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Abstract 

In the present investigation, the molecular variability of teak in south Gujarat has been studied using 

ISSR marker. A total 12 primers produced clear and reproducible band out of 15 ISSR tested primers. 

The number of loci was ranged between 6 (UBC-888) to 14 (UBC-884) through amplification of these 

ISSR primers. Total 91 loci were polymorphic (80.53 %) and remaining 22 loci were monomorphic 

(19.47 %). Polymorphism percentage (PP) was ranged from 60 % for UBC-889 to 92.31 % for UBC-886. 

Maximum polymorphic information content value (0.36) EMI (5.68), MI (1.38) and resolving power 

(5.60) were observed with UBC-878, UBC-887, UBC-876 and UBC-886, respectively. Highest Jacard’s 

similarity value (0.68) was observed between Tapti and Vansada and Dharampur and Chikhali. However 

highest Nei & Li’s coefficient (0.84) observed between Bhenskatri and Kalibel. Two dendrograms of the 

genotypes constructed based on the Jacard’s and Nei & Li’s coefficient for clustering of the ten 

populations. All the genotypes could be divided in three major groups. The first group was further 

subdivided in to three subgroups: Ia) Tapti, Vansada and Bardipada-B population, Ib) Bardipada-A Ic) 

Chikhali and Dharampur, Bhenskatri and Kalibel. The second group (II) included Vyara and Kaprada 

populations. The results of PCoA corresponded well with the cluster analysis obtained through UPGMA. 

The first three coordinates accounted for 19.55, 16.07 and 13.12 per cent of the total variance, 

respectively. Thus, total cumulative variance was 48.75 per cent accounted by these three coordinates. 

Overall, the findings from the study is very useful for survival and conservation of teak genetic resources 

in threat of climatic change. 
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Introduction 

Teak is one of the most important and valuable hardwoods of the world. Its wood is 

extraordinary for furniture making and suitable for various uses including house construction, 

shipbuilding, furniture making, poles, veneer, carvings etc. Teak has a wide but discontinuous 

distribution in India. It grows well from sea level to an elevation of 1200 m and annual rainfall 

range from 800 to 2500 mm. The natural teak forests in India are occupying an area of 8.9 mha 

(Tewari 1992) [35]. Globally natural teak forests declined between 1992 and 2010 by 1.3 per 

cent. India alone planted 38 per cent of the world’s teak forests after declining natural teak due 

to overharvesting and deterioration of the quality of teak wood. It is essential in the near future 

to implement a programme for the genetic conservation of native teak resources in the four 

countries viz. India, Laos, Myanmar and Thailand (Anonymous 2012) [2]. Gopalakrishnan et 

al. (2010) [15] projected 30% of teak grids in India are vulnerable to climate change because the 

unfavorable future climate.  

Variability measurement is the pioneer step of any tree improvement and genetic resource 

management programme. Inter and intra specific variation among teak populations plays an 

important role for sustainable management of teak genetic resources and further tree 

improvement (Dhaka 2016; Dhaka and Jha 2017a; Dhaka and Jha 2017b; Dhaka and Jha 2018) 
[10, 9, 8, 7]. The genetic diversity among teak population has been studied from the natural and 

introduced populations with the help of molecular markers. Various methods have been used 

to unfold these tree improvement and conservation programme such as isozyme systems 

(Kertadikara and Prat 1995) [22], Random Amplification of Polymorphic DNA (Watanabe et al. 

2004; Nicodemus et al. 2005; Narayanan et al. 2007) [40, 29, 27], Amplified Fragment Length 

Polymorphism (Shrestha et al. 2005)[34], Sequence Characterized Amplified Regions (Isoda et 

al. 2000) [20], ISSR (Narayanan et al. 2007; Ansari et al. 2012) [27, 3] and nuclear SSR (Fofana 

et al. 2009; Verhaegen et al. 2010; Alcântara and Veasey 2013) [12, 39, 1]. ISSR (Inter simple 

sequence repeat) is a PCR‐based molecular marker and highly useful for studying genetic 

diversity (Zietkiewicz et al. 1994) [41] among natural populations and this technique is reliable, 

reproducible and cost effective. 
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However, most of the population variability study in teak is 

limited to southern or central India except few relevant study 

on population variation for seed and seedling traits in south 

Gujarat teak populations (Dhaka and Jha 2017a; Dhaka and 

Jha 2017b; Dhaka and Jha 2018) [9, 8, 7]. This is the pioneer 

work using ISSR technique to access molecular diversity in 

teak populations from south Gujarat for future conservation 

measures. 

