sp.

Psychomyia pusilla (Fabricius)
Cheumatopsyche lepida (Pictet)

Rhyacophilidae

Hydroptilidae
Psychomyiidae

Hydropsyche botosaneanui Marinkovic-Gospodnetic

Hydropsyche bulbifera McLachlan
Hydropsyche exocellata Dufour
Hydropsyche instabilis (Curtis)
Hydropsyche pellucidula
Micrasema cinereum

Hydropsychidae

Brachycentridae
Lepidostomatidae
Limnephilidae
Leptoceridae

Lepidostoma hirtum (Fabricius)
Limnephilus lunatus Curtis
Setodes viridis (Fourcroy)

Number of Sampling Station
larvae 1 2 3 4 5 6
13 * * *
2 * *
3 *
4 * *
4 * *
665 * * * * * *
250 * * * * * *
93 * * *
64 * * *
119 * * * * *
2 * *
2 *
l *
1 *

Table 3. The zoogeographical distribution of trichopteran taxa in Arag Creek. WP; West Palearctic, EP; East Palearctic, OL; Oriental,

NA; Nearctic (Morse, 2018).

Family Taxa Zoogeographical distribution
Rhyacophilidae Rhyacophila nubila EP and WP
Rhyacophila sp. -
Hydroptilidae Hydroptila sp. -
Psychomyiidae Psychomyia pusilla WP
Hydropsychidae Cheumatopsyche lepida EP and WP
Hydropsyche botosaneanui EP and WP
Hydropsyche bulbifera WP
Hydropsyche exocellata WP
Hydropsyche instabilis WP
Hydropsyche pellucidula EP, WP, NA and OL
Brachycentridae Micrasema cinereum WP
Lepidostomatidae Lepidostoma hirtum EP and WP
Limnephilidae Limnephilus lunatus WP
Leptoceridae Setodes viridis EP and WP

Body (Fig. 2K) length up to 3.6 mm, mean body width
up to 0.5 mm.

Case (Fig. 2L) is about 6.9 mm long with yellow to
orange color. It has a narrowing tubular shape from
anterior to posterior with a curved ending (1/3 of the size).
The case is made of secretion by the larvae.

Habitat and distribution

Giudicelli & Orsini (1987) reported that M. cinereum
inhabit one of the 3 sub-branches of Restonica river
(Corsica), whose altitute is between 400-800 m. Décamps
(1970) reported the presence of M. cinereum in low- and
mid-altitudes of the rivers in moutainous areas, where M.
longulum McLachlan, and M. minimum McLachlan were
also found. We sampled M. cinereum at the proximity of
the spring, where altitudes were recorded as 920 and 784
m for the stations 1 and 2, respectively. Station 1

Trakya Univ J Nat Sci, 20(2): 81-87, 2019

resembles the area described elsewhere (Décamps 1970)
and is located 1 km south of Thsangazi in a place relatively
far from the settlements in the forest area. The depth is
approximately 30 cm with sediment mostly composed of
rubbles and pebbles that are 2-20 mm in size. Station 2,
with a similar flow and habitat pattern as Station 1, is
located at the 71 km of Kastamonu, [hsangazi, Thsangazi-
Arag road, Akkaya village road junction, in the bridge
vicinity. The depth is approximately 25-30 cm and with a
base structure mostly composed of small rocks.

The distribution range of M. cinereum has been given
from France (Corsica) and Spain (Mosely 1930, Décamps
1970, Garcia de Jalon 1982, Casado et al. 1990).

From the zoogeographical point of view, the
Trichoptera fauna of Turkey is strongly related to the
European fauna. The Trichoptera fauna of northeastern
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Turkey is related to the Caucasian/Transcaucasian fauna.
The zoogeographical evaluation of caddisfly taxa in Arag
Creek showed that 6 (42,85%) species belong to West
Palearctic, 5 (35,71%) species belong to East-West
Palearctic, and 1 (7,14%) species belongs to East-West
Palearctic, Nearctic, and Orientalic (Table 3). The
zoogeographic distribution of the two taxa which were
identified as Rhyacophila sp. and Hydroptila sp. are not
shown here.

Discussion

The present study has been performed as the first study
aiming to determine the Trichoptera fauna in Arag Creek
where 14 caddisfly taxa were identified (Table 2). The
sampled material was found to be represented with 12
species while two taxa could be identified at genus level.
Rhyacophila sp. is different from R. fasciata Hagen with
that the muscle attachment spots within the dark triangular
patch on the frontclypeus are paler than the surrounding
pattern and clearly discernible. Besides, it is different
from R. nubila Zetterstedt by possessing the dark pattern
on frontclypeus that is not extended to the anterior margin.
Although it may seem different from the previously
recorded R. nubila and R. fasciata, identification of the
species was confined to genus level of the Rhyacophila
sp. samples due to the fact that the diagnostic characters
were not completely clear in our samples. Hydroptilidae
family is distinguished from other caddisfly families with
its characteristic life cycle where the first four larval
instars live freely without having case while the fifth
larval instar builds a case to live in. Case type and the
construction material are distinguishing parameter among
Hydroptilidae members (Pescador et al. 1995). The
Hydroptilidae larvae were not at their 5™ instar, where the
taxonomic characters are not clear enough, and we
therefore preferred to use Hydroptila sp.

Although M. cinereum has been given as an endemic
species from Corsica (Décamps 1970, Giudicelli & Orsini
1987, Botosaneanu & Gonzalez 2006), its presence in
Spain was also reported (Garcia de Jalon 1982, Casado et
al. 1990). According to the inventory given by Darilmaz
& Salur (2015), three species of genus Micrasema
(Micrasema anatolicum Botosaneanu, M. bifoliatum
Martynov and M. mencilis Sipahiler) have been reported
from Turkey. However, the larval stages of these three
species are not known, because these species were
reported as adult samples.

Micrasema cinereum, which is distinguished from the
other species with the following key characteristics is
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Abstract: Polyamines are well conserved polycationic molecules that are known to interact with nucleic acids and contribute
to multiple functions including cell cycle and stress response. The transport of polyamines in and out of the cell is driven by
polyamine transporters that play a significant role in polyamine homeostasis. Schizosaccharomyces pombe (Lindner) caf5*
gene codes for a spermine family transporter that is yet to be characterized functionally. This study aims to understand the
contribution of caf5* on different processes previously associated with polyamines, by reverse genetics. Deletion mutants of
caf5*, which are viable in normal conditions, were scanned for multiple cellular processes. The results showed that caf5*
deletion caused shorter cell length and slightly faster growth rate at the optimum conditions. caf54 cells also showed sensitivity
to high doses of UV irradiation, while no sensitivity was observed against osmotic stress or another DNA damaging agent
hydroxyurea. The mutants could successfully go through different phases of mitosis and meiosis as observed by DNA and
septum staining. In summary, caf5" gene is involved in normal growth and cell cycle progression, as well as stress response
upon UV irradiation.

Key words: Schizosaccharomyces pombe, cell size, cell cycle, stress response, polyamine.

Ozet: Poliaminler, niikleik asitlerle etkilestigi ve hiicre dongiisii ile stres tepkisi gibi pek ¢ok hiicresel isleve katildig1 bilinen,
korunmus polikatyonik molekiillerdir. Poliaminlerin hiicre i¢ine girisi ve hiicre digina ¢ikisi, poliamin homeostazinda gorevli
oldugu bilinen poliamin tastyict proteinleri tarafindan yiiritiilmektedir. Schizosaccharomyces pombe (Lindner) caf5* geni de
heniiz islevsel olarak karakterize edilmemis bir spermin ailesi tasiyicisidir. Bu ¢alismanin amaci ters genetik yontemlerle caf5*
geninin poliaminlerle iligkili oldugu bilinen hiicresel islevler tizerindeki 6nemini anlamaktir. Normal kosullarda yasayabilir
durumda olan, caf5* geni delesyon mutantlari (caf54) pek ¢ok farkli hiicresel iglev tizerinden taranmuslardir. Sonuglar, caf5*
geni delesyon mutantlarmin hiicre boyunun daha kisa oldugunu ve optimum kosullar altinda daha hizli boliindiiklerini
gostermektedir. caf54 hiicreler, ayni zamanda yiiksek dozda UV isilarina karsi hassasiyet gostermisler ancak ozmotik stres
kosullarinda ve bir bagska DNA hasari ajani olan hidroksiiire'ye kars1 herhangi bir hassasiyet géstermemislerdir. DNA ve septum
boyamalar1 sonucunda bu mutantlarin mitoz ve mayoz boliinmenin farkli fazlarini basarili bir sekilde tamamlayabilir oldugu
bulunmustur. Ozetle, caf5* geni normal hiicre biiyiimesinde, hiicre dongiisiinde ve UV ile indiiklenen stres tepkisinde rol
oynamaktadir.

Introduction

Polyamines are small, ubiquitious polycations that can
be found in every organism except Archae,
Methanobacteriales and Halobacteriales (Hamana &
Matsuzaki 1992). Spermine and spermidine are the most
common polyamines, but there are also polyamines in
thermophilic organisms in the form of long or branched
hydrocarbon chains (Fukuda et al. 2015).

Polyamines are involved in multiple functions in the
cells such as stabilizing nucleic acids, regulation of gene
expression, cell cycle, stress response and pathogenic
activity. Polycationic nature of polyamines enables their
binding to anionic molecules in the cells and most of the
intracellular polyamines are found as polyamine-RNA
complexes. The ability of polyamines to readily bind to
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DNA and RNA contributes to nucleic acid stability (Katz
et al. 2017). Stabilization of DNA by polyamines is
especially important for heat resistance, and hence
survival of thermophilic microorganisms at extreme
temperatures (Fukuda et al. 2015). Polyamines also
contribute to the regulation of gene expression at the level
of translation by different mechanisms including
formation of the initiation complex, facilitating fMet-
tRNA binding in bacteria or by supporting post
translational modification of the translation factor elF5A
in yeasts (Gevrekci 2017). Among others, the role of
polyamines in providing resistance to environmental
stress is best characterized in a number of organisms
including bacteria, yeasts, fungi and plants. Polyamine
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mutants were shown to be sensitive to oxidative stress in
Ustilago maydis (DC.) Corda and Saccharomyces
cerevisiae Meyen ex E.C. Hansen (Balasundaram 1993,
Valdés-Santiago 2010), while putrescine level was shown
to increase upon oxidative stress in Escherichia coli T.
Escherich (Ucisik-Akkaya et al. 2014). Similar results
were reported also for osmotic stress, showing that U.
maydis polyamine synthase gene mutants (Valdés-
Santiago 2009) and yeast polyamine uptake regulator
gene (pts2) mutants were sensitive to osmotic stress (Erez
& Kahana 2002). Moreover, S. cerevisiae and
Synechocystis sp. were shown to respond to osmotic stress
by regulating polyamine transport, showing the role of
polyamines in osmotic stress response (Aouida et al.
2005, Jantaro et al. 2003, Lee et al. 2002).

Another significant role assigned to polyamines is the
regulation of cell cycle progression. Cell cycle is a
unidirectional series of events that initiates with
monitoring the intracellular and extracellular environment
and finally leads to the formation of two identical copies
of the cell. The involvement of polyamines in cell cycle
control is mostly characterized in higher eukaryotes
although there are several examples among
microorganisms. Inhibition of polyamine biosynthesis
prolonged the S phase in the Chinese hamster (Cricetulus
griseus Milne-Edwards) ovary (Fredlund & Oredsson
1996) and arrested the cell cycle at G1 phase in intestinal
epithelial cells (Ray et al. 1996). Additionally, polyamine
depletion caused T lympoblastic cells to arrest at the G1
phase (Choi et al. 2000). The significance of polyamines
in cell cycle regulation was also shown in
Schizosaccharomyces pombe (Lindner). Depletion of
polyamines at the early phases of the cell cycle was shown
to induce G1 arrest. Upon prolonged polyamine
deprivation, however, S. pombe cells showed a number of
cell cycle phenotypes such as disruption of the actin
network, disintegration of the nucleus and absence of
septum (Chattopadhyay et al. 2002).

Since polyamines are involved in multiple different
functions in the cells, polyamine homeostasis should be
well established. A number of mechanisms have evolved
to keep the intracellular polyamine levels at optimum
levels. Polyamine biosynthesis (de novo or by
interconversion of polyamine molecules) and transport
are the two major ways to supply the right amount of
polyamine to the cells. The most common biosynthetic
pathway initiates with conversion of L-ornithine into
putrescine by ornithine decarboxylase (ODC), followed
by spermidine and spermine formation by the
consequitive activities of spermidine synthase (SpdSyn)
and spermine synthase (SpmSyn) (Michael 2016). In
addition to the biosynthetic pathway, a number of
polyamine family transporters also contribute to the
regulation of intracellular polyamine concentration.
Spermine and spermidine family transporters are
transmembrane proteins that can be found in organelle or
plasma membranes, driving polyamine influx or efflux.
The efflux of polyamines was shown to be induced with
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decreased growth rate and inhibited upon increased
growth rate (Wallace & Keir 1981, Wallace & Mackarel
1998). This fact signifies the role of polyamine
transporters in the cells along with the study that showed
yeast polyamine transporter Tpol extends the cell cycle
arrest induced upon environmental osmotic stress (Kriiger
etal 2013).

The present study was performed in order to identify
and functionally characterize spermine family transporter
caf5* in S. pombe. For this purpose, the deletion mutant
of caf5* gene was used. The mutant was scanned for
normal growth rate, stress response, cell division defects
and spore formation to determine any process that was
defective in the absence of this gene, as an indicator of its
involvement in that particular process.

Materials and Methods
Schizosaccharomyces pombe Strains and the Media

Schizosaccharomyces pombe 972 (h ade) strain was
used to form caf5* deletion mutants and as wild-type
control. The strains were handled as explained in Moreno
et al. (1991). The wild type and mutant strains were
incubated in yeast extract agar (YEA) plain media (5 g/l
difco yeast extract, 30 g/l glucose, 75 mg/l adenine, pH
adjusted to 5.6 with HCI — supplemented with 2% (w/v)
agar for agar media). The YEA agar was supplied with 1
M KCI, 120 mM CaCl; or 2 M Sorbitol for the osmotic
stress response experiment. For hydroxyurea treatment,
the media was supplied with 4 M hydroxyurea. A series
of different concentrations of the stress agents (both salts
and hydroxyurea) was initially used for stress response
experiments. Specifically, the concentrations started with
0.5 M KCI, 60 mM CaCl;, 1 M Sorbitol and 2 mM
hydroxyurea and systematically increased up till 2M KCI,
240 mM CaCly, 4 M Sorbitol and 10 mM hydroxyurea in
which even the wild type cells couldn't grow properly (so
not informative to detect any difference in growth rate).
Thus, the maximum salt and hydroxyurea concentrations
that allowed proper wild type cell growth were shown in
this study. To induce sporulation, the cells were streaked
onto sporulation agar (SPA) medium [10 g/l glucose, 1 g/l
KH2POs, 1 mil/l 1000 X vitamin stock (1 ¢/l
panthothenate, 10 g/l nicotinic acid, 10 g/l inositol, 10
mg/l biotin)]. The SPA medium causes nitrogen
starvation, which consequently induces G1 arrest, mating
(in the presence of the opposite mating type) and finally
meiosis to form spores.

Forming Single Gene Mutations in S. pombe

caf5* gene deletion is performed by a PCR-based
method explained in Bahler et al. (1998). pFA6a-kanM X6
gene deletion cassette containing kanamycin resistance
gene was amplified by specific primers with
complementary sequences to the immediate upstream and
downstream regions of caf5* gene. Kanamycin resistance
gene provides resistance to G418 in S. pombe. Upon
transformation of the deletion cassette by LioAc method
of transformation, the cells were initially plated onto YEA
agar and after 24 hours at 30°C, they were replica-plated
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onto YEA plate supplemented with 200 mg/l G418 to
select for the kanamycin resistance cassette. The colonies
which were resistant to G418 showed up in 3-5 days
incubation at 30°C, which were then tested by colony
PCR for the genomic location of the deletion cassette.

Colony PCR

The cells surviving in the G418 containing YEA agar
are known to have deletion cassette in the genome. To
make sure that the deletion cassette was inserted at the
right location in the genome, hence the right portion of the
genome was deleted, colony PCR was used. The
procedure started with boiling the colonies with dNTP
mix, PCR buffer and the primers, at 98°C for 10 min.
After being cooled down on ice, Tag polymerase was
added and the following PCR program was run: 30 cycles
of 94°C for 20 s, 50°C for 40 s, and 72°C for 1 min/kb,
followed by 72°C for 5 min. The expected size of the
product was 305 kb for caf5* deletion. The forward
primer was designed according to the upstream region of
caf5™ gene and the reverse primer was designed according
to the deletion cassette.

Forming Double Mutants in S. pombe

caf54 SPBC409.054 double mutants were formed by
crossing h™ caf54 and h* SPBC409.054 cells, which were
resistant to G418 and hygromycin, respectively. The
single mutants were initially streaked together on SPA
agar sporulation media and incubated for 3 days for G1
arrest, mating and spore formation. The cells were then
replica-plated onto YEA + 200 mg/l G418 and incubated
at 30°C for 3 days. Then the colonies were replica-plated
onto YEA + 300 pg/ml hygromycin. The colonies that
could grow in both of the agar plates were expected to
have both of the deletion cassettes, and hence neither of
the caf5" and SPBC409.05 genes.

Growth Rate and Cell Size Analysis

For the growth rate analysis, the cells were inoculated
into YEA broth and incubated overnight (O/N) at 30°C.
When they reached the fast growing phase, the cells were
diluted to 10° cells/ml and t = O timepoint samples were
collected. Additional samples were collected att=2 hr,t=4
hr, t =6 hr, t = 8 hr and cells were count to determine how
fast they multiply. The cell cultures reached saturation
between 8 hr-9 hr so t = 8 hr was decided to be the last
timepoint to follow. For the cell size analysis, the cells from
the O/N cultures were collected at the fast growing phase,
fixated with gluteraldehyde (as explained in DAPI and
calcofluor staining below) and observed under the
microscope. Independent samples t-test was performed using
the SPSS version 22 package to compare wild type cells and
mutants for statistically significant differences in growth rate
at different timepoints and cell size. Shapiro-Wilk test was
also performed for each sample to prove normal distribution
of cell number, as a prerequisite for t-test.

Stress Protocol

Different types of stressors were scanned to
understand the role of caf5* in the cells. Osmotic stress
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was induced by adding the indicated amount of KCI,
CaCl; or Sorbitol into the YEA agar. The cells were
initially grown O/N at 30°C in YEA broth until they
reached 0.5-1 x 107 cells/ml. They were then diluted to a
total of five serial dilutions, containing 5, 50, 5 x 102, 5 X
10%and 5 x 10* cells (8 pl each) and spotted onto YEA
agar media (plain or with KCI, CaCl; or Sorbitol). In case
of DNA damaging agents, hydroxyurea plates were
prepared and the cells were spotted onto agar plates
similar to the osmotic stress conditions, as explained
above. For UV damage, however, the cells were spotted
onto YEA plain media and exposed to different strengths
of UV light immediately. The growth was observed after
3-5 days incubation at 30°C.

