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Introduction

Ayfer Sirin' ©, Serdar Diisen' ©, Eyiip Baskale'

Abstract

Objective: In the present study, the morphological features of common tortoise (7estudo
graeca Linnaeus, 1758) found in the Pamukkale ruins and determined to be two-headed
Siamese twins, were investigated using computed tomography.

Material and Methods: The size and weight of the twin tortoise were measured and
placed under care in a terrarium similar to their natural habitat. The anatomical features of
the two headed Siamese twins were evaluated by three-dimensional volumetric computed
tomography.

Results: The Siamese twins combined from the end of the shell have 4 anterior extremities
and 2 posterior extremities. Even though tortoises were conjoined, they were reacting
independently, but had to move together due to their abnormal shell structures. The
Siamese twins weighed 13.2 grams when they were found. They survived 47 days in the
terrarium. The tomography scanning showed that that one of the twins was fused from the
7™ vertebrae and the other from the 8" vertebrae. Although the internal organ structure is
not clear, it has been observed that they use a shared cloaca.

Conclusion: The anomalies rarely seen in reptiles can be caused by many factors, including
environmental and genetic factors.

Keywords: Anatomy, Computed tomography, Common tortoise, Pamukkale ruins, Siamese
twins

moved independently. Since the late 20™ century, conjoined
twins or congenital duplications have been recorded in

Developmental anomalies in living organisms have
always aroused interest. Conjoined twins or congenital
duplications (congenital anomalies) were first described
for the family Chelonidae in the 17" and 18™ centuries
(Edwards, 1751). Although the description of the species
cannot be performed properly in those records, it is
thought that it is a hawksbill sea turtle and it is stated that
it has a single body with two separate heads. The heads
connected to the body with the fusion of two necks and

some domestic animals (Hiraga & Dennis, 1993; Mostafa
etal.,2005), salamanders (Pereira & Rocha, 2004), reptiles
(Harkewicz, 2002) and marine mammals (Dabin ef al.,
2004). Likewise, examples of congenital twinning have
been observed in some species of the family Testudinidae
(Dimitropoulos, 1985; Eckert, 1990; Hildebrand, 1938;
Molina et al., 1996; de Silva et al., 2020; Tucker & Funk;
1976; Tucker, 1996; Tucker & Janzen 1997; Yntema, 1970).
The only record from Tiirkiye belongs to the Green Turtle

This work is licensed under Creative Commons Attribution-NonCommercial 4.0 International License @. BY _NC
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Chelonia mydas species detected on Samandag beach, in
Hatay (Sonmez et al., 2017).

The aim of this study is to investigate the morphological
and anatomical characteristics of the Siamese twin common
tortoise (ZTestudo graeca) specimen found in the Pamukkale
ruins in Denizli using computed tomography (CT).

Materials and Methods

The Siamese twins were delivered to Pamukkale University,
Animal Ecology Research Laboratory via the General
Directorate of Nature Conservation and National Parks
on November 10, 2021. There is no information about the
hatching date of the tortoises. Straight carapace length (SCL)
and straight carapace width (SCW) of the Siamese twins
were measured (Basoglu & Baran,1977; Tiar Saadi ef al.,
2022) with a digital calliper with a precision of 0.02 mm, and
curved carapace length (CCL) and curved carapace width
(CCW) were measured with a tape measure with a precision
of 0.1 mm. The weight of the Siamese twins was weighed
with a precision balance with a sensitivity of 0.01g (Fig. 1).

After a general health examination and external parasite
control (Fig. 2) by a veterinarian, the tortoises were placed
in a 25x40%30 cm terrarium prepared similarly to their
natural habitat and placed under care. The terrarium was
covered with bryophytes, natural grasses and leaves to
create an optimal environment for the tortoises, all daily
activities were observed every 24 hours, and changes were
recorded. Since the tortoises are herbivores, they were fed
with natural grasses, lettuce, cucumbers, etc. while they
were in care. Drinking water and nutrients were provided
without limitation and food was reachable at any time.

After the tortoises died, the specimen was preserved in
alcohol, and three-dimensional images were taken using
computed tomography (Vimago brand, high-resolution
three-dimensional volumetric computed tomography) in
a veterinary clinic.

BEdy .

A d
Figure 1. Weight and carapace measurement of tortoises.

Figure 2. Cleaning and care of tortoises.

Results

Morphological observations: The individuals have 2
heads, 4 anterior extremities and 2 posterior extremities.
The tortoises are referred to as right and left individuals
from the dorsal view for ongoing definitions in this study
(Fig. 3).

The right and left individuals conjoined were from the 8%
marginal and supracaudal scutes of the right individual
and from the 10" marginal and supracaudal scutes of the

Figure 3. Dorsal (A) and ventral (B) views of tortoises.

left individual. The supracaudal was unique and formed
separately in each individual. It was calculated that the
outer sites of the carapace of both individuals had 10
marginal plates, while we counted different numbers of
marginal of the inner (connection) sites of the carapace
(the right individual had 10 marginal plates and the left
individual had 8). It was also observed that the right and
left individuals had 4 costal plates on both sides and 5
vertebral plates, and these plates were not abnormal. On
the other hand, both individuals had their own pair of gular,
humeral, pectoral and abdominal scutes on the plastron.
In detail, the posterior portion of the abdominal scute was
deformed, and the conjoining started from this part. At the
site of connection, the femoral and anal scutes fused in

40
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both individuals, each with only one pair of these scutes.
In addition, three ant heads with their mandibles belonging
to the genus Formica were found attached to the skin of
the tortoises. Two of them were located on the hind leg of
the right individual, and the third one was located under
the neck of the left individual.

Body measurements: The SCLs of the right and left
individuals were 29.42 mm and 32.96 mm, while the SCWs
were 25.75 mm and 28.55 mm, respectively. CCLs were
33.00 mm and 37.00 mm, while CCWs were 35.00 mm
and 37.00 mm, respectively. The total body weight of both
individuals was 13.2 g.

Observation on the thirtieth day at under care: Both
individuals showed an enlargement in the width of the
flat carapace due to growth, while their weights decreased
by 0.1 g. The SCW measurements of the right individual
increased from 25.75 mm to 30.16mm, and the left
individual increased from 28.55 mm to 30.66 mm during
this period. Therefore, the individual on the right grew
by 4.41 mm and the individual on the left grew by 2.11
mm. The total weight of the two individuals decreased to
12.3 g until the first 15th day in terrarium conditions due
to adaptation stress, and then it was measured as 13.1 g at
the end of the first month.

L9 Mms
4.90 x 149.21 mm

The results of computed tomography: It was observed that
the skeleton in the anterior part of the two individuals was
formed separately. In the posterior part of the individuals,
it was determined that the right individual was connected
from the 7" thoracic vertebra, and the left individual was
connected from the 8" thoracic vertebra. They had common
sacral and caudal vertebrae (Fig. 4). The tibia lengths of
the individuals were measured as 6.9 mm and 5.16 mm,
and the femur lengths were measured as 7.29 mm and
6.52 mm, respectively. The right individual was found to
be longer than the left one.

Observation of some behaviour: Under care, the twin
tortoises survived a total of 47 days in the terrarium, even
though they showed self-feeding behaviour. Although the
twins were able to respond independently, they were found
to move together in one direction due to the conjoined and
abnormal shell structure. The direction of movement is
usually directed by the right individual that was stronger
than the left individual. It was also recorded that both
individuals moved towards the food separately.

Discussion

Anomalies in living organisms are not often observed due
to the breeding and nesting behaviour of animals. General
morphological descriptions of the two-headed tortoise
specimens are available in the literature (Barbour, 1888;
Cooper, 2009). However, there is no detailed information
on internal anatomy. Due to their abnormal body structure,
they are unlikely to survive in the wild, as they would
have difficulty feeding in the natural environment and
could be easily hunted. For instance, a twinning case
was observed in Geochelone elegans in Sri Lanka. This
tortoise in the national zoo did not eat any food given
under observation and lived for only 12 days (de Silva et
al., 2020), whereas the Siamese twin common tortoises
in this study were capable of self-feeding and lived for 47
days in the terrarium.

Stockard (1921), Newman (1917, 1923) and others
have noted that anomalies can occur and that temporary
developmental arrest or regression at a critical stage of
the twins’ egg development can cause such differences.
Interference with normal development or various natural
factors can cause these anomalies. Stockard (1921), in his
experiments cooling fish eggs during the cell division stages
and limiting the oxygen demand, found that malformed
embryos were formed as a result of irregular division.

Turk J Biosci Collect. 2023
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Thus, it was concluded that environmental conditions such
as sudden and sharp changes in temperature or oxygen
deficiency in the habitat where the organisms spend
their embryological period may cause these anomalies to
occur (Stockard, 1921; Newman, 1923). It has also been
suggested that various factors such as genetic defects and
biotic and abiotic factors may play a role in the occurrence
of these anomalies and malformations (Velo-Anton et al.,
2011). It is very difficult to say anything about the cause of
Siamese twinning because we have only one case. However,
considering the factors mentioned above, the changes in the
ecological environment during the incubation period and
the effects of these changes on the embryonic development
of the common tortoise, genetic factors and the combined
effects of these factors may affect the formation of the
Siamese twin. It would be beneficial to increase the number
of studies on malformation or anomaly for more precise
results and evaluations.

In conclusion, the general morphological characteristics of
the Siamese twin common tortoises found in the Pamukkale
ruins were determined in this study for the first time in the
world. Especially up to the 21* century, the small number
of individuals with anomalies in nature made it difficult to
understand such anomalies. The study of developmental
abnormalities in more reptile specimens will facilitate the
understanding of such anomalies or malformations that may
occur in the wild. Furthermore, when considering species
conservation or area conservation strategies, an increase in
the number of individuals with anomalies and malformations
in a population will inform us about population or ecosystem
health and enable early action to be taken.
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Introduction

Abstract

Objective: The genus Liquidambar, is one of many woody genera with morphologically
similar species in America, Southeast Europe, and Asia and is thought to have existed on
Earth for about 65 million years. Liquidambar orientalis (Anatolian sweetgum tree) is
distributed in southwestern Tiirkiye. With this study, it was aimed to reveal the sequence
differences of the psaA/ycf3 inter-gene space region of chloroplast DNA (cpDNA) in L.
orientalis populations for the first time in the scientific literature.

Materials and Methods: In addition, the polymorphism levels, and the molecular
evolution of the studied gene region of the L. orientalis populations were investigated.
154 samples were collected from 12 different populations belonging to four provinces,
Mugla, Burdur, Antalya, and Aydin, and were studied and the psaA/ycf3 gene encoded by
chloroplast DNA was analysed by partial base sequence analysis.

Results: Haplotype diversity (#) and the average nucleotide diversity (w) values for
all populations were found to be 0.52933 + 0.011, and 0.00086 + 0.0001, respectively.
According to the results of our research, the gene flow level (N, ) among the populations
was 1.40. F values revealed statistically significant genetic differences between the
Fethiye-Yaniklar population of Mugla province and other studied populations.
Conclusion: According to the results of the study, Fethiye-Yaniklar, Marmaris-National
Park, and Fethiye-Inlice locations, where the highest genetic diversities detected among
the studied populations, were found to be important in terms of conservation studies.
Keywords: Liguidambar, Sweetgum tree, cpDNA, Conservation genetics

risk of inbreeding and genetic drift. As temperatures and
precipitation patterns change, plant, and animal species

Global climate change can have significant impacts on
populations in multiple ways. Climate change can lead
to habitat loss, fragmentation, and alteration, which can
reduce the size and connectivity of populations. This can
lead to a reduction in genetic diversity and an increased

may shift their ranges to track suitable habitats. This can
result in the loss of genetic diversity in populations that are
left behind and the establishment of new populations with
reduced genetic diversity. Climate change can also affect
the ability of species to adapt to changing environmental
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conditions. Genetic diversity is essential for adaptation,
and reductions in genetic diversity can limit the ability of
species to respond to changing environmental conditions.
As species shift their ranges, they may encounter other
species and hybridize. This can result in the loss of genetic
diversity in the parent species and the creation of new
genetic combinations (Pauls et al., 2013).

Conservation genetics is a field of study that uses genetic
data to inform conservation efforts for threatened and
endangered species. It involves the application of molecular
genetic techniques to understand the genetic diversity,
population structure, and evolutionary history of species,
as well as to develop strategies for their conservation and
management (Frankham, 2019). Conservation genetics
is important because genetic diversity is essential for the
long-term survival of populations and ecosystems. Genetic
diversity provides the raw material for adaptation and
evolution, and loss of genetic diversity can reduce the
ability of populations to adapt to changing environmental
conditions and increase the risk of extinction (Dogag,
2008). Genetic diversity decreases from generation to
generation due to factors such as genetic drift, migration,
and selection. The effect of genetic drift is dependent on
population size, and as genetic drift becomes dominant in
small populations, genetic diversity is lost over time and
the survival of a population is compromised (Beaumont &
Wang, 2019). Wright (1931) proposed a parameter called
effective population size (Ne) to measure the effect of
many factors, such as population size, number of breeding
individuals, sex ratio, variation in reproductive success,
and non-random mating, on genetic drift. Low Ne means
high loss of genetic variation, high inbreeding, low fitness,
and low adaptation potential. Therefore, the conservation
of populations with low Ne should be considered. Although
demographic data can be used in Ne calculations, it is nearly
impossible to obtain parameters describing the pedigree
and demographics of wild populations. However, genetic
drift and inbreeding effects can be determined using genetic
marker data and converted into Ne estimates (Beaumont
& Wang, 2019).

Undoubtedly, the first step in developing appropriate
population conservation strategies is to determine the
amount and structure of genetic diversity in populations.
In the last decades, our knowledge of the genetic diversity
of forest trees has improved through the use of molecular
markers as alternatives and supplements to classical
methods (Tong et al., 2020). It has been noted that DNA
sequence data can provide a more precise prediction of
separation from allozymes, and studies have reported

that both nuclear and chloroplast DNA sequence data are
informative in analysing the phylogenetic relationships
of discrete taxa (Crawford et al., 1992). The psaA/ycf3
gene region is a useful marker for studying the genetic
diversity of plants because it exhibits a high degree of
variation between species, which can be used to distinguish
between closely related taxa. This region has been used in
molecular phylogenetic studies to infer the evolutionary
relationships among plant species and to reconstruct the
Tree of Life (Shi et al,, 2001; Ickert-Bond & Wen, 2006).

Conservation genetics involves a variety of techniques,
including DNA sequencing, microsatellite analysis, and
population genetics modelling. These techniques can be
used to identify genetically distinct populations, estimate
effective population size, and assess the genetic health of
populations (Hedrick, 2001). Conservation genetics has
many applications, including the development of genetic
management plans for endangered species, the identification
of priority areas for conservation, and the monitoring of
populations over time. It can also be used to identify threats
to genetic diversity, such as habitat loss, fragmentation, and
climate change, and to develop strategies to mitigate these
threats (Willi ez al., 2022). Overall, conservation genetics is
a critical tool for preserving biodiversity and ensuring the
long-term survival of endangered species and ecosystems.

Conservation genetics can be used to protect endangered
plant species in several ways. Conservation genetics can
help identify genetically distinct populations of endangered
plant species. These populations may have unique
adaptations or genetic diversity that should be conserved.
By identifying these populations, conservationists can
develop targeted conservation strategies that focus on
protecting these unique populations (Hedrick & Hurt, 2012).
Conservation genetics can be used to assess the genetic
diversity of populations of endangered plant species. This
information can be used to determine the genetic health
of populations and to identify populations that are at risk
of extinction due to low genetic diversity. By identifying
populations with low genetic diversity, conservationists
can develop strategies to increase genetic diversity, such
as habitat restoration or crossbreeding with genetically
diverse populations (Dogag, 2008). Conservation genetics
can inform the development of breeding programs for
endangered plant species. For example, genetic analysis
can identify populations or individuals that are genetically
diverse or have traits that are important for survival in a
changing environment. This information can be used to
maximize genetic diversity and adaptive potential in captive
breeding programs (Witzenberger & Hochkirch, 2011).

46

Turk J Biosci Collect. 2023



Taylan Dogaroglu, Evin Giineng, Rumeysa Yesim Manap, Vatan Taskin, Belgin Gé¢gmen Tagkin, Ersin Dogag

Conservation genetics can help understand the structure
of populations of endangered plant species, including their
relationships to other populations. This information can
be used to determine the best locations for translocations,
which involve moving individuals to new locations
to establish or augment populations (Moritz, 1999).
Conservation genetics can be used to monitor changes in
genetic diversity over time in endangered plant species.
This information can be used to assess the success of
conservation actions and to modify management strategies
asneeded (Willi et al., 2022). Overall, conservation genetics
can provide valuable information for developing effective
conservation strategies for endangered plant species. By
identifying key populations, assessing genetic health, and
guiding conservation actions, conservation genetics can
help ensure the long-term survival of endangered plant
species and the ecosystems they inhabit.

The genus Liquidambar belongs to the family
Altingiaceae, although previously species of this genus
were generally considered within the Hamamelidaceae. The
Liquidambar genus is the only genus in the Altingiaceae
family with discrete distributions seen in Turkey, East Asia,
and North America (Li et al., 1997a). The distribution of
closely related plant species across different geographies
has long attracted the attention of both plant systematists
and biogeographers (Wen & Zimmer, 1996). The origin and
development of the Asian and North American divides have
been extensively discussed by various researchers (Wen,
1999; Milne, 2004; Beatty & Pro van, 2010; Schmickl ez
al., 2010).

The genus Liquidambar is distributed at approximately
the same latitudes on Earth. They spread across America,
Southeast Europe, and Asia. The species has four different
species; L. acalycina (Chang sweetgum tree) located in
Central and Southern China, L. formosana (Chinese
frankincense) located in South China, North Korea, South
Korea, Taiwan, Laos, and North Vietnam, L. styraciflua
(American sweetgum tree) located at Southeast and
Central America and Mexico and L. orientalis (Anatolian
sweetgum tree) located at southwestern Turkey (Ickert-
Bond et al., 2005). Genetic divergence studies conducted
on Liquidambar species using isozymes (Hoey & Parks,
1991, 1994) and molecular techniques (Li et al., 1997a,
b; Li & Donoghue, 1999; Shi et al., 2001; Ichert-Bond &
Wen, 2006; Ozdilek et al., 2012) showed that L. orientalis
and L. styraciflua are phylogenetically closer than the
others.

The genus Liquidambar is one of many woody
genera with morphologically similar species on different

continents and is thought to have existed on Earth for
about 65 million years. Therefore, species of the genus
Liquidambar are called relict species (Hoey, 1990; Hoey
& Parks, 1991; Akman et al., 1992). The fragmentation
and spread of species in the genus Liquidambar can be
attributed to a combination of geological events, climate
change, seed dispersal mechanisms, and human influence.
These factors have caused the isolation and divergence
of sweetgum species, ultimately leading to the current
distribution observed today (Sun ef al., 2019; Hoey &
Parks, 1991; Ozdilek et al., 2012; Joannin et al., 2007,
Wang et al., 2020; Durkovi¢ & Lux, 2010).

Although some researchers studying Liquidambar
argue that L. orientalis cannot be endemic to Turkey as
L. orientalis is found outside the country, in northern
Syria, the 12 Islands, and Rhodes Island, some researchers
argue that this is not true and that L. orientalis species
have been transported to distribution areas outside the
country through culture. Despite these different views, it is
generally accepted that L. orientalis species is an endemic
species to Turkey (Acatay, 1963; Atay, 1985; Efe, 1987;
Giinal, 1994; Istek & Hafizoglu, 1998; Alan & Kaya, 2003;
Velioglu et al., 2008). Liquidambar orientalis species has
two different varieties in Turkey. These varieties are L.
orientalis var. orientalis and L. orientalis var. integriloba
Fiori (Dogag, 2008). Relict endemic L. orientalis species
spreads in Western Anatolia. Although it mainly spreads in
Koycegiz, Marmaris, Fethiye, Ula, and Dalaman districts
in Mugla province, there are Liquidambar trees in certain
regions in Aydin, Denizli, Antalya, Burdur and Isparta
provinces (Acatay, 1963; Atay, 1985; Efe, 1987; Giinal,
1994; Istek & Hafizoglu, 1998; Alan & Kaya, 2003;
Velioglu et al., 2008; Ayding6éz & Bulut, 2014).

Liquidambar orientalis is a long-lasting tree and can
live for about 200-300 years. It has a shallow root structure.
The tree has a thin and long body structure when it is young.
A thicker trunk structure is observed in older trees (Giinal,
2006; Dogac, 2008). In addition to its ecological value,
Liquidambar is an important species with its everyday use
and economic value. There are many different areas where
Liquidambar trees have been used from past to present.

Liquidambar is used in the construction of furniture,
houses, and ornaments, and as a landscape material. As a
wood structure, it is highly resistant to rotting that may be
caused by water (Acatay, 1963; Atay, 1985; Bozkurt ez al.,
1989). Today, sweetgum oil is still used in diseases such
as asthma, bronchitis, lung disease, ulcer, and gastritis. In
addition to these, it is widely used among people to relieve
rheumatic pain due to its analgesic properties. Besides, it is
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believed to have an antibacterial effect and allows wounds
to heal quickly without leaving scars (Hus, 1949; Ortel,
1988; Acar, 1989; Bozkurt et al., 1989; Istek & Hafizoglu,
1998; Aydingdz & Akbulut, 2014). Sweetgum oil is
used in many natural fragrance perfumes and is known
to effectively remove the smell of sweat. Sweetgum oil
is used as a fixative in perfumery and prevents volatile
fragrances from flying for a long time. For this reason, it
is a highly preferred raw material in the perfume industry
(Hus, 1949; Ortel, 1988; Acar, 1989; Bozkurt e al., 1989;
Istek & Hafizoglu, 1998; Aydingdz & Akbulut, 2014).

In its native range, L. orientalis is an important component
of many forest ecosystems, providing habitat and food for a
variety of wildlife species. However, like many tree species,
it is threatened by habitat loss and overexploitation, and
conservation efforts are needed to ensure its survival. The
area of Liquidambar forests has been greatly reduced due to
fires in recent years, the cutting down of trees for agricultural
and tourism purposes, and the unconscious destruction of
trees to produce sweetgum oil (Urker et al.,, 2014). While
the range of distribution of Liguidambar forests was 7,000
hectares in 1947, these areas have shrunk over the years.
These arcas were recorded as 6,312 hectares in 1949, 4,316
hectares in 1955, 1,337 hectares in 1980, 1,215 hectares in
1988, and 3,200 hectares in 2002. Today, the distribution
area of Liguidambar is thought to be in the range of 1,500-
2,000 hectares (Urker et al., 2014; Arslan & Sahin, 2016).
In recent years, many decisions have been made to protect
the sweetgum forest lands, and steps have been taken to
increase the distribution areas of sweetgum forests (Urker
etal, 2014).

