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Abstract
Background One of the wild fruit species with a natural distribution in Türkiye, and historically used for medicinal 
purposes due to its rich composition, is Berberis crataegina DC. Various parts of the plant, including its roots, bark, 
leaves, flowers, and fruits, have been utilized in traditional medicine, while its fruits are also consumed in various 
forms as food. This study aimed to characterize the morphological, biochemical, and molecular traits of B. crataegina 
genotypes naturally growing in the Kayseri region, located in central Türkiye.

Results The fruit weight of the genotypes ranged from 0.047 to 0.137 g, fruit width from 3.06 to 4.64 mm, and fruit 
length from 5.80 to 9.05 mm. Similarly, the leaf traits of the genotypes exhibited wide variation. The total phenolic 
content ranged from 190.53 to 297.55 mg GAE/100 g, total flavonoid content from 82.03 to 203.89 mg QE/100 g, 
total anthocyanin content from 4.54 to 11.76 mg cyn-3 gluc/100 g, and total antioxidant capacity between 57.76 
and 87.93%. A principal component analysis (PCA) of 11 traits identified four principal components with eigenvalues 
greater than 1. The first four components accounted for 71.89% of the total variation, with PCA1 explaining 23.48%, 
PCA2 18.68%, PCA3 16.39%, and PCA4 13.34%. ISSR molecular analysis using nine markers revealed a band count 
ranging from 4 to 13, polymorphic band count between 3 and 10, and polymorphism rates from 61.54 to 100%, 
with band lengths ranging from 200 to 1000 base pairs. According to the UPGMA dendrogram based on molecular 
analyses, the genetic similarity between the genotypes ranged from 0.64 to 1.00, with B2 and B13 being the most 
similar genotypes.

Conclusions In conclusion, the Kayseri region is rich in B. crataegina genotypes with wide genetic variation. The 
genotypes identified in this region may serve as valuable genetic resources for future studies.
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Introduction
The importance of natural and nutrient-rich foods in 
healthy diets has increased interest in wild fruit species. 
Wild fruits are widely used as food supplements that 
strengthen nutrition and the immune system due to their 
antioxidant, antimicrobial, and anti-inflammatory prop-
erties, as well as their rich composition of beneficial com-
ponents [15]. Compared to cultivated fruits, wild fruits 
collected from nature are richer in nutrients and bioac-
tive compounds [26, 45].

Berberis crataegina DC., belonging to the Berberida-
ceae family, is one of the important wild fruit species in 
Türkiye, used both as food and extensively for medicinal 
purposes. The Berberidaceae family, generally distributed 
in temperate regions of the northern hemisphere, com-
prises approximately 500 species, with about 300 found 
in Eurasia and 200 in South America [37]. Four species of 
Berberis (B. vulgaris L., B. integerrima Bunge, B. cretica 
L., and B. crataegina) grow naturally in Türkiye [10]. The 
species B. crataegina grows naturally in Türkiye, Iran, 
and Turkmenistan. In Türkiye, this species is distrib-
uted across various regions, including İzmir, Kırklareli, 
Ankara, Kastamonu, Çankırı, Kayseri, Konya, Niğde, and 
Sivas [40].

B. crataegina, which is important in Türkiye, is 
drought- and cold-tolerant, thriving in mountainous 
areas where cold winters prevail [3]. This shrub, reach-
ing about 2  m in height, typically grows in rocky areas 
at elevations between 800 and 1500 m. Its leaves are yel-
low, small, and oval-shaped, with flowers that bloom in 
late summer. The fruit, which initially appears red, turns 
dark purple to black as it ripens in the fall [24]. The fruits 
of B. crataegina are known by different names depending 
on the region in Türkiye, including Karamuk, Karamuk 
Diken, Diken Üzümü, Şam Püremi, and Kadın Tuzluğu 
[14].

B. crataegina is especially rich in phenolic compounds, 
particularly anthocyanins and polyphenols [16]. Due 
to its phenolic composition, it exhibits antifungal, anti-
inflammatory, antipruritic, and diuretic effects [41, 44]. 
The roots, leaves, and fruits of B. crataegina plants are 
traditionally used in the treatment of rheumatism, as 
pain relievers, and in treating gynecological, circula-
tory, and diabetic disorders. Its fruits are used for treat-
ing hypertension, stomach and intestinal disorders, and 
colds, while the roots are used in treating jaundice, bron-
chitis, and colds, and the leaves for treating wounds and 
cuts in cases of intestinal disorders [15].

The identification of Berberis species is challenging due 
to their high genetic and geographical diversity, inter- 
and intra-species crossbreeding, and mutations [32]. 

Introgression in Berberis species often results in the for-
mation of intermediate forms, making identification dif-
ficult [5]. Therefore, characterizing the germplasm of B. 
crataegina is crucial for breeding studies. Morphological 
traits are the simplest markers used to evaluate intra- and 
inter-population diversity [42]. The use of morphologi-
cal traits in breeding studies is important for identify-
ing germplasm. However, since morphology-based traits 
are influenced by environmental factors and may vary 
depending on plant development stages, they are not 
entirely reliable for researchers. Therefore, for accurate 
germplasm identification, it is necessary to use morpho-
logical, biochemical, and molecular methods that are not 
affected by environmental factors [38, 43, 47].

The first step in preserving plant diversity is to reveal 
genetic diversity by creating germplasm collections. 
Recent advancements in biotechnology have highlighted 
the importance of molecular markers in determining the 
genetic diversity of plant germplasm. AFLP [9], ISSR [31, 
34], and SSR [25, 32] markers have been successfully used 
in the molecular characterization of different Berberis 
species. ISSR markers, which are simple, fast, low-cost, 
do not require prior sequence information, and offer high 
stability, have been successfully used in the identification 
of many species [8].

Previous studies have mainly focused on the medici-
nal properties and biochemical content of B. crataegina. 
However, there are limited studies on its genetic diver-
sity. This study aimed to reveal the genetic diversity of B. 
crataegina germplasm using morphological, biochemi-
cal, and molecular approaches. Within the scope of the 
research, genetic diversity based on fruit and leaf mor-
phology, biochemical content, and ISSR markers was 
examined. Identifying germplasm resources in genetic 
diversity studies provides important contributions for 
planning future breeding programs.

