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Abstract: Safflower (Carthamus tinctorius L.) is an oil crop species and is widely cultivated
since ancient times in Near East. Fifteen peroxidase gene based markers (POGP) were used to
fingerprint 39 genotypes (33 cultivars, 6 breeding lines) from 6 countries to asses genetic
diversity within elite safflower germplasm. Fourteen POGP markers produced polymorphisms
and one marker was monomorphic. POGP markers produced total of 71 bands of which 50 were
polymorphic. Average number of bands produced by POGP markers were 4.7, 3.3 of which
were polymorphic among the safflower genotypes. To reveal genetic relationships among the
safflower genotypes, similarity matrix was calculated and UPGMA method was used to
construct a dendrogram. Mean similarity was 0.80 among the genotypes with a range of 0.56-
0.91. Genotypes clustered within 2 groups. Gene diversity of the markers ranged between 0.17-
0.48. These results show POGP markers could be used to fingerprint to study genetic diversity
of safflower genotypes.
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Aspirde Genetik iliskilerin Peroksidaz Genleri Kullanilarak Belirlenmesi

Ozet: Aspir (Carthamus tinctorius L.) 6nemli bir yag bitkisidir ve eski ¢aglardan beri Yakin
Dogu’da kiitiirii yapilmaktadir. On bes peroksidaz gen markdrii (POGP) 6 farkli iilkeye ait 39
aspir genotipinde (33 ¢esit ve 6 1slah hatt1) genetik ¢esitliligi aragtirmak i¢in kullanilmigtir. On
dort POGP markorii aspirde polimorfizimler {iretirken bir markdér monomorfik olarak
bulunmustur. POGP markérleri aspirde toplam 71 band tiretmis ve iiretilen bantlardan 50 tanesi
polimorfik olarak bulunmustur. Aspirde POGP markérii bagma tiretilen ortalama band sayis1 4.7
iken, ortalama polimorfik band sayisi 3.3 olmustur. Aspirde genetik akrabalik iligkilerini ortaya
cikarmak i¢in benzerlik matrisi hesaplanmis ve UPGMA metodu ile dendrogram yapilmstir.
Aspir genotiplerinin benzerlik oranlart 0.59-0.91 arasinda degisim gostermis ve ortalama
benzerlik 0.80 olarak bulunmustur ve genotipler 2 grup altinda toplanmistir. Markoérlerin tespit
ettigi gen cesitliligi 0.17-0.48 arasinda olmustur. Mevcut sonuglar, aspirde genetik gesitliligi
calismak i¢in parmak izi yonteminde POGP markorlerinin kullanilabilecegini gdstermektedir.
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1. Introduction

Safflower is an important crop species and belongs to Asteraceae family. It has been
cultivated for its flowers, seeds and oil from China to the Mediterranean region [1]. It
requires minimal input to grow and suitable to be grown on marginal lands due to its
salinity and drought tolerance [2, 3]. Safflower production is increasing in Turkey from
250 ha in 2003 to 39.571 ha in 2017 [4]. Currently the main producers are USA, India,
Mexico, Kazakhstan, Russia, Turkey and China in the world [5]. The current oil content
of safflower cultivars grown in Turkey changes between 24-30% with average yield of
100 kg/da, therefore there is a need to improve existing varieties through breeding [2].

Even though safflower has been cultivated for centuries, modern breeding efforts and
selection studies started in 1950s [6]. Morphological and agronomic characters, and the
molecular studies could be used to characterize genetic diversity of crop species [7].
Characterization of safflower germplasm has been based largely on agronomic
characters [8-10]. Molecular marker studies were also conducted to study genetic
diversity exist in safflower germplasm using different marker techniques involving
RAPD (Randomly amplified polymorphic DNA) and ISSR (Inter simple sequence
repeats) [11-13], AFLPs (Amplified fragment length polymorphisms) [14, 15], SSRs
(Simple sequence repeats) [16, 17].

