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Anatomical, Palynological and Biochemical Studies on Gundelia dersim Vitek, Yiice & Ergin
(Asteraceae) an Endemic of Turkey
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ABSTRACT: The Asteraceae family is the largest in the plant kingdom in the world. Gundelia is a
genus that belongs to this family and is commonly referred to as the kenger name in Anatolia. Gundelia
dersim is also an endemic species defined from Eastern Anatolia. In this study, anatomical,
palynological and biochemical properties of G. dersim were discussed. When the anatomical structure
of G. dersim was examined, it was seen that the mesophyll type, in which the midrib of the leaf was
developed, was unifacial. There are too many sclerenchymatic cells in the vascular bundles. In addition,
laticifer elements were seen on the stem and leaf. Also, it was observed that the pollen of the species is
in echinate ornamentation and pollen grains are radial symmetrical, isopolar, tricolporate. Following
biochemical analysis, pigment analysis, total carbohydrate and lipid peroxidation were performed. The
chlorophyll a and chlorophyll b content of the species in both stem and leaf were analyzed, and the most
chlorophyll content was found in the leaf. With this research, for the first time, a detailed anatomical
investigation was conducted on the genus Gundelia, and it is a current view with the first consideration
of the anatomical, palynological and biochemical aspects of G. dersim.
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INTRODUCTION

Asteraceae (Compositae) is a family with the most taxa in the world. This family contains many
genera. Taxa belong to the family containing 24.000-30.000 species and 1600-1700 genera spread on all
continents except Antarctica. Although there are original estimates, it is assumed that there are 200,000-
300,000 flowering plant species, and one of every 8-12 flowering plant species belongs to the Asteraceae
family (approximately 10%) (Funk et al., 2005).

One of these genera is the Gundelia L. genus, which has many species in our country. It was known
that the genus Gundelia was represented by a single species until the 2000s. However, in recent years,
many new species have been identified; The new described species Gundelia aragatsi Vitek, Fayvush,
Tamanyan & Gemeinholzer (Vitek et al., 2010), Gundelia armeniaca (Nersesian, 2014) from Armenia,
Gundelia dersim Vitek, Yiice & Ergin (Vitek et al., 2014), Gundelia munzuriensis Vitek, Yiice and Ergin
(Vitek et al., 2014), Gundelia vitekii Armagan (Armagan, 2016), Gundelia komagenensis Firat (Firat,
2016a), Gundelia colemerikensis Firat (Firat, 2016a), Gundelia cilicica Firat (Firat, 2016a), Gundelia
anatolica Firat (Firat, 2016a), Gundelia mesopotamica Firat (2017a) and Gundelia siirtica Firat (2019a),
Gundelia cappadocica Firat (Firat, 2021b) from Turkey, Gundelia tehranica Vitek and Noroozi (Vitek
and Noroozi, 2017) from Iran. Moreover, added new record for the flora of Turkey Gundelia rosea
M.Hossain & Al-Taey (Firat, 2017b), Gundelia armeniaca Nersesyan (Firat, 2018a), Gundelia
purpurascens (Bornm.) Firat (Firat, 2018a). The resurrection and a new status of Gundelia asperrima
(Trautv.) Firat (Firat, 2017¢), Gundelia armata (Freyn & Sint.) Firat (Firat, 2019b).

Karyotype data for 12 taxa are reported in Geng¢ and Firat (2019). According to molecular dating,
the distinction of the genus Gundelia from the relative genera was around 14.1 million years ago (mya)
(Tarikahya Hacioglu and Firat, 2017). The recent taxonomical studies based on morphological data and
ITS based molecular data suggested that the genus Gundelia L. (Asteraceae) should be divided into two
subgenera; Gundelia L. subg. Gundelia (Type species: G. tournefortii) and Gundelia L. subg. Anatolia
Firat subg. nov. (Type species: G. anatolica). Additionally, morphological data suggest that there should
be two sections within the subgenus Gundelia; Gundelia L. subg. Gundelia sect. Gundelia (Type
species: G. tournefortii) and Gundelia L. subg. Gundelia sect. Komagenenses Firat sect. nov. (Type
species: G. komagenensis) (Firat, 2021).