Materials and methods
Plant material
The study was conducted on 33 genotypes of B. cratae-
gina naturally growing in Kayseri province, located in 
central Türkiye (Table  1; Fig.  1). The selection of geno-
types was based on plant habitus and differences in Fruit 
length, color, shape, and yield. Fruits and leaves of the 
genotypes were randomly collected from different parts 
of the plants during the harvest maturity stage. A total 
of 100 fruit and 30 leaf samples were collected from each 
genotype and necessary fruit and leaf measurements were 
carried out. The samples were brought to the laboratory 
for analysis. For correct sampling, a proper distance of at 
least 200 m between the genotypes was regarded so that 

Keywords Antioxidant, Berberis crataegina, Biplot, Genetic diversity, Heatmap, Molecular marker



Page 3 of 13Yaman et al. BMC Plant Biology         (2024) 24:1155 

the clone samples are not collected. The formal identifi-
cation of the specimens was performed by Assoc. Prof. 
Dr. Mehmet Yaman. A herbarium voucher specimen with 
sediment number BI-3801 has been donated to the public 
available herbarium of the Faculty of Agriculture of Erci-
yes University, Türkiye.

Fruit and leaf analyses
For the analysis of fruit and leaf characteristics, 30 intact 
fruits and 30 leaves were randomly selected. The dimen-
sions of fruit width, fruit length, leaf width, leaf length, 
petiole thickness, and petiole length were measured 
using a digital caliper with a sensitivity of 0.01 mm. The 
weight of the fruit was measured using a precision bal-
ance with a sensitivity of 0.01 g.

Biochemical analyses
For biochemical analyses, the fruits collected from the 
genotypes were first washed with distilled water and 

dried. The samples were homogenized using a blender, 
and the homogenized fruit samples were transferred into 
50 mL Falcon tubes and stored at -20 °C until analysis.

Total phenolic content
The total phenolic content was determined using the 
Folin-Ciocalteu reagent according to the method pro-
posed by Singleton and Rossi [36]. To 500 µL of the fruit 
sample, 4.1 mL of distilled water, 100 µL of Folin-Ciocal-
teu reagent, and 2% Na2CO3 were added, and the mixture 
was incubated in the dark for 2 h. The absorbance values 
of the samples were measured at 760 nm using a UV-Vis 
spectrophotometer, and the results were expressed as mg 
GAE/100 g fresh weight in terms of gallic acid equivalent.

Total flavonoid content
The total flavonoid content was determined according 
to the method proposed by Chang et al. [6]. A mixture 
of 1000 µL fruit sample, 3.3 mL methanol, 0.1 mL 10% 
AlCl3.6H2O, and CH3COO was prepared. The absor-
bance values of the samples were measured at 415  nm 
using a UV-Vis spectrophotometer, and the results were 
expressed as mg QE/100 g fresh weight in terms of quer-
cetin equivalent.

Total anthocyanin content
The total anthocyanin content was determined according 
to the pH differential method (pH 1.0 and pH 4.5) pro-
posed by Giusti and Wrolstad [19]. The absorbance val-
ues of the samples were measured at 533 nm and 700 nm 
using a UV-Vis spectrophotometer, and the results were 
expressed as mg cyn-3-gluc/100 g fresh weight based on 
a molar extinction coefficient of 26,900.

Total antioxidant content
The total antioxidant content was determined using the 
DPPH (1.1-diphenyl-2-picryl-hydrazyl) method pro-
posed by Brand-Willams et al. [4]. A mixture of 100 µL 
fruit sample, 2900 µL ethanol, and 1 mL of 0.26 mM 
DPPH solution was prepared. After 30  min of incuba-
tion in the dark, the absorbance values were measured 
at 527  nm using a UV-Vis spectrophotometer, and the 
total antioxidant content was calculated as percent (%) of 
inhibition.

Molecular marker analysis
DNA used for molecular analysis was isolated from 
approximately 100  mg of leaf samples using the CTAB 
(Cetyl Trimethyl Ammonium Bromide) method devel-
oped by Doyle and Doyle [12]. The concentration of 
the extracted DNA was determined using a NanoDrop 
ND100 spectrophotometer (NanoDrop Technologies Inc. 
Wilmington, DE, USA). DNA samples were subjected to 
electrophoresis on a 2% agarose gel using a 100 bp DNA 

Table 1 Geographical location and district distribution of 
Berberis crataegina genotypes growing in Kayseri region
Genotype Location County Genotype Location County
G1 38°43’55"N 

