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Abstract 

The present research describes genetic diversity analyses of medicinally important Berberis species (spp.) from 

great mountainous altitude i.e. Karakoram Mountain Ranges.  High range (0-100%) of Genetic Distance 

estimates using 31 morphological, pathological and floral characters indicated possibilities of improving the 

material using genetic selection in Berberis spp. Eleven Berberis accessions were classified in 2 main clusters A 

and B comprising 5 and 6 accessions, respectively.  Accessions from relatively lower altitude (< 6800 feet) were 

predominantly clustered in main group A.  While main group B primarily comprised accessions from 

comparatively higher altitude (> 6800 feet) except accessions # 2 (5637 feet) and accession # 3 (5410 feet). 

Present research indicated that accessions collected from lower altitudes should be classified as B. 

pseudumbellata subsp. pseudumbellata; instead of previously reported species B. Lyceum, B. brandisiana, B. 

orthobotrys, B. kunwarensis etc.  Predominant habitats (Himalaya and Karakoram Ranges) and spatial 

distribution of Berberis spp. has also been discussed. Study contributes into effective identification of Berberis 

spp. found in the area which is uncertain to a greater extent like rest of the world. Berberis spp. are highly 

medicinal and serve wildlife as ‘wild-herbal-clinic’ in natural habitat. Berberis pseudumbellata subsp. gilgitica is 

endemic to Gilgit-Baltistan and has become critically endangered.  
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Introduction 

Family Berberidaceae contains about 15 established 

genera and 650 species worldwide (Bottini et al., 

2002). Members of the family and genus Berberis are 

distributed mostly across Northern Hemisphere 

(Chandra and Purohit, 1980). Berberis is the richest 

genus among other 15 genera comprising upon 

approximately 500 species (Negi, 2013; Jin, 2011; 

Sing et al., 2009; Naef et al., 2002; Agrios, 1988; 

Hooker, 1982). Berberis is represented by 29 species 

from Pakistan and distributed in the mountainous 

parts of the country (eFlora, 2014). In the study area 

(CKNP), there are only two subspecies of Berberis 

pseudumbellata Parker i.e. B. pseudumbellata subsp. 

pseudumbellata and Berberis pseudumbellata Parker 

subsp. gilgitica Jafri. Berberis pseudumbellata 

Parker subsp. gilgitica Jafri is endemic to Gilgit-

Baltistan (Khan et al. 2014; Alam and Ali, 2010; Jafri, 

1975).  Area is surrounded by mighty Himalaya, 

Karakoram and Hindukush Ranges.  The area has 

recently been established as a new province of 

Pakistan.  

 

Berberis species (spp.) are perennially deciduous 

unlike several evergreens (Khan et al. 2014). They are 

woody shrubs erect up to 3.3 m height (khan et al. 

2014; Agrios, 1988; Herrera, 1984; Hooker, 1982) 

with a thick woody spiny shoot and covered with a 

thin brittle bark (Kulkarni et al., 2012; Mehrhoff et 

al., 2003; Agrios, 1988; Herrera, 1984; Hooker, 

1982). Berberis spp. exhibit several morphological 

similarities across species and subspecies, which 

make their identification difficult (Bottinin et al. 

2007; Mazumder et al. N.M.).  

 

Berberis spp. are integral parts of traditional and 

modern medicine systems (khan et al. 2014; Sing et 

al., 2009; Chopra et al., 1981; Chandra and Purohit, 

1980). It has shown significant usefulness towards 

treatment of various diseases i.e. jaundice, 

enlargement of spleen, AIDS, osteoporosis, heart, 

ocular trachoma, hypertension, infectious diseases, 

cholera, diarrhea, dysentery, eye troubles, leprosy, 

bone fractures and cancer (Khan et al., 2013; Sing et 

al., 2009; Asif et al., 2007; Fatehi et al., 2005; 

Caraballo et al., 2004; Kuo et al., 2004; Villinski et 

al., 2003; Janbaza and Gilanib, 2000; Hwang et al., 

2002; Ivanoska and Philipov, 1997; Koo and 

Seang, 1996; Chopra et al., 1981; Chandra and 

Purohit, 1980).  

