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A B S T R A C T   

Girardinia diversifolia (Link) Friis from Urticaceae family is a perennial herb, commonly known as the Himalayan 
giant nettle. It has cultural, medicinal, and economic values among the indigenous peoples and local commu-
nities living in the mountains of Nepal and India. Prior knowledge of genetic diversity in plant species may 
contribute to conservation and sustainable utilization of important genotype. The aim of this study is to assess the 
genetic diversity within and among different populations of the 45 accessions of G. diversifolia collected from Far- 
western, Central, and Eastern regions of Nepal. The amplification of genomic deoxyribonucleic acid (DNA) with 
ten inter-simple sequence repeat (ISSR) primers yielded 131 clear DNA bands, of which 98.09% were found to be 
polymorphic. The mean effective number of alleles (ne), Nei’s gene diversity (h) and Shannon’s information 
index (I) were 1.598, 0.349, and 0.523, respectively. The total genetic diversity Ht (0.350 ± 0.04), low intra-
population genetic diversity Hs (0.141 ± 0.03) and low estimated gene flow Nm (0.355 ± 0.11) reflected high 
genetic differentiation among population Gst (0.594 ± 0.08). The analysis of molecular variance among and 
within five populations of G. diversifolia showed that the value of genetic variation among the population was 
60% whereas the value of genetic variation within the population was 40%. The results show that the ISSR 
markers are informative for the study of genetic diversity, which may help in the conservation and sustainable 
utilization of G. diversifolia and allied taxa.   

1. Introduction 

Natural fiber harvested in an environment-friendly and sustainable 
way is becoming popular among textile industries, scientists and con-
sumers [1]. Girardinia diversifolia (Link) Friis is a perennial herb that 
belongs to the Urticaceae family and is commonly known as the Hima-
layan giant nettle. G. diversifolia is an important natural fiber-producing 
plant with great cultural, economic, and medicinal value among the 
indigenous peoples and local communities (Rais, Gurung, Sherpa, 
Magar, Tamang, Lepcha, etc.) living in the Hindu Kush Himalayan re-
gion of Nepal and India [2–5]. This plant is widely distributed in sub-
tropical and temperate regions of the Himalayas between the altitudes of 
1,200 to 3,000 m above sea level [6–8]. The fiber obtained from the stem 
of this plant is among the important livelihood options for the indige-
nous peoples and local communities of Nepal from which clothes, fishing 
nets, bags, coats, and many other textile products are prepared [9]. 
Different products (textiles and souvenirs) from the fiber of 

G. diversifolia are in increasing demand in national and international 
markets [4,10,11]. 

Many bioactive compounds have been found in plants such as 
β-sitosterol, 7- hydroxysitosterol and 3-hydroxystigmast-5-en-7-one 
[12] trans syringin, linoleic and linolenic acid [13]. The plant is used 
in traditional medicine for the treatment of gastritis, joint pain, head-
ache, and skin allergies [2,3,9]. G. diversifolia has potential application 
in pharmaceuticals showing significant ability to inhibit acetylcholin-
esterase, downregulation of low-density lipoprotein receptor affecting 
the hepatocarcinoma cells, a crucial regulator of cellular cholesterol 
homeostasis [13]. 

Morphological study of G. diversifolia showed high level of variation 
mostly on its leaf lobes [6,8,14]. Leaves are alternate, petiolate, and 
elliptic to ovate, but consist of varying degrees of division in the same 
plant or within the population [2,6,8,15,16]. Genetic analysis of plants 
provides broader knowledge on their diversity and basis to study 
important metabolites that they produce [17]. Genetic diversity can be 
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determined based on morphological, biochemical, and molecular in-
formation of the plant [18]. Molecular markers detect genetic diversity 
at the DNA level and help to determine the differences not shown by 
morphological and biochemical markers [19]. 

