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Abstract

This study was carried out to determine the anatomical and palynological features of Fritillaria gencensis,
a new species found in Turkey. F. gencensis is a new species and no previous systematic research has been
conducted on this species. In this study, the anatomical and palynological features of F. gencensis were evaluated
to define the species in more detail. Anatomical examinations were made on the surface section of leaf and stem.
In the trunk cross-section, the cortex cells are 3-7 layers. These cells are thin, parenchymal and have little or no
intercellular spaces. 1-2 rows of collenchyma cells are seen below the cortex. In the upper and lower superficial
sections taken from the leaf, the stomata index was 49.88% in the upper epidermis and 48.66% in the lower
epidermis. Stomata are of the anomocytic type because there are no specific types of adjacent cells surrounding
the stomata. As a result of palynological studies, the average of the polar axis, which is the long axis of the pollen,
was 34.38 um, the equatorial axis was 24.23 um and the average thickness of the exine was 1.25 um. Pollen
shape was prolate. Pollen ornamentation was reticulated. With this study, the anatomical and palynological
features of the F. gencensis species was determined and and with the results contributed to the taxonomic
studies on the subject.
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Endemik Fritillaria gencensis'in Yild., Kilig & A.Demirpolat Anatomik ve Palinolojik
Ozellikleri

Oz

Bu ¢alisma Tirkiye'de bulunan ve yeni bir tir olarak belirlenen endemik Fritillaria gencensis Yild., Kilig¢ &
A.Demirpolat tirlinln, anatomik ve palinolojik 6zelliklerini tespit etmek amaciyla yapiimistir. F. gencensis tiiri
yeni bir tiir oldugu igin bu tir ile ilgili daha 6nce herhangi bir sistematik arastirma yapilmamistir. Bu ¢alismada,
tiriin daha detayli tanimlanabilmesi icin F. gencensis'in anatomik ve palinolojik 6zellikleri incelenmistir.
Yapraklarin ve govde ylizey kesitlerinde anatomik incelemeler yapilmistir. Govdeden alinan enine kesitde, korteks
hiicreleri 3-7 katmanhdir. Bu hiicreler ince, parankimatiktir ve hlicreler arasi bosluklari yok denecek kadar azdir.
Korteksin altinda 1-2 sirali kollenkima hiicreleri goruliir. Yaprakdan alinan alt ve Ust ylizeysel kesitlerde stoma
indexi Ust epidermada %49.88, alt epidermada %48.66 olarak belirlenmistir. Stomalari gevreleyen belirli tipte
komsu hiicreler olmadigindan dolayr anomositik tiptedir. Palinolojik ¢alismalar sonucunda, polenlerin uzun
ekseni olan polar axis ortalamasi 34.38 um, ekvatoral axis 24.23 um, ekzin kalinligi ortalama 1.25 um olarak
Olgulmistur. Polen sekli prolatdir. Polen stislemesi agsi deliklidir. Bu ¢alisma ile F. gencensis tlrinin anatomik
ve palinolojik 6zellikleri belirlenerek konuyla ilgili taksonomik ¢alismalara katki saglanmistir.

Anahtar kelimeler: Fritillaria, Anatomi, Palinoloji, Liliaceae
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Introduction

The genus Fritillaria L. belongs to the
Liliaceae family and has about 165 taxa worldwide.
The Liliaceae family has recently split into many
different families. Although this stuation causes
some disagreements considering the morphological
and phylogenetic studies, it was determined that
the Liliaceae family consists of 6 tribuses, 15 genera
and approximately 900 species (Yildiz and Aktoklu,
2010). The genus Fritillaria is represented by about
43 species, 21 of which are endemic to Turkey
(Ozhatay et al., 2000). There are 25 taxa of this
genus in Greece (Rix, 2001), 22 taxa in Russia
(Lozina-Lozinskaya, 1968) and 18 taxa in lIran
(Rechinger, 1990).

