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2022. Abstract
Published by With a significant economic value, pepper (Capsicum annuum L., Solanaceae)
ARDA. represents a major vegetable crop worldwide. Simple sequence repeats (SSR)

markers and expressed sequence tags (EST-SSR) are powerful tools for genetic
studies and the breeding of pepper. In this study, the genetic variability among
local pepper species was assessed by using 8 EST/SSR markers. The pepper
varieties were collected locally, based on old sorts, hybrids, and sorts found in
markets, with a total of 14 pepper varieties. Mean expected heterozygosity (He)
ranged from s 0.30 to 0.83 in the populations studied, whereas the mean
polymorphic information content (PIC) was 0.62. The average polymorphic
number of alleles per primer was 2.5 per locus. The genetic relationships among
the populations revealed by Neighbor-Joining dendrogram showed a clear
clustering to three sub-populations making distinct clusters. As expected, all
local varieties make up one cluster, together with the hybrid Istra, concluding that
this hybrid evolved from the cross-breeding of local varieties. These results
indicate and confirm the regional and physiological differences between the
pepper sorts.
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1. Introduction

Capsicum annuum L. is a species of the plant genus Capsicum, which includes a wide variety of cultivars such
as bell peppers, chili peppers, and paprika. These cultivars have been an important part of human diets and
cultures for thousands of years, with evidence of cultivation dating back to at least 7500 BC [1]. Capsicum
annuum cultivars vary in their size, shape, and level of heat, with some being sweet and mild and others being
spicy and hot. The level of heat in a particular cultivar is determined by the concentration of a compound
called capsaicin, which is found in the seeds and veins of the pepper [2]. In addition to being a popular food
ingredient, Capsicum annuum cultivars have also been used in traditional medicine for their potential health
benefits. For example, capsaicin has been shown to have anti-inflammatory and pain-relieving effects (Zhang
et al., 2015), and some studies have suggested that consumption of Capsicum annuum cultivars may be
beneficial for weight management and cardiovascular health [3]. Capsicum annuum cultivars are native to the
Americas and are now grown and consumed worldwide [4]. In addition to being an important source of
vitamin C and other nutrients, these cultivars are also an important part of many cuisines and cultural
traditions. For example, chili peppers are a staple ingredient in many Mexican and South American dishes,
and bell peppers are commonly used in European and North American cuisine [1]. These cultivars are grown
and consumed worldwide and are an important part of many cuisines and cultural traditions. Bosnia and
Herzegovina (BiH) belong to the top of European biodiversity countries. Due to the political and economic
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isolation in the past, many traditional crop varieties remained genetically authentic.

Two seed genetic banks exist currently in BiH, where more than 1100 accessions are conserved [5]. Some of
these varieties are still used in agricultural production, and some of these are domestic as autochthonous
pepper varieties, found mainly in Capljina region, located in the south-west region of BiH [6].

The high number of pepper varieties in this region requires the preservation of genetic resources as a
mandatory measure for diversity conservation. Indeed, through governmental, regional, local, and agricultural
associations, the conservation of local pepper verities is partially carried out, but not efficiently. Therefore,
there is a need for efficient species management and reliable conservation, which can be achieved through
genetic diversity assessment by using DNA markers.

Molecular markers became an efficient tool for the assessment of genetic diversity of plant species. Among
various currently used DNA markers, microsatellites or commonly known as Simple Sequence Repeat (SSR)
are mostly used [7]. SSR markers result in highly polymorphic, abundant, and reliable results. Further,
compared to other DNA markers, such as Restriction Fragment Length Polymorphism (RFLP), Random
Amplifies Polymorphic DNA (RAPD) and Amplified Fragment Length Polymorphism (AFLP), the utilization
of SSR markers represent a cheap procedure for genetic assessment of plant species, being highly
reproducible and abundant DNA marker [8, 9]. Simple sequence repeats are motives that occur randomly in
the coding and non-coding part of the genome sequence [10].

Several sets of EST-SSR markers have been previously used to detect genetic diversity in pepper germplasm
[11], but no studies with the genotypes of Bosnia and Herzegovina are recorded so far. EST-derived SSRs
belong to the transcribed regions of DNA and are expected to be more conserved and have a higher
transferability rate across species than genomic SSR markers [12].

In the present study the aim is to genetically characterize the pepper cultivars found in Boshia and
Herzegovina.

2. Materials and Methods

2.1. DNA extraction

In total 425 pepper individuals, from14 Capsicum annuum L populations were used in this study (Table 1). All
the analyzed populations, except Domestic varieties, are currently commercially released onion varieties,
being very specific, with high diversity in the public bred material. Domestic varieties were collected from
farmers as fresh, fully grown plants, and stored in -20C until DNA isolation.