Molecular markers have advantages over other kinds of markers 
because they show genetic differences on a more detailed level without 
interferences from environmental factors [20]. Molecular markers based 
on polymerase chain reaction (PCR) are widely used to study genetic 
diversity of plants because they are effective, and require a small amount 
of DNA. The popular markers are random amplified polymorphic DNA 
(RAPD) [21], simple sequence repeat (SSR) [22], and inter-simple 
sequence repeat (ISSR) [23]. ISSR markers have shown high potential 
for assessing the genetic diversity of wild species which are based on di-, 
tri-, tetra-, or penta-nucleotide repeats and used for various purposes 
including genetic diversity study [24,25]. The ISSR markers were also 
utilized to study genetic diversity in some of the natural fiber-producing 
plants like Boehmeria species [26], Cannabis sativa [27,28] which have 
become revolutionary tools for both applied and basic studies. ISSR 
molecular markers have been selected for this study where ISSR follows 
relatively simple procedure with high reproducibility and stability [24, 
25]. Generic phylogeny and character evaluation in Urticaceae 
including G. diversifolia have been studied based on analysis of nuclear 
ribosomal internal transcribed spacer (nrITS) and two plastid DNA re-
gions rbcL exon and trnL-F spacer [16]. However, there have been no 
studies so far on the genetic diversity of G. diversifolia from the Hima-
layan region. Thus, there is a need to study genetic diversity of the plant 
species. 

Despite the multipurpose utility of G. diversifolia, existing genetic 
diversity requires conservation and sustainable utilization, the plant has 
not received adequate attention from conservation biologists. Therefore, 
the objective of the study is to determine genetic relationship and di-
versity among and within the populations of G. diversifolia occurring in 
Himalayan region using ISSR markers which can facilitate conservation 
and sustainable utilization of G. diversifolia and allied taxa. 

2. Materials and methods 

2.1. Plant materials 

A total of forty-five germplasms have been collected from the pop-
ulation of G. diversifolia at an interval of approximately 900 m altitudinal 
gradients beginning from 1000 m to 2700 m based on uniform distri-
bution in selected districts. The forty-five accessions representing five 
populations of the G. diversifolia collected from different districts rep-
resenting four regions: Far-Western region (Darchula District); Western 
region (Kaski District); Central region (Kathmandu District and Dolakha 
District); and Eastern region (Panchthar District) of Nepal (Table 1; 
Fig. 1). The herbarium was prepared in the field and brought to Kath-
mandu. The herbarium specimen was first identified with the help of 
Prof. Dr. Ram Prasad Chaudhary, Professor of Botany (plant system-
atics), who is also one of the co-authors. The collected herbarium 
specimens were later reconfirmed by comparing morphological char-
acteristics of herbarium specimens deposited at National Herbarium and 
Plant Laboratories (KATH), Department of Plant Resources, Nepal. 
During the DNA extraction process, large amount of exudates were 
observed, which inhibited PCR reaction. The same plants were planted 
and maintained at Truffle Research Centre, Coronation Garden of 
Tribhuvan University, Kirtipur, Kathmandu, Nepal (27◦40′50′′N, 
85◦17′26.5′′E). DNA was extracted from fresh leaf. The samples were 
collected from August to October 2019 during autumn which is the 
plant’s flowering season. Herbarium specimens were deposited at 
Tribhuvan University Central Herbarium (TUCH), Kathmandu, Nepal. 

2.2. DNA isolation and quantification 

Young leaf samples (100 mg) from each forty-five accessions were 

Table 1 
Sample summary of G. diversifolia used in the study.  

SI. 
No 

Collection site District Plant accession 
no. 