Gundelia genus classification is taxonomically difficult because of its macro and
micromorphological characteristics. So, it is defined as the ‘rogue’ genus (Wortley et al., 2007).
Gundelia genus is represented by 19 taxa in Anatolia (Firat, 2021b); and the total number of species in
Gundelia increased to twenty-two and two sections (Firat, 2021a,b). Most of these species are endemic
to Turkey. Gundelia species in Anatolia; Kénger, Qorav, Kereng, Kerenk, Keven, Kengel, Has kanger,
Ac1 kenger, Esek dikeni, Kenger are known by vernacular names (Firat, 2013). Gundelia dersim Vitek,
Yiice & Ergin is often called ‘Kereng’ and ‘Kenger’. Milky secretion, like a chewed gum between people
in the Tunceli region of Turkey (Cakilcioglu, 2020). In our meetings with the local people, this milk-
like secretion is used in ice cream making and gastric disorders such as gastritis, ear disorders, jaw
strengthening and chewing problems. General morphological features are as follows; Stout perennial
herb with milky latex. Leaves alternate, pinnatisect, strongly spiny-dentate, uppermost is usually
involucrate. Capitula few-flowered, morphologically homogamous and discoid, densely aggregated into
Eryngium L.-like heads (pseudocephalia) (Kupicha, 1975). G. dersim is a new endemic species described
from Eastern Anatolia (Vitek et al., 2014). The spreading area of this species is like G. glabra Mill., G.
munzuriensis Vitek, Yiice & Ergin, G. tournefortii L., G. armata (Freyn & Sint.) Firat and G. vitekii
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Armagan. Thus, studies on these species are essential in terms of the taxonomic and ecological
conditions of the genus Gundelia.

Anatomical and palynological studies can support morphological features and provide valuable
characters for taxonomic studies. Biochemical studies are very important in terms of the relationship of
species to ecological environments. At the same time, it can provide important contributions to reveal
the biochemical similarities and differences between taxa close together (Karaaslan et al., 2014; Konak
et al., 2017; Afrasiabi et al., 2019).

There is no current anatomical study on the Gundelia genus. A preliminary study of Solereder and
Scott (1908) and Metcalfe and Chalk (1950) on the genus and a detailed study has not been found later.
The genus Gundelia was represented by a single species until recent years. However, the number of
species has increased due to the studies carried out in recent years. Therefore, studies to be carried out
are becoming necessary.

No studies on the anatomical, palynological and biochemical content of G. dersim have been
found. Therefore, this study aims to examine the characteristics of G. dersim in this respect.

MATERIALS AND METHODS

Plant material

The main material of this investigation is Gundelia dersim (Figure 1) collected from between B7,
Tunceli (Turkey), Ovacik-Koyungolii (1280m)(Tunceli province) riverside and Aktuluk district(1000m)
(Tunceli centre) region in June and at the time of flowering. Map of Turkey (Firat, 2016b) and map of
detail of the area (Google map, 2021). In the samples collected, the homogeneity of the population was
taken into consideration. Herbarium material(\VVoucher specimen no: MA 2003) is stored at Munzur
University.

Figure 1. Synflorescence view, habitat and collection area of G. dersim

Anatomical analysis

By collecting G. dersim from its natural habitats, the plant parts were preserved in 70% alcohol
used in anatomical studies. Sectioning operations were performed manually with the help of razors. It is
stained with sartur reagent and safranin to distinguish between tissues and cells (Baytop, 1972; Algan,
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1981). Anatomical observations were made and photographed using the Olympus BX53 light
microscope.

Palynological analysis

For the purpose of studying pollen grains in Gundelia, specimens were collected in their flowering
period. A minimum of ten samples of species has been examined. Palynological studies were carried out
in SEM at Munzur University. The terminology used is mainly based on that recommended by Punt et
al. (2007).

Biochemical analysis
Also, the material to be used for biochemical studies was stored at -80 ° C. Following biochemical
analysis, pigment analysis, total carbohydrate and lipid peroxidation were performed.

Measurement of total carbohydrate content

The total content of carbohydrate was measured according to the method proposed by Rosenberg
(1980). Leaf and stem samples were cut into small pieces and kept at 50 °C for 1 day. Then, it was
ground in the blender and left again at 50 °C for 1 night. Samples were taken to the desiccator after 24
hours, waiting for 1 hour, weighing 0.2 g from the samples, 5 mL of 72% H>SO4 was added and
hydrolysis for 3 hours with mixing every 15 minutes. Then 45 mL of distilled water was added and kept
in the refrigerator for 1 night. Samples were filtered from filter papers after 24 hours. After the filtrate
was diluted 1/ 100, 2 mL of an antron reagent prepared daily was added to 500 pL and mixed rapidly
in the vortex. This mixture was put in tubes, and their mouths were closed with aluminium foil. The
tubes were kept in a boiling water bath for 10 minutes and then read against the control in 620 nm
wavelength spectrophotometer (Shimadzu UV-1201V) by performing the same procedures with distilled
water. Glucose values were calculated in response to the standard values entered the Slide program.