 

Material and Methods 

Plant Material 

Vyara, Bhenskatri, Kalibel, Bardipada-A, Bardipada-B, Tapti, 

Vansda NP, Dharampur, Chikhli and Kaparada natural 

populations of teak used in the present study and marked with 

the help of GPS (Table 1.) and the leaves were collected in 

each natural population for future DNA extraction. 

 
Table 1: Geographic locations of the different populations of teak 

presented in the study 
 

Population Latitude (N) Longitude (E) Altitude (m) 

Vyara 20'59'' 73'28'' 114.2 

Bhenskatri 20'56'' 73'33'' 161.1 

Kalibel 20'55'' 73'35'' 204.6 

Bardipada-A 20'58'' 73'37'' 221.8 

Bardipada-B 20'54'' 73'40'' 209.2 

Tapti 21'17'' 73'37'' 186.1 

Vansda NP 20'46'' 73'29'' 148.1 

Dharampur 20'30'' 73'15'' 132.9 

Chikhli 20'38'' 73'14'' 134.6 

Kaparada 20'26'' 73'08'' 94.9 

 

DNA extraction and quality check 

The total genomic DNA was extracted from young leaf tissue 

as described by Doyle and Doyle (1990) [11], with some 

modifications. The quality of DNA was checked on agarose 

gel electrophoresis. The quality of DNA was done by 

Nanodrop (at 260 nm). For PCR amplification, the DNA from 

five trees from each population were pooled together to 

represent one population. 

 

ISSR Assays 

ISSR analysis was carried out with 15 ISSR primers of UBC 

(University of British Columbia, Canada). After initial 

screening of these 15 primers, 12 primers were selected for 

further analysis (Table 2.) produced clear and reproducible 

bands. For each primer, the PCR amplification was carried 

out in 25 µl reaction volume mixture (Zietkiewicz et al. 1994) 
[41] (Table 3.).  

 
Table 2: Sequence details of screened primer used for ISSR 

amplification. 
 

S. No. Primers name Sequence Details 

1 UBC-827 ACACACACACACACACG 

2 UBC-876 GATAGATAGACAGACA 

3 UBC-878 GGATGGATGGATGGAT 

4 UBC-880 GGAGAGGAGAGGAGA 

5 UBC-884 HBHAGAGAGAGAGAGAG 

6 UBC-885 BHBGAGAGAGAGAGAGA 

7 UBC-886 AAACTCTCTCTCTCTCT 

8 UBC-887 DVDTCTCTCTCTCTCTC 

9 UBC-888 BDBCAC ACA CAC ACA CA 

10 UBC-889 DBDACACACACACACAC 

11 UBC-892 TAGATCTGATATCTGAATTCCC 

12 UBC-900 ACTTCCCCACAGGTTAACACA 

 

The thermal cycler was programmed as per following steps: 

(i) Initial denaturation at 95°C for 10 minutes, (ii) 

Denaturation at 95°C for 1 minute, (iii) Primer annealing at 

53°C for 45 seconds, (iv) Primer extension at 72°C for 2 

minutes, (v) Final extension at 72°C for 10 minutes and a 

hold temperature of 4°C at the end. Cycles were set by 

reapting steps (ii) to (iv) for 35 cycles. The amplified product 

was collected from the thermal cycler stored at -20°C till 

further use. PCR products were loaded on to 1.8 percent (w/v) 

agarose gel containing 4 µl ethidium bromide in 100 ml 

prepared in 1x TBE buffer. The gel was photographed using 

GeNei UVITEC, Gel Documentation system Cambridge. 