Latitude/Longitude 

1 Hopari, 
Dhulighad 

Darchula Dar1 29◦ 46′ 4.5′′ N 80◦

39′ 31′′ E 
2 Dhulighad Darchula Dar2 29◦ 46′ 51′′ N 80◦

38′ 40′′ E 
3 Okhaldhar Darchula Dar3 29◦ 47′ 0.6′′ N 80◦

37′ 28′′ E 
4 Malephar Darchula Dar4 29◦ 47′ 13′′ N 80◦

37′ 02′′ E 
5 Godhyan Darchula Dar5 29◦ 47′ 06′′ N 80◦

36′ 52′′ E 
6 Godhyan Darchula Dar6 29◦ 47′ 12′′ N 80◦

36′ 37′′ E 
7 Pangdhunga Darchula Dar7 29◦ 47′ 17′′ N 80◦

36′ 21′′ E 
8 Pangdhunga Darchula Dar8 29◦ 47′ 16′′ N 80◦

36′ 11′′ E 
9 Pangdhunga 

dhar 
Darchula Dar9 29◦ 47′ 20′′ N 80◦

36′ 08′′ E 
10 Pangdhunga 

dhar 
Darchula Dar10 29◦ 47′ 34′′ N 80◦

36′ 23′′ E 
11 Ghandruk Kaski Kas1 28◦ 23′ 14′′ N 83◦

48′ 45′′ E 
12 Ghandruk Kaski Kas2 28◦ 22′ 31′′ N 83◦

48′ 12′′ E 
13 Ghandruk Kaski Kas3 28◦ 22′ 29′′ N 83◦

48′ 08′′ E 
14 Panchase Kaski Kas4 28◦ 14′ 03′′ N 83◦

49′ 27′′ E 
15 Panchase Kaski Kas5 28◦ 13′ 51′′ N 83◦

49′ 08′′ E 
16 Machhegau Kathmandu Kat1 27◦ 39′ 22′′ N 85◦

14′ 51′′ E 
17 Machhegau Kathmandu Kat2 27◦ 39′ 21′′ N 85◦

14′ 45′′ E 
18 Machhegau Kathmandu Kat3 27◦ 39′ 08′′ N 85◦

14′ 45′′E 
19 Machhegau Kathmandu Kat4 27◦ 39′ 07′′ N 85◦

14′ 34′′ E 
20 Machhegau Kathmandu Kat5 27◦ 39′ 05′′ N 85◦

14′ 23′′ E 
21 Machhegau Kathmandu Kat6 27◦ 39′ 02′′ N 85◦

14′ 22′′ E 
22 Machhegau Kathmandu Kat7 27◦39′ 02′′ N 85◦ 14′

14′′ E 
23 Nagarjun Kathmandu Kat8 27◦ 44′ 10′′ N 85◦

15′ 56′′ E 
24 Nagarjun Kathmandu Kat9 27◦ 44′ 23′′ N 85◦

15′ 37′′E 
25 Nagarjun Kathmandu Kat10 27◦ 44′ 30′′ N 85◦

15′ 14′′ E 
26 Jiri Dolakha Jir1 27◦ 36′ 57′′ N 86◦

12′ 48′′ E 
27 Jiri Dolakha Jir2 27◦ 37′ 03′′ N 86◦

12′ 34′′ E 
28 Jiri Dolakha Jir3 27◦ 37′ 13′′ N 86◦

11′ 59′′ E 
29 Jiri Dolakha Jir4 27◦ 37′ 36′′ N 86◦

11′ 30′′ E 
30 Jiri Dolakha Jir5 27◦ 37′ 47′′ N 86◦

11′ 24′′ E 
31 Jiri Dolakha Jir6 27◦ 38′ 06′′ N 86◦

11′ 19′′ E 
32 Malung Dolakha Jir7 27◦ 31′ 05′′ N 86◦

02′ 56′′ E 
33 Malung Dolakha Jir8 27◦ 30′ 59′′ N 86◦

02′ 42′′ E 
34 Dandakharkha Dolakha Jir9 27◦ 31′ 08′′ N 86◦

00′ 28′′ E 
35 Dandakharkha Dolakha Jir10 27◦ 31′ 10′′ N 86◦

00′ 11′′ E 
36 Siddin Panchthar Phi1 27◦ 09′ 41′′ N 87◦

54′ 01′′ E 
37 Siddin Panchthar Phi2 

(continued on next page) 
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taken, inserted into liquid nitrogen, and ground until a fine homogenous 
powder was obtained. Total genomic DNA was extracted using a 
modified Doyle and Doyle (1984) method [29]. Varying concentrations 
of sodium chloride (NaCl), β-mercaptoethanol, and poly-
vinylpyrrolidone (PVP) were used in the modified DNA isolation method 
utilized [29]. The concentration and purity of the extracted DNA was 
quantified in Nano Spectrophotometer (Bio-spec nano, Shimadzu, 
Japan). Final concentration of the isolated DNA was adjusted to 50 ng 
μL− 1 for polymerase chain reactions. All extracted DNA samples were 
kept at − 20 ◦C until PCR amplification. 

