UDC 575. 630
https://doi.org/10.2298/GENSR2203171B
Original scientific article

GENETIC CHARACTERIZATION OF PEPPER (Capsicum annuum L.) GENOTYPES
FROM CENTRAL ANATOLIA WITH SSR AND SCAR MARKERS

Hakan BASAK'*, Golge SARIKAMIS?, Gamze CAKIRER?, Mevliide Alev ATES®

!Department of Horticulture, Faculty of Agriculture, Kirsehir Ahi Evran University, 40200
Kirsehir, Turkey
2 Department of Horticulture, Faculty of Agriculture, Ankara University, 06110 Ankara, Turkey
3Department of Agricultural Biotechnology, Faculty of Agriculture, Kirsehir Ahi Evran
University, 40200 Kirsehir, Turkey

Basak H., G. Sarikamis, G. Cakirer, M. A. Ates (2022). Genetic characterization of
pepper (Capsicum annuum L.) genotypes from central Anatolia with SSR and SCAR
markers. - Genetika, Vol 54, No.3, 1171-1182.

The major objective in pepper breeding programs is to generate high yielding novel
varieties resistant to pests and diseases, tolerant to abiotic stress conditions with improved
fruit quality traits including capsaicin content. Germplasm collections are important
sources of variability for breeding studies. Molecular markers are important tools to
evaluate genetic relationships among germplasm collections. Moreover, markers are used
to select the genotypes conferring the desired traits via marker-assisted selection (MAS)
as a powerful approach accelerating breeding programs. In the current study, 56 pepper
genotypes selected among 313 pepper genotypes collected from Kirsehir province in the
Central Anatolian region of Turkey according to their agronomic and morphological
characteristics were used for molecular assays. Six SSR markers two of which were
linked to fruit morphology were selected to characterize pepper genotypes according to
their high polymorphism information content. Three SCAR markers associated with
capsaicinoid synthesis and resistance to Phytophtora capsici (Phyto.5.2) in pepper were
used to assess pungency and resistance among genotypes. According to the results
obtained with SSR markers, the total number of alleles ranged from 1 to 8 among
genotypes. The most polymorphic SSR markers were CaeMS015 and CAMS452 within
the pepper population. The genetic distance among genotypes was determined ranging
between 0.75-1.00. The segregation of the SCAR marker BF6-BF8 linked to pungency in
pepper was determined relative to pungent and sweet reference cultivars. The OP004.717
SCAR marker linked to Phytophtora capsici was tested among genotypes relative to
CM334 pepper variety, known as a source of resistance to Phytophtora.
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INTRODUCTION

Pepper (Capsicum annuum L.) is an important vegetable species grown and consumed
worldwide. Capsicum species are originated in Central and South America. Capsicum annuum is
probably originated in southern Mexico and was then introduced to Europe and to Asia as the
secondary regions of diversity where large phenotypic variation exists (MORRIS et al., 2017).
Natural variation is important to select plants carrying the desired traits and to design breeding
programs to generate improved novel varieties. The major objectives in pepper breeding
programs are the development of high yielding varieties resistant to pests and diseases and
tolerant to abiotic conditions that limit plant growth and development. Fruit quality traits
including fruit morphology, phytonutrient and capsaicin contents are important characters in
pepper breeding (NICOLAI et al., 2012).

Molecular markers have proved valuable tools in plant breeding (Uupov-BMT, 2002). One
of the main areas of applications of molecular markers includes germplasm characterization.
Characterization of germplasm collections reveals the genetic relationships among genotypes
and guide breeding studies. In Capsicum, restriction fragment length polymorphism (RFLP)
(LEFEBVRE et al., 1993), amplified fragment length polymorphism (AFLP) (AKTAS et al., 2009),
random amplified polymorphic DNA (RAPD) (ADETULA, 2006), cleaved amplified polymorphic
sequence (CAPS) (MIMURA et al., 2012) and simple sequence repeat (SSR) (PORTIS et al., 2007;
STAGEL et al., 2009; MIMURA et al., 2012; RAI et al., 2013; PARAN and MICHELMORE, 1993)
markers were used to identify genetic relationships. SSR markers are highly polymorphic,
reproducible, co-dominant markers (BECHER et al., 2000). They are mostly used in the estimation
of genetic diversity, genome mapping, gene tagging, variety identification, hybrid purity testing
and marker-assisted selection (MAS) (MCCOUCH et al., 1997).