 
Table 3: List of different components of PCR master mix used for 

amplification reaction in ISSR 
 

S. No. PCR master mix Component Volume 

1 Sterile Millipore water 19.2 µl 

2 Taq Buffer (10X) with 1.5mM MgCl2 (KAPA) 02.5 µl 

3 dNTP pre-mix (2.5 mM) (KAPA) 00.5 µl 

4 Taq polymerase (3 U/µl) (KAPA) 00.3 µl 

5 Primer (10 pmoles/ml) 01.0 µl 

6 Genomic DNA (50-60ng) 02.0 µl 

 Total 25.0 µl 

 

Statistical analysis 

ISSR products were manually scored for band absence (0) or 

presence (1) for each genotype and binary data matrix was 

constructed. Primer banding characteristics such as number of 

total bands (NB), number of monomorphic band (Nm), 

number of polymorphic bands (NP) and percentage of 

polymorphic bands (PPB) were obtained by counting of 

bands. Three parameters viz., polymorphic information 

content, marker index and resolving power was calculated to 

analyze the suitability of the marker to evaluate genetic 

profiles of T. grandis. The polymorphic information content 

(PIC) value calculated using formula (Roldàn-Ruiz et al. 

2000) [33]; PICi = 2fi (1 - fi), Where PICi is the polymorphic 

information content of the locus i, fi is the frequency of the 

amplified fragments and 1 - fi is the frequency of non-

amplified fragments. The frequency was calculated as the 

ratio between the number of amplified fragments at each locus 

and the total number of accessions. The PIC of each primer 

was calculated using the average PIC value from all loci of 

each primer. Effective multiplex ratio was calculated using 

formula; EMR (effective multiplex ratio) = n*β, where n is 

the average number of fragments amplified by accession to a 

specific system marker (multiplex ratio) and β is estimated 

from the number of polymorphic loci (PB) and the number of 

non-polymorphic loci (MB); β = PB/(PB + MB). Marker 

index for each primers was calculated as a product of 

polymorphic information content and effective multiplex ratio 

(Varshney et al. 2007) [37]; MI = EMR X PIC. The resolving 

power (RP) of each primer was calculated as (Prevost and 

Wilkinson 1999) [31]; RP = ∑ Ib, Where Ib represents the 

informative fragments. The Ib can be represented on a scale 

of 0/1 by the following formula; Ib = 1 - (2 *|0.5 - pi|), where 

pi is the proportion of accessions containing the ith band. The 

data matrix of marker was then converted into genetic 

similarity matrix using Jaccard’s coefficient (Jaccard 1908) 
[21] and Nei & Li’s coefficient (Nei and Li 1973) [28] in 

NTSYS-PC 2.02j (Rohlf 1998) [32]. Dendrogram was 

constructed using un weighted pair group method with 

arithmetic average (UPGMA). Principal coordinate analysis 

(PCoA) was performed using the DCENTER and EIGEN 

programs described by Gower (1966) [17] in the NTSYSpc. 
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Cluster analysis as PCoA is more informative regarding 

distances among major groups (Hauser and Crovello 1982) [19] 

while cluster analysis is more sensitive to closely related 

individuals. 

 

