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ABSTRACT Horticulture
Gypsophila is a member of the Caryophyllaceae family and its genus
consists of approximately 150 species. Several species are grown Research Article

commercially, including herbal medicine and food. Its most common use
is as a cut flower worldwide. Gypsophila species are native and widely

Article History

distributed in Tirkiye, the main genetic resource center. In this study, Received 106.12.2023
Gypsophila L. genotypes were first collected from native areas in Turkiye. Accepted 1 06.05.2024
Secondly, genetic diversity using molecular markers provided valuable

information for breeding programs and strategies of germplasm Keywords

conservation. Sequence-related amplified polymorphism (SRAP) as a Gypsophila

molecular marker was used to determine diversity and relationships Genetic diversity

among 41 Gypsophila (Caryophyllaceae) genotypes including 13 species Germplasm

(G. viscose, G. simonii, G. venusta, G. bicolor, G. simulator, G. bitlisensis,
G. germanicopolitana, G. perfoliata, G. acrostic, G. eleganas, G.
paniculataand G. aucher:) and two Silenetypes (S. vulgaris L. and Silene
spp.) as outgroups. Results revealed that twenty primer combinations
produced 153 scorable fragments, and all markers showed 100%
polymorphism for 43 genotypes. The cophenetic correlation (r = 0.80)
between the Dice similarity matrix and the corresponding dendrogram
obtained by the SRAP marker revealed good compliance. The Gypsophila
and Silene species were grouped according to subspecies and by region.
Results indicated that SRAP markers were useful for investigating
diversity and relationships among Gypsophila L. germplasm.
Additionally, this data could be used to develop new Gypsophila L.
varieties in the breeding program.

SRAP markers

Tiirkiye'deki Gypsophila ve Silene Tiirleri Arasindaki Genetik Cesitlilik ve Iligkilerin SRAP Belirtecleri

Kullanilarak Degerlendirilmesi

OZET Bahge Bitkileri

Cipsofilya, Caryophyllaceae familyasinin bir tiyesi olup cinsi yaklagik

150 tirden olusur. Bazi tiirleri, bitkisel ila¢ ve gida gibi cesitli Aragtirma Makalesi
kullanimlar igin ticari olarak yetistirilmektedir. Diinya c¢apinda en

yaygin kesme cicek olarak kullanilmaktadir. Gypsophila tiirleri ana Makale Tarihgesi

genetik kaynak merkezi olan Tirkiye'de yaygin olarak bulunmaktadir. Gelig Tarthi  : 06.12.2023
Bu ¢aligsmada, ilk olarak Turkiye'deki yerel bolgelerden Gypsophila L. Kabul Tarihi :06.05.2024

genotipleri toplanda. Ikinci olarak, molekiiler belirtegler kullanarak
genetik gesitlilik, 1slah programlari ve germplazmay: koruma stratejileri

Anahtar Kelimeler

icin degerli bilgiler elde edildi. Molekiiler belirte¢ olarak dizi iligkili Cipsofilya

cogaltilmis polimorfizm (SRAP), 13 tiir iceren (G. viscosa, G. simonii, G. Genetik farklilik
venusta, G. bicolor, G. simulatrix, G. bitlisensis, G. germanicopolitana, Genetik kaynak
G. perfoliata, G. arrostii, G. eleganas, G. paniculata ve G. aucher:) 41 SRAP belirtecler

Gypsophila (Caryophyllaceae) genotip ve iki Silene tipin (S. vulgaris L.
ve Silene spp.) genetik farklilik ve akrabalik durumunu belirlemek
amaciyla kullamilmigtir. Sonug olarak, 20 primer kombinasyonundan 153
skorlanabilir fragment tretilmis ve ayrica tiim belirteclerr 43 genotip
icin %100 polimorfizm gostermistir. Kofenetik korelasyon r degerleri (r >
0,80) hesaplanarak, SRAP belirteclerinin olusturdugu dendrogramlarin
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onemi bilgiler sunmustur. Gypsophila ve Silene tirleri alt turlere ve
bolgelere gore gruplandirilmistir. Sonuglar, SRAP belirteclerinin
Gypsophila L. genotipleri arasindaki cesitliligi ve iligkileri arastirmak
icin yararl oldugunu gostermistir. Ayrica, bu veriler 1slah programinda
yeni Gypsophila L. ¢esitlerinin gelistirilmesinde de kullanilabilir.

To Cite: Gocmen, M., Kaya, A.S., Aydinsakir, K., Ozcelik, A., & Polat, I (2025). Assessment of Genetic Diversity and
Relationships among Gypsophila and Silene Species from Tirkiye Using SRAP Markers. KSU J. Agric Nat 28
, (1), 83-95. DOI: 10.18016/ksutarimdoga.vi.1358542. .
AtifIgin:  Gogmen, M., Kaya, A.S., Aydingakir, K., Ozcelik, A., & Polat, I (2025). Tiirkiye'deki Gypsophila ve Silene Tirleri
Arasindaki Genetik Cesitlilik ve Iligkilerin SRAP Belirtecleri Kullanilarak Degerlendirilmesi. KSU Tarim ve
Doga Derg 25(1), 83-95. DOI: 10.18016/ksutarimdoga.vi.1398542.