MAS, improves the efficiency and precision of conventional plant breeding enabling the
selection of genotypes carrying the traits of interest (LEE et al., 2004). Several genetic linkage
maps have been developed in pepper (MINAMIYAMA et al., 2006; wu et al., 2009). These maps
are mainly based on RFLPs, RAPDs, AFLPs, and SSRs (PRINCE et al., 1992; KANG et al., 1997;
2001; PARAN et al., 1998; LEFEBVRE et al., 2001; MOON et al., 2003; JANG et al., 2004; LEE et al.,
2004). Moreover, QTLs linked to important traits and markers associated with these QTLs have
been determined (MIMURA et al., 2012). MINAMIYAMA et al. (2006, 2007) have also constructed
a pepper map mainly by using SSR markers. An SSR-based genetic map of cultivated C. annuum
demonstrating several QTLs related to economically important fruit traits were generated
(MIMURA et al., 2012).

Sequence-characterized amplified region (SCAR) markers are valuable tools that can be
used for MAS to detect genotypes carrying the traits of interest in breeding programs. SCAR
markers associated with capsaicin biosynthesis genes in pepper are developed (LEE et al., 2005).
Phytochemicals found in C. annuum include capsaicinoids (capsaicin and its analogs) and
capsaicin was found to be responsible for the pungency in pepper. Therefore, SCAR markers
were developed for early detection of pungency in pepper in breeding programs designed to
control the pungency of the fruit.

MAS facilitate the detection of complex traits such as resistance to Phytophtora capsici
in pepper. SCAR markers linked to Phyto.5.2, a major QTL for resistance to P. capsici was
developed (QUIRIN et al., 2005). Phytophtora capsici is a fungal disease that cause serious
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damage in Solanaceae family including pepper. The disease can infect all parts of the plant such
as roots, stems, leaves, and fruits at any stages of development (OELKE et al., 2003). Resistance
to P. capsici is a very complex trait and therefore, it is difficult to develop resistant varieties with
classical breeding methods. Capsicum annuum L. Criollo de Morelos 334 (CM334), which is a
small-fruited, hot pepper variety, was determined to show a high degree of resistance to
Phytophthora capsici. Therefore, it has been the most promising source of resistance for most of
the breeding programs in pepper (WALKER and BOSLAND, 1999; THABUIS et al., 2003). In a
recent work, thirty-two pepper landraces from Mexico were evaluated as sources of resistance
for P. capsici among these landraces, six showed high level of resistance and were reported as
promising sources of resistance to P. capsici (RETES-MANJARREZ et al., 2020). Studies on the
resistance to P. capsici were related with the source of germplasm consisting of C. annuum and
C. chinense species which were pathogen-resistant, sensitive and tolerant to P.capsici (OELKE et
al., 2003). The inheritance of resistance found in CM334 has been, first determined by
GUERRERO-MORENO and LABORDE (1980) and they reported that the resistance was provided by
two recessive genes in CM334. Also, ORTEGA et al. (1991) reported 3 main QTL regions. In
subsequent studies, it was shown that there was a 107cM main QTL in the pepper chromosome
number 5 (PFLIEGER et al., 2001; LEFEBVRE et al., 2002) and the other two QTL regions are in
the pepper chromosome number 11. Six chromosomal regions, Phyto.4.1, Phyto 5.1 and
Phyto.5.2, Phyto.6.1, Phyto.11.1 and Phyto.12.1, have been identified on chromosomes 4, 5, 6,
11 and 12 by THABUIS et al. (2003). A SCAR marker linked to Phyto.5.2 QTL were generated in
C. annuum (Quirin et al. 2005) and in a recent work, three RAPD primers and a SCAR marker
SA133_4 linked to resistance to P. capsici were determined on chromosome 5 by TRUONG et al.
(2013).