36°24’56"E
Pınarbaşı G18 38°40’30"N 

35°33’02"E
Talas

G2 38°43’50"N 
36°24’54"E

Pınarbaşı G19 38°40’28"N 
35°32’57"E

Talas

G3 38°45’30"N 
36°26’17"E

Pınarbaşı G20 38°40’31"N 
35°32’02"E

Talas

G4 38°45’42"N 
36°26’12"E

Pınarbaşı G21 38°40’26"N 
35°31’56"E

Talas

G5 38°45’31"N 
36°26’18"E

Pınarbaşı G22 38°40’01"N 
35°33’58"E

Talas

G6 38°45’41"N 
36°25’58"E

Pınarbaşı G23 38°39’03"N 
35°32’19"E

Talas

G7 38°45’47"N 
36°25’58"E

Pınarbaşı G24 38°39’02"N 
35°32’19"E

Talas

G8 38°45’35"N 
36°26’20"E

Pınarbaşı G25 38°39’01"N 
35°32’15"E

Talas

G9 38°45’45"N 
36°26’15"E

Pınarbaşı G26 38°39’00"N 
35°32’19"E

Talas

G10 38°43’47"N 
36°24’51"E

Pınarbaşı G27 38°39’02"N 
35°32’19"E

Talas

G11 38°46’39"N 
35°39’40"E

Melikgazi G28 38°39’02"N 
35°32’18"E

Talas

G12 38°46’19"N 
35°39’53"E

Melikgazi G29 38°38’46"N 
35°31’40"E

Talas

G13 38°43’47"N 
36°25’04"E

Pınarbaşı G30 38°55’35"N 
35°39’59"E

Koca-
sinan

G14 38°45’54"N 
36°25’55"E

Pınarbaşı G31 38°55’39"N 
35°40’00"E

Koca-
sinan

G15 38°45’58"N 
36°25’55"E

Pınarbaşı G32 38°48’25"N 
35°39’34"E

Melik-
gazi

G16 38°42’50"N 
35°34’09"E

Talas G33 38°47’12"N 
35°40’02"E

Melik-
gazi

G17 38°40’30"N 
35°33’06"E

Talas
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ladder. For PCR amplification, 9 ISSR markers were used. 
The PCR components included 1.5 µL PCR buffer, 0.2 µL 
DNA polymerase enzyme, 0.6 µL dNTPs, 1 µL MgCl2, 1 
µL ISSR marker, and 8.7 µL nuclease-free water, with a 
total reaction volume of 15 µL. The PCR cycle consisted 
of an initial denaturation step at 94  °C for 3  min, fol-
lowed by 35 cycles at 94 °C for 1 min, annealing at a spe-
cific temperature of 53 °C for 50 s, extension at 72 °C for 
2 min, and a final extension step at 72 °C for 7 min. PCR 
products were separated by electrophoresis on a 2% aga-
rose gel prepared in 1X TAE buffer at 110 V for 4 h and 
stained with ethidium bromide before being visualized 
under UV light using a Kodak gel imaging system.

Data analyses
The data on fruit, leaf, and biochemical features were 
evaluated using correlation analysis, principal compo-
nent analysis (PCA), and heatmap analysis. These analy-
ses were carried out using the statistical software tool 
JMP Pro 17, which was used for doing the study. Dif-
ferences between means were determined using Tukey 
test at the 5% significance level. For molecular analysis, 
the presence (1) or absence (0) of bands from the gel 

electrophoresis results was scored, and a data matrix 
was created. This data was analyzed using the NTSYS 
(Numerical Taxonomy and Multivariate Analysis Sys-
tem, NTSYS-pc version 2.11) software package. Similar-
ity indices were calculated using the Dice [11] method, 
and a dendrogram was constructed using the UPGMA 
(Unweighted Pair Group Method with Arithmetic Mean) 
clustering method. Additionally, the average and total 
number of bands, polymorphic band numbers, and the 
percentage of polymorphism (number of polymorphic 
bands × 100/total number of bands) were calculated for 
each marker analyzed in the study. The relative discrimi-
natory value of the ISSR marker was estimated using 
polymorphic information content (PIC) (30). Different 
marker attributes like effective multiplex ratio (EMR), 
marker index (MI) and resolving power (Rp) were also 
calculated to assess the discriminatory power and infor-
mativeness of the marker system utilized [27].

The GenAlExver 6.5 program was used to determine 
Observe allele number (Na), Effective allele number (Ne), 
Shannon index (I) and Nei index (H) (uHe). Also analysis 
of molecular variance (AMOVA) were calculated through 
GenAlExV6.5 [29].

Fig. 1 Geographical location map of Kayseri region
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Results and discussion
Fruit and leaf analysis
In the study, significant statistical differences were found 
between the averages of the genotypes in terms of fruit 
(fruit weight, fruit width, and fruit length) and leaf (leaf 
width, leaf length, petiole length, and petiole thickness) 
characteristics (p ≤ 0.05) (Table  2). The fruit weights of 
the genotypes varied between 0.047  g (G1) and 0.137  g 
(G17), with the highest fruit weight in G17, followed by 
G20 (0.109 g) and G23 (0.094 g). The fruit width ranged 
between 3.06 mm (G12) and 4.64 mm (G17), fruit length 
between 5.80  mm (G5) and 9.05  mm (G17), leaf length 
between 22.56  mm (G13) and 39.20  mm (G26), leaf 
width between 5.98 mm (G15) and 14.45 mm (G21), peti-
ole length between 4.51  mm and 11.84  mm (G31), and 
petiole thickness between 0.35  mm (G20) and 0.68  mm 
(G12).

Fruit and leaf characteristics are important indicators 
in differentiating plant species and revealing morphologi-
cal diversity. Numerous Berberis species have undergone 
morphological characterization studies across various 
regions. Ahmed et al. [1] reported the fruit weight of B. 
aristata genotypes in Pakistan to range between 0.115 g 
and 0.122 g, fruit width between 2.65 mm and 4.34 mm, 
fruit length between 7.12 mm and 9.75 mm, leaf length 
between 66.70  mm and 96.90  mm, and leaf width 
between 25.80  mm and 33.10  mm. Goodarzi et al. [20] 
reported the fruit weight of B. vulgaris genotypes in Iran 
to range between 0.11 g and 0.43 g, fruit width between 
4.39 mm and 8.05 mm, fruit length between 7.40 mm and 
10.84 mm, leaf length between 18.89 mm and 42.90 mm, 
leaf width between 7.54 mm and 17.49 mm, and petiole 
length between 4.50  mm and 12.65  mm. Another study 
on B. vulgaris genotypes in Iran by Talebi et al. [39] 

Table 2 Morphological properties of the leaves and fruits of Berberis crataegina genotypes
Genotype Fruit Weight

(g)
Fruit Width
(mm)

Fruit Length
(mm)

Leaf Length
(mm)

Leaf Width
(mm)

Petiole Length
(mm)

Petiole Thickness
(mm)