Photosynthetic pigment analysis

De Kok and Graham method was used for the extraction of pigments (De-Kok and Graham, 1980).
For extraction, 1 gram of each of the leaf and stem samples ground in the blender was taken in 3
replicates for each sample and placed in 50 ml of acetone (100% Merck) in a glass mortar and
homogenized. Then the flasks were placed with aluminium foil in such a way that they would not see
them, and the mouths of the flasks were closed with parafilm. It was homogenized for 30 minutes in a
shaking oven. These samples were then kept in the refrigerator set at 4 °C for 24 hours. Samples taken
out of the refrigerator were filtered and 1 / 5 water was added. These samples were re-homogenized for
15 minutes in a shaking oven and then kept in the refrigerator for 24 hours. Samples were centrifuged
after 24 hours at 3000 rpm for 10 minutes. The absorbance values of the centrifuged samples were read
at 662, 645, 470 nm according to Lichtenthaler and Welburn (1983) and the two most important types
of chlorophyll in terms of photosynthesis are chlorophyll a, chlorophyll b and carotenoid and total
chlorophyll contents were calculated.

Lipid peroxidation analysis

The method was made according to Heath and Packer (1968). 0.5 g of fresh leaf tissue was
homogenized in 5 mL of 0.1% TCA. The homogenate was centrifuged at 10.000 g for 10 minutes. 2 mL
of this solution was kept in a water bath at 95 ° C for 30 minutes with 2 mL of 0.5% TBA (prepared in
20% TCA). At the end of the period, the samples were placed on ice. It was then centrifuged at 10.000
g for 15 minutes. The absorbance of the supernatant was measured at 532 nm and 600 nm, and
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measurements at 600 nm were confirmed by subtracting the measurements at 532 nm. The amount of
MDA was calculated with 155 mM - 1 cm - 1 extinction coefficient.

RESULTS AND DISCUSSION

Anatomical results

The stem has a single-layered epidermis. Under the epidermis is the cortex layer. There is a
collenchymatic hypodermis with 1- 2 layers of thickened walls at the top of the cortex and 4- 6 layers of
sclerenchyma tissue below it. This sclerenchymatic layer surrounds the stem. Under the sclerenchyma
is the parenchyma tissue. It is seen in cortical vascular bundles within the parenchyma tissue mentioned.
The stem has numerous annularly arranged by vascular bundles. These bundles are as follows: phloem
surrounded by a scleranchymatic layer and xylem under phloem, and it a scleranchymatic layer. Among
the vascular bundles are interfascicular cells. The stem’s inner part is made up of parenchymatic pith
cells, and in the centre is its pith cavity. Leaf epidermis anticline wall is flat. Although stoma is
anomocytic, anisocytic type is also rarely seen on the upper surface. It is amphistomatic according to the
surface with stomata on the leaf. Leaf mesophyll type is unifacial. Mesophyll consisted of 8- 9 layers of
palisade cells. The midrib of the leaf is very developed and contains many vascular bundles. A single
layer epidermis is covered with a cuticle on the outermost, a collenchymatic hypodermis sometimes 1-
2 layers below, just below the hypodermis lignified scleranchymatic layer surrounding the midrib. There
is a parenchymatic region comprising round cells that fill the interior and surround the vascular bundles.
Vascular bundles are surrounded by a scleranchymatic layer, then xylem, phloem, and again a
scleranchymatic layer. The conduction bundle is in the form of a collateral bundle. There are secretions
in the parenchyma cells. Also, infrequently, laticifer elements have been observed (Figure 2).

Figure 2. Anatomical structure of G. dersim. 1. Abaxial side of leaf, 2. Adaxial side of leaf, 3- Leaf midrib (arrow
laticifer vessel), 4- Leaf midrib, 5- Leaf vascular bundle, 6 Leaf mesophyll, 7- Stem general view, 8- Stem vascular
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bundle, 9- Stem cortex view. ep: epidermis, co: cortex, la: laticifer, lep: lower epidermis, me: mesophyll, uep:
upper epidermis, ph: phloem, sc: sclerenchyma, se: secreted substances, st: stomata, xy: xylem.