The general purpose of this study is to determine the
level and structure of genetic diversity in 12 populations
of L. orientalis by using the polymorphic psaAd/ycf3 region
of chloroplast DNA (cpDNA) for the first time in Turkey.
Since the L. orientalis populations are a good example of
populations that have been fragmented recently and very
quickly, the findings to be obtained are increasing rapidly
in nature as a result of intense human activities and are
important in terms of their contribution to the literature
in the fields of population and conservation genetics
regarding the genetics of such populations. Given the
suggestions presented following the findings, it is believed
that the development of conservation programs suitable
for the characteristics of the region for the species and
their immediate implementation are important in terms of
the last goal for implementation. We also investigate the
molecular diversity pattern of L. orientalis populations by
cultivar and geographic region to provide additional data
to address cultivar and species-level taxonomy problems
of L. orientalis.

Materials and methods
Plant material

To obtain a complete representation of the natural
distribution of Eastern Sweetgum, 12 natural populations
were identified from different regions in southwestern
Turkey in collaboration with the Turkish Ministry of
Environment and Forestry, Forest Tree Seeds, and Tree
Growth Research Directorate (Fig. 1, Table 1). Transects
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Figure 1. Liquidambar orientalis populations that were studied in the field.
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(sampling units extending between two different points in
the study area) were taken at different points so that the most
homogeneous sampling within the determined population
would be achieved. These transects were collected from
young leaves, preferably on older trees, at intervals of 50-
80 meters depending on population size. The samples were
placed in ice boxes with ice molds, and the samples were
brought to Mugla Sitk1 Kogman University, Faculty of
Science, Plant Biotechnology laboratory and stored at -80
°C until DNA extraction.

Table 1. Information on the samples collected and the locations where the
samples were collected.

LOCATION LOCATION Variety 1;:;‘1?;:;
NUMBERS INFORMATION information ..
Individuals
L. orientalis
1 Marmaris - Cetibeli inte;i;o b 10
Fiori
L. orientalis
. . var.
2 Marmaris - Degirmenyant integriloba 21
Fiori
L. orientalis
. . var.
3 Marmaris - Milli Park . . 10
integriloba
Fiori
4 Fethiye - Ginlikly = "emalis 10

var. orientalis

5 Fethiye - Inlice L orze.znmlzs. 10
var. orientalis

6 Fethiye - Yaniklar L. orientalis 9
var. orientalis

L. orientalis
var.
integriloba
Fiori

7 Ula - Kizilyaka 22

8 Milas - Selimiye L. orientalis 10
var. orientalis
L. orientalis
var.
integriloba
Fiori

9 Koycegiz - Toparlar 22

L. orientalis
var.
integriloba
Fiori

10 Antalya- Gebiz 10

L. orientalis
var.
integriloba
Fiori

11 Burdur- Bucak 11

. L. orientalis
12 A -
ydin- Cine var. orientalis ?

Total 154

DNA Extraction, PCR amplification, and DNA sequencing
Total genomic DNA was isolated from leaf tissues by
using a modified cetyltrimethyl ammonium bromide
(CTAB) protocol (Doyle & Doyle, 1987). Within the
scope of the study, a total of 154 sequences were obtained

from 12 locations, and the psad/ycf3 gene encoded by
chloroplast DNA was analysed by partial base sequence
analysis. The amplification of the relevant region and
sequencing was performed by amplifying with PG1
(5’-CATTCCTCGAACGAAGTTTTTACGGGATCC-3)
andPG2R(5’-TCCCGGTAATTATATT
GAAGCGCATAATTG -3’) primers (Ickert-Bond &
Wen, 2006). PCR reactions were performed by the PCR
conditions (Shi et al., 2001; Ickert-Bond & Wen, 2006)
for the relevant region; the first denaturation step was at
94°C for 5 min, then at 94°C for 1 min, at 54°C for 1
min, at 72°C for 1 min and the last step was carried out at
72°C for 10 minutes, with a total of 35 cycles. Sequencing
was conducted on an ABI 310 genetic analyser automatic
sequencer (Applied Biosystems) by BM Labosis.

Data Analyses

The 720-bp portion of psaA/yvcf3 cpDNA sequences from
154 L. orientalis samples were acquired in the present
study and previously published chloroplast psad/ycf3
gene sequences (GenBank accession numbers DQ352230-
DQ352257) were aligned using CLUSTALW in MEGA
7 software (Kumar et al., 2016). The sequences were
analyzed by grouping them into two datasets. The first
dataset contained only the sequences of L. orientalis from
the current study. The second dataset included both studied
L. orientalis psaA/ycf3 sequences and sequences from
Liquidambar species available from the GenBank. The
basic molecular diversity statistics (number of variable
sites, average number of nucleotide differences between
haplotypes, number of haplotypes, number of parsimony-
informative sites, haplotype diversity) were performed with
Dnasp (ver. 5.0) (Librado & Rozas, 2009). Descriptive
statistics, namely divergence within species, genetic
distance, transition, and transversion, were performed
for Liquidambar species as well as among varieties and
geographical regions for L. orientalis using MEGA 7
software (Kumar et al., 2016). The Analysis of Molecular
Variance (AMOVA) test was carried out with Arlequin
version 3.5 (Excoffier et al., 2007). Median-joining
networks of haplotypes, with the inclusion of previously
defined haplotypes, were constituted by using NETWORK
(ver. 4.6) (Bandelt et al., 1999; Polzin & Daneschmand,
2003).

Results

The psaA/ycf3 sequences from natural L. orientalis
populations from Turkey and other Liquidambar species
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find out that the number of variable and conserved
regions differentiated between the species, meanwhile
the GC contents did not change significantly (32.1%
to 32.8%). Among the analyzed species, L. orientalis
has the most variable and least conserved sites. The
parsimony-informative sites were found as 4 in Altingia,
2 in L. orientalis, and 0 in L. macrophylla, L. styraciflua,
L. acalycina, L. formosana, and Semiliquidambar.
The transition to transversion ratio was highest in
Semiliquidambar and lowest in L. orientalis (Table 2a).
The highest number of parsimony-informative sites was
found in Altingia and L. orientalis (4 and 2 respectively).
Within the varieties L. orientalis var. orientalis had the
least conserved sites and highest variable sites, parsimony-

H&

H_4

informative sites, and transition rates, while L. orientalis
var. integriloba had the lowest variable and parsimony-
informative sites and highest transversions (Table 2b).
Six haplotypes were obtained in a variable sequence
form in a total of 154 individuals studied. New haplotypes
were deposited in GenBank under accession numbers
OR365068- OR365073 (available after August 01, 2023).
It was found that 4 of these haplotypes were unique to
Turkey, and 1 of them was common with the haplotype in
the previous study (Ickert-Bond & Wen, 2006). A 720 bp
sequence analysis of the psaA/ycf3 intergenic spacer region
of 12 populations of L. orientalis (a total of 154 individuals)
was performed. 6 haplotypes were found in a total of 154
samples belonging to the 12 populations studied (Fig. 2).

Figure 2. Network analysis result of the haplotypes of the psaA/ycf3 inter-gene space region. (Toparlar: Yellow, Kizilyaka:
Red, Cetibeli: Green, National Park: Black, Degirmenyani: Blue, Daily: Orange, Inlice: Ice blue, Selimiye: Grey, Burns:
Purple, Gebiz: Brown, District: Olive green and Cine: Shown in white).

Table 2. cpDNA psad/ycf3 gene molecular diversity values; a) Liquidambar, Semiliquidambar, and Altingia species (data obtained from this work and
Genbank), b) Liquidambar orientalis (data contained only in this study)

(a) Characteristi.cs of cp DNA L. ovientalis L. L.' L. ) L. Semiliquidambar Altingia sp. Overall
Psa-Ycf gene region macrophylla  styraciflua  acalycina  formosana sp.

Sequence length 720 720 720 720 720 720 720 720
Number of singleton sites 4 0 0 0 0 1 1 5
nformativestes 2 0 0 0 0 0 4 12
Number of conserved sites 714 720 720 720 720 719 715 703
Number of variable sites 6 0 0 0 0 1 5 17
GC content range (%) 32.1 32.6 32.6 32.6 32.8 32.7 32.6 323
Transitions (%) 16.95 33.33 3333 3333 3333 99.58 49.99 26.02
Transversions (%) 83.05 66.67 66.67 66.67 66.67 0.42 50.01 73.98
Transition/transversion bias (R) 0.193 0.45 0.45 0.45 0.45 187.95 0.96 0.33
E‘lz)gigzaracterlstlcs of cp DNA Psa-Ycf gene L. orientalis var. orientalis L. orientalis var. integriloba Overall
Sequence length 720 720 720
Number of singleton sites 2 2 4
Number of parsimony-informative sites 2 1 2
Number of conserved sites 716 717 714
Number of variable sites 4 3 6

GC content range (%) 32.1 32.1 32.1
Transitions (%) 27.23 4.65 17.13
Transversions (%) 72.77 95.35 82.87
Transition/transversion bias (R) 0.35 0.05 0.20
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Table 3. Distribution and frequencies of haplotypes of the psaAd/vcf3 intergene space region of L. orientalis populations.

Haplotype/ Koycegiz Ula Marmaris Marmaris  Marmaris Fethiye Fethiye Fethiye Milas Antalya Burdur Aydin
Populations Toparlar Kizilyaka Cetibeli Millipark Degirmenyam Giinliiklii inlice Yamklar Selimiye Gebiz Bucak Cine

H1 8(0.364) 6(0.273) 5(0.5) 13 (0.619) 7(0.7) 404 8(0.727) © 8889)
H2 14 (0.636) 16 (0.727) 10 (1) 5(0.5) 7(0.333) 3(03)  6(0.6) 3(0.333) 10(1) 10(1) 3(0.273) © 11“)
H3 4 (0.444)

H4 1(0.111)

HS 1(0.111)

H6 1(0.0476)

Haplotype 2, which contains 57.14% of the total 720 base
sequences, was found to be common to all populations
and is considered the inherited haplotype for our country.
It was observed in all populations except 4 populations
in the other high-frequency Haplotype 1 (38.31%). The
other haplotypes had a low frequency. The frequency of
Haplotype 3 was 2.59%, and it was observed to be specific
to the Mugla Fethiye Yaniklar population. The frequencies
of Haplotype 4 and Haplotype 5 are 0.65 and are specific
to the Mugla Fethiye Yaniklar population. The frequency
of haplotype 6 was also 0.65, and it was observed to be
specific to the Mugla Marmaris Degirmenyani population
(Table 3).

Haplotypes are similar to each other, with base changes
ranging from 1 to 6 nucleotides (no deletion or insertion
observed). Genetic diversity data for all populations are
presented in Table 4. Haplotype diversity (%) ranges
from 0.0000 (Selimiye, Cetibeli, and Cine) to 0.75000
(Yaniklar). The haplotype diversity (%) value for all
populations is 0.52933 + 0.011. The nucleotide diversity
(m) between haplotypes ranges from 0.0000 (Selimiye,
Cetibeli, and Cine) to 0.0021 (Yaniklar) and the average
nucleotide diversity (n) for all populations is 0.00086
0.0001. Although more samples were taken from Toparlar,
Degirmenyani, and Kizilyaka populations, the haplotype
numbers in the populations ranged from 2 (Toparlar and
Kizilyaka) to 3 (Degirmenyani). All populations except
Selimiye, Cetibeli, and Cine populations showed relatively
high levels of genetic variation. There are 6 polymorphic
regions in 720 base pairs (bp) (0.83% of the total length); 4
ofthese 6 regions are singleton, that is, the mutation occurs
in a single haplotype base sequence, and 2 of them are
determined as parsimony-informative regions. The G+C
content was 0.321 and Tajima’s D value was -0.8877.

Genetic relationships between populations were
determined by comparing F, (genetic differentiation
coefficient between species) values. F values showed that
the Yaniklar population differed significantly from other
populations genetically. While among the L. orientalis

Table 4. Haplotype diversity in L. orientalis populations. N: Sample
number, Hp: Haplotype number, /4: Haplotype diversity, @: nucleotide
diversity.

Populations N Hp h T
Mugla Toparlar 22 2 0.48485 0.00067
Mugla Selimiye 10 1 0.00000 0.00000
Mugla Yaniklar 9 4 0.75000 0.00201
Mugla 21 3 0.52857 0.00095
Degirmenyant

Mugla Mill Park 10 2 0.55556 0.00077
Mugla Kizilyaka 22 2 0.41558 0.00058
Mugla inlice 10 2 0.53333 0.00074
Mugla Gunlikli 10 2 0.46667 0.00065
Mugla Cetibeli 10 1 0.00000 0.00000
Antalya Gebiz 9 2 0.22222 0.00031
Burdur Bucak 11 2 0.43636 0.00061
Aydin Cine 10 1 0.00000 0.00000
Average 12.83 2 0.52933 0.00086

populations, the Cine population, and the populations with
the highest genetic differentiation were Gebiz, Cetibeli,
and Selimiye populations (0.88166), the populations with
the lowest genetic differentiation, although not statistically
significant, were observed between the Bucak and
Glinliikli populations with a value of -0.10351 (Table 5).
The gene flow level L. populations (Nm) was observed as
1.40. The main group was formed based on the presence
of two varieties of the L. orientalis species. Accordingly,
Group 1 (integriloba variety) was formed as Mugla
Toparlar, Mugla Degirmenyani, Burdur Bucak, Antalya
Gebiz, Mugla National Park, Mugla Kizilyaka and Mugla
Cetibeli, Group 2 (orientalis variety) was formed as Mugla
Selimiye, Mugla Yaniklar, Mugla Inlice, Mugla Giinliiklii
and Aydin Cine. As a result of the AMOVA analysis of the
species, it was concluded that the main contribution to
the genetic variation was caused by the variation among
individuals with 71.52%. The genetic variation between
the groups was observed to be low with -0.46% (Table 6).

The relationships between the previously published
base sequences and the haplotypes obtained from the study
(GenBank access numbers DQ352230-DQ352257) were
determined using the Network program (Fig. 3). Network
analysis based on haplotype provides a better understanding
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Table 5. The F, values of the psad/ycf3 intergenic gap region of L. orientalis populations and the significance of differentiation according to these values

(*P <0.05)

Populations Toparlar Degirmenyani Bucak Gebiz  Millipark Kizilyaka Cetibeli Selimiye Yaniklar  Cine Inlice  Giinliiklii
Toparlar Ak

Degirmenyam  0.06818 HokAE

Bucak 0.17603 -0.04417 HAAK

Gebiz 0.24063* 0.42731%* 0.68824*  H¥xx

Millipark -0.03733 -0.04692 0.00927 0.44444%* oAk

Kizilyaka -0.02785 0.15317* 0.29631* 0.15466  0.03861 oAk

Cetibeli 0.24063 0.42731%* 0.68824* 0.00000 0.44444* 0.15466 oAk

Selimiye 0.24063 0.42731%* 0.68824* 0.00000 0.44444* 0.15466  0.00000 oAk

Yaniklar 0.40123* 0.30939* 0.30246* 0.55326* 0.28810* 0.44884* 0.55326* 0.55326%  ****

Cine 0.37135% 0.05699 -0.02507 0.88166* 0.21493  0.49233* 0.88166* 0.88166* (0.33824*  ****

Inlice -0.07536 0.00838 0.11239 0.33333 -0.08889 -0.03821 0.33333 0.33333* 0.31318* 0.33870%*  *¥**
Giinliiklii 0.14036 -0.05916 -0.10351 0.66667* -0.02222  0.25977 0.66667* 0.66667* 0.28665* -0.00411 0.07407  ****

Table 6. Molecular analysis of variance (AMOVA) of the psaA/ycf3
intergene gap region.

5 —
Structure Source of Variation % O.f total F3xatlon
variance index
FCT=
Between groups 0.46 -0.00458
Two Variety ~ Between populations / 78.94 FSC=
within groups ’ 0.28808
Within individuals 71.52 FST=0.28482

of the phylogenetic relationships between Liquidambar,
Semiliquidambar, and Altingia species in Turkey and the
world, and the status of the genetic structure. As a result
of the network analysis, Semiliquidambar and Altingia
samples exhibited a strong phylogeographic structure by
showing a very good structure and differed quite well from
L. orientalis haplotypes. However, while L. acalycina
haplotypes were clustered with Semiliquidambar and
Altingia haplotypes, and L. formosana haplotypes were
clustered with Altingia haplotypes. While L. orientalis
samples were clustered closely with L. macrophylla and L.
styraciflua samples, both the gene bank and the haplotypes
obtained from the study showed a strong structure.

Discussion

While there is not much information available specifically
on the genetic diversity of this species, studies of related

species in the family Altingiaceae have shown that there
can be significant genetic variation within and between
populations. This genetic diversity is important for
maintaining the long-term viability of populations and
ecosystems, and efforts to conserve L. orientalis through
habitat protection and restoration are essential for ensuring
its survival. As a result of literature reviews, it has been
determined that polymorphism determination studies for L.
orientalis were carried out with various methods. However,
a limited number of samples (Ickert-Bond & Wen, 2006)
has been detected among these methods investigating the
polymorphic psaA/ycf3 region of the chloroplast genome.
Since the chloroplast genome has been studied for the first
time in L. orientalis populations in terms of this region,
it is essential to compare the results obtained from these
different methods with the results of our study in terms of
revealing the genetic variation and polymorphism within
and between populations. According to the accepted
mutation rate and base substitution in plant chloroplasts,
the evolutionary divergence time of the species of the
Liquidambar genus was predicted to be 8.6 MYA. This
divergence time corresponds to the Late Miocene of the
Tertiary period. The divergence time of L. styraciflua and
L. orientalis was estimated about a million years later. The
results support the probability of a more extended linkage

Figure 3. Network graph obtained from analysis of the cpDNA psaAd/ycf3 intergene gap region. (Semiliquidambar sp.: Blue,

Altingia sp.: Red, L. orientalis: Yellow, L. acalycina: Ice blue, L. formosana: Black, L. macrophylla: Grey, L. styraciflua: Green).
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between L. styraciflua and L. orientalis by way of the North
Atlantic Land Bridge (Hoey & Parks, 1991; Ozdilek et al.,
2012). For floristic swaps between eastern Asia and eastern
North America through the North Atlantic Land Bridge, two
ways were recommended. One of them is between Europe
and east Asia, and the other one is between eastern North
America and Europe (Tiffney, 1985, 2000; Wen, 1999). In
the early Tertiary, a land connection between Europe and
eastern North America took place with Greenland, and this
connection seems like a more acceptable North Atlantic
Land Bridge connection. This situation may have enabled
the continuousness of Liquidambar species (Wen, 1999;
Jiao & Li, 2009). The pollen and fossil studies showed that
the L. orientalis was widespread in Europe (Joannin et al.,
2007; Sadori et al., 2010; Worobic & Gedl, 2010; Hristova
& Ivanov, 2009; Sakala & Prive-Gill, 2004) and Turkey
(Kasapligil, 1976) before the Pleistocene. The Miocene
cooling may have hindered the continuousness of North
American and Turkish species of the Liquidambar genus.

The results obtained from the studies support the sister
group relationship between the western Asian L. orientalis
and the eastern North American L. styraciflua, in parallel
with the results previously obtained with allozyme (Hoey
& Parks, 1991, 1994) and DNA sequence data (Li et al.,
1997a, Li et al., 1997b; Li & Donoghue, 1999, Shi ef al.,
1998; Shi et al., 2001; Ickert-Bond & Wen, 2006; Ozdilek
et al., 2012). Liquidambar macrophylla Oersted from
Central America is generally considered congener with
L. styraciflua. Results from sequence analyzes of cpDNA
show that North American sweetgum (L. styraciflua) and
East Asian sweetgum (L. formosana and L. acalycina) are
the most distant intercontinental species. In the obtained
network graph, it was observed that L. orientalis samples
were closely related to L. styraciflua and L. macrophylla
samples, and L. acalycina and L. formosana were closely
related to Semiliquidambar and Altingia species (Fig.
3). Hoey & Parks (1991) estimated divergence times
between Liquidambar species based on isozyme data
using the methods of Nei (1987) and Thorpe (1982) and L.
styraciflua differentiated from L. orientalis approximately
7 mya (Nei’s) or 13 mya (Thorpe’s) and 10 mya (Nei’s)
or 17 mya (Thorpe’s) ago from east Asian L. formosana.
Our results are consistent with the studies carried out with
sweetgum species (Hoey & Parks, 1991, Li et al., 1997a;
Li & Donoghue, 1999; Shi et al., 2001; Ickert-Bond &
Wen, 2006; Ozdilek et al., 2012), and this result should be
a consequence of longer connection between L. orientalis
and L. styraciflua through the North Atlantic Land Bridge.

Plant genetic sources are one of the basic components
of biodiversity. Plant conservation genetics ensures
instruments to lead restoration and conservation
endeavours, monitor and measure achievement, and
eventually reduce extinction hazards by preserving species
as living creatures capable of evolving in spite of changing
conditions (Kramer & Havens, 2009). Throughout the
years, conservation genetics has voluminously developed
our understanding of processes that are associated
with small population size and habitat fragmentation.
Inbreeding, which is admitted a significant phenomenon
in conservation genetics, is thought to be the intermediary
between the loss of variants owing to genetic drift and
the impacts of this loss on the possibility of extinction
(Ouborg et al., 2010). Even though conservation genetics
has concentrated on sequence variation, much less attention
has been paid to variation in gene expression. It is largely
unclear how gene expression is altered by changes in
regulatory mechanisms as a function of genetic drift and
inbreeding. In addition to this, it has been suggested that
gene expression may be closer to phenotypic variation
compared to the gene sequences. Environmental stress,
such as increased temperature, drought, and lack of
nutrients, can cause changes in genomic pathways, both
in animals and plants (Ouborg ef al., 2010).

In previous studies conducted to determine
polymorphism in L. orientalis populations, different
markers were used (Oztiirk, 2008, Dogag, 2008, Velioglu
etal., 2008, Yiizer, 2019). Eighteen polymorphic loci were
found in 320 individuals belonging to 14 populations where
polymorphism with 7 different isozymes was investigated
(Oztiirk, 2008). In another study, a total of 453 loci were
determined as a result of the screening performed using
30 RAPD primers on 320 individuals belonging to 14
populations, and an average of 15 polymorphic loci were
determined for each primer (Dogag, 2008). As a result
of another study using ISSR primers, an average of 27
polymorphic loci were found (Yiizer, 2019). The high level
of genetic diversity determined according to the results
of our research indicates that chloroplast DNA is more
suitable in polymorphism determination studies for this
species.

While the Nm value was given as 0.265 for the species
that can spread their seeds and pollen over short distances
and for the self-pollinated species, the Nm value was
determined as 4,750 for the species that can spread their
seeds and pollen over long distances (Hamrick et al.,
1990). In addition, while the gene flow level (Nm) of 0.50
is considered a critical value, it has been reported that
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higher values indicate the opposite results of genetic drift.
According to the results of our research, the gene flow level
(Nm) was determined as 1.40. The fact that this value is
above the value of 0.265 indicates that the individuals of
the population have pollinated with trees at not very close
distances. If the gene flow level (Nm) value is less than
4,750, it is an indication that fertilization originating from
long distances is not at high levels or does not occur at all.