2.3. ISSR PCR optimizations and amplifications 

All 18 ISSR primers used in this research, including the ISSR-18 and 
ISSR-19 markers were obtained from the University of British Columbia 
(UBC), and were initially screened using five randomly selected acces-
sions. Ten ISSR primers were found more polymorphic with strong 
reproducible bands and were used for amplification of PCR (Table 2). 
The total reaction volume of 15 μL for PCR amplifications consisting of 
the concentration of 1X buffer (Vivantis, Malaysia), (0.6) mM dNTPs 
(Vivantis, Malaysia), 4 mM MgCl2 (Vivantis, Malaysia), 0.7 μM primer 
(Vivantis, Malaysia), 2 unit Taq polymerase (Vivantis, Malaysia), and 
50 ng μL− 1 of DNA template. The thermocycler (Biorad T100) was 
programmed and optimized by testing various conditions: 3 min at 
93 ◦C, followed by 45 cycles for 30 s at 93 ◦C, 45 s at different annealing 
temperature (45–52) ◦C, extension at 72 ◦C for 2 min, final extension at 
72 ◦C for 10 min, and finally holding temperature at 4 ◦C [27]. After PCR 
reaction, electrophoresis of the PCR products were carried out in 1.8% 
(w/v) agarose gel containing 10 mg/mL of ethidium bromide, 1X TAE 
buffer at 80 V for 1 h. The 100 base pair (bp) plus DNA ladder (New 
England biolabs) was used for determining the molecular weight. The 
DNA bands were observed under ultraviolet light using unified gel 
documentation system WGD 30 - POA (Fig. 2). 

2.4. Statistical analysis 

Clear, unambiguous, and strong bands were used to score DNA bands 
(Fig. 2). Experiments have been performed twice for the purpose of 
scoring strong and clear DNA bands. Bands obtained from the ISSR 
markers were scored in a binary matrix as 1 for presence and 0 for 
absence of all the bands obtained relative to 100 bp plus DNA ladder. 
The obtained binary data matrix was investigated using MS-Excel 2007 
for assessment of total number of bands (TNB), number of polymorphic 

Table 1 (continued ) 

SI. 
No 

Collection site District Plant accession 
no. 

Latitude/Longitude 

27◦ 09′ 25′′ N 87◦

53′ 43′′ E 
38 Siddin Panchthar Phi3 27◦ 09′ 08′′ N 87◦

53′ 28′′ E 
39 Siddin Panchthar Phi4 27◦ 08′ 47′′ N 87◦

53′ 08′′ E 
40 Siddin Panchthar Phi5 27◦ 08′ 31′′ N 87◦

52′ 47′′ E 
41 Siddin Panchthar Phi6 27◦ 08′ 19′′ N 87◦

52′ 35′′ E 
42 Prangbung Panchthar Phi7 27◦ 10′ 15′′ N 87◦

54′ 59′′ E 
43 Prangbung Panchthar Phi8 27◦ 10′ 36′′ N 87◦

56′ 07′′ E 
44 Prangbung Panchthar Phi9 27◦ 10′ 11′′ N 87◦

58′ 15′′ E 
45 Prangbung Panchthar Phi10 27◦ 10′ 01′′ N 87◦

58′ 26′′ E  

Fig. 1. Map of Nepal showing five sampling sites from Far-western region to Eastern region: Darchula District, Kaski District, Kathmandu District, Dolakha District 
and Panchthar District. 
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bands (NPB), percent polymorphism (P%) (Table 2), polymorphic in-
formation content (PIC), band informativeness (BI), and resolving power 
(RP) for each primer (Table 2). PIC was calculated using the formula 
[30] given below:  

PICi = 2fi(1-fi)                                                                                      

Where PICi is the polymorphic information content of marker i, fi is the 
frequency of the marker bands which were present, and 1-fi is the fre-
quency of marker bands which were absent [30]. Resolving power was 
calculated according to the formula  

Rp =
∑

Ib                                                                                           

Where, Ib is the band informativeness with Ib = 1 - [2 x (0.5-p)] and 
where ‘p’ is the proportion of clones containing the band [31]. 