Also called inverted tulips, Fritillaria is known
for its flower or inflorescence tilting towards the
ground. The name Fritillaria is derived from the
genus name fritillus, which means membrane in
Latin (Oztas and Oztas, 2017). Fritillaria taxa
generally prefer sandy, rich soils with good content
(Beresford-Kroeger, 2004). Species of this genus
bloom in early or late spring. The genus Fritillaria
has been classified within itself by different
researchers. Fritillaria species were divided into two
different groups by Fay & Chase (2000), Eurasian
Fritillaria species and North American Fritillaria
species. However, Fritillaria species were divided
into 7 subgenus and 2 sections by Rix (Teksen &
Aytac, 2011 as cited in Rix, 2001). There are also
studies showing that some Fritillaria species are
used in folk medicine (Huang et al., 2004; Dhyani et
al., 2010; Mosaddegh et al., 2012; Khan et al., 2013;
Mikemre et al., 2015). In some ethnobotanical
studies, it is known that Fritillaria species are used
in digestive problems, abdominal, kidney,
rheumatism and joints pains, to relieve cough and
wound healing (Mosaddegh et al, 2012; Khan et al.,
2013; Mukemre et al., 2015). When the
ethnobotanical studies on Fritillaria species are
examined, it is seen that the part used in this genus
is especially the bulbs (Dhyani et al., 2010; Huang et
al., 2004; Khan et al., 2013; Mosaddegh et al., 2012;
Mikemre et al., 2015).

Endemic and new species F. gencensis is
morphologically close to F. alburyana Rix, with
lower leaves 2.5-4.5 cm wide (not 1-2.5 cm), ovate
(not lanceolate); crests 4-6 mm wide (not 10-15
mm), oblong (not ovate); filaments 8-9 mm (not 10-
15 mm), glabrous (not papillose); anthers yellow
(not brown); styles 8-10 mm (not 9-15 mm). On the
other hand, F. pinardii Boiss. morphologically close
to the genus Boiss. with lower leaves 2.5-4.5 cm
wide (not 0.5-2.4 cm), ovate (not lanceolate); the
flowers are cylindrical to circular (not narrow bell-
shaped), pale ping-gray, white-yellowish, filaments
glabrous (not papillose) (Yildirimli et al., 2019).
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There are studies on the anatomical,
morphological,  palynological  features  and
phylogenetic studies of some species belonging to
the genus Fritillaria in Turkey (Pehlivan and Ozler
2002; Ozler ve Pehlivan 2007; Alan, 2008, Sancar et
al.,, 2021). However, since F. gencensis is a new
species, no research has been done on this species.
In this study, the anatomical and palynological
features of F. gencensis were examined for the first
time to define the species in more detail.
Anatomical examinations were made on the surface
sections of the leaf and stem, and the results were
given.

Material and Method
Plant Material

The plant sample was collected from Bingdl-
Geng district (AD 2221) and turned into a herbarium
sample (Fig. 1). Fresh specimens of this new species,
defined according to the flora of Turkey, were
stored in 70% alcohol for anatomy studies. For
palynology studies, with flowering specimens of F.
gencensis were kept and used. Type, Turkey. B8
BINGOL: Geng, Cevirme village, 1650 m, 22.04.2019,
S. Yildinmli 45138, O. Kili¢ & A. Demirpolat (holo.
Yildirimli Otluk (YO); iso. EGE, GAZi, HUB, YO).

Anatomical Study

For the anatomical study, transverse
sections from the stem and leaf of the samples
prepared with 70% alcohol and superficial sections
from the upper and lower surfaces of the leaf were
made by hand. Safranin-fast green (Bozdag et al.,
2016) was used for painting anatomical sections
(Table 1 and Figure 2). Anatomical photography and
measurement of the specimens were performed
with the help of a digital camera with a Euromex
CMEX-10PRO trinocular microscope.

Palynology Study

The pollen morphology of the taxon in the
study was examined with light microscopy and
Scanning Electron Microscopy. The pollens obtained
from the samples in light microscopy examinations
were prepared according to the method of

Wodehouse (1935). Measurements  were
performed and the photographs were taken with
Euromex CMEX-10PRO trinocular microscope

(100x). Polar axis (P), equatorial axis (E), and exine
thickness (Ex). Sulcus width-length was measured
from thirty pollen. The terminology used is mainly
from Faegri & Iversen (1935) and the study of Kili¢
et al. (2020). These measurements are reported in
Table 2 and micrographs in Figure 3.