DAPI and Calcofluor Staining

Schizosaccharomyces pombe cells were initially
grown O/N at 30°C in YEA broth until they reached
0.5x107 cells/ml. 1 ml of the cell culture was mixed with
gluteraldehyde (2.5% final concentration) and incubated
at 4°C for 30 min. After being centrifuged at 3000 rpm for
2 min at 4°C, the cells were re-suspended in 500 pl ice-
cold phosphate buffer saline (PBS). They were washed
with PBS three times and re-suspended in 20-30 pl ice-
cold PBS. 1ml of the sample was either mixed with 1 pl
of 100 pg/ml DAPI or calcofluor on the microscope slide
to be examined.

Results

The Role of caf5+ in Normal Growth Rate

To understand the significance of caf5* gene, deletion
mutants were formed and scanned in terms of a series of
cellular processes. caf5* deletion was performed as
explained in Béhler et al. (1998). In this procedure,
pFA6a-kanMX6 gene deletion cassette containing
kanamycin resistance gene was amplified by specific
primers (with complementary sequences to the immediate
upstream and downstream regions of caf5" gene). The
product was transformed into the wild type cells to replace
caf5* gene, which is driven by intrinsic homologous
recombination mechanisms (Fig. 1A). The mutants were
checked by antibiotic resistance for the presence of
deletion cassette in the genome and by colony PCR to
prove the correct genomic location (the forward and
reverse primers are shown as F and R, respectively in Fig.
1A). For caf5* deletion, the expected PCR product is 305
bp long. Six different colonies that could grow on YEA +
G418 were selected for colony PCR. The results showed
that the colonies gave positive results for the presence of
deletion cassette in the correct location of the genome
(Fig. 1B). The fifth colony was chosen for further
characterization analysis.

The first experiment was performed to check if caf5*
gene was involved in normal growth at the optimum
conditions. caf54 cells and wild type cells grown at
optimum conditions were compared in a time course
analysis, where the cell numbers were followed for a total
of 8 hours. Samples were collected at every 2 hours and
the cell numbers were count. There was no significant
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difference between the wild type and caf54 cellsatt=0
(p=0.434),t=2hr (p=0.294),t=4 hr (p = 0.364), t =
6 hr (p = 0.281) time points. However, at t = 8 hr, caf54
cells were significantly more than wild type cells (p =
0.043). Att =8 hr, cells approached saturation, so no more
time points were collected from this point on (Fig. 1C).
The results showed a slightly faster growth in caf54 cells,
which could only be observed in a time course experiment
but not on agar plates (Fig. 1C vs. Fig. 2A YEA plate).
This result indicates a small but significant role of caf5*
in cell division under optimum conditions, in the absence
of cellular stress. Mean =+ standard deviation for the wild
type cell numbers at different time points were 1.00 + 0.63
fort=0hr, 1.88 £ 0.85 fort=2 hr, 4.50 +2.14 fort =4
hr, 6.46 £ 1.47 for t=6 hr, 13.65 + 6.93 for t = 8 hr. Mean
+ standard deviation for the caf54 cell numbers at
different time points were 1.30 £ 0.57 fort=0 hr, 2.42 +
0.85fort=2hr,5.75+2.40 fort=4hr, 7.79 £2.46 for t
= 6 hr, 20.83 + 3.76 for t = 8 hr. The results showed
normal distribution for all the samples (the significant
values in Shapiro-Wilk test for the wild type and caf54
cells at different time points were as follows: wild type
(0.053 fort =0 hr, 0.062 for t = 2 hr, 0.368 for t = 4 hr,
0.258 for t = 6 hr, 0.356 for t = 8 hr); caf54 (0.228 for t =
0 hr, 0.382 fort =2 hr, 0.201 fort =4 hr, 0.579 for t = 6
hr, 0.437 for t = 8 hr).

The Effect of caf5+ Deletion in Cell Size

One very important aspect of life cycle in S. pombe is
the cell size. In normal growth, S. pombe cells are rod
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shaped and when they reach a critical size, they are
expected to divide. Any delay in the cell cycle results in
longer cell length and premature progression of cell
division is expected to result in shorter cell length. In
parallel with this, many cell cycle regulator gene
mutations were associated with abnormal cell size. The
most extreme examples are mutants of cdk regulators:
cdc25 and weel gene deletions in S. pombe are well
known to have elongated and shorter phenotype,
respectively. Therefore, the cell size in caf54 cells was
also checked to see any such cell size defect. The results
showed that caf54 cells were significantly shorter than the
wild type cells (p = 0.006) (Fig.. 1D). As discussed above,
this result is an indication of involvement of caf5* gene in
cell division control. Schizosaccharomyces pombe
spermine family transporter SPBC409.08 gene deletion
was previously identified to have a shorter cell size
(Giingdr & Ors Gevrekci 2016). Double mutants caf54
SPBC409.084 cells were formed and checked for the cell
size in the second part. However, no significant difference
was found between caf54 and caf54 SPBC409.084 in
terms of cell size (p = 0.160), so the phenotype was not
exacerbated in double mutation (Fig. 1D). Mean =+
standard deviation of cell sizes (in pm) were 13.39 £ 1.37
for the wild type cells, 12.00 = 1.65 for caf54, and 12.86
+ 2.13 for caf54 SPBC409.084. The results showed
normal distribution for all the samples (0.677 significance
in Shapiro-Wilk test for the wild type cells, 0.742 for
caf54, 0.873 for caf54 SPBC409.084).

1000bp
750bp
500bp

250bp

Cell SizeAnalysis

cell size (um)

wt caf5A caf>A
SPBC409.084

cell type

Fig. 1. Schematic representation of gene deletion (A), colony PCR (B), growth rate analysis (C) and cell size analysis of caf54 (D).
(A) A summary of gene deletion and consequent confirmation of deletion by colony PCR, including the forward (F) and reverse (R)
primer locations. (B) Both of the colonies (1-6) had the deletion cassette in the correct location of the genome, successfully replacing
the caf5* gene. The expected product size was 305 kb. The colony PCR result for wild type (wt) cells with intact caf5" is shown as a
negative control. (C) Time course experiment graph shows the cell numbers at different time points from t = 0 hr to t = 8 hr. The only
timepoint with a significant difference between wild type and caf54 is indicated with an asterix (t = 8 hr). (D) Cell size comparison of

wild type and caf34 cells. The bars represent standard error.
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The role of caf5+ in stress response

One of the most studied and best characterized
function of the polyamines is in stress response. At the
next step, we checked whether caf5* was involved in the
response against different environmental stressors. Wild
type and caf54 cells were exposed to different kinds of
environmental stress such as osmotic stress induced by
salts in the media, UV irradiation and hydroxyurea.
Hydroxyurea is known to inhibit ribonucleotide reductase
(RNR) enzyme and deplete dNTPs, which starves DNA
Polymerase for dNTPs. UV irradiation, on the other hand,

A

IM KCI.

caf54 -- - -

B
200J/m?

1000J/m?

induces pyrimidine dimers in the DNA. caf54 cells were
plated onto YEA agar plates with high amounts of KCI,
CaCl, and sorbitol, along with wild type cells to
understand any osmotic stress sensitivity. It is noteworthy
that different concentrations of KCI, CaCl, and sorbitol
were tried to see osmotic stress response, increasing
gradually starting from lower concentrations up until wild
type cells stoped growing. The highest concentrations that
allowed normal growth of wild type cells were shown in
Fig. 2A. The results showed that caf54 cells were not
different from wild type cells in osmotic stress sensitivity.

120mM CaCl» 2M Sorbitol

4mM HU

wt wt
caf54 cafs4

wt

Fig. 2. Environmental stress response of the caf34. Spots on the plates represent 10-fold serial dilutions starting with 5 x 10* cells, 5
x 103 cells, 5 x 107 cells, 50 cells and 5 cells, from left to right. (A) KCI, CaClz and sorbitol were applied as osmotic stress causers.
caf5A cells showed no sensitivity against osmotic stress. (B) caf5A and wild type cells were exposed to different strengths of UV
irradiation and hydroxyurea. caf34 cells had reduced viability upon 1000 J/m? UV irradiation but not against hydroxyurea.

Another group of environmental stress factor is DNA
damaging agents such as UV irradiation or hydroxyurea.
caf54 cells were exposed to direct UV irradiation and
plated onto YEA media to be incubated at the optimum
conditions. Similar to osmotic stress, different strengths
of UV irradiation was applied. It was shown that caf54
cells showed no UV irradiation sensitivity between 50-
500 J/m? (200 J/m? was shown as a representative in Fig.
2B). However, caf54 cells grew slightly slower at 1000
Jim? compared to the wild type cells (Fig. 2B). When
1000 J/m? UV light was applied, even the wild type cell
growth could be observed well on spot tests, so streak onto
plates was preferred to be able to place more cells on the
plate and hence for better observation. The next DNA
damaging agent checked was hydroxyurea. Exposure to
different concentrations of hydroxyurea revealed no
sensitivity of caf54 cells, they grew in a similar pattern
with wild type cells (Fig. 2B). The results altogether
indicate involvement of caf5* gene in stress response
specifically induced by UV, but not hydroxyurea, KCI,
CacCl, and sorbitol.

The Mitotic and Meiotic Progression in caf5A Cells

Previous research has shown that polyamines were
involved in cell cycle regulation and polyamine
biosynthesis and transporter gene mutations were
associated with defects in cell cycle progression, as
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explained in the introduction. In S. pombe, polyamine
deprivation was shown to cause disintegration of the
nucleus and absence of septum (Chattopadhyay et al.
2002).

wt caf54 wt caf54
wt caf54

Fig. 3. Cell morphology analysis of caf54. (A) Wild type and
caf54 cells were observed under the microscope after DAPI
staining to visualize the DNA. (B) Wild type and caf54 cells
were observed under the microscope after calcofluor staining to
visualize the septum. (C) Wild type and caf54 spores formed on
the SPA medium

In an attempt to see any cell cycle defects and
associated phenotypes, caf54 and wild type cells growing
at optimum conditions were fixated and stained with
DAPI and calcofluor to visualize DNA and septum
formation. No defective phenotypes in caf54 cells at
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different stages of the cell cycle were seen and the DNA
seemed to segregate well in cell division (Fig. 3A). In
addition, calcofluor staining showed proper septum
formation (Fig. 3B).

Meiotic division was also checked in caf54 cells by
observing spore formation. caf54 cells were incubated
with the cells of the opposite mating type on SPA
medium, upon which successful spore formation was
observed (Fig. 3C).

Discussion

It is now well established that polyamines are involved
in proper cell cycle progression in the cells. Consistent
with the role of polyamines in both of these processes,
polyamine biosynthesis enzyme ODC level is shown to
oscillate during the cell cycle in S. cerevisiae (Kay et al.
1980), and polyamine depletion from the environment
was shown to cause a number of cell cycle dependent
phenotypes in S. pombe as mentioned before
(Chattopadhyay et al. 2002). Cell cycle control is also
known to be interconnected with stress response
pathways. A very important checkpoint in the cell cycle is
at the G1 stage, at which cells monitor the extracellular
and intracellular environment for nutrients, growth
factors, DNA damage etc. In the presence of stressors,
cells are programmed to respond to these stress conditions
and regulate the initiation of cell division accordingly.
Similar to the cell cycle control, stress response is another
process that includes polyamine function (Gevrekci,
2017).

Since polyamines contribute to many different
functions in the cells including normal cell growth,
polyamine levels in the cells are well regulated by
redundant mechanisms such as de novo biosynthesis,
interconversion, cellular uptake and release as well as
degradation (Cohen 1998). Polyamine transporters are
transmembrane proteins that drive influx and efflux of
polyamines. They can be found in the plasma membrane
as well as organelle membranes. Schizosaccharomyces
pombe cells have a number of spermine and spermidine
transporter genes with high sequence similarity. They
share a major facilitator superfamily (MFS) domain in
their protein sequence. Among these genes, caf5* codes
for a spermine family transporter, which differs from the
other spermine and spermidine transporters by not having
a sugar transporter domain. This gene previously came up
in a scan that showed its overexpression caused resistance
to high doses of caffeine (Benko et al. 2004). In this study,
we aimed to better understand the significance of caf5* in
different cellular processes in S. pombe. Fission yeast S.
pombe is a haploid organism in its normal cell cycle
whose cell cycle defects can be easily observed. caf5*
deletion mutants were created and scanned for different
processes to reveal its involvement in normal growth, cell
cycle and stress response, which are the conserved
functions of polyamines in different organisms.

caf54 cells were very similar to wild type cells in
many aspects such as their normal growth at optimum
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conditions. The viability and growth rate was not reduced
in the absence of caf5", but a slightly faster growth could
be observed at 8 hr timepoint, just before saturation in
caf54 cell culture. This pattern of growth could be the
result of a slightly faster cell division in caf54 cells. To
better focus on the premature/faster cell cycle progression
phenotype, the next experiment was designed to compare
the cell size of caf54 and wild type cells. The cell size in
S. pombe is a good indicator of premature or delayed cell
division, as in the case of weeld and cdc254 cells. The
results showed that caf54 cells were shorter than the wild
type cells. When slightly faster growth rate and shorter
cell size phenotypes were considered together, it can be
interpreted that caf54 caused earlier cell cycle initiation
compared to wild type cells. This might be related to the
function of polyamines in stress response and their
potential to slow down the cell cycle initiation according
to the environmental stress (Kriiger et al. 2013, Gevrekci
2017).

Despite the potential effect of caf5* on cell cycle
progression, caf54 cells showed no extreme abnormal
phenotypes such as cut or nuc phenotypes or lack of
septum formation. cut and nuc phenotypes are mostly
induced upon anaphase defect in S. pombe that are seen in
APC/C conditional mutants (Hirano et al. 1986). It is also
noteworthy that in case of these phenotypes the cells could
not go any further in the cell cycle and the cells are not
viable. In case of caf54 cells, DAPI and calcofluor
staining not only ruled out this possibility but also helped
to visualize successful progression of different stages in
the total population. In addition to the mitotic division,
meiotic progression is also scanned by observing spore
formation. Schizosaccharomyces pombe cells, which are
haploid in normal life cycle, are known to arrest at G1
upon nutrient starvation, then mate with the opposite
mating type to form diploid cells and finally form spores
by meiotic division. Previous researches showed that a
very low number of gene mutations (1% of the S. pombe
genes) cause sporulation defects in S. pombe, unlike S.
cerevisiae (Ucisik-Akkaya et al. 2014). For instance, spo4
and spo6 were the two genes whose mutations caused
failure in the formation of four spores in sporulation
media (Nakamura et al. 2000, 2002). caf54 cells were also
checked for the presence of sporulation defect but they
could successfully form four spores in SPA sporulation
media, indicating proper meiosis.

Considering the significance of polyamines in
resistance to environmental stressors, polyamine
transporters are expected to contribute to stress response
at least indirectly. Wild type and caf54 cells were exposed
to different kinds of osmotic stress and DNA damaging
agents to understand if loss of caf5* causes any sensitivity
to stress. Osmotic stress was induced by KCI, CaCl; and
sorbitol and caf54 cells could grow as well as wild type
cells in the presence of osmotic stress. In case of DNA
damaging agents, hydroxyurea and UV irradiation was
used. The results showed that at high doses of UV
irradiation, the viability of the caf54 cells was reduced,
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but hydroxyurea did not cause a similar effect. The DNA
damage caused by the UV irradiation is by the formation
of dimers in the DNA, which halts the cell cycle at G1 or
G2/M transition. In case of hydroxyurea, however, dNTPs
are depleted, DNA replication slows down and cells
cannot pass through G2/M transition. The results indicate
the significance of caf5* particularly in the UV-induced
DNA damage response. The results of the stress response,
in combination with cell size and growth rate analysis,
might show the role of caf5* gene in the regulation of the
cell cycle regulation upon environmental stress. It can be
speculated that caf5* gene activity at G1 delays the
initiation of cell division to give cells enough time for
DNA repair and deletion of caf5* could to some extend
accelerate cell cycle. It is crucial to note that further
research is needed to understand the cell cycle dependent
activity of the transporters and their specific roles.

One of the biggest challenges of working with genes
involved in polyamine transport is the fact that polyamine
levels are kept under strict control by redundant
mechanisms. Thus, lack of one transporter is compensated
to some extent by other mechanisms. This is the reason
for that deletion of polyamine transporter genes are viable
at optimum conditions and might have weaker
phenotypes. We have previously observed that S. pombe
cells with mutations in spermine family transporter
SPBC409.08 only had a deviation in cell size with normal
cell growth (Giingdr & Ors Gevrekci 2016). A similar
result was observed for caf5*, which showed small but
consistent variation in cell size and cell growth. A
previous study also showed that spermine family
transporter SPBC36.01c was shorter in length compared
to the wild type cells, as observed in caf5*4 cells (Ors
Gevrekci 2017). When the present and previous studies
are considered together, another common phenotype
between spermine family transporters and caf5* turns out
to be the fact that both deletion mutants showed
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Abstract: In this study, we investigated the toxic effects of the captan fungicide by using morphological, physiological and
cytological parameters in bell pepper (Capsicum annuum L. var. grossum L. cv. Kandil) root tissue. The seeds of bell pepper
were germinated in Petri dishes including different concentrations (0, 25 uM, 50 uM, 100 uM, 150 uM) of captan fungicide
for 7 days. The germination rates and root lengths were significantly reduced in captan-treated seeds. All concentrations caused
a significant decrease in mitotic index and increase in different types of chromosomal abnormalities such as c-mitosis and
chromosome stickness in meristematic cells of bell pepper root. Captan treatment also induced oxidative stress by leading to
membrane damage with an increase in root electrolyte leakage in 7 days-old bell pepper root. Catalase, glutathione reductase
and total peroxidase activities increased under different concentrations as a response to oxidative stress. Our results showed
that captan fungicide had negative effects on germination and growth in bell pepper seed.

Key words: Chromosomal abnormality, antioxidant enzyme activity, pesticide toxicity.

Ozet: Bu calismada, dolmalik biberde (Capsicum annuum L. var. grossum L. cv. Kandil) kék dokusunda morfolojik, fizyolojik
ve sitolojik parametreler kullanarak captan fungisitinin toksik etkisi arastirildi. Dolmalik biber tohumlart 7 giin boyunca farkl
konsantrasyonlarda (0,25 uM, 50 uM, 100 uM, 150 uM) captan fungisit igeren petri kabinda ¢imlenmistir. Elde edilen sonuglar,
captanla muamele edilmis tohumlarda ¢imlenme oraninin ve kdk uzunlugunun diistiigiinii gostermistir. Ayrica, captan
fungisitinin tiim konsantrasyonlari, mitotik indekste 6nemli bir azalmaya ve biber kokiiniin meristematik hiicrelerinde c-mitoz
ve kromozom yapiskanlig1 gibi farkli tipte kromozomal anormalliklerin artmasina neden olmustur. Ayrica, captan muamelesi,
7 giinliik dolmalik biber kokiindeki kdk elektrolit sizintisinda bir artig ile membran hasarina yol agarak oksidatif stresi
tetiklemistir. Oksidatif stres ile basa ¢ikmak i¢in katalaz, glutatyon rediiktaz ve toplam peroksidaz aktivitelerinin dolmalik biber
koklerinde farkli captan fungisit konsantrasyonu altinda arttig1 belirlenmistir. Elde etti§imiz sonuglar captan fungisitinin

dolmalik biber tohumundaki ¢cimlenme ve biiylimeyi olumsuz yonde etkiledigini gostermistir.