Cluster analysis was performed using Unweighted Pair-Group 
Method with Arithmetic means (UPGMA) and similarity indices were 
computed using a Similarity for Qualitative Data (SIMQUAL) computer 
algorithm via NTSYS-PC (Numerical Taxonomy and Multivariate Sys-
tem, version 2.02i, Exeter software; Setauket, New York, USA). Genetic 
similarities between G. diversifolia accessions were estimated using 
Jaccard coefficients and the corresponding similarity matrix [32]. 
PopGene ver. 1.32 [33] was applied to compute genetic diversity 
indices, effective number of alleles, Nei’s (1973) gene diversity, Shan-
non’s information index, total heterozygosity, mean heterozygosity, 
genetic differentiation and gene flow (Table 3). Analysis of Molecular 
variance (AMOVA) was investigated using GenAlEx 6.5 considering 
variation (Table 7) among and within the population [34]. 

Table 2 
Primer code, sequence and annealing temperature of selected ten ISSR primers.  

S.N Primers Primer sequence (3′-5′) Annealing temperature (◦C) TNB NPB P(%) PIC Rp 

1 UBC 812 (GA)8A 52 18 18 100 0.266 8.177 
2 UBC 834 (AG)8 YT 45 18 18 100 0.252 7.733 
3 UBC 808 (AG)8C 45 14 14 100 0.381 9.288 
4 UBC 824 (TC)8G 45 12 12 100 0.414 9.244 
5 UBC 811 (GA)8C 48 14 14 100 0.396 10.400 
6 UBC 828 (TG)8A 45 15 15 100 0.428 11.911 
7 UBC 826 (AC)8C 50 11 10 90.91 0.272 9.822 
8 UBC 817 (CA)8A 52 11 11 100 0.388 10.044 
9 ISSR-18 (ATC)6T 45 8 8 100 0.409 8.711 
10 ISSR-19 (ATC)6C 45 10 9 90 0.295 9.511  

Total   131 129     
Mean   13.1 12.9 98.09 0.350 9.484 

TNB = Total number of bands; NPB= Number of polymorphic bands; P(%) = Polymorphism percentage; PIC= Polymorphic information content; Rp = Resolving 
power; Single letter abbreviation for mixed base Y= (C,T). 

Fig. 2. ISSR amplification results of 45 accessions (A and B) of G. diversifolia with primer UBC 824. Lane M = DNA markers (from bottom to top, the bands represent 
100 to 1500bp). 

Table 3 
Genetic differentiation and diversity within and between the populations of G. diversifolia.  

S.N. Primers ne H I Ht HS GST Nm 

1 UBC 812 1.406 0.265 0.423 0.265 0.142 0.462 0.581 
2 UBC 834 1.387 0.252 0.404 0.266 0.094 0.646 0.273 
3 UBC 808 1.649 0.381 0.565 0.37 0.164 0.559 0.393 
4 UBC 824 1.713 0.405 0.592 0.397 0.112 0.718 0.195 
5 UBC 811 1.648 0.385 0.571 0.384 0.182 0.524 0.453 
6 UBC 828 1.642 0.378 0.561 0.364 0.136 0.625 0.299 
7 UBC 826 1.559 0.322 0.484 0.332 0.101 0.695 0.218 
8 UBC 817 1.649 0.364 0.536 0.363 0.170 0.531 0.440 
9 ISSR-18 1.744 0.416 0.603 0.408 0.180 0.558 0.395 
10 ISSR-19 1.581 0.327 0.489 0.347 0.130 0.623 0.302  

Mean 1.598 0.349 0.523 0.350 0.141 0.594 0.355  
SD 0.118 0.056 0.069 0.049 0.032 0.080 0.119 

ne = effective number of alleles; h = Nei’s (1973) gene diversity; I = Shannon’s information index.; Ht = Total heterozygosity/diversity; Hs = mean heterozygosity/ 
gene diversity within population; Gst = genetic differentiation between population; Nm = gene flow. 
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3. Results 

3.1. Markers analysis and genetic diversity in G. diversifolia 

Genetic diversity assessment of 45 accessions of G. diversifolia using 
10 ISSR primers generated 131 bands of which 98.09% were found 
polymorphic. The average amplification was 13 bands per primer using 
45 G. diversifolia accessions. The highest number of DNA bands 18 was 
generated by primer UBC 812 and primer UBC 834 showing 100% 
polymorphism. The lowest number of DNA bands i.e. eight DNA bands 
was produced by ISSR-18. The PIC ranged from 0.252 to 0.428. The 
primer UBC 828 showed the maximum PIC value of 0.428 and was found 
to be the most informative primer revealing a good amount of poly-
morphism information content (Table 2). 