In Turkey, there are two varieties of L. orientalis,
namely L. orientalis var. orientalis and L. orientalis var.
integriloba. Divergence at the intra-species level and
relatively low genetic diversity propose that L. orientalis
populations share ancestral polymorphism from which two
varieties may have evolved. Additionally, anthropogenic
factors, more recent climatic alterations, and breeding
systems may also have conducted to divergence and low
genetic diversity. In this study, the three populations with
the highest level of genetic diversity were identified as
Yaniklar (0.7500), National Park (0.5556), and Inlice
(0.53333), respectively. Species must be protected in
order to preserve the genetic diversity within the species
and to transfer these variations to the next generations.
This could be locations evaluated as the important genetic
diversity centre and refugiums for the species. Therefore,
it is recommended that priority should be given to these
three populations in a conservation program to be initiated
for the L. orientalis species.

In the studies conducted by Dogag (2008) and Oztiirk
(2008) using RAPD and isoenzymes, the populations with
the highest genetic diversity were reported as Marmaris
Cetibeli, Koycegiz Toparlar and Ula Kizilyaka and
Toparlar, Kizilyaka, and Inlice, respectively. However,
in the study conducted by Yiizer (2019) using the ISSR
marker, it was reported that the three populations with
the highest genetic diversity were Fethiye Giinliikli,
Fethiye Inlice, and Ula Kizilyaka populations. The studies
performed by Ozdilek (2007) and Or (2007) using matK
and trn regions are the most similar studies in terms of a
method to our research using chloroplast DNA regions.
Ozdilek (2007) reported that the populations with the
highest polymorphism are Pamucak, Giinliikbasi, and
Toparlar. Yatagan, Serik, and Cetibeli populations were
given by Or (2007) as the populations with the highest
polymorphism. Considering that some locations and
marker systems used in the studies are different and the
results obtained from the studies are different, it shows
that studying many gene regions by taking samples from
all locations in the conservation programs to be planned
will yield more successful results.

As a result of the AMOVA analysis of the species in
this study, it was concluded that the main contribution to
genetic variation was the variation between individuals by
71.52%. This result was similar to the studies conducted
by (Ozdilek, 2007) and (Or, 2007), using matK and trn
regions; (Ozdilek, 2007) reported the variation among
individuals as 86.10%, and (Or, 2007) as 91.97%. In
addition, no variation was observed between the varieties
in AMOVA results, which is the same as the result we
obtained in our study.

Currently, psad /yvcf3 gene sequences from databases
for Liquidambar species are limited. The more psaA /vcf3
gene sequences for Liquidambar species that become
available in databases, will help to better understand the
phylogenetic relationship among Liquidambar species.
As a result, in this study, the psad /ycf3 region was used
for the first time to determine the genetic diversity of L.
orientalis species. Since L. orientalis species is a relict
endemic species in Turkey, it is very important for the
species to continue its existence in the future. Therefore,
it is recommended to start research on the conservation of
L. orientalis species as earliest as possible and strengthen
the measures taken. Considering the previous studies on
the L. orientalis species, it is clear that the forest areas
of the species continue to decrease, and it is not known
exactly how far it will spread. So, first of all, the exact
distribution area of L. orientalis species, which is one of
the important riches of our country, should be determined
by authorized persons and institutions, and then these
forests should be quickly taken into in-situ conservation.
After the study, it was recommended that Fethiye-Yaniklar,
Marmaris-National Park, and Fethiye-Inlice locations,
where the highest genetic diversity was detected in the
studied populations, should be taken under protection as
a priority. Though some conservation programs are being
implemented in the Fethiye Giinliikli and Marmaris
National Park locations today, it is recommended to
strengthen the measures taken, and it is believed that
the population in the Fethiye-Yaniklar area should be
taken under protection as soon as possible. It is very
important to develop ex-situ conservation strategies with or
simultaneously with the provision of in-situ conservation.
Otherwise, we will continue to follow the story of the tragic
disappearance of sweetgum forests and sweetgum oil that
have lost their value in the last 50-60 years.

Conservation genetics can play an important role in
mitigating the impacts of climate change on biodiversity.
By identifying genetically distinct populations, assessing
genetic diversity and health, and developing breeding
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programs or other management strategies, conservation
genetics can help ensure the long-term survival of species
in a changing environment. However, conservation
genetics alone is not sufficient to address the complex and
multifaceted challenges of climate change, and broader
conservation efforts, including habitat protection and
restoration, are also necessary.
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Oz

Amac: Biyogesitlilik koleksiyonlarinda ve miizelerinde milyonlarca numune
bulunmaktadir. Koleksiyonlardaki bu numunelerin dijital veriye doniistiiriilmesi son
ceyrek yiizyilda baglamig ve hizla artmistir. Bu siire¢ miizelerin dijital numunelerini
olusturmasina neden olmustur. Bu c¢alismada iilkemizde var olan biyocesitlilik
koleksiyonlarinin dijitallestirilmesi ve farkli koleksiyonlar ile birlestirilerek agik ulagima
sunulmasinda kullanilabilecek dijital fotograf ¢ekimini basit yontemlere kavusturmak ve
veri setlerinin olusturulmasinda standartlagsmay1 saglamak amacglanmistir.

Materyal ve Yontem: Calismada ESOGU Zooloji Miizesi koleksiyonunda yer alan
omurgali ve omurgasiz hayvanlara ait numunelerin dijital gorsellerinin alinmasi ve veri
setleri olusturulmas: siirecinde kullanilan yontemler paylasilmaktadir. Numunelerin dijital
gorsellerinin alinmasi i¢in 60 x 60 cm o6lgiilerinde 40 W LED panellerden olusan bir
aydinlatma kabini tasarimi yapilmis ve kullanilmistir.

Bulgular: Calismada biyogesitlilige ait numunelerinin envanterlerinin olusturulmasi igin
kullanilacak standart alt1 harf ve alt1 sayidan olusan bir kayit kodu, sergilenen numuneler
icin li¢ farkli numune veri etiketi tasarlanmistir. Tiim dijital gorsellerin sayisal ortamda
arsivlenebilmesinde kullanilacak adlandirma kurali olusturulmustur.

Sonug: Tasarimi yapilan 1siklandirma kabininin farkli hayvansal miize numunelerinde
kullanimu ile ilgili bilgiler verilmis ve sonuglar paylasiimistir.

Anahtar Kelimeler: Anadolu, biyofotografi, doga tarihi, veri kaydi

Digitization of Biodiversity Collections and a Lighting Cabinet Design

Abstract

Objective: There are millions of specimens in biodiversity collections and museums.
The conversion of these specimens in collections to digital data started in the last quarter
century and has increased rapidly. This process has caused museums to create digital
specimens. In this study, it is aimed to simplify digital photography and to standardize the
creation of data sets in digitizing the existing biodiversity collections in our country and to
present them to open access by combining them with different collections.

Materials and Methods: In the study, the methods used for obtaining digital images of
vertebrate and invertebrate animals in the collection of the ESOGU Zoology Museum and
creating data sets are shared. A lighting cabinet consisting of 60 X 60 cm 40 W LED panels
was designed and used to take the digital images of the samples.

Results: A registration code of six letters and six numbers, which will be used to create
inventories of biodiversity samples, and three different sample data labels for the exhibited
samples were designed in the study. A naming rule has been established for archiving all
digital images in a digital environment.

Conclusion: Information on using the designed lighting cabinet in different animal
museum specimens is provided and the results are shared.

Keywords: Anatolia, biophotography, data record, natural history
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Giris

Biyogesitlilik miizelerinde dijital verilerin toplanmasi
ve kullanilmasi giderek dnem kazanmaktadir. Bireysel
koleksiyonlardan doga tarihi miizelerinde stoklanan
orneklere kadar her dijitallestirilen numune genis kitlelere
ulasma firsat1 bulmaktadir. 1999 yilinda kurulan Kiiresel
Biyogesitlilik Bilisim Tesisi (GBIF: the Global Biodiversity
Informatics Facility) 2018 y1l1 ortasina kadar yaklasik 150
milyonu doga tarihi koleksiyonlarinda bulunan bir milyar
numuneden fazla biyogesitlilik verisini kaydetmistir. Paris
herbaryumu 5,4 milyon, Londra Doga Tarihi Miizesi
8,4 milyon numuneyi sayisallagtirmistir. Berlin Doga
Tarihi Miizesi tiim bdcek koleksiyonunu dijitallestirmeyi
amaglamaktadir (Nelson & Ellis, 2018).

Koleksiyonlarda ve miizelerde gorsel verilerin
kaydedilmesinde analog sistemlerle elde edilen
fotograflarin yerini gliniimiizde dijital teknolojiler almustr.
Meehan (2022) dijital miize nesnesini, fiziksel bir miize
nesnesinin ger¢ek ve aslina sadik sayisallastirilmis
goriintlisii olarak tanimlar. Uluslararasi Miizeler Konseyi
Uluslararas1 Belgeleme Komitesi (CIDOC) dijital
nesnelerin olusturdugu sinifi, Doerr vd. (2016)’e gore,
metin setleri, resimler, ses ve video 6geleri ve yazilimlar
olarak degerlendirmektedir. Dijital nesneler yayginlik
ya da her yerde bulunabilme 6zellikleri ile benzersiz bir
kategoriye yerlesmektedir (Hui 2012, 2016).

Burada biyolojik numunenin dijitallestirilmesi, onun
numune etiketinden, bilgi metinlerine, fiziksel numuneyi
temsil eden iki boyutlu gorsellerinin sayisal verilere
doniistiiriilmesine kadar birgok konuyu icermektedir. Ister
fiziksel olsun, ister dijital veriye doniismiis nesne olsun
tiim numuneler iizerlerinde kendilerini tanimlayan verileri
tagirlar. Bunlar birer bilgi kategorisi i¢inde degerlendirilir.
Bir “tip”, bir bilgi kategorisi, disiplin gelenekleri tarafindan
olusturulmus ayr1 bir analiz birimidir. Antropologlar i¢in
bir tip, kiiltiirel bir davranis veya insan yapimi olabilir.
Biyologlar i¢in tiir, onu temsil eden numune ile bir tip olarak
degerlendirilir. Koleksiyonlarda tiiriin tanimlanmasinda
kullanilan ilk numune tiirin holotipi ve ayni tiirden olan
diger numuneler de paratipleri olarak yer alir. Tipoloji
uygulamalari, ilgili 6zellikleri tasiyan nesnelerin birlikte
gruplandirilmasina olanak tanir (Crick, 2005; Speers, 2005;
Nichols, 2021). Biyogesitlilik miizelerinde olusturulan
dijital numune, bir tiirii temsil eden koleksiyon numunesinin
nesnel durumunda yer alan tipin 6zelliklerini eksiksiz
yansitmasi gerekir. Bu hem taksonomik agidan hem de
miize dijital numunesi olmas1 durumunda biiylik 6nem
tasimaktadir. Biyolojik bir numunenin dijital gérselinde

ayni zamanda metrik dogruluk ve geometrik dogruluk
da aranan bir zorunluluktur. Dogru dl¢iim ihtiyact,
mevcut taksonomik uygulamalardan kaynaklanmaktadir.
Viicut boliimlerinden alinan dl¢limler veya taksonomik
karakterler genellikle tiirlerin agiklamalarinda kullanilir.
Bu nedenle gorselin elde edilmesi asamasinda, temsili
ve dogru bir dl¢iim 6rnegi (0lgek) kullanilarak metrik
ve geometrik dogruluk saglanabilir. Olgek kullaniminda
olusacak yanligliklar1 6nlemek i¢in 6lgek, numune ile
ayn1 odak diizlemine ve ayn1 gorsel agtya yerlestirilir.
Bu sayede optik bozulmalar ve alan derinligi nedeniyle
olusan metrik ve geometrik bozulmalardan meydana gelen
dl¢iim hatalar1 azaltilmis olur. Iyi ¢dziimlenmis bir goriintii,
numunenin taksonomik o6zelliklerini, morfolojisini
ve morfometrisini dogru bir sekilde yansitmalidir. Bu
ozelliklerde gorselin elde edilmesi birgok teknik detay
ve teknolojinin kullanilmasiyla gerceklesebilmektedir.
Dijitallesmede beklenti, gorselin gilizelliginden ¢ok
dogrulugu yéniindedir. Iyi odaklanmus, iyi kontrastli
bir goriintii daha iyi dogruluk saglar. Numunenin iyi
aydinlatilmasi, iyi kontrast ve gorsel dogruluk i¢in en
6nemli kriterlerin basinda gelir. Homojen bir aydinlatma
biyolojik numunenin tiim 6zelliklerini gostermesini saglar.
Genis aydinlatici yiizeyler, numune {lizerindeki istenmeyen
golgelerin solmasina, spot 1giklara gore daha iyi etki eder.
Bu konuda fotograf 151k kutular1 kullanilmaktadir. Bu tiir
aydinlatma kutularinda numunelerin dijital goriintiilerinin
arka plan1 istege gore degistirilebilir ve 6zne ile kontrasti en
iist diizeye ¢ikaracak sekilde segilebilir. Renk taksonomik
bir karakter olusturabilir. “Gerg¢ek” renkler yalnizca belirli
bir standart agisindan tanimlanabilir. Beyaz 151k, yani belirli
bir renk sicakliginda (giines 15181 i¢in tipik olarak 5500°K)
yayilan siyah bir cismin spektrumu olarak standardize
edilir. Algilanan renkler, tayfin numuneden yansitilan
(yani sogurulmayan) veya girisim siirecleriyle olusturulan
kisimlaridir. Dijital fotograf makinesinin renkleri dogru
algilamasinda beyaz denge 6nemli rol oynar. Ozel bir
beyaz test kart1 kullanilarak, ¢ekim ortaminda kullanilan
aydinlatmalarin 15181 altinda bir notr fotograf ¢ekilerek
beyaz denge ayar1 yapilmasi dnerilen yontemlerin baginda
gelmektedir. Dijital goriintiiler piksel cinsinden 6lg¢iiliir,
piksel sayist ayrintiy1 sinirlar. Gorselde pikselden daha
kiiclik bir ayrint1 yer alamaz. Bir kameranin sensorii her
piksel i¢in {i¢ deger kaydeder, bu degerler kirmizi, yesil ve
mavidir (red, green, blue: RGB). Goriinen her renk tonu,
bu ti¢ degerin belirli bir oranda birlesimidir. Goriintiiniin
sayisallagmasinda goriintiiniin boyutu, renk degerleri toplam
veriyi olusturur. Goriintli dosyasi iki temel tiire ayrilir.
Birincisi, {i¢ renk kanalinin ayr ayr1 kaldig1 dosyalardir.
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Bu dosya tiiriiniin en bilineni TIF dir. Ikincisi her piksel
icin li¢ rengin bir deger iizerinde karistirildigi dosyalardir.
Bu dosya tiirli JPEG olarak bilinir ancak sikistirilmis dosya
olmasi nedeniyle boyutu kiigiiltilmiistiir. Goriintii boyutu
piksel olarak 6l¢iildiigii icin baski boyutundan bagimsizdir.
Basili bir fotografta nokta/ing (DPI) sayis1 kullanilir. DPI
degeri yiiksek dosya olugturmak baski 6l¢iisiinii biiytitmek
acisindan onemlidir. 6 Mpx bir DSLR fotograf makinesi,
3000 piksel genisliginde bir goriintii tiretir ve standart ofset
kagidina, tek tek piksellerin goriinmedigi yaklasik 28 cm
capinda gorsel olarak basilabilir. Gorseli dijitallestirilen
numunelerin yapisal 6zellikleri de fotograflamada énem
tasir. Refleks dijital fotograf makineleri kullanilarak
gorece diiz numuneler ile {i¢ boyutlu derinlige sahip
numunelerin gorsellerinin alinmasi sirasinda, ¢ekim
teknikleri degismektedir. Fotograf makinesinde yer alan
diyafram 151k miktarmin sensore giris acikligini belirler.
Kural olarak, herbaryum numuneleri gibi diiz nesneler
her zaman biiyiik diyafram acikliklarindan yararlanilarak
fotograflanirlarken, hacme sahip numuneler (6rnegin
bir kafatasi), tim nesnenin odakta olmasina izin veren
diiz nesnelere gore daha dar bir diyafram acikligindan
yararlanilarak gorseli alinir. Diyafram agikliginin kisilmasi
alan derinligin artiracaktir. Alan derinligindeki artis, ¢
boyutlu nesnelerin, derinlik sinirlarinda net gériintiisiiniin
elde edilmesini saglar (Arino & Galicia, 2005; Hauser vd.,
2005; Riedel, 2005).

Cok sayida numunenin dijitallestirilmesi calismalarinda
elde edilen gorsellerin dijital dosyalar1 i¢in benzersiz adlar
olugturulmasi gerekir. Dosya adinda goriintii igerigi hakkinda
da bilgilerin yer alacag bir kod diizeni kullamlir. Bu sayede
belirli bir isimlendirme diizeniyle binlerce gorselin siralanmast
ve arsivlenmesi miimkiin olacaktir (Hauser vd., 2005).

ESOGU Zooloji Miizesi 2007 yilindan giiniimiize
Eskisehir’de bir {liniversite miizesi olarak hizmet
vermektedir. Koleksiyonunda yer alan omurgali ve

omurgasiz hayvanlara ait 24.241 6rnek yer almaktadir.
TUBITAK 2209-A kapsaminda “Alternatif bir miize
deneyimi i¢in “ONLINE ESOGU ZOOLOJI MUZESI
tasarim1” konulu 1919B012220285 numaral1 proje ile
numunelerin dijital gorsellerinin alinmasina baglanmistir.
Bu proje kapsaminda miizelerde miize numunelerinin
gorsellerinin alinmasi icin kullanilabilecek bir “fotograf
1s1iklandirma kabini” tasarimi gelistirilmis olup bu ¢alismada
Ozellikleri ve kullanimu ile ilgili bilgiler sunulmaktadir.

Yapilan ¢alismada verilerin standartlastirilmasi
hedeflenmistir. Orneklerin dijitallestirilebilmesi
stirecinde isimlendirme etiketlerinin standart olmasi1 nem
tasimaktadir. Caligmada miize i¢in tasarlanmig isimlendirme
ve kayit etiketleri i¢in Onerilere de yer verilmistir. Elde
edilen dijital gorseller i¢in bir dosya isimlendirme sistemi
tasarlanmis ve sunulmustur. Boylece hem miize dijital
koleksiyonunun diizenli arsivlenmesi hem de gelecekte
farkli koleksiyonlarda yer alan fiziki ve dijital numunelerin
bir veri tabaninda bir araya getirilmesini saglayabilecek
ornek bir model olusturulmasi amaglanmistir.

Materyal ve Yontem

ESOGU Zooloji Miizesi envanterinde yer alan taksonlarin
smiflandirilmasinda Kiiresel Biyogesitlilik Bilgi Araci,
GBIF (Global Biodiversity Information Facility)’de
belirlenen nomenklatur kullanilmistir. Envanterdeki her
numune alt1 harf ve alt1 sayisal degerle kodlanmistir. Alt1
harfin ilk ii¢ii, taksonun ait oldugu sube, alt sube, {ist sinif'ya
da sinifi, son ti¢ harf ise numunenin miizedeki durumunu,
alt1 rakamli sayisal deger ise numunenin miizeye kayit
sirasini belirtmektedir (Tablo 1).

Sadece fosil numuneler i¢in ti¢lii kodlama kullanilmamus,
“FOSSIL” ifadesi tercih edilmistir. Envanter kayit kodu,
miizemiz ilk kaydi Felis silvestris subsp. catus Linnaeus,
1758 tiirline ait olan iskelet numunesi i¢in hazirlanarak

Tablo 1. Envanter kodu olusturulurken takson ve numune durumu i¢in kullanilan kisaltmalar.

Kodlamada ilk ii¢ harfe gore taksonlar

Son ii¢ harfe gore numunelerin durumu

MAM: Mammalia
AVS: Aves

REP: Reptilia
AMP: Amphibia
PSC: Pisces
ECH: Echinodermata
CRS: Crustacea
INS: Insecta
MYR: Myriapoda
CHL: Chelicerata
MOL.: Mollusca
POR: Porifera
CND: Cnidaria

SKL: Iskelet
TAX: Taksidermi
DRY: Kuru

LIC: Sivi

PLY: Polyester
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kullanilmigtir. Numune kayit kodu “MAMSKL000001”dir.
Burada “MAM” memelileri, “SKL” numunenin iskelet
oldugunu, “000001” bir numarali kayith miize numunesi
oldugunu ifade etmektedir.

Sergilenen taksonlar i¢in {i¢ ayr1 bicimde etiket
tasarlanmistir. Numune veri etiketlerinde miize adi,
numunenin sube, alt sube, list siif ya da sinifi, bilimsel
adi, Tiirkge adi, tlirlin familyasi, toplandig: tarih, 6rnegi
toplayan, materyalin toplandig1 yer, tanimlayan, eger
hazirlanmas: gerekiyorsa numuneyi hazirlayan kisi ve
numunenin envanter kayit numarasi yer almaktadir. Biiyiik
boy etiket (Sek. 1), cogu omurgali hayvan numuneleri olan,
ozellikle sergilenmesi i¢in tahnit ya da iskelet olusturma
benzeri 6zel islemler gerektiren gorece biiyiik boyutlu
numuneler i¢in kullanilmaktadir. Orta boy etiketler (Sek.
2) omurgasiz hayvanlar i¢in, kii¢iik boy etiketler (Sek. 3)
ise numunenin kaybolmasini, karistirilmasini énlemek
amactyla numunelerin {izerlerinde bulunduklar1 platform
ya da numunenin kendi {lizerine yerlestirilmesi icin
tasarlanmisgtir.

Tiim numunelerin dijital fotograflarinin ¢ekimi sirasinda
numune ile ayni diizlem ve fotograf makinesi objektifinin
goriis agisiyla ayni agida konumlandirilan metrik bir 6lgek
(Sek. 4) yerlestirerek gorseli alinmigtir.

Eskigehir Osmangazi Universitesi Zooloji Miizesi Mammalia

Felis silvestris subsp. catus

Evecil kedi
Felidae

Tarih (Date) 10.08.1987
Toplayan (Col) H. Caliskan

Yer (Lokalite) Istanbul Tiirkiye
Tammlayan (Ded.) H.Caliskan
Hazrlayan (Prep.) H.Caliskan

MAMSKL 000001

Sekil 1. Biiyiik boy numune veri etiketi (7,5%3,5 cm).

Eskisehir Osmangazi Universitesi Zooloji Miizesi INSDRY 000039

Gonepteryx cleopatra (Linnaeus, 1767)
Kelebek

Insecta Pieridae

Tarih (Date)
08.07.1990

Yer (Lokalite)
Canakkale Gékgeada Tiirkiye

Toplayan (Col.)
AY Kihg

Tammlayan (Ded.)
H.Caligkan

Sekil 2. Orta boy numune veri etiketi (2,5%8 cm).