1 0.047 ± 0.01 m* 3.28 ± 0.20 kl 7.43 ± 0.30 i-m 27.49 ± 2.97 i-o 8.39 ± 1.08 h-m 10.67 ± 3.26 a-d 0.39 ± 0.04 k-n
2 0.076 ± 0.02 d-j 3.53 ± 0.19 g-k 7.34 ± 0.33 j-m 24.19 ± 3.45 no 7.07 ± 1.05 l-n 6.27 ± 1.25 i-n 0.52 ± 0.05 c-j
3 0.093 ± 0.01 b-d 3.56 ± 0.10 g-k 8.85 ± 0.23 a-c 33.97 ± 2.91 a-h 11.55 ± 1.53 b-f 7.74 ± 1.12 f-l 0.62 ± 0.09 a-d
4 0.093 ± 0.01 b-d 3.36 ± 0.19 j-l 8.58 ± 0.40 a-d 35.92 ± 2.59 a-f 10.61 ± 0.58 b-h 8.71 ± 0.79 c-i 0.58 ± 0.02 a-f
5 0.056 ± 0.01 lm 3.58 ± 0.31 f-k 5.80 ± 0.48 q 31.73 ± 4.28 d-l 7.66 ± 1.23 j-n 11.31 ± 2.92 ab 0.50 ± 0.09 d-k
6 0.069 ± 0.01 i-l 3.74 ± 0.23 e-j 7.86 ± 0.21 f-i 32.65 ± 4.30 c-k 7.61 ± 0.93 k-n 10.38 ± 1.84 a-e 0.51 ± 0.04 d-k
7 0.075 ± 0.01 e-k 3.74 ± 0.21 e-j 7.03 ± 0.26 m-p 23.00 ± 1.67 o 6.48 ± 0.13 mn 5.86 ± 1.16 j-n 0.50 ± 0.06 d-k
8 0.072 ± 0.01 g-l 3.63 ± 0.05 f-k 7.17 ± 0.32 l-n 31.12 ± 3.38 e-l 8.63 ± 1.59 h-m 6.71 ± 1.09 h-n 0.61 ± 0.05 a-d
9 0.080 ± 0.01 c-i 4.59 ± 0.02 ab 6.61 ± 0.22 o-p 27.79 ± 2.52 i-o 9.86 ± 0.88 e-k 6.21 ± 0.36 i-n 0.53 ± 0.03 b-i
10 0.087 ± 0.01 c-g 4.19 ± 0.26 b-d 7.54 ± 0.32 h-l 29.01 ± 1.64 g-n 11.03 ± 1.09 b-g 10.59 ± 1.54 a-d 0.48 ± 0.08 e-l
11 0.062 ± 0.01 j-m 3.44 ± 0.06 i-l 6.59 ± 0.49 p 31.11 ± 6.64 e-l 10.44 ± 2.51 b-h 10.71 ± 4.33 a-c 0.67 ± 0.14 a
12 0.059 ± 0.01 k-m 3.06 ± 0.53 kl 7.68 ± 0.05 h-k 37.01 ± 4.79 a-d 10.03 ± 2.06 d-j 7.67 ± 1.12 l 0.68 ± 0.05 a
13 0.074 ± 0.01 f-k 3.70 ± 0.18 f-k 7.34 ± 0.22 j-m 22.56 ± 1.79 o 7.14 ± 0.98 l-n 5.28 ± 0.72 l-n 0.41 ± 0.05 j-n
14 0.069 ± 0.02 h-l 3.47 ± 0.53 h-l 8.18 ± 0.77 d-g 29.07 ± 3.44 g-n 9.23 ± 0.42 f-l 5.56 ± 1.71 k-n 0.43 ± 0.09 i-n
15 0.071 ± 0.01 g-l 3.88 ± 0.30 c-h 7.69 ± 0.36 g-k 25.11 ± 3.69 m-o 5.98 ± 0.85 n 6.26 ± 0.88 i-n 0.48 ± 0.08 f-m
16 0.082 ± 0.00 c-i 3.30 ± 0.12 kl 8.26 ± 0.02 d-f 24.81 ± 0.18 m-o 6.40 ± 1.06 mn 5.06 ± 1.15 mn 0.46 ± 0.07 g-n
17 0.137 ± 0.00 a 4.64 ± 0.35 a 9.05 ± 0.14 a 35.11 ± 3.17 a-f 9.06 ± 0.56 g-l 8.73 ± 1.40 c-i 0.37 ± 0.03 l-n
18 0.080 ± 0.02 c-i 3.34 ± 0.27 j-l 8.44 ± 0.26 c-e 30.49 ± 1.79 f-m 7.64 ± 0.86 k-n 9.22 ± 1.33 b-h 0.50 ± 0.07 d-k
19 0.081 ± 0.02 c-i 4.22 ± 0.20 a-d 6.61 ± 0.27 op 27.04 ± 2.93 k-o 8.59 ± 1.13 h-m 4.51 ± 0.55 n 0.48 ± 0.08 e-m
20 0.109 ± 0.02 b 4.01 ± 0.40 c-f 9.00 ± 0.26 ab 32.91 ± 1.67 b-j 12.67 ± 0.66 ab 8.11 ± 0.74 d-k 0.35 ± 0.02 n
21 0.085 ± 0.00 c-i 4.18 ± 0.08 b-d 7.15 ± 0.11 l-n 36.68 ± 4.52 a-e 14.45 ± 2.00 a 10.27 ± 2.80 a-f 0.57 ± 0.03 a-g