The obtained mean value of effective number of alleles was 1.598. 
The highest number of effective alleles was obtained from the primer 
ISSR-18 (1.744) while the lowest value was obtained from the primer 
UBC 834 (1.387). The mean value of Nei’s gene diversity was 0.349, 
with the highest value for the primer ISSR-18 (0.416) and the lowest 
value for the primer UBC 834 (0.252). The mean value of Shannon’s 
information index as a measure of genetic diversity was 0.523 for all the 
primers, with the highest value for the ISSR-18 (0.603) and the lowest 
value for the primer UBC 834 (0.404) (Table 3). 

Total heterozygosity/diversity (0.350), mean heterozygosity/gene 
diversity within population (0.141), genetic differentiation between 
population (0.594) and gene flow (0.355) were obtained indicating 
greater efficiency of ISSR primers (Table 3). 

The genetic similarity coefficient based on the Jaccard’s similarity 
ranged from 0.98 to 0.16. The highest similarity coefficient was found 
between accessions from Jiri 6 and Jiri 7, whereas the lowest similarity 
was found between accessions Phi 8 and Dar 2 showing genetic varia-
tions among 45 accessions of G. diversifolia (Fig. 3). 

3.2. Dendrogram analysis by ISSR primers 

Genetic relationships among the 45 accessions of G. diversifolia were 
observed based on the Jaccard’s coefficients from 131 amplified loci and 
a dendrogram was constructed using UPGMA method. A cluster analysis 
was performed on the basis of Jaccard’s similarity (Fig. 3). The genetic 
similarity calculated from 45 accessions of G. diversifolia ranged from 
0.24 to 1.00. Jaccard’s coefficient generated five major clusters (i.e. A, 

B, C, D, E) and has the similarity coefficient of 0.50. Cluster A compared 
to the accessions from Darchula was further sub-clustered at the simi-
larity coefficient level of 0.74 and 0.90, Cluster B from Kathmandu was 
further sub-clustered at 0.75 and 0.89, Cluster C from Dolakha at 0.56 
and 0.83, Cluster D from Kaski at 0.75 and 0.74, and Cluster E from 
Panchthar at 0.61 and 0.53. 

UPGMA tree construction methods were used to construct the 
dendrogram of five populations. The dendrogram obtained from 
UPGMA analysis of ten ISSR primers revealed five major groups of 
G. diversifolia (Fig. 3). 

The result obtained from Mantel test using NTSYSpc version 2.02i 
showed the highest and most significant correlation between Jaccard 
and Dice similarity matrices 0.99094 (Table 4). The highest correlation 
value, comparison of standard chart of goodness of fit and Jaccard’s 
coefficient of similarity with UPGMA clustering method was found most 
suitable for studying relationship among G. diversifolia accessions. 

3.3. Genetic variability in G. diversifolia 

Among the populations, the highest degree of variation was recorded 
in the population of Dolakha with Nei’s genetic diversity of 0.192 and 
Shannon’s information index of 0.285. The lowest degree of variation 
was recorded on the population of Darchula with Nei’s genetic diversity 
of 0.110 and Shannon’s diversity of 0.162 (Table 5). 

The highest genetic identity was (0.756), and found between the 
populations of Dolakha and Panchthar, with the shortest genetic dis-
tance (0.278). The maximum genetic distance was found between the 
populations of Darchula and Panchthar (0.448) with the minimum ge-
netic identity (0.638) (Table 6). 

3.4. Analysis of molecular variance (AMOVA) of G. diversifolia 

The partitioning of variations within and among the populations was 

Fig. 3. UPGMA based dendrogram showing the genetic relationship among 45 accessions of G. diverisifolia using 10 ISSR primers.  