Plant peroxidase genes are multigene family and have diverse functions in abiotic and
biotic stress tolerance, lignification, cellular growth, fruit ripening and plant senescense
[18, 19]. Peroxidase genes have low sequence similarity [20], making them suitable for
peroxidase gene based polymorphism (POGP) marker studies [21]. Genetic diversity of
different plant species have been assessed using POGP markers such as; buffalo grass
[21], apples [22], watermelons [23], Citrus spp. [24] and pepper [25]. The aim of the
present study was to asses genetic diversity present in safflower genotypes using POGP
markers.

2. Material and Method
2.1 Plant material

Total of 39 safflower genotypes consisting of 33 cultivars and 6 breeding lines
representing 6 countries were used in the study (Table 1). Plant material was obtained
from Agean Agricultural Research Institute (Izmir, Turkey) and from USDA Western
Regional Plant Introduction Station (Pullman, WA, USA).

2.2 DNA extraction and POGP marker amplification

DNA was extracted from young leaves with a CTAB method [26]. DNA pellets were
dissolved in 100 pl TE buffer (10 mM Tris-HCI, 0.1 mM EDTA, pH 8.0) and stored at -
20 °C until they were used.

Previously designed POGP primer pairs were used for DNA amplification. These
primers were designed from rice peroxidase genes and their sequence information was
given by Gulsen et al. [21]. Fifteen primer pairs were used to amplify safflower
peroxidase genes in the study. PCR reactions consisted of 2 pl template DNA, 400 uM
of each primer pair, 200 pM dNTP mix, 1.5 pl 10X PCR buffer, 2.5 mM MgCly, 1.2 pul
bovine serum albumin (0.8 pug/ul), 0.5 unit of Taq polymerase. Reaction volume was
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brought to 15 pl with ddH,O. Polymerase chain reaction (PCR) amplifications were
carried out with the following cycling parameters; one cycle of 2 min at 94 °C for initial
denaturation, 35 cycles of 1 min at 94 °C, 1 min at 50-56 °C, 1 min at 72 °C, and one
cycle of 5 min at 72 °C for final extension. PCR products were separated on 2.5%
agarose gels in 1X TBE buffer at 90 V for 4 to 5 h and stained with ethidium bromide
(10mg/ml). Gel images were taken using Kodak imaging system (Gel logic 1500) under
UV light.

Table 1. Plant material used in the study and their country of origins and registration status.

Accession number Cultivar name Country Registration status
1 Pl 572475 Saffire Canada Cultivar
2 Pl 592391 AC Sunset Canada Cultivar
3 P1 559909 AC Sterling Canada Cultivar
4 P1 603206 Lesaf 414 Canada Breeding line
5 P1514632 Ziyang China Cultivar
6 Pl 514631 Yuyao China Cultivar
7 Pl 514624 Shufu China Cultivar
8 Pl 514620 Huaxian China Cultivar
9 P1506426 FO-2 China Cultivar
10 P1537110 Quiriego 88 Mexico Cultivar
11 P1537111 Sahuaripa 88 Mexico Cultivar
12 P1561703 San Jose 89 Mexico Cultivar
13 P1610263 Enana Spain Breeding line
14 W6 16828 Rinconada Spain Cultivar
15 W6 16833 CH-353 Spain Breeding line
16 TR 69497 Dinger 5-118 Turkey Cultivar
17 TR 69498 Yenice 5-38 Turkey Cultivar
18 TR 69499 Remzibey-05 Turkey Cultivar
19 Pl 538025 Montola 2000 USA Cultivar
20 P1601166 Oker USA Cultivar
21 P1 572465 4022 USA Breeding line
22 P1 572439 PCA USA Breeding line
23 Pl 572418 Arizona Saffl. CllI USA Breeding line
24 Pl 572421 Frio USA Cultivar
25 P1 560177 Oleic Leed USA Cultivar
26 P1538779 Centennial USA Cultivar
27 P1 601506 S-517 USA Cultivar
28 Pl 572472 Rehbein USA Cultivar
29 Pl 525458 Finch USA Cultivar
30 Pl 572436 Leed USA Cultivar
31 P1 572415 55-633 USA Cultivar
32 P1 508098 Hartman USA Cultivar
33 P1 537695 Ole USA Cultivar
34 P1 572434 ucC-1 USA Cultivar
35 P1572414 US-10 USA Cultivar
36 P1572471 Sidwill USA Cultivar
37 Pl 537694 Royal USA Cultivar
38 P1 537692 Gila USA Cultivar
39 Pl 525457 Girard USA Cultivar
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2.3 Data analysis

Amplified bands were scored as present (1) or as absent (0), and the data matrix were
analyzed with Numerical Taxonomy Multivariate Analysis System (NTSYS-pc) v 2.1
software [27]. Similarity matrix was constructed with Dice coefficient and the
dendrogram was constructed using unweighted pair group method arithmetic average
(UPGMA) method to reveal genetic relationships between the genotypes. Gene
diversity (GD) values of POGP markers were calculated with GDDOM software
package [28].