Numunenin dijital fotografinin ¢ekilmesinde fotograf
karesi hayali dort boliime ayrilmistir. Sag alt boliim veri
etiketi, sag orta iist boliim 6lgek, sol orta iist boliim numune
ve sol alt boliim ise olusan gorsele eklenebilecek karekod
ve benzeri uygulamalar i¢in bos birakilmistir.

Insecta Scarabaeidae

Cetonia aurata
(Linnaeus, 1758)

I

Tarih (Date) 20.08.2007
Yer (Lokalite) Mayislar S
Eskigehir o

: R

Turkiye Y

Toplayan (Col.) H.Caliskan

0
5
Tammlayan (Ded.) H. Caligkan 8
4

ESOGTU Zooloji Miizesi

Sekil 3. Kii¢iik boy numune veri etiketi (3%2,8 cm).

Sekil 4. Dijital gorsellerde yer alan (50 mm)’lik 6l¢ek siyah
ve beyaz referans degeri ile birlikte verilmistir.

Elde edilen tiim gorsel dosyalar RGB modunda
islenmistir. Dijital gorseller TIF formatinda 300 dpi’da
kaydedilmiglerdir. Dosyalarin isimlendirilmesinde numune
ve gorselle ilgili olabildigince fazla bilgiye yer verilmesi
dikkate alimmistir. Buna gore dijital dosyalar asagidaki
sekilde isimlendirilerek kaydedilmektedirler:

“Numune kodu — tiir ad1 — fotograf¢i ad1 — miize ad1 —
fotograf yonii — fotograflama sayis1”

Fotografi ¢ekenin adinin ilk harfi kullanilir ve biiyiik,
soyadinin ilk harfi biiyiik diger harfleri kiigiik olarak yazilir.
Miize ad1 olarak Eskisehir Osmangazi Universitesi Zooloji
Miizesi’i¢in “ESOGU-ZM” kisaltmasi kullanilmistir.
Fotograf yonii i¢in, sirt (D), karin (V), sag yan (RL), sol
yan (LL), bas (H), bacak (Lg), erkek genitalya (Hyp),
disi genitalya (Ov), gogiis (Th) kisaltmalar1 kullanilir.
Buna gore, ESOGU Zooloji miizesindeki bir numarali
numunenin sirtindan g¢ekilen iki numarali dijital gorselin
dosyasi asagidaki sekilde isimlendirilmistir:
“MAMSKILO000001_Felis_silvestris_subsp catus_
HCaliskan_ ESOGU_ZM_d_2.tif”

Numunelerin dijital gorsellerinin elde edilmesinde 2004
yili iiretimi 8 MP, Olympus E300 DSLR (Digital single-lens
reflex) fotograf makinesi kullanilmistir. Objektifi Zuiko
Digital 50 mm, 1:2 makro objektiflerden yararlanilmustir.
Calismada cekilen fotograflarda ISO 100 olarak ayarlanmuistir.
Fotograf makinesi {i¢ ayak tripota yerlestirilmistir.
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SRR e b

Sekil 5. A) Isikl
C) Isiklandirma kabini (1g1klar agik).

Isiklandirma kabini i¢in 2,5%1,8 cm kutu aliiminyum
profilden 60x60x60 cm dl¢iilerinde iskelet hazirlanmis ve
bunun bes yiizeyinin her birine, NOAS marka 60x60 cm
Olciilerinde 40 W LED paneller yerlestirilmistir (Sek. 5).
Panellerin CRI degeri (Renksel Geriverim Indeksi) >80
dir. Renk sicaklig1 6400 K dir.

Isiklandirma kabini aydinlatma led panellerinin
spektrofotometrik Ol¢iimleri Ocenaoptics USB 2000
Tak-Calistir spektrofotometre ile 6lgiilmiistiir. Panel
aydinlatmalar Leica MZ 16 dogal gériiniim goriintiileme
sisteminde kullanilan Leica marka Fiber Optik Cool Light
ve Leica Ring Light ile karsilagtirilmistir. Degerler Sekil
6’da verilmistir.

Panellerin ylizeyi Opal polikarbon difiizorle ortiiliidiir.
Cekimlerde ek difiizor olarak gorev yapabilecek kagit ya
da kumas kullanilarak 1s1k siddeti diisiirilebilmektedir.
Her panel kontrol kutusundaki bir anahtar ile kontrol
edilmektedir. Bu sayede fotograf ¢ekiminde, yon ve arka
plan secimine gore paneller ayr1 ayr1 kullanilabilmektedir.
Numunelerin arka plan1 i¢in mat siyah ve beyaz kagit fon
kullanilmustir.

Intencity (counts)
4000

3000
2000

1000

andirma kabininde kullanilan NAOS marka LED panel (60x60 cm); B) Islkladlrma bini(slklar kapali);

Dijital gorselin alinmasindan 6nce fotograf makinesi
beyaz denge (WB) ayari segilen arka plan ve kullanilmasina
karar verilen aydinlatma panellerin ac¢ik oldugu 1s1k
siddetinde gore ayarlanmistir. Objektifin gorsel alanina
yerlestirilen beyaz bir kagit kullanilarak One—Touch WB
ayariyla optimum beyaz denge fotograf makinesi tarafindan
belirlenmistir.

Miizedeki biyocesitlilik numunelerinden elde edilen
tiim dijital gorsel dosyalart ESOGU Zooloji Miizesi Dijital
goriintli arsivinde uygun bir ara yilizde sunulana kadar
saklanmaktadir.

Bulgular

ESOGU Zooloji Miizesi envanterinde yer alan 24.241 adet
biyocesitlilik numunelerinin arasindan segilen 915 6rnek
sergi salonunda ziyaretgilere sunulmaktadir. Bu ¢aligmada,
omurgasizlar i¢inde Mollusca filumundan Gastropoda
sinifina ait [MOLDRY 000563 Galeodea echinophora
(Linnaeus, 1758)], Arthropoda filumunda Crustacea alt
subesinde yer alan Malacostraca’ya ait [CRSDRY 000068

Ring light

200 300 400

500
Wavelength (nm)

Sekil 6. Isiklandirma kabininde kullanilan NAOS marka LED panel (60x60 cm); B) Isiklandirma kabini (1s1iklar kapalr); C)

Isiklandirma kabini (1siklar agik).
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Astacus leptodactylus Eschscholtz, 1823; CRSDY000113
Calappa granulata (Linnaeus, 1758); CRSDRY 000079
Eriphia verrucosa (Forskal, 1775)], ile omurgalilarda Aves
smifina ait [AVSTAX000623 Anas crecca Linnaeus, 1758]
olmak iizere toplam bes tiiriin gorsellerine yer verilmistir.
Elde edilen dijital fotograflar bir bilgisayar programi
ile renksel bir diizenleme yapilmaksizin bu ¢alismada
kullanilmastir.

Isiklandirma kabini

Isiklandirma kabini aydinlatma LED panellerinin
spektrofotometrik 6l¢timleri Sekil 6’da goriilmektedir.
Olgiimlere gore giin 15181 spektrumu gesitli dalga
boylarinda atmosferin sahip oldugu gaz, nem ve aeroseller
nedeniyle eksiktir. Giin 15181 modeli i¢in yapilan kabinin
duvarlarindan kabinin merkezine gelen 1s1imanin spektrumu
ise glines spektrumuna benzer olmakla birlikte, temel
de cesitli eksiklikler vardir. LED kullanilarak yapilan
aydinlatma sisteminde Sekil 6’da gorildigi gibi 420
nm’nin altindaki dalga boylar eksiktir ve 470 nm’de de bir
eksiklik goriilmektedir. Ust dalga boylarda solar spektrumla
da bir miktar farklilik ortaya ¢ikmaktadir. Kirmizi &tesi
bolgede eksiklikler mevcuttur. Panel aydinlatmalar Leica
MZ 16 dogal goriiniim goriintiileme sisteminde kullanilan
Leica marka Fiber Optik Cool Light ve Leica Ring Light
ile karsilagtirllmistir. Her iki lambanin da 151k siddetleri
diisiik olmakla birlikte yine mavi ve UV bolgede eksik
dalga boylar1 mevcuttur. Buna ilave olarak kirmizi 6tesi
bolgede ise 1s1ma siddetinde diisiikliik mevcuttur. Her iki
lambanin 15181 beyaz degil aksine sar1 151k vermektedir.

Gorsel Alana Yerlestirme

Numune, etiket ve 6lgegin gorsel alana yerlestirilmesinde
standart bir diizene ihtiya¢ duyulmaktadir. Bu ¢aligmada
fotografta yer alacak gorsel alan birbirleriyle kesisen
dikey ve yatay hayali iki dogruyla dort boliime ayrilmistir
(Sek. 7). Sag alt koseye veri etiketi yerlestirilmistir. Sag
iist boliimiin sag kenar1 dlgek igin ayrilmistir. Olgek,
materyalin konumuna bagli olarak metrik dogrulugu
yakalayabilmek i¢in numunenin odak noktasina, alan
derinligi dogrultusunda yerlestirilmistir, sol iist ve sag
iist bolime biiyiik oranda numune yerlesmistir. Sol alt
koseye gorsel iizerine ilerde yerlestirilebilecek karekod
ya da benzeri bir bilgi kutusu i¢in yer birakilmistir. Sekil
7’de, yer alan numune kontrast a¢isindan gorece zayif
ancak viicut Ortiisii agisindan 15131 yansitmayan mat bir
ylizeye sahip deniz kabuklusu (CRSDRY000079) Eriphia
verrucosa (Forskal, 1775)’dir. Beyaz arka plani olusturan
zeminde opal polikarbon levha kullanilmistir.

Bir platform iizerinde bulunan numunelerin etiket
ve Olceginin gorselle yerlestirilmesinde baz1 zorluklarla

R A

Crustacea|

CRSDRY 000079

Sekil 7. CRSDRY 000079 Eriphia verrucosa (Forskal, 1775),
Olympus E300 body, Zuiko 50 mm 1:2 objektif, diyafram
/16, pozlama siiresi 1/25 sn, odak uzunlugu 29 mm, olgek

karsilagilmistir. Sekil 8’de yer alan (AVSTAX000623) Anas
crecca Linnaeus’un sol kanat renk ve deseni sag tarafina
nazaran daha belirgindir. Bu nedenle sol yan ylizeyinden
fotografi ¢cekilmek zorunda kalimmistir. Bu da numunenin
yoniiniin sola bakmasina neden olmaktadir. Bire bir goriintii
yakalama kuralina sadik olmak amaciyla gériintiiniin yonii
yazilim kullanilarak degistirilmemistir. Olgek numunenin
bulundugu tablanin kdsesine konumlandirilmistir. Olgek
odak noktadan 6nde yer almis bu da metrik dogrulugu
elde etmeyi zorlastirmistir. Bu tiir numunelerde 6lgegin
yeri materyalin bakis yoniinde ve alan derinligine paralel
dogrultuda konumlandirilabilir. Veri etiketini, numune ve

Sekil 8. AVSTAX000623 Anas crecca Linnaeus, 1758;
Olympus E300 body, Zuiko 50 mm, 1:2 objektif, diyafram /11,
pozlama siiresi 1/30 sn, odak uzunlugu 24 mm, dlgek 50 mm.
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Fkiph Caminzee: Univemites Zeclagi \nia c,mmm[

Calappe granulata (Linnaexs, 1758)

Yengee
Calippidue

=1 Yaa e
CRSDRY 000113

Sekil 9. CRSDY000113 Calappa granulata (Linnaeus, 1758); Her iki fotograf Olympus E300 body, Zuiko 50 mm 1:2 objektif
ile gekilmistir. Olgek 50 mm, odak uzunlugu 33 mm’dir. A) Beyaz arka plan, diyafram /16, pozlama siiresi 1/25 sn; B) Siyah

arka plan, diyafram {/16, pozlama siiresi 1/30 sn.

tablasindan bagimsiz yerlestirmek gorselden uzaklagsmaya
neden olmakta, etiketin numunenin gorsel alan derinliginin
disinda kalmasina ve netliginin bozulmasina neden
olmaktadir. Numunenin karismasini engellemek i¢in kiigiik
etiketler kullanilmaktadir. S6z konusu kiiciik etiketler
tablanin iizerine degil alt kdsesine yerlestirilecektir. Bu
sayede gorselde gereksiz yer kaplamasi engellenmis
olacaktir.

Arka Plan Secimi

Numunenin yerlestirildigi zemin icin bu ¢aligmada {i¢
secenek kullanilmstir. Ilki opal polikarbon levhadir. Led
aydinlatmanin tizerinde diffiizér gorevi yapan levha ayni
zamanda numunenin arka plan zeminini olugturmaktadir.
Daha doygun bir yiizey hissi vermistir. Ikinci secenek
olarak mat beyaz kagit kullanilmistir. Alan derinliginin
disina cikildikga 6zellikle zemin kaybolmakta ve nesnel
gorselligini yitirmektedir. Ancak Sekil 9 (B)’da oldugu
gibi numunenin zemine yakin ve yiiksekliginin gérece
az oldugu durumlarda zeminin dokusu belirginlesebilir.
Sekil 9 (A)’da kullanilan opal polikarbon zemin levha,
dokusunu belli etmez iken, Sekil 9 (B)’da siyah zemin
olarak kullanilan siyah mat kartonun dokusu tozlu bir
goriintli seklinde gorselin zemininde belirginlesmistir.
Siyah zemin i¢in kullanilacak malzemenin se¢imi bu
nedenle 6nemli olmaktadir. Burada diger bir ¢6ziim
ise numuneyi zeminden uzaklagtirmak ve zemini alan
derinliginin disina ¢ikartmaktir. Bu teknik eger olanak
varsa zemindeki tiim kusurlar1 yok edecek ve numuneye
zemine temas etmiyor hissi verecektir. Bunun i¢in 6zel
donanimlar ya da ekipmanlara ihtiya¢ duyulur. Sekil 9°da
secilen numune beyaz zeminde arka plani ile arasinda
kontrasimin diisiik olmasi nedeniyle 6nerilen ¢oziimler igin

iyi bir drnek niteligindedir. Beyaz arka plana sahip gorselde
(Sek. 9), numunenin objektiften en uzak olan kenar1 giderek
zorlasan sinir hattina sahiptir. Numunenin diisiik kontrastl
dokusu arka kenarmi belirginsizlestirmistir. Diyafram ve
pozlama siiresiyle yapilacak miidahaleler numunenin
orijinal rengini etkileyecek ve gorselin orjinale benzerlik
6l¢iistinii bozacaktir. Mat siyah arka plan bu gibi numuneler
i¢in iyi bir ¢6ziim olarak goriilebilir. Ayrica, arka plan
rengi siyah olmak zorunda degildir. Gorsel numune ile
gelecekte yapilacak ¢alismalara uygun olacak arka plan
renkleri secilebilir. Siyah zeminde numunenin tiim sinirlart
ayirt edilebilir hale gelmistir. Ancak segilen arka plan
malzemesinin yapisi nedeniyle tozlu gdriinmesi tercih
edilmeyen bir durumdur. Arka plan olarak kullanilabilecek
farkl1 yapidaki siyah yiizeyler denenmelidir.

Materyal dokusu

Doygun 151k altinda 6zellikle mat yiizeyli kiigiik boyutlu
Gastropoda numunelerinin fotograflarinin ¢ekiminde
aydinlatma kabininin kullanilmas1 diger numunelere gore
daha basarili sonuglar vermistir. Sekil 10°da yer alan
(MOLDRY000563) Galeodea echinophora (Linnaeus,
1758) bu durum igin iyi bir 6rnektir. Boyutunun kii¢iik
olusu, alan derinligi i¢ine sigan yiiksekligi nedeniyle
numuneye net bir gorsel elde edilmesine olanak tanimistir.
Netligin tiim numune lizerinde neredeyse esit saglanmasi
gorselde dokunun belirginligini arttirmis ve fiziki nesneyle
yiksek diizeyde ortiismesini saglamistir. Ayrica gorsel
i¢inde yer alan Olgek dogrulugu da elde edilmistir. Bu
numune koyu bir arka planda daha belirgin hale gelecektir.

Eklembacaklilarin Crustacea alt subesi iyesi
(CRSDRY000068) Astacus leptodactylus Eschscholtz,
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Sekil 10. MOLDRY 000563 Galeodea echinophora (Linnaeus,
1758); Olympus E300 body, Zuiko 50 mm 1:2, objektif,
diyafram f/14, pozlama siiresi 1/30 sn, odak uzunlugu 39

1823°da viicut yapisi olarak Sekil 10°daki Galeodea
echinophora gibi alan derinligi icinde kalabilecek
yikseklige sahip olan bir numune olarak bu ¢aligmada
secilmistir. Sekil 11°de numunenin sag lateralinden
yaklagik 45° ye yakin bir agiyla ¢ekilen gorselde sag ve
sol kelipedleri arasinda 7 cm’lik bir mesafe bulunmaktadir.
Numunenin zeminde genis yer kaplamasi ve 45° agiyla
pozlama yapilmasina ragmen netlik basarisi yiiksektir.
Ancak 45° aciyla yapilan ¢ekimde sag keliped soldakinden
kalin ve biiyiik goziikmiistiir. Belirli agilardan numuneye
yaklagsmak ve pozlama yerine olabildiginde dorsalden
pozlamak bu tiir optik bozulmalarin 6niine gececektir.
Olgek odak noktasina yakin yerlestirilmis ve veri etiketi
ile numunenin gorseldeki yerlesimi belirlenen standarda
uygun olmustur.

nitali it b Dl

Ekisehir Damatpiz. Unissiesh 7o M |

Asfacus leprodaeiyius Eschscholiz, 1823
Kerevit

o
CRSDRY 000068

Sekil 11. CRSDRY 000068 Astacus leptodactylus Eschscholtz,

823; Oly

Tartisma ve Sonug¢

Ulkemizde az sayida olan biyogesitlilik miizeleri, sahip
olduklar1 koleksiyonlarla evrenimizin en énemli zenginligi
olan yasama ait taksonlara ev sahipligi yapmaktadirlar.
Biyocesitlilige ait numunelerin iilkemizde kayitlarinin
olusturulmasi, farkli koleksiyonlardakilerin birlestirilmesi
ve agik erisime sunulmasi Anadolu’nun ve gezegenimizin
yasam zenginliginin yorumlanmasinda biiyiik énem
tasimaktadir. Cagimizin teknolojisi olan dijitallesme bu
kapsamda kullandigimiz énemli bir aragtir. Bu konudaki
ilk biiyiik zorluk, numunelerin dijital gorsellerinin elde
edilmesi i¢in yiiksek maliyetli teknolojiler, cihazlar ve
teknik donanimlara duyulan ihtiyagtir.

Calismada DSLR fotograf makinesi olarak 2004 yil1
iiretimi olan 8 MP Olympus E300 kullanilmistir. Dijital
gorselin fiziki numuneler ile birebir olmasini saglamak
icin fotograf makinesiyle birlikte uygun 1siklandirmanin
da bulunmasi gerekmektir. Hauser vd. (2005) ile Arino
& Galicia (2005)’in ¢aligmalarinda yer alan ekonomik
uygulanabilen ve verimli sonuclar veren tasarimlar iyi
¢O6ziimler olarak karsimiza ¢ikmaktadir. Numunelerin
ozelliklerine bagli olarak her tasarim ya da ¢oziimiin
kullanilmas1 miimkiin olmayabilir. Burada bizlerin de
onerdigi gibi ¢alismaya uygun 6zellikte materyaller igin
uygun ¢oziimlerle baglamak iyi bir segenek olacaktir.

ESOGU Zooloji Miizesinde baslangic olarak sergilenen
taksonlarin dijital fotograflarinin ¢ekilmesi planlanmistir.
Bunun i¢in bu ¢alismada biyogesitlilik miizelerinde
fotograf ¢ekiminde kullanilabilecek ekonomik ve
uygulanabilir bir ¢6ziim Onerisi olarak 1g1iklandirma kabini
tasarlanmigtir (Sek. 5). Tam spektrumlu led aydinlatma
panel kullanilamamasi, beyaz denge ayarinda renk sicaklig
degerinin yiiksek olusu, her numunenin fotograflanmasinda

mpﬁs E300 body, Zuiko 50 mm 1:2 objektif, diyafram

/16, pozlama siiresi 1/25 sn, odak uzunlugu 33 mm, dlgek 50 mm.
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arzu edilen renksel detaylarin fotografta aslina sadik
kalinmasinda zorluklar olusturmustur. Ancak yiizeyleri mat
ve zemin lizerindeki yiliksekligi ile birlikte optik diizenegin
alan derinligi i¢inde kalan Gastropoda ve Crustacea
iyelerine ait numunelerin dijital gorsellerinin alinmasinda
uygun sonuglar elde edilmistir. Aydinlatma kabini fotograf
cekimi i¢in gelistirilebilir bir platform niteligindedir.

Bu calismada miize numuneleriyle ilgili kayith
verileri filtrelerken, numunelerin siralanmalarini ve
siniflandirilmalarini kolaylastiracak harf ve sayilarla
kodlanmis kimlik numarasi olusturulmasi i¢in bir dneri
yer almaktadir. Numunelere verilen kayit numaralarinin
iretiminde uygulanan alt1 harfli kodun ilk {i¢ harfi veri
tabaninda 6rneklerin filum ya da sinif diizeyinde ayrimini
kolaylastirirken diger ti¢ harfi ise materyalin durumunu,
yani kuru (DRY), stv1 (LIC), iskelet (SKL) ya da tahnit
(TAX) oldugunu belirtir. Biyogesitlilik miizelerinde
filum, siif bilgisi ve materyalin durumu 6nemli ayrim
ve miize i¢inde yerlestirilmelerinde 6nemli rol oynarlar.
Burada onerilen etiket lizerine de yerlestirilen envanter
kodlama tasarim fiziki 6rneklerin analiz ve yerlesimini
de kolaylastiracaktir. Elde edilen dijital gorsellerin
adlandirilmasinda Hauser vd. (2005)’in tasarimi dikkate
degerdir. Dijital veriden olusan gorselin dosya adi
bir anlamda fiziki orneklerdeki etiketlerin gorevini
iistlenmektedir. Biz bu ¢alismada Hauser vd. (2005)’den
farkli olarak dosya adinin iginde dijital gorseli elde eden,
yani fotografi ¢ceken kisinin ad soyadinin da tipki fiziki
materyalde oldugu gibi yer almasi gerektigine inaniyoruz.
Buna gore olusturulan dosya adi diizeninde fotografi
ceken kisinin adinin ilk harfi ve soyadi yer almaktadir.
Numune kodunun dosya adinin baslangicinda yer almasi,
dijital dosya goriintiillemede ve listelemede miize envanter
kodunun kullanilabilmesini saglamak i¢indir. Veri
kayitlar1 i¢inde dosya adindan yararlanarak dosya tarama
islemleri i¢in kolaylik saglayacak farkli diizenlemeler de
uygulanabilir.