Introduction

Pepper (Capsicum annum L.), a member of the
Solanaceae family, is cultivated in different parts of the
World and is an important vegetable with various fruit
types known as bell-shaped, charleston, conic and long-
green all which are consumed either as fresh, processed,
pickled or powder (Dagistan et al. 2015). According to the
production ratio, pepper is ranked the sixth among
commonly grown vegetables in Turkey (Aytop et al.
2014). However, yield and quality of pepper is decreased
by many diseases that cause great losses in its production
(Abou-Zeid et al. 2016). Many soilborne fungal root rot
and wilt pathogens such as Rhizoctonia solani Kiihn,
Macrophomina phaseolina (Tassi) Goid, Fusarium
oxysporum Schlecht. and F. solani (Mart.) Sacc. have
been reported to be widespread and attack pepper roots
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and stems causing severe losses in seed germination, plant
growth and yield (Gliney & Giildiir 2018).

Fungicides are used to protect agricultural products
against fungal infections in seed, root, shoot and leaves of
plants. Members of the dicarboximide from the oldest
groups of fungicides have been frequently used in these
treatments since 1949s (Thomson 1997). Captan is a
dicarboximide and phthalimide member non-systemic
fungicide. It is one of the most commonly used fungicides
in seed treatment and used to protect crops, vegetable and
fruit from fungal diseases caused by pathogens such as
Phytophthora infestans (Mont.) de Bary and Botrytis
cinerea Pers.

Excessive use of pesticides not only poses risk for sail,
water and air but also deleteriously affects non-target
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organism including humans, animals and plants (Parween
et al. 2016). Many studies showed that indiscriminate use
of pesticides results in undesirable consequences one of
which is induction of genetic damage on plant cells (Aktar
et al. 2009). The most important effect of pesticides is
their genotoxic, mutagenic or cytotoxic roles in non-target
organism (Cavusoglu et al. 2011; Verma & Srivastava
2018). The alkylating abilities of pesticides break DNA
and cause damages in DNA replication (Kaur et al. 2011).
Pesticides also lead to mitotic disorders such as abnormal
chromosomes, micronucleus formation, chromosomal
bridges and polyploidy (Igbal et al. 2019). Studies
revealed that pesticides caused a wide range of genotoxic
effects in Allium cepa L. (Tirkoglu 2012, Karaismailoglu
2017), Vicia faba L. (Singh et al. 2013) Helianthus
annuus L. (Karaismailoglu 2014) and Lycopersicon
esculentum Mill. (Akpmar 2014).

Pesticide toxicity can deleteriously affect various
metabolic processes by inhibition of germination,
retardation of growth, reduction in photosynthesis and
alteration of nitrogen/carbon metabolism (Dias 2012). At
cellular level, high pesticide concentrations induce
oxidative damage which result in accumulation of
reactive oxygen species, injury and increase ion leakage
of the cell membrane (Parween et al. 2012). Plants are
able to develope multiple complex enzymatic antioxidant
system including catalase (CAT), peroxidase (POX) and
glutathione reductase (GR) to protect themselves against
harmful effects of oxidative stress.

In the present study, we investigated the potential
genotoxic effect of the captan fungicide on bell pepper
Capsicum annuum L. var. grossum L. cv. Kandil by
determining mitotic index and chromosomal and mitotic
aberrations in root meristems. The toxic effects of captan
were also evaluated by considering the alterations in some
growth parameters (root length, germination rate and
protein content), root electrolyte leakage and antioxidant
enzyme activities.

Materials and Methods

Experimental Design

The test substance Captan (N-triklorometilmercapto-4-
siklohekzen-1)(IUPAC Name: CgHgCIsNO,S, CAS No:
133-06-2, molecular weight: 300, 59 g/mol, purity of 99,6 %)
was purchased from Pestanal (32054) (Steinheim, Germany)
and prepared by ultrapure water. 500 uM stock solution was
stored in the dark and under +4°C. The seeds of Capsicum
annuum (2n = 24) were purchased from a seed company
(Agrogen) operating in Tekirdag, Turkey. All chemicals
were obtained from Sigma Aldrich (St. Louis, MO).

The seeds were sterilized in 1% sodium hypochlorite
and imbibed in deionized water for 6 hours. The imbibed
seeds were kept on Petri dishes (9 cm diameter)
containing different concentrations (25 uM, 50 uM, 100
uM, 150 uM) of captan solutions for 7 days at 25°C under
dark conditions in an incubator. The seeds of the control
group were kept in deionized water.
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EC50 Determination

Bell pepper seeds were primarily treated with different
concentrations of captan ranging from 12.5 uM to 200 uM
for EC50 determination. Test concentrations which
caused 50% reduction in root length in comparison with
the control group were designated as EC50. EC50 values
for captan was 25 pM and 150 puM. After ECS50
determination, four different concentrations (25 puM, 50
puM, 100 pM, 150 puM) were selected for the test
applications. In the selection of the experimental
concentrations, the doses used by local farmers in
agricultural fields were considered.

Germination Rates and Root Growth

The number of germinating seeds and the root length
was determined at the end of the 7" days following
applications.

Mitotic Index and Assays

The root tips were randomly collected from each Petri
plate in triplicate for cytological studies. Primary roots
were fixed in freshly prepared Carnoy's solution (acetic-
ethanol: 1:3, v/v) in separate vials. Squash preparations
were made using 2% aceto-orcein. For each replicate,
about 1000 cells were examined in roots and analyzed
with respect to mitosis and chromosomal aberrations. For
each treatment, mitotic index was calculated as a
percentage by the ratio of dividing cell number to total cell
number. Chromosomal abnormalities were counted in
prophase, metaphase, anaphase and telophase stages and
expressed as a percentage of the total number of
abnormalities in the dividing cells.

Electrolyte Leakage

Electrolyte leakage from fine roots (REL) was
determined using the relative conductivity method of
Wilner (1955). Roots were washed three times with
deionized water to remove surface ions. Each root sample
was put into 28 mL glass bottles containing 16 mL
deionized water of a known conductivity. The sealed
bottles were left at room temperature for 24 h after
shaking. The conductivity of the solution in the bottle
which was shaken again was measured using a
conductivity  probe  with  in-built  temperature
compensation. After samples were autoclaved at 110°C
for 10 mins, it was cooled to room temperature and the
total conductivity was measured for each sample. The 24
h conductivity was expressed as a percentage (%).

Analysis of Antioxidant Enzyme Activities

Root samples were extracted in 0.05 mM potassium
phosphate buffer (pH: 7.8) containing 1 mM EDTA and 2%
PVPP (Polyvinylpyrrolidone). The homogenate was
centrifuged at 14.000xg for 30 min at +4°C, and the
obtained supernatant was used in determination of protein
and enzyme activity. All spectrophotometric analyses were
conducted on Epoch 2 Microplate Spectrophotometer
(United States). The soluble protein content was
determined by Bradford (1976) method using bovine serum
albumin as a standard. Total peroxidase activity was
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assayed by following the increase in absorbance by
oxidation of 3,3-diaminobenzidine tetrahydrochloride
(DAB) at 465 nm, according to the method of Herzog &
Fahimi (1973). Catalase (CAT, EC 1.11.1.6) activity was
analyzed by measuring the rate of decomposition of H,O;
at 240 nm, as described by Bergmeyer (1970). Glutathione
reductase (GR, EC 1.8.1.7) activity was measured by
following the change in 340 nm as oxidised glutathione
(GSSG)-dependent oxidation of NADPH, according to the
method of Foyer & Halliwell (1976).

Statistical Analysis

All experimental data were analyzed using the mean
+ standard deviation values of at least 5-10 replicates.
The data is suitable for normal distribution according to
Shapiro-Wilk test. The significance of differences
between the mean values were determined by a one-way
ANOVA followed by Tukey Post Hoc Test analysis. All
analyzes were performed on GraphPad Prism version 5.2
for Windows (GraphPadSoftware, San Diego, CA).

Results

The Effect of Captan Fungicide on Seed Germination
and Root Growth

The effect of captan fungicide on germination
percentage and root length were given in Table 1. 25, 100
and 150 pM concentrations caused approximately 32, 55
and 66 % reduction in seed germination, respectively. On
the other hand, 50 puM captan treatment significantly
increased germination rate when compared to the control.
The root length values significantly decreased by
approximately 40, 59, 72 and 74 % with 25, 50, 100 and
150 uM/L captan treatments, respectively. 150 uM/L
treatment caused the highest inhibition on germination
and root length in bell pepper (Table 1).

The Effect of Captan Fungicide on Genotoxicity

The genotoxic effects of the captan fungicide were
evaluated by the mitotic index and the percentage of
chromosomal abnormalities in root meristems. The results
of the mitotic index (%) and chromosome abnormality
under fungicide treatments were shown in Table 2. Mitotic
activity in root meristem cells gradually decreased with
increasing captan concentrations. The highest inhibition of
mitotic activity (38%) was observed in 150uM captan
treatment. The microscopic investigations revealed that
captan treatments induced various chromosomal

aberrations in mitosis phase in root meristem cells (Fig. 1).
The fungicide treatments reduced cell division frequency in
comparison with the control and the maximum inhibition
was determined in 150 uM treatment. The treatments also
significantly affected the anaphase among other phases.
The total abnormality frequency increased by 35, 35, 49
and 59% at 25, 50, 100 and 150 pM/L treatments,
respectively. The types of chromosome abnormalities were
indicated according to sticky chromosome, lagging
chromosome,  multipolarity,  fragment,  c-mitosis,
chromosome bridge and binucleated (Table 2). When
compared to the control, sticky chromosome and
multipolarity were commonly observed in dividing cells
following captan treatments (Table 2).

The Effect of Captan Fungicide on Membrane Damage

The root electrolyte leakage (REL) increased
significantly, when compared to the control, by 37, 57, 94,
105 and 111,08 % in 25, 50, 100 and 150 uM captan
treatments, respectively (Fig. 2).

The Effect of Captan Fungicide on Antioxidant
Enzyme Activities

Captan fungicide negatively affected protein content
in bell pepper root tissues. The increasing treatment
concentrations decreased protein content (Fig. 3) and the
reduction was significant for 100 and 150 pM/L
treatments. We investigated POX, CAT and GR activities
in roots treated with different fungicide concentrations
(Fig. 4). POX activity increased by 26, 29, 68 and 80% at
25, 50, 100 and 150 uM/L treatments, respectively. CAT
and GR activities significantly increased with only 150
uM/L treatment by 17 and 32%, respectively (Fig. 4).

Table 1. The effect of different concentrations of captan fungicide
on germination rate (%) and root length (cm) in bell pepper. Data
are means (£) standard deviations (SD). (¥) represent adjusted p
values (p<0.0001) for statistically significant differences from the
control as revealed by one-way ANOVA analysis followed by
Tukey Multiple Comparison Test.

Treatment Germination (%) Root Length (cm)

Control 15.66+0.54 1.62+0.34

25 nM/L 10.63*+0.55 0.98*+0.28

50 uM/L 58.1*+0.47 0.67*+0.11
100 pM/L 7.10%£0.51 0.46*+0.13
150 uM/L 5.33*+0.49 0.42%+0.12

Table 2. Mitotic index and the frequency of chromosome abnormalities in the root meristematic cells in bell pepper treated with
different concentrations of captan (S=Sticky chromosome; L=Lagging chromosome; M=Multipolarity; F=Fragment; C=C-mitosis;
B=Bridge; BN=Binucleated). Data are means (+) standard deviations (SD). (*) represent adjusted p values (p<0.0001) for statistically
significant differences from the control by one-way ANOVA analysis followed by Tukey Multiple Comparison Test.

_ . Dividing Abnormality
Concentration MI (%) Cell S L M F c B BN Total Abnormality

Frequency (%)

Control 12.55+0.74 127 2 - - - - - - 1.64 £1.17

25 uM 9.6% +1.09 107 20 - 9 1 4 - 3 34.58%+£2.21

50 uM 9.53*+1.62 102 14 6 12 1 - 2 1 35.29%+£3.12

100 pM 7.82*%+£0.97 81 19 2 5 2 3 1 8 49.38*+£2.42

150 uM 7.73*% £ 1.99 78 21 8 11 1 5 - 5 58.97* + 3.53
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Fig. 1. Some chromosomal abnormalities which were seen in the root meristem cells in bell pepper following captan treatments of
different concentrations. a-d) Stickiness; e-f) Multipolarity; g-h) Lagging Chromosomes; i) Bridge; j) C-mitosis; k) Fragmentation; I)

Binucleated cell.
80

*
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60 ey 2
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20

Control 25uM 50 uM 100 pM

Fig. 2. The effects of different concentrations of captan
fungicide on REL (%). Bars represent standard deviations (SD).
(*) represent adjusted p values (p<0.0001) for statistically
significant differences from the control as revealed by one-way
ANOVA analysis followed by Tukey Multiple Comparison
Test.

Discussion

Random, excessive and unconscious use of pesticides
have recently been an important pollutant for the
environment (Parween et al. 2016). The soil is the first
compartment affected by the pesticide toxicity, which in
turn leads plant root sytems to be directly or indirectly
influenced from pesticide related pollution. Thus, it is
important to understand effects of pesticides on root

Protein Content
(mg/ml)

0' e T
Control 25uyM 50 uM 100 pM 150 uM

Fig. 3. The effects of different concentrations of captan
fungicide on soluble protein content in bell pepper root. Bars
represent standard deviations (SD). (*) represent adjusted p
values (p<0.0001) for statistically significant differences from
the control as revealed by one-way ANOVA analysis followed
by Tukey Multiple Comparison Test.

systems in plant development. In the first step, pesticide
toxicity causes an inhibition on seed germination and
reduction on growth and development. In this study, we
showed that the captan fungicide negatively influenced
seed germination and root growth in bell pepper. This
finding revealed that the fungicide had a toxic effect for
bell pepper germination and root growth when used at
concentrations from 25 to 150 pM. The reduction in
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Fig. 4. The effects of different concentrations of captan
fungicide on POX, CAT and GR activities in bell pepper root.
Bars represent standard deviations (SD). (*) represent adjusted
p values for statistically significant differences from the control
as determined by one-way analysis of ANOVA followed by
Tukey Multiple Comparison Test. POX activity (*): p< 0.001,
CAT activity (*): p< 0.01, GR activity (*): p<0.006.

germination may be explained by inhibition of important
enzymes like amylase and protease, inhibition of
imbibition of water and inhibition of mobilization of sugar
(Gange et al. 1992). You & Barker (1997) showed that
root fresh weight of tomato plants were decreased by 47%
after 6 days of glufosinate herbicide treatment.
Karaismailoglu & Inceer (2017) determined that the
insecticide deltamethrin decreased root growth in
sunflowers (Helianthus annuus). Another study revealed
that increasing concentration of tricyclazole and
thiabendazole fungicides caused inhibition of germination

Trakya Univ J Nat Sci, 20(2): 97-103, 2019

in the tropical crop plant Trigonella foenum - graecum L
(Mahapatra et al. 2019).

Mitotic index is commonly known as an indicator for
determination of cytogenetic damage under stressful
conditions. In this study, different concentration (25, 50,
100 and 150 pM) of captan fungicide significantly
reduced the mitotic index in the root meristem of bell
pepper as compared to their controls (Table 2). Pesticides
may cause to inactivation of the cell cycle specific
proteins and inhibition of DNA synthesis enzymes such
as DNA polymerase and hindering in the G2-phase of the
cell cycle, preventing the cell from entering mitosis
(Mahapatra et al. 2019). Singh et al. (2013) determined
that mitotic index and induction of chromosomal
abnormalities increased under application of different
concentration  of alphamethrin  and  endosulfan
insecticides in the meristematic cells of V. faba roots. Gill
& Shaukat (2000) observed that mitotic index reduced by
application of 5, 10, 20 and 40 ppm captan fungicide in
meristematic cells of A. cepa.

Agrochemical toxicity directly leads to genotoxicity in
many plant species. In recent studies, A. cepa and V. faba
have commonly been used for indicating the genotoxic
effect of pesticide usage. These studies showed a decrease
in mitotic index and an increase in chromosomal
abnormalities (Bonciu et al. 2018). The structural changes
in the chromosomes are explained by alteration in the
organization of histone and other proteins. These negative
effect of protein organization cause changes on structure
and adhesiveness of nuclear chromatin (Kurds 2004).
Besides, stickiness can be formed by reaction of
pesticides with DNA or proteins (Aksoy & Deveci 2012).
Our result indicated that the captan fungicide had a
harmful effect on chromosome structure by enhancement
of sticky and multipolarity in meristematic cells of bell
pepper root. The stickiness of chromosomes may cause
incomplete separation of sister chromosomes as a result
of cross-linkage chromoproteins (Aksoy & Deveci 2012).
Gill & Shaukat (2000) indicated that captan fungicide led
to chromosomal aberrations including chromosome
stickiness, anaphasic bridges, and distribution of prophase
in A. cepa cells. Aksoy & Deveci (2012) reported that
Pomarsol Forte WP 80 fungicide triggered an increase of
chromosomal abnormalities in soybean (Glycine max L.).

Excessive use of pesticides has triggered the induction
of oxidative stress due to the production of reactive
oxygen species (ROS) in many plant species
(Yiizbasioglu & Dalyan 2019). ROS accumulation
damage cell membrane structure via changing the
composition of the lipid bilayer and its result in leakage
of potassium so electrolyte leakage is associated with
membrane damage and potassium efflux in the cells
(Demidchik et al. 2014). The present study revealed that
different concentrations of captan induced oxidative stress
by enhanced REL in bell pepper root. Similarly, different
concentrations of monocrotophos insecticide causedan
increase in electrolyte leakage in Azolla microphylla
Kaulfuss (Raja et al. 2012).
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Plants can response to oxidative stress via induction of
antioxidant enzyme systems including POX, CAT and
GR. These enzymes play a role for scavenging of the
member of highly toxic ROS such as H.O, and superoxide
radical (Yiizbasioglu et al. 2017). Our result showed that
CAT, POX and GR were induced in 150 pM/L captan-
treated root of bell pepper. In addition, all concentrations
of captan enhanced the activity of POX enzyme in bell
pepper root. POX enzyme is highly sensitive to pesticide
application in plants because it plays a role in response to
pesticides by detoxifying the pesticides and eliminating
H,O, in plants (Yiizbasioglu & Dalyan 2019). Our
previous study determined that thiram fungicide treatment
caused oxidative stress. Further, it increased the
antioxidant enzyme activities including CAT, POX and
GR in tomato seedlings (Yiizbasioglu & Dalyan 2019).
Another study has indicated that mancozeb and
chlorpyrifos increased CAT and POD activities in A. cepa
seedling in a time and concentration-dependent manner
(Fatma et al. 2018).
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Abstract: In this study, morphological and anatomical features of two morphologically similar species (Iris peshmeniana
Giiner & T. Hall. and Iris aucheri (Baker) Sealy) within the Scorpiris Spach subgenus (Juno iris) of the genus Iris L. were
determined and similarities and differences between the two species were discussed. Iris peshmeniana is endemic to Turkey
and its spreading area is protected because of exctinction threat. Iris aucheri is not endemic to Turkey and it has a limited
distribution in the country. The cross-sections from root, scape and leaves and surface-sections from leaves of species were
taken. Anatomical and morphological evaluations of the collected and obtained samples revealed differences in plant size, leaf
number, width and length, periant tube length, fall length, standard structure, capsule length and width, bract and bracteole
structure, length of style branches and testa structure of seeds and in the number of exoderma and cortex layers, margin structure
of cortex paranchyma cells, structure of the root center cylinder, xylem strand number, status micropapillae in lower epiderma,
layer number of palisade and spongy parenchyma and status of sclerenchyma cap. Although there were some differences in
morphological and anatomical features, based on similar anatomical and morphological features revealed in the present study,
it has been suggested that 1. peshmeniana may be a subspecies of I. aucheri.