 

Several Berberis spp. exhibit invasive nature (USDA, 

2014). Similarly, 18 species have been reported as 

alternate host for rust pathogen and have contributed 

into world-wide epidemics and famine (USDA NRCS, 

2011; Lubell et al., 2008a; Lubell et al., 2008b; 

Mehrhoff et al., 2003; Negi, 2013; Jin, 2011; Naef et 

al., 2002; Agrios, 1988; Barbu-Diaconescu, 1961; 

Watson and Luig, 1958). 

 

In the past, taxonomic classification of Berberis spp. 

reported from present study area i.e. Central 

Karakoram National Park, (CKNP) of Gilgit Baltistan 

province was based mostly on qualitative 

morphological characters. Since 1939, at least 10 

researchers have reported 8 Berberis spp. i.e. B. 

lyceum, B. brandisiana, B. kunwarensis, B. 

parkeriana, B. pseudumbellata pseudumbellata, B. 

pseudumbellata gilgitica, B. orthobotrys orthobotrys 

and B. orthobotrys capitata (Khan et al. 2014). 

Sometimes these reports are inconsistent to each 

other and in many cases they are self-contradictory.  

The present study was aimed at potentially re-

assessment of such an uncertain situation, which is to 

a greater extent inherent to genus Berberis, through 

more elaborate, quantitative and statistically guided 

manner.  Moreover, study was undertaken to estimate 

amount of available genetic diversity of 11 accessions 

collected from the natural populations for the first 

times using floral, morphological and pathological 

characters. Furthermore, study helps in more precise 

elaboration of phylogenetic relationships among 

Berberis spp. found in the area which is still uncertain 

(Bottini et al., 1999, 2000, 2007). 

  

Material and method 

Geography 

Central Karakorum National Park (CKNP) is part of  
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Karakorum Ranges located in the North of Pakistan. 

It extends over 35°N to 36.5°N Latitude and from 

74°E to 77°E Longitude. (Hussain et al., 2012, 2010).  

Elevation ranges from 1200m-6000m above sea level.  

It is the largest national park in Pakistan covering an 

area of 10,000 km2. To protect its unique wildlife and 

natural ecosystem park was established in 1993. 

Study area covers almost 2000 sq.km in the park 

(Khan et al. 2013) including Bagrot valley (432 

sq.km), Rakaposhi (613 sq.km), Rahimabad-Juglot 

(450 sq.km) and Naltar (273 sq.km).  

 

Climate 

Climate of the study area is predominantly cold arid 

and temperate in the lower elevations. Prevalent 

season is winter, occupying the valleys eight to nine 

months a year (WWF Pakistan, 2009). Area lacks 

significant rainfall, averaging only 120 to 240 

millimeters (4.7 to 9.4 inches) annually (Karrar and 

Iqbal, 2011).  Most of rainfall occurs during winter 

and early spring. 

 

Sampling 

Following stratified random sampling technique, 

morpho-pathological details were recorded from 

representative mature shrubs of Berberis spp. from 

amongst the natural populations (figure 1). Non 

floristic measurements were taken in post flowering 

period (after May 20 from lower altitudes i.e. below 

2000 m and July 20 from higher altitudes i.e. above 

2000 m).  Sampling was carried out in representative 

valleys of CKNP viz: Bagrot, Rahimabad-Juglot, 

Rakaposhi and Naltar.   

 

Data collection 

Data collection from 11 Berberis accessions (table 1) 

was carried out in the field and in laboratory. Details 

on leaves, spines and plant height were recorded in 

the field. For this purpose 100 leaves and 100 spines 

were measured from each representative accession. 

Moreover, 10 different plants from the same 

population were measured for height scale.  Berries 

and seed details were taken in the laboratory using 

scale and electric weight balance. For comparison of 

fresh and dried berries, berries were dried using 

thermal oven at 40°C (104 °Fahrenheit) for seven 

days (Bottini et al., 2000, 2002). 100 berries and 100 

seeds of each accessionwere measured for length and 

width, however, for weight measurement 100 berries 

and 1000 seeds were weighed. Infection prevalence 

was recorded using berry infection rate out of 200 

berries which were collected randomly from each 

accession. Global Positioning System (GPS-Garmin) 

was used to record geographical coordinates and 

elevations (mean height above sea level). Climatic 

data was retrieved from local weather stations. 

