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ABSTRACT 

 
Berberis is an important genus both medicinally and economically. In traditional medicine it is used to treat various 

health conditions including different types of cancer, cardiovascular anomalies, hepatic disorders, diabetes mellitus and 

bone healing. Due to the plasticity of its morphology (leaf size, shape, and flower stalk – sometimes even on the same 

plant - and often subject to rampant hybridization) species identification and delineation has been and remains a 

challenge. Moreover, there is no efficient universal DNA extraction protocol to impact on the specific studies. The 

current study investigates apparent taxonomic differences using DNA based markers. Furthermore, it presents an 

optimized version of genomic DNA extraction. Twelve samples collected from different populations were treated with 

thirty RAPD primer combinations. A total of 44 polymorphic loci and 294 DNA fragments were amplified revealing a 

genetic distance ranging between 20 - 74%. While nineteen comparisons exhibited relatively higher genetic distance 

(46+ %). Cluster analysis indicated that different Berberis species have unique geographical and altitudinal adaptations. 

Morphological features considered for taxonomy showed little importance for classification. Research findings will 

improve taxonomic understanding, help effective DNA extraction, facilitate conservation of critically endangered 

Berberis species and could be supportive in optimizing breeding programs. 
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INTRODUCTION 

 

Berberis is the largest genus of family Burseraceae. The Eurasia (the Himalayas and China) and Latin America 

(Ahrendt, 1961, Landrum, 1999, Adhikari et al. 2012) are two prime diversity centres. Landrum (1999) and 

Adhikari et al. (2012) proposed 407-447 species compared to 467 by Ahrendt (1961).  

Berberis species are extensively used in a number of traditional herbal medicine systems including Eastern, 

Ayurvedic, Unani, Homeopathic and Modern systems (Chopra et al., 1981; Chandra and Purohit, 1980; Jain, 1994). 

A number of British, Chinese, Indian, and Iranian herbal pharmacopoeias and the Homeopathic Materia Medica 

include it (Minaiyan et al. 2011; Chopra and Chopra, 1933; Xaio, 1983). Berberis species contain the alkaloid 

Berberine, an active and effective therapeutic agent (Sheng-Ji, 2011; Joshi et al. 2011; Tang et al., 2009; Kong et 

al., 2004).  It is used to treat cancer, diabetes mellitus, jaundice, enlargement of spleen, osteoporosis, cardiovascular 

ailments, digestive complaints, leprosy and bone fractures treatments (Khan et al., 2013).  

Morphologically there are two primary subspecies of Berberis pseudumbellata are found in the area i.e. 

Berberis pseudumbellata subsp. pseudumbellata and Berberis pseudumbellata subsp. gilgitica. In the field they 

basically different in the berry colour and shape besides their leaf size and margin morphology. Subspecies 

pseudumbellata have more oval and dark blue to blackish berries as compared to subspecies gilgitica which has 

red/reddish oval to relatively elongated and larger berries. Both exhibit clear elevation differences; for example, 

subspecies pseudumbellata will not grow over 2100 m asl, while subspecies gilgitica will only grow above 2500 m 

asl (Khan et al., 2014). 

Sufficient genetic distance is the basic requirement of any species.  It enables to adapt to changing environment 

and provides an insurance against unknown future threats (Levins, 1968).  Previously, morphological, cytological, 

and biochemical markers were commonly used for GD estimation (Jarvis and Hodgkin, 1999). They are either 

limited in number or not free from influences. Therefore, they are not considered very suitable for in-depth and large 

scale GD studies (Clausen and Hiesey, 1958).  DNA based molecular markers have facilitated GD estimation in 

plant / animal species of commercial importance (Varshney et al., 2005). They are better to study genome structure 

due to their unlimited scope and being free from physico-environmental factors (Tripathi and Sandhya, 2013; Stuber 

et al., 1992).  
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Some commonly used molecular markers are Restriction Fragment Length Polymorphism (RFLP), Simple 

Sequence Repeat (SSR), Amplified Fragment Length Polymorphism (AFLP), Randomly Amplified Polymorphic 

DNA (RAPD) (Paterson et al., 1991, Lateef, 2015). Genetic variation estimations are increasingly based on DNA 

studies using different markers (Lynch 1988). Several scientists prefer RAPD technique (Welsh and McClelland 

1990; Williams et al. 1990; Caetano-AnollCs et al., 1991; Deragon 1992; Huff et al., 1993) for having several 

advantages over RFLP and DNA fingerprints (Lynch and Milligan, 1994). Genetic distance is a reflection of genetic 

diversity between or among species and populations (Nei, 1987). 