Results and Discussion 

Recent development of molecular markers has complemented 

and drastically reduced the time taken for generating 

information required in making conservation and management 

decisions. Inter-Simple Sequence Repeat (ISSR) techniques is 

considered as highly informative fingerprinting tools as no 

previous knowledge of the genome is required, a large 

number of markers are easily generated, they are reliable, 

reproducible and cost effective, and require only micrograms 

of DNA. The ISSR marker generate a large number of 

polymorphic loci without prior information of genome 

(Ansari et al. 2012) [3] and microsatellite regions encoding 

specific proteins (Vaishnav and Ansari 2018) [36]. Out of 15 

ISSR primers tested, 12 primers (Table 4.) produced clear and 

reproducible band. The number of loci amplified by ISSR 

primers ranged between 6 (UBC-888) to 14 (UBC-884). A 

total of 113 loci amplified of different size ranging from 181 

to 3989 bp out of which 91 (80.53 %) loci were polymorphic 

and 22 (19.47 %) loci were monomorphic. The polymorphism 

percentage ranged from 60 % for UBC-889 to 92.31 % for 

UBC-886 (Fig. 1.). Maximum polymorphic information 

content value of 0.36 (UB-C878) and low PIC value of 0.19 

(UBC-887 and UBC-889), with an average value of PIC per 

primer 0.27 were obtained (Table 4.). The highest effective 

multiplex ratio (EMR) 5.68 was observed with the primer 

UBC-887 and the lowest EMR 3.32 was observed with the 

primer UBC-885 with an average EMR of 4.49 per primer 

(Table 4.). The highest marker index (MI) was observed with 

the primer UBC-876 (1.38) and lowest in the primer UBC-

880 (0.80), with an average MI of 1.19 was obtained. The 

resolving power is a parameter that indicates the 

discriminatory potential of the primers chosen. The highest 

RP value was observed with the primer UBC-886 (5.60) and 

the lowest with the primer UBC-887 (1.60) with an average 

RP of 3.75 per primer. Overall, ISSR molecular marker 

revealed higher polymorphism (80.53 %) and resolving 

power. ISSR has been successfully utilized for diversity 

analysis of teak (Narayanan et al. 2007; Ansari et al. 2012; 

Lyngdoh et al. 2013; Chimello et al. 2017; Giustina et al. 

2017; Mohammad et al. 2017; Vaishnav and Ansari 2018) [27, 

3, 25, 5, 14, 26, 36] and other trees species (Goulão et al. 2001; Arif 

et al. 2009; Gajera et al. 2011; Vashishtha et al. 2013; 

Dasgupta et al. 2015; Goyal et al. 2015; Kulhari et al. 2015; 

Long et al. 2015; Patel et al. 2016) [16, 4, 13, 38, 6, 18, 23, 24, 30]. 

 
Table 4: Primer-wise analysis of banding patterns generated by 

ISSR marker assays for ten populations of T. grandis 
 

Primer NB Nm Np PP PIC EMR MI Rp 

UBC-827 8 2 6 75.00 0.26 4.95 1.29 3.00 

UBC-876 8 1 7 87.50 0.34 4.05 1.38 4.60 

UBC-878 8 1 7 87.50 0.36 4.49 1.62 4.60 

UBC-880 7 2 5 71.43 0.24 3.34 0.80 2.60 

UBC-884 14 2 12 85.71 0.28 4.21 1.18 5.40 

UBC-885 12 2 10 83.33 0.27 3.32 0.90 4.40 

UBC-886 13 1 12 92.31 0.29 4.69 1.36 5.60 

UBC-887 7 2 5 71.43 0.19 5.68 1.08 1.60 

UBC-888 6 2 4 66.67 0.24 5.23 1.26 2.20 

UBC-889 10 4 6 60.00 0.19 5.16 0.98 2.80 

UBC-892 8 2 6 75.00 0.27 3.75 1.01 3.20 

UBC-900 12 1 11 91.67 0.29 4.97 1.44 5.00 

Overall 113 22 91 80.53 0.27 5.82 4.49 1.19 

Note: Number of bands (NB); Number of monomorphic bands (Nm); 

number of polymorphic bands (Np), percentage of polymorphism 

(PP); polymorphism information content (PIC); effective multiplex 

ratio (EMR); marker index (MI) and resolving power (Rp) 
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Fig 1: ISSR fingerprints of 10 populations generated by UBC-886, UBC-887 and UBC-888 

 

The Jacard’s similarity matrices (Tables 5.) and Nei & Li’s 

matrices (Table 6.) of the ISSR data were showed high 

similarity between populations. Highest Jacard’s similarity 

(0.68) was observed between Tapti and Vansada and 

Dharampur and Chikhali. Nei & Li’s matrices (0.84) observed 

between Bhenskatri and Kalibel. The smallest Jacard’s (0.49) 

and Nei & Li’s (0.59) coefficients were observed between 

Bardipada-A and Vyara. On the basis of Jacard’s and Nei & 

Li’s coefficient, two dendrograms were constructed to gave 

similar clustering of the ten populations (Figs. 2. and Figs. 3.). 