Key words: Scorpiris taxa, morphology, anatomy.

Ozet: Bu calismada, Iris L. cinsinin Scorpiris Spach altcinsinde (Juno iris) morfolojik olarak benzer iki tiiriin (Iris peshmeniana
Giiner & T. Hall. ve Iris aucheri (Baker) Sealy) morfolojik ve anatomik 6zellikleri belirlendi ve iki tiir arasindaki benzerlikler
ve farkliliklar tartisildi. Iris peshmeniana Tiirkiye’ye endemiktir ve tiikkenme tehlikesi altinda oldugundan onun yayilis alani
koruma altindadir. Iris aucheri Tirkiye’ye endemik degildir ve iilkede sinirl bir yayilisa sahiptir. Tirlerin kok, skap ve
yapraklarindan enine kesitler, yapraklardan yiizeysel kesitler alindi. Toplanan ve elde edilen 6rneklerin anatomik ve morfolojik
degerlendirmeleri, bitki boyu, yaprak sayisi, eni ve boyu, periant tiip boyu, dis tepal boyu, i¢ tepal yapisi, kapsiil boyu ve eni,
brakte ve brakteol boyu, stilus par¢alarinin boyu ve tohumlarin testa yapisi ve eksoderma ve korteks tabakalarinin sayisi,
korteks parankima hiicrelerinin kenar yapisi, kok merkezi silindirin yapist, ksilem kol sayisi, alt epidermadaki mikropapillalarin
durumu, palizat ve slinger parankimanin tabaka sayist ve sklerenkima kiimesinin durumundaki farkliliklarla ortaya ¢ikarildi.
Morfolojik ve anatomik 6zelliklerdeki bazi farkliliklara ragmen, bu ¢alismada ortaya konan benzer morfolojik ve anatomik

ozelliklere dayanarak . peshmeniana’nin I. aucheri’nin alttiirii olabilecegi one siiriilmiistiir.

Introduction

The genus Iris L. is a different and crowded group of
Iridaceae family in Turkey (Mathew 1984). Some species of
the genus are used as ornamental plant because of their
showy and fragrant flowers and some species which have
various secondary metabolities in some organs, especially in
rhizomes and bulbs, are used to treat many diseases (Baytop
1999, Fang et al. 2008, Sabrin et al. 2012, Kukula-Koch et
al. 2015). Therefore, representatives of the genus are among
significant geophytes both inTurkey and over the world.

The two taxa, I. peshmeniana Giiner & T. Hall and |.
aucheri (Baker) Sealy studied in the present study are placed
in the subgenus Scorpiris Spach (Juno irises) of the genus.
Scorpiris is represented in Turkey with 10 naturally growing
taxa of which 5 are endemic to the country (Giiner 2012).
The subgenus is a different subgenus among other subgenera
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of Iris with its rootstock, bulbs, fleshy persistent roots, floral
morphology, falcate leaves, bifacial leaf anatomy, reduced
standards, well developed falls, polen morphology, and arils
on the seeds (Rudall & Mathew 1993, Mathew 2001,
Kandemir & Yakupoglu 2016). The distributions of most
Scorpiris members in Turkey are rather limited due to
various reasons (ecological factors, fires, road and dam
construction, human pressures, grazing, expansion of
agriculture areas). For instance, 1. aucheri is distributed only
in the vicinity of Gaziantep and Diyarbakir. It is an
endangered species because of dense dam and road
constructions in this region and therefore needs an urgent
protection. Iris peshmeniana, on the other hand, is distributed
only around Malatya-Saksak Mountains. Although 1.
peshmeniana is morphologically very similar to 1. aucheri,
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former differs from the latter with its creamy yellow flowers
and less leaves. Iris aucheri has whitish to dark blue flowers
and many leaves. Iris peshmeniana was first collected from
Kubbe Passage of Saksak Mountains and published as a new
species in List of Turkey Plants (Vascular Plants) in 2012
(Gliner 2012). Although there are irregular grazing and road
widening activites in distributional area of I. peshmeniana, it
has very strong growth potential. Even so, its distribution
area is protected for future destruction. Since it has showy
and nice flowers, it can potentially be used as an ornamental
plant in future. As Iris aucheri has large bulbs and powerful
plant structure, high young bulb growing ability, grows and
reproduces fast in dry and wet areas and has beautiful
colourful flowers and to be used in winter and in rock
gardens and balconies (Usta 2002, Giiner 2012).

The purpose of this study is to determine the similar and
different morphological and anatomical features of the two
species and to solve problems about them.

Materials and Methods

Iris aucheri was collected in April 2014 from natural
populations in Sanlwurfa (Karaca Mountain) and
Gaziantep (Sof Mountain) provinces at an altitude of
1100-1200 m. asl. Iris peshmeniana was obtained from
Nezahat Gokyigit Botanical Garden and was collected
from Malatya-Potiirge, Kubbe Passage of Saksak
Mountains at 1855 m. asl. The localities where the
specimens were collected are shown in Fig. 1.
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Fig. 1. Map of the region where the plant samples are collected
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Taxonomic description of the taxa were made
according to Mathew (1984) and Gtiner (2012). Fresh plant
samples were fixed in 70 % ethyl alcohol solution and
anatomical investigations were carried out using these
samples. The cross sections of root, scape and leaves and
surface section of leaves were taken and photographed by
research microscope (Leica ICC50 HD). The sartur reagent
was used for the cross and surface-sections of above and
below-ground parts (Celebioglu & Baytop 1949).
Anatomical and morphological measurements were made
with a micrometric ocular and a ruler, respectively. The
features considered for anatomical measurements are given
in Table 1. Mean epidermal and stoma cells numbers per 1
mm? of surface section were determined (Table 2). Cell
counts were obtained by using a research microscope. The
stomata index was calculated according to the descriptions
of Mesdner & Mansfield (1968).

N. Kandemir

Table 1. Anatomical features of studied Iris species (all

dimensions are in um).

Anatomical features l. aucheri l. peshmeniana
Root
Width of epidermal cells 20-22 18-22
Layer numb_er of 3.5 2.4
exodermis
Layer number of cortex 18-22 13-15
Diameter of cortex cells 60-85 65-85
Margin structure of apparent .
cortex parenchyma cells undulated LI M e
Diameter of endoderma 20-25 22-26
Tracheae number of pith 1 3
region
Xylem strand number 8-10 9-11
Trachea diameter 50-60 50-70
Dark contents present present
Scape
Diameter of epidermal 20-22 22-26
cells
SIS O (TN scattered scattered
bundles
Leaf
Diameter of upper
epidermal cells i G
Side wall structure of
upper and lower straight straight
epidermal cells
Cuticle thickness 9-13 10-15
Length of parenchyma 30-37 27.31
cells
::/Z;:jsth of parenchyma 2531 23-26
Tracheae diameter 16-18 14-15
Dl_ameter of lower 30-36 30-34
epidermal cells
Micropapillae light dense
Keels not apparent DATEIEL
apparent
Structure and layer bifacial, 7-8 bifacial, 7

number of mesophyll

Table 2. Stomata measurements and stomata index for the
studied Iris species. The lower surfaces of the leaves were
considered for both species.
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Results

The results of anatomical and morphological
measurements and the obtained measurement and index
data related to stomata are given in Tables 1-3.

Morphological features

Iris aucheri

Plant 15-40 cm in length; bulb 2.5-3.5 cm in
diameter, covered with papery tunics; storage roots
fleshy; stem concealed by leaves at anthesis; leaves 5-12
well developed at anthesis, 25 x 2.4-4.3 cm, lanceolate,
usually falcate, canaliculate, glabrous or minutely
papillose, glossy green above, upper shorter and bract-
like and pale at base (Fig. 2A); bract and bracteole long-
acuminate, 5.1-6.3 x 1.6-2.4 cm and 5.8-6.3 x 1.5-2.5
cm, respectively; perianth tube 5-6.6 cm in length;
flowers 3-6 deep blue to nearly white; falls 4-5.5 cm in
length; claw winged, 2.5-3.5 x 2-2.4 cm, lamina
orbicular or eliptic, with band of yellow hair along side
of middle line, 1.5-2 x 1.4-2.3 cm undulate; crest
prominent, erose-crenulate, yellow or cream, 2.3-2.5
mm; standards patent to deflexed, obovate, 2.1-3.4 x
0.5-1.3 cm; filament 1.2-1.6 cm in length; anther 1.0-1.2
cm in length; style branches 3.5-5 cm in length, pale
blue; ovary narrow, 10-12 x 2-4 mm; capsule narrowly
cylindrical, 6-7 x 1.2-1.4 cm, without beak; seeds 3 mm,
rugose, dark brown.

Iris peshmeniana

Plant 9-16 cm in length; bulb 2.2-3.6 cm in diameter,
long ovoid, tunic papery and dark brown; storage roots
fleshy; stem hidden by leaves, unbranched, with 1-4
flowers (Fig. 2B); leaves 5-8, strongly falcate,
canaliculate, linear lanceolate, lowermost leaves 7.5-15
x1.7-3.7 cm, slightly undulate, regulary veined, pale
green, glossy green above, margins white and smooth;
bract and bracteoles equal, lower straw coloured and
rounded, upper green and carinate; bracts 5.3-6.1 x 1.8-
2.6 cm, lanceolate scabridulous at margin and very
narrow transparent stripe; bracteole 5.7-6.5 x 1.7-2.3
cm, lanceolate, acuminate in flower; perianth tube 1.8-4
cm in length; flowers yellow with a yellow central patch
and crest on falls; falls 4.3-46 x 23-2.8 cm,
panduriform, creamy yellow with a large yellow patch;
claw 2.7-3 x 2.3-2.8, winged with a 3 mm wide band of
yellow hair; blade 1.5 x 1.8-2.2 cm, oblong, narrower
than claw; crest 2.4 mm, crinkly and yellow; standards
reflexed, 2.3-3.1 x 1.1-1.5 cm, spathulate to obovate,
creamy yellow, rarely with a yellow line; filaments 1.5-
1.8 cm in length; anthers 1.2-1.3 c¢cm in length; style
branches 4.1-45 x 1-1.6 cm, creamy yellow with a
central yellow line; crests vertical to ascending, outer
margins irregularly crenate; stigma bilobed, 0.3 x 0.6
cm; ovary 10-13 x 3-4 mm; capsule oblong triangular
with rounded margins, 2.5-3.5 x 0.8 cm without beak,
30-42 with seed; seeds pear shaped, acute, dark brown,
0.3 x 0.2 cm, slightly rugose.
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The root anatomical features

Iris aucheri

Epiderma is made of a single layer of small and
rectangular shaped cells. Exoderma is 3-5 layered and
large celled. Cortex parenchyma is multilayered (18-22
layered). Parenchyma cells are large, oval shaped and
have dense dark contents. Margins of parenchyma cells
are apparently undulated. Endoderma and pericycle are
single layered and parenchymatic. The thickness in
endodermal cells are three sided and oriented to
pericycle. There is no thickness towards cortex. Xylem
has 8-10 strands and phloem elements are obvious. In the
pith region, there is one large trachea (Fig. 3A).

Iris peshmeniana

Epiderma is made of a single layer of large and
rectangular shaped cells. Exoderma is 2-4 layered. Cortex
is multilayered (13-15 layered) and parenchymatic.
Parenchyma cells are large and oval or hexagonal shaped
and have dense dark contents. Margins of parenchyma
cells are lightly undulated. Endoderma is single layered
and parenchymatic. The thickness in endoderma are three
sided and oriented to pericycle. Pericycle is single
layered, oval shaped and parenchymatic. Phloem is
obvious, xylem has 9-11strands. There are metaxylem
elements in the center of the root (Fig. 3B). The pith area
is absent in the root. There are three large trachea in the
pith.

The scape anatomical features

Iris aucheri

The cuticle is thick in the cross-section of scape.
Epiderma is made of a single layer of small and square
shaped cells. Papillae and micropapillae are seen on
epiderma and cuticle, respectively. Cortex is composed of
oval or circular shaped and large parenchyma cells (Fig.
4A). There are dense druses and rafita crystals and rare
dark contents in the cortex parenchyma cells (Fig. 5A).
Large and small vascular bundles are scattered. Xylem
elements are in half-moon form. The vascular bundles in
the pith are large, vascular bundles in the outer layers are
small. The pith parenchyma cells are larger than the cortex
parenchyma cells.

Iris peshmeniana

In the outer surface of the scape, there is a thick
cuticle. Epiderma is made of a single layer of square
shaped cells and with papillae. Cortex contains oval or
circular shaped and large parenchyma cells. The
sclerenchymatic cylinder in the cortex is not present.
Vascular bundles are scattered in the cortex and central
cylinder (Fig. 4B). The xylem and phloem elements are
apparent in the vascular bundles. Xylem elements are in
half-moon form. Bundle sheath is not obvious around
vascular bundles. In the cortex parenchyma, there are rare
dark contents, dense rafita and druses crystals (Fig. 5B).
The pith consists of large, thin walled parenchyma cells
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Fig. 2. General appearance of herbarium samples of Iris aucheri (A) and Iris peshmeniana (B). r: root, b: bulb, s: scape, I: leaf, f: flower.

3 F UK S |
Fig. 3. Root cross sections of Iris aucheri (A) and Iris peshmeniana (B). e: epiderma, ex: exoderma, pr: parenchyma, en: endoderma,
mx: metaxylem, ph: phloem, dc: dark content.
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dc: dark content.

Fig. 5. Crystals in scape cross sections of Iris aucheri (A) and Iris peshmeniana (B). pr: parenchyma, d: druse crystals, r. rafita crystals,
dc: dark content.

The leaf anatomical features

Iris aucheri

Leaf is in bifacial type (Fig. 6A). Upper epidermal
cells are rectangular shaped, very large, single layered and
have papillae. Cuticle layer is thick and it has
micropapillae. Lower epidermal cells are rectangular
shaped, small and have papillae. The upper epidema
without stomata. Stomata are dense and large in lower
epiderma (Fig. 7A). In the upper epiderma, there are dense
crystal granules, rare hexagonal crystals and bulliform
cells (Fig. 8A). Mesophyll is 7-8 layered with rare
styloids. The palisade-like parenchyma is 3-5 layered in
the upper epiderma. These cells are large and with dense
chloroplast. The spongy-like parenchyma is 2-3 layered,
oval shaped and with less chloroplast. Rare styloids are

Trakya Univ J Nat Sci, 20(2): 105-113, 2019

observed in the mesophyll cells. Vascular bundles are
typically in a single row. Sclerenchyma cap is rarely seen
at the phloem poles of vascular bundles, leaf margin and
the keels in the lower epiderma. Keels are light round
shaped and are not apparent. There are subadjacent
marginal epiderma in large vascular bundles. At xylem
pole of vascular bundles, sclerenchyma cap is not seen.
There are oval shaped, large parenchyma cells lacking
chloroplast at the xylem pole of vascular bundles.

Iris peshmeniana

Leaf is in bifacial type. Upper and lower epiderma are
single layered, upper epiderma is with large square shaped
cell and lower epiderma is small rectangular shaped cells.
Papillae are seen on the upper and lower epiderma.
Cuticle with micropapillae is thick. Dense micropapillae
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present in lower epiderma (Fig. 6B). Stomata are not seen
in the upper epidema. Stomata are large and frequent in
the lower epiderma (Fig. 7B). There are more dense
crystal granules, rare hexagonal crystals and bulliform
cells in upper epiderma (Fig. 8B). Crystal granules in
lower epiderma are rare. Bifacial mesophyll is 7 layered,
the palisade-like parenchyma cells with dense chloroplast
are 1-3 layered. The spongy-like parenchyma cells, which
are large, oval shaped and with rare chloroplast, are 3-4
layered. There are rare styloids in the mesophyll.

A

N. Kandemir

Sclerenchyma cap is found at the xylem pole of vascular
bundles, leaf margin and the keels in lower epiderma.
Keels are round shaped and extremely apparent.
Mesophyll cells present between sclerenchyma cap and
phloem of vascular bundles. Sclerenchma cap is almost
adjacent to lower epiderma. In the mesophyll cells, rare
styloids are found. At phloem pole of vascular bundles,
sclerenchyma cap is not obtained. The subadjacent
marginal epiderma is in large vascular bundles.

ol
¥ ¥

Fig. 6. Cross sections of leaves of Iris aucheri (A) and Iris peshmeniana (B). cu: cuticle, ue: upper epiderma, le: lower epiderma, m:
mesophyll, vb: vascular bundle, p: papillae, mp: micropapillae, sk: sclerenchyma.

Fig. 7. Surface sections of leaves of Iris aucheri (A) and Iris peshmeniana (B). ec: epidermal cell, sc: stomata cell.
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Fig. 8. Crystals in leaf cross sections of upper epiderma of Iris aucheri (A) and Iris peshmeniana (B). e: epiderma, cr: crystal granules.

Discussion

In this study, morphological and anatomical features
of two endangered species of the subgenus Scorpiris in
Turkey, Iris aucheri and . peshmeniana were compared.
The distinguishing anatomical features of taxonomic
value were determined and given in Tables 1-2.Variations
were seen in flower colours of the studied species and
according to these variations, these taxa were reported as
different species (Gliner 2012). Variations were also
found in some other flower features of other Scorpiris taxa
in Turkey and the world (Mathew 2001, Guo 2015,
Kandemir & Yakupoglu 2016). The evolutionary
significance of these different features in flower
characters is been known yet. Moreover, the pollination
biology of Scorpiris is little known. Due to the above
situations, taxonomic problems of taxa placed within
Scorpiris are still waiting to be solved. The present results
showed that differences were also present between the
studied species in plant size, leaf number, width and
length, periant tube, fall length, standard structure,
capsule length and width, bract and bracteole structure,
length of style branches and testa structure of seeds. These
differences may be an outcome of the effects of the
differing distributions of the species. On the other hand, if
there are also intraspecific differences in morphological
features of the samples collected in different localities, it
reveales that ecological conditions affect morphological
features of the plants.