RAPDs are inexpensive, easy to perform and do not require any prior sequence information (Grattapaglia and 

Sederoff, 1994).  They can discriminate closely related varieties (Fang and Roose, 1997; Yang and Quiros, 1993).  

Rajalakshmi et al. (2014) used RAPD primers to study phylogenetic relations among Solanum red berries (Solanum 

dulcamara L.) and Solanum blue (Solanum nigrum) berries. They found them genetically closely related. Recently 

scientists around the world used morphological characterization and DNA based markers for estimation of GD and 

to reach on better taxonomic conclusion of genus Berberis (Bottini et al., 2007, Somayeh et al., 2008; Iqbal et al., 

2013; Tripathi and Sandhya, 2013). Such reports are limited in number and reflect its neglected status and the extent 

of gap in the knowledge of the genus. Mostly previous studies were based on morphological characterization. 

Bottini et al. (2007) analyzed sequence of the internal transcribed spacer (ITS) of the 18S (ITS1)-5.8S-26S 

(ITS2) rDNA region in 13 species of the genus Berberis.  Along with morphological, biochemical, AFLP, and 

cytological data, they discovered existence of diploid and polyploid hybrid species in the genus. Similarly, Heydari, 

et al. (2009) used AFLP to evaluate genetic variation and Phylogenic relationship among 30 samples of wild and 

cultured barberry in Iran.   They concluded that the two genera Berberis and Mahonia belong to 2 completely 

distinct groups with significant genetic distance. Iqbal et al. (2013) studied red and black fruited Berberis accessions 

from Kunhar Valley, KPK, Pakistan using morpho-molecular (RAPD) markers. They reported 6-86% GD. Tripathi 

and Sandhya (2013) used RAPD primers to estimate GD in 50 accessions of B. lycium, related varieties and reported 

high level of GD (upto 85%). 

The present work is the first documented attempt to utilize DNA technology for estimation of genetic diversity 

in genus Berberis in the Himalaya, Hindukush and Karakoram Ranges, Pakistan. It was aimed at resolving ongoing 

confusion about taxonomic position of Berberis species found in the area. Moreover, current investigation has 

optimized previous inefficient DNA extraction protocols for Berberis species. 

 

MATERIAL AND METHODS 

Study Area 
Study was carried out in Central Karakoram National Park (CKNP) during 2012-2015. Due to globally 

important unique natural biodiversity and its fragile ecosystems, Government of Pakistan officially designated it a 

‘National Park’ of IUCN category II in December 1993 (Nawaz et al., 2009). It stretches across 36.0000° N, 

75.0000° E and covers an area of 10,000 sq. km and six out of the nine administrative districts of GB i.e., Hunza, 

Nagar, Gilgit, Skardu, Ghanche and Shigar. The geographical scope of this study extends over three administrative 

districts i.e., Gilgit, Nagar and Hunza along with five separate valleys of Bagrot, Rahimabad-Nomal, Juglot-Goro, 

Naltar and Nagar (Fig. 1).  

 

Species selection 
A total of 32 researchers have reported 14 Berberis species from Gilgit-Baltistan and Chitral. Different reports 

are inconsistent and mostly contradict each other. For the present study we have chosen the most prevalent and 

frequent reported subspecies Berberis pseudumbellata subsp. pseudumbellata and Berberis pseudumbellata subsp. 

gilgitica. 