With the inclusion of molecular methods in breeding studies, the breeding process can
be more effective and faster in cases where there is the possibility of selection based on markers.
However, few studies were performed on Turkish local pepper genotypes by using molecular
methods. AKTAS et al. (2009) studied the genetic diversity among Turkish Capsicum species
based on AFLP analysis and AKYAVUZ et al. (2018) studied the genetic variations and population
structure of Turkish pepper genotypes based on peroxidase gene markers. YILDIZ et al. (2020)
worked on genetic diversity analysis in Turkish pepper germplasm via iPBS retrotransposon
based markers.

The main objectives of the current study were to determine the genetic variation among
promising local pepper genotypes at the selected SSR (Simple Sequence Repeat) loci and to
provide an insight into the inheritance of genes related with capsaicinioid synthesis and
resistance of Phytophthora capsici using SCAR markers to guide for future breeding programs.

MATERIAL AND METHODS
Plant Material
In the current study a total of 69 pepper genotypes including 56 genotypes collected
from Kirsehir province in Central Anatolia, and 13 reference cultivars were used. Within local
genotypes 22 were of bell pepper, 25 of long pepper and 9 of Capia pepper. Bell pepper
reference cultivars were namely Kandil Dolma, Doru 16, 11B 14; long pepper cultivars were
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namely Cetinel, Ilica, Ege 91, Kil Aci, Bafra F;, CM334, Carliston Bagci, Sera Demre 8; Capia
cultivar was namely Yalova Yaglik 28.

DNA Extraction

Molecular studies were performed at Ankara University, Faculty of Agriculture,
Department of Horticulture. Genomic DNA was extracted from young leaf tissue by using
Wizard® Genomic DNA Purification Kit (Promega, Madison, WI). RNAse treatment was
performed. The DNA samples were visualized on 1 % (w/v) agarose gel. The purity and
concentration of the DNA were determined using NanoDrop® ND-1000 Spectrophotometer.

SSR Analysis

For the genetic analysis of pepper genotypes, six genomic SSR primers were selected
within pepper SSRs presented by MIMURA et al. (2012) according to their high polymorphism
information content (Table 1).

Table 1. SSR and SCAR primer list used in the study

. . . Related
Primer Sequences Size (bp) Motif References
features

SSR Primer List

F 5- TCGATGACGAAAAAGTGT

CAMS493 GAA-3’ 223-225 (ag)6 Fruit shape
R 5’- AGGGCAAAAGACCCATTCTT-3’
F 5- GAAGTCTGGGACCTCTTTT

GG-3° Fruit
CAMS452 161- 163 (ga)11 .
R 5’- TTCATTTTGATCTTCACGAAC diameter
G-3’
F 5- ACGCACCAACGAATATCTA
TCTCA-3’ (ag)d...
CAeMS009 246 -232 -
R 5’- GTTTCCGTCCAGATCTACTTT (ag)8
TCCTGC-3’ MIMURA
F 5- TAAAAATCGCGGAAAGTT etal. (2012)
CAMS406 GC-3’ 184 -182 (g2)8 -

R 5’- GTCGTTCTATGCGGCATTTT- 3’
F 5- ATGCCTTGGTGGTGGTTAA
ATCTG-3’
CAeMS015 273 -270 (caa)7 -
R 5- GTTTAGCGGTATGGACTGC
GTACATCTT-3’
F 5- ATAACTTTGATTCCTAGTTC
GGCG-3’
CAeMS144 222-219 (gaa)5
R 5’- GTTTGAACCCCCAATCATCA

TATCCTCA-3’
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Table 1cont. SSR and SCAR primer list used in the study