INTRODUCTION

The genus Gypsophila is a member of the Caryophillaceae and includes about 150 species. The main diversification
centers of the Gypsophila genus are in the Caucasus, the Transcaucasian region (northern Iraq and northern Iran),
and particularly in the Eastern part of Tiirkiye (Barkoudah, 1962; Madhani et al., 2023). The feature of these
regions is temperate or warm temperate regions in the Northern Hemisphere, especially the Mediterranean region
and Near East (Ataslar et al., 2009; Intrieri et al., 2010). Gypsophila L. is the third largest genus of the
Caryophyllaceae family in Tirkiye and 60 taxa belonging to 56 species grow naturally (Korkmaz and Ozcelik,
2011a). Gypsophila species are seen as one of the important alternatives in the cut flower industry and product
diversification (Karagiizel and Ortacesme, 2000; Korkmaz and Ozgelik, 2011b).

The genus Gypsophila contains several ornamental species, of which G. paniculata L. is the most important species
used in cut flower production worldwide (Zvi et al., 2008; Madhani et al., 2023). G. paniculata L. is one of the
indispensable elements of bouquets and arrangements in fresh and dry-cut flowers in the domestic market
(Karagiizel, 2003). Gypsophila has male sterility, so in the classical breeding program, new varieties are obtained
artificially from wild species through 1n vitro vegetative propagation and the selection of clonal variants. Another
method is based on open pollination of wild plants (Bogani et al., 2012).

Knowing the genetic structure and germplasm diversity found in Gypsophila’s germplasm can provide valuable
information for Gypsophila breeding programs to tackle a variety of traits and select new cultivars for conservation
purposes (Calistri et al., 2014). For successful breeding, it is crucial to have prior knowledge of the genotypes, their
origin, genetic variability, and relationships. Molecular markers may prove precious in supporting Gypsophila
germplasm development through characterization of the genetic diversity.

DNA molecular markers are used to evaluate plant diversity, plant breeding, phylogenetic and systematic analyses
(Kanayama et al., 2007; Martinez-Nieto et al., 2013; Bolger et al., 2014, Jin et al., 2022). DNA-based markers can
be detected at all stages of plant development, contain the entire genome, and can provide large amounts of
information; they are highly polymorphic and evaluation to easy and simple (van Zonneveld et al., 2014; Serrote
et al., 2020). In ornamental plants, molecular markers are an extremely effective tool for genetic characterization
and variety conservation (Mahmood et al., 2013). Studies on the genetic variation of the genus Gypsophila have
focused on Gypsophila varieties and their wild ancestors. Random amplification of polymorphic DNA (RAPD) and
inter-simple sequence repeats (ISSRs) analysis have been used to identify genetic variations between Gypsophila
species and their genetic structure (Rady, 2006; Barakat and El-Sammak, 2011; Lachmayer, 2009). Calistri et al.
(2014) investigated the genetic relationship of five Gypsophila spp., sixty-two G. paniculata L. within their native
range and thirteen commercial hybrid strains using a combination of 63 AFLPs, ISSRs, 64 TRAP, and 65 cpSSRs.
As a result, they determined that the markers used were dominant. Initially, Korkmaz and Dogan (2015) were
found to be correlated with geographic and phytogeographic regions of genetic diversity of fourteen Gypsophila
species from Tiirkiye using RAPD and ISSR markers. Jin et al. (2022) constructed a genome-wide InDel marker
system of G. paniculata L. following genome resequencing of another white-flowered wild-type accession.

SRAP markers have been recognized as important molecular marker systems for gene tagging and mapping in
Brassica (Li and Quiros, 2001). These PCR-based markers target open reading frames in genomic sequences,
generating a set of codominant markers per amplification using forward and reverse primers. SRAP markers are
more consistent and reproducible than RAPDs and require less labor and time than AFLP markers (Lia and Quiros,
2001; Budak et al., 2004). For this reason, it has widely been used to evaluate the genetic diversity and population
structure of species (Bargish and Rahmani 2016; Kelemen et al., 2018; Akcali Giachino, 2023).

Turkiye is a major diversity center for Gypsophila, as are many other important plant species. Gypsophila is among
one of the most important varieties of cut flowers in Tirkiye, where it is grown in more than 250 decare
greenhouses. Currently, its cultivation is spreading (Anonymous, 2018). The cut flower sector has many problems;
one of them is production material, which is imported. Improvement of a new variety that is suitable for Turkiye's
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ecological condition. Therefore, the project named “Cut Flower Breeding Program; conducted to generate gene pools
of Carnation and Gypsophila L..” was carried out for the exploration of Gypsophila germplasm. Gypsophila genetic
materials were examined for their potential for use as ornamental plants, and seeds and herbarium samples were
collected from different locations that may hold rich genetic diversity (Kaya et al., 2012).