 

Sampling 

Twelve (n=12) Berberis populations (Berberis pseudumbellata subsp. pseudumbellata, n=8; Berberis 

pseudumbellata subsp. gilgitica, n=4) were identified from valleys of Bagrot, Nomal, Rahimabad, Naltar, Goro, 

Juglot, Hupaye, Thol and Ghulmet. Specimen (bark, berries, and leaves) were collected and transported to ‘Water 

Quality Laboratory’, Department of Biological Sciences, Karakoram International University, Pakistan. Samples 

were dried in the drier (Oven) at 48°C. Details of accessions are given in the Table 1. 

 

DNA extraction 

For DNA based analysis, 12 Berberis accessions (listed in Table 1) were processed at the Centre of Agricultural 

Biochemistry and Biotechnology (CABB), University of Agriculture, Faisalabad, Pakistan during 2014-15.  For 
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DNA extraction CTAB procedure (Hoisington et al., 1994; Doyle and Doyle, 1990) was used with minor 

modifications mentioned below. 

 

Table 1.  Geographic, subspecies and accession information of the Berberis pseudumbellata subspecies population 

used for DNA analysis. Under prevalent identification column, B.p.pseudumbellata refers to subspecies Berberis 

pseudumbellata subsp. pseudumbellata and B.p.gilgitica refers to Berberis pseudumbellata subsp. gilgitica. 

 

Acce-

ssion 

Abbre-

viation 
Origin/ location 

Prevalent identification 

(subspecies) 

Berry 

color GPS Coordinates 
Elevation 

(m a.s.l) 

Pop 01 JugDwn Juglot Down B.p.pseudumbellata Black 36°10'39.56"N  

74°17'38.57"E 
1879.6 

Pop 02 Gor Goro B.p.pseudumbellata Black 36°10'51.25"N  

74°17'24.96"E 
1708.2 

Pop 03 No.Ed Nomal End B.p.pseudumbellata Black 36°05'28.37"N  

74°16'55.78"E 
1639.3 

Pop 04 Hup Hupaye B.p.pseudumbellata Black 36°14'10.06"N  

74°26'32.29"E 
2042.1 

Pop 05 Bag.Up Bagrot Up B.p.gilgitica Red 36°02'23.34"N  

74°35'16.66"E 
2624.1 

Pop 06 RBD Rahimabad B.p.pseudumbellata Black 36°06'25.29"N 

74°18'13.26"E 
1733.8 

Pop 07 JugUp Juglot Up B.p.pseudumbellata Black 36°10'44.77"N  

74°18'40.81"E 
2033.5 

Pop 08 N.B.Ed Naltar Bala End B.p.gilgitica Red 36°10'23.71"N  

74°09'58.29"E 
2941.8 

Pop 09 Thol Thol B.p.pseudumbellata Black 36°14'12.24"N  

74°26'04.24"E 
1924.4 

Pop 10 N.Mid Naltar Midway B.p.gilgitica Red 36°09'22.67"N  

74°11'57.19"E 
2723.8 

Pop 11 Ghl Ghulmet B.p.pseudumbellata Black 36°14'22.96"N  

74°29'03.89"E 
1989.0 

Pop 12 BagDwn Bagrot Down B.p.gilgitica Red 36°02'00.67"N  

74°34'00.51"E 
2572.9 

 

 

 

Fig. 1. Accessions sampling sites (marked as red and black dots).Dots 

and circles exhibit berry colour. Black dots in white circles represent B. 

pseudumbellata subsp. pseudumbellata and red spots represent B. 

pseudumbellata subsp. gilgitica. Inset: Gilgit-Baltistan location in 

Pakistan and the globe. 
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DNA quantification and quality check 

The DNA concentration was quantified using a spectrophotometer (CECIL CE 2021 2000 Series). The samples 

from each parent were loaded on the spectrophotometer to measure their DNA concentration at 260 nm.  The quality 

of DNA was checked by running 5 μL DNA of each accession on 0.8 % agarose gel prepared in 0.5X TBE 

(Tris/Borate/EDTA) buffer.  Bromophenol blue (3 μL) was added in each sample of DNA. 