Iklim degisikliginin yasandigi bu yiiz yilda
gezegenimizin sahip oldugu biyogesitlilik ne yazik
ki biiylik bir tehdit altindadir. Var olan cesitliligin
kayitlarinin alinmasi ve miizelerde tutulan gegmis yillara
ait numunelere ait bilgilerin acik erisime sunulmasi igin
yapilacak her tiirlii ¢alisma gelecek icin 6nem tagimaktadir.
Ulkemizin biyolojik ¢esitliliginin envanteri ¢ikarilmali,
koleksiyonlardaki fiziki numuneler bir an 6nce giivenli
ortamlarda korumaya alinmali ve dijitallestirilmelidirler. Bu
amaca ulagsmak i¢in hem fiziki hem de dijital numunelerin
standart yontemlerle kaydedilmesine ihtiya¢ vardir.
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Introduction

Abstract

Objective: The harnessing of medicinal plants for the treatment of infectious diseases has
an environmental concern, and therefore environmentally friendly alternative sources like
harnessing the potential of endophytes are of paramount importance. The present study
aimed to evaluate chemical composition and antimicrobial activity of crude extracts of
endophytic fungi isolated from C. bonariensis (L.) in Tanzania.

Materials and Methods: Initially, endophytic fungi were isolated from C. bonariensis (L.)
and characterized, followed by mass cultivation and the harvesting of crude extracts. Then
crude extracts were tested against selected microorganisms: Two Gram-positive bacteria,
Staphylococcus aureus and Bacillus subtilis; Two Gram-negative bacteria, Escherichia
coli and Salmonella typhi, and a yeast Candida albicans. Gas Chromatography-Mass
Spectrometry analyzed the chemical composition of crude extracts.

Results: Five endophytic fungi (Talaromyces sp., Penicillium daleae, Neurospora crassa,
Talaromyces radicus 1 and Talaromyces radicus 2) were isolated. Furthermore, crude
extract of N. crassa had the highest antimicrobial activity with the range of MIC found
to be 1.5 pg/mL > MIC > 0.78 pg/mL for all tested microorganisms except for S. aureus
where the range of MIC was 40 pg/mL>MIC>20 pg/mL. On the other hand, the crude
extract of Talaromyces radicus 1 had the lowest MIC range (100 mg/mL>MIC>50 mg/
mL). The GC-MS results demonstrated variation in chemical composition with proved
various biological properties.

Conclusions: Ethyl acetate crude extracts of N. crassa demonstrated the highest
antimicrobial activity, therefore warranting further exploration of the endophyte and
their crude extracts for various medicinal and industrial applications. Further studies on
the characterization of pure compounds, which may be responsible for the antimicrobial
activity that was observed, are urgently needed.

Keywords: Endophytic fungi, Internal transcribed spacer, Minimum inhibitory
concentration, Tanzania, Gas chromatography mass spectrometry, Conyza bonariensis

plant for the treatment of various diseases. For example,
medicinal plants Achillea millefolium, [pomoeae pandurata,

Human beings have been interacting with their natural
environment as a source of food, medicine, fertilizers,
fragrances, and clothing (Fatemeh, 2018; Okot et al.,
2020). Worldwide, medicinal plants continue to have the
potential in producing secondary metabolites (Kianfé
et al., 2020). Medicinal plants are plants that possess
therapeutic or exert a beneficial pharmacological effect
on the human or animal body (Kilonzo & Munisi, 2021).
Indigenous people have been using the traditional medicinal

and Hieracium pilosella have been used as an antioxidant,
antifungal and antimicrobial, respectively (Candan et al.,
2003; Frey & Meyers, 2010; Abdollahi et al., 2012). However,
the direct harnessing of medicinal plants for the treatment
of infectious diseases has an environmental concern, and
therefore an environmentally friendly alternative source
like harnessing the potential of endophytes is of paramount
importance (Ibrahim ez al., 2021).

Endophytic microorganisms may be fungi or bacteria
that live inside the tissue of plants for the whole or part of

This work is licensed under Creative Commons Attribution-NonCommercial 4.0 International License @. BY _NC
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their life cycle and have no negative effects on their host
plants (Manyahi et al.,2014; Wu et al., 2020). Endophytes
have been reported to produce more or less secondary
metabolites as their host medicinal plants (Ancheeva et
al., 2020; Ibrahim et al., 2021; Mwanga et al., 2019).
Endophytic fungi crude extracts have been demonstrated to
contain bioactive secondary metabolites such as alkaloids,
phenols, flavonoids, tannins, terpenoids, and saponins,
which have antimicrobial, antioxidant, anti-inflammatory,
and anti-diabetic activity (Ancheeva et al., 2020; Patil et al.,
2016). For example, a chemical analysis of a crude extract
of Nigrospora sp. from Moringa oleifera demonstrated
to contains griseofulvin with strong antifungal activities
while dechlorogriseofulvin and mellein showed weak
antifungal activity (Zhao et al., 2012). Similarly, crude
extracts of Nigrospora sp., Aspergillus fumigates Fusarium
oxysporum from Leucas martinicensis, Sceletium
tortuosum and Moringa oleifera, were demonstrated to
contain bioactive secondary metabolites with biological
activities as their host plants (Manganyi et al., 2019).

In Tanzania, various communities including the Safwa
people of the Mbeya region have been using Conyza
bonariensis leaves and other plants for the treatment of
fungal, bacterial, and inflammatory diseases (Araujo et al.,
2013; Espinoza et al., 2020; Ghwanga & Chacha 2019). In
Tanzania, antimicrobial activity of C. bonariensis has
been tested experimentally, and the results were promising
(Ghwanga & Chacha 2019). Although endophytic fungi
isolated from C. honariensis had been reported in some other
parts of the world (Alsini et al., 2022), such information
remained to be evaluated in Tanzania taken into consideration
that biological activity of crude extract of endophytic
fungi may be influenced by geographical conditions like
temperature, humidity and soil properties of a particular
location (Langenfeld, 2013; Fang et al., 2019) where the
host plant is found. Since the antimicrobial potential of the
crude extract obtained from endophytic fungi isolated from
C. bonariensis had not been assessed in Tanzaia, this study
was conducted to investigate both the chemical composition
and antimicrobial effects of these crude extracts derived
from C. bonariensis endophytic fungi in Tanzani.

Materials and Methods

Sample collection

Fresh and healthy leaves of Conyza bonariensis were
collected from the Mbeya region located between latitude
08°54'00"S and longitude 33°27'00"E by purposive random
sampling for isolation of endophytic fungi. The voucher
specimen sample was taken to the University of Dar Es
Salaam at the Botany Department for identification and
was provided with voucher specimen number FMM4139.

Test organisms

Five test microorganisms were involved in the present
study as stipulated in Table 1. Four test microorganisms
were bacteria and one was fungus. The test microorganisms
were obtained from the microbial strains Library of the
Department of Molecular Biology and Biotechnology
(MBB), University of Dar es Salaam. The test
microorganisms were sub-cultured and reconstituted as
previously described (Mpinda et al., 2018).

Isolation of endophytic fungi from C. bonariensis

Dust and debris were removed from the leaves by
washing with tap water and left to dry. The leaves were
decontamination with 70% ethanol for 2 minutes, then
dipped in 0.4% sodium hypochlorite (NaOCI) for 1 minute,
followed by dipping in 70% ethanol for two minutes, and
finally rinsed twice with sterile distilled water to remove
ethanol leftover. Surface-sterilized leaves were placed on
sterile aluminum foil and allowed to dry in a biosafety
cabinet (Nxumalo et al., 2020). Leaves were then cut into
small pieces of about 1 cm? by using a sterile surgical blade,
and then placed in potato dextrose agar (PDA; containing
potato 200 g/L), dextrose (20 g/L), and agar (15 g/L, pH
6.0) in petri dishes containing chloramphenicol (0.25
mg/mL) to prevent the growth of bacteria. Also, to test
for the efficiency of surface sterilization, water from the
last washing step was inoculated on PDA media with the
same chemical composition. The inoculated petri-dished
were incubated for 3-5 days at 30°C. After obtaining pure
isolates, the colony diameter of each fungal endophyte was
measured every day for five days. The colony diameter

Table 1. List of selected test microorganism used for screening of antimicrobial activity in the study

Serial number Microorganism name

Culture number Gram stain

1 Staphylococcus aureus
2 Escherichia coli

3 Salmonella typhi

4 Bacillus subtilis

5 Candida albicans

ATCC29213 Gram-negative
ATCC8736 Gram-negative
ATCC 6539 Gram-positive
ATCC6051 Gram-positive
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information was used to establish the growth rate of each
fungal endophyte. The fungal growth rate was calculated
by dividing the growth difference between day 5 and day
4 to the past (day 4) growth as stipulated in the formula
below:

Present growth (mm) — Past growth(mm)
Past growth (mm)

Fungal growth rate =

Morphological and molecular characterization of
endophytic fungi

Morphological characterization was performed by
considering a variety of parameters such as the color
of the colony (front and back view of the plate on PDA
medium), texture, colony topology and spore formation of
pure isolates (Paul ez al., 2012).

Molecular characterization was performed by
assessing genetic variation of the internal transcribed
spacer (ITS) region of genomic DNA. Initially, genomic
DNA was extracted by using a CTAB-based protocol
as previously described by Umesha ef al. (2016). Then,
polymerase chain reaction (PCR) was done by using
ITS1 (5°-TCCGTAGGTGAACCTGCGG-3’) and ITS4
(5’-TCCTCCGCTTATTGATATGC -3°) primers as
previously described by Mpenda & Mkangara (2022). The
amplicons were then sent to Inqaba Biotech Company in
South Africa for Sanger sequencing by using the same
primers (ITS1 and ITS4).

Endophytic fungi mass cultivation and crude extracts
harvesting

Endophytic fungi were cultivated in a 5000 mL conical
flask containing 2000 mL of sterile malt extract broth
(MEB) as previously described (Jaronski & Mascarin,
2016; Mwanga et al., 2019). Briefly, pure endophytic fungi
mycelia were cut from PDA media and placed in a conical
flask containing MEB broth and were left stationary at 30°C
for four weeks. After growth, fungal mycelia were filtered
by using Whatman No. 1 filter paper with a pore size of 11
pum. The filtrate was mixed with an equal volume of ethyl
acetate and shaken for 10 minutes to allow the absorption
of secondary metabolites (Ancheeva et al., 2020). The
top ethyl acetate solvent layer was collected by using a
separating funnel and then was concentrated by using a
rotary evaporator (Model No RE-501) at 40°C at a pressure
of 100 mbar. The crude extract was obtained by allowing
evaporation of the remaining solvent from concentrate in
a dark ventilated room. The crude extracts were preserved
at 4°C for further analysis (Santos et al., 2015).

Screening for antimicrobial activity
The test microorganisms described in Table 1 were grown
on nutrient and potato dextrose agar for bacteria and fungus,
respectively. The nutrient agar inoculated with bacteria
was incubated at 37°C for 24 hours; whereas, the PDA
medium inoculated with fungus was incubated at 30°C for
48 hours. Bacterial and fungal colonies were re-suspended
in physiological saline solution, which was then compared
with 0.5 McFarland standards (prepared by adding 0.05
mL of 1.175% BacCl, to 9.95 mL of 1% H_SO,).
Endophytic fungi crude extracts were screened by a disc
diffusion method as previously described by Khaki et al.
(2014). Briefly, a paper disc (5-mm-diameter) was soaked
with 20 pL of 100 mg/mL for each crude extract. To ensure
proper soaking before transferring to petri dishes, discs were
kept in a refrigerator at 4°C for 30 minutes. Pre-soaked discs
with a crude extract were placed on Petri dishes that had
previously inoculated with test microorganism suspension
using sterile cotton swabs. The incubation conditions were
the same as discussed above. Also, chloramphenicol (0.25
mg/mL) and fluconazole (0.25 mg/mL) were employed as
positive controls for bacteria and fungi, respectively and
10% dimethyl sulfoxide (DMSO) was utilized as a negative
control. The experiment was performed in duplicate, and
zones of growth inhibition were measured in mm after
24 hours of incubation for bacteria, and after 48 hours of
incubation hours for fungi (Selvi, 2014).

Minimum inhibitory concentrations

Minimum inhibition concentration (MIC) was established
for test organisms that were inhibited by endophytic
fungi crude extracts by the disc diffusion method, as
previously reported by Khaki et al. (2014). The ability
of endophytic fungi crude extracts to suppress the growth
of test organisms was evaluated for each of the two-fold
serial dilution concentrations. Inoculum for the assays was
prepared in 0.5 McFarland standards (approximately 1.5 x
10* CFU/mL). Minimum inhibition concentration in mg/
mL was reported as a range between the last concentration
that showed inhibition and the immediate subsequent
concentration to that did not show inhibition.

Chemical analysis of endophytic fungi crude extract

Chemical analysis was performed by Gas Chromatography-
Mass Spectrometry recorded in GCMS-2010 Shimadzu
instrument operating in Electron lonization (EI) mode
(MS) at 70 ev, and Flame Ionization Detector (FID) for GC.
A Restek-5MS column (30 m % 0.25 mm x 0.25 um) was
used. The oven temperature program was 90°C to 280°C
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Figure 1. The morphological appearance of enoph

ytic fu

p=t- |
ngi from Conyza bonariensis leaves on potato dextrose agar:

Aand Al is front and back view of Talaromyces sp. (ON394877) colony; B and B1 is front and back view of Penicillium
daleae (ON394878) colony; C and C1 is the front and back view of Neurospor acrassa (ON394879) colony; D and D1
is the front and back view of Talaromyces radicus (ON394880) colony of isolate D; E and E1 is the front and back view

of Talaromyces radicus (ON394881) colony of isolate E.

and held at 90°C for two minutes. The temperature was
increased to 28°C for 10 minutes (hold time) at the rate of
15°C per minute. The injection temperature was 250°C with
split injection mode. The flow rate of carrier gas helium was
1.21 mL min'. The ion source temperature and interface
temperature in MS was 230°C and 300°C, respectively. The
identification of chemicals in the extracts was done by scan
method, which involves the use of Mass Spectral Library
& Search Software (NIST 11). Quantification of chemicals
in the extracts was done using the Peak Integration method
(area normalization) whereby ion allowance was 20%,
target ion and other five quantitation ions were used on
quantitative analysis. 10 pL of the sample was dissolved
in dichloromethane to make 1 mL and injected in GC (Da
Silva et al., 2021), The results were reported as percentage
compositions derived from the peak area of all scanned
compounds in the extracts (Da Silva et al., 2021; Espinoza
et al., 2020).

Data analysis

Descriptive and inferential statistics were performed
using R software (Hackenberger, 2020). For descriptive
statistics, bar graphs were used to summarize the statistics;
for inferential statistics, two-way analysis of variance
(ANOVA) was employed to tell whether there was a
difference between the means of the zone of inhibition
index of test organisms. Following ANOVA, we used
Tukey HSD to perform a pairwise comparison, with a
significant difference set at (p<0.05) (Gelfond et al., 2018;
Leppink et al., 2017).

Raw DNA sequences were obtained electronically
and by using Geneious (BIOMATTERS& geneious)
bioinformatics software was use to generate consensus
sequences. Similarity search was done using Basic Local
Alignment Search Tool (BLAST) on National Center
for Biotechnology Information (NCBI). Closely related
sequences were retrieved from GenBank of NCBI, and
multiple sequence alignment was performed by using
MUSCLE algorithm on Molecular Evolution Genetic
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Table 2. The morphological feature and growth rate of endophytic fungi isolated from C. bonariensis leaves. Number one to five in the figure represent
days of endophytic fungi growth diameter (mm). The numbers in the growth rate column that bear different superscript letters (a, b, ¢) are significantly
different (p<0.05).

Growth rate

Isolate Texture Front view Back view Spore 1 2 3 4 5 (%)
Talaromyces sp. Powder White green Yellow Yes 1 3 6 12 15 252
Penicillin daleae Powder Greenish white Yellow No 1 2 4 5 6 20°
Neurospora crassa Cottony Pale dark blue Black No 10 15 35 45 60 33¢
Talaromyces radicus Velvety Mint green Pale yellow Yes 1 2 4 5 6 20°
Talaromyces radicus Velvety Mint green Pale yellow No 1 5 7 11 13 18°

Table 3. Antimicrobial activities of endophytic fungi crude extracts from Conyza bonariensis leaves represented in activity indices and standard error of
mean. Along the rows, the activity index values that bear different superscript letters are significantly different (p<0.05); whereas, across the column, the
activity index values that bearing different superscript numbers are significantly different (p<0.05) The concentrations were 0.25 mg/mL and 100 mg/mL

for positive control and crude extracts, respectively.

Accession E. coli C. albicans S. aureus S. typhi B. substilis
Isolate ID Crud tract/ b
solate p(:‘sl;tii:)éorl?tcrols fumbers Mean values of activity indexes + Standard error of mean
- Chloramphenicol / - ; ; . . .
Fluconazole 1.00+0.0%! 1.00+0.0! 1.00+0.0! 1.00+0.0%! 1.00+0.0*!
A Talaromyces sp. ON394877 0.47+0.02 0.46+0.0*2 0.46+0.0*2 0.47+0.0%2 0.4+0.0*?
B Penicillin daleae ON394878 0.55+0.0*2 - - - 0.4+0.0*2
C Neurospora crassa ON394879 0.76+0.0%! 1.19+0.0%! 0.76+0.1! 1.2840.0%! 0.98+0.0%!
D Talaromyces radicus ON394880 0.34+0.122 - 0.3540.0*2 0.35+0.0*? 0.3+£0.01%2
E Talaromyces radicus ON394881 0.48+0.1%2 0.48+0.1%2 0.63+0.0°! 0.54+0.0°"! 0.52+0.0°2

Analysis (MEGA X) software. Then, using aligned
sequences, a UPGMA phylogenetic tree was constructed
using MEGAX to depict genetic relatedness between
isolated found in the present study and the previous one
retrieved from GenBank of NCBI.

Results

Morphology features and growth rate of endophytic fungi
Five endophytic fungi were isolated and purified, and there
was high morphological variation between isolates from
C. bonariensis in the present study. The morphological
features and growth rate of isolates are presented in Figure
1 and Table 2.

Identification of endophytic fungi

Isolates found in the present study were identified by a
molecular-based approach in addition to morphological
features. Following the submission of DNA sequence in
GenBank of NCBI, the accession numbers of isolates were
obtained and are presented in Table 3. Furthermore, the
evolutionary relationship between isolates of the present
study and previously reported isolates is portrayed in
Figure 2.

Antimicrobial activity of endophytic fungi crude extracts
The antimicrobial activity of endophytic fungi crude
extract from Conyza bonariensis leaves was investigated

using the disc diffusion method. Figure 3 below displays
zones of inhibition against tested microorganisms for some
of the crude extracts (crude extracts of isolate A and C)
evaluated in the present study.

Crude extract of endophytic fungi from C.
bonariensis had antimicrobial activity against selected
tested microorganisms (Fig. 3). In Table 4, the results
clearly show that the antimicrobial activity of crude extract
of endophytic fungi in the present study has significant
antimicrobial activity. Specifically, N. crassa crude
extract had the best antimicrobial activity as compared
to other crude extracts (Table 3). Furthermore, the
antimicrobial activity of crude extract of N. crassa had
higher antimicrobial activity against some of the test
microorganisms as compared to the positive control
(chloramphenicol and fluconazole, 0.25 mg/mL) based
on the activity indexes information (Table 2).

The minimum inhibition concentration

The MIC values for each of the test organisms as portrayed
in Table 4. In summary, endophyte C crude extract had
highest MIC range of 1.5 pg/mL>MIC>0.78 pg/mL
in all (B. subtilis, E. coli, S. typhi, C. albicans) tested
microorganisms with the exception of S. aureus (Table 4).

Chemical composition of endophytic fungi crude extracts
Chemical profiles of crude extracts of endophytic
fungi isolated from C. bonariensis were established by
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Figure 2. AUPGMA phylogenetic tree depicting the relationship of Talaromyces sp. (ON394877), Talaromyces radicus
(ON394880), Talaromyces radicus (ON394881), Penicillium daleae (ON394878) and N. crassa (ON394878) with other
related fungi obtained from GenBank. The Schizosaccharomyces pombe (MH595274.1) was used as an out-group.
Numbers depicted on the branches represent values based on 1000 replications of Felsenstein’s Bootstrap method.

performing chemical analysis using GC-MS. Table 5-9
display the percentage composition based on peak area
of various compounds that were detected in the study.
Also, biochemical information outlined in Table 5-9 is
complimented by information found in the corresponding
chromatograms (Fig. 4-8).

Chemical profiles of crude extracts were highly
variable among endophytic fungi crude extracts (Fig.
4-8). Specifically, high (49%) composition of long-
chain alkenes was observed in ethyl acetate crude extract
of Talaromyces sp. (Table 5, Fig. 4). On the other hand,
the high composition of fatty alcohols and alkenes was
observed in crude extract of Penicillium daleae (Table
6, Fig. 5). In crude extract of Penicillium daleae, the
11-octadecenoicacid, methyl ester had a higher percentage
composition (20.52%), and cis-10-nonadecenoic acid
methyl ester had the lowest composition (3.61%) as
shown in Table 6. Likewise, long-chain fatty alcohols and

alkenes were predominated compounds in ethyl acetate
crude extract of V. crassa (Table 7, Fig. 6). The percentage
(24%) compositions of n-nonadecanol-1 was the highest;
whereas, 11-octadecenoic methyl ester (3.8%) composition
was the lowest (Table 7). However, some compounds had
no match with the reference ion shown in Table 7 indicating
the presence of novel compounds in crude extract of N.
crassa.

Although the two extracts of Talaromyces radicus
(Talaromyces radicus 1 and Talaromyces radicus 2)
had antioxidant No. 33 compound (Table 8-9), but the
chemical composition profiles of the two extracts were
not similar (Fig. 7-8). The antioxidant No. 33 percentage
composition was higher (45%) in 7. radicus 2 as compared
to percentage composition (33%) of 7. radicus 1. For T.
radicus 1 crude extracts, pentadecanoic acid was the
second in composition proportion (33%); whereas, for
T radicus 2, Acetamide, 2,2-dichloro-N-[2-hydroxy-1-
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Table 4. Conyza bonariensis endophytic fungi crude extracts minimum inhibitory concentrations (mg/mL) for all except C (ng/mL) observed in the present
study (A: Talaromyces sp. (ON394877); B: Penicillium daleae (ON394878); C: N. crassa (ON394878); D: T. radicus (ON394880); E: T. radicus (ON39881)).

Test organism

Crude extract S. aureus B. subtilis E. coli S. typhi C. albicans
(ATCC29213) (ATCC6051) (ATCC8736) (ATCC 6539) (DSM 1665)

A 25>MIC>12.5 25>MIC>12.5 25>MIC>12.5 25>MIC>12.5 25>MIC>12.5

B - 25>MIC>12.5 25>MIC>12.5 - -

C 4010°>MIC>2010" 15x10*>MIC>7.810*  15x10*>MIC>7.810* 15x10*>MIC>7.810* 15x10*>MIC>7.810*

D 100>MIC>50 100>MIC>50 100>MIC>50 100>MIC>50 -

E 50>MIC>25 25>MIC>12.5 50>MIC>25 25>MIC>12.5 25>MIC>12.5

Talaromyces sp
Penicillium daleae

Neurospora crassa
40 H S $
Talaromyces radicus D _|:_
35 Talaromyces radicus E
_ Positive control
€ 30
E h i i
§%7 &
o)
2 201
£
S 15
(0]
S 10
N
5
0
T T T T T
B.S CA E. coli S.A ST

Tested microorganisms

Figure 3. A bar graph portraying inhibition zones (mm)
of endophytic fungi ethyl acetate crude extracts in the
present study; error bars represent standard deviation;
Positive controls were 0.25 mg/mL of chloramphenicol
and fluconazole for bacteria and fungi, respectively.