SCAR Primer List

Pungency
F 5-GAA AGA TCC GAC CTC GTC .
AA-3 2800bp (capsaicin
BF6-BF8 & 272 synthesis
R 5-TGA CAC CAA TAA GTG GAG
bp gene) LEE etal.
TGC T-3°
(2005)
F 5°-GGG GTT GGG TAG AGG TTG
TT-3°
BF7-BF9 896bp
R 5’-GAC AAA CAA TAA TGG ACG
ATG G-3’
F 5°-CCA TAA GGG TTG GTA AAT n
QUIRIN
TTACAA AG-3’
OpD04.717 - Phyto.5.2 etal.
R 5 TCG AGA GAT AAT TCA GAT (2005)

AGT ATA ATC-3’

The polymerase chain reactions (PCRs) were performed in a 10 ul reaction mixture
containing 15 ng template DNA, 5 pmol each primer pair, 0.5 mM dNTP, 1.5 mM MgCl;, 2 ul
5X buffer and 0.5 U GoTag DNA polymerase enzyme (Promega, Madison, WI, USA). PCR
amplification was performed by Biometra® PCR system. Reactions without DNA were
included as negative controls. The PCR reaction had an initial denaturation step at 94°C for 3
min followed by 35 cycles of 1 min at 94°C (denaturation), 1 min at 52-56 °C (annealing), and 2
min at 72°C (extension), with a final extension at 72°C for 10 min. The amplicons were
separated on a 2 % (w/v) agarose gel stained with ethidium bromide at (10 mg/ml) and run at 80
volts for 1 h. DNA Ladder (100 bp) (Promega, Madison, WI, USA) was used for the
approximate quantification of the bands. The amplification products were visualized under UV
light and sized relative to the ladder.

Genetic Analysis of SSR Markers

IDENTITY 1.0 (WAGNER and SErC, 1999) genetic analysis program was used to
calculate the number of alleles, allele frequency, He, Ho, estimated frequency of null alleles and
Pl per locus (PAETKAU et al., 1995) (Table 3). MICROSAT version 1.5 program (MINCH et al.,
1995) program was used for the genetic dissimilarity via getting proportion of shared alleles
which were considered applying ps (option 1-(ps)) as mentioned by Bowcock et al. (1994). The
similarity matrix was practiced constructing a dendrogram with UPGMA (Unweighted Pair
Group Method with Aritmetic Mean) via NTSYS-pc (version 2.01) (ROHLF, 1988) program.

SCAR Analysis
SCAR markers linked to capsaicinoid synthesis (BF6-BF8 and BF7-BF9) (LEE et al.,
2005) and resistance to Phytophthora capsici in pepper (OpD04.717) (QUIRIN et al., 2005) were
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used in the study (Table 1). The PCR reaction was performed in a 25 ul total volume containing
50 ng template DNA, 2.5 pl of 10 pmol each primer pair, 2.5 pl of 2.5 mM dNTP, 2.5 mM
MgCly, 5 ul of 5X buffer and 0.1 ul Promega® Taq DNA polymerase enzyme. The amplification
conditions had an initial denaturation step at 94°C for 3 min followed by 35 cycles at 94°C for
30 sec of denaturation, 50°C to 56°C for 1 min of annealing, 72°C for 1 min of extension,
followed by 72°C for 10 min of final extension. The amplicons were separated on a 2 % (W/v)
agarose gel run at 80 volts and visualized under UV light. DNA Ladder (100 and 1000 bp) was
used to estimate band sizes.

RESULTS AND DISCUSSIONS
Genetic Characterization of pepper genotypes with SSR markers
The genetic relationships among pepper genotypes were determined by SSR analysis.
Six microsatellite markers selected on the basis of high polymorphism information content
(MIMURA et al., 2012) revealed successful amplifications of expected allele sizes. A total of 19
polymorphic alleles were obtained among genotypes and reference cultivars. The number of
alleles per locus ranged from 1 (CAMS493 & CAMS406) to 8 (CaeMS015). Probability of
identity (PI) values were between 0.625 to 1 (Table 2). The most informative loci were
CaeMS015 and CAMS452 according to the number of alleles generated and probability of
identity (PI) values (Table 2). The SSR markers CAeMS009 and CAeMS144 were monomorphic
revealing a single band of expected size among genotypes and reference cultivars.

