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PHENOTYPIC AND MOLECULAR EVALUATION
OF GENETIC DIVERSITY IN NS SAFFLOWER
(Carthamus tinctorius L.) COLLECTION

ABSTRACT: Safflower (Carthamus tinctorius L.) belongs to the Asteraceae (Com-
positae) family. It is primarily grown for seeds used for bird feed or as edible oil. Stamens
are used in traditional medicine and nutrition. Breeding for high resistance to dry growing
conditions has initiated intensive studies of this plant species in recent years. Six safflower
genotypes of different geographical origins (Ukraine, Italy, Turkey) were collected and
added to the collection of less cultivated oil plant species of the Institute of Field and Veg-
etable Crops in Novi Sad. Phenotypic observations during two growing seasons revealed
that analysed genotypes differed in flower colour (yellow, orange, red), in the presence of
spines, and in seed oil and protein content. Oil and protein content differed between years
and genotypes, indicating large influence of genotype and environmental conditions on
variations of these quantitative traits that are negatively correlated. Genetic variability of
the analysed genotypes was tested by use of molecular markers. Given that sunflower and
safflower belong to the same family, the possibility of applying SSR markers developed for
sunflower for molecular analysis of safflower was analysed. The obtained results proved
that sunflower markers can be successfully transferred to safflower. Future studies should
include larger number of markers in order to identify polymorphic and informative ones.
Significant variations within a relatively small number of the analysed safflower genotypes
justify further work on the evaluation of the collection, taking into account both genetic and
environmental factors.
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INTRODUCTION

Oil crops are grown all over the world and represent a vital part of the agri-
cultural sector in many economies. Under European agro-ecological conditions
traditional oil crops are mostly annual and biannual crops such as sunflower,
rapeseed, soybean, castor, poppy or pumpkin seed, but novel or specialty oil crops
such as linseed, safflower, false flax, groundnut, sesame and others could be
of particular interest regionally. Given their value for diverse food and non-food
applications, oils are a highly desired commodity with worldwide consumption
increasing by >50% during the past decades (Vollmann and Laimer 2013).
Safflower (Carthamus tinctorius L.), also known as Dyer’s Saffron, American
Saffron, Fake/False Saffron, Bastard Saffron, Zaffer, Azafran (Spanish), Hong
Hua (Chinese), Kesumba, Qurtum, etc., is of particular interest. Safflower
possesses numerous valuable agronomic attributes that make it attractive as
an alternative spring-sown crop for tight crop rotations.

Around the world, safflower is mainly grown for its edible oil for cooking,
salad oil and margarine. In affluent countries, the demand for the oil increased
after researches linking health and diet, because this oil has the highest poly-
unsaturated/saturated ratio of all available oils. Safflower oil is stable and its
consistency does not change at low temperatures, making it particularly suit-
able for use in chilled foods. It is nutritionally similar to olive oil, with high
levels of linoleic or oleic acid, but much less costly. Safflower oil is sprayed
on various edible products to prevent them from absorbing or losing water, and
thus extends their shelf life. In China, safflower is grown almost exclusively
for its flowers, which are used in treatment of many illnesses as well as in
tonic tea. Addition of safflower florets to foods is a widespread and ancient
tradition. True saffron is perhaps the world’s costliest spice, and safflower is
a common adulterant or substitute. Rice, soup, sauces, bread and pickles take
on a yellow to bright orange colour from the florets. Health concerns regarding
synthetic food colourings may increase demand for safflower-derived food
colouring (Miindel and Bergman 2009).

Adapted to arid, semi-arid and saline soils, safflower is commonly grown
in such unfavourable conditions where drought and salinity limit seed germi-
nation and plant growth. High resistance to dry growing conditions has initi-
ated intensive studies of this plant species in recent years (Ozel 2004; Omidi
2012). Phenotyping and evaluation of morphological traits were performed by
use of different methods (Atlagic et al., 2009; Ada 2013; Hamza 2015), while
molecular analysis included the use of various types of molecular analysis
(Johnson et al., 2007; Yang et al., 2007; Amini et al., 2008; Garcia-Moreno et
al., 2010; Panahi et al., 2013; Kumar et al., 2015; Ambreen et al., 2015). Con-
sidering that safflower and sunflower belong to the Asteraceae family, several
SSR markers developed for sunflower were chosen in order to determine
whether these markers could be transferred and applied for molecular analysis
of safflower.
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MATERIAL AND METHODS

Six safflower genotypes of different geographical origins (Ukraine, Italy,
Turkey) were collected and added to the collection of less cultivated oil plant
species of the Institute of Field and Vegetable Crops in Novi Sad: Suncana
(Ukraine), Ptica and Liman (Serbia), Remzibey, Dinger and Yenice (Turkey).
Phenotypic observations of flowers and seeds during two growing periods
were performed (Figure 1).