This study aimed to evaluate SRAP to determine the genetic variability and relationships within and among
Gypsophila and Silene species from different regions (Eastern Anatolia, Middle Anatolia, and the Mediterranean)
of Turkiye to provide further insight and develop useful strategies for its conservation and evaluation in a breeding
program.

MATERIALS and METHODS
Plant Materials

Fourty-one genotypes of Gypsophila accessions (Caryophyllaceae) including 13 species (G. Simonis, G. viscose, G.
venusta Fenzl, G. bicolor, G. simulatrix, G. bitlisensis, G. germanicopolitana, G. perfoliata, G. acrostic, G.
eleganas, G. paniculate and G. aucher:) and two Silene types (Caryophyllaceae) including Silene vulgaris L. and
Silene spp. as outgroups were evaluated in this study (Table 1). Numbers of species were given in Figure 1 as G.
simonii 14, G. viscose 1, G. venusta 3, G. bicolor 4, G. simulatrix 2, G. bitlisensis 4, . germanicopolitana 1, G.
perfoliata 3, G. acrostic 4, G. eleganas 1, G. paniculata 1, G. aucheri 1, and Silene vulgaris 2. details of original
locations of collected genotypes.

DNA Extraction and SRAP Experimental Design

Seeds of the collected Gypsophila genotypes were germinated under greenhouse conditions in March 2008 at Bata
Akdeniz Agricultural Research Institute, Antalya, Tiirkiye (36°55°46,30” N and 30°58'47,96” E, altitude 10 m).
After 4-6 weeks, the young leaf parts were collected and genomic DNA was isolated using the modified CTAB
method developed by Doyle and Doyle (1990). The resulting DNA concentration was measured in a 1% agarose gel
stained with ethidium bromide, compared with the known concentration of Lambda DNA (0.5pg/ul, Fermantas).

SRAP analysis was performed as described by Li and Quiros (2001) with some modifications. A total of 36 different
SRAP primer combinations were employed using six forward and six reverse primers (Table 2), of which 20 pairs
produced clear and reproducible bands. The PCR amplifications were carried out using a thermal cycler (Eppendorf
Mastercycler Gradient) in reaction volumes of 15 ul containing 15 ng of genomic DNA and 0.2 uM each of forward
and reverse primers, 100 mM of dNTPs, 2 mM of MgCls, 10 x Taq buffer and 1 unit Taq DNA Polymerase (Biorun),
and ddH20. PCR reactions were performed under the following conditions: 5 min of denaturing at 94 °C and 5
cycles of three steps: 1 min of denaturing at 94 °C, 1 min of annealing at 35 °C and 2 min of elongation at 72 °C. In
the subsequent 34 cycles; 1 min of denaturing at 94 °C, 1 min of annealing at 47 °C, 1 min of elongation at 72 °C, 1
cycle of 5 min at 72°C. PCR products were separated on 2.5% agarose gel 1X in TAE buffer at 100 V for 3 h. A 100
bp DNA ladder was used as a molecular standard. The gels were stained in ethidium bromide solution (0.5 pg/ml)
and then photographed under UV light using the Kodak GelLogic200 Image Analysis System.
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Figure 1 Location of sampling site of genotypes
Sekil 1. Genotiplerin elde edildigi bélgeler
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Table 1. Gypsophila and Silene species and location of 43 genotypes evaluated in this study
Tablo 1. Calismada kullanilan 43 adet Gypsophila ve Silene tiirleri ve lokasyonlari

Genotype

Taxon name

Location

AR R D 00 00 G0 0O 0O GO 0O GO G0 0 DO DO DO DO DO DO DO DO DO DD = R e
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Gypsophila viscose Muray

Gypsophila simonii Hub. Mor
Gypsophila simonii Hub. Mor
Gypsophila venusta Fenzl.

Gypsophila bicolor (Freyn & Sint.) Grossh
Silene spp.

Gypsophila simulatrix Bornm. & Woron
Silene vulgaris (Moench) Garcke
Gypsophila simonii Hub. Mor
Gypsophila bitlisensis Bark.

Gypsophila simonii Hub. Mor
Gypsophila simonii Hub. Mor
Gypsophila germanicopolitana Hub.-Mor
Gypsophila spp.

Gypsophila bitlisensis Bark.

Gypsophila arrostii Guss.

Gypsophila bitlisensis Bark.

Gypsophila bicolor (Freyn & Sint.) Grossh
Gypsophila simonii Hub. Mor
Gypsophila simonii Hub. Mor
Gypsophila simonii Hub. Mor
Gypsophila simonii Hub. Mor
Gypsophila simonii Hub. Mor
Gypsophila simonii Hub. Mor
Gypsophila perfoliata L. var. perfoliate
Gypsophila perfoliata L. var. perfoliate
Gypsophila perfoliata L. var. perfoliata
Gypsophila arrostii Guss.