The problems in taxonomy of Scorpiris group are
caused by changes in flower colours, shape and size of
perigon segments of this subgenus species (Boltenkov
2016). Scorpiris is also a very different group within the
genus Iris with its members having fleshy storage roots,
different bulbs, well developed falls, reduced standards,
petaloid style branches, different testa structure and
bifacial leaf anatomy (Rudall & Mathew 1993, Mathew
2001, D6nmez & Pinar 2001, Hall et al. 2001, Kandemir
&Yakupoglu 2016). Despite these differences, this
subgenus was not considered as separate genus by Tillie
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et al. (2000) who evaluated Scorpiris as a monophyletic
group. On the contrary, Crespo et al. (2015) evaluated the
Juno irises as a separate genus, according to recent
taxonomic studies. On the other hand, there have been a
lot of phylogenetic studies on Iris genus. However, data
in phylogenetic studies are not enough to solve the
relationships and problems in subgenera of the genus
(Makarevitch et al. 2003, Wilson 2009, 2011, Guo &
Wilson 2013).

In the anatomical study, differences were obtained in
the number of exoderma and cortex layers, margin
structure of cortex paranchyma cells and the root center
cylinder. In the roots of I. peshmeniana, xylem strands,
number of exoderma and cortex layers, margin structure
of cortex paranchyma cells were 9-11, 2-4, 13-15 and light
undulated, respectively. Xylem strands, number of
exsoderma and cortex layers, margin structure of cortex
paranchyma cells were 8-10, 3-5, 18-22 and apparent
undulated in the root of I. aucheri, respectively. In the root
pith region of I. peshmeniana, there is three large trachea.
However, in the root pith region of I. aucheri, one large
trachea is seen. The above mentioned root anatomical
features may be used as distinguishing characters between
the two taxa. The similar situation was found in the roots
of some other Iris taxa by researchers (Nicolic & Mitic
1991, Mitic et al. 2000, Gontova & Zatylnikova 2013,
Kandemir & Yakupoglu 2016, Kandemir & Celik 2017).
No significant distinguishing features were found in the
scape of the studied species. Meaning that, the two species
are very similar to each other in terms of scape anatomical
features.

Although the leaves of the studied species have
bifacial type from anatomical point of view, some
differences and simililarities were seen between the two
species. The upper and lower epidermal cells of I. aucheri
are larger than I. peshmeniana. In I. aucheri, the upper and
lower epidermal cells are rectangular or square and
rectangular shaped, respectively. However, the upper and
lower epidermal cells of I. peshmeniana are square and
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rectangular shaped, respectively. Micropapillae and
papillae on cuticle and the upper epiderma of the two
species are rare. In lower epiderma of I. peshmeniana,
micropapillae are more conspicuous and denser than I.
aucheri. Also, cuticle layer on both epiderma of I. aucheri
is thinner than I. peshmeniana. The cuticles on both
epiderma layers of 1. peshmeniana are too thick. In the
upper epiderma of I. aucheri and I. peshmeniana, dense
crystal granules, rare hexagonal crystals and bulliform
cells were found. However, dense crystal granules,
hexagonal crystals and bulliform cells were not found in
the lower epiderma of two species. Also, stomata were not
seen in the upper epidermis, while stomata were seen
dense and large in the lower epidermis of the two species.
Stomata of I. peshmeniana are larger and rarer than I.
aucheri. Mesophyll is 7-8 layered in I. aucheri and 7
layered in I. peshmeniana. The palisade and spongy-like
parenchymatous cells are 3-5 and 2-3 layered in I.
aucheri, respectively. But, the palisade and spongy-like
parenchymatous cells are 3-4 and 2-4 layered in I.
peshmeniana, respectively. In 1. peshmeniana,
sclerenchyma cap in the large vascular bundles is at the
xylem poles of vascular bundles, leaf margin and the keels
in the lower epidermis. Keels are round shaped and
extremely apparent. There are mesophyll cells between
sclerenchyma cap and phloem of vascular bundles.
Sclerenchyma cap in large vascular bundles of 1. aucheri
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is rare at the phloem poles of vascular bundles, leaf
margin and the keels in the lower epiderma. Rudall (1991)
in  Tigridieae  species, Kandemir (2015) in
Hermodactyloides species, Kandemir & Celik (2017) in
three Iris species, Kandemir et al. (2019) in some
Scorpiris species reported sclerenchyma cap at the
phloem poles in leaf anatomy. Keels in lower epiderma
are light round shaped and are not apparent and they are
not quite frequent. The subadjacent marginal epidermis is
seen in large vascular bundles of both taxa. The similar
phenomenon was seen in leaf anatomy of Tigridieae and
Scorpiris taxa (Rudall 1991, Celep 2011, Kandemir
&Yakupoglu 2016, Kandemir et al. 2019). Rare styloids
are obtained in the mesophyll cells of the studied species.
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Abstract: Deutonymph of Stigmaeus kumalariensis Akyol & Kog (Acari: Stigmaeidae) is herein described and illustrated
based on specimens collected from litter and soil from Eksisu marsh, Erzincan (Turkey). This is the first record of deutonymphal
stage of S. kumalariensis. In addition, variations in the number of aggenital setae and structure of the median zonal shields in

some adult specimens of the species are reported.

Key words: Eksisu, immature, mite, Stigmaeus, variation, Turkey.

Ozet: Stigmaeus kumalariensis Akyol & Kog¢ (Acari: Stigmaeidae)’in deutonimf evresi, Erzincan’in Eksisu sazligindan
toplanan dokiintii ve toprak ornekleri igindeki bireyler iizerinden tanimlandi ve sekilleri ¢izildi. Bu, S. kumalariensis’in
deutonimf evresinin ilk kaydidir. Buna ilaveten, tiiriin baz1 ergin bireylerinde gozlenen, median zonal plagin yapist ve aggenital

killarin sayisindaki varyasyonlara da deginildi.

Introduction

Stigmaeidae is one of the most diverse mite families
in Raphignathoidea with 33 genera one of which is
Stigmaeus Koch (Fan et al. 2019, Khaustov 2019). The
genus Stigmaeus is a large group with 147 described
species (Fan et al. 2016, Bingiil et al. 2017a, Khaustov et
al. 2017, Dogan 2019a,b) of which 46 species have been
recorded so far from Turkey (Erman et al. 2007, Dogan
2007, 2019a,b, Dogan et al. 2015a, 2016, 2017,
Dilkaraoglu et al. 2016a, Bingiil et al. 2017a, Akyol 2019)
and 24 of these species, including Stigmaeus
kumalariensis Akyol & Kog, are known only from Turkey
(Dogan & Ayyildiz 2003, Kog 2005, Akyol & Kog 2007,
Dénel & Dogan 2011, Ozgelik & Dogan 2011, Déonel et
al. 2012, Dogan et al. 2015a, 2017, Ulugay 2015a-c,
Bingiil et al. 2017a, Dogan 2019a,b).

It is important to know morphological features of
immature stages of mites as in many organisms for
understanding history of developmental morphology.
Most mite species are known only with adults, although
immature instars show a diversity of characters and
possess remarkable features potentially useful for
understanding mite taxonomy, phylogeny and biology
(Zhang 2018), making descriptions of immature stages
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important to know morphological diversity in all life
stages. There are five different life stages - egg, larva,
protonymph, deutonymph and adult - in members of
Stigmaeidae (Fan & Zhang 2005, Fan & Flechtmann
2015). Recently, Dogan et al. (2019) reported presence
of the third nymphal stage in Stigmaeidae. The
deutonymphal stage can be distinguished from adults by
absence of genital setae and fewer setae on some leg
segments. Stigmaeus kumalariensis has been known so
far with only females and males and no data have been
published on its immature stages. In the present study,
the deutonymphal stage of S. kumalariensis specimens
collected from litter and soil has been revealed for the
first time. We also reported variations in S.
kumalariensis for the first time. Variations in the genus
Stigmaeus have been observed so far in S. elongatus
Berlese, S. longiclipeatus Dogan, Dogan & Erman, S.
longipilis (Canestrini), S. erzincanus Dogan, Bingiil,
Dilkaraoglu & Fan, S. solidus Kuznetsov, S. bifurcus
Bingiil, Dogan & Dilkaraoglu and S. miandoabiensis
Bagheri & Zarei (Dilkaraoglu et al. 2016b, Dogan et al.
2016, 2017, 2019, Bingiil et al. 2017a,b). Our results
also contributed to the knowledge about variations in the
genus Stigmaeus.
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Materials and Methods

Specimens of S. kumalariensis were collected from
litter and soil in Eksisu, Erzincan located 11 km to the east
of Erzincan Province. The specimens were extracted by
using Berlese-Tullgren funnels, cleared in 60% lactic acid
and mounted on microscopic slides in Hoyer’s medium.
The specimens were examined by using a Leica DM
4000B phase-contrast microscope. The photographs of
the specimens were taken by an Olympus BX63-CBH
DIC microscope. Measurements of the deutonymphs
(four specimens) identified within the sampled material
were taken in micrometers (um) with the aid of the Leica
Application Suite (LAS) Software Version 3.8. The mean
values followed by the range values in paranthesis were
given. Dorsal idiosomal and leg setal designations follow
Kethley (1990) and Grandjean (1944), respectively.
Specimens examined are deposited in Acarology
Laboratory of Erzincan Binali Yildirnrm University,
Erzincan, Turkey.

Results
Superfamily: Raphignathoidea
Family: Stigmaeidae
Genus: Stigmaeus Koch
Stigmaeus kumalariensis Akyol & Kog

Description
Deutonymph (Figs 1-5)
Length of body 269 (231-292), width 191 (179-199).

Dorsum (Fig. 1). Dorsal integument striated except for
the shields. Dorsal shields reticulated. Propodosomal
shield bearing a pair of eyes and setae vi, ve and sci. Eyes
9 (8-9) in diameter. A pair of auxiliary shields bearing
setae sce. Setae ¢; and di on central hysterosomal shield.
Setae d, located on marginal shields. Setae e, located on
lateral zonal shields. Median zonal and intercalary shields
paired, bearing setae e; and fi. Suranal shield entire,
bearing two pairs of setae (h; and hy). All dorsal setae long
and faintly barbed. Lengths and distances of dorsal setae
as follows: vi 30 (28-31), ve 48 (46-50), sci 18 (17-19),
sce 40 (37-43), c1 38 (35-41), ¢, 37 (35-41), d; 38 (37-40),
d2 40 (37-44), e1 40 (38-42), e, 44 (42-46), f1 49 (48-50),
hi 48 (47-49), h, 45 (45-46), vi-vi 17 (17-18), ve-ve 44
(42-46), vi-ve 28 (25-30), sci-sci 78 (74-82), ve-sci 20 (19-
21), sce-sce 125 (117-136), sci-sce 25 (22-28), c1-c1 55
(52-58), Co-C; 182 (175-194), do-dz 157 (145-170), c;-ds
53 (52-54), ci1-dp 57 (54-63), di-d; 53 (49-57), dp-d; 53
(50-56), ex-e2 125 (111-147), d»-e; 60 (58-62), di-e; 49
(43-54), di-e2 53 (49-57), e1-e1 44 (41-48), ex-e1 42 (32-
48), f1-f; 68 (62-74), e1-f1 37 (35-40), f1-h; 39 (35-44), f1-
h, 30 (28-34), hi-h1 22 (20-23), hy-h, 49 (45-53), hi-h, 12
(11-13).

Venter (Fig. 2). Humeral shields situated ventro-
laterally between coxae Il and 111, bearing setae c,. Setae
c, faintly barbed as those of dorsal setae. Coxisternal
shields divided in midline, bearing three pairs of
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intercoxal setae (1a, 3a and 4a). Lengths and distance of
these setae: 1a 10 (9-11), 3a 12 (11-12), 4a 11 (10-11),
la-1a 20 (17-23), 3a-3a 32 (30-33), 4a-4a 20 (18-21).
Three pairs of aggenital setae (ag:-3) presenton the
aggenital shield. Genital shield and setae (g) absent. Anal
shields subterminal, bearing three pairs of pseudanal setae
(psi-3). Lengths of aggenital and pseudanal setae:ag: 9 (8-
9), agz 8 (7-8), ags 10 (10-11), ps1 25 (24-26), ps. 23 (22-
24), pss 11 (11-12).

Fig. 1. Dorsal view of idiosoma of Stigmaeus kumalariensis
deutonymph. Scale 100 um. (vi = internal pair of vertical setae;
ve = external pair of vertical setae; sci = internal pair of
scapular setae; sce = external pair of scapular setae; c1 =
internal pair of humeral setae; di = internal pair of dorsal setae;
d2 = external pair of dorsal setae; e1 = internal pair of lumbral
setae, e2 = external pair of lumbral setae; f1 = internal pair of
sacral setae; hy = 1% pair of clunal setae; h, = 2" pair of suranal
setae)

Legs (Figs 3, 4). Leg | 138 (133-141), leg 11 118 (115-
121), leg 111 120 (116-124), leg 1V 132 (128-135) long.
Numbers of setae on legs I-1V: coxae 2-2-2-2,
trochanters 1-1-2-0, femora 6-4-3-2, genua 2(+1x)—
2(+1x)-0-0, tibiae 5(+1eptle)-5(+1ep)-5(+1ep)—
5(+1p), tarsi 13(+10)-9(+1lo)-7(+lo)-7(+1w).
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Fig. 2. Ventral view of idiosoma of S. kumalariensis
deutonymph. Scale 100 um. (ory = 1% pair of adoral setae; orz = . . L
2" pair of adoral setae; m = anterior pair of subcapitular setae; Fig. 4. Legs in S. kumalariensis deutonymph. A) Leg 111, B) Leg
n = posterior pair of subcapitular setae; c, = external pair of IV. Scale 40 pm.

humeral setae; 1a = 1% pair of intercoxal setae; 3a = 2™ pair of
intercoxal setae; 4a = 3 pair of intercoxal setae; ag: = 1% pair
of aggenital setae; agz = 2™ pair of aggenital setae; ags = 3" pair
of aggenital setae; ps1 = 1% pair of pseudanal setae; ps2 = 2" pair
of pseudanal setae; pss = 3™ pair of pseudanal setae).

Fig. 5. Anogenital region and setae in S. kumalariensis
deutonymph.

Gnathosoma. 53 (51-55) long. Subcapitulum with two
pairs of setae. Dimensions and distances between
subcapitular setae, m 14 (13-14), n 9 (8-9), m-m 17 (16-
18), n—n 14 (13-15), m—n 7 (5-8). Chelicerae 71 (69-72)

Fig. 3. Legs in S. kumalariensis deutonymph. A) Leg I, B) Leg long. Palp 69 (68-71).
Il. Scale 40 pm. (w = solenidion on tarsi; ¢ = solenidion on tibia .
I; p = proximal solenidion on tibiae; x = famulus on genua). Female (n = 5) (Figs 6-9)
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Length of body 320 (309-338), width 206 (191-226).
Integument striated except for the shields. Dorsal shields
reticulated. Propodosomal shield bearing a pair of eyes
and setae vi, ve and sci. A pair of auxiliary shields bearing
setae sce. Setae ¢y and di on central shield. Setae d»
located on marginal shields. Setae e, located on lateral
zonal shields. Median zonal and intercalary shields
paired, bearing setae e; and fi. Suranal shield entire,
bearing two pairs of setae (hy and hy). All dorsal setae
faintly barbed (Fig. 8). Humeral shields reticulated,
bearing setae c,. Coxisternal shields divided in midline,
bearing three pairs of intercoxal setae (1a,3a and 4a).
Three pairs of aggenital setae (agi-3) on the aggenital
shield. Genital shield bearing a pair of genital setae (g1).
Anal shields bearing three pairs of pseudanal setae (psi-s)
(Fig. 6). Numbers of setae on legs I-1V: coxae 2-2-2-2,
trochanters 1-1-2-1, femora 6-5-3-2, genua 2(+1x)-
2(+1x)-0-0, tibiae 5(+1ep+1¢)-5(+1pp)-5(+1ep)—
5(+1op), tarsi 13(+10)-9(+1o)-7(+lo)-7(+1w).
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Fig. 6. Anogenital region and the setae in S. kumalariensis
female. (g1 = 1% pair of genital setae).

Male (n = 5) (Fig. 10)

Length of body 294 (288-305), width 173 (167-178).
Resembles female in general appearance, but posterior of
body narrower, genital setae absent, tarsus I-1V bearing
two solenidia (o and o).

Other immature stages: Unknown.

Material examined: 5 females from litter in Juncus
heldreichianus T. Marssoon ex Parl. (Juncaceae),
39°43'44"N 39°37'28"E, 31 January 2014; 31 females, 6
males and 4 deutonymphs from litter and soil,
39°42'37.11"N 39°37'43.52"E, 1139 m. a.s.l.,, 13 March
2018, Eksisu marsh, Erzincan, Turkey.

Distribution: Turkey (Afyonkarahisar, Hakkari and
Erzincan) (Akyol & Kog¢ 2007, Dogan et al. 2015b,
Ulugay 2015a, Dogan 2019b).
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Variation

In the present study, a total of 46 specimens (36
females, 6 males and 4 deutonymphs) of S. kumalariensis
were examined and variations in some adult specimens
were found. The variations were determined in the
structure of median zonal shields of one adult female (Fig.
9) and one adult male (Fig. 10), and in the number of
aggenital setae (ag) of two adult females (Fig. 7). The
median zonal shield in S. kumalariensis is normally
divided (Fig. 8), and symmetrically three pairs of
aggenital setae are present (Fig. 6). In the abnormal
specimens examined, the median zonal shield is
undivided (Figs 9, 10) and one aggenital seta on the left
side of aggenital shield is absent (Fig. 7). This unilateral
absence of the seta is a form of asymmetry.

Fig. 7. Variation in the number of aggenital setae in S.
kumalariensis female.

Fig. 8. Divided median zonal shields in S. kumalariensis female.
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Fig. 10. Undivided median zonal shield in S. kumalariensis male.

Remarks

Stigmaeus kumalariensis was first discovered in
Afyonkarahisar (type locality), and later reported from
Hakkari and Erzincan in Turkey. Until now, female and
male of this species have been known. The deutonymphal
stage of the species is described for the first time in this
study. Deutonymph specimens resemble adult females.
Dorsal idiosoma and setae as in adult female. Ventral
idiosoma similar to adult female, but genital setae absent
(Figs 2, 5), with fewer setae on segments of the legs
(trochanter IV and femur I1) than those of adult female.
Also, famulus « is present on genu I and II in both adult
female and male specimens as in Hakkari male specimens
of the species (Ulugay 2015a), but in Afyonkarahisar
specimens genu II lacks famulus x (Akyol & Kog 2007).
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No variation was reported so far for S. kumalariensis
(Akyol & Kog 2007, Ulugay 2015a). In the present study,
variations in the structure of median zonal shields and in
the number of aggenital setae were observed. In some
studies, variations in the genus Stigmaeus have been
reported. Variations in S. elongatus Berlese were recorded
as lack of unilateral intercalary shield and numerical
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suranal, dorsal, genital and aggenital setae (Dogan et al.
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Unilateral absence of aggenital setae observed in S.
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variation in structure of the median zonal shields is reported
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There is no certain explanation about what factors
causes the variation. Observed asymmetric and structural
variations may be the result of the interactions of genetic
and environmental factors (Bingiil et al. 2017b, 2018).
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Abstract: In order to find new and effective antiviral agents from natural sources, the antiviral properties of methanol and
aqueous extracts of Ballota glandulosissima Hub.-Mor. & Patzak were evaluated by Colorimetric XTT test against Respiratory
syncytial virus (RSV). The concentration required to provide 50% protection against cytopathic effects caused by the virus was
defined as ECso, the selectivity index (SI) was determined from the ratio of CCso (50 % Cytotoxic concentration) to ECso. The
results showed that both the methanol (ECso = 12.45 pg/mL; SI = 24.84) and aqueous extracts (ECso = 19.12 pg/mL; SI =
24.59) of B. glandulosissima had almost the same strong anti-RSV activity as well as ribavirin, used as a positive control
against RSV (ECso=3.25 ng/mL, SI =34.89). In conclusion, we can say that B. glandulosissima extracts are worthy of further
studies in order to develop an alternative to the drugs used in clinical practice against RSV. This is the first report on the anti-
RSV activity of B. glandulosissima.