Figure 1. Safflower

Each plot in the experiment consisted of 4 rows, 0.25 m a}2:>art and 3.6 m
long making the harvest area of individual plots equal to 3.6 m~. Harvest was
performed manually and all plants in each plot were threshed together.

Phenotypic observations (flower colour and presence or absence of spines)
were conducted according to Dajue and Miindel (1996). At maturity, seed oil
and protein content were measured in whole, unpeeled seed. The oil content
was determined using the NMR (Nuclear Magnetic Resonance) method, and
expressed as a percentage of seed. The protein content was determined using
the classical Micro Kjeldahl method and measured only in 2015.

DNA for molecular analysis was extracted from safflower leaves using
modified CTAB protocol (Permingeat et al., 1998). Three SSR markers devel-
oped for sunflower were applied for molecular analysis: ORS 595, ORS 610,
and ORS 1013 (Tang et al., 2002). PCR was performed as described by
Dimitrijevi¢ et al. (2010). Products of PCR amplification were run on 2%
agarose gels and visualized in the BIO-Print system (Vilber Lourmat, Marne-
La-Vallée, France).
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RESULTS AND DISCUSSION

Phenotypic observations showed that analysed genotypes differ in flower
colour. Remzibey had yellow, Liman, Ptica and Dinger orange and Yenice and
Suncana red flowers. Genotype Liman differed from other analysed genotypes
of the collection by the absence of spines, which were in all other genotypes
present on branches, leaf edges and blossom.

Seed oil and protein content of the analysed safflower genotypes differed
between years and genotypes (Figure 2), which indicated the impact of geno-
type and environmental conditions in variations of these negatively correlated
quantitative traits. In the first year, the oil content ranged between 15.75% and
21.20%. The highest oil content was obtained from genotype Yenice.

In the second year, the oil contents were 12.59% to 16.81% and the highest
oil content was obtained from genotype Remzibey (Figure 2). In general, the
level of oil in the first year was higher than that in the second year. This may
be attributed to the lower precipitation in the second year. Oil content values
obtained were lower than the values reported by Camas et al. (2007) and Golkar
et al. (2012), and higher than the values reported by Marjanovi¢-Jeromela et al.
(2007).

Seed protein content ranged from 14.29% (Remzibey) to 17.90% (Liman).
Similar values were reported by Marjanovi¢-Jeromela et al. (2007), while Golkar
et al. (2012) reported higher protein content.

25

Cil content (%) = Protein content (%)
20

15
1 I I I
0

25-Ftica 26-Sunfana 27-Liman 32- Remzibey 33-Dincer 34 - Yenice

=]

h

Figure 2. Seed oil and protein content obtained from six safflower genotypes of different
geographical origins

Genetic variability of genotypes was analysed by use of SSR molecular
markers. Given that sunflower and safflower belong to the same family, the



possibility of using sunflower SSR markers for molecular analysis of safflower
was analysed.

All three tested markers amplified bands in the tested safflower geno-
types. ORS 595 amplified two bands of different length, 111 bp and 150 bp,
while ORS 610 and ORS 1013 were monomorphic, amplifying one band of the
same length in all tested genotypes: 73 and 187 bp, respectively (Figure 3).
Some unspecific bands were also observed.
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Figure 3. Amplification profiles obtained by use of sunflower SSR markers (ORS 595,

ORS 610, ORS 1013). Safflower genotypes: 1 — Suncana (Ukraine), 2 — Ptica (Serbia),

3 — Liman (Serbia), 4 — Remzibey (Turkey), 5 — Dinger (Turkey), 6 — Yenice (Turkey).
DNA ladder 100 bp (Thermo Scientific).

All tested markers successfully amplified bands in safflower. Only one
marker proved to be polymorphic. Opposite to our research, ORS 595 did not
amplify bands of sufficient quality for scoring in research reported by Garcia-
-Moreno et al. (2010). In addition, ORS 610 and ORS 1013 were monomorphic,
while in the work reported by Garcia-Moreno et al. (2010) these markers were
polymorphic. ORS 595 and ORS 610 amplified bands of the similar length
(less than 100 bp difference) comparing to bands amplified in sunflower
(Dimitrijevi¢ et al., 2013). However, when comparing obtained results with
those reported by Tang et al. (2002), this was only the case with ORS 595.

Seed oil content in safflower usually ranges between 20% and 45% (Vo-
soughkia et al., 2011), and with decrease in seed coat it can vary between 42%
and 50% (Knowles 1982). The results obtained in this trial proved that the
evaluated accessions were useful for combined production of oil and proteins,
while the collection could be enlarged by introducing breeding material with
higher oil content.