Gypsophila arrostii Guss.

Gypsophila arrostii Guss.

Gypsophila simulatrix Bornm. & Woron
Gypsophila elegans Bieb.

Gypsophila venusta Fenzl.

Gypsophila venusta Fenzl.

Gypsophila paniculata L.

Gypsophila arrostii Guss.

Gypsophila simonii Hub. Mor
Gypsophila bicolor (Freyn & Sint.) Grossh
Gypsophila bitlisensis Bark.

Gypsophila simonii Hub. Mor
Gypsophila simonii Hub. Mor
Gypsophila bicolor (Freyn & Sint.) Grossh
Gypsophila aucheri Boiss.

Ankara-Sereflikochisar

Sivas — Gurin

Sivas — Gurin

Erzurum -Agkale - Tercan
Erzurum - Agkale

Nevsehir-Urgiip

Konya — Eregli

Sivas-Refahiye location

Erzincan - Refahiye

Erzurum — Agkale

Erzincan - Refahiye

between Yozgat-Bogazlayan and Sarikaya
between Kayseri and Kirgehir
Artvin-Hopa

Kars- Digor

Konya-Beysehir

Erzurum — Agkale

Van- Girpinar -Bagkale
Erzincan-Tercan

between Kayseri and Kirgehir
between Kayseri and Kirgehir
between Kayseri and Kirgehir
Yozgat-Bogazlayan

Sivas- Zara

Konya-Eregli

Konya-Eregli

Konya-Eregli

Konya- Beysehir

Konya- Beysehir

Antalya- Elmal

Konya-Eregli

Konya-Karapinar

between Konya- Seydisehir and Bozkir
between Konya- Seydisehir and Bozkir
Isparta-University

between Isparta-Egirdir and Senirkent
Yozgat-Bogazlayan

Agr1- Dogu Beyazit

Erzurum — Agkale

Kirgehir

between Van- Gurpinar and Gevag
between Van- Gevag and Tatvan
Erzincan-Tercan

Table 2. Sequence of SRAP primers used in this study

Tablo 2. Calismada kullanilan SRAP primerlerin baz dizilimi

Primer Forward primer Sequence Reverse primer Sequence
(5'-3" (5'-3")

ME3 TGAGTCCAAACCGGAAT EM3 GACTGCGTACGAATTCGA
ME4 TGAGTCCAAACCGG CC EM6 GACTGCGTACGAATTCCA
ME7 TGAGTCCTTTCCGGTCC EM8 GACTGCGTACGAATTCAC
MES TGAGTCCTTTCCGGTGC EM11 GACTGCGTACGAATTCTA
ME11 TGAGTCCTTTCCGGAAC EM12 GACTGCGTACGAATTCTC
ME13 TGAGTCCTTTCCGGAAG EM15 GACTGCGTACGAATTGAT
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Data Scoring and Analysis

All clear and reproducible PCR products were scored as the presence (1) and absence (0) of a band for Gypsophila
genotypes. The total number of bands, polymorphic bands, Gypsophila species-specific bands, and the average
number of bands per primer were calculated. The statistical assessments, which are the evaluation method and
variability formula, PIC (Polymorphic Information Content), MI (Marker Index), PI (Primer Index), and EMR
(Effective Multiplex Ratio) were calculated to determine the polymorphism information and discriminating ability
of each primer combinations (Table 3). The discriminatory ability of each SRAP marker was determined by
calculating the PIC. PIC values were estimated according to the formula described by Smith et al. (1997). PIC= 1-
X (fi2), where fi2 is the frequency of the i th allele. EMR is calculated as EMR = np X B, where np is the total number
of polymorphic loci per primer and B is the rate of polymorphic loci from their total number (Powell et al.,1996;
Nagaraju et al., 2001). MI is a statistical parameter used to estimate the total utility of the maker system. MI is
the product of the polymorphism information content value and effective multiplex ratio. MI was calculated using
the formula MI = PIC x EMR (Zitouna et al., 2015). The SRAP primer index was calculated by summing the PIC
values of all loci amplified with the same SRAP primer combination, PI = PIC X total bands (Anderson et al., 1993;
Ghislain et al., 1999; Rajwade et al., 2010).

The genetic similarity coefficient was calculated using the procedures in the Numerical Taxonomy and
Multivariate Analysis System (NTSYS-pc version 2.02) (Rohlf, 2000). The similarity matrix was used to construct
a dendrogram using the UPGMA (unweighted-pair group method arithmetic average), using the SAHN function
of the NTSYS to illustrate the genetic relationships among the germplasm studied. The representativeness of the
dendrogram was determined by estimating the cophenetic correlation for the dendrogram and comparing it with
the similarity matrix using Mantel’s matrix correspondence test (Mantel, 1967). Principal Coordinate Analysis
(PCoA) was obtained with the use of Dice’s coefficient (Dice, 1945) to confirm associations among 43 species, and a
two-dimensional plot (2D) was constructed.