(hydroxymethyl)- 2-(4-nitrophenyl)ethyl] was second in
composition proportion (33%).

Discussion

Medicinal plants have been reported as the major
source of secondary metabolites (Abdollahi et al., 2012;
Amoateng et al., 2018; Frey & Meyers, 2010). Studies
have been performed to identify novel compounds with
biological potentials such as antimicrobial, antioxidant
and anti-inflammatory (Kianfé et al., 2020). However,
the direct harnessing of medicinal plants for the treatment
of microbial infections has environmental implications.
Therefore, environmentally friendly sources of secondary
metabolites from endophytic fungi are highly desirable. In

1
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g

Figure 4. Chromatogram of isolate A, Talaromyces sp.
(ON394877), ethyl acetate crude extract from Conyza
bonariensis leaf.
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T

Figure 5. Chromatogram of crude extracts from isolate B,
Penicillin daleae (ON394878), from Conyza bonariensis
leaf
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Figure 6. Chromatogram of crude extracts from isolate C,
Neurospora crassa (ON394879) from Conyza bonariensis
leaf.
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Figure 7. Chromatogram of ethyl acetate crude extracts
of isolate D, Talaromyces radicus 1 (ON394880) from
Conyza bonariensis leaf.
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Figure 8. Chromatogram of crude extracts of isolate E,
Talaromyces radicus (ON39488) from Conyza bonariensis
leaf.

the present study, it was hypothesized that crude extract of
endophytic fungi from Conyza bonariensis crude may have
secondary metabolites with antimicrobial activity because
the Safwa tribe of the Mbeya region of Tanzania has long
traditionally used C. bonariensis leaves for treatment of
microbial infections. Also, the same plant, experimentally,
has been demonstrated to have antimicrobial activity
(Araujo et al., 2013; Ghwanga & Chacha, 2019; Girma
& Jiru, 2021). Indeed, results from the present study
have supported this hypothesis because crude extracts of
endophytic fungi from C. bonariensis had antimicrobial
activity even higher compared to the antimicrobial activity
of positive controls (Table 3, Fig. 3).

In this study, five endophytic fungi (7Talaromyces
sp., Penicillum dalea, Neurospora crassa, Talaromyces
radicus, and Talaromyces radicus) were isolated. Based
on the genetic relationship as depicted in Figure 2, all five
isolates belong to the phylum Ascomycota. Furthermore,
except for one isolate (N. crassa), which belongs to the
family Sordariaceae, all other four isolates (Talaromyces sp.,
Penicillum dalea, Talaromyces radicus 1 and Talaromyces
radicus 2) are members of the family Trichocomaceae (Fig.
2). Interestingly, all isolates are a member of the division
Pezizomycotina of the Phylum Ascomycota (Amiri &
Tibuhwa, 2020). Also, two isolates (D and E) were of the
same species (Talaromyces radicus), which suggests that
the two isolates may be of different strains, and because in
the present study genotyping involved only the ITS region
for identification of isolates, it is challenging to use the
same information to decipher the two isolates to strain
level. Furthermore, endophytic fungi isolated in the present
study belong to the division Pezizomycotina not surprising
because it is well known that most of the endophytes belong
to the division Pezizomycotina (Amiri & Tibuhwa, 2020).
In addition, the number of endophytes isolated from the
present study is relatively low as compared to other studies
(Mwanga et al., 2019; Yoon et al., 2018). This difference
may be caused by the nature of the experiment. In the study,
only C. bonariensis leaves were involved in the isolation
of endophytes, and may be C. honariensis leaves have a
relatively lower richness of endophytic fungi.

In the present study antimicrobial activity of crude
extracts of endophytic fungi was highly variable (Fig. 3).
The variability in antimicrobial activity may be explained
by the nature of endophytes isolated in the present study.
The information generated in the present study indicates
that endophytes were able to generate a variety of
secondary metabolites with different levels of antimicrobial
activity. Interestingly, taken as an example, the two species
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Table 5. Chemical composition of isolate A, Talaromyces sp. (ON394877), crude extract from Conyza bonariensis leaves (R. time: Retention time, P. area:
Peak area, P. height: Peak height).

Name of compounds (% Composition R. time Chemical Target P. area P. height Activity
P. area) peak
formula
Antibacterial (Al-Abd
1-Dodecene 2.9206 6.107 C,H,, 55.05 6723 3749 et al.,2015; Khan et al.,
2021; Xiong et al., 2013)
Antimicrobial and
1-Tetradecene 4.90402 8.869 C H, 55.1 11371 6295 antioxidant
(Gautam et al., 2018)
1-Heptadecene 6.74488 11.329 C H,, 57.1 16273 8658 (Moﬁrg;fa“[rf’g;}m)
Anti-tuberculosis and
1-Nonadecene 6.22916 15.533 C Hy 97.2 15001 7996 antifungal (El-fayoumy
etal.,2021)
Cholesta-3,5-diene 30.15565 21.505 C,.H 368.5 103942 38709 Wound healing
’ e (Bae et al., 2018)
Anticancer,
Cholesterol 49.04568 23.813 C,.H,0 386.5 210838 62957 antimicrobial, anti-

psychotic, antioxidant
(Albadawi et al., 2017)

Table 6. Chemical composition of crude extracts from isolate B, Penicillin daleae (ON394878), from Conyza bonariensis (R. time: Retention time, P. area:
Peak area, P. height: Peak height).

(% composition P.

Name of compounds area) R. time Chemical Target peak P. area P. height Activity
formula
Antibacterial (Al-Abd
1-Dodecene 3.61388 6.115 C,H,, 55.1 9982 4083 et al.,2015; Khan et al.,
2021; Xiong et al., 2013)
Antimicrobial and
1-Tetradecene 6.5188 8.874 C,Hy 55.1 16716 7365 antioxidant
(Gautam et al., 2018)
1-Heptadecene 10.65312 11.332 C,H, 57.1 24598 12036 Antifungal
Antibacterial, antioxidant
1-Octadecene 17.14182 13.535 CHy, 57.1 37753 19367 anticancer
(Tonisi et al., 2020)
9-Hexadecenoic acid, Antioxidant
methyl ester, (Z)- 5.62041 14.682 C,H,,0 55.1 11971 6350 (Rahman et al., 2014)
Antioxidant,
11-Hexadecenoic acid, 414494 14729 C 1.0 551 3759 4683 antlr'mcroblal and ant-
methyl ester 1773272 inflammatory
(Yang et al., 1999)
Antimicrobial and
n-Nonadecanol-1 19.11383 15.533 C,H,0 57.1 39401 21595 cytotoxicity
(Begum et al., 2016)
11-Octadecenoic acid. Antioxidant and
methvl ester ’ 20.52469 16.593 C,H,0, 55.1 43122 23189 antimicrobial
y (Rahman et al., 2014)
cis-10-Nonadecenoic Antibacterial and
acid, methyl ester 361211 17551 C,H,0 351 7862 4081 antioxidant (Gidik, 2021)
n-Tetracosanol-1 9.05639 19.038 C,H,0 97.15 21446 10232 Antioxidant

247750

(Begum et al., 2016)

of T radicus, which are said to might be different at the
strain level, had different levels of antimicrobial activity,
whereas I radicus of isolate E had higher antimicrobial
activity as compared to 7. radicus isolate D (Table 3).
A similar observation has been reported in other studies
(Amiri & Tibuhwa, 2020; El-Said et al., 2016; Mwanga et

al., 2019). The variation in antimicrobial activity may be
explained by the difference in the chemical composition
of secondary metabolites found in crude extract from
particular endophyte. The GC-MS results from this study
clearly show the difference in chemical composition and
abundance of crude extracts (Table 5-9).
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Table 7. Chemical composition of ethyl acetate crude extracts of isolate C, Neurospora crassa (ON394879), from Conyza bonariensis (R. time: Retention
time, P. area: Peak area, P. height: Peak height).

Name of compounds (% Composition P. R. time Chemical Target P. area P. height Activity
area) peak
formula
Antibacterial (Al-Abd
1-Dodecene 7.22334 6.12 C,H,, 55.1 9695 3481 et al. 2015; Khan et al.,
2021; Xiong et al., 2013)
Antimicrobial and
1-Tetradecene 11.83416 8.879 C H, 55.1 15471 5703 antioxidant
(Gautam et al., 2018)
1-Heptadecene 16.76869 11.338 C.H 57.1 22560 8081 Antifungal
' ’ 17734 ’ (Mou et al., 2013)
Antibacterial, antioxidant
1-Octadecene 22.28217 13.542 CH,, 57.1 25050 10738 anticancer
(Tonisi et al., 2020)
9-Hexadecenoic acid, Ratio of reference ion Antioxidant
methyl ester, (Z2)- does not match. 0 C,H,0 >3 0 0 (Rahman et al., 2014)
. . . Antioxidant and
11-Hex noic aci Ratio of reference ion .. .
meth;l 2‘;:’;6 oic acid, atdze"s e 0 C H,0, 55.1 0 0 antimicrobial
(Rahman et al., 2014)
Antimicrobial and
n-Nonadecanol-1 24.00863 15.537 C,H,0 57.1 24599 11570 cytotoxicity
(Begum et al., 2016)
11-Octadecenoic acid Antlf)xl.dant 'a nd
methyl ester ’ 3.84097 16.547 C,H,0, 55.1 4433 1851 antimicrobial
(Mazumder et al., 2020)
cis-10-Nonadecenoic Ratio of reference ion 0 CHO 551 0 0 Antibacterial and
acid, methyl ester does not match. 20773872 ’ antioxidant (Gidik, 2021)
n-Tetracosanol-1 14.04204 19.039 C,H,0 97.15 13554 6767 Antioxidant

(Begum et al., 2016)

Table 8. Chemical composition of ethyl acetate crude extracts of isolate D, Talaromyces radicus (ON394880), from Conyza bonariensis (R. time: Retention
time, P. area: Peak area, P. height: Peak height).

o e -
Name of compounds (% composition P. R. time Chemical Target P. area P. height Activity
area) formula peak
Antioxidant No. 33 32.64824 10.437 C,H,0 19115 41231 22039 Antioxidant (Kahkénen &
Heinonen, 2003)
1-Heptadecene 3.66428 11.33 C.H,, 57.1 4922 2496 Antifungal (Mou et al., 2013)
Antibacterial, antioxidant,
1-Octadecene 6.872 13.533 CH,, 57.1 8420 4681 anticancer (Tonisi ef al.,
2020)
L Antibacterial and antifungal
Pentadecanoic acid 33.26189 15.289 C,H,,0, 73.05 69544 22657 (Yoon et al., 2018)
antimicrobial properties (El-
1-Nonadecene 10.35424 15.532 CH 57.1 15721 7053
197738 fayoumy et al., 2021)
Antimicrobial and
n-Nonadecanol-1 4.49814 19.039 C,H,0 57.1 6455 3064 cytotoxicity (Begum et al.,
2016)
. Antimicrobial (Al-Hassan et
Cholesta-3,5-diene 8.70121 22.825 C,H, 368.35 11788 5927 al., 2020)
In the present study, N. crassa ethyl acetate crude  Selvi, 2014). The antimicrobial performance of crude

extract shows the highest antimicrobial activities compared
to other ethyl acetate crude extracts of endophytic fungi
(Talaromyces sp., Talaromyces radicus 1, Talaromyces
radicus 2, and Penicillum dalea) as shown in Figure 3
and Table 3. Furthermore, the MIC of N. crassa is highest
compared to the positive control against several test
microorganisms as shown in Figure 3. The differences in
MIC among endophytic fungi crude extracts may be due to
differences in chemical compositions (Santos et al., 2015;

extracts of N. crassa reported in the present study was even
higher compared to the positive control (20 puL of 0.25 mg/
mL of chloramphenicol). Furthermore, crude extracts of V.
crassa had a higher performance as compared to previous
studies (Ashok et al., 2015; Duhan et al., 2020). The variation
in antimicrobial activity performance between studies
exhibited by N. crassa has a multifaceted explanation. The
genetic variability of N. crass in different studies is one of the
possible explanations. Also, differences in tested organisms

78

Turk J Biosci Collect. 2023



Fulgence Ntangere Mpenda, Cyprian Beda Mpinda, Simeon Phares Nsindagi

Table 9. Chemical composition of ethyl acetate crude extracts of isolate E, Talaromyces radicus (ON39488), from Conyza bonariensis (R. time: Retention

time, P. area: Peak area, P. height: Peak height).

o .
Name of compounds (% composition P. R. time Chemical formula Target P. area P. height Activity
area) peak

- Antioxidant (Kahkonen

Antioxidant No. 33 45.33531 10.442 C,H,0 191.15 48469 23850 & Heinonen, 2003)
Antifungal
1-Heptadecene 6.52372 13.537 C,H,, 57.1 8633 3432 (Mou et al., 2013)
Antimicrobial
1-Nonadecene 7.84862 15.534 C,H,, 97.1 9012 4129 o e oumy etal,, 2021)
Antioxidant and
1-Eicosene 6.94571 17.358 C,,H,, 57.1 7580 3654 antimicrobial
(Hsouna et al., 2011)

Acetamide, 2,2-dichloro-
N-{2-hydroxy-1- 33.34664 21.693 C, H,CLN,0, 153.05 107771 17543 Antimicrobial

(hydroxymethyl)-2-(4-
nitrophenyl)ethyl]-

(Abu-Khadra et al., 2016)

and extracting solvents used in studies are other possible
explanations for the observation. Furthermore, a growth
difference in growth condition may be another possible
reason for difference in antimicrobial activity between the
present study and previous reports.

The results from this study have shown the potential
use of endophytic fungi from C. bonariensis as an
alternative source of bioactive secondary compounds with
antimicrobial activity. Ethyl acetate crude extracts of N.
crassa demonstrated the highest antimicrobial activity,
therefore warranting further exploration of the endophyte
and their crude extracts for various medicinal and industrial
applications. Specifically, studies on the characterization
of pure compound(s) that may be responsible for
antimicrobial activity are urgently needed. This may result
in the discovery of novel drugs.
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Introduction

, Ersin Doga¢? ©, Alper Tongu¢® ®, Evin Giineng?

Abstract

Objective: Apis mellifera, in the order Hymenoptera, are social insects, also known as
honey bees. Tiirkiye has many different honey bee ecotypes and subspecies. Examination
of genetic diversity and evolutionary relationships of colonies in nine different locations in
Tiirkiye was carried out using ISSR primers.

Materials and Methods: Apis mellifera samples were collected from Corum, Elazig,
Eskisehir, Kiitahya, izmir, Manisa, Antalya, Samsun, and Mugla. The Lifton method was
used for DNA extraction from 180 honey bees. DNA samples were amplified using six
ISSR primers.

Results: From the amplification of 180 individuals with 6 ISSR primers, 283 polymorphic
loci were identified. Genetic diversity data (Na, Ne, h, I) were obtained for nine populations
from 283 loci. In all data on the calculated genetic diversity, the lowest values were found
in the Samsun population, and the highest values were found in the Manisa population.
The gene flow level calculated from the genetic differentiation value was found to be 0.22.
Conclusion: Genetic diversity has a role in the adaptation of species to changing
environmental conditions and it is one of the raw materials of evolution. Herein, we
preferred ISSR markers to identify the genetic structure of honey bees. The genetic diversity
of honey bees has been found to be lower compared to previous studies. This variability
may be a result of the ecological, climatic conditions, and biogeographic differences of
Anatolia. The studies to be carried out with more examples from more locations related to
honey bees in Tiirkiye will contribute to the clear identification of the genetic structure of
this organism. Additionally, using other marker systems will help to clarify the status of
populations in Tiirkiye.

Keywords: Apis mellifera, Genetic diversity, ISSR, Tiirkiye

of Apis mellifera L. showed that they are divided into five
evolutionary strain groups.

Honey bees, Apis mellifera Linnaeus, 1758 are social
insects belonging to Hymenoptera and live as colonies.
Hymenoptera includes more than 19,000 identified bee
species (Cane, 2008). Apis are named true honey bees and
they have very important economic and ecological roles
(Kilani, 1999). Bees pollinate plant species and produce
honey, bee gum, pollen, and royal jelly. Early studies
including morphometric and molecular characterization

The groups belonging to 33 subspecies are Group A
(central and southern Africa), Group C (eastern Europe and
the northern Mediterranean), Group M (northern Africa,
northern and western Europe), Group O (the Middle East
and the eastern Mediterranean) and Y (east Africa) (Ruttner,
1988; Franck et al., 2000; Ilyasov et al., 2020). Ruttner
(1988) has determined different honey bee ecotypes and
subspecies from Tiirkiye have a wide range of habitats
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and climates. Almost all the Tiirkiye honey bees, except
for the northeast and southeast, are 4. mellifera anatolica
Maa. (Anatolian), and the others are 4. mellifera caucasica
Gorbachev (Caucasian) and 4. mellifera meda Skorikov
(Iranian), respectively.

Amplified fragment length polymorphism (AFLP),
inter simple sequence repeat (ISSR), and simple sequence
repeats (SSR) are PCR-based markers that are very suitable
for determining phylogenetic relationships and genetic
diversity of plants, animals, and particularly insects. ISSR
markers have been essentially built up to distinguish plant
genetic diversity but confirmed to be highly beneficial
for population studies of other organisms, especially
insects (Paplauskiené et al., 2006; Shouhani et al., 2014;
Rahimi et al., 2016). ISSR is a PCR-based dominant
marker and it is used to investigate population structure
analysis, phylogenetic analysis, identification of species,
genetic mapping, and genetic variation of closely related
species (Zietkiewicz et al., 1994). This technique has a
great advantage in that it does not need preliminary DNA
sequence knowledge for primer design, and it gives enough
variable and sensible data, so researchers can spend a short
time and an acceptable amount of money (Sheppard &
Smith, 2000). For these reasons, the ISSR marker system
might be reasonable and beneficial for the determination
of target genomic positions (Radjabi et al., 2012). Some
studies have been done to determine the population genetic
structure of honey bees using ISSR markers (Ceksteryte
et al., 2012; Shouhani et al., 2014; Rahimi et al., 2016;
Ahmad, 2018).

The present study primarily aimed to characterize
the phylogenetic relationships and polymorphism of
A. mellifera populations from nine different regions
of Tiirkiye using ISSR markers, and for data analysis,
POPGEN version 1.32 (Yeh et al., 1999) and GenAIEx

version 6.5 (Peakall & Smous, 2012) computer programs
were used.

Material and Methods

Honey bee samples: 180 worker honey bees were
collected from different regions (20 individuals from each
of the Corum, Elaz13, Eskisehir, Kiitahya, [zmir, Manisa,
Antalya, Samsun, Mugla populations) of Tiirkiye in nine
A. mellifera colonies from June to August 2021.

DNA extraction: Total DNA was obtained from honey bee
samples collected from 9 different locations by the “Lifton
DNA extraction” method (Bender et al., 1983).

PCR amplification: PCR was performed in a total volume
of 25 pul. The reaction content was established with 12.3 pl
dH20, 10.5 pl of PCR Master Mix (Thermo Scientific™
Catalog number: KO0171), 1 pl ISSR primer (base
sequences are given in Table 1), 0.2 ul Tween®-20 and 1
ul DNA. A reaction of 35 cycles was prepared. Each cycle
was optimized with denaturation at 95°C for 15 seconds,
annealing at 55°C for 30 seconds, and elongation at 68°C
for 3 minutes. In addition, pre-denaturation at 95°C for 3
minutes and final elongation at 72°C were added to the
reaction cycles. The amplified products were run at a 70
V constant current for three hours on a 1% agarose gel
containing ethidium bromide prepared with 1X TBE buffer.
PCR products were electrophoresed on a 1% agarose gel in
1X TBE buffer and stained with ethidium bromide.

Statistical analysis: Thermo Scientific™ GeneRuler 1
kb DNA Ladder was used as a reference to interpret the
gel image obtained as a result of the electrophoresis of
PCR products. The band sizes of each individual were

=
]
(=]

¥
a
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Figure 1. PCR amplification products obtained in 1% agarose gel from ten individuals belonging to two honey bee populations
with CCA(TG),T primer [C1-10, ‘Corum 1-10°; K1-10, ‘Kiitahya 1-10’; M, 1kb ladder (GeneRulerTM)].
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scored according to the band sizes created by the Thermo
Scientific™ GeneRuler 1 kb DNA Ladder. By examining
the corresponding band lengths on the DNA ladder, the
presence of a band was scored with 1, and absence with
0 on Microsoft Excel (Fig. 1). Bands that did not show a
clear image were not included in the scoring. The generated
Microsoft Excel data were analyzed with PopGene ver.
1.32 software. As a result of the analysis, genetic diversity
parameters, genetic differentiation values, and gene flow
level values were obtained. In addition, the phylogenetic
tree structure between populations was revealed with the
UPGMA dendrogram by using the genetic distance value
between the populations. Finally, the generated scoring
table was analyzed with GenAlEx 6.503 software, and
the main sources of genetic variation were revealed by
molecular variance analysis.

Results

Molecular finger printings of 180 worker honey bees
collected from different regions of Tiirkiye were carried
out using six ISSR primers. All primers used produced
polymorphic bands in DNA amplification. The number of
total bands was 283 and their fragment size ranged from
150 to 10000 bp. Using six ISSR primers, 283 polymorphic
loci were identified. The average number of polymorphic
loci detected per primer used is approximately 47. All 283
loci identified with the six primers used were polymorphic,
and no monomorphic locus was detected (Table 1).

All primers used produced the observed number
of bands in populations between 107 (Manisa) and
65 (Samsun). On the other hand, polymorphic locus
percentages were between 30.04% (Manisa) and 8.48%

Table 1. Information on primer sequences provided by Baysal et a/l. (2011) and information on band profiles created by these primers.

Primer Numbers ISSR Primer Sequence Number of total bands Percent of polymorphic Range of fragment size

5°_3) bands (bp)

1 (ACO)CC 53 100 300-8100

2 CCA(TG),T 67 100 400-10000

3 CCA(TGA),TG 29 100 400-2900

4 GCA(AC), 44 100 400-8000

5 GGG(AQ), 52 100 300-6500

6 (GA) GG 38 100 150-4000
Total 283 - -
Mean 47.16 100 325-6583

Table 2. Band profiles and percent polymorphism rates of A. mellifera populations.