Table2. Allele range (bp), number of alleles, expected heterozygosity (He), observed heterozygosity (Ho),
estimated frequency of null alleles, and probability of identity (P1) values of pepper genotypes and
reference cultivars at six SSR loci

Estimated

Allele - Number He (Expected Ho (Observed frequency

Locus range  of : . (Probability
(bp) alleles heterozygosity) heterozygosity) of  null of identity)
alleles
223-
CAMS493 295 1 0 0 0 1
161-
CAMS452 163 5 0.161 0.159 0.002 0.724
CaeMS015 gg 8 0.215 0.159 0.046 0.629
CAMS14 5 2 0.277 0.333 0043 0.637
182-
CAMS406 184 1 0 0 0 1
232-
CaeMS009 2 0.5 1.0 -0.333 0.625

246
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The UPGMA dendrogram demonstrated the genetic relationships within genotypes at
these SSR loci. Such that, the genetic distance among genotypes was around 78% (0.78) and
100% (1.00) (Figurel). According to the dendrogram there were 2 major clusters. While a group
of genotypes namely S38Y (24) (long-type), S67 (55) (long-type), D35 (33) (bell pepper) formed
a separate branch, the remaining genotypes and the reference cultivars were clustered in a
different branch. Subsequently, group 2 was further divided into several subgroups containing
the remaining genotypes and cultivars. In these subgroups, genotype named S31Y (67) that is a
long type of pepper genotype formed a single branch and all other studied genotypes were
clustered together with several subgroups. Within each subgroup genotypes that were identical at
the 6 SSR loci analyzed were determined (Figure 1).
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Figurel. UPGMA dendrogram of 69 pepper accessions with reference cultivars at six SSR loci (B: bell, L:
long, C: capia).

AKYAVUZ et al. (2018) also worked on genetic variations and population structures of
Turkish pepper based on peroxidase gene markers. They reported that all C.annuum varieties
were separated from other C.frutescens and C.chinense varieties. Moreover, YILDIZ et al. (2020)
reported that no perfect associations were found among clustering via iPBS markers and
geographical origin or fruit characteristics of the varieties. However, at interspecies level the
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clustering methods clearly identified C.annuum, C.frutescens, C.chinense. In another work,
IBARRA-TORRES et al. (2015) used 24 SSRs and 36 ISSRs for addressing genetic diversity
C.pubescens and C.annuum. Also, AKTAS et al. (2009) observed 56 AFLPs for explaining
genetic diversity of Turkish C. annuum varieties. KRISHNAMURTY et al. (2015), reported 414
total bands using AFLPs between 59 C. annuum and C. baccatum varieties. Since both studies
examined different polymorphic regions, the results were not similar to each other. However, all
studies commonly supported that genetic associations among C. annuum varieties were change
related with studied markers but enough to separate them.

1;2
Hot Sweet
1.
0,8 S s27v, 512y,
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Figure 2. Graphical view of the segregation of genotypes based on the band profile of BF6-BF8 locus
(absence -1, presence 1) and OP004.717 marker (presence 1, absence 0).