3. Results

DNA from 39 safflower genotypes were amplified with 15 POGP markers to produce
polymorphism to reveal genetic relationships between the genotypes in this study. All
POGP markers produced amplification products and 15 POGP markers produced a total
of 71 bands across 39 safflower genotypes. Number of bands produced by POGP
markers ranged from 1 (POX12a) to 9 (POX3, POX6). All markers with the exception
of POX8 produced polymorphic bands whereas POX8 produced 2 bands but they were
monomorphic across the 39 safflower genotypes (Table 2). Out of 71 bands produced
by the POGP markers 50 were polymorphic among safflower genotypes. While average
number of bands produced by POGP markers was 4.7, average number of polymorphic
bands was 3.3 for POGP markers. Polymorphism content has ranged between 0-100%
depending on the number of polymorphic bands produced. Average polymorphism
content was 70.9% across the safflower genotypes.

Table 2. POGP markers, their amplification products and gene diversity values of the markers across 39
safflower genotypes.

Marker name Total number Polymorphic  Polymorphism Gene
of bands bands (%) diversity

POX1 6 5 83.3 0.18
POX2 3 3 100 0.48
POX3 9 5 55.5 0.25
POX4 7 5 714 0.25
POX5 6 5 83.3 0.27
POX6 9 6 66.6 0.28
POX7 4 3 75.0 0.19
POX8 2 0 0.0 0.00
POX9 5 3 60.0 0.29
POX10c 5 4 80.0 0.28
POX10d 4 2 50.0 0.17
POX11 3 2 66.6 0.28
POX12a 1 1 100 0.26
POX12b 4 3 75.0 0.19
POX12c 3 3 100 0.43

Similarity matrix based on Dice coefficient was used to perform cluster analysis with
the UPGMA method. The level of similarity between the safflower genotypes was 0.56-
0.91 with an average of 0.80. Based on cluster analysis two main groups were detected
among the safflower genotypes (Figure 1). The first cluster contained 30 genotypes and
the second cluster had 9 genotypes. Two genotypes, Frio and AC Sterling, could not be
distinguished from each other with polymorphisms produced by POGP markers.
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Gene diversity values have also been calculated for each marker. Since POX8 did not
produce any polymorphism among the assayed genotypes it had GD value of 0. The
other markers had GD values ranging from 0.17-0.48. The average GD value for the

markers was 0.25.
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Figurel. Dendogram depicting genetic relationships beteween the safflower genotypes
4. Conclusion and Comment

Fifteen POGP markers were tested with 39 safflower genotypes and all markers yielded
bands. Only POX8 did not produce polymorphism among the tested genotypes. Genetic
diversity studies in different crop species were also carried out with POGP markers. In
buffalo grass, POGP markers produced 52 bands with a 79% polymorphism content
[21], in apples 46 bands produced and 96% of the bands were polymorphic [22], in
Citrus spp. polymorphism percent was 99% [24], watermelons yielded 98%
polymorphism among the produced bands [23] and peppers had 85.6% polymorphism
rate with POGP markers [25]. In the present study, average polymorphism rate of POGP
markers was 71% and was lower than the previously reported rates. Safflower
genotypes yielded 4.7 bands per POGP marker and 3.3 of those were polymorphic.
Apples produced on average 3.5 bands [22], Citrus spp. 10.6 bands [24], watermelons
12.5 bands [23] per marker. Other studies used cultivars, accessions, different species,
but we only used commercial cultivars and breeding lines. Breeding causes lower
genetic diversity among cultivated plant species [7] and the genetic diversity is lower in
cultivars than other germplasm resources. Safflower cultivars produced polymorphisms
24% for RAPD and 18% for ISSR [12] whereas geographically diverse safflower
accessions produced 57% for RAPD and 68% for ISSR polymorphism [15], which
might explain lower levels of polymorphism observed in the present study.
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POGP markers produced similarity range between 0.56-0.91 with an average of 0.80.
Genetic diversity studies using POGP markers in other crops produced 0.80 for buffalo
grass [21], 0.59 for watermelons [23], 0.82 for Citrus spp. [24] and 0.56 for apples [22].
Clustering analysis revealed 2 groups among the safflower genotypes. Upper group
contained 30 genotypes while the lower group contained 9 genotypes (Figure 1).
Genotypes from different countries did not group together. Frio and AC Sterling could
not be distinguished from each other by the cluster analysis. Levels of similarity
observed in the study is in agreement with other studies.