Key words: Ballota glandulosissima, methanol and aqueous extracts, antiviral activity, respiratory syncytial virus.

Ozet: Dogal kaynaklardan yeni ve etkili antiviral etkenler bulmak amaciyla yapilan bu ¢alismada, Ballota glandulosissima
Hub.-Mor. & Patzak’dan elde edilen metanol ve su ekstraktlarinin antiviral 6zellikleri Respiratuvar Sinsityal Virus
(RSV)’una kars1 kolorimetrik XTT testi ile degerlendirilmistir. Viriisiin neden oldugu sitopatik etkilere kars1 %50 koruma
saglamast i¢in gerekli konsantrasyon ECso olarak tanimlanmig, CCso (%50 Sitotoksik Konsantrasyon)’nin ECso’ye
oranindan da segicilik indeksi (SI) belirlenmistir. Arastirma sonucunda, B. glandulosissima’nin hem metanol (ECso = 12.45
pg/mL; SI =24.84) hem de su ekstraktinin (ECso = 19.12 ng/mL; SI =24.59) RSV ye karsi; pozitif kontrol olarak kullanilan
ribavirin (ECso = 3.25 pg/mL, SI = 34.89)’e gbre 6nemli sayilabilecek oranda anti-RSV aktiviteye sahip oldugu tespit
edilmigtir. Sonug olarak, B. glandulosissima ekstraktlarinin, RSV’ye kars1 klinikte kullanilan ilaglara kars: bir alternatif
olarak gelistirilebilmesi i¢in; daha ileri caligmalara layik oldugunu sdyleyebiliriz. Bu ¢aligma, B. glandulosissima’nin anti-

RSV aktivitesine yonelik ilk rapordur.

Introduction

Acute respiratory infections caused by viruses are a
major reason of morbidity and mortality in children
worldwide. Human Respiratory Syncytial Virus (HRSV)
is the most important cause of pneumonia and
bronchiolitis in infants, young children and adults (Hruska
etal. 1982, Treanor & Falsey 1999) and can be destructive
in immunosuppressed populations (Wyde et al. 1998). In
addition, recurrent infections are a common phenomenon
showing that naturally acquired immunity does not
provide long-term protection (Dubovi et al. 1981).
Although many vaccine development studies have been
conducted on RSV, efforts to develop effective vaccines
against RSV have been unsuccessful (Chin et al. 1969,
Kimet al. 1969, Wyde et al. 1998). Moreover, even if the
use of one of the vaccines developed is accepted, this may
not be appropriate in some RSV-sensitive populations,
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e.g., in very young infants and in immunocompromised
individuals (Wyde et al. 1998). Ribavirin (RBV) and
immunoglobulins containing high titer RSV-specific
neutralizing antibodies are currently recognized as
antivirals for the treatment and prevention of RSV
infections (Kneyber et al. 2000) although they are
expensive and not easy to apply. For instance, RBV has
been reported to be myelocytotoxic when administered
intravenously, and therefore it is only allowed to be used
as small aerosol particles (Smith et al. 1991, Lewinsohn
et al. 1996).

Aerosol administration of drugs to patients, especially
babies and children, is difficult to control and use at home,
and therefore patients should go to hospitals for
chemotherapy. The absence of a vaccine available to
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prevent RSV and the presence of RBV as the single
antiviral agent used only in severe infections are still a
problem in pediatric medicine. Therefore, it is necessary
to develop specific anti-RSV drugs that can be
administered orally or parentally (Ma et al. 2002).

Ballota L. species are perennial herbaceous plants
belonging to the Lamiaceae family. The genus Ballota is
represented by 35 species and 14 subspecies in the world
of which 12 species and 8 subspecies are present in
Turkey. The rate of endemism in high with 8 species in
Turkey (Davis 1982, Greuter & Raus 1998, Patzak 1958,
Patzak 1960). The genus is well known in Europe due to
its spasmolytic and sedative effects (Garnier et al. 1961),
and its members are called in different regions of Turkey
with the local names salba, calba, balotu, ballik otu,
nemnem otu, isirgan, gezgez otu, kopek otu, karayer
pirasasi, elkurtaran, pat pat otu, leylim kara, somruk and
karinca somurcagi. Some species are used by people in
the treatment of cough, asthma, headache, nausea,
haemorrhoid and wound (Baytop 1984, Eryasar &
Tuzlact 1998, Mericli et al. 1988, Tolon Fenercioglu &
Tuzlac1 1998, Tuzlaci & Tolon 2000, Yesilada et al.
1993, Yesilada et al. 1995). The main components of
Ballota species are flavonoids, labdan diterpenoids and
phenyl  propanoids.  Diterpenoids  (hispanolone,
ballonigrine, dehydrohispanolone) and 14 flavonoids
(kumatakenin (jaranol), pachypodol, 5-hydroxy-7,3",4’

trimethoxy flavone, velutin, velutol, salvigenaol,
korimbosol,  retusol,  corymbosine,  5-hydroxy
3,7,4'trimethoxyflavone,  retusin,  5-hydroxy 7,

4'dimethoxy flavone, flindulatine, ladanein) were
isolated from different Ballota species and chemically
characterized and analyzed by HPLC (Citoglu et al.
1998, Citoglu et al. 1999, Saltan Citoglu et al. 2003a,
Saltan Citoglu et al. 2003b). Pachypodol (Ro 09-0179)
was first isolated from Plectranthus cylindraceus,
Pogostemon cablin, Heterotheca grandiflora, Aglaia
andamanica, Euodia glabra and Larrea
tridentata (Valesi et al. 1972, Fraser & Lewis 1973,
Sakakibara et al. 1976, Wollenweber et al. 1985,
Miyazawa et al. 2000, Orabi et al. 2000) has antiviral
effect against RNA virus such as poliovirus and
rhinovirus. This antiviral effect was shown by inhibiting
RNA polymerase in viral RNA synthesis and inhibiting
viral replication (Arita et al. 2015, Ishitsuka et al. 1986,
Ninomiya et al. 1985, Pérez & Carrasco 1992). Some of
these flavonoids isolated from B. glandulosissima, a
species naturally growing in southern Anatolia, has also
been reported to have antimicrobial activity (Saltan
Citoglu et al. 2003a, Saltan Citoglu et al. 2003b).

Although it is well reported that Ballota species have
antinociceptive, anti-inflammatory, hepatoprotective,
antilisterial, antiproliferative and antioxidant activities
(Citoglu et al. 1998, Citoglu et al. 1999, Saltan Citoglu et
al. 2003a, Saltan Citoglu et al. 2003b, Erdogan-Orhan et
al. 2010, Ozbek et al. 2004, Rigano et al. 2016, Saltan
Citoglu et al. 2004a, Saltan Citoglu et al. 2004b, Saltan
Citoglu et al. 2004c, Sever Yilmaz et al. 2005, Sever
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Yilmaz et al. 2006), researches on the antiviral activities
of Ballota species with different biological activities are
limited only to picornaviruses. Ballota species, which
have different components one of which is pachypodol,
have not been searched for antiviral activity against
HRSV.

This study aimed to find new and reliable antiviral
agents against RSV. For this purpose, crude extracts
obtained from B. glandulosissima were used to evaluate
the antiviral activity against RSV.

Materials and Methods

Plant materials

Ballota glandulosissima specimens were collected
from Antalya in 2016 during flowering period (in July).
The samples were identified by Prof. Dr. Osman TUGAY
from Pharmacy Faculty of Selguk University. Aerial parts
of the specimens were dried in the shade, ground into a
fine powder by a mill and stored in sterile black glass jars
at room temperature. A voucher sample is kept at KNYA
Herbarium, Selcuk University, Science Faculty, Biology
Department, Konya, Turkey.

Preparation of the extracts

20 g powder samples were placed separately in 400 ml
of methanol and 400 ml of sterile distilled water and
extracted for 1 hour with an ultrasonicator at 37°C. The
extracts were filtered through Whatman No: 1 filter paper,
and the solvents used were completely evaporated at 40°C
under reduced pressure in a rotary evaporator (Heidolph
Laborota 4000, Germany). After evaporation, the extracts
were lyophilized at -110°C under reduced pressure in a
lyophilizer (Labconco, USA). Each 1000 mg of the
lyophilized methanol and aqueous extracts were dissolved
in 10 mL of EMEM (serum-free) and stock solutions were
prepared at a concentration of 100 mg/mL. The stock
solutions were sterilized with 0.22 um Millipore filter, put
in 2 mL tubes at a rate of 1 mL concentrations and stored
at +4°C until use. Dilutions of the extracts for cytotoxicity
and antiviral activity tests were prepared from these
stocks. Ribavirin (RBV, R9644-10 mg, Sigma, USA), a
drug approved for the treatment of RSV infections in
humans, was purchased and used as positive control. 10
mg RBV was dissolved in 5 mL of EMEM (serum-free).
This 2 mg/mL stock concentration were filtered with a
0.22 um Millipore filter and stored at -80°C or +4°C
(When stored at + 4° C, it was used within 1 week).

Cells and the virus

Human larynx epidermoid carcinoma cells [HEp-2;
ATCC (the American Type Culture Collection) CCL 23]
were used to culture HRSV (RSV Long strain: ATCC
VR-26). Reagents and medium for cell culture were
purchased from different companies. Cells were
propagated at 37°C wunder 5% CO. in EMEM
supplemented with 10% fetal bovine serum (FBS, ATCC-
30-2020), 10000 U/mL penicillin, 10 mg/mL
streptomycin and 25 pg/mL amphotericin B. The virus
was propagated on 90% confluent cell monolayer in
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EMEM with 2% FBS and antibiotics as described above.
Viral titer was determined by 50% tissue culture
infectious dose (TCIDso) method and expressed as TCIDsg
per 0.1 mL (Kaerber 1964). The virus was stored at -80°C
until use.

Cytotoxicity assay

The method described by Eskiocak et al. (2008) was
used to determine the cytotoxic effects of RBV and
methanol and aqueous extracts of B. glandulosissima on
HEp-2 cells.

The cytotoxicity test was carried out as follows;

First column of a 96-well microplate was used as the
medium control (MC) and 150 uL. EMEM (serum-free)
was added in each of the 8 wells contained in this column.
Except for the 3" column, 100 uL. EMEM (serum-free)
was put in the remaining 10 columns (viz, 2, 4,5, 6, 7, 8,
9, 10, 11 and 12 column). An experiment solution of 2
mg/mL (2000 pg/mL) was prepared using EMEM
(serum-free) from stock solution of the extracts (100
mg/mL).

200 pL from experiment solution of the extracts were
added in each of the 8 wells in the 3" column and serial
two fold dilutions according to log2 base (2000, 1000,
500, 250, 125, 62.5,31.25, 15.63, 7.81,3.91 pug/mL) were
prepared. The second column of the microplate was used
as cell control (CC).

The same procedures were performed for RBV using
another microplate. First column of the microplate was
used as MC and 150 pL. EMEM (serum-free) were put in
each of the 8 wells. Except for the 3™ column, 100 pL
EMEM (serum-free) was put in the remaining 10 columns
(viz, 2, 4,5, 6, 7, 8,9, 10, 11 and 12 column). An
experiment solution of 750 pg/mL was prepared by using
serum-free EMEM from stock solution of RBV (2000
pg/mL). 200 uL RBV from 750 pug/mL experiment
solution was placed in each of the 8 wells. Serial two fold
dilutions were made from the 3™ to the 12 columns (750,
375,187.5,93.75, 46.88, 23.44, 11.72,5.86, 2.93 and 1.46
pg/mL).

50 uL HEp-2 cell suspensions containing 1x10° cells
per mL were added to each well in columns 2 to 12
making the final concentrations of the extracts in the wells
as 1333.33, 666.67, 333.33, 166.67, 83.33, 41.67, 20.83,
10.42, 521 and 2.60 pg/mL, while the final
concentrations of RBV in the wells were 500.00, 250.00,
125.00, 62.50, 31.25, 15.63, 7.81, 3.91, 1.95 and 0.98
ug/mL. The plates were incubated in 5% CO; humidified
incubator at 37°C for 3 days. Then 50 pL suspensions
mixed with 5 mL XTT reagent and 0.1 mL PMS activator
were placed in each well. The plates were incubated for a
further 3 hours to form the XTT formazan product.
Optical densities (OD) were recorded in an ELISA reader
(Multiskan EX, Labsystems) at a test wavelength of 490
nm and a reference wavelength of 630 nm to record OD
averages from 8 wells. The test was performed in
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triplicate and the results were shown as the ratio of the
average cytotoxicity to the cell control.

The following formula was used to calculate the
percentage of cytotoxicity of the extracts on HEp-2 cells
and RBV.

|- (A-B)

Cytotoxicity (% x 100

A: The optical density of cell control

B: The optical density for the cells treated with
extracts or RBV.

The cytotoxicity percentages calculated were plotted
according to the corresponding concentrations of the
tested samples (extracts and RBV). 50% cytotoxic
concentration (CCsp), defined as the concentration
reducing the OD values of the cells treated with extracts
or RBV by up to 50% compared with CC, was determined
with non-linear regression analysis run in the GraphPad
Prism Version 5.03 statistical program. The maximum
non-toxic concentrations (MNTCs) of the extracts and
RBV were also determined by comparing OD with CC.
These MNTCs were used to determine the antiviral
activity of the extracts and RBV.

Antiviral activity assay

After MNTCs were determined against HEp-2 cells,
10 times more concentrated dilutions of the extracts and
RBV were prepared. The dilutions were diluted according
to Log, base and their antiviral activities against RSV
(diluted at 100 DKIDso dose) were tested by XTT method
(Chiang et al. 2002). The method was applied as described
below;

Suspensions were prepared such that the HEp-2 cells
were at a concentration of 1.43 x 10° cells / mL using 2%
FBS-containing EMEM (cell maintenance medium).
From these cell suspensions, the wells of 96-well culture
plates (except for 8 wells in the 1% column of the plate
used as MC) were seeded at a volume of 70 pL per well
(~ 10* cells / well). 100 uL aliquots of cell maintenance
medium were placed in 8 wells used as MC and incubated
in 5% CO, at 37°C for 4 hours. Then, 20 pL of RSV
suspension diluted in 100 TCIDs¢/0.1 mL using the
maintenance medium were put in the wells (except for 8
wells in the 1%t column used for MC and the 2" column
used for CC). 8 wells in the 3™ column of the microplates
were used as Virus Control (VC). 20 pL aliquots of the
maintenance medium were placed in 8 wells in the 2™
column used as CC and the plate was incubated for 2
hours. 10 x MNTC dilutions containing 2% FBS were
prepared from stock solutions (100 mg / mL) of the

extracts. Subsequently, serial two fold dilutions
[(10xMNTC)/2, (10xMNTC)/4, (10xMNTC)/8,
(10xMNTC)/16,  (10xMNTC)/32, (10xMNTC)/64,
(10xMNTC)/128,  (10xMNTC)/256]  using  the

maintenance medium were prepared from the extract
solutions of 10 x MNTC concentrations. After incubation
for 2 hours, 10 pL of the dilutions prepared 10xMNTC
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concentration were put in 8 wells of the 4™ column. In the
remaining 8 columns of the microplates (viz, wells on
columns 5, 6, 7, 8, 9, 10, 11 and 12), 10 uL of the extract
dilutions [(10XxMNTC)/2, (10xMNTC)/4, (10xMNTC)/8,
(10xMNTC)/16, (10xMNTC)/32, (10xMNTC)/64,
(I0xMNTC)/128, (10xMNTC)/256] were added to the
each well.10 pL cell maintenance medium was placed in
the wells of the microplates used as CC and VVC wells. The
same procedures were also performed for RBV using
another microplate. A dilution of 10xMNTC containing
2% FBS was prepared from the stock solution (1000
pg/mL) of RBV. Subsequently, two fold dilutions

[(10xMNTC)2,  (10xMNTC)/4,  (10xMNTC)/8,
(10xMNTC)/16,  (10xMNTC)/32,  (10xMNTC)/64,
(10xMNTC)/128,  (10xMNTC)/256]  using  the

maintenance medium were prepared from the RBV
solution in 10 x MNTC. Next, the steps in determining the
antiviral activity of the extracts were followed. The plates
were incubated in 5% CO- at 37°C for 3 days. Then, 5 mL
of the XTT reagent was mixed with 0.1 mL of the PMS
activator and 50 pL was added to each well. The plates
were gently shaken to homogeneously distribute the dye
into the wells. The plates were incubated for a 3 hours to
form the XTT formazan product. OD values were read at
490 nm test and 630 nm reference wavelengths in an
ELISA reader, and OD averages from 8 wells were
recorded. The protection percentages of extracts or RBV
concentrations against viruses were calculated from the
following formula where A, B and C indicate the
absorbance of the extracts or RBV, the virus and the cell
controls, respectively (Andrighetti-Frohner et al. 2003):

Protection percentage = [ (A—B) / (C—B) x 100 ]

ECso value, defined as the concentration of the extracts
or RBV that provides protection in 50% of the infected
cells, was determined using nonlinear regression analysis
in GraphPad Prism Version 5.03 taking into account the
% protection rates determined with extract or RBV
concentrations. The selectivity index (SI) of the extracts
and RBV was calculated from the CCsq / ECsp ratio. The
experiments were done in triplicate.

Results

Virus titration

Titres of RSV in HEp-2 cells were determined as
TCIDso = 10/ 0.1 mL at the end of the 3" day.

Cytotoxicity assay

In order to determine the MNTC and CCsp values of
B. glandulosissima methanol and aqueous extracts against
HEp-2 cells, the obtained cytotoxicity rates are shown in
Table 1 and Fig. 1, respectively. The CCso value of B.
glandulosissima methanol extract was determined as
309.30 pg/mL and the MNTC as 10.42 pg/mL. The CCso
and MNTC of B. glandulosissima aqueous extract were
determined as 470.10 47 pg/mL and 2.60 pg/mL (Table 1
and Fig. 1). The MNTC and CCs values (113.40 pg/mL
and 0.98 pg/mL, respectively) of RBV are shown in Table
1 and Fig. 1.