RESULTS

The 41 Gypsophila (Caryophyllaceae) germplasm lines, including 13 species and 2 Silene (Caryophyllaceae) types,
were analyzed using 20 different combinations of SRAP primers. For all that, 16 SRAP primer combinations
produced only monomorphic DNA bands. The 20 primer combinations generated a total of 153 DNA fragments
with distinct scoreable polymorphic bands and showed 100% polymorphism. The number of bands scored per
primer ranged from 4 bands (Me4Em12 and Me4Em15) to 13 bands (Me3Em®6) and 12 bands (Me4Em3), with 7.65
fragments for primers average (Table 3). The size of the amplified products generated using different primer
combinations ranged from 200 bp to 1800 bp. The gel view obtained from the Me3Em12 primer combination is
given in Figure 2.

L 12 345 67 89 101112 13 1516 171819 20 21 22 23 24 25 26

Figure 2. Gel view obtained from Me3Em12 primer combination. Li: ladder DNA, 1-27: genotypes
Sekil 2. Me3Em12 primer kombinasyonundan elde edilen jel goriintimi. L: DNA ladder, 1-27: genotipler

The informative and discriminating power of the PIC, EMR, MI, and PI values of markers at individual SRAP
primer combinations were calculated (Table 3). The PIC values for 20 primer combinations ranged from 0.67
(Me7Em3) to 0.98 (MeSEmS8 and Me7Em123), with a mean of 0.88 (Table 3). The EMR value ranged from 4.00 to
13.00 and the MI and PI values ranged from 3.35 to 9.96. The maximum EMR (13.00), MI, and PI (9.96) values
were observed for the primers Me3Em16 and Me4Em3, respectively, whereas minimum scores for EMR (4.00) at
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Me4Em12 and Me4Em13, MI and PI (3.35) at Me7Em3 SRAP primers combinations were recorded. Overall, the
15 SRAP primers used in this study showed an average EMR value of 7.64 and a mean of 6.72 scores for MI and
PI (Table 3).

Table 3. Details of data produced by screening Gypsophila and Silene genotypes using SRAP markers
Tablo 3. Gypsophila ve Silene genotiplerinin ayriminda kullanilan SRAP belirteglerin verileri

Pr.imex.' Total DNA PI;III; rﬂ;i;ﬁfc Percentage.a of PIC EMR MI PI
Combinations fragments P polymorphism
ragments
ME3EM15 5 5 100.00 0.95 5.00 4.75 4.75
ME3EMS3 7 7 100.00 0.94 7.00 6.58 6.58
ME3EMS6 13 13 100.00 0.73 13.00 9.49 9.49
ME4EM12 4 4 100.00 0.89 4.00 3.56 3.56
ME4EM15 4 4 100.00 0.91 4.00 3.64 3.64
ME4EM3 12 12 100.00 0.83 12.00 9.96 9.96
ME4EMG6 11 11 100.00 0.87 11.00 9.57 9.57
ME7EM12 7 7 100.00 0.98 7.00 6.86 6.86
ME7EM3 5 5 100.00 0.67 5.00 3.35 3.35
ME7TEMG6 8 8 100.00 0.95 8.00 7.60 7.60
MESEM11 7 7 100.00 0.82 7.00 5.74 5.74
MESEM12 10 10 100.00 0.96 10.00 9.60 9.60
MESEM3 8 8 100.00 0.85 8.00 6.80 6.80
MESEMS 7 7 100.00 0.98 7.00 6.86 6.86
ME11EM3 10 10 100.00 0.85 10.00 8.50 8.50
ME11EM6 9 9 100.00 0.93 9.00 8.37 8.37
ME13EM15 7 7 100.00 0.82 7.00 5.74 5.74
ME13EM3 6 6 100.00 0.88 6.00 5.28 5.28
ME13EM6 8 8 100.00 0.83 8.00 6.64 6.64
ME13EMS8 5 5 100.00 0.96 5.00 4.80 4.80
Total 153 153 - -
Average 7.64 7.64 100.00 0.88 7.64 6.72 6.72

PIC: Polymorphic Information Content, EMR: Effective Multiplex Ratio, MI: Marker Index, PI: Primer Index

According to the genetic relationship analysis, Dice’s genetic similarity coefficient of 41 Gypsophila genotypes and
two Silene species indicated a high genetic variation among the genotypes, ranging between 0.31 and 0.85.
However, the genetic closeness of the two varieties was observed between genotypes 25 and 27, including G.
perfoliata L. both of which belonged to the same location of origin (Konya). The dendrogram created using UPGMA
cluster analysis showing the general genetic relationship between genotypes is given in Figure 3.