Table 1. Onion cultivars used in this study

Name of varieties

No . Code Sample origin  No. of Samples
(Capsicum annuum L)
1 Grossum, California wonder yellow CW USA 20
2 Rotundum, Rotund Zuta RY Croatia 35
3 Rotundum, Rotund zelena Rz Croatia 35
4 Rotundum, Paradajz paprika RC Croatia 35
5 Chili ,Corno Di Toro Roso CD Italian 20
6 Kolgum, Slonova surla SS Croatia 35
7 Somborka SO Serbian 30
8  Soroskari SR Serbian 35
9 ISTRA IS Croatia 40
10 Giallo Dasti Roso GS Italian 20
11 Domestic Faruk -domestic 1 FP  Domestic,BiH 30
12 Domestic Sre¢ko Peri¢ -domestic2 SP  Domestic,BiH 30
13 Domestic Cevas njive-domestic 3 DC Domestic,BiH 30
14 Domestic Visi¢i-domestic 4 DV Domestic,BiH 30

The genomic DNA was isolated from dry seeds and the fresh leaves. Plant material (leaves) for the DNA
extraction was collected from randomly selected plants on each analyzed site. After harvesting, the seeds and
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leaves were pulverized with liquid nitrogen using mortar and pestle. The DNA was extracted according to the
modified CTAB (Cetyltrimethyl ammonium bromide) protocol [13].

The DNA quality was analyzed on 1% agarose gel and quantified using a Multiscan GO (Thermo Fisher
Scientific, USA) and stored in 100ul aliquots in 1 X TE buffer at —20°C until PCR amplification.

2.2. EST-SSR analysis

All PCR reactions were conducted in total volume of 25 pl, containing 2 mM of MgCl,, 1 x PCR buffer, 0.2
mM of dNTPs, DNA Polymerase from Thermus aquatic (5 units/uL) and 10-50 ng of template DNA.

The PCR protocol included two phases, starting with initial denaturation phase at 95 °C for 5 min. The first
phase is a touchdown (TD) PCR profile, with 20 cycles, starting with 95°C denaturation for 45s, where the
annealing temperature was reduced by - 0.7 °C per cycle for 45s, followed by the extension stage at 72 °C for
1 min. The second PCR phase, with 15 cycles in total, included 95°C denaturation for 45s, the annealing
temperature for each primer according Fischer and Bachmann (2000) [14], and extension at 72°C for 1 min.
The PCR protocol was completed with the final extension step at 72 °C for 7 min.

The PCR products were separated on 3% agarose gel, stained with Ethidium bromide (10 mg/mL Sigma), for

60 minutes at 80V in 1XTE buffer. The DNA fragments were photographed and documented using Gel
documentation system ChemiDoc XRS System from Biorad.

Table 2. SSR primer sequences

No  Primers accgsi?janaJ‘r';ber Sequence of primer (5—3") Repeat motif Exggfetfgn(cip)/
o
2 ESTSSRZ  Cajicoen  TOCGTTAAAGCAGGATITCC  (Cary 437019
3 ESTSSRE  pUihin  COTAAGGOAGCCTOTAGGAA (GAGGAT), 159119
4 CAKE  COmil  GACGGATAAGGAGOTGGTGA  (acc), 1417019
5 CAKZL 1000 AAAATCOATCOTGOAGTICS  (aca), 1637019
o Do e WAL s
| ones  Soms  remesncerdectt (e g
8 EPM650  CO910134 2@;%%%&%%%%6%12’?%% (TA) 251/ [16]

2.3. Data analysis

In the analyzed SSR loci, the frequencies of alleles in each category through all accessions were scored as
either present (1) or absent (0). Initially, the potential of all the markers for estimating genetic variability was
examined by measuring the marker informativeness through the counting of bands. Additionally, the primer
banding characteristics such as number of scored bands (NTB), number of polymorphic bands (NPB) and
percentage of polymorphic bands (PPB) were obtained. The discriminatory power of each SSR marker was
determined by calculating the polymorphic information content (PIC) and heterozygosity (H) using the online
PICcalc program [17].

PI1C was calculated according to the formula [18]:

33



BES Vol. 3, No. 1, September 2022, pp.31-39

I1-1 l
z 2pip 3

i=1 j=i+1

l
PICzl—Zpiz—
i=1

1=

where,
pi and pj represent the population frequency of the ith and jth allele.