 

Parameters 

Thirty one morpho-pathological and floral characters 

studied are given in table 2. These parameters are 

basically different characters of seeds, berries, leaves, 

spines, pod borer attack and plant height. Most of the 

parameters are given in their averages (mean) to 

reflect the actual picture of series of calculations of 

1000 seeds (weight), 100 leaves, 100 spines and 200 

berries etc. from each accession. 

 

Statistical analysis 

Data was recorded in the purposely designed field and 

laboratory note book and compiled in MS Excel. 

Cluster analysis/ construction of dendrogram were 

performed/ constructed using Statistical Package for 

Social Sciences (SPSS version 16.0). UPGMA 

(Unweighted Pair Group Arithmetic Mean) was used 

for calculation of GD (genetic distance) matrix (Nei 

and Li, 1979). Geographical Information System 

(ArcMap ver. 10.1) tools were used to analyze spatial 

distribution pattern of disease prevalence.   

 

Result and discussion 

Parameters studied 

Mean, standard error and ranges for 31 morpho-

pathological and floral characters are given in table 2. 

Important details are described in the following 

subheadings. 

 

Leaf Characters 

Mean number of leaves per branch was 58.69 and 
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 ranged from 40.100-84.700). Mean length of lamina 

was 2.98 cm (SE ± 0.13) and ranged from 2.480-

3.850 cm; mean width of lamina recorded was 1.05 

(SE ± 0.12) and ranged between 0.630-2.000 cm; 

mean leaf size was 3.23 (SE ± 0.40) and ranged from 

1.658-5.826 cm.  

Thorns/spines 

Mean number of thorns per branch documented were 

49.74 (SE ± 5.03) and ranged 16.300-68.300; mean 

length of spines (thorns) was 1.30 cm (SE ± 0.06) and 

ranged 0.980-1.670 cm. 

 

Table 1. Geo-ecological information of sample populations and study area (CKNP). 

Acc. # Sample site Long. Lat. Altitude (ft) 

RG01 Rahimabad 36.107 74.304 5722 

RG02 Goro 36.181 74.290 5637 

RG03 Nomal 36.091 74.282 5410 

NM04 NaltarMW 36.156 74.199 8989 

NE05 NaltarEnd 36.173 74.166 9708 

BU06 BagrotUp 36.040 74.588 8660 

BD07 BagrotDwn 36.034 74.567 8491 

RG08 Juglot 36.179 74.311 6711 

RA09 Hupaye 36.236 74.442 6739 

RA10 Ghulmet 36.240 74.484 6564 

RA11 Thol 36.237 74.435 6351 

 

Table 2. Basic statistics for 31 morpho-pathological and floral characters in Berberis species. 

S.No. Character/Variable x    ± SE Max Min 

Leaf Characters    
1.  Avg. No. of leaves per branch 58.69 ± 4.60 84.700 40.100 

2.  Avg. Lamina length (cm) 2.98 ± 0.130 3.850 2.480 

3.  Avg. Lamina width (cm) 1.05 ± 0.120 2.000 0.630 

4.  Avg. Leaf Size (cm) 3.23 ± 0.400 5.826 1.658 

5.  Avg. No. of thorns per branch 49.74 ± 5.03 68.300 16.300 

6.  Avg. Size (length) of spine (cm) 1.30 ± 0.060 1.670 0.980 

Berry Characters    

7.  Avg. No. of berries per branch 5.94 ± 1.860 16.400 0.000 

8.  Avg. No. of Seeds per berry 2.48 ± 0.210 3.500 1.500 
9.  Avg. Wt. (g)per Berry 0.06 ± 0.010 0.130 0.035 
10.  Avg. wt. (g) Dry Pulp per berry 0.04 ± 0.010 0.106 0.028 