Population Sample Size Number of bands polyll:lll(l)lrl:)l;:;l; (l))fan ds Numb;;gflz)rlvate % Polymorphism
Corum 20 81 58 4 20.49
Elazig 20 104 70 12 24.73

Eskisehir 20 100 70 12 24.73
Kiitahya 20 85 55 11 19.43
izmir 20 102 76 16 26.86
Manisa 20 107 85 23 30.04
Antalya 20 83 62 1 21.91
Samsun 20 65 24 8.48
Mugla 20 71 39 13.78
Mean 20 88.66 59.88 9.33 21.16

Table 3. Genetic diversity values of 4. mellifera populations. Na: the mean number of observed alleles; Ne: the mean number of effective alleles;

He: Nei’s gene diversity; I: Shannon’s information index.

Population Na Ne He 1
Corum 1.20+0.40 1.12+0.28 0.06+0.15 0.10+0.22
Elazig 1.24+0.43 1.13+0.29 0.08+0.16 0.12+0.23

Eskisehir 1.2440.43 1.13£0.29 0.08+0.16 0.12+0.23
Kiitahya 1.19+0.39 1.10£0.26 0.06+0.14 0.09+0.21
[zmir 1.26+0.44 1.15+0.29 0.08+0.16 0.13+0.23
Manisa 1.30+0.45 1.17£0.31 0.10+0.17 0.15+0.25
Antalya 1.21+0.41 1.12+0.26 0.07+0.15 0.11+0.22
Samsun 1.08+0.27 1.04+0.16 0.02+0.09 0.03+0.14
Mugla 1.13+0.34 1.09+0.25 0.05+0.14 0.08+0.20
Mean 1.20+0.39 1.11£0.26 0.06+0.14 0.10+0.21
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(Samsun). The number of polymorphic and specific
bands in the populations ranged from 24 to 85 and 0 to
23, respectively (Table 2).

The average number of effective alleles (NVe) was found
tobe 1.12, 1.13, 1.13, 1.10, 1.15, 1.17, 1.12, 1.04, 1.09
in Corum, Elaz13, Eskisehir, Kiitahya, Izmir, Manisa,
Antalya, Samsun, and Mugla, respectively. The average
number of observed alleles (Na) were found to be 1.20,
1.24,1.24, 1.19, 1.26, 1.30, 1.21, 1.08, 1.13 in Corum,
Elaz1g, Eskisehir, Kiitahya, [zmir, Manisa, Antalya,
Samsun, and Mugla, respectively. Nei’s gene diversity (He)
values ranged between 0.10 (Manisa) and 0.02 (Samsun).
Shannon’s information index (/) values ranged from 0.15
(Manisa) to 0.03 (Samsun). Generally, the highest values
of genetic diversity were found in the Manisa population,
and the lowest values in the Samsun population (Table 3).

Total genetic variation (H,) was 0.22 = 0.02 based on the
POPGENE ver. 1.32 analysis in all populations studied. The
total genetic variation originated from approximately 32%
within the populations (H: 0.07 = 0.003) and approximately
68% among populations (Dg: 0.15). Tests of homogeneity
among the studied nine populations were made using

analysis of molecular variance (AMOVA). The results are
summarized in Figure 2. Similar to the POPGENE ver. 1.32
analysis, in the AMOVA analysis, a major part of the total
genetic variation is due to variation among populations,
while a minor part is due to variation within populations.

The genetic differentiation value (Gg,) was 0.68
and using the GST value, the gene flow level (N,))
was calculated as 0.22. Genetic distance values (D,)
ranged from 0.0337 to 0.3252 among population pairs.
Independent with geographic distances, the minimum
distance was detected between Antalya and Samsun, and
the maximum distance was detected between Elazig and
Samsun populations (Table 4).

The UPGMA dendrogram was created using Nei’s
(1987) genetic distance values (D). According to
the dendrogram given in Figure 3, the tree structure is
divided into three main branches. Similar to the UPGMA
dendrogram in the baseline coordinate analysis (PCoA),
all studied populations were clearly separated, and the
relationship between the populations was shown once again
using PCoA (Fig. 4).

Table 4. Estimates of Nei’s (1987) genetic distance (DN) coefficients between the A. mellifera populations.

Population Corum Elazig Eskisehir Kiitahya [zmir Manisa Antalya Samsun Mugla
Corum koo 0.7965 0.8049 0.9019 0.8062 0.7998 0.8228 0.7872 0.7864
Elaz1g 0.2275 ook 0.8785 0.7953 0.8933 0.8589 0.7617 0.7224 0.7439
Eskisehir 0.2170 0.1295 ootk 0.7959 0.8708 0.8624 0.7818 0.7446 0.7754
Kiitahya 0.1033 0.2291 0.2283 ko 0.8008 0.7913 0.7988 0.7654 0.7871
Tzmir 0.2154 0.1129 0.1383 0.2222 hokdedeok 0.8770 0.7640 0.7242 0.7458
Manisa 0.2235 0.1521 0.1480 0.2341 0.1312 okl 0.7722 0.7365 0.7582
Antalya 0.1951 0.2722 0.2462 0.2247 0.2691 0.2585 hokdodok 0.9669 0.9299
Samsun 0.2392 0.3252 0.2949 0.2673 0.3227 0.3059 0.0337 ok 0.8908
Mugla 0.2403 0.2959 0.2544 0.2395 0.2933 0.2768 0.0726 0.1156 rokddok
Discussion

Percentages of MolecularVariance

Figure 2. AMOVA results of all studied 4. mellifera
populations.

The honey bee (Apis mellifera L.) is a globally important
species of certain economic and ecological significance.
Data we obtained as a result of the study indicated that
the ISSR method is an appropriate technique for the
determination of genetic polymorphism in A. mellifera
populations. ISSR bands are highly repeatable in
comparison with other dominant marker systems.

The aim of this study was the molecular characterization
and determination of the genetic polymorphism of nine
different A. mellifera populations using six ISSR primers.
ISSR markers have been chosen in this study, because
of giving a high level of polymorphic bands. When we
compare data in our investigation with data in other
honey bee studies in which the polymorphism levels were
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Figure 3. UPGMA dendrogram of A. mellifera populations revealed by Nei’s (1987) genetic distance values (DN).
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Figure 4. PCoA graph of A. mellifera populations

detected using ISSR markers (Al-Otaibi, 2008; Ceksteryte
etal., 2012; Karakas, 2013; Shouhani et al., 2014; Rahimi
etal., 2016; Ahmad, 2018), the polymorphism levels were
found 81.6 %, 38.27 %, 51.33 %, 53.66 %, 61.56 %, and
55.52 %, respectively. Our polymorphism level (21.16%)
was found to be less than in other studies.

We found 283 reproducible bands, ranging from 150
to 10000 bp. Al-Otaibi (2008), Rahimi et al., (2016),
and Ahmad (2018), reported different results. Rahimi
et al. (2016) and Ahmad (2018) determined the genetic
relationship of different honey bee populations using ten
ISSR primers. Rahimi et al. (2016) obtained 40 polymorphic
bands ranging from 150 bp to 1500 bp while Ahmad (2018)
obtained 50 polymorphic bands ranging from 100 bp to 850
bp. On the other hand, Dusinsk et al. (2006) determined
polymorphism of some blackflies species (Simulium sp.)

having many taxonomic problems using five ISSR primers
and they obtained 55 polymorphic bands ranging from
230 bp to 1400 bp. The same differences were revealed
in the results of other studies using ISSR primers for the
determination of genetic polymorphism (Hundsdoerfer et
al., 2005; Al-Otaibi, 2008; Shouhani et al., 2014).
Expected heterozygosity (He) and Shannon’s information
index (/) values, it was seen that Manisa population values
were greater than the other populations. Moreover, the
percentage of polymorphic loci and private bands have
the highest in the Manisa population according to other
populations. In addition to these results, the average
number of observed alleles (1.30) and the average number
of effective alleles (1.17) values were found high in the
Manisa population. The average values of genetic diversity
parameters were 1.20 for Na, 1.11 for Ne, 0.06 for He, and
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0.10 for 7 and these results were consistent with the previous
studies. These values were found in 1.38, 1.22, 0.13, and
0.19 (Ceksteryte et al., 2012), 1,51, 1.29, 0.17 and 0.25
(Karakas, 2013), respectively. These results show that the
genetic diversity of the honey bees studied is relatively less.
In all studied populations, H,, H, GST’ and N, values were
found as 0.22, 0.07, 0.68, and 0.22, respectively. These
results are relatively lower than Ceksteryte et al., (2012)
(0.22,0.42,0.42, and 0.68 respectively) and Karakas (2013)
(0.29, 0.17, 0.39, and 0.76 respectively).

Gy, reveals genetic differentiation and takes a value
between 0 and 1. A G, value greater than 0.25 indicates
high differentiation between populations. The genetic
differentiation value determined in nine honey bee
populations screened with six ISSR primers was 0.68.
The gene flow level (N,,) calculated based on the genetic
differentiation value was found to be 0.22. According
to Wright (1951), a gene flow level higher than 0.5 is
considered a limit to prevent genetic drift of populations.
If the Nm value is above 1, it is accepted that it prevents
the local differentiation of populations (Slatkin, 1987). The
calculated level of genetic differentiation and gene flow
indicates high inbreeding in the studied populations. This
indicates that existing populations are at risk of genetic drift.

In the studies conducted by Ceksteryte et al. (2012)
and Karakag (2013), the G, value is above the critical
value and the genetic differentiation level is high. However,
contrary to the work we have done in both studies, the
gene flow level (N, ) is high. Therefore, the probability of
genetic drift in the populations used in this study is higher
than in the other two studies.

According to the data obtained as a result of POPGENE
ver. 1.32 software and AMOVA analysis, it was determined
that the main contribution to genetic variation was caused by
population genetic variation. In parallel with low gene flow
and high genetic differentiation values among populations,
this situation may cause irreversible significant gene losses
in the gene pool in case of colony losses.

According to the percentages of molecular variance
obtained from the AMOVA analysis, it was determined
that the main contribution to genetic variation originates
among populations (%70). These results are relatively
compatible with Karakas (2013) (54.4%) using the ISSR
markers. Kiikrer (2013) and Ahmad (2018) reported that,
unlike this study, the main contribution to total genetic
variation originates from within the studied populations.

PCoA analyses confirmed the grouping. Our principal
component analysis (PCoA) results in our study were
compatible with the results of Kiikrer (2013), Karakas

(2013), and Tunca & Kence (2011). The UPGMA
dendrogram was created using Nei’s (1987) genetic distance
values (DN). According to the dendrogram given in Figure
3, the tree structure is divided into three main branches. The
first branch consists of Corum and Kiitahya populations,
the second branch consists of Elazig, izmir, Eskisehir,
and Manisa populations, and the third branch structure
consists of Antalya, Samsun, and Mugla populations.
This is an unexpected result because groups formed a tree
structure independent of their geographical distance. This
situation can be explained by the transportation of honey
bee colonies living in a certain region to different cities
and the creation of new bee colonies there. Also, Ruttner
(1988), almost all of the honey bees located outside the
northeastern and southeastern regions in Tirkiye “A.
mellifera anatolica Maa. (Anatolian)” was stated. Since
there is no population in the northeast and southeast
regions among the studied populations, it is thought that
a branching structure independent of the geographical
location may have occurred.

Conclusion

Knowledge of the genetic diversity of the populations is
very important. Genetic diversity has a role in the adaptation
of species to changing environmental conditions, and it is
one of the raw materials of evolution. Herein, we preferred
ISSR markers to identify the genetic structure of honey
bees. The genetic diversity of honey bees has been found
to be lower compared to previous studies. This variability
may be a result of the ecological, climatic conditions,
and biogeographic differences of Anatolia. The low gene
flow identified and the high level of genetic differentiation
between populations indicate inbreeding. This combined
with low genetic diversity makes it likely that conditions
such as disease that may occur will not be enough to save
the colony and result in the loss of an entire colony. In this
case, it will result in the disappearance of important gene
resources. For this reason, it is essential to develop existing
protection programs and implement additional protection
programs. The studies to be carried out with more examples
from more locations related to honey bees in Tiirkiye will
contribute to the clear identification of the genetic structure
of this organism. Additionally, using other marker systems
will help to clarify the status of populations in Tiirkiye.
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Introduction

Abstract

Objective: In fisheries biology, length-weight relationship data are commonly used and
helpful for determining the weight of an individual fish of known total length or total
weight from length-frequency distribution. The present investigation aims to estimate
the length-weight relationships and Fulton’s condition factors from the southeastern
Mediterranean coast of Tiirkiye.

Materials and Methods: A total of 368 red cornetfish, Fistularia petimba Lacepede,
1803 (203 females and 165 males) specimens were collected from the Iskenderun Bay
(southeastern Mediterranean, Tiirkiye) within the fishing periods of April 2019 and
March 2020, caught by commercial bottom trawler at 28-42 m depths. Fish samples were
measured in total length (TL) to the nearest 0.1 cm, and the total weight was scaled to the
nearest 0.01 g.

Results: The total length ranged from 21.50-56.60 cm, and the weight ranged from 8.10-
94.04 g for Fistularia petimba. The length-weight relationship was found as the W =
0.00033 x L*1%¢ (r> = 0.963) for both sexes. The value of b is slightly different than 3
and showed positive allometric growth. The condition factor was found to be 0.539 for
females, 0.526 for males, and 0.520 for both sexes.

Conclusion: This study is the first investigation of the length-weight relationship and
condition factor for Fistularia petimba from Iskenderun Bay. The present study provides
the basic fisheries parameters for this species in the Mediterranean Sea, which will be
useful for fisheries management and fish population dynamics.

Keywords: Cornetfish, Fistulariidae, Regression parameters, Condition, Mediterranean Sea

Stern et al. (2017) and Karan et al. (2019) confirmed
that F. petimba is a genetically distinct species in the
Mediterranean Sea.

The red cornetfish, Fistularia petimba Lacepéde, 1803,
belongs to the Fistulariidae family, represented by a single
genus (Froese & Pauly, 2023). The genus Fistularia
Linnaeus, 1758 contains Fistularia commersonii Riippell,
1838 and F. petimba, distributed in the Mediterranean
Sea (Golani, 2000; Stern et al., 2017). Fistularia petimba
differs from its congeneric species F. commersonii by a row
of bony plates along its posterior lateral line ossifications
and the reddish or orange colour (Froese & Pauly, 2023).

Fistularia petimba is distributed in the western and
eastern Atlantic, including the Mediterranean (Cardenas
et al., 1997; Froese & Pauly, 2023) and the Indo-Pacific
Ocean (Fricke, 1999). Fistularia petimba is a reef species
that inhabits coastal areas over soft bottoms at depths
ranging from 10 to 200 m (May & Maxell, 1996). It feeds
mainly on fish, cephalopods, shrimp, stomapods, other
crustaceans, and small fishes (Druzhinin, 1977).
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Fistularia petimba was first reported in Spain (western
Mediterranean) in 1996 (Cardenas et al., 1997). Then, this
species was identified in the Azores and Galician waters in
the Eastern Atlantic Ocean (Azevedo et al., 2004; Bafion
& Sande, 2008). Later, this species was also recorded in
the waters of Israel in 2017 (Stern et al., 2017), Tiirkiye in
2018 and 2019 (Unliioglu et al., 2018; Ciftci et al., 2019),
Cyprus (Michailidis & Manitaras, 2019), Syria (Hussein
etal., 2019), Egypt in 2019 (Ragheb, 2022), Lebanon and
Greece in 2021 (Kondylatos & Nikolidakis, 2021; Sakr
& Bariche, 2021). In addition, recent records are reported
from Gokova Bay and Giilliik Bay for the Mugla coast from
northward along the shores of the eastern Mediterranean
in the northern Aegean Sea coast of Tiirkiye by Cerim et
al. (2021). Lately, this species has been confirmed from
Bandirma Bay and distributed in the Marmara Sea, Ttirkiye
(Uyan & Turan, 2021).

In fisheries biology, length-weight relationship data
are reasonably helpful for determining the weight of an
individual fish of known total length or total weight from
length-frequency distribution (Froese, 1998; Koutrakis &
Tsikliras, 2003). These data are used initially to obtain
information on the condition of fish and to determine
whether somatic growth is isometric or allometric (Le
Cren, 1951; Ricker, 1975). Besides, the length-weight
relationship is the primary value used for evaluating
the status of fish stocks. It provides information for fish
growth and health, and the length-weight relationship can
be helpful in local and regional morphological and life-
historical comparisons between different populations and
habitats (Erguden et al., 2011; Erguden & Turan, 2017,
Erguden et al., 2018).

Fistularia petimba penetrated the eastern part of the
Mediterranean from the Red Sea via the Suez Canal
(Stern et al., 2017), and several were reported in the
Mediterranean Sea six years ago (CIESM, 2022). Fistularia
petimba is known to have high reproductive success. This
species is a potential hazard to the ecological balance as
well as economically affecting commercial fishing in the
Mediterranean Sea (Ciftci e al., 2019).

To date, scarce data reports are available on populations
of F. petimba in the Mediterranean. Only a few data were
reported on the morphometric and meristic characteristics
in the Egyptian Mediterranean waters (Ragheb, 2022) and
a preliminary biological assessment of F. petimba from
Cyprus (Papageorgiou et al., 2023). In the present study, we
first reported the length-weight parameters of F. petimba
from Iskenderun Bay. To the best knowledge, this study
presented the first reference on length-weight relationships

and condition factors for this species from Iskenderun Bay
(southeastern Mediterranean, Tirkiye).

Materials and Methods

The red cornetfish of F. petimba were collected from
Iskenderun Bay using commercial trawl fisheries at 28-
42 m depths within the fishing periods of April 2019 and
March 2020 (Fig. 1). The collected fish specimens were
transported with ice in a cooler box to the laboratory.
Fish samples were measured in total length (TL) to the
nearest 0.1 cm, and total weighed (W) was scaled to the
nearest 0.01 g. Sexes were identified by macroscopic and
microscopic examination of the gonads. The total length
and total weight were measured for males and females
separately. According to Fritzsche (1990) and Stern et al.
(2017), all specimens were identified.

The length-weight relationship was calculated by applying
an exponential regression equation W=aL® where; W is
the weight (g), L is the total length (cm), and @ and b are
regression constants. Then, the parameters were estimated
by linear regression on the transformed equation: log (W)
=log (a) + b x log (L) (Ricker, 1975). The parameters a
and b were calculated using least-squares regression as the
coefficient of determination (7).

The sex ratio was calculated with y2 test performed to
check for any significant difference. The student’s t-test
was used to test for the difference of » values from 3,
representing isometric growth (Pauly, 1993). Analysis of
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Figure 1. Study area (Iskenderun Bay, Tiirkiye)
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Figure 2. Total length (cm) frequency of males and females specimens of Fistularia petimba from Iskenderun Bay

variance (ANOVA) was used to test the difference of the
b values of the length-weight relationship between sexes
(Zar, 1999) and statistically analysed using Microsoft Excel
2020 and SPSS Version 26.0 package programs.

Fulton’s condition factor (K) was calculated for each
sex to assess the condition of specimens and an overall
measurement of the fish according to the formula; K= (W/
L?) x 100, where L is length (cm) and W is the weight (g)
(Sparre & Venema, 1992).

Results

In the present study, 203 females (55.2%) and 165
males (44.8%) F. petimba specimens were collected and
investigated during the study period from Iskenderun Bay.
The sex ratio for female and male samples (M:F) was
1.00:1.23. The male-to-female ratio was not statistically
significant at 0.05 (p>0.05).

The total length values of females and males ranged
from 21.50-56.60 cm and 23.70-53.70 cm, respectively, and
also the total weight values of females and males ranged
from 8.10-94.04 g and 8.94-86.31 g, respectively (Table
1). There was no significant difference between sexes in
overall total length and total weight (t-test, p>0.05).

The average total length of the calculated both sexes
was found to be 38.31 cm + 5.319, and the average total
weight was 32.15 g + 14.406. The dominant length class
of collected F. petimba specimens ranged from 35.00 cm to
35.50 cm for all samples males dominated the 34.00-35.00
cm class, whereas females dominated 38.00-39.50 cm (Fig.
2). The descriptive statistics and estimated parameters of
the length-weight relationship values are given in Table 1.

The length-weight relationship parameters were
separately evaluated for F. petimba population of female,
male, and both sexes specimens. The sample size (n),
the level of equation parameters, the coefficient of
determination (r?), and the 95% confidence limits and
growth type are given in Table 2. The linear regression
equations for the length-weight parameters of F. petimba
were highly correlated (2 > 0.95).

All values of b ranged from 3.106 for females, 3.138
for males, and 3.126 for both sexes for F. petimba (Table
2). The value of b is slightly different than 3.0, indicating
that the species demonstrate positive allometric growth.
The slopes (b values) of the total length-weight regressions
were significantly different between sexes (#-test, p<0.05).

Table 1. Mean and standard deviation (SD), maximum, minimum for total length (TL) and total weight (TW) parameters of each sex of Fistularia petimba

(iskenderun Bay, Tiirkiye)

TL

T™W

Sex n (min-max) Mean TL £ SD (min-max) Mean TW £ SD
Female 203 21.50-56.60 38.52+5.151 8.10-94.04 32.74+14.219
Male 165 23.70-53.70 38.28+5.532 8.94-86.31 31.42+14.643
Both Sexes 368 21.50-56.60 38.31+5.319 8.10-94.04 32.15+14.406
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Table 2. Length-weight relationships of Fistularia petimba from Iskenderun Bay, Tiirkiye (SE: Standard Error, A: Allometric Growth)

n Sex a b » SE of b 95% CI of b t-test p Growth
Type
203 Females 0.00036 3.106 0.964 0.042 3.022-3.189 7.604 <0.05 A()
165 Males 0.00033 3.138 0.965 0.047 3.045-3.230 7.716 <0.05 A()
368 Both Sexes 0.00032 3.126 0.963 0.032 3.073-3.199 10.825 <0.05 A

The length-weight relationships were calculated for
females, males, and both sexes and observed as W=0.00036
x [319 (12 =0.964), W=0.00032 x L1 (r? = 0.965) and
W= 0.00033 x L*!26 (42 = 0.963) respectively (Fig. 3). An
ANOVA test calculated a significant statistical difference
in length-weight relationship parameters between females
and males (p<0.001). The correlation coefficient (°) for
all relationships is above 0.95, indicating a strong degree
of correlation between the variables in all groups.
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Figure 3. Length-weight relationship of female (a), male
(b) and both sexes (c) for Fistularia petimba from the
Iskenderun Bay (south-eastern Mediterranean, Tiirkiye)

Fulton’s condition factor of the present species from the
southeastern Mediterranean coast (Iskenderun Bay, Turkey)
was analysed using the total weight. The condition factor
was 0.539+0.057 for females, 0.526+0.047 for males, and
0.52040.049 for both sexes. Therefore, condition factor
values do not show significant variations (p>0.001) for
female and male individuals of F. petimba.