Table 4 
Correlation coefficients from Mantel test of original matrices (2 way).   

Simple Matching Jaccard Dice 

Simple matching ****** – – 
Jaccard 0.96536 ****** – 
Dice 0.96213 0.99094 ******  
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analyzed by AMOVA, which revealed occurrence of 60% total genetic 
variation among the different populations and 40% total genetic varia-
tion within populations (Table 7). The difference between the in-
dividuals within and among the populations was statistically significant 
with the P value < 0.001 (Table 7). 

3.5. Principal Coordinate Analysis (PCoA) 

All the data obtained using ten ISSR primers were used in principal 
coordinate analysis (PCoA) using Jaccard’s coefficient of similarity. The 
first PC1, PC2, PC3 explained total variation of 52.73 (22.07, 17.28, 
13.38, respectively). The grouping of individuals is indicated in Fig. 4 
using two coordinates. PCoA analysis categorized genotypes into four 
different groups without following their genetic information (Fig. 4). 

4. Discussions 

Knowledge on the genetic diversity of plant species will help to select 
genotypes for conservation and development programs [35]. Molecular 
characterization is one of the reliable tools which have shown important 
role in estimating relation between cultivars [36]. It uses molecular 
markers like ISSR [23,25]. ISSR markers are highly reproducible and 
sensitive markers [25]. The selected ISSR primers (Table 2) in this study 
indicated the existence of microsatellite regions of (GA)n, (TC)n, (AT)n, 
(AC)n in G. diversifolia which were also found in Urtica dioica [37] and 
Boehmeria nivea [26]. Genetic polymorphism observed from 10 ISSR 
markers for G. diversifolia was high (98.09%) in comparison to the re-
sults observed for Urtica dioica (68%) [37], Cannabis sativa (85.8%) [26], 
Boehmeria nivea (96.3%) [26], and lower than Chenopodium quinoa 
(99%) [38]. Since the selected ISSR primers showed high genetic poly-
morphism, these primers appear to be useful in determining the genetic 
diversity of G. diversifolia. 

Polymorphism information content (PIC) is a widely used metric of 

usefulness of molecular markers and calculated based on the number of 
alleles and their distribution in population [39–41]. The maximum 
value of PIC in dominant marker is 0.5 [42]. The average value of PIC of 
the primers was found to be 0.350 in this study. The ten primers selected 
in this study had relatively proper distribution in population of 
G. diversifolia. UBC primer 828 gave relatively high PIC value (0.428) in 
the study. A study conducted in one of the highly used natural fiber 
producing plant Linum usitatissimum showed the PIC value of 0.367 [43]. 
The obtained values of PIC also suggested that high level of genetic di-
versity is present in analyzed germplasm. 

ISSR markers system evaluated genetic variation and similarities 
among and within the five populations of G. diversifolia from Far- 
western, Western, Central and Eastern Nepal. The results obtained 
from the similarity coefficient indicated that genetic variation ranged 
from 0.98 to 0.16. High level of genetic diversity was recorded in the 
population of Dolakha PPB (51.91%), H (0.1928), I (0.2852), and lower 
level was recorded in the population of Darchula PPB (29.01%), H 
(0.111), I (0.162) (Table 5). 

The study obtained the effective number of alleles (1.38–1.74) 
(Table 3). Nei and Li classify genetic differentiation between population 
(Gst) into three classes: low (Gst<0.05), moderate (0.05< Gst<0.15) 
and high (Gst>0.15) [44]. The genetic structure obtained in the study 
suggested that the differentiation coefficients (Gst 0.594) is higher than 
the average coefficients (Table 3). The Shannon’s index varies from 0 to 
1 and the values closer to zero represent lower genetic diversity [45]. 
The Shannon’s diversity index obtained in the study was in the average 
of 0.349. The Shannon’s diversity index from Dolakha (0.285) was the 
most diverse population compared to Panchthar (0.232), Kathmandu 
(0.187), Kaski (0.186) and Darchula (0.162). High genetic differentia-
tion in this species suggests that the individual populations have been 
reproductively isolated and have little current gene flow between them. 
The value of Nm was found to be 0.355. The value of gene flow (Nm) < 1 
which denotes less than one migrant per generation into a population is 
the threshold value at which the differentiation occurs in population in a 
significant amount [46]. An Nm of less than one suggests that the di-
versity maintained in the population is prone to genetic drift [47]. 