UPGMA clustering was used to determine the rare germplasms of Gypsophila species found in different locations
of Tirkiye and the relationships between genotypes. UPGMA cluster analysis showed the presence of two major
clusters (I and II) (Figure 3). Forty-one Gypsophila and two Silene genotypes were clustered separately. Group I
is divided into two branches and the second branch is divided into four subgroups (14, 1B, 1C, and 1D). There were
no identical genotypes on the dendrogram (Figure 3). Sub-group 1A consisted of two genotypes (1 and 14), of which
genotype 1 was identified as G.viscosa Muray and 14 number genotype were selected to Artvin, was determined
as Gypsophila spp, two types were located on the border of the dendrogram and their genetic distance was 0.415
from other Gypsophila species (Figure 3). Sub-group 1B included in G. simonii, G. perfoliata var. perfoliata L. and
G. germanicopolitan species. All G. simonii types were collected from different regions in Turkiye: G. perfoliata
var. perfoliata L. and G. germanicopolitan species, collected from nearer regions, Konya and Kayseri, respectively.
Sub-group 1C was formed by seven Gypsophila species, which were G. venusta, G. bitlisensis, G. bicolor, G.
simulatrix from Ulukisla, G. arrostii L. and G. paniculata L. species from Isparta. Sub-group 1D included four
genotypes of G. arrostii L. which were selected from nearby locations in Konya, Isparta, and Antalya, and the other
G. perfoliata L. var. perfoliata, G. simulatrix, and G. elegans species that were collected from Konya formed a joint
group of clusters. Additionally, sub-group 1D comprised G. bitlisensis and G bicolor species that were collected to
Erzurum and Van, respectively. The genetic distance among Gypsophila species ranged from 0.58 to 0.85, and
genetic diversity among the individuals of sub-cluster 1B is lower than that of the other sub-groups individuals.
The greatest similarity was observed among two types (26 and 27) of G. perfoliata var. perfoliata L. collected from
the same location in Konya.
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Figure 3. UPGMA dendrogram based on similarity matrix constructed from the 153 SRAP markers amplified for
the 41 Gypsophila (Caryophyllaceae) and the two Silene accessions

Sekil 3. 153 adet SRAP belirteciyle 41 Gypsophila (Caryophyllaceae) ve 2 Silene tiirleri arasindaki benzerlik
Indeksini gosteren UPGMA yontemiyle elde edilmis dendrogram

Interestingly, the other G. perfoliata type (25) was shown to be dissimilar and take place in the sub-group 1D. The
genetic distance of the same genotype was nearer G. simulatrix and G. elegans than the other two G. perfoliata
types. Gypsophila simonii (22 and 24 number) were placed close to each other, with a genetic distance of 0.81. The
reason is that these two genotypes were collected in Kayseri and Sivas, which are near provinces. However, it was
noted that the genetic dissimilation of genotype 41 selected from Van was quite far from the other G. simoniitypes.
The genetic distance of all genotypes selected from different localities representing G. simonii species ranged from
0.58 to 0.81. High similarity was observed between 33 and 34 number genotypes (G. venusta Fenzl), which were
selected for the same location. Similarly, the genetic distance between 10 and 17 numbers (G. bitlisensis Bark.)
was 0.78. Both genotypes were collected from Erzurum, the near location. G. paniculata L. is widely used in
commercial cut flower production and is the primary source of commercial varieties. Clustering analysis showed
the nearest genetic similarity of G. paniculata was determined to be G. arrostii L. and G. bicolor species from
Konya and Van placed in the same sub-group, 1C. In this study, Silene spp. (6 numbers, from Nevsehir) and Silene
vulgaris (8 numbers, from Sivas) were used as outgroups, and the genetic similarity of both was determined to be
very low. Gypsophila and Silene taxa were distinguished and the genetic similarity (0.31) was very low, as
expected.

Cluster analysis was supported by high bootstrap values and confirmed by PCoA analysis (Figure 3). The
cophenetic correlation was determined as r > 0.80. Figure 3 shows the distribution of the different species of
Gypsophila and Silene according to the two principal axes of variation using principal coordinates analysis (PCoA).
PCoA analysis showed that the first and second principal components accounted for 12.01% and 36.18% of the total
variation, respectively (Figure 4). The classification of all species derived from PCoA was similar to the result of
the UPGMA analysis. Substantial dispersion of Gypsophila species in the PCoA plot and the result of the UPGMA
analysis indicate high genetic diversity among different species of Gypsophila. The genetic diversity among two
Silene types (Silene vulgaris L. and Silene spp.) was very high (0.35).
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Figure 4. Diagram showing the relationships among 41 Gypsophila and two Silene accessions based on principal
coordinates analysis using SRAP

Sekil 4.SRAP analizi sonucunda 41 Gypsophila ve 2 Silene tiirlerinin principle koordinat analizi (PCoA) sonucu
gostermigs oldugu akrabalik dagihim deseni

DISCUSSION and CONCLUSIONS

In our study, genetic diversity within and between species and genotypes of the genus Gypsophila L. was evaluated
using SRAP molecular markers. The findings of our study revealed that SRAP was found to be effective in assessing
the genetic variation in 41 Gypsophila species and 2 Silene species from different locations in Turkiye. The results
show that SRAP markers can be used in developing varieties, understanding relationships, and creating
germplasm collections. It also shows that SRAP markers can be used in developing varieties, understanding
relationships, and creating germplasm collections.