Heterozygosity (H) is a value that measures the genetic variation, calculated according to the formula:

l
H=1-) p?
L,

4

High heterozygosity values indicate that the crop may have evolved through long-term natural selection for
adaptation or through historic mixing of strains of different populations. A low level of heterozygosity may
be due to isolation with the subsequent loss of unexploited genetic potential [19].

In addition, the effective multiplex ratio (EMR), which is the product of the fraction of polymorphic bands
and the number of polymorphic bands [20], was calculated using formula;

EMR =nxp

where,
n isthe average number of fragments amplified by accession to a specific system marker (multiplex ratio)

B is estimated from the number of polymorphic loci (NPB) and the number of non-polymorphic loci (NMB);
calculated by the following formula:

B = PB/(NPB + NMB)

Further, to analyze the stability and informativeness of all primers and to detect polymorphic loci among the
genotypes the marker index (MI) [9], using the following formula:

MI = EMR x PIC

The resolving power (RP), the discriminatory potential of each primer was calculated as:

RP=ZIb

Ib represents the informative fragments, with a scale of 0/1,by the following formula;
Ib=1-(2x]|0.5- pi|]), where
pi is the proportion of accessions containing the ith band [21].

A dendrogram was constructed by using hierarchical clustering with UPGMA (Unweighted pair group method
with arithmetic mean) analysis, where the genetic distance was measured based on Jaccard’s dissimilarity
index [22].The resulting tree was bootstrapped with 1000 replicates to obtain the best confidence [23]. For the
complete data analysis, the DARwin 6.0.15 software was used [24].

3. Results and Discussion

In this study 14 pepper accessions, with a total of 9 EST SSR markers used (Table 2), amplified in total 25
bands. For each EST SSR primer, H, PIC, NPB, PPB, NMB, NSB, EMR, Ml and RP were given at Table 3.
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Table 3. Genetic diversity estimators for each primer

PRIMER H PIC NSB NPB NMB PPB% EMR MI RP
EST-SSR1 0.83 0.8 2 1 1 50 0.571 0.46 16
EST-SSR2 0.79 0.75 67 1286 096 12
EST-SSR3 0.8 0.76 100 2143 163 15
EPMS650 0.53 0.55 100 1.429 0.79 9
CAKG6 03 0.29 100 1.071 0.31 7
CAK21 083 038 50 0.500 0.40 26
CAK35 0.58 0.54 50 0.357 019 20
CAKS58 0.490 0.48 100 1.143 055 16
Mean 0.64 0.62 25 05 771 106 0.66 15.06

NP~ ®
O P OO Ok

WINNDNDN BB

H: Heterozygosity; PIC: Polymorphism information contents; NSB: Number of scored bands; NPB: Number of
polymorphic band; NMB: Monomorphic bands; PPB: Percentage of polymorphic band; EMR: Effective multiplex ratio;
MI: Marker index; RP: Resolving power

The SSR1, CAK21 and CAKS35 resulted in 50% polymorphism; SSR2 has 67% polymorphic bands, whereas
SSR3, EPMS650, CAK®6 and CAKS57 resulted in maximum, 100% polymorphic bands.

Average PIC values of all primers of SSR analysis were 0.62. The highest observed PIC value is 0.80 with
SSR1 and CAK21.The average heterozygosity (H) value of the whole marker set was 0.64. These values
ranged from 0.30 to 0.83. The lowest H value (0.3) was observed in CAK6, where the highest observed H
value is seen in SSR1 and CAK21 (0.83). The highest value for the effective multiplex ratio (EMR) is seen
with SSR3 primer (2.143) and the lowest value is observed in CAK35 primer (0.35), with an average EMR of
1.06 per primer. The highest discriminatory potential (resolving power-RP) value was 26, observed with the
primer CAK21 and the lowest with value 7 is with CAK6 primer.

For the determination of primer usefulness, the MI (marker index) for EST- SSR primers was calculated. The
SSR3 primer showed the highest MI of 1.63 and lowest MI was observed with CAK35, with an average Ml of
0.66 per primer. The size of the amplified DNA fragments ranged from 100 bp to 330 bp and the amount of
amplified DNA fragments ranged from 1 to 4 in all accessions, with the average number of bands per marker
of 3 (Table2).