H.H. Dogan & R. Duman

Table 1. The results of cytotoxicity and antiviral activity assays
for RBV and methanol and aqueous extracts of B.
glandulosissima.

2 =
@ = g2
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g 3 A
i
MNTC  CCso ECso S|
(ng/mL) (ug/mL) | (ug/mL)
B. Methanol 10.42 309.30 1245 24.84
glandulosissima Aqueous 2.60  470.10 19.12 24.59
Ribavirin 0.98
(RBV) - 11340 325  34.89
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Fig. 1. Cytotoxic activities of methanol and aqueous extracts of
B. glandulosissima and RBV.

Antiviral activity assay

Percentage protection rates of methanol and aqueous
extracts starting from MNTC dilutions against RSV are
shown in Table 1. The ECs values of methanol and
aqueous extracts were determined as 12.45 pg/mL and
19.12 pg/mL, respectively (Fig. 2). SI (CCso/ECso) values
of methanol and aqueous extracts are 24.84 and 24.59,
respectively (Table 1).
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Fig. 2. Antiviral activities of methanol and aqueous extracts
of B. glandulosissima and RBV.
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The protection rates of RBV against RSV are given in
Table 1. The ECs value of RBV was determined as 3.25
pg/mL (Fig. 2). The selectivity index (SI) of the RBV was
determined as 34.89 from the CCso/ECsoratio (Table 1).

Discussion

RSV is the most common cause of acute respiratory
infections in infants and children. Although the mortality
rate is generally low, it can also cause heart or respiratory
failure up to 37-73% and bone marrow transplantation up
to 36-45% in infants (Kimura et al. 2000, MacDonald et
al. 1982, Englund et al. 1988, Harrington et al. 1992).
Original anti-RSV compounds with better efficacy and
safety than ribavirin have been the target of researches.
Natural products may constitute different sources of
antiviral agents. For example, pachypodol was isolated
from many plant species, in addition to B.
glandulosissima, and it has been reported to have antiviral
activity against RNA viruses such as poliovirus and
rhinovirus (Arita et al. 2015, Ishitsuka et al. 1986,
Ninomiya et al. 1985, Pérez & Carrasco 1992).

Cytotoxic and antiviral activities of methanol and
aqueous extracts prepared from the aerial parts of B.
glandulosissima and RBV were evaluated by colorimetric
XTT test (see Table 1. The results showed that the extracts
with CCsp values in the range of 309.30-470.10 pg/mL
were found to be non-toxic to HEp-2 cells according to
the criteria of Rukunga & Simons (2006). According to
the classification of Rukunga & Simons (2006), extracts
with a CCsg value less than 2 pg/mL are cytotoxic, extracts
with a CCsg value in the range of 2-89 pg/mL are partially
(moderately) cytotoxic and extracts with a CCsy value
greater than 90 pug/mL are non-toxic.

The antiviral activity experiments revealed that
methanol and aqueous extracts of B. glandulosissima had
a significant antiviral activity comparable to RBV. The
ECso values of the extracts were determined as 12.45
pg/mL and 19.12 pg/mL, respectively, while SI values
were determined as 24.84 and 24.59, respectively.
Vanden Berghe & (1993) suggested that the antiviral
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Abstract: Plant mutants are important bio-resources for crop breeding and functional gene studies. In the present study,
conventional chemical mutagenesis technique was combined with somatic embryogenesis to obtain candidate salt tolerant
mutant wheat lines. For this purpose, 0-5 mM Sodium Azide (NaNs) was applied for 30 minutes to embryonic calli under in
vitro conditions to produce genetic variations in the bread wheat (Triticum aestivum L. cv. Adana 99). Treated and non-treated
calli were put in somatic embryo induction media, and 3 and 4 mM NaNs were determined as optimum mutation doses for
somatic embryo induction. The obtained somatic embryos from these optimum mutagen doses were then screened for tolerance
in regeneration media containing 125 mM NacCl to be used to improve tolerance to salt stress. In NaNs treatment, 14 mutants
with moderate salt tolerance were obtained. The results suggest that the in vitro technique in combination with chemical
mutagenesis may be a useful approach for accelerating breeding strategies to create enough genetic variation in populations
and to get fourth generation putative salt tolerant wheat mutant lines in less than 1.5 years.

Key words: Sodium azide, in vitro mutagenesis, salt tolerance, somatic embryogenesis, wheat.

Ozet: Bitki mutantlari, bitki 1slah1 ve fonksiyonel gen caligmalari i¢in 6nemli biyo-kaynaklardir. Mevcut caligmada, tuza
toleransli aday mutant bugday hatlar1 elde etmek igin somatik embriyogenez ile konvansiyonel kimyasal mutajenez teknigi
birlestirildi. Bu amagla; ekmeklik bugdayda (Triticum aestivum L. cv. Adana 99) genetik varyasyonlar yaratmak icin
embriyonik kalluslara 0-5 mM Sodyum Azid (NaNs), 30 dakika boyunca in vitro ortamda uygulandi. islem gérmiis ve
gormemis kalluslar, somatik embriyo tesvik ortamina konularak somatik embriyo tesviki i¢in 3 ve 4 mM NaNs uygulamasi
optimum mutasyon dozlar1 olarak tespit edildi. Ardindan bu mutasyon dozlar1 ile muamele edilen kalluslardan elde edilen
somatik embriyolar tuz stresine tolerans gelistirmek i¢in kullanilacak 125 mM NaCl igeren rejenerasyon ortamlarinda tolerans
agisindan tarandi. NaN3 muamelesinde, orta diizeyde tuza toleransi olan 14 mutant elde edildi. Elde edilen sonuglar; kimyasal
mutagenez ile kombine halde in vitro teknik uygulamasinin, popiilasyonlarda yeterli genetik varyasyon olusturmak ve 1.5
yildan daha az bir siirede dordiincii jenerasyon tuz toleransh aday bugday mutant hatlarmi 1slah siirecini hizlandirarak elde
etmek i¢in kullanigh bir yontem olabilecegini gdstermektedir.

Introduction

Wheat (Triticum aestivum L.), the world’s most
important food crop, covers a cultivated land of 219
million hectares at the global level with more that 758
million tons of annual yield production (Hububat Sektor
Raporu, 2017). High level of salinity in agricultural soil is
one of the brutal environmental factors for many crops
and reduces plant growth and productivity due to its toxic
effects (Shrivastava & Kumar 2015), leading to
interruption of sustainable agricultural production. The
way to minimize this interruption is to increase salt stress
tolerances of the crops in question, which is generally
achieved through improvement of the crops via breeding
techniques. Induced mutation through mutagenic agents,
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combined with selective breeding strategy is highly
efficient for generating crops with improved traits. These
mutagenic agents alter genes or break chromosomes.
Sodium azide (NaNs) is one of the chemical mutagens and
has become an important tool to enhance agronomic traits
of crops with its easy handling and low cost. Chemical
mutagens induce not only loss-of-function or enhanced
function mutations, but also mutate genes that confer
novel functions (Al-Qurainy & Khan 2009). Besides the
conventional mutation breeding, in vitro mutagenesis is
an important tool to generate rapid phenotypic and
genotypic variations in plants. Compared with
conventional breeding techniques, in vitro mutagenesis
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can overcome some of the limitations, such as lack of
screening of effective mutant treatment techniques and
production time for mutated plants (He et al. 2009;
Wannajindaporn et al. 2014). Chemical mutagen
applications are based on somatic embryogenesis, one of
the biotechnological techniques widely used in plant
breeding for rapid and large scale propagation of mutant
population and mutant selection besides disease free in
vitro plants (Suprasanna et al. 2012). The present study
was performed in order to (i) combine chemical
mutagenesis with somatic embryogenesis to create
genetic variation to obtain mutant wheat populations, and
(ii) to screen the populations for salinity tolerance using
combination of in vitro and in vivo techniques.

Materials and Methods

Material

The bread wheat cultivar Adana-99 (Triticum
aestivum L. cv.) was obtained from the Eastern
Mediterranean Agricultural Institute in Adana, Turkey.
Adana-99 was selected as the cultivar to be studied
considering the results of pre-trials which showed that the
percentage of plant regeneration from somatic embryos
was determined to be high.

Determination of NaCl threshold concentration for
screening salt tolerance

In order to determine threshold NaCl concentration of
the target bread wheat cultivar, its seeds were sterilized
and were imbibed in sterile water for 2 hours at 35°C, and
mature embryos were removed under aseptic conditions
(Ozgen et al. 1998). The mature embryos were
subsequently inoculated in Murashige and Skoog (MS)
medium (Murashige & Skoog 1962) basal salt mixture
containing 0.05 mgL™ 2,4-Dichlorophenoxyacetic acid
(2.4-D), 20 gL sucrose, 0.8% (w/v) agar and different
concentrations of NaCl [0 (as a control), 50, 100, 150 and
200 mM NacCl]. The pH of the screening media was
adjusted to 5.8 before autoclaving. The cultures were
incubated in a growth chamber at 26+£2°C for 28 days
under 16 hours of light: 8 hours of dark photoperiod and
irradiance of 500 umol m™s? photon flux density. The
regeneration ratios, plant heights and fresh weights of the
28-day-old cultures were measured and the screening
concentration of NaCl was selected accordingly.

In vitro mutagenesis and screening mutants for salt
tolerance

Callus induction:

The mature embryo explants from sterilized wheat
seeds were removed under aseptic conditions as described
above and inoculated in petri dishes with a callus
induction medium consisted of mineral salts of MS, 2
mgL2.4-D, 20 gL sucrose, and 0.8% (w/v) agar. The
pH was adjusted to 5.8 before autoclaving. The cultures
were incubated in a growth chamber at 284+2°C for 21
days under dark conditions.
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In vitro mutagenesis, somatic embryo induction, indirect
regeneration and in vitro selection:

Three-week-old embryonic calli derived from mature
embryos were treated with NaNs; (pH 3.5) at 0.0 (as a
control), 1.0, 2.0, 3.0, 4.0, and 5.0 mM NaCl concentrations
for 30 minutes (He et al. 2009; Wannajindaporn et al. 2014)
and then transferred to non-selective medium. After 72 hours
of recovery, the calli were transferred to somatic embryo
induction medium. The medium was prepared with MS salts,
20 gLt sucrose, 2 mgL12.4-D, 100 mgL ™ myo-inositol, 500
mgL-* glutamin, 300 mgL* casein hydrolysate, 1 mIL* B5
vitamin (Gamborg et al. 1968) complex (1000x), and
8 gL agar. Its pH was adjusted to 5.8 before autoclaving.
Embryogenic callus and somatic embryo cultures were
incubated in a growth chamber at 26°C for 4 weeks in dark
conditions (Zair et al. 2003). One month later, the ratios of
somatic embryo induction were recorded and according to
these records, the optimum mutagen dosages were detected
to be 3 and 4 mM NaNa;. 500 calli were treated with each
concentration to create mutant populations. Four weeks later,
obtained somatic embryos were transferred to selective
indirect regeneration media, which contained MS, 20 gL
sucrose, 0.5 mgL indole-3-acetic acid (IAA), 1 mIL? B5
vitamin complex (1000x), 0 (as a control) and 125 mM NacCl,
and 8 gL agar, and cultured at 26=2°C under 16 hours of
light/ 8 hours of dark photoperiod for two months.

Transferring into soil, acclimating process and segregating
the mutant lines up to fourth generation (M1- My):

The rooted seedlings of 60-day-old mutant lines and
parental line were transferred to pots for acclimation in a
greenhouse at a temperature of 25°C. After acclimation,
NaCl was gradually added to the 1/10 Hoagland Solution
(Hoagland & Arnon 1950) in increasing increments of 25
mM every week until the salt concentration reached the
final treatment level of 125 mM. Plantlets were irrigated
with two days intervals until anthesis. After anthesis, 1/10
Hoagland Solution was used for irrigation. Once the first
generation mutants (Mi) became 90 days old, their
immature seeds were collected and embryos were isolated
under aseptic conditions. The immature embryos were
transferred to ' MS media with 20 gL sucrose, 125 mM
NaCl and 8 gL' agar. The pH was adjusted to 5.8 before
autoclaving. These cultures were incubated in a growth
chamber at 26°C for 14 days under 16 hours of light/ 8
hours of dark photoperiod. Two-week-old seedlings were
transferred to pots. When the second generation mutant
lines (M2) became 90 days old, the same procedure was
applied to generate third and subsequently fourth
generation mutant lines (M3 and Ms). Fig. 1 shows the basic
steps of obtaining candidate salt tolerant mutant lines.

Data analyses

One-way analysis of variance (ANOVA) followed by
Student-Newman Keuls post-hoc test was used to make
statistical analysis by running SPSS computer program
(IBM Inc., Chicago, IL, USA), based on fresh weight and
plant height. All values were expressed as mean =+
standard error mean (Zar 1984).
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NaN; treatments

Fig. 1. The basic steps for obtaining candidate salt tolerant wheat mutant lines. Inducing embryonic calli in induction medium and the
treating embryonic calli with NaNs (a), NaNs treated embryonic calli were to transferred somatic embryo induction medium (b and c),
obtained somatic embryos were transferred to indirect regeneration media containing NaCl (d), the rooted candidate salt-tolerant mutant
lines were transferred to pots (e), mutant lines were growth up to setting seeds (f), once the first generation of mutant lines seeds set,
their immature embryos were isolated under aseptic conditions and transferred to %4 MS media with 20 gL sucrose, 125 mM NaCl
and 8 gLt agar for germinations (g). Then, these were two-week-old mutant lines were transferred to pots and grown until plantlets set
seeds (h). The steps from f to h were repeated four times for fixing genome.

Results

Determination of threshold NaCl concentrations

Table 1 shows that increased salt concentration
significantly decreased the regeneration ratio (16.67-
90%), average plant fresh weight (17.07-81.38%), and
average plant height (11.95-67.92%). 100 and 150 mM
NaCl concentrations reduced the average plant fresh
weight and length approximately by 50%-60% compared
to the control. We therefore chose the 100 mM as the
threshold concentration and growth media with 125 mM
NaCl, which was slightly above the threshold
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concentration, was used to select the candidate salt
tolerant plants.

Determination of mutagen concentration(s) and
selection of mutant individuals under in vitro conditions,
transferring plantlets into soil and segregating them up to

fourth generation

In order to determine optimum mutagen
concentration(s), firstly 50 embryonic calli were treated
with NaNs concentrations from 0 to 5 mM. Then, these
calli were inoculated into somatic embryo induction
medium. Somatic embryo induction rates were calculated
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to be 80.00%, 85.50%, 87.75%, 92.31%, 93.25% and
77.30%, under 0 (without NaN3 application), 1, 2, 3, 4 and
5 mM NaN3 treatments, respectively. According to these
results, 3 and 4 mM NaNs concentrations were selected to
be optimum mutagen concentrations for creating mutant
populations. In the next step, 500 embryonic calli from
each concentration were treated with 3 and 4 mM NaNj3
and inoculated into somatic embryo induction medium.
Then, the generated somatic embryos were put into
selective regeneration medium including 0 (as a control)
and 125 mM NacCl. These cultures were monitored during
two months. In the control group (without NaNs3
treatment), 25 plantlets regenerated in the culture of 125
mM NaCl. Eight of them set seeds under NaCl treatments.
A total of 334 plantlets were obtained under NaN3
treatments. 180 of them showed growth and
morphological abnormalities (i.e., sterility, dwarf, awn,
and abnormal head morphology) due to either NaNs or
NaCl treatments. The fertile plantlets were calculated as
154 (91 for 3 mM and 63 for 4 mM NaNs) with 125 mM
NaCl treatment.

In order to obtain M2 mutant lines, the first-generation
immature embryos from 162, 90-day-old fertile plantlets
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derived from either somatic variation or NaN3 induction
were collected and transferred to %2 MS media with 125
mM NaCl under aseptic conditions to grow the second
generation. After two weeks, 101 M, mutant lines were
transplanted into greenhouse. The mutant lines were
irrigated with 125 mM NaCl twice a week until full grain
filling. Nearly 85 M mutant lines set seeds. The M
generation immature embryos from mutant lines were
collected and transplanted into pots. Of the 85 mutant
lines, 55 were regenerated of which 33 set seeds. When
the same experimental procedures were repeated to obtain
further generation mutant lines, the number of seed setting
plants were recorded as 25 in M3 and 14 in M4 mutants.
The distribution of obtained candidate salt tolerant M.
mutant lines are given in Table 2.

In the second generation, no fertile mutant plantlet
from somatic variation derived at the first generation
mutant plantlets (without NaNs treatment control
plantlets) under NaCl treatments was recorded. This result
creates the impression that 125 mM NaCl application
reduced fertility. Additionally, due to genetic
segregations, decreasing in fertility rate was observed in
each mutant population under salt application.

Table 1. Regeneration percentages, average fresh plant weights and plant heights of 28-day-old Adana 99 cultivar exposed to different

concentrations of NaCl.

Experimental Groups Explant Number

Regeneration %

Average Plant Fresh Average Plant Height

Weight (mg) (cm)
Control 30 90.00 709 + 132 14.65+1.98°
50 mM NacCl 30 80.00 588 + 18" 129+1.3?
100 mM NaCl 30 66.67 385+£21¢ 8.5+0.81"
150 mM NacCl 30 50.00 264 26 6.8 +0.87°
200 mM NacCl 30 16.67 132+ 165 4.7 +0.64%

Means followed by a different letter are significantly different *p<0.05, ** p<0.01, ***p<0.001, (*) comparison with the control.

Table 2. NaNs and NaCl concentrations (mM) and morphological characteristics of 14 M4 wheat mutants.

Mutant Lines NaN; (mM) NaCl (mM) Morphological Characteristics
Adn99-1 3 125 Normal appearance
Adn99-2 3 125 Normal appearance
Adn99-3 3 125 Normal appearance
Adn99-4 3 125 Earliness
Adn99-5 3 125 Normal appearance
Adn99-6 3 125 Normal appearance
Adn99-7 4 125 Normal appearance
Adn99-8 4 125 Normal appearance
Adn99-9 4 125 Normal appearance
Adn99-10 4 125 Normal appearance
Adn99-11 4 125 Normal appearance
Adn99-12 4 125 Normal appearance
Adn99-13 4 125 Without awn
Adn99-14 4 125 Different spike morphology
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Discussion

Salinity constrains crop growth and agricultural
productivity in many regions in the world. It has been
estimated that 20% of the world’s irrigated land is affected
by salinity (Wang et al. 2003). In Turkey, 3.6 million ha
of land are not suitable for farming due to salinity and high
subsoil water. More than 1.5 million ha of these lands
making almost 2% of Turkey’s total area are saline soils
(Kanber et al. 2005). The improvement of salt-tolerant
crops would be a practical solution to this problem and
different strategies are being developed to serve this
solution. In the presented study, we modified in vitro
somatic embryogenesis technique combined with NaN3;
applications to improve salt tolerance in the Turkish bread
wheat cultivar Adana 99. We determined the genetic
tolerance capacity of Adana 99 against salinity and our
results showed that, in agreement with previous studies
(Zair et al. 2003; Yumurtaci & Uncuoglu 2012), increased
NaCl concentration negatively affected plant growth and
125 mM NaCl concentration was determined as a
selection concentration.