The 153 markers were found using 20 SRAP primers analyzed in this study and presented valuable information
about genetic variations in Gypsophila species/germplasms originating from diverse geographical locations. SRAP
markers allowed the obtaining of highly polymorphic fragments. This result demonstrated a good choice of method
for the analysis of Gypsophila species with 20 SRAP markers revealed an average of 100% polymorphism, which
was too high compared to earlier studies using a different marker system. Percentage of polymorphism (100 %)
was found to be higher than in other SRAP-based studies, e.g. 95.76 % for Dianthus accessions (Xiao et al., 2008),
93 % for coffee species (Mishra et al., 2011) and 71.90 % for Silene species (Bargish and Rahmani, 2016). In a
previous study of Gypsophila species in Tiirkiye, Korkmaz and Dogan (2015) and Kolodziej et al. (2018) studied
the genetic diversity and relationships among the accessions were determined using RAPD and ISSR markers.
Similar results were presented by Korkmaz and Dogan (2015) who found 92.7, 93.8, and 92.9% polymorphism for
the 14 species based on RAPD, ISSR, and RAPD + ISSR data, respectively. The other study based on the RAPD
and ISSR markers showed 80.31% and 95.86% polymorphic products, respectively (Kolodziej et al., 2018). Calistri
et al. (2014) used AFLP, ISSR, cpSSR, and TRAP for the analysis of the genetic distance of 5 Gypsophila wild
species from Europe and Asia and 13 commercial hybrids with similar phenotypes and reported that the higher
number of polymorphic products was (96.3%) for ISSR markers.

The percentage of polymorphic fragments, as well as gene diversity, showed a high range of variability in the
analyzed Gypsophila and Silene accessions. The high polymorphism of selected SRAP markers provides a unique
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opportunity to study genetic variation and relatedness of Gypsophila germplasm. Thus, the assessment of genetic
variance among Gypsophila species in Turkiye has a greater importance in Gypsophila breeding programs and in
situ conservation. Another important point is to cross genotypes in highly diverse and distinct clusters to increase
the opportunity for the over-segregation of alleles at various loci (Souza and Sorrells, 1991).

The number of polymorphic markers analyzed is important to detect true relationships between taxa. Dudley
(1994) suggested that when numbers reach 50 to 100 markers, results are consistent with pedigree information.
One hundred fifty-three SRAP bands have been obtained to determine the relationship between and within the
Gypsophila species. For this reason, the numbers of markers and informative markers number were over the
suggested range by Dudley (1994).

In this study, the average values of PIC, EMR, MI, and PI, were 0.88, 7.64, 6.72, and 6.72, respectively. PIC value
shows the discrimination ability of the marker depending on the number of known alleles and their frequency
distribution. PIC values were higher due to markers with equal distribution in the population (Botstein et al.,
1980). High, medium, or low polymorphism is expressed by PIC >0.5, 0.5 > PIC > 0.25, and PIC < 0.25, respectively
(Xie et al., 2010).

PIC results were within a relatively narrow range, indicating a uniform distribution of SRAP polymorphisms
among the genotypes collected; this is a desirable trait for their use in genetic diversity analyses (Al-Faifi et al.,
2013). All PIC values in this analysis were found to be higher than 0.5, thus indicating that the observed
polymorphism was high. On the other hand, except for Me7Em3 primer combinations, the other 19 primer
combinations could be considered highly informative in determining genetic diversity. Overall, the 20 SRAP primer
combinations used in this study showed that EMR, MI, and PI values are higher in Me3Em6, Me4Em3, Me4Em6,
and Me8Em12 primers. The average values of PIC, EMR, MI, and PI, were higher than >0.5 for PIC and >5.0 for
others. The higher value of EMR and MI explains that the selected marker system is a more efficient primer-
marker and suitable method (Chesnokov and Artemyeva, 2015). Diversity parameters such as the polymorphism
rate, PIC, EMR, MI, and PI had high values, indicating high variability of the tested population. High levels of
diversity may increase the adaptation of Gypsophila genotypes to a wide range of environments (Nagl et al., 2011).
Additionally, a high genetic variation of Gypsophila germplasm should be considered as a background for breeding
programs

Based on the SRAP marker system, the genetic distance between Gypsophila and Silene accessions/species of
distinct geographical regions (Southeast Anatolia, the Middle and the Mediterranean regions of Tiirkiye) was
revealed. The dendrogram delineated the genetic distance of two taxa which formed two major clusters. This sub-
cluster formed in the dendrogram was mainly displaying the genetic structure and grouped in the different climatic
zones. The emergence of high polymorphism can be explained by accessions/species in different climatic zones by
changing selection pressure throughout the evolution process (Mishra et al., 2011). The genetic structure and
geographic distribution of species appear to greatly influence levels of genetic diversity (Hamrick and Godt, 1989).
G. simonii types were collected from different regions in Tiirkiye and grouped into the same cluster (subgroup 1B).
However, it is noteworthy that the genetic variation within G.simonii species is quite high and the germplasm pool
may help improve new varieties.