Discussion

A total of 368 samples of F. petimba were collected from
Iskenderun Bay, southeastern Mediterranean, Tiirkiye.
The population of F. petimba comprised 55.2% of female
specimens and 44.8% of male specimens. The total length
of the examined for both sexes was measured as 27.5-
56.6 cm (38.311+£5.319) and total weight 8.10-94.04 g
(32.747+14.219) (Table 1). Female specimens were found
to grow slightly larger than male specimens. Fritzsche
(1976) indicated that this species usually has 100 cm and
smaller samples, with the mean total length of the samples
being 65.9 cm. Durizhinin (1977) reported total lengths
of 128.5 cm and weights of 1450 g, with females larger
than males for F. petimba. Cardenas et al. (1997) similarly
reported a large red specimen of 124.0 cm from the Western
Mediterranean off Spain in 1996. In our study, the size
ranges of the samples consisted of smaller specimens.
Thus, maximum length and weight values were not found
in the samples collected from Iskenderun Bay. So far,
the maximum length reported for F. petimba is 200 cm
(Sanchez, 1991) and the weight is 4.7 kg (Bykov, 1983).

Previously, in Mediterranean studies, Unliioglu et al.
(2017) reported a total length ranged 35.1-47.4 cm for
F. petimba from the eastern Mediterranean Sea, Tiirkiye.
Cerim et al. (2021) stated that the total length ranged 33.7-
50.4 cm for F. petimba collected from the South Eastern
Aegean Sea (Tiirkiye). Papageorgiou et al. (2023) reported
a total length ranged 38.9-43.7 cm for F. petimba from
the Levantine Sea, Cyprus. In addition, Michailidis &
Manitaras (2019) stated a total length of 60.2 cm for F.
petimba from the Mediterranean waters of Cyprus. On
the other hand, Hussein ef al. (2019) declared that a large
specimen of 64.0 cm of total length without filament
for F. petimba was caught from the Mediterranean coast
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Table 3. Previously available length-weight data of Fistularia petimba from different regions in the Mediterranean Sea

Number of . A Total Length .
References samples Date Location/Country Depth (m)  Fishing Gear (cm) Weight (g)
Cardenas et al. Cadiz, Western
(1997) ’ 1 June 1996 Mediterranean, Spain 50 Gill net 124.0 950.0
Ashdod, Eastern
Stern et al. (2017) 1 December 2016 Mediterranean, Isracl 80 Trawl net 29.5 65.0
Antalya Bay, Mediterranean
2 October 2016 Sea, Tiirkiye 30-43 Trawl net 35.1-39.8 -
Unliioglu e al.
(2017) Iskenderun Bay,
5 November 2016 Mediterranean Sea, Tiirkiye 3538 Trawl net 43.5.47.4 )
Mersin Bay, N.E.
Ciftci ez al. (2019) 2 May 2018 Mediterranean Sea, Tiirkiye 150 Trawl net 46.5-51.3 -
Lattakia, Mediterranean 64.2
Hussein et al. (2019) 1 July 2019 ’ . 45 Gill net 54.0
Sea, Syria
Michailidis & Gialia, Mzdlterrlj:nean Sea, 60.2
Manitaras (2019) 1 September 2019 P 55 Gill net 67.0
4 Gokova Bay, Al S 15-20 Trawl net 33.7-36.9
October 2019 Skova Bay, Aegean Sea, rawl ne .7-36. -
Tiirkiye
Cerim et al. (2021)
Giilliik Bay, Aegean Sea,
1 November, 2019 Tiirkiye 63 Trawl net 50.4 -
. . 49.5
(Sza (1)(; lé;c Bariche | November 2017 Tripoli, Eastern . Gill net .
Mediterranean, Lebanon
Kondylatos &
Nikolidakis (2021) 1 June 2021 Marathokampos Bay, 20 Trammel net 342 17.3
Aegean Sea, Greece
Bandirma Bay, Marmara
Turan & Uyan (2021) 1 October 2021 Sea, Tiirkiye 9 Trammel net 346 )
Ragheb (2022) 1 March 2019 Wwestof Alexandria, Egypt 5 ¢, Trawl net 473 51.0
June 2020,
Papageorgiou et al. March 2021,
(2023) 76 August 2021 Levantine Sea, Cyprus - Trawl net 38.9-43.7 28.1-43.6
and September
2021
. April 2019 and Iskenderun Bay, SE.
This study 368 March 2020 Mediterranean Sea, Tiirkiye 28-42 Trawl net 21.5-56.6 8.1-94.0

(Lattakia, Syria). The detailed previous Mediterranean
studies of length-weight data for F. petimba are given in
Table 3.

The growth coefficient values b ranged from 3.106
(females) to 3.138 (males), and the types of growth
are positive allometric. Similarly, the previous studies
of positive allometric growth (b=3.512) of F. petimba
have been reported in the Levantine Sea (Cyprus) by
Papageorgiou et al. (2023). In other studies, b values for
both sexes of F. petimba were estimated as b= 3.158 in
New Caledonia (Letourneur et al., 1998) and as h=3.432

in the southeastern inner continental shelf region (Brazil)
(Dias et al., 2014). These previous results are in accordance
with the studies performed in Iskenderun Bay. Some
differences in the b exponents could be attributed to the
different areas and habitats, environmental conditions, the
stomach contents, and stage of gonads as well as to the
differences in season, diet, and maturity (Erguden et al.,
2011; Erguden et al., 2015; Erguden ef al., 2017). In this
study, the difference in the exponents may have occurred
due to the different sampling regions, seasonal changes,
age, maturity, and sex.
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The values of b equal to 3 indicate that the fish grows
isometrically; values different from 3 indicate allometric
growth. In the length-weight relationships, the b value in the
length-weight relationship showed that positive allometry
(+) was obtained from the iskenderun Bay populations.
According to Froese (2006), an over-proportional increase
in length relative to growth in weight is expressed in a
value of b<2.5, or a value of b>3.5 indicates an over-
proportional rise in weight relative to growth in length.

The condition factor (K) of F. petimba from Iskenderun
Bay (southeastern Mediterranean, Tiirkiye) was analysed
using the body weight. The condition factor value is very
important to evaluate the fish health, and the ideal estimated
is equal to or close to one. Besides, the condition factors
differ from one species to another. In the present study,
the condition factor values were estimated at a minimum
as 0.520 and a maximum as 0.540 for F. petimba. This is
because the condition of the fish may differ due to habitat
area, diet composition, competition, prey, and top predators
(Czudaj et al., 2022; Ragheb, 2022).

The present study is the first reference on length-weight
relationships and condition factors according to sex for
F. petimba inhabiting iskenderun Bay. Determining the
population parameters of this species, which will contribute
to near-future studies, is very important in terms of the
ecological balance in the Mediterranean ecosystem of
non-native species entering the Mediterranean waters. In
conclusion, this study provides basic information on the
length-weight relationships £ petimba that would be useful
for fishery scientists and managers in the Mediterranean Sea.
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or the author.
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org/licenses/by-nc-nd/4.0/deed.en/)
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Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0) (https://creativecommons.org/licenses/by-nc/4.0/)
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Responsibility for the Editor and Reviewers,
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orientation, citizenship, religious belief or political philosophy of the authors. He/She provides a fair double-blind peer
review of the submitted articles for publication and ensures that all the information related to submitted manuscripts is
kept as confidential before publishing.

Editor-in-Chief is responsible for the contents and overall quality of the publication. He/She must publish errata pages
or make corrections when needed.

Editor-in-Chief does not allow any conflicts of interest between the authors, editors and reviewers. Only he has the
full authority to assign a reviewer and is responsible for final decision for publication of the manuscripts in the Journal.
Reviewers must have no conflict of interest with respect to the research, the authors and/or the research funders. Their
judgments must be objective.

Reviewers must ensure that all the information related to submitted manuscripts is kept as confidential and must
report to the editor if they are aware of copyright infringement and plagiarism on the author’s side.A reviewer who feels
unqualified to review the topic of a manuscript or knows that its prompt review will be impossible should notify the editor
and excuse himself from the review process.

The editor informs the reviewers that the manuscripts are confidential information and that this is a privileged
interaction. The reviewers and editorial board cannot discuss the manuscripts with other persons. The anonymity of the
referees must be ensured. In particular situations, the editor may share the review of one reviewer with other reviewers to
clarify a particular point.

Peer Review Process

Only those manuscripts approved by its every individual author and that were not published before in or sent to
another journal, are accepted for evaluation.

Submitted manuscripts that pass preliminary control are scanned for plagiarism using iThenticate software. After
plagiarism check, the eligible ones are evaluated by Editor-in-Chief for their originality, methodology, the importance
of the subject covered and compliance with the journal scope. Editor-in-Chief evaluates manuscripts for their scientific
content without regard to ethnic origin, gender, sexual orientation, citizenship, religious belief or political philosophy of
the authors and ensures a fair double-blind peer review of the selected manuscripts.

The selected manuscripts are sent to at least two national/international referees for evaluation and publication decision
is given by Editor-in-Chief upon modification by the authors in accordance with the referees’ claims.

Editor-in-Chief does not allow any conflicts of interest between the authors, editors and reviewers and is responsible
for final decision for publication of the manuscripts in the Journal.

Reviewers’ judgments must be objective. Reviewers’ comments on the following aspects are expected while conducting
the review.

- Does the manuscript contain new and significant information?

- Does the abstract clearly and accurately describe the content of the manuscript?
- Is the problem significant and concisely stated?

- Are the methods described comprehensively?

- Are the interpretations and consclusions justified by the results?

- Is adequate references made to other Works in the field?

- Is the language acceptable?

Reviewers must ensure that all the information related to submitted manuscripts is kept as confidential and must report
to the editor if they are aware of copyright infringement and plagiarism on the author’s side.

Areviewer who feels unqualified to review the topic of a manuscript or knows that its prompt review will be impossible
should notify the editor and excuse himself from the review process.
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The editor informs the reviewers that the manuscripts are confidential information and that this is a privileged
interaction. The reviewers and editorial board cannot discuss the manuscripts with other persons. The anonymity of the
referees is important.

PUBLICATION ETHICS AND PUBLICATION MALPRACTICE STATEMENT

Turkish Journal of Bioscience and Collections is committed to upholding the highest standards of publication ethics
and pays regard to Principles of Transparency and Best Practice in Scholarly Publishing published by the Committee
on Publication Ethics (COPE), the Directory of Open Access Journals (DOAJ), the Open Access Scholarly Publishers
Association (OASPA), and the World Association of Medical Editors (WAME) on https://publicationethics.org/resources/
guidelines-new/principles-transparency-and-best-practice-scholarly-publishing All parties involved in the publishing
process (Editors, Reviewers, Authors and Publishers) are expected to agree on the following ethical principles.

All submissions must be original, unpublished (including as full text in conference proceedings), and not under the
review of any other publication synchronously. Each manuscript is reviewed by one of the editors and at least two
referees under double-blind peer review process. Plagiarism, duplication, fraud authorship/denied authorship, research/
data fabrication, salami slicing/salami publication, breaching of copyrights, prevailing conflict of interest are unnethical
behaviors.

All manuscripts not in accordance with the accepted ethical standards will be removed from the publication. This also
contains any possible malpractice discovered after the publication. In accordance with the code of conduct we will report
any cases of suspected plagiarism or duplicate publishing.

Research Ethics

The journal adheres to the highest standards in research ethics and follows the principles of international research
ethics as defined below. The authors are responsible for the compliance of the manuscripts with the ethical rules.

- Principles of integrity, quality and transparency should be sustained in designing the research, reviewing the
design and conducting the research.

- Theresearch team and participants should be fully informed about the aim, methods, possible uses and requirements
of the research and risks of participation in research.

- The confidentiality of the information provided by the research participants and the confidentiality of the respondents
should be ensured. The research should be designed to protect the autonomy and dignity of the participants.

- Research participants should participate in the research voluntarily, not under any coercion.

- Any possible harm to participants must be avoided. The research should be planned in such a way that the
participants are not at risk.

- The independence of research must be clear; and any conflict of interest or must be disclosed.

- Inexperimental studies with human subjects, written informed consent of the participants who decide to participate
in the research must be obtained. In the case of children and those under wardship or with confirmed insanity, legal
custodian’s assent must be obtained.

- If the study is to be carried out in any institution or organization, approval must be obtained from this institution
or organization.

- In studies with human subject, it must be noted in the method’s section of the manuscript that the informed consent
of the participants and ethics committee approval from the institution where the study has been conducted have
been obtained.

- For studies carried out on animals, the measures taken to prevent pain and suffering of the animals should be stated
clearly.

Human Subjects and Animal Use in Research, Ethics Committee Approval and Informed Consent

The Journal takes as principle to comply with the ethical standards of World Medical Association (WMA) Declaration
of Helsinki — Ethical Principles for Medical Research Involving Human Subjects and WMA Statement on Animal Use in
Biomedical Research.
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An approval of research protocols by the Ethics Committee in accordance with international standards mentioned above
is required for experimental, clinical, and drug studies and for some case reports. If required, ethics committee reports or
an equivalent official document will be requested from the authors. For manuscripts concerning experimental research on
humans, a statement should be included that shows that written informed consent of patients and volunteers was obtained
following a detailed explanation of the procedures that they may undergo. Information on patient consent, the name of the
ethics committee, and the ethics committee approval number should also be stated in the Materials and Methods section
of the manuscript. It is the authors’ responsibility to carefully protect the patients’ anonymity. For photographs that may
reveal the identity of the patients, signed releases of the patient or of their legal representative should be enclosed. The
authors are responsible for conducting experimental and clinical studies on animal experiments within the framework
of existing international legislation on animal rights. Authors must also obtain permission from the Animal Experiment
Ethics Committees and provide relevant information in the Material and Method section to experiment with animals.
Author(s) are required to prepare manuscripts in accordance with ARRIVE guidelines for experimental animal studies.

Research Involving Flora and Fauna

Experimental research on either cultivated or wild plants, including collection of plant material must follow
international principles and guidelines. The journal advises authors to comply with with the Convention on Biological
Diversity, Convention on the Trade in Endangered Species of Wild Fauna and Flora and [IUCN Commission Statement
on Research Involving Species at Risk of Extinction

Author Responsibilities

It is authors’ responsibility to ensure that the article is in accordance with scientific and ethical standards and rules.
And authors must ensure that submitted work is original. They must certify that the manuscript has not previously
been published elsewhere or is not currently being considered for publication elsewhere, in any language. Applicable
copyright laws and conventions must be followed. Copyright material (e.g. tables, figures or extensive quotations) must
be reproduced only with appropriate permission and acknowledgement. Any work or words of other authors, contributors,
or sources must be appropriately credited and referenced.

All the authors of a submitted manuscript must have direct scientific and academic contribution to the manuscript.
The author(s) of the original research articles is defined as a person who is significantly involved in “conceptualization
and design of the study”, “collecting the data”, “analyzing the data”, “writing the manuscript”, “reviewing the manuscript
with a critical perspective” and “planning/conducting the study of the manuscript and/or revising it”. Fund raising, data
collection or supervision of the research group are not sufficient roles to be accepted as an author. The author(s) must
meet all these criteria described above. The order of names in the author list of an article must be a co-decision and it must
be indicated in the Copyright Agreement Form. The individuals who do not meet the authorship criteria but contributed
to the study must take place in the acknowledgement section. Individuals providing technical support, assisting writing,
providing a general support, providing material or financial support are examples to be indicated in acknowledgement
section. All authors must disclose all issues concerning financial relationship, conflict of interest, and competing interest
that may potentially influence the results of the research or scientific judgment. When an author discovers a significant
error or inaccuracy in his/her own published paper, it is the author’s obligation to promptly cooperate with the Editor to
provide retractions or corrections of mistakes.

Responsibility for the Editor and Reviewers

Editor-in-Chief evaluates manuscripts for their scientific content without regard to ethnic origin, gender, sexual
orientation, citizenship, religious belief or political philosophy of the authors. He/She provides a fair double-blind peer
review of the submitted articles for publication and ensures that all the information related to submitted manuscripts is
kept as confidential before publishing.

Editor-in-Chief is responsible for the contents and overall quality of the publication. He/She must publish errata pages
or make corrections when needed.Editor-in-Chief does not allow any conflicts of interest between the authors, editors and
reviewers. Only he has the full authority to assign a reviewer and is responsible for final decision for publication of the
manuscripts in the Journal.Reviewers must have no conflict of interest with respect to the research, the authors and/or the
research funders. Their judgments must be objective.

Reviewers must ensure that all the information related to submitted manuscripts is kept as confidential and must report
to the editor if they are aware of copyright infringement and plagiarism on the author’s side.
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Areviewer who feels unqualified to review the topic of a manuscript or knows that its prompt review will be impossible

should notify the editor and excuse himself from the review process.

The editor informs the reviewers that the manuscripts are confidential information and that this is a privileged

interaction. The reviewers and editorial board cannot discuss the manuscripts with other persons. The anonymity of the
referees must be ensured. In particular situations, the editor may share the review of one reviewer with other reviewers to
clarify a particular point.

MANUSCRIPT ORGANIZATION

Language

The language of the journal is both Turkish and English.
Manuscript Organization and Submission

All correspondence will be sent to the first-named author unless otherwise specified. Manuscpript is to be submitted

online via https://dergipark.org.tr/tjbc and it must be accompanied by a cover letter indicating that the manuscript is
intended for publication, specifying the article category (i.e. research article, review etc.) and including information
about the manuscript (see the Submission Checklist). Manuscripts should be prepared in Microsoft Word 2003 and upper
versions. In addition, Copyright Agreement Form that has to be signed by all authors must be submitted.

1.

Manuscripts should be submitted in Times New Roman font (size 11 pt). In writing of systematic papers, the
International Codes of Zoological and Botanical Nomenclature must be strictly followed. The first mention in the text
of any taxon must be followed by its authority including the year. The names of genera and species should be given in
italics.

The manuscripts should contain mainly these components: title, abstract, keywords and body text. Body text should
include the following sections: Introduction, Material and Methods, Results, Discussion, Grant Support (if any),
Conlflict of Interest (if any), Acknowledgement (if any), References [for Turkish articles Giris, Materyal ve Ydntem,
Bulgular, Tartisma ve Sonug, Finansal Destek (eger varsa), Cikar Catismasi (eger varsa), Tesekkiir (eger varsa),
Kaynaklar] For descriptive articles, this structure might not be appropriate. Please use concise headings that fit best.

Pages should be numbered.

Submitted manuscripts must have an abstract of 250-300 words before the introduction section. Manuscripts in Turkish
must include abstract both in Turkish and English. Underneath the abstracts, 4 to 5 keywords that inform the reader
about the content of the study should be specified in Turkish and in English. If the manuscript is in English, it must
include an abstract only in English. Original articles must have a structured abstract with subheadings (Objective,
Materials and Methods, Results, and Conclusion). Abstracts of Short Communications and Reviews should be
unstructured.

The title page must be submitted together with the manuscript and it should include: manuscript title, running title
and suggested two reviewers besides the author information as follows: the name(s), title(s), affiliation(s), e-mail
address(es), postal address(es) including city and country, ORCID(s), telephone numbers of the authors and the
corresponding author (see The Submission Checklist).

Tables should be numbered and cited in the text, for example: Table 1 (in Turkish Tablo 1). All tables should have a
caption above the table ending to a “.”. All tables should be inserted at the end on main text. The authors can indicate
the insertion place of tables in the text by putting the table’s number in the bracket, for example [Table 1]. Tables must
be self-explanatory, contain synthesized data, and not exceed A4 size. Data shown on graphs should not be repeated
in tables and vice versa.

All figures should have a caption below the figure ending to a “.”” Figures should be cited in the text, for example: (Fig.
1) (in Turkish Sek. 1). The font of the graphs or any text on the figures should be Times New Roman. Size of the text
on graphs and illustrations should be 10 pt. Submitted manuscripts should have figures should be inserted at the end
of the text after tables. Figures can be submitted separately. If figures are going to be submitted separately, prepare
them with the following format (with a resolution no less than 300 dpi) and determine their locations in the paper: For
vector graphics, EPS For halftones, TIFF format. The resolution of photographs must be 300 dpi at print size (original
extension: jpg or tif). Line art pictures (tif extension) must be done electronically (not scanned) and their resolution
must be 600 dpi at print size. The authors can indicate the insertion place of figures in the text by putting the figures’
number in the bracket, for example [Figure 1].
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8. Authors are responsible for all statements made in their work submitted to the Journal for publication.
9. The author(s) can be asked to make some changes in their articles due to peer reviews.
REFERENCES

Although references to review articles can be an efficient way to guide readers to a body of literature, review articles do
not always reflect original work accurately. Readers should therefore be provided with direct references to original research
sources whenever possible. On the other hand, extensive lists of references to original work on a topic can use excessive
space on the printed page. Small numbers of references to key original papers often serve as well as more exhaustive lists,
particularly since references can now be added to the electronic version of published papers, and since electronic literature
searching allows readers to retrieve published literature efficiently. Papers accepted but not yet included in the issue are
published online in the Early View section and they should be cited as “advance online publication”. Citing a “personal
communication” should be avoided unless it provides essential information not available from a public source, in which
case the name of the person and date of communication should be cited in parentheses in the text. For scientific articles,
written permission and confirmation of accuracy from the source of a personal communication must be obtained.

Reference Style and Format
Detailed information can be found in the Author Guidelines section.
SUBMISSION CHECKLIST

Ensure that the following items are present:
e Cover letter to the editor
v" The category of the manuscript
v’ Confirming that “the paper is not under consideration for publication in another journal”.
v" Including disclosure of any commercial or financial involvement.
v Confirming that the statistical design of the research article is reviewed.
v' Confirming that last control for fluent English was done.
v' Confirming that journal policies detailed in Information for Authors have been reviewed.
v' Confirming that the references cited in the text and listed in the references section are in line with APA 6.
e Copyright Agreement Form
e Permission of previously published copyrighted material if used in the present manuscript
e Title page
v The category of the manuscript
v’ The title of the manuscript
v' All authors’ names and affiliations (institution, faculty/department, city, country), e-mail addresses
v Corresponding author’s email address, full postal address, telephone and fax number
v ORCIDs of all authors.
e Main Manuscript Document
v’ The title of the manuscript
v Abstract (250-300 words)

Original articles must have a structured abstract with subheadings (Objective, Materials and Methods,
Results, and Conclusion). Abstracts of Short Communicaions and Reviews should be unstructured.

Key words: 3 to 5 words
Main article sections

Grant support (if exists)
Conlflict of interest (if exists)
Acknowledgement (if exists)

References

AN NN

All tables, illustrations (figures) (including title, description, footnotes)
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Ayrica Ben/Biz makalede higbir su¢ unsuru veya kanuna aykiri ifade bulunmadigini, aragtirma yapilirken kanuna aykirt herhangi bir malzeme ve yontem
kullanilmadigini taahhiit ederim/ederiz.

Bu Telif Hakk1 Anlagmast Formu tiim yazarlar tarafindan imzalanmalidir/onaylanmalidir. Form farkli kurumlarda bulunan yazarlar tarafindan ayr1 kopyalar
halinde doldurularak sunulabilir. Ancak, tiim imzalarin orijinal veya kanitlanabilir sekilde onayli olmasi gerekir.

Responsible/Corresponding Author;

Sorumlu Yazar: Signature / Imza Date / Turih