Palynological results

Pollen grains are radial symmetrical, isopolar, tricolporate. It is in the form of prolate-spheroidal
and echinate ornamentation. Spines are clear, and ornamentation is perforate-faveolate. Polar axis length
was measured as a mean of 42.56 um and equatorial axis as 38.08 pm (Figure 3, Table 1).

0 PR S - -

300pm

T U L}
MUNZUR UNI 15.0kV 5.4mm M-x2.50k SE " '20.0pm

MUNZUR UNI 15.0kV 5.6mm M-x2.50k SE 20.0pm MUNZUR UNI 15.0kV 5.6mm M-x27.0k SE 2.00pm

Figure 3. SEM photographs of pollen structure of G. dersim

Table 1. Pollen morphological features of G. dersim.

Pollen characteristics

Polar axis Min-Max (um) 38.379 — 45.782
Mean (um) 42.559

Equatorial axis Min-Max (um) 32.493 —42.121
Mean (um) 38.078

P/E 1.12

Pollen shape Prolate-spheroidal

Aperture Tricolporate

Ornamentation Echinate, perforate between spines

Biochemical results

In pigment analysis, Chl a content was measured as 3.91 pg/ g in leaf and 0.63 ug/ g in the stem.
Chl b value was found to be 0.96 pg / g on the leaf and 0.14 pg / g on the stem. The content of Car
(carotenoid) was determined as 1.07 pg / g on the leaf and 0.21 pug / g on the stem. Total Chl content
was found to be 4.87 ng/ g in leaf and 0.77 pg / g in the stem. While the total content of carbohydrates
was 0.76 pg / g in the leaf, it was determined as 0.43 pg / g in the stem. According to the lipid
peroxidation data, the malondialdehyde content in the leaf was measured as 1.26 pmol MDA / g FW and
1.02 pmol MDA / g FW in the stem. (Figure 4, Table 2).
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Figure 4. Pigment, total carbohydrate and lipid peroxidation data of leaf and stem in G. dersim

Table 2. G. dersim leaf and stem biochemical content

Leaf Stem
Chl a (ng/g) 3,91 0,63
Chl b (ng/g) 0,96 0,14
Total Chl (ng/g) 4,87 0,77
Carotenoid (ng/g) 1,07 0,21
Total carbohydrate (ng/g) 0,76 0,43
Lipid peroxidation (umol MDA/ g fresh weight) 1,26 1,02

No previous detailed anatomical study on the genus Gundelia has been found. Therefore, the data
in this study will be an essential database. If we look at the general anatomical features of the genus
Gundelia, Solereder and Scott (1908) and Metcalfe and Chalk (1950) mentioned the existence of cortical
vascular bundles and laticifer structures about the genus Gundelia. In our study, although rare, laticifer
canals were found in the stem and leaf structure. Probably the laticifer uses latex fluid to cover wounds
and protect the plant against herbivores and microorganisms (Fahn, 1990). So, milky secretion in laticifer
channels has an important place in folk medicine. A study conducted on the genus Cirsium from the
Asteraceae family stated that the leaf mesophyll structure was of the dorsiventral type. They stated that
the anticlinal walls were flat, and 5 taxa were not flat in 21 taxa studied. They stated that the distribution
area of these 21 taxa is at high altitude and in dry habitats. Besides, they stated that all taxa, except 3
taxa, were amphistomatic (Ozcan et al., 2015). In our study, the leaf of G. dersim is amphistomatic.
However, the mesophyll type is unifacial. In the studies conducted by Metcalfe and Chalk (1950) and
Kadereit and Jeffrey (2007), dorsiventral mesophyll was commonly found in the Asteraceae family.
Again in G. dersim, it is gathered around 1100 meters and is a high-altitude area. Ozcan et al. leaf
anticline walls were found to be flat in high altitude places (Ozcan et al., 2015). The leaf of G. dersim is
also flat with anticlinal walls. Also, Sheidai et al. stated in their study that the leaf mesophyll type of
Cirsium species in Iran is dorsiventral (Sheidai et al., 2018). It can be said that there is a significant
difference between the Gundelia genus and the Cirsium genus of leaf mesophyll type. Also, Metcalfe
and Chalk (1950) stated that the general stoma type of the Asteraceae family is an anomocytic
(Ranunculaceae type) and anisocytic type. In G. dersim, anomocytic type and rarely anisocytic type
stoma were also found. No trichome was found in the leaf and stem structure of G. dersim. It has been
reported in previous studies that the pollen characteristics of the Asteraceae family have taxonomic
significance (Telleria et al., 2013; Carrijo et al., 2013). Wodehouse (1930;1935) and Skvarla (1977), in
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their study, stated that the Asteraceae family pollen is echinate and generally tricolporate. It has the
characteristics of the family with its pollen characteristics in G. dersim. Palynological studies can
provide valuable data for a closely related genus. In studies on some Asteraceae species, echinate pattern
structure has been described (Zafar et al., 2007; Ahmad et al., 2013). In this study, we investigated, it
was determined that G. dersim taxon has echinate ornamentation. According to Wodehouse (1935), the
spiny pollen (spinate) character is said to be a more primitive feature than spinless. Also, Wodehouse
(1926;1928) stated that some Asteraceae species had fewer spins in wind-pollinated (anemophilous) and
more spins in insect-pollinated (entomophilous). According to this information, it can be said that G.
dersim is prone to pollination with insects. Wortley et al. investigated the pollen characteristics of G.
tournefortii in their study (Wortley et al., 2007). Accordingly, they found that it was 48 um in diameter
and tricolpate and echinate. In our study, we observed that these features of G. dersim are similar to G.
tournefortii, but the diameter is approximately 38 um, not 48 um (Figure 3).