Mutants generated via conventional mutation
technology usually take a substantial amount of time and
work to screen, especially for large quantities. However,
through the combination of in vitro mutation and tissue
culture, researchers can rapidly isolate variants with
desired agronomic traits (Serrat et al. 2014). In our study,
we used NaNs as a chemical mutagen to induce variations
in the embryonic cultures. NaNs, in contrast to natural
mutations, generally induces mutation bias on AT— GC
base pair substitutions resulting in amino acid changes,
which change the function of proteins and alter
phenotypes (Olsen et al. 1993) and is frequently used to
create mutant crop genotypes (Al-Qurainy & Khan 2009).
In a study on embryonic calli from immature maize
embryos, the treatment of 20 Gy of gamma ray and
1 mmolL? of NaN; was identified as the most effective
for inducing mutation (He et al. 2009). Ganesan et al.
(2005) showed that somatic embryo germination in cotton
increased from 44.6% to 50.9% with a 10 mM NaNs3
treatment. Ikram-ul-Haq et al. (2011) used 0.5% NaNj3 at
pH 4.6-4.7 to induce mutation in sugarcane calli to obtain
salt-tolerant mutants. Ahmad et al. (2010) used 0.0-0.5
mM NaN3to induce mutation in potato calli. In our study,
3 and 4 mM NaNj3 concentrations were selected as the
optimum mutagen concentrations for creating mutant
populations because these concentrations increased the
frequency of somatic embryo formation.
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Soyadi, A., Yil. Kitabin adi. (Sézclklerin ilk harfi blyUlk, italik). Basimevi, basildigi sehir, toplam sayfa
sayisl s./pp.

Onder F., Karsavuran, Y., Tezcan, S. & Fent, M. 2006. Tirkiye Heteroptera (Insecta) Katalogu. Meta
Basim Matbaacilik, Izmir, 164 s.

Lodos, N., Onder, F., Pehlivan, E., Atalay, R., Erkin, E., Karsavuran, Y., Tezcan, S. & Aksoy, S. 1999,
Faunistic Studies on Lygaeidae (Heteroptera) of Western Black Sea, Central Anatolia and Mediterranean
Regions of Turkey. Ege University, Izmir, ix + 58 pp.

Kitapta Boliim: Yazarin soyadi, adinin bas harfi basildigi yil. Bélum adi, sayfa numaralari. Parantez
icinde: Kitabin editori/editorleri, kitabin adi, yayinlayan sirket veya kurum, yayinlandigi yer, toplam
sayfa sayisl.
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Ornek:

Soyadi, A., Yil. Bolum adi, sayfa araligi. In: (editér/editorler). Kitabin adi. (S6zcuklerin ilk harfi bayuk,
italik). Basimevi, basildigi sehir, toplam sayfa sayisi s./pp.

Jansson, A. 1995. Family Corixidae Leach, 1815—The water boatmen. Pp. 26-56. In: Aukema, B. &
Rieger, Ch. (eds) Catalogue of the Heteroptera of the Palaearctic Region. Vol. 1. Enicocephalomorpha,
Dipsocoromorpha, Nepomorpha, Gerromorpha and Leptopodomorpha. The Netherlands Entomological
Society, Amsterdam, xxvi + 222 pp.

Kongre, Sempozyum: Yazarlar, Yil. “Bildirinin adi (So6zcuklerin ilk harfi kiguk), sayfa arahgi”.
Kongre/Sempozyum Adi, Tarihi (gtn aralidi ve ay), Yayinlayan Kurum, Yayinlanma Yeri.

Ornek:

Bracko, G., Kiran, K., & Karaman, C. 2015. The ant fauna of Greek Thrace, 33-34. Paper presented
at the 6" Central European Workshop of Myrmecology, 24-27 July, Debrecen-Hungary.

Internet: Eder bir bilgi herhangi bir internet sayfasindan alinmis ise (internetten alinan ve dergilerde
yayinlanan yazilar haric), kaynaklar bélimine internet sitesinin ismi tam olarak yazilmal, siteye erisim
tarihi verilmelidir.

Soyadi, A. Yil. Calismanin adi. (So6zclklerin ilk harfi klicik) (web sayfasi) http://www...... ) (Date
accessed: 12.08.2009).

Hatch, S., 2001. Studentsperception of online education. Multimedia CBT Systems. (Web
page: http://www.scu.edu.au/schools/sawd/moconf/papers2001/hatch.pdf) (Date accessed:
12.08.2009).

Kaynaklara metin icinde numara veriimemeli ve asagidaki 6érneklerde oldugu gibi belirtilmelidir.

Ornekler:

... X maddesi atmosferde kirlilige neden olmaktadir (Landen 2002). Landen (2002) x maddesinin
atmosferde kirlilige neden oldugunu belirtmistir. iki yazarli bir calisma kaynak olarak verilecekse,
(Landen & Bruce 2002) veya Landen & Bruce (2002)’ye gore. ... seklinde olmustur; diye verilmelidir. Ug
veya daha fazla vyazars6z konusuise, (Landen et al. 2002) veya landenet al. (2002)'ye
gore .... oldugu gosterilmistir; diye yaziimalidir.

Sekil ve Tablolar: Tablo disinda kalan fotograf, resim, cizim ve grafik gibi gostermeler “Sekil* olarak
verilmelidir. Resim, sekil ve grafikler, net ve ofset baski teknigine uygun olmalidir. Her tablo ve seklin
metin igindeki yerlerine konmaldir. Tum tablo ve sekiller yazi boyunca sirayla numaralandiriimali (Tablo
1., Sekil. 1), baslik ve aciklamalar icermelidir. Sekillerin sira numaralari ve basliklari, alta, tablolarin ki
ise Ustlerine yazilir.

Sekiller (tablo disinda kalan fotograf, resim, gizim ve grafik gibi) tek tek dosyalar halinde en az 300
dpi ¢ozlnlrlikte ve tif dosyasi olarak sekil nhumaralari dosya isminde belirtilmis sekilde ayrica sisteme
ek dosya olarak ylklenmelidir.

Sunulan yazilar, 6ncelikle Dergi Yayin Kurulu tarafindan 6n incelemeye tabii tutulur. Dergi Yayin
Kurulu, yayinlanabilecek nitelikte bulmadig:i veya yazim kurallarina uygun hazirlanmayan
yazilari hakemlere gondermeden red karari verme hakkina sahiptir. Dederlendirmeye alinabilecek
olan yazilar, incelenmek Uzere iki ayri hakeme gdnderilir. Dergi Yayin Kurulu, hakem raporlarini dikkate
alarak yazilarin yayinlanmak Uzere kabul edilip edilmemesine karar verir.


http://dergipark.gov.tr/
http://www.scu.edu.au/schools/sawd/%20moconf/papers2001/hatch.pdf
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SUISTIMAL INCELEMELERI VE SIKAYETLER

Dergide yayinlanmis veya yayinlanma sirecine girmis her tirlid yazi hakkindaki suistimal siphesi ve
suistimal sliphesiyle yapilan sikayetler dergi Yayin Kurulu tarafindan dederlendirilir. Yayin kurulu
suistimal suphesini veya sikayeti dederlendirirken COPE (Committee on Publication Ethics)’un
yonergelerine bagli kalir. Stphe veya sikayet sirecinde sikayet taraflariyla hicbir baglantisi olmayan bir
ombudsman belirlenerek karar verilir. Sikayetler bas editore tujns@trakya.edu.tr adresi kullanilarak
yapilabilir.

YAYIN SONRASI DEéISIKLIK VE GERICEKME iSTEGI

Dergide yazinin yayinlanmasi sonrasi yazar sirasinda degisiklik, yazar ismi c¢ikarma, ekleme ya da yazinin
gericekilmesi tuins@trakya.edu.tr adresine yapilacak bir basvuru ile gerceklestirilebilir. Gonderilecek e-postada mutlaka
gerekce ve kanitlar sunulmahdir. Sunulan gerekge ve kanitlar Yayin Kurulu tarafindan gérlsilip karara baglanir.
Yukarida belirtilen degisiklik ve geri cekme istekleri olustugunda tim yazarlarin dergiye génderecekleri yazilar islem
suresi igerisinde otomatik olarak reddedilir.

UYELIK/AYRI BASKI/ERISIM

Dergi Uyelik gerektirmeyip Acik Erisime sahiptir. Dergide yazisi basilan tim sorumlu yazarlara 15 ayri baski ve yazinin
ciktigr 1 dergi Ucretsiz gdnderilmektedir. Dergide yayinlanan tim yazilara erisim Ucretsiz olup full-text pdf dosyalari CC-
BY 4.0 uluslararasi lisansi kapsaminda kullanilabilir.

REKLAM VERME
Dergiye reklam vermek Uzere tujns@trakya.edu.tr adresine yapilacak basvurular dergi sahibi tarafindan
degerlendirilecektir.

Bas Editor : Prof. Dr. Kadri KIRAN

Trakya Universitesi
Fen Bilimleri Enstitlsi
Balkan Yerleskesi
22030 - EDIRNE

Tel : 0284 235 82 30
Fax : 0284 235 82 37
e-mail : tujns@trakya.edu.tr
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Author Guidelines

Trakya University Journal of Natural Sciences
(Trakya Univ J Nat Sci)

Trakya University Journal of Natural Sciences, is published twice a year in April and in October and
includes theoretical and experimental articles in the fields of Biology, Biotechnology, Environmental
Sciences, Biochemistry, Biophysics, Fisheries Sciences, Agriculture, Veterinary and Animal
Sciences, Forestry, Genetics, Food Sciences and Basic Medicine Sciences. Original studies,
research notes, reviews, technical notes, letters to the Editor and book reviews can be published in the
journal. The publishing language for all articles in the journal is English. On the other hand, authors are
required to provide a Turkish abstract also. The Turkish version of the abstract will be supply by the
journal for foreign authors. Abstracts should include introduction, material and methods, results and
discussion sections in summary. The authors should pay attention to research and publication
ethics Committee on Publication Ethics (COPE) in preparation of their manuscripts before submission by
considering national and international valid ethics. An approval of Ethics and Animal Welfare Committee
is mandatory for submissions based on experimental animals and this approval should be provided
during submission of the manuscripts. Articles which have not been published elsewhere previously and
whose copyright has not been given to anywhere else should be submitted. All responsibilities related to
published articles in Trakya University Journal of Natural Sciences belong to the authors.

Submitting articles

Articles should be submitted on the web through http://dergipark.gov.tr/trkinat and all
submissions should be performed online.

Authors, who are already a member of the DergiPark system, can enter in the login section using
their “user name” and “password" to submit their articles.

Authors entering the DergiPark system for the first time to submit an article will enter in the
“REGISTER" section to submit their articles.

Article preparation rules

Articles should be submitted to the Journal using MS Word preparing 12 points Times New
Roman font and 1.5 raw spacing. Author names and contact info must be in first page,
article must continue in second page without author names and contact info. Whole article should
have numbered with line number restarting each page. The author's name must not be specified
any academic titles. If studies supported by a foundation, this support should have been written in
the acknowledgement section.

Articles should be arranged as below:

Authors: The name(s) of the author(s) should not be abbreviated and must be written under the
title one by one, with surnames in capital letters. Address(es) should be written in full.
Corresponding authors in multiple authored submissions should be indicated, and the address and
e-mail of the corresponding author should be written just under the author(s) list. No other
information about the manuscript should be included in this page. The main manuscript
text should start with the following new page and should not include any author-
contact information.

Title: Should be short and explanatory and written in capital letters and centered.

Abstract and keywords: Turkish and English abstracts should not exceed 250 words. “Keywords”
should be written under the abstract in small letters and all keywords should be written using a
comma after all. Keywords should not be replicaof the title words,if it is not
obligatory. Abstract should begin “Abstract” word from the left side of the page. The main and sub
headers (if present) should not be numbered.

Introduction: The aim of the submitted and history of the previous studies should be indicated in
this section. SI (Systeme International) system and abbreviation should be used in the article. Other
abbreviations- should be explained once in their first appearance in the text. No “.” sign should be
used after abbreviations except those used at the end of a sentence (...the determined distance is 45

m. Therefore, ...).


http://publicationethics.org/
http://dergipark.gov.tr/trkjnat
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Material and Method: If the submitted study is experimental, methods of the experiments should
be given in detail. The method(s) used in the article should be descriptive for others to repeat. If a
widely known experimental method is used, the method does not need to be explained in detail. In
this situation, indicating only the name of the experimental method or citing the study who used
the method for the first time will be enough.

Results: Obtained results should be given in this section without any comment. Results can be
explained with tables, figures or graphics, if necessary.

Discussion: Results must be discussed, but unnecessary duplications should be avoided. In this
section, rather than giving literature data, authors should focus on their results considering
similarities and differences with and between previously conducted researches, and should discuss
possible reasons of similarities and differences. The contribution to science and importance of the
obtained results should also be mentioned as much as possible in this section.

Acknowledgements: Should be as short as possible. Thanks are usually made to institutions or
individuals who support the study or to experts who reviewed the article before submitting to the
journal. Acknowledgement section should be given before the references section in a separate
header.

References: Unpublished information should not be given as a reference (examples of
unpublished references: articles in preparation or submitted somewhere, unpublished data or
observations, data obtained based on interviews with individuals, reports, lecture notes, seminars,
etc.). However, thesis completed and signed by a jury and articles with DOI numbers given can be
used as reference. References should be given at the end of the text, sorted alphabetically by
author’s surname and should be given with humbering.

Articles: Surname of author, first letter of author’'s first name, publication vyear, article
title, the name of the journal, volume, issue, page numbers. Journal name is written in italics.

Example:

Articles with single author

Surname, N. Year. Article title (First letter of all words small). Whole name of journal, Volume
(Issue): page range.

Aybeke, M. 2016. The detection of appropriate organic fertilizer and mycorrhizal method enhancing
salt stress tolerance in rice (Oryza sativa L.) under field conditions. Trakya University Journal of
Natural Sciences, 17(1): 17-27.

Articles with two or more authors

Surnamel, N1. & Surname2, N2. Year. Article title (First letter of all words small). Whole name
of journal, Volume (Issue): page range.

Dursun, A. & Fent, M. 2016. Contributions to The Cicadomorpha and Fulgoromorpha (Hemiptera)
fauna of Turkish Thrace region. Trakya University Journal of Natural Sciences, 17(2): 123-128.

Surnamel, N1., Surname2, N2. & Surname3, N. Year. Article title (First letter of words
small). Whole name of journal, Volume (Issue): page range.

Becenen, N., Ulucam, G. & Altun, O. 2017. Synthesis and antimicrobial activity of
iron cyclohexanedicarboxylic acid and examination of pH effect on extraction in water and organic
phases.Trakya University Journal of Natural Sciences, 18(1): 1-7.

Book: Surname of author, first letter of author’s first name, Year. Book title (name of translator or
book editor if present), volume, edition number, press, city, page number.
Example:

Surname, N. Year. Book Title (First letter of words small and italic), volume, edition number, press,
city, page number.

Czechowski, W., Radchenko, A., Czechowska, W. & Vepsalainen, K. 2012. The ants of Poland with
reference to the myrmecofauna of Europe. Museum and Institute of Zoology PAS, Warsaw, 496 pp.
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Book Section: Surname of author, first letter of the author’s first name, Year. Section name, page
range. In: (Editor of Book, Book title, press, city, page number).

Example:

Surname, N. Year. Section name, page range. In: (Editor of Book, Book title (First letter of words
small and italic), press, city, page number)

Jansson, A. 1995. Family Corixidae Leach, 1815—The water boatmen. Pp. 26-56. In: Aukema, B. &
Rieger, Ch. (eds) Catalogue of the Heteroptera of the Palaearctic Region. Vol. 1.
Enicocephalomorpha, Dipsocoromorpha, Nepomorpha, Gerromorphaand Leptopodomorpha. The
Netherlands Entomological Society, Amsterdam, xxvi + 222 pp.

Congress, Symposium: Surname, N. Year. Presentation title (first letters of all words small),
page range. Name of Congress/Symposium, Date (day range and month), place.

Example:

Bracko, G., Kiran, K., & Karaman, C. 2015. The ant fauna of Greek Thrace, 33-34. Paper presented
at the 6" Central European Workshop of Myrmecology, 24-27 July, Debrecen-Hungary.

Internet: If any information is taken from an internet source (articles published in journals and
taken from internet excluded), internet address should be written in full in references section and
access date should be indicated.

Surname, N. Year. Name of study (First letter of words small) (Web page: http://www...... ) (Date
accessed: 12.08.2009).

Hatch, S. 2001. Student sperception of online education. Multimedia CBT Systems. (Web
page: http://www.scu.edu.au/schools/sawd/moconf/papers2001/hatch.pdf) (Date accessed:
12.08.2009).

References within the text should not be numbered and indicated as in the following examples.
Examples:

. atmospheric pollution is causing by x matter (Landen 2002). If an article has two authors, it
should be indicated in the text as (Landen & Bruce 2002) or ... according to Landen & Bruce
(2002) .... If there are three or more authors, references should be indicated as (Landen et
al. 2002) or according to Landen et al. 2002 ...

Graphics and tables: All photos, pictures, drawings and graphics except tables should be
indicated as Figures. Pictures, figures and graphics should be clear and ready to print with offset
technique. The places of all tables and figures should be indicated in the text. All tables and figures
should be numbered within the text respectively (Table 1, Fig. 1). Figure numbers and legends are
written below the figures, table numbers and legends are written above the tables.

All figures (all pictures, drawings and graphics except table) should also be uploaded to the system
separately with 300dpi resolution at least as .tif file using the figure numbers in the files name.

Submitted articles are subjected to prior review by the Editorial Board. Editorial Board has the right
to reject the articles which are considered of low quality for publish or those which are insufficiently
prepared according to the author guidelines. The articles accepted for consideration for evaluation
will be sent to two different referees. Editorial Board decides to accept or reject the submissions for
publication by taking into account the reports of referees.
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EXPLOITATION ENQUIRY AND COMPLAINTS

All kinds of exploitation doubts and complaints about manuscripts, either published or
in publication process, are evaluated by the Editorial Board. The Editorial Board strictly follows the
directives of COPE (Committee on Publication Ethics) during the evaluations. An ombudsman who
has no connection with the parts in any stage of the complaint is appointed and a decision is made.
Complaints can be sent to the editor in chief by sending an e-mail to tujns@trakya.edu.tr.

POST-PUBLICATION CHANGE AND WITHDRAWAL OF A MANUSCRIPT

Changes in author ordering, removal or addition of a new author in and withdrawal of a published
manuscript can be realized by sending an application to tujns@trakya.edu.tr. The application e-
mail should include the reason of the requested change with the evidences. The reasons and
the evidences are discussed and finalized by the Editorial Board. Further submissions of authors of
a formerly accepted manuscript undergoing a change process are automatically sent back to the
authors until the final decision of the manuscript in process.

ADVERTISING

Advertising applications sent to tujns@trakya.edu.tr will be evaluated by the journal owner.
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