Gene diversity value corresponds to expected heterozygosity and depends on the
number of alleles and their distribution among the genotypes. Its value ranges between
0-0.5 [28]. GD value was 0.17-0.48 for the polymorphic POGP markers for safflower
(Table 2). POX1 had 6 bands and 5 were polymorphic with GD value of 0.18 whereas
POX2 had 3 polymorphic bands with a GD value of 0.48. These results shows that for
genetic diversity studies distribution of alleles among the genotypes are important as
well.

Different marker types could be used to deliminate genetic relationships of plant
species. In the present study, POGP markers were used to asses genetic diversity among
the cultivars and breeding lines of safflower. POGP markers produced comperaple
levels of polymorphism to other markers systems and were found to be suitable to study
genetic relationships in safflower.

Acknowledgment
The present study was supported by Siileyman Demirel University Scientific Research
Unit under project number 2485-YL-10.

References

[1]1 P. F. Knowles, “Centers of plant diversity and conservation of crop germplasm: safflower,” Econ.
Bot., 23, 324-329, 1969.

[21 H. Baydar, and O. Y. Gokmen, “Hybrid seed production in safflower (Carthamus tinctorius L.)
following the induction of male sterility by gibberellic acid,” Plant Breed., 122, 459-461, 2003.

[3] M.D. Kaya, A. Ipek, and A. Oztiirk, “Effects of different soil salinity levels on germination and
seedling growth of safflower (Carthamus tinctorius L.),” Turk. J. Agric. For., 27, 221-227, 2003.

[4] Tirkiye Istatistik Kurumu (TUIK), 2017. Aspir Tarmma Ait Istatistiki Veriler. Erisim Tarihi:
02.10.2017. http://www.tuik.gov.tr/PreTablo.do?alt_id=1001

[5] Food and Agriculture Organization of the United Nations (FAO), 2017. Aspir Tarimina Ait Istatistiki
Veriler. Erisim Tarihi: 02.10.2017. http://www.fao.org/faostat/en/#data/QC

[6] J. E. Bowers, S. A. Pearl, and J. M. Burke, “Genetic mapping of Millions of SNPs in safflower
(Carthamus tinctorius L.) via whole-genome Resequencing,” G3(Genes, Genomes, Genetics), 6,
2203-2211, 2016.

[71 S. D. Tanksley, and S. R. McCouch, “Seed banks and molecular maps: Unlocking genetic potential
from the wild,” Science, 277, 1063-1066, 1997.

[8] L. Dajue, Z. Mingde, and R. V. Rao, Characterization and evaluation of safflower germplasm.
Geological Publishing House: Beijing, 1993, pp. 260.

[91 N. Camas, C. Cirak, and E. Esendal, “Seed yield, oil content and fatty acid composition of safflower
(Carthamus tinctorius L.) grown in northern Turkey conditions,” OMU Ziraat Fakiiltesi Dergisi, 22,
98-104, 2007.

[10] B. Arslan, “The determination of oil content and fatty acid compositions of domestic and exotic
safflower (Carthamus tinctorius L.) genotypes and their interactions,” J. Agron., 6, 415-420, 2007.

[11] F. Amini, G. Saeidi, and A. Arzani, “Study of genetic diversity in safflower genotypes using agro-
morphological traits and RAPD markers,” Euphytica, 163, 21-30, 2008.