Pollens belonging to the genus F. gencensis
were placed on metal pollen carriers (stap) with
double-sided adhesive tape under a binocular
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microscope to be examined by SEM and covered
with gold to provide the appearance of the pollen in
the electron microscope. The pollen appearances
and detailed surface ornamentations of the studied
pollen were obtained from Bingél University Central
Laboratory. Microphotographs at 1500x- 10000x
magnification were taken for each taxon.

Result and Discussion
Stem anatomy of Fritillaria gencensis

In the cross-section of the stem, there are
epidermal cells in a row and oblong-oval shape. The
epidermal layer is covered with a cuticle in some
sections. The cortex contains 4-11 layers
sclerenchyma cells. Vascular bundles are denser in
the vascular cylinder. Cortex cells are 3-7 layers
(Table 1). They are thin, parenchymal cells with little
or no intercellular spaces. 1-2 layers of collenchyma
cells are below the cortex. Xylem occupies a larger
area than phloem. Xylem cells are stained with
safranin. There is a scape extract center with thin
walls and intercellular space of normal parenchymal
cells. The cross-section taken from the middle part
of the stem was observed as follows (Figure 2).

Leaf anatomy of Fritillaria gencensis

In the cross-section taken from the middle
part of the leaf, the epidermal cells differ in shape
and size. The epidermal cells on both the lower and
upper surfaces are rectangular and the larger
epidermal cells are oval in shape. Spongy and
palisade parenchymal cells are undifferentiated in
the mesophyll layer. It has intercellular spaces.

Table 1. Anatomical characters of F. gencensis

Parenchymal cells are mainly flat and transversely
elongated. Vascular bundles are regular and less
numerous at the periphery of the trunk. The bundle
sheath around the xylem or phloem element
consists of a single layer of large parenchymal cells.
The pith has large, oval, or round-shaped, thin-
walled parenchymal cells. The following Fig. 2 cells
are observed in the superficial section taken from
the upper and lower regions of the leaf. There are
stomata on both surfaces of the superficial sections
taken from the upper and lower regions of the leaf.
Stomata are of the anomocytic type because there
are no specific types of adjacent cells surrounding
the stomata. In the upper and lower superficial
sections taken from the leaf, the stomata index is
49.88% in the upper epidermis and 48.66% in the
lower epidermis (Table 1).

Pollen anatomy of Fritillaria gencensis

The mean polar axis, which is the long axis of
the pollen is 34.38 um, equatorial axis is 24.33 um
and exine thickness is 1.25 um. Pollen shape is
prolate. Pollen ornamentation is reticulated. The
reticles are not thin and taper slightly towards the
edge of the sulcus. Sulcus is a long longitudinal slit,
running parallel to the equatorial axis. The mean
sulcus length is 24.99 um, and the sulcus width is
12.23 pum (Table 2). Sulcus membrane is granulate.
The sulcus tip is rounded. The ornamentation of the
pollen exine is a valuable character in palynology. F.
gencensis pollen grains are operculate and
monosulcate.

Stem
Epiderma Cortex Sclerenchyma Collenchyma Pith region
Row and oblong-oval 3-7 layers 4-11 layers 1-2 layers Oval shaped
shape
Leaf anatomical characters
Upper and lower Mesophyll Stoma type Stomata index

epiderma

upper epidermis lower epidermis

Rectangular and oval
shape

7-19 layers oval
shape

Anomocytic type

49.88% 48.66%

Table 2. The pollen morphological characters of F. gencensis (values in p m)

P E Exin Shape Sulcus Ornemantation
2 Min. Max. Mean  Min. Max. Mean e Sulcus  Sulcus
u § Ihengt width
S 22.80 41.38 34.38 20.01 34.60 24.23 1.25 141 29.49 12.23 Reticulate
Prolatae perforate
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Although the previously studied Fritillaria
species had common anatomical characteristics, F.
gencensis species has somewhat distinct anatomy
(the presence of sclerenchyma and the number of
layer, size, and shape of epidermal cells, the number
of subepidermal parenchymal layers, the presence
of vascular bundle, the stoma index). To distinguish
taxa and to reduce systematic problems, similarities
in  morphological features of taxa can be
distinguished by anatomical characters. In addition,
Charlton (1988) reported that anatomical data can
be used to solve problems.