 

DNA amplification  

Working solution of DNA samples containing 15ng of DNA in 1.0 μL of d3H2O was prepared. The 

concentration of genomic DNA, 10X PCR buffer with (NH4)2SO4, MgCl2, dNTPs (dATP, dCTP, dGTP, dTTP), 10 

mer random primer and Taq DNA polymerase were optimized for RAPD analysis (Williams et al., 1990). Thirty 

(30), 10 base oligonucleotide RAPD primers were used during present study.  These primers (listed in Tables 2) 

were obtained from Gene link company (USA). Taq polymerase together with buffer, MgCl2, dNTPs and gelatin 

were purchased from Fermentas (Gene Link, Inc NY, USA). 

 

Table 2. Sequence information of RAPD primer used for amplification of genomic DNA from Berberis accessions. 

  

Sr. No Primer (Oligo) Name Sequence % GC 

1.  GL DecamerB-07 GGTGACGCAG 70 

2.  GL DecamerB-10 CTGCTGGGAC 70 

3.  GL DecamerB-11 GTAGACCCGT 60 

4.  GL DecamerB-13 TTCCCCCGCT 70 

5.  GL DecamerB-17 AGGGAACGAG 60 

6.  GL DecamerD-06 ACCTGAACGG 60 

7.  GL DecamerD-12 CACCGTATCC 60 

8.  GL DecamerD-13 GGGGTGACGA 70 

9.  GL DecamerD-19 CTGGGGACTT 60 

10.  GL DecamerD-20 ACCCGGTCAC 70 

11.  GL Decamer I-02 GGAGGAGAGG 70 

12.  GL Decamer I-05 TGTTCCACGG 60 

13.  GL Decamer I-06 AAGGCGGCAG 70 

14.  GL Decamer I-07 CAGCGACAAG 60 

15.  GL Decamer I-09 TGGAGAGCAG 60 

16.  GL Decamer I-10 ACAACGCGAG 60 

17.  GL Decamer I-11 ACATGCCGTG 60 

18.  GL Decamer I-15 TCATCCGAGG 60 

19.  GL Decamer I-17 GGTGGTGATG 60 

20.  GL Decamer I-20 AAAGTGCGGG 60 

21.  GL Decamer  E-01 CCCAAGGTCC 70 

22.  GL Decamer  E-02 GGTGCGGGAA 70 

23.  GL Decamer  E-05 TCAGGGAGGT 60 

24.  GL Decamer  E-07 AGATGCAGCC 60 

25.  GL Decamer  E-16 GGTGACTGTG 60 

26.  GL Decamer  E-17 CTACTGCCGT 60 

27.  GL Decamer  E-20 AACGGTGACC 60 

28.  GL Decamer  F-01 ACGGATCCTG 60 

29.  GL Decamer  F-03 CCTGATCACC 60 

30.  GL Decamer  F-05 CCGAATTCCC 60 
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The master mix for the reactions against one primer was prepared through mixing of 6.5 μL of d3H2O, 2.5 μL of 

10X PCR buffer, 4.0 μL dNTPs, 3.8 μL MgCl2, 3.5 μL of primer, 2.5 μL of gelatine and 0.2 μL of Taq polymerase. 

For each reaction, 2.5 μL of sample DNA was mixed with 22.5 μL of master mixture in one PCR tube. DNA 

amplification reactions were performed in a thermal cycler (Eppendorf AG No. 5333 00839). For PCR, Initial 

denaturation was carried out at 94°C for 5 minutes followed by 40 cycles of 1 minute denaturation at 94°C, 1 minute 

annealing at 34°C and 2 minutes extension at 72°C. 

 

Agarose gel electrophoresis 

The 1.2% agarose gels were prepared dissolving 1.2 g agarose in 100 mL of TBE buffer and cooked in 

microwave oven for three minutes. After cooking, the liquid gels were cooled to 60 ºC and add 3.0 μL of ethidium 

bromide (EtBr) solution (10mg of EtBr/100mL of TBE). The gel was run supplying 80 volts of current for 50 

minutes. UV Transilluminator (Model - M-20E Upland-CA 91786 USA) was used for documentation.  