22 0.086 ± 0.01 c-h 4.16 ± 0.46 b-e 7.23 ± 0.06 k-m 32.18 ± 0.50 c-l 10.46 ± 1.00 b-h 8.18 ± 0.45 c-j 0.58 ± 0.02 a-f
23 0.094 ± 0.00 bc 4.18 ± 0.10 b-d 7.78 ± 0.46 f-j 28.94 ± 4.55 h-n 9.90 ± 0.86 e-k 7.09 ± 1.69 g-m 0.57 ± 0.11 a-g
24 0.069 ± 0.01 i-l 3.92 ± 0.36 c-g 7.10 ± 0.28 l-o 27.33 ± 2.64 j-o 7.92 ± 1.43 i-n 6.18 ± 0.37 i-n 0.51 ± 0.05 d-j
25 0.077 ± 0.01 c-j 3.69 ± 0.08 f-k 8.40 ± 0.15 c-e 26.67 ± 2.99 l-o 10.12 ± 1.75 c-i 6.32 ± 0.63 i-n 0.45 ± 0.02 h-n
26 0.087 ± 0.01 c-g 4.30 ± 0.29 a-c 7.22 ± 0.25 k-n 39.20 ± 2.39 a 11.57 ± 1.08 b-f 9.27 ± 0.59 b-h 0.64 ± 0.14 a-c
27 0.076 ± 0.01 c-j 3.83 ± 0.25 d-i 7.46 ± 0.21 i-m 32.83 ± 4.39 c-k 12.36 ± 2.64 a-d 9.42 ± 1.13 a-g 0.55 ± 0.08 b-h
28 0.074 ± 0.01 f-k 3.51 ± 0.23 g-k 7.99 ± 0.23 e-h 37.58 ± 3.23 a-c 11.86 ± 1.84 b-e 7.61 ± 0.27 g-m 0.36 ± 0.06 mn
29 0.078 ± 0.02 c-j 3.62 ± 0.25 f-k 7.49 ± 0.37 i-m 33.75 ± 0.45 a-h 8.99 ± 0.13 g-l 8.48 ± 1.17 c-i 0.59 ± 0.04 a-e
30 0.089 ± 0.01 c-f 3.81 ± 0.28 d-i 7.86 ± 0.19 f-i 38.72 ± 4.51 ab 12.41 ± 2.94 a-c 7.36 ± 0.91 g-m 0.65 ± 0.06 ab
31 0.051 ± 0.00 m 3.58 ± 0.20 f-k 6.73 ± 0.31 n-p 32.73 ± 4.49 c-k 10.02 ± 1.20 d-j 11.84 ± 2.41 a 0.49 ± 0.06 e-k
32 0.075 ± 0.02 e-k 3.74 ± 0.21 e-j 7.46 ± 0.06 i-m 33.20 ± 5.11 b-i 12.81 ± 0.74 ab 7.83 ± 1.26 e-l 0.43 ± 0.05 i-n
33 0.091 ± 0.00 c-e 3.41 ± 0.15 i-l 8.51 ± 0.30 b-d 34.78 ± 6.79 a-g 11.25 ± 2.97 b-g 8.92 ± 0.99 b-h 0.47 ± 0.14 f-m
* The difference between the averages indicated by different letters in the same column is significant (p ≤ 0.05)
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reported fruit weights between 0.106 g and 0.285 g, fruit 
widths between 4.66 mm and 7.23 mm, and fruit lengths 
between 7.35  mm and 11.97  mm. Jannatizadeh and 
Khadivi-Khub [23] reported the fruit weight of B. inte-
gerrima genotypes in Iran to range between 0.10  g and 
0.25 g, fruit width between 4.28 mm and 6.23 mm, fruit 
length between 7.70 mm and 11.31 mm, and leaf length 
between 22.00 mm and 38.00 mm. A study on B. vulgaris 
genotypes in Türkiye reported fruit weights ranging from 
0.102 g to 0.342 g [17]. Observations revealed some dif-
ferences, despite the fruit and leaf characteristics gen-
erally showing similarities with those in the literature. 
These differences may be attributed to species differ-
ences, genotypic variation, and ecological factors.