Consequently, sunflower markers can be successfully transferred to saf-
flower and future studies should include larger number of markers in order to
identify polymorphic and informative ones.
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The obtained results indicate significant variation within a relatively small
number of the analysed safflower genotypes. This justifies further work on
the evaluation of the collection, taking into account both genetic and environ-
mental factors.
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OEHOTUIICKA U MOJIEKYJIAPHA EBAJIVALIUJA
I'EHETUYKE PA3HOJIMKOCTU HC KOJIEKITMJE IHADPABUKE
(Carthamus tinctorius L.)

Ana M. MAPJAHOBUR JEPOMEJIA!, Auxuya B. KOHUB ILITTHUKA’,
Hpazana M. MUJTAJJUHOBHUR', Anexcanopa M. JUMHTPHJEBUR',
Hesana J. UMEPOBCKH', Munan B. JOLIKOBUR', Anexcanoap C. CHMUR’,
Cpeitien 3. TEP3UR’

"MHCTUTYT 3a paTapcTBO M HOBPTAPCTBO
Maxkcuma 'opkor 30, 21000 Hoeu Can, Cpouja
% Vuusepsuret y beorpany, [losonpuspennau daxynteT
Hemamuna 6, 11080 beorpan-3emyn, Cpouja

PE3UME. adpamuxa (Carthamus tinctorius L.) npunana noponuiu Asteraceae
(Composita). ['aju ce mpBEeHCTBEHO 3a 100Hjambe CeMEHa Koje e KOPUCTH 3a UCXPaHy
IITHIA WK TTPOU3BOAILY jECTHBOT yJba. [IpaliHUIN ce KOPHUCTE Y TPAANIHOHAIHO] Me-
JTUIMHU ¥ UCXpaHU. BHCOKa OTIOPHOCT Ha CyIIHE YCJIOBE rajermha NHUIHPAA je Mo-
CIICIFbUX TOJIMHA MHTCH3UBHHU]A UCTPAXKMBabha OBE OMJbHE BPCTE. 32 KOJICKIIN]y Mambhe
rajeHnX yJbaHUuX OMJbHUX BpcTa MIHCTHTYTA 3a paTapcTBO U IIOBPTAPCTBO, IPHKYTIJHEHO
je mIeCT FeHOTHIIOBA Ma(pambHKe pa3InIUTOr reorpadcekor nopekia (Ykpajuna, Mra-
nuja, Typcka). DEHOTUIICKMM ONaKamkeM y TOKY JIBE€ BEreTallioHe ce30He YyTBpheHo
je a ce reHoTUIoBH Mehy coOoM pa3iuKyjy y 00ju 1iBeta (KyTa, HapaHIacTa, I[PBEHa),
y IPHUCYCTBY 0O0JIJbY, KA0 U CAAPXKA]y yiba U IpoTenHa y ceMeny. Caapikaj yiba v mpo-
TEHHa ce pa3InKoBao u3Mel)y roguHa u reHOTUIIOBA, ITO yKa3yje Ha BEJIMKHU YTULA]
Y FeHOTHIIA U CIIOJbAIlIE CPEJUHE Y BapUparby OBUX KBAHTUTATHBHUX CBOjCTaBa Koja
ce Hajla3e y HeraTUBHO]j Kopenauuju. [ eHeTnyka BapujaOUIIHOCT T€HOTHUIIOBA je UCITUTA-
Ha MoJIeKyJlapHUM MapkepuMa. C 003MpOM Ha TO J]a CyHIIOKPET U madpamKKa pumna-
Jlajy MCTOj IOPOANIIH, TpoydaBana je MoryhHoct yrmorpede SSR Mapkepa cyHIOKpeTa
3a MOJICKyJIapHY aHaNn3y madpamike. JJo0ujeHn pe3yaTaTs oka3anm Cy 1a ce MapKe-
PH CYHIIOKpETa MOT'Y YCIICIITHO KOPUCTHUTH 32 adpamuiKy 1 ja Oyayha ucrpaxuBama
Tpeba na cagpxe Behu Opoj Mapkepa y INJby HICHTU(DHKOBAMHA MOTUMOPPHUX U HH-
(hopMaTHBHUX MapKkepa. 3HaYajHE Pa3IMKe Y peaTUBHO MaJIoM Opojy aHAIM3HPAHUX
TeHOTHUIIOBA IIa(parmbuKe ONPaBIaBajy Jajbu pajl Ha eBallyallijy KOJIeKIuje, y3umajyhu
y 003Up U yCIOBE CPEIMHE U TCHETHYKY BapUjaOUIIHOCT.

KJBYUHE PEUYU: canpikaj yiba, caapxaj MpOTeHHA, MOJICKYIapHH MapKepH, 11a-
(bpamuka
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