[12] D. Sehgal, and S. N. Raina, “Genotyping safflower (Carthamus tinctorius L.) cultivars by DNA
fingerprinting,” Euphytica, 146, 67-76, 2005.

372



[13] Y. Yang, W. Wu, Y. Zheng, L. Chen, R. Liu, and C. Huang, “Genetic diversity and relationships
among safflower (Carthamus tinctorius L.) analyzed by inter-simple sequence repeats (ISSRs),”
Genet. Resour. Crop Ev., 54, 1043-1051, 2007.

[14] R. C. Johnson, T. Kisha, and M. A. Evans, “Characterizing safflower germplasm wit AFLP
molecular markers,” Crop Sci., 47, 1728-1736, 2007.

[15] D. Sehgal, V. R. Rajpal, S. N. Raina, T. Sasanuma, and T. Sasakuma, “Assaying polymorphism at
DNA level for genetic diversity diagnostics of the safflower (Carthamus tinctorius L.) world
germplasm resources,” Genetica, 135, 457-470, 20009.

[16] M. A. Chapman, J. Hvala, J. Strever, M. Matvienko, A. Kozik, R. W. Michelmore, S. Tang, S. J.
Knaap, and J. M. Burke, “Development, polymorphism, and cross-taxon utility of EST-SSR markers
from safflower (Carthamus tinctorius L.),” Theor. Appl. Genet., 120, 85-91, 2009.

[17] M. A. Chapman, J. Hvala, J. Strever, and J. M. Burke, “Population genetic analysis of safflower
(Carthamus tinctorius; Asteraceae) reveals a near eastern origin and five centers of diversity,” Am. J.
Bot., 97, 831-840, 2010.

[18] K. Yoshida, P. Kaothien, T. Matsui, A. Kawaoka, and A. Shinmyo, ‘“Molecular biology and
application of plant peroxidase genes,” Appl. Microbiol. Biotechno.l, 60, 665-670, 2003.

[19] F. Passardi, C. Cosio, C. Penel, and C. Dunand, “Peroxidases have more functions than a Swiss army
knife,” Plant Cell. Rep., 24, 255-265, 2005.

[20] L. Zhang, S. K. Pond, and B. S. Gaut, “A survey of the molecular evolutionary dynamics of twenty-
five multigene families from four taxa,” J. Mol. Evol., 52, 144-156, 2001.

[21] O. Gulsen, R. C. Shearman, T. M. Heng-Moss, N. Mutlu, D. J. Lee, and G. Sarath, “Peroxidase gene
polymorphism in buffalograss and other grasses,” Crop Sci., 47, 767-774, 2007.

[22] O. Gulsen, S. Kaymak, S. Ozongun, and A. Uzun, “Genetic analysis of Turkish apple germplasm
using peroxidase gene based markers,” Sci. Hortic., 125, 368-373, 2010.

[23] N. Ocal, M. Akbulut, O. Giilsen, H. Yetisir, I. Solmaz, and N. Sari, “Genetic diversity, population
structure and linkage disequilibrium among watermelons based on peroxidase gene markers,” Sci.
Hortic., 176, 151-161, 2014.

[24] A. Uzun, O. Giilsen, U. Seday, T. Yesiloglu, and Y. Aka Kagar, “Peroxidase gene based estimation
of genetic relationships and population structure among Citrus spp. and their relatives,” Genet.
Resour. Crop Ev., 61, 1307-1318, 2014.

[25] R. Akyavuz, B. Taskin, M. Kogak, and M. Yildiz, “Exploring the genetic variations and population
structure of Turkish pepper (Capsicum annuum L.) genotypes based on peroxidase gene markers,” 3
Biotech, 8, 355, 2018.

[26] J. J. Doyle, and J. J. Doyle, “Isolation of plant DNA from fresh tissue,” Focus, 12, 13-15, 1990.

[27] E. J. Rohlf, “NTSYS-pc, Numerical taxonomy and multivariate analysis system,” Exeter Software,
Setauket, NY, 1991.

[28] M. Abuzayed, N. El Dabba, A. Frary, and S. Doganlar, “GDdom: an online tool for calculation of
dominant marker gene diversity,” Biochem. Genet., 55,155-157, 2017.

373