Biochemical analyses
The biochemical characteristics of the genotypes (total 
phenolic content, total flavonoid content, total antho-
cyanin content, and total antioxidant content) were 
found to be statistically significant on average (p ≤ 0.05) 
(Table  3). The total phenolic contents of the genotypes 
ranged from 190.53  mg GAE/100  g (G12) to 297.55  mg 
GAE/100  g (G7), with the G7 genotype having the 
highest phenolic content, followed by the G19 geno-
type with 295.12  mg GAE/100  g. Flavonoids are phe-
nolic compounds with antioxidant properties. The 
genotypes with the highest flavonoid content were G31 
(203.89  mg QE/100  g), G11 (203.14  mg QE/100  g), and 
G33 (202.03 mg QE/100 g), while the genotypes with the 
lowest flavonoid content were G30 (82.03 mg QE/100 g) 
and G26 (93.89  mg QE/100  g). Anthocyanins are pig-
ments that give plants blue, purple, and red colors and 

Table 3 Comparison of biochemical contents in Berberis crataegina genotypes
Genotype Total Phenolic

(mg GAE/100 g)
Total Flavonoids
(mg QE/100 g)

Total Anthocyanin
(mg cyn-3-gluc/100 g)

Total Antioxidant
(%)

1 219.72 ± 2.00 m* 161.66 ± 2.10 f 6.35 ± 0.04 n 87.07 ± 0.50 b
2 274.31 ± 2.30 fg 194.30 ± 1.04 c 6.83 ± 0.04 k 68.97 ± 0.12 n
3 276.20 ± 2.20 f 140.92 ± 1.40 i 6.16 ± 0.02 pq 84.48 ± 0.40 d
4 279.45 ± 1.30 e 145.00 ± 0.85 h 6.51 ± 0.03 m 62.93 ± 0.80 s
5 228.09 ± 1.04 k 139.07 ± 0.60 j 4.76 ± 0.01 v 67.24 ± 0.40 o
6 194.58 ± 1.10 r 128.70 ± 0.80 kl 6.28 ± 0.01 no 81.03 ± 0.10 e
7 297.55 ± 1.00 a 150.18 ± 0.50 g 6.33 ± 0.03 no 60.34 ± 0.13 v
8 285.53 ± 0.80 c 127.59 ± 0.63 l 6.06 ± 0.03 qr 64.66 ± 0.25 q
9 279.58 ± 1.20 e 137.59 ± 1.10 j 11.76 ± 0.03 a 59.48 ± 0.70 w
10 263.91 ± 1.10 i 114.63 ± 0.80 o 7.38 ± 0.03 h 62.93 ± 0.70 s
11 283.23 ± 1.21 d 203.14 ± 1.18 ab 6.68 ± 0.04 l 65.52 ± 0.40 p
12 190.53 ± 1.03 s 117.22 ± 0.40 n 9.07 ± 0.06 c 80.17 ± 0.10 f
13 235.80 ± 1.30 j 112.40 ± 0.30 p 4.88 ± 0.03 u 73.28 ± 0.38 l
14 267.96 ± 2.00 h 128.70 ± 1.20 kl 6.31 ± 0.01 no 61.21 ± 0.41 u
15 196.07 ± 1.07 r 112.40 ± 0.60 p 4.58 ± 0.03 w 61.21 ± 0.40 u
16 212.69 ± 0.40 o 151.66 ± 0.30 g 8.00 ± 0.02 f 87.93 ± 0.70 a
17 219.99 ± 1.20 m 124.63 ± 1.10 m 4.96 ± 0.01 u 74.14 ± 0.13 k
18 274.72 ± 1.20 fg 183.89 ± 0.80 d 7.25 ± 0.01 i 75.00 ± 0.37 j
19 295.12 ± 0.90 b 116.48 ± 1.5 2n 8.17 ± 0.05 e 63.79 ± 0.21 r
20 213.09 ± 0.70 o 115.74 ± 1.20 no 5.48 ± 0.01 s 76.72 ± 0.32 h
21 282.15 ± 1.20 d 138.43 ± 1.05 j 6.61 ± 0.04 lm 61.21 ± 0.43 u
22 208.77 ± 1.20 p 116.11 ± 0.70 no 7.43 ± 0.05 h 62.07 ± 0.50 t
23 273.50 ± 3.00 g 129.81 ± 1.01 k 5.46 ± 0.02 s 57.76 ± 0.50 x
24 222.28 ± 1.10 l 97.96 ± 1.50 q 4.98 ± 0.03 u 69.83 ± 0.50 m
25 228.23 ± 1.20 k 123.89 ± 0.60 m 6.04 ± 0.02 r 64.66 ± 0.30 q
26 196.74 ± 1.04 r 93.89 ± 0.70 r 8.73 ± 0.01 d 67.24 ± 0.60 o
27 216.61 ± 1.01 n 145.37 ± 1.10 h 7.58 ± 0.03 g 62.07 ± 0.60 t
28 261.74 ± 1.70 i 175.37 ± 1.20 e 11.52 ± 0.02 b 60.34 ± 0.20 v
29 209.85 ± 0.70 p 115.74 ± 0.78 no 4.54 ± 0.02 w 75.86 ± 0.60 i
30 202.28 ± 1.10 q 82.03 ± 0.60 s 7.01 ± 0.01 j 77.59 ± 0.70 g
31 274.05 ± 1.09 fg 203.89 ± 0.64 a 5.34 ± 0.02 t 85.34 ± 0.24 c
32 272.96 ± 1.40 g 194.26 ± 0.48 c 6.23 ± 0.03 op 67.24 ± 0.40 o
33 283.36 ± 2.10 cd 202.03 ± 1.16 b 6.58 ± 0.04 lm 64.66 ± 0.76 q
* The difference between the averages indicated by different letters letter in the same column is significant (p ≤ 0.05)
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possess strong antioxidant properties. The genotypes 
G9 (11.76  mg cyn-3-gluc/100  g) and G28 (11.52  mg 
cyn-3-gluc/100  g) had the highest anthocyanin content, 
while the G29 genotype (4.54 mg cyn-3-gluc/100 g) had 
the lowest. In terms of antioxidant capacity, genotypes 
G16 (87.93%) and G1 (87.07%) had the highest values, 
while genotype G23 (57.76%) had the lowest antioxidant 
capacity.

Many studies have been conducted on the biochemical 
contents of Berberis species. Researchers have reported 
the total phenolic content of Berberis species as fol-
lows: Akbulut et al. [2] reported 789.32 mg GAE/100 g, 
Sasikumar et al. [35] reported 410 mg GAE/100 g, Has-
sanpour and Alizadeh [21] reported 347.52–623.07  mg 
GAE/100 g, Ersoy et al. [17] reported 228.10–346.20 mg 
GAE/100 g, Goodarzi et al. [20] reported 4.44–28.93 mg 
GAE/100  g, Gholizadeh-Moghadam et al. [18] reported 
25.98–94.04  mg GAE/100  g, and Eroğlu et al. [16] 
reported 140.00–448.30  mg GAE/100  g. For total flavo-
noid content, Demirci [13] reported 62.58 mg QE/100 g, 
Charehsaz et al. [7] reported 274.20 mg QE/100 g, Has-
sanpour and Alizadeh [21] reported 132.66–280.00  mg 
QE/100  g, and Gholizadeh-Moghadam et al. [18] 
reported 2.96–76.70  mg QE/100  g. For total anthocy-
anin content, Hassanpour and Alizadeh [21] reported 
16.32–91.66  mg cyn-3-gluc/100  g, Goodarzi et al. [20] 
reported 7.00–70.00  mg cyn-3-gluc/100  g, and Ersoy et 
al. [17] reported 36.00–87.40  mg cyn-3-gluc/100  g. The 
total antioxidant content (DPPH) was reported by Yildiz 
et al. [46] as 75.01 – 90.64%, Hassanpour and Alizadeh 

[21] as 20.47 – 74.72%, Gholizadeh-Moghadam et al. [18] 
as 13.20 – 56.84%, and Demirci [13] as 90.74%.

Although our findings are, for the most part, consis-
tent with those found in the existing body of research, 
it was discovered that they were greater than the find-
ings of certain researchers and lower than those of oth-
ers. Several factors, including species, genotype, climate, 
soil, and geographical variances, might be responsible for 
these disparities.

Correlation analysis
Significant correlations were detected among the traits 
examined in this study (Fig. 2). Leaf and fruit character-
istics showed a strong positive correlation among them-
selves. The highest correlation among leaf traits was 
observed between leaf length and leaf width (r = 0.73). 
Similarly, the strongest correlation among fruit char-
acteristics was found between fruit weight and fruit 
length (r = 0.62). In terms of the biochemical contents of 
Berberis species, the highest correlation was observed 
between total phenolic content and total flavonoid con-
tent (r = 0.94). The correlation findings of this study align 
with previous studies conducted on Berberis [20, 23, 33]. 
Correlation analysis helps breeders in parent selection 
by identifying relationships among the traits studied and 
can provide valuable information about the most impor-
tant traits in the evaluation of genotypes [28].