Ten populations divided into three major groups. The first 

group was subdivided into three subgroups: Ia) Tapti, 

Vansada and Bardipada-B population, Ib) Bardipada-A 

population from the Dangs forest division and Ic) Chikhali 

and Dharampur population from the Valsad forest divisions 

and Bhenskatri and Kalibel from the Dangs forest division. 

The second group (II) included Vyara population from the 

Vyara forest division and Kaprada population from the Valsad 

forest division. 

 

Table 5: Jaccard’s similarity matrix for ten teak populations as revealed by ISSR marker 
 

Population Vyara Bhenskatri Kalibel Bardi-A Bardi-B Tapti Vansada Dharampur Chikhali Kaprada 

Vyara 1.00 
         

Bhenskatri 0.53 1.00 
        

Kalibel 0.47 0.72 1.00 
       

Bardi-A 0.42 0.56 0.62 1.00 
      

Bardi-B 0.47 0.54 0.57 0.59 1.00 
     

Tapti 0.55 0.60 0.56 0.56 0.63 1.00 
    

Vansada 0.52 0.57 0.61 0.55 0.71 0.68 1.00 
   

Dharampur 0.48 0.63 0.68 0.63 0.65 0.64 0.67 1.00 
  

Chikhali 0.43 0.62 0.64 0.64 0.61 0.58 0.67 0.68 1.00 
 

Kaprada 0.56 0.58 0.56 0.52 0.50 0.56 0.61 0.49 0.60 1.00 

 

 
 

Fig 2: UPGMA dendrogram of ten teak populations as revealed by ISSR marker based on Jaccard’s Coefficient 
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Table 6: Nei & Li’s coefficient matrix for ten teak populations as revealed by ISSR marker 

 

Population Vyara Bhenskatri Kalibel Bardi-A Bardi-B Tapti Vansada Dharampur Chikhali Kaprada 

Vyara 1.00 
         

Bhenskatri 0.69 1.00 
        

Kalibel 0.64 0.84 1.00 
       

Bardi-A 0.59 0.72 0.76 1.00 
      

Bardi-B 0.64 0.70 0.73 0.74 1.00 
     

Tapti 0.71 0.75 0.72 0.72 0.78 1.00 
    

Vansada 0.68 0.73 0.76 0.71 0.83 0.81 1.00 
   

Dharampur 0.65 0.78 0.81 0.78 0.78 0.78 0.80 1.00 
  

Chikhali 0.60 0.76 0.78 0.78 0.76 0.73 0.80 0.81 1.00 
 

Kaprada 0.72 0.74 0.72 0.69 0.67 0.72 0.76 0.66 0.75 1.00 

 

 
 

Fig 3: UPGMA dendrogram of ten teak populations as revealed by ISSR marker based on Nei & Li’s Coefficient. 

 

PCoA was generated from the DCENTER and EIGEN with 

the program NTSYSpc v 2.1. To confirm the genetic 

relationships among 10 teak populations from south Gujarat. 

The results of PCoA tallied with the cluster analysis prevailed 

through UPGMA (Fig. 4.). The first three coordinates 

contributed 19.55, 16.07 and 13.12 per cent of the total 

variance, respectively. Hence total cumulative variance from 

these three coordinates was 48.75 per cent. Vyara population 

was seemed to be totally different in both the analyses. 

Significant level of polymorphism detected in ten natural 

population of teak from south Gujarat by ISSR (80.53 %). 

 

 
 

Fig 4: Principal Coordinate Analysis as revealed by ISSR markers based on the Jaccard similarity index 
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Teak is a perennial woody and cross pollinated tropical tree 

species which have a majority of the genetic variation to be 

expected within populations. The results obtained in this 

study is in agreement with finding of other researchers in teak 

(Narayanan et al. 2007; Ansari et al. 2012; Lyngdoh et al. 