Conducting biochemical analyses on plants provides indications about whether the plant is
exposed to stress related to the ecological conditions in which it is located and how effective it can be in
developing the environment in which it is located. It is also very important in terms of elucidating the
resistance mechanisms in plants exposed to infection.

It is stated that the rate of photosynthesis is directly proportional to the content of light absorbed
by chlorophyll. If the content of light absorbed by chlorophyll is high, the photosynthesis rate also
increases (Kadioglu, 2016; Izzo et al., 2019).

Chlorophylls are the main pigments that give plants their characteristic green colour. Chlorophyll
not only absorbs light, it transfers the energy obtained from one molecule to another and acts as a catalyst
in photosynthetic reactions.

The two most important types of chlorophyll in terms of photosynthesis are chlorophyll a and
chlorophyll b, while chlorophyll a initiates the light reaction of photosynthesis, while chlorophyll b plays
a role as an auxiliary pigment in photosynthesis. Therefore, it is important to evaluate the two
chlorophylls in terms of photosynthesis.

Chlorophylls are green-coloured pigments, and they have an essential role in photosynthesis. The
change in chlorophyll content is important in determining the plant’s response to stress factors (Cetin,
2017). In our study, Chl content was determined higher in both leaf and stem than Chl b. Total
chlorophyll content was also determined more in the leaf (Figure 4). Carotenoids have many
physiological functions. They effectively destroy free radicals and strengthen the immune system
(Domonkos et al., 2013). In our study, the carotenoid content was determined higher in the leaf (Figure
4).

Carbohydrates modulate gene expression in plants and are significant sources of carbon and energy
that serve as growth and development substrates. As a result, they serve as signalling molecules in a
number of physiological processes (Granot et al. 2013). Carbohydrate metabolism has been described
as a critical metabolic and transcriptional component that determines a plant’s abiotic stress sensitivity
(Li et al. 2015).

The functions of carbohydrates are not limited to being just energy stores. They are important
building blocks of many structural materials of living organisms (Khowala et al., 2008). In this study,
the total carbohydrate content was found higher in the leaf than the stem (Figure 4).

Lipid peroxidation is the oxidation of unsaturated fatty acids in the cell membrane and structure. The
most important product of lipid peroxidation is malondialdehyde (MDA). There were studies in the
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literature showing that MDA content was increased in plants exposed to various stress conditions (Kaya,
and Doganlar, 2016; Sun et al., 2019). In our study, MDA content was found higher in leaf than stem.

CONCLUSION

As a result of this study, a detailed anatomical study has been carried out for the first time on the
genus Gundelia, a taxonomically complex genus. With the increasing number of species in recent years,
each study on this genus will contribute significantly to the species taxonomic data.

As a result of this study, the anatomical and palynological structure and biochemical content of
Gundelia dersim were revealed for the first time. Thus, it is thought that it will be the basis for future
studies.
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