 

Generation and analysis of marker data 

PCR reactions were carried out in duplicate to reduce unreliability of the results if existed and only reliably 

score able bands were included in the analysis.  Faint bands or bands not appearing in repeat gels were excluded 

from scoring. Data was scored from good quality photographs of each amplification reaction. Amplification profiles 

of all the genotypes were compared with each other and bands of DNA fragments were scored as present (1) or 

absent (0). To rule out false negative and positives, replicates were made to ensure reproducible bandings. 

Dissimilarity matrix was generated using Nei's Measures of Genetic Identity and Genetic Distance (Nei, 1978). In 

addition population relationships were inferred using the Unweighted Pair Group of Arithmetic Means (UPGMA) 

clustering method using “Popgen” software (version 3.5).  

 

RESULTS 

 

DNA Analysis 

The total genomic DNA was successfully extracted following the modified CTAB method (Hoisington et al., 

1994; Doyle and Doyle, 1990). The DNA quality was excellent as observed by running and visualizing the 0.8% 

agarose gel. A representative of the gels of Berberis DNA amplification using RAPD primers GLB B-13 is 

presented in figure 2.  Forty-four polymorphic loci were recorded. A total of 294 DNA fragments were amplified 

using 30 RAPD primers. Which have mean value for each primer was 9.8.  The genetic distances for RAPD data for 

Berberis accessions was constructed using procedure outlined by Nei and Li (1979) and the relationships between 

accessions were presented graphically in the form of a dendrogram in (Table 3 Figure 3).   The values of genetic 

distances ranged from 0.2007 – 0.7397 

 
Table 3.  Average Genetic distance estimates among 12 Berberis accessions based on data obtained using 30 RAPD primers. 

Pop ID    1              2             3             4            5              6            7              8               9          10              11         

2         0.5261 

3         0.3502    0.5653 

4         0.3502    0.4884    0.3185 

5         0.2877    0.3502    0.2578    0.2007 

6         0.6487    0.5653    0.4520    0.3185    0.5261 

7         0.7397    0.5653    0.6931    0.5261    0.6061    0.3830 

8         0.4520    0.5261    0.4884    0.2877    0.3502    0.2288    0.3502  

9         0.5653    0.4884    0.4520    0.2578    0.4520    0.2578    0.3830    0.2288 

10        0.3830    0.3830    0.4884    0.2877    0.2877    0.4169    0.4884    0.3830    0.2877 

11        0.4520    0.5261    0.3502    0.3502    0.2877    0.4884    0.4169    0.2578    0.2288    0.3185  

12        0.4520    0.3185    0.5653    0.4169    0.3502    0.4169    0.4169    0.3830    0.4169    0.2578   0.4520 

 

The lowest genetic distance of 20% was seen among Hupaye and Bagrot Up. While maximum genetic distance of 

74% was observed among accessions Juglot Down and Juglot Up. Relatively higher genetic distances (46% or 

above) was observed among 19 comparisons. 

The cluster analysis based on genetic distance values has classified all the accession in 3 major groups (A, B, 

and C) comprised of 4, 3 and 5 accessions respectively (Fig. 3).  It is important to note that accessions collected 

from Naltar Midway, Bagrot Down, Naltar Bala End and Bagrot Up (all occupying central position of dendrogram) 

http://www.springerlink.com/content/p283nr617q5pp564/fulltext.html#CR23


868  TIKA KHAN ET AL., 

INTERNATIONAL JOURNAL OF BIOLOGY AND BIOTECHNOLOGY 22 (4): 863-872, 2025. 

all had red berries while rest of the accessions had black / dark bluish black berries. 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. PCR amplification of 12 accessions of Berberis using RAPD primer GL B-13. M= 100 bp Mol wt marker, 1= 

Juglot Down, 2= Goro, 3= Nomal End, 4= Hupaye, 5= Bagrot Up, 6= Rahimabad, 7= Juglot Up, 8= Naltar Bala 

End, 9= Thol, 10= Naltar Midway, 11= Ghulmet and 12= Bagrot Down.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Cluster analysis of 12 Berberis accessions based on data generated using 30 