Pungency is an important trait in breeding studies aiming to develop varieties for the
needs of consumers and industry. It is due to the presence of a group of compounds named
capsaicinoids, found within the Capsicum genus. Marker-assisted selection can detect pungency
even without fruit set in the early period and gives quick and easy results in large populations.
SCAR markers (BF6 -BR8 and BF7 - BR9 primer pairs) linked to capsaicinoid synthesis (LEE et
al., 2005) were used to identify pungency in pepper genotypes. According to LEE et al. (2005),
the presence of a 2.8 kb band is associated with pungency whereas the existence of a band at 272
bp is associated with non-pungency when analyzed with BF6-BR8 SCAR marker. Similarly, the
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presence of a band at 896 bp is linked to pungency when analyzed with the BF7-BR9 SCAR
marker (LEE et al., 2005). This is explained as an indication of a deletion in the upper part of the
CS locus in non-pungent peppers. In the present work, pungency was determined among
genotypes using the SCAR marker BF6-BR8 (Figure2). However, the BF7-BR9 SCAR marker
did not yield the 896 bp allele in pepper genotypes used in the current study.

Phytophtora capsici is a soil-borne fungal disease that causes severe damage to many
species, including pepper. The SCAR marker OP004.717 linked to Phytophtora capsici (QUIRIN
et al., 2005) was used to screen pepper genotypes based on the reference CM334 genotype.
Previous work identified Phyto.5.2, which was an important QTL for resistance to P. capsici in
pepper, suggesting that the QTL may account for different levels of resistance (ARNEDO-ANDRES
et al., 2002). In the current study, 4 genotypes (S-27Y, S-12Y, S-14Y and S-33Y) were
promising at the OP004.717 locus (Figure 2).

In the current study, to define the genetic relationships among local pepper genotypes of
Central Anatolia at the molecular level, pepper genotypes with reference cultivars from the same
province were analyzed with SCAR and SSR primers. All the data obtained were in accordance
with the literature information. In the light of the molecular data, the genetic relationship of the
genotypes according to the examined loci were revealed as shown in Figure 1. The genotypes
were also evaluated in terms of SCAR markers linked to pungency and resistance to
Phytophthora capsica (Figure2). Since the resistance to Phytophtora capsici is a complex trait,
and multigenic in nature, the pathogenity tests will further confirm the efficiency of this marker
within the Capsicum annuum genotypes.
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Izvod

Glavni cilj u programima oplemenjivanja paprike je stvaranje novih sorti visokog prinosa
otpornih na Steto¢ine i bolesti, tolerantnih na uslove abiotskog stresa sa poboljSanim osobinama
kvaliteta ploda ukljucujuéi sadrzaj kapsaicina. Kolekcije germplazme su vazan izvor
varijabilnosti za programe oplemenjivanja. Molekularni markeri su vazni alati za procenu
geneti¢kih odnosa medu kolekcijama germplazme. Stavise, markeri se koriste za odabir
genotipova koji daju Zeljene osobine putem selekcije uz pomo¢ markera (MAS) kao moénog
pristupa koji ubrzava programe oplemenjivanja. Uovom radu, 56 genotipova paprike odabranih
izmedu 313 genotipa paprike prikupljenih iz provincije KirSehir u regionu Centralne Anadolije u
Turskoj, prema njihovim agronomskim i morfoloskim karakteristikama, koris¢eno je za
molekularne analize. Sest SSR markera od kojih su dva povezana sa morfologijom ploda,
odabrano je za karakterizaciju genotipova paprike prema informacijama o polimorfizmu. Tri
SCAR markera povezana sa sintezom kapsaicinoida i otporno$¢u na Phitophtora capsici
(Phito.5.2) u paprici su kori§éena za procenu oporosti i otpornosti medu genotipovima. Prema
rezultatima dobijenim sa SSR markerima, ukupan broj alela se kretao od 1 do 8. Najpolimorfniji
SSR markeri su bili CaeMS015 i CAMS452 unutar populacije paprike. Genetska distanca
izmedu genotipova je odredena u rasponu od 0,75-1,00. Segregacija SCAR markera BF6-BF8
vezanog za ljutinu kod paprike je odredena u odnosu na opore i slatke referentne sorte.
OP004.717 SCAR marker povezan sa Phitophtora capsici testiran je medu genotipovima u
odnosu na sortu paprike CM334, poznatu kao izvor otpornosti na Phitophtora.
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