The dendrogram derived from SRAP data showed that the species G. viscosa Muray from Ankara and Gypsophila
spp. from Artvin differed significantly from the 13 Gypsophila species. The distinctiveness of these species was
associated with its geographic distribution. Ankara and Artvin have diverse topography (particularly altitude) and
the wide range of climatic and ecological conditions during the growing period correlate with altitude. Higher
variation of both germplasms may be created due to higher mutation rates and/or selection pressure in those
regions. Mhiret and Heslop-Harrison (2018) noted that molecular markers can group Linum usitatissimum L.
accessions by both altitude and region, indicating a lack of gene flow across the country and/or selection of specific
genotypes in each environment. Similarly, Korkmaz and Dogan (2015) used RAPD and ISSR markers and reported
that the genetic distance of G. glomerata and G. muralis with 14 Gypsophila species correlated with their different
phytogeographic regions.

The dendrogram delineated that the clusters of Gypsophila species were closely related to their geographic origins
and surrounding geographic environments. G. simonii included 14 genotypes, G. venusta (3 genotypes), G.
germanicopolitana and G. perfoliata (2 types) collected along the nearer cities (Konya, Kayseri, Kirsehir, Sivas,
Yozgat, Ercincan, and Erzurum) in the Middle Anatolia region formed one major cluster except one genotype (41)
from Van, which is located in the South-eastern Anatolia. The seven locations in the Middle Anatolia part of
Tirkiye have relatively similar climates and altitudes; therefore, it can be said that geographic distance and
environmental factors including local climates may impact the genetic differentiation of the native Gypsophila
populations.

Characterization of the genetic structure of Gypsophila L. can be very useful in establishing breeding strategies
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that enable selection. Kaya et al. 2019, developed the named GAS8, which is a new Gypsophila type as cut flowers
using a selection of clones from @. arrosti in Turkiye and the cultivation performance of this type has been
investigated. Clustering analysis showed that the genetic distance of G. paniculataL.. among G. arrostii L. is nearer
than other Gypsophila species.

Clustering analysis was supported by high bootstrap values and confirmed by PCoA analysis (Figure 4). Also, the
significance of the resulting dendrograms was confirmed by calculating the cophenetic correlation (r > 0.80). In
statistics, the cophenetic correlation coefficient is a measure of how faithfully a dendrogram preserves the pairwise
distances between the original unmodeled data points. Thus, it is a measure of how faithfully the tree represents
the dissimilarities among observations (Rohlf and Fisher, 1968). PoCA helps in analyzing genetic variation among
plant species and determining the most important variables contributing to variation (Chesnokovand Artemyeva,
2015). The classification of all species derived from PCoA was similar to the result of the UPGMA analysis.
Substantial dispersion of Gypsophila species in the PCoA plot and the result of the UPGMA analysis indicate high
genetic diversity among different species of Gypsophila. Similar results have been reported by Korkmaz and Dogan
(2015). The Gypsophila and Silene species were grouped according to subspecies and by region. Silene spp.
separated from Gypsophila species, while Silene vulgaris was closer to G. viscosa Murav. This result may reveal a
high genetic relationship between Gypsophila and S. vulgaris studied. The genetic diversity among two Silene
types (Silene vulgaris and Silene spp.) was very high (0.35). Similar results were reported for 13 different Silene
species in Iran. Their results revealed sufficient level of genetic distance (0.10 to 0.52) (Bargish and Rahmani,
2016). The genetic diversity among two Silene types (S. vulgaris and Silene spp.) was very high (0.35). Similarly,
Bargish and Rahmani (2016) reported that the genetic distance of 13 different Silene species from Iran was from
0.10 to 0.52.

To our knowledge, this is the first study to use SRAP markers to analyze genetic variation between and within
Gypsophila and Silene species. The results provide a more detailed understanding of the genetic diversity and
evolutionary relationships of the above-mentioned Gypsophila and Silene species and may be a useful tool for plant
breeding and the conservation of genetic resources. The most important step for the breeding program to be
successful is to work with the right genotypes. Additionally, genetic resources are national treasures of countries.
UPGMA cluster analysis showed that most conspecific accessions tend to have high genetic similarity and cluster
into the same group or subgroups. While G. simonii and G. perfoliata were found to be the most closely related
species, (. viscosa appeared to be a separate species. Finally, using more genotypes in different species may provide
more understandable results. The germplasm in this study should be a valuable source in Gypsophila breeding.
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