RAPD primers.Dots and circles exhibit berry colour. Black dots represent B. 

pseudumbellata subsp. pseudumbellata and red circles represent B. pseudumbellata 

subsp. gilgitica. 
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DISCUSSION 

 

The findings of the current study establish the efficient use of RAPD markers in estimating genetic distance 

within and among medicinal plant species, supporting evidence from earlier research on Berberis and other genera 

(Tripathi and Sandhya, 2013; Iqbal et al., 2013). Genetic analysis via RAPDs presents a very appealing method for 

non-model species such as Berberis since it is not based on any advanced knowledge of the DNA sequence and 

hence makes it possible to assess genetic diversity rapidly (Wolfe and Liston, 1998). The method allows 

simultaneous analysis of many loci throughout the genome within one PCR reaction, taking the form of a genomic 

snapshot (Michelmore et al., 1991). While some researchers have criticized RAPD markers for possible 

reproducibility problems (Atienzar and Jha, 2006), the rigorous protocols used in our study - duplicate PCR 

reactions and the rejection of weak or non-reproducible bands - were intended specifically to avoid such problems 

and guarantee the integrity of our data. 

In this study, all 30 primers were able to amplify a high percentage of the fragments from the 12 Berberis 

accessions, most of which were polymorphic. The high level of polymorphism points to the high genetic diversity 

that exists in these populations. Multivariate analysis yielded a wide range of genetic distances (20% to 74%), with 

the greatest divergence between the morphologically identical accessions Juglot Up and Juglot Down (both 

originally classified as B. pseudumbellata subsp. pseudumbellata). This observation is significant, as it indicates that 

classical morphological classification is not an accurate indicator of the underlying genetics. Such a divergence 

raises the possibility of a taxonomic anomaly and suggests that these two populations may have experienced 

remarkable genetic differentiation, due to local adaptation, genetic drift, or other evolutionary pressures in spite of 

their phenotypic convergence. 

Cluster analysis also contradicts the use of classical phenotypic markers to classify. The dendrogram divided the 

12 accessions into three large clusters (A, B, and C), but these did not directly align with the prevailing subspecies 

delimitation based on berry colour and elevation. Interestingly, Cluster B held all four accessions of B. p. subsp. 

gilgitica (red berries and higher elevations), but Cluster B also embraced one accession of B. p. subsp. 

pseudumbellata (Pop 06: Rahimabad). On the other hand, Clusters A and C were almost entirely made up of the 

black-berried B. p. subsp. pseudumbellata. Rahimabad (black berry) falling under the mostly red-berries group (B) 

and the high degree of genetic similarity between subgroups A2 and C1—which have various morphological 

characteristics—strongly suggest that traits like berry colour, number of thorns, and structure of leaves are not good 

indicators of genetic closeness. Excess dependency on such plastic morphological features can thus be deceptive for 

taxonomic identification and demarcation, a finding agreed with by parallel results for other plant lineages (Bottini 

et al., 2007). 

These findings require a plea for further refined and thorough taxonomic studies, possibly combining stronger 

molecular methods (e.g., ISSR, AFLP, or ITS sequencing) with precise morphological and ecological information to 

establish a stable and phylogenetically stable classification of the Berberis species of this area (Kim et al., 2004; 

Heydari et al., 2009). 

Apart from taxonomy, the genetic divergence patterns revealed here have immediate conservation and breeding 

implications. The high genetic diversity found, even within subspecies, is a precious resource. Conservation efforts 

for germplasm can be maximized through prioritizing accessions with unique genetic lines, like the highly divergent 

Juglot Up population, to best preserve genetic variation. This diversity gives a reservoir of alleles that can facilitate 

adaptation to new environmental conditions and future danger (Levins, 1968). Furthermore, this genetic information 

is invaluable for devising informed breeding programs. Selecting genetically distinct and advantageous accessions 

can contribute significantly to meeting the rising demand from the pharmaceutical industry for uniform and high-

quality raw material, both in Pakistan and internationally. 
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