2013; Chimello et al. 2017; Giustina et al. 2017; Mohammad 

et al. 2017; Vaishnav and Ansari 2018) [27, 3, 25, 5, 14, 26, 36]. The 

genetic differentiation of teak meta-population in India was 

investigated by Vaishnav and Ansari (2018) [36] employing 

dominant ISSR markers to understand adaptability of the 

species. Meta-population represents 290 teak genotypes from 

29 locations of its natural distribution. Meta-population 

clustered in three sub-population clusters on the basis of the 

genetic and geographical variables, where geographical 

variables played a significant role in gene flow. Overall, the 

findings from the study can assist for teak survival in threat of 

changing climatic situations throughout India. 

 

Conclusion 

Our results indicate the presence of higher amount of great 

genetic variability among teak ten populations from three 

forest divisions of Gujarat. Over all higher diversity within 

forest division indicates cautious selection should be 

implemented while selecting plus tree for establishing of 

breeding population or seed orchard. More number of trees 

per population should be selected to capture maximum 

diversity and realizing better gain since the genetic gain is 

directly proportional to existing variability. 

 

Acknowledgement 

Present investigation was a part of master research in forest 

biotechnology. Authors express deep sense of gratitude to 

Navsari Agricultural University (NAU), Navsari, Gujarat 

(India) for providing financial and technical support are 

gratefully acknowledged. 

 

References 

1. Alcântara BK, Veasey EA. Genetic diversity of teak 

(Tectona grandis LF) from different provenances using 

microsatellite markers. Revista Árvore. 2013; 37(4):747-

758. 

2. Anonymous. 

http://www.fao.org/news/story/en/item/129569/icode/ 

accessed on august 21, 2018, 2012. 

3. Ansari SA, Narayanan C, Wali SA, Kumar R, Shukla N, 

Rahangdale SK. ISSR markers for analysis of molecular 

diversity and genetic structure of Indian teak (Tectona 

grandis Lf) populations. Annals of Forest Research. 

2012; 55(1):11-23. 

4. Arif M, Zaidi NW, Singh YP, Haq QM, Singh US. A 

comparative analysis of ISSR and RAPD markers for 

study of genetic diversity in Shisham (Dalbergia sissoo). 

Plant Molecular Biology Reporter. 2009; 27(4):488-495. 

5. Chimello AM, Jesus JG, Teodoro PE, Rossi AA, Araújo 

KL, Marostega TN, Neves LG, Barelli MA. 

Morphological descriptors and ISSR molecular markers 

in the evaluation of genetic variability of Tectona grandis 

genotypes. Genetics and Molecular Research: GMR. 

2017; 16(2). 

6. Dasgupta N, Nandy P, Sengupta C, Das S. RAPD and 

ISSR marker mediated genetic polymorphism of two 

mangroves Bruguiera gymnorrhiza and Heritiera fomes 

from Indian Sundarbans in relation to their sustainability. 

Physiology and Molecular Biology of Plants. 2015; 

21(3):375-384. 

7. Dhaka RK, Jha SK. Effect of different forest types and 

populations on drupe morphometric characters of teak, 

Tectona grandis L f in India. International Journal of 

Farm Sciences. 2018; 8(2):12-17. 

8. Dhaka RK, Jha SK. Evaluation of five teak (Tectona 

grandis LF) provenances for germination test to find out 

reasons of low germination. International Journal of Pure 

and Applied Bioscience. 2017b; 5(5):1420-1426. 

9. Dhaka RK, Jha SK. Evaluation of Provenances for 

Drupe, Seed and Germination Traits in Teak (Tectona 

grandis LF). International Journal of Current 

Microbiology and Applied Sciences. 2017a; 6(11):1721-

1727. 

10. Dhaka RK. Within and between natural population 

variation for drupe and seedling traits in teak (Tectona 

grandis Linn. f.). Master thesis submitted to Navsari 

Agricultural University, Navsari (Gujarat). 2016; 1-170. 

11. Doyle JJ, Doyle JL. Isolation of plant DNA from fresh 

tissue. Focus. 1990; 12: 13-15. 

12. Fofana IJ, Ofori D, Poitel M, Verhaegen D. Diversity and 

genetic structure of teak (Tectona grandis Lf) in its 

natural range using DNA microsatellite markers. New 

Forests. 2009; 37(2):175-195. 