Principal component analysis (PCA)
Principal component analysis (PCA) is widely used 
to reduce the number of traits investigated for 

Fig. 2 Pearson correlation matrix of morphological and biochemical traits of Berberis crataegina genotypes (significance level p ≤ 0.05)
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distinguishing genotypes and to determine the degree 
of influence these traits have on the variation. Further-
more, the first three principal components provide sig-
nificant time savings in the characterization of genotypes 
[22]. In this study, PCA was performed on 11 parameters 
related to fruit, leaf, and biochemical characteristics. To 
identify the traits that explain the largest proportion of 
variation, components with an eigenvalue greater than 1 
were considered. The analysis revealed four components 
with eigenvalues greater than 1. These four components 
explained 71.89% of the total variation. However, the first 
three principal components accounted for 58.55% of the 
total variation. PCA1 explained 23.48% of the variation, 
PCA2 explained 18.68%, and PCA3 explained 16.39%. 
Our findings were similar to the results of Hassanpour 
and Alizadeh [21] (PCA3 explained 63.90% of the varia-
tion), but higher than the results of Jannatizadeh and 
Khadivi-Khub [23] and Rezaei et al. [33] (PCA3 explained 
37.77% and 31.77%, respectively). Genotype numbers and 
types of parameters likely caused study differences. The 
contribution of each trait to the principal components 
varied. For PCA1, the traits that had the greatest impact 
were fruit weight and fruit width among fruit traits, and 
leaf length, leaf width, and petiole length among leaf 
traits. The traits that showed the highest effect on PCA1 
showed a positive effect. When the traits that showed the 
highest effect on PCA2 were examined; fruit weight, fruit 
width and fruit length had a negative effect among fruit 
traits, while total flavonoids among biochemical traits 
and petiole length among leaf traits had a positive effect. 
For PCA3, fruit width and total phenolics made the larg-
est positive contributions, while total antioxidants made 
the largest negative contributions (Table 4; Fig. 3).

The heatmap and hierarchical clustering analysis 
revealed that the genotypes were divided into two main 
groups (Fig.  4). Each group was further subdivided into 
two subgroups. The A1 group, consisting of genotypes 

G1, G31, G5, and G11, displayed high values for traits 
such as petiole length, total antioxidant content, total 
phenolic content, and total flavonoid content. The A2 
group was further divided into two subgroups. Group B 
was also divided into two subgroups. Genotypes G9 and 
G19, which showed high values for traits like fruit width, 
total phenolic content, and total anthocyanin content, 
formed the B2 subgroup. Heatmap analysis provides a 
classification of genotypes based on morphological traits 
and offers breeders collective information about the 
characteristics of the genotypes (Fig. 4).

Molecular analyses
A total of 9 ISSR markers were used for the molecular 
characterization of the examined Berberis genotypes. 
The lengths of the bands generated by these markers, 
the total number of bands, the number of polymorphic 
bands, and polymorphism rates are presented in Table 5. 
A total of 72 scorable bands were obtained, with 58 of 
them being identified as polymorphic. The number of 
bands obtained from the markers ranged from 4.00 with 
the (CAC)3GC marker to 13 bands with the HVH (TCC)7 
marker. The band lengths produced by the ISSR mark-
ers ranged between 190 and 2500 bp. The average num-
ber of bands per marker was found to be 8.00, with an 
average of 6.44 polymorphic bands and an average poly-
morphism rate of 82.24%. The band lengths produced by 
the markers ranged from 200 to 1100 bp. While the PIC 
of ISSR primers was between 0.27 ((AGC)6G) and 0.39 
(HVH (TCC)7), the mean PIC was determined as 0.32. 
Among the features of ISSR primers, RP varied between 
3.20 ((AGC)6G) and 5.42 (HVH (TCC)7), EMR varied 
between 8.42 ((GA)8YG) and 10.23 ((GT)6GG), and MI 
varied between 3.75 ((GT)6GG) and 5.12 (BDB (CA)7 C) 
(Table 5).

There are a limited number of molecular studies 
on Berberis species in the literature. In their research 

Table 4 Contributions of variables to principal components in PCA analysis
Variables PCA1 Contribution (%) PCA2 Contribution (%) PCA3 Contribution (%) PCA4 Contribution (%)
Fruit Weight 0.37 13.51 -0.43 18.69 0.13 1.69 0.29 8.13
Fruit Width 0.29 8.19 -0.34 11.80 0.34 11.75 -0.17 2.86
Fruit Length 0.21 4.32 -0.33 10.68 -0.21 4.49 0.52 27.29
Total Phenolic -0.10 0.98 0.26 6.66 0.50 25.04 0.36 12.79
Total Flavonoids -0.15 2.14 0.44 19.06 0.09 0.77 0.53 28.47
Total Anthocyanin 0.11 1.10 0.16 2.49 0.31 9.54 -0.06 0.33
Total Antioxidant -0.05 0.30 0.02 0.02 -0.62 38.79 0.13 1.75
Leaf Length 0.54 29.43 0.21 4.28 -0.13 1.81 0.00 0.00
Leaf Width 0.50 25.05 0.21 4.47 0.09 0.82 0.07 0.55
Petiole Length 0.31 9.73 0.37 13.47 -0.23 5.20 0.06 0.37
Petiole Thickness 0.23 5.25 0.29 8.37 -0.03 0.10 -0.42 17.47
Eigenvalue 2.58 2.06 1.80 1.47
Percent 23.48 18.68 16.39 13.34
Cumulative values 23.48 42.16 58.55 71.89
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Fig. 4 Heatmap and hierarchical clustering dendrogram of Berberis crataegina genotypes based on morphological and biochemical traits

 

Fig. 3 Principal component analysis (PCA) biplot of Berberis crataegina genotypes based on morphological and biochemical traits
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conducted with twenty ISSR markers, Pınar et al. [30] 
reported that each marker had an average of 7.50 bands, 
with an average of 5.50 polymorphic bands, an average 
polymorphism rate of 74.00%, and band lengths rang-
ing from 190 to 1400 base pairs. In another study, Safa-
manesh et al. [33] used 10 ISSR and 5 SSR markers. They 
reported an average number of 9.80 bands per ISSR 
marker, with 8.60 polymorphic bands, an average poly-
morphism rate of 79.98%, and band lengths between 300 
and 1300 bp. For SSR markers, they found an average of 
8.60 bands, with an identical number of polymorphic 
bands and an average polymorphism rate of 79.98%, with 
band lengths ranging from 100 to 1100 bp.