In the palynology revision of the Fritillaria
genus, Teksen et al. (2010) determined that the F.
pinardii species, which is morphologically close to
the F. gencensis species (Yildirm et al., 2019), has
the ornamentation as reticulate perforate and enter
the Type Il pollen decoration section. F. alburyana is
studied in the Type Il pollen ornamentation section
with its fine reticulate ornamentation. Again,
according to that study, the pollen form of F.
alburyana  species was subprolate, sulcus
membrane verrucate, and sulcus apex sharp
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(Teksen et al., 2010). The pollen shape of F. pinardii
species was prolate, sulcus membrane gemmate,
sulcus apex round. The aperture type of both
species was monosulcate (Teksen et al., 2010). In
our study the results were similar and aperture type
in F. gencensis is monosulcate. The apex of
F.gencensis sulcus is round-shaped, as in F.pinardii
of these two species to which it is morphologically
close.

According to Ozler and Pehlivan (2007),
while the mean polar axis of F. pinardii species was
49.68 um, the mean equatorial diameter was 35.68
pum. On the other hand, Teksen et al. (2010)
measured the mean polar axis of F. pinardii as 44.3
pm, the mean equatorial dimater as 34.9 um. In our
study, the mean polar axis was 34.38 um and the
equatorial axis was 24.23 um. In this respect, it was
determined that F. gencensis has smaller pollen
grains.

Kandemir et al. (2022) found that the region
in the stem cross-section of 9 Fritillaria species
consists of large parenchymal cells in all taxa, but
the shape differs. The shape of the parenchymal
cell is oval in the pith of F. asumaniae, F. byfieldii
and F. mughlae; oval and orbicular in F. carica, F.
elwesii, F. forbesii and F. milasense; oval and
hexagonal in F. 6zdemir-elmasii (Kandemir et al.,
2022). In our study, the shape of the large
parenchymal cell in the pith was oval and hexagonal
in the cross-section of the trunk. Again, phloem and
xylem elements, vascular bundles, and sheaths
were observed in all taxa examined according to
Kandemir et al. (2022). The bundle sheath consists
of oval-shaped, large parenchymal cells without
chloroplasts (Kandemir et al., 2022). In this respect,
they are similar to the F. gencensis species in our
study. The number of layers of sclerenchymatous
tissue varied among taxa and thus it was used as an
important  distinguishing anatomical feature
(Kandemir et al. 2022, Namazi et al. 2017; Corneanu
& Popesco, 1981; Pinar & Behget, 2012; Alan, 2008).
It was reported by Namazi et al. (2017) that, the
number of layers of the sclerenchymatous sheath
also differs among Fritillaria species in Iran. In our
study, it was observed that the F. gencensis stem
cortex contains 4-11 layers sclerenchyma cells.
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Figure 2. Photomicrographs of stem (A) and leaf (B) cross sections of F. gencensis. Leaf superficial sections (C-D),
e-epidermis, ph-phloem, x-xylem, pi-pith, sc-sclerenchyma, bs-bundle sheat, m-mesophyll, st-stoma, lec-lower
epidermis cell, uec-upper epidermis cell.

Figure 3. Pollen grains photos of F. gencensis; A-C: an equatorial view, B-E: a polar view, D: detailed apertures
and exine ornamentation in a equatorial view.
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In our study, we found that F. gencensis leaf cross-
section is unifacial in terms of mesophyll. Our study
is parallel to the studies conducted in this regard
(Kandemir et al.,, 2022; Behget & Pinar, 2012;
Corneanu & Popesco, 1981). There are anomocytic
stomata in the lower and upper surfaces of
F.gencensis leaf in our study. A similar situation has
been reported in other studies of the Fritillaria
speciewa (Kandemir et al. 2022; Kumar, 2006; Pinar
& Behget, 2012; Alan, 2008).

Conclusion

In this study, with its distinctive anatomical
and palynological features, F. gencensis was defined
as a new species. The fact that it is a morphologically
new endemic species within the genus was
supported by anatomical and pollen examination.
The stem and leaf sections are anatomically
different from F. alburyana and F. pinardii species,
both of which are morphologically close due to the
absence of sclerenchyma. Palynologically, its pollen
shape is close F. pinardii but different due to its
small size.
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