11.  Avg. Wt. (g) total Seeds per berry 0.02 ± 0.000 0.028 0.007 

Seed Characters    

12.  Avg. Wt. (g) one seed 0.01 ± 0.000 0.012 0.004 

13.  Avg. Wt. (g) per 1000 seeds 6.59 ± 0.660 11.831 4.013 

14.  Seed Floating Percentage (%) 27.35 ± 5.42 57.692 5.714 
15.  Seed Submerged Percentage (%) 72.65 ± 5.42 94.286 42.308 

16.  No Seed (%) 11.82 ± 2.23 24.000 2.000 

17.  1 Seeded (%) 17.27 ± 4.43 48.000 5.000 

18.  2 Seeded (%) 18.82 ± 3.53 36.000 2.000 
19.  3 Seeded (%) 18.00 ± 3.26 35.000 0.000 

20.  4 Seeded (%) 9.18 ± 2.810 33.000 1.000 
21.  5 Seeded (%) 1.45 ± 0.670 6.000 0.000 

22.  6 Seeded (%) 0.09 ± 0.090 1.000 0.000 

Pathological Characters    
23.  Seed Infection (%) 23.36 ± 7.48 73.000 0.000 
24.  Berry infection (%) 23.36 ± 7.48 73.000 0.000 

Floral Characters    
25.  Number of Outer Whorl Sepals 3.74 ± 0.191 5.000 2.900 

26.  Number of Inner Whorl Sepals 4.03 ± 0.199 5.000 2.900 

27.  Number of Petals 5.26 ± 0.152 6.000 4.600 

28.  Number of Stamens 5.37 ± 0.175 6.000 4.600 

29.  Number of Carpals 1.00 ± 0.000 1.000 1.000 

30.  Number of Flowers at each Axil 11.69 ± 0.845 16.80 7.900 

Plant Height    

31.  Plant Height (m) 2.71 ± 0.180 3.370 1.750 
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Berries 

Mean number of berries per branch was 5.94 (SE ± 

1.86) and ranged between 0.000-16.400; mean 

number of seeds per berry was 2.48 (SE ± 0.21) 

ranging from 1.500-3.500; mean weight per fresh 

berry was 0.06 g (SE ± 0.01) and range from 0.035-

0.130; mean weight dried pulp per berry was 

recorded 0.04 (SE ± 0.01) and range in between 

0.028-0.106. 

 

Table 3. Genetic diversity estimates calculated using Morpho-pathological and floral characters (using SPSS ver. 

16.0). 

Case 1 2 3 4 5 6 7 8 9 10 

2 .677          

3 .459 .706         

  4 .854 .872 1.000        

5 .560 .740 .861 .053       

6 .625 .830 .873 .029 .062      

7 .776 .898 .798 .205 .468 .089     

8 .419 .734 .794 .500 .474 .497 .702    

9 .281 .739 .619 .738 .578 .517 .922 .268   

10 .531 .766 .905 .436 .200 .506 .835 .010 .297  

11 .472 .431 .544 .238 .224 .301 .452 .000 .297 .045 

This is a dissimilarity matrix. 

Seed 

Mean weight (g) total seeds per berry, mean weight 

(g) one seed and mean weight (g) per 1000 seeds were 

0.02 (SE ± 0.00), 0.01(SE ± 0.00) and 6.59 (SE ± 

0.66) ranging from 0.007-0.028, 0.004-0.012 and 

4.013-11.831 g respectively. Mean seed floating (%) 

and submerged (%) were 27.35 (SE ± 5.42) and 72.65 

(SE ± 5.42) respectively while ranging from 5.714-

57.692 and 42.308-94.286 percent respectively. Mean 

seedlessness (%), one seeded (%), two seeded (%),   

three seeded (%),   four seeded (%),   five seeded (%) 

and six seeded (%) recoded were 11.82 (SE ± 2.23), 

17.27 (SE ± 4.43), 18.82 (SE ± 3.53), 18.00 (SE ± 

3.26), 9.18 (SE ± 2.81), 1.45 (SE ± 0.67) and 0.09 (SE 

± 0.09) correspondingly. 