All EST-SSR primers generated products of the expected size [15, 16], in total 22 loci, including 18 loci that
exhibited polymorphism and 4 loci that displayed monomorphism among the tested pepper cultivars. We
observed two to three alleles per locus. Our results are in line with the results obtained from a study conducted
in China in 2011, where the same set of primers resulted in 2 to 4 alleles per locus [15]. All the obtained
results indicate that the genetic diversity among the pepper varieties showed sufficient dissimilarity
characteristics, reflecting significant genetic diversity among all analyzed cultivars. The SSR1, CAK21 and
CAKS35 resulted in 50% polymorphism; SSR2 has 67%, whereas SSR3, EPMS650, CAK6 and CAK58
resulted in maximum, 100% polymorphic bands. It is reported that high diversity of locus is demonstrated in
PIC value greater than 0.5 [25]. In our study, primers CAK6 and CAK58 had a polymorphic index content
around lower than 0.55 while the remaining 4 primers had a PIC value higher than 0.53. The PIC value will be
almost zero if there is no allelic variation and it can reach a max of 1.0 if a genotype has only new alleles [8].
The assessment of the discriminatory power of the given EST-SSR marker combinations, referred to as the
resolving power (RP), were in the range of 7 to 26, with an average of 15.06. Marker CAK21 showed the
highest RP value with 26. and the lowest was 7 with CAK6 marker. The total utility of each marker was
assessed through the marker index (MI) factor, being a product of polymorphic information content and
effective multiplex ratio [10]. Highest M1l (1.63) is observed in SSR3 the lowest was with CAK35 marker
(0.19). A high marker index indicates that the marker system used is useful for the chosen genetic population
[26].

The fact that both EMR and MI were high in ISSR shows that the ISSR marker system is practical for
molecular characterization of plants and determination of genetic relationships [27].

Based on the UPGMA Phenogram three main clusters were obtained. In Figure 1, the first cluster, separated
into three subgroups, making up the largest group with 8 populations, with Chil, Corno Di Toro Roso (CD),
clearly separated from all other varieties from cluster 1.
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The second cluster is made up of 5 domestic pepper populations, including Istra pepper (IS), a regionally
known hybrid. The third group, represented by Californian wonder (CW), being clearly evolutionary
separated from all other taxa in the group. Numbers on branches correspond to bootstrap values of 1000
replications.
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Figure 1. UPGMA dendrogram of local pepper cultivars based on genetic distance.

Labels: CW (Grossum, California wonder yellow), RY (Rotundum, Rotund zuta), RZ (Rotundum, Rotund zelena), RC
(Rotundum, Rotund zelena), CD (Chili, Corno Di Toro Roso), SS (Kolgum, Slonova surla), SO (Somborka), SR
(Soroskari), IS (Istra), GS (Giallo Dasti Roso), FP (Faruk paprika-domaca ), SP (Srecko Peric paprika-domaca 2), DC
(Domaca Cevas njive- domaca 3),DV( Domaca Visici-domaca 4). The line segment with the number 0.1 shows the
length of branch that represents an amount genetic change of 0.1 nucleotide substitution per site.

Principle coordinate analysis (PCoA) was performed to further assess the genetic relationships among the
pepper varieties by using 8 SSR markers, as seen in Figure 2.
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Figure 2. Principal coordinates analysis (PCoA) of Capsicum annuum L populations

Labels:CW (Grossum, California wonder), RY (Rotundum, Rotund Zzuta), RZ (Rotundum, Rotund zelena), RC
(Rotundum, Rotund zelena), CD (Chili ,Corno Di Toro Roso), SS (Kolgum, Slonova surla), SO (Somborka), SR
(Soroskari), IS (Istra), GS (Giallo Dasti Roso), FP (Faruk paprika-domaca ), SP (Srecko Peric paprika-domaca 2), DC
(Domaca Cevas njive-domaca 3),DV( Domaca Visici-domaca

The principal coordinate shows the populations IS, FP, SP, DC and DV which tend to form a discreet cluster.
Neighbour-joining phenogram and PCoA of EST/SSR primers showed that all the domestic varieties and Istra
pepper produced a set (cluster) together, being closest to each other. According to the phenogram and PCoA
of EST/SSR, we can conclude that the samples farthest from each other were (CW and Domestic species). The
close clustering of domestic landraces reveals the possibility that these landraces have a phylogenetic
connection, although more genetic markers should be used to make this possibility statistically significant.

4. Conclusions

Eight EST-SSR microsatellite markers were used to assess the genetic diversity of common pepper cultivars
from Bosnia and Herzegovina. The genetic diversity estimators showed sufficient dissimilarity characteristics
and indicated significant genetic diversity among onion varieties. The phylogenetic analysis revealed that all
domestic pepper varieties share same cluster and ancestors, indicating regional cohesion, whereas all onions in
this study are clearly separated from Corno Di toso pepper, an Italian origin onion.

The obtained results provide valuable information to researchers for future conservation studies and new
genetic insights on the specificity of local pepper varieties, focusing on domestic peppers, genetically distinct
from all other analyzed hybrids.
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