In the ISSR primers, Observe allele number (Na) 
ranged from 1.19 ((CAC)3GC) to 1.51 ((GT)6GG), Effec-
tive allele number (Ne) ranged from 1.04 ((GAA)8) to 
1.31 ((GT)6GG), Shannon index (I) ranged from 0.20 
(BDB (CA)7  C) to 0.40 ((CAC)3GC) and Nei index (H) 
ranged from 0.21 (BDB (CA)7 C) to 0.36 (DBDA(CA)7) 
(Table 6).

Even though the findings of this study are generally 
comparable to those of other studies in terms of ISSR 
marker banding and diversity features, there were some 

differences, with certain parameters exhibiting larger 
values than others. The changes in the markers and the 
genetic variances between the germplasms are responsi-
ble for these discrepancies. Since these markers revealed 
polymorphism in B. crataegina, it is advised that future 
molecular research on Berberis species use ISSR markers, 
which were used in this work.

Analysis of molecular variance using ISSR markers 
showed that, the greatest variation was related to within 
populations. Variations within populations were 17 for 
ISSR markers, while the variation between populations 
were 83 (Fig. 5).

A UPGMA dendrogram was created based on the scor-
ing results obtained from the ISSR markers to investigate 
the genetic relationship between the Berberis genotypes. 
According to the UPGMA method, the similarity index 
of the genotypes in the dendrogram ranged between 0.64 
and 1.00 (Fig. 6). Two distinct main groups were formed 
in the dendrogram. Group A was further divided into two 
subgroups. The G21 genotype, with a similarity index 
of 0.70, was the most genetically distant genotype from 

Table 5 Band information and polymorphism rates of ISSR markers in Berberis crataegina genotypes
Marker NB NPB PR BL (bp) PIC RP EMR MI
(GA)8YG 9.00 8.00 88.89 200–1000 0.35 4.25 8.42 4.24
(GAA)6 6.00 6.00 100.00 220–750 0.33 3.85 9.17 3.80
(CAC)3GC 4.00 3.00 75.00 300–1000 0.28 4.37 10.06 4.36
BDB (CA)7C 8.00 8.00 100.00 350–1000 0.30 4.12 8.75 5.12
VHV (GTG)7 11.00 10.00 90.91 250–950 0.32 4.33 9.46 4.01
(GT)6GG 5.00 5.00 100.00 400–1000 0.32 4.74 10.23 3.75
(AGC)6G 7.00 4.00 57.14 250–950 0.27 3.20 9.16 4.41
DBDA(CA)7 9.00 6.00 66.67 400–1000 0.33 3.98 9.78 5.01
HVH (TCC)7 13.00 8.00 61.54 400–1100 0.39 5.42 8.47 4.83
Mean 8.00 6.44 82.24 - 0.32 4.25 9.28 4.39
Total 72.00 58.00 - - 2.89 - - -
Number of Bands: NB, Number of Polymorphic Bands: NPB, Polymorphism Rate: PR, Base Length: BL, Resolving Power: RP, Polymorphic Information Content: PIC, 
Effective Multiplex Ratio: EMR, Marker Index: MI

Table 6 Genetic diversity data and differentiation parameters 
of ISSR molecular markers in Berberis crataegina genotypes in 
Kayseri province. Observe allele number (na), effective allele 
number (ne), Shannon index (I) and Nei index (H)
Marker Na Ne I H
(GA)8YG 1.37 1.19 0.24 0.35
(GAA)6 1.28 1.04 0.33 0.31
(CAC)3GC 1.19 1.12 0.40 0.28
BDB (CA)7C 1.42 1.26 0.20 0.21
VHV (GTG)7 1.46 1.06 0.27 0.27
(GT)6GG 1.51 1.31 0.34 0.32
(AGC)6G 1.33 1.14 0.28 0.30
DBDA(CA)7 1.45 1.09 0.35 0.36
HVH (TCC)7 1.23 1.18 0.21 0.29
Mean 1.36 1.15 0.29 0.30

Fig. 5 The percentage of molecular variance between and within popula-
tions of 33 Berberis crataegina genotypes investigated using ISSR primers
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the others within group (A) Other genotypes in group A 
included G4, G8, G18, G20, G24, and G25. The remaining 
genotypes formed group (B) Among the genotypes, G2 
and G13 were the closest, sharing a 1.00 similarity index.

The similarity indices obtained in this study are in line 
with previous molecular analyses of Berberis species. For 
ISSR markers, Pınar et al. [31] reported similarity indi-
ces ranging from 0.84 to 1.00, while Safamanesh et al. 
[33] found values between 0.27 and 0.70. Using AFLP 
markers, Cote and Leduc [9] reported similarity indices 
between 0.30 and 1.00, and for SSR markers, Rezaei et al. 
[33] observed a range of 0.54 to 0.96, while Safamanesh et 
al. [34] recorded values from 0.18 to 0.57. The differences 
in similarity ratios observed between Berberis species are 
mainly attributed to the variations in genetic material 
sources used in these studies.

Conclusion
This study identified the genetic diversity of 33 genotypes 
of B. crataegina, naturally growing in Kayseri province, 
located in the central part of Anatolia, through fruit, 
leaf, biochemical, and molecular analyses. Significant 
variations were detected among the genotypes in terms 
of fruit, leaf, and biochemical characteristics. The G17 
genotype was found to be superior to the other geno-
types in terms of fruit weight. While the G7 genotype 
was superior in terms of total phenolics, the G16 geno-
type was determined to be superior in terms of total anti-
oxidants. The genotypes were observed to possess rich 
biochemical content. The integration of morphological 
and biochemical data with ISSR markers has shown that 
combining these factors provides more reliable results for 
distinguishing genotypes. The findings of this study are 
expected to guide future breeding studies for the conser-
vation and improvement of this species.

Fig. 6 UPGMA dendrogram showing genetic relationships among Berberis crataegina genotypes based on ISSR marker data
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