 

Infection 

Mean seed infection (%) was observed 23.36 (SE ± 

7.48) and ranging from 0.000-73.000.  

 

Plant Height 

Mean plant height was observed was 2.71 m (SE ± 

0.18) and range was from 1.75-3.37. 

Fig. 1. A representative shrub of Berberis (left), 

inflorescence inset and it’s unripen berries (right) 

from Karakoram ranges (CKNP). Photographs by Tika 

Khan author).  

 

Statistical Analysis and GD Estimation 

Hierarchical cluster analysis of SPSS was used to 

construct Genetic Distance matrix (Table 3) and 

dendrogram (Fig. 2).  Clustering method “between 

groups linkage cluster method” with the major of 

squared Euclidean distance while values were 

transformed to standardized range of 0-1 (Levesque,  
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2007). 

 

Genetic Distances among all possible combinations 

ranged from 0-100 %, indicating opportunity of 

improving the material using genetic selection.  

Fig. 2. Dendrogram constructed using 

morphological, pathological and floral, characters in 

Berberis spp.  Clustering method “between groups 

linkage cluster method” of SPSS ver. 16.0 was 

employed. 

 

Dendrogram based on morpho-pathological and floral 

characters is presented in Fig. 2.  Eleven accessions 

were classified in 2 main clusters viz; A and B.  Main 

cluster A was further subdivided into 2 subgroups A1 

(comprising upon 3 accessions) and A2 (comprising 

upon 2 accessions).  While main group B was 

subdivided into subgroups B1 and B2 comprising on 4 

and 2 accessions respectively. 

 

Subgroup A1 (comprising accession # 8 from Juglot 

and # 11 from Thol and # 10 from Ghulmet).  

Subgroup A2 comprised upon accessions (# 1 from 

Rahimabad, # 9 from Hupaye).  Subgroup B1 

comprised accessions (# 4 from Naltar MW, # 6 from 

Bagrot up, # 5 from Naltar E and # 7 from Bagrot 

Dwn).  Subgroup B2 comprised accession # 2 from 

Goro and # 3 from Nomal.   

 

It is evident from table 1 that Main group A 

comprised 5 accessions all of them collected from 

relatively lower altitude collection sites (< 6800 feet).  

While main group B predominantly comprised 

accessions from relatively higher altitude (> 6800 

feet) except accessions # 2 (collected from 5637 feet) 

and accession # 3 (collected from 5410 feet). These 2 

accessions constituted subgroup B2. 

 

Based on dendrogram (presented in Fig. 2, using  

present data and observation of floral characters 

(using present research and previously reported 

characteristics described in flora of Pakistan (eFlora 

2014, Jafri 1975). It was previously concluded (Khan 

et al., 2014) that 5 accessions included in subgroups 

A1 and A2 more likely falls in B. pseudumbellata 

subspecies pseudumbellata; instead of previously 

reported species B. Lyceum (Qureshi et al., 2006).  

The observation is further strengthened by the fact 

that B. Lyceum has been reported previously native to 

Himalayan ranges and not Karakoram ranges.   Two 

accessions collected from Goro and Nomal (both low 

altitude collection sites) which are included in 

subgroup B2 are also more closely related to B. 

pseudumbellata subspecies pseudumbellata.   

 

Numerical traits and principal component analysis 

used during present study have previously used to 

classify and measure the pattern of genetic diversity 

as in various crops of agronomic importance 

including black gram (Ghafoor et al., 2001), chickpea 

(Naghavi and Jahansouz, 2005) and lentil (Sultana et 

al., 2006). 

 

Present work (included in this paper and Khan et al., 

2014) is in favor of some previously published reports 

(for example Alam and Ali, 2009) but in contrast to 

Stewart (1939, 1954), Sheikh (2000), Khan and 

Khatoon (2007) and Abbas et al. (2013). It is 

recommended that much work (preferably based on 

DNA technology) is needed to resolve discrepancies 

regarding taxonomic classification of Berberis 

species/subspecies (these discrepancies have been 

discussed previously Khan et al., 2014). 
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