It is generally agreed that plant genetic diversity changes with time 
and distance [48]. The extent and distribution of genetic diversity in a 
plant species depends on different factors like its evolution and breeding 
system, ecological and geographical factors, past bottlenecks, and time 
and again, by many human factors [49]. 

Analysis of molecular variance (AMOVA) of G. diversifolia showed 
that higher distribution of genetic variation is present among the pop-
ulations (60%) compared to within the populations (40%) with the 
significance value of p < 0.001. The genetic diversity is closely corre-
lated with different factors like effective population size; breeding sys-
tem; natural selection; and life history traits (including life form, 
ecological tolerance, seed dispersal, and gene flow) [46]. For 
G. diversifolia, the plant harbors shady moist habitat, commonly found in 
high altitudes above 1,000 m to 3,000 m between mountain gorges. A 
similar analysis was conducted on Stylosanthes scabra [50]; Zingiber 
officinale [51]; Oryza granulata [52]; and Cypripedium japonicum [53]. 
Genetic relationship of Boehmeria species from Urticaceae Family using 
37 accessions showed ISSR markers are more informative in assessment 
of ramie diversity collected from different agroecological conditions 
[26]. The study showed that there is clear association between 

Table 5 
Genetic variability within the population of G. diversifolia.  

Population Sample size No of polymorphic band PPB 
% 

h I 

Darchula 10 38 29.01 0.111 0.162 
Kaski 5 45 34.35 0.125 0.186 
Kathmandu 10 44 33.59 0.126 0.187 
Dolakha 10 68 51.91 0.192 0.285 
Panchthar 10 62 47.33 0.153 0.232 

Percentage of polymorphic bands/loci (PPB), Nei’s (1973) genetic diversity (h), 
Shannon’s information index (I). 

Table 6 
Nei’s unbiased measure of genetic identity (above diagonal) and genetic dis-
tance (below diagonal).  

Population Darchula Dolakha Kathmandu Panchthar Kaski 

Darchula **** 0.728 0.721 0.638 0.697 
Dolakha 0.316 **** 0.714 0.756 0.746 
Kathmandu 0.326 0.335 **** 0.682 0.714 
Panchthar 0.448 0.278 0.382 **** 0.731 
Kaski 0.360 0.292 0.336 0.312 ****  

Table 7 
Analysis of molecular variance (AMOVA).  

Source of variation DF SS MS Estimated variance Total variance P value 

Among populations 4 593.856 148.464 15.540 60% <0.001 
Within populations 40 413.300 10.333 10.333 40% <0.001 
Total 44 1007.156 – 25.872 100%  

Degree of freedom (DF), Sum of Square (SS), Mean Sum of Square (MS), Estimated Variance, Percentage of Variation and Significance based on permutation across the 
full data set. 
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geographical origin and genetic similarity in populations distributed in 
different regions. The present study also revealed that high level of ge-
netic differentiation is present among populations of G. diversifolia and 
increase with an increase in geographical distance. Gst value 0.594 also 
strengthens the result of the study. Principal coordinate analysis (PCoA) 
confirmed the clustering of 45 G. diversifolia accessions into five main 
populations using 10 ISSR primers. 

The Nm value less than 1, Gst value more than 0.15, and clear cluster 
formation depending upon geographic distance suggested that high 
level of genetic variance is present among the population of 
G. diversifolia. Further, overexploitation and massive destruction of its 
natural habitat [5] indicate that conservation and sustainable utilization 
of G. diversifolia is essential for cultural identity and economic benefits 
for the indigenous peoples and local communities living in the Hindu 
Kush Himalayan region of Nepal and India. 

5. Conclusions 

ISSR markers allowed determination of the genetic variability in 
G. diversifolia by grouping them according to their geographical loca-
tions in Nepal Himalaya. Comprehensive molecular analysis reveal that 
G. diversifolia has low genetic diversity within population and high ge-
netic differentiation among the population. This genetic variability po-
tential provides scientific basis for sustainable utilization and 
conservation efforts. 
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