13. Gajera HP, Tomar RS, Patel SV, Viradia RR, Golakiya 

BA. Comparison of RAPD and ISSR markers for genetic 

diversity analysis among different endangered Mangifera 

indica genotypes of Indian Gir forest region. Journal of 

Plant Biochemistry and Biotechnology. 2011; 20(2):217-

223. 

14. Giustina LD, Rossi AA, Vieira FS, Tardin FD, Neves 

LG, Pereira TN. Genetic variability of teak (Tectona 

grandis Linn. F.) based on ISSR molecular markers and 

morphological characterization. Ciência Florestal. 2017; 

27(4):1311-1324. 

15. Gopalakrishnan R, Jayaraman M, Swarnim S, Chaturvedi 

RK, Bala G, Ravindranath NH. Impact of climate change 

at species level: a case study of teak in India. Mitigation 

and Adaptation Strategies for Global Change. 2011; 

16(2):199-209. 

16. Goulão L, Valdiviesso T, Santana C, Oliveira CM. 

Comparison between phenetic characterisation using 

RAPD and ISSR markers and phenotypic data of 

cultivated chestnut (Castanea sativa Mill.). Genetic 

Resources and Crop Evolution. 2001; 48(4):329-338. 

17. Gower JC. Some distance properties of latent root and 

vector methods used in multivariate analysis. Biometrika. 

1966; 53(3-4):325-338. 

18. Goyal P, Jain R, Kachhwaha S, Kothari SL. Assessment 

of genetic diversity in Pithecellobium dulce (Roxb.) 

Benth. Germplasm using RAPD and ISSR markers. 

Trees. 2015; 29(3):637-653. 

19. Hauser LA, Crovello TJ. Numerical analysis of generic 

relationships in Thelypodieae (Brassicaceae). Systematic 

Botany. 1982:249-268. 

20. Isoda K, Watanabe A, Widyatmoko AY, Rimbawanto A, 

Shiraishi S. The simple and reliable management of teak 

(Tectona grandis) clones with SCAR (Sequence 

Characterized Amplified Region) marker. In Proceedings 

of third regional seminar on teak. Potentials and 

opportunities in marketing and trade of plantation teak: 

challenge for the new millennium. Yogyakarta, 

Indonesia, 2000, 265-269. 

21. Jaccard P. Nouvelles recherches sur la distribution 

florale. Bulletin de la Société Vaudoise des Sciences 

Naturelles. 1908; 44:223-270. 



 

~ 568 ~ 

Journal of Pharmacognosy and Phytochemistry 
22. Kertadikara A, Prat D. Isozyme variation among teak 

(Tectona grandis L.f.) provenances. Theoretical and 

Applied Genetics. 1995; 90(6):803-810. 

23. Kulhari A, Singh R, Chaudhury A, Dhawan AK, Kalia 

RK. Assessment of genetic variability through ISSR and 

RAPD markers in Commiphora wightii (Arn.) Bhandari. 

Acta Physiologiae Plantarum. 2015; 37(6):113. 

24. Long Y, Cheng J, Mei Z, Zhao L, Wei C, Fu S et al. 

Genetic analysis of litchi (Litchi chinensis Sonn.) in 

southern China by improved random amplified 

polymorphic DNA (RAPD) and inter-simple sequence 

repeat (ISSR). Molecular Biology Reports. 2015; 

42(1):159-66. 

25. Lyngdoh N, Joshi G, Ravikanth G, Vasudeva R, 

Shaanker RU. Changes in genetic diversity parameters in 

unimproved and improved populations of teak (Tectona 

grandis Lf) in Karnataka state. India. Journal of Genetics. 

2013; 92(1):141-145. 

26. Mohammad N, Mahesh S, Jain YK, Ansari SA. Effect of 

discrete (individual) and mixed (bulk) genomic DNA on 

genetic diversity estimates and population structure in 

Teak (Tectona grandis L. f.). Indian Journal of 

Experimental Biology. 2017; 55:44-48. 

27. Narayanan C, Wali SA, Shukla N, Kumar R, Mandal AK, 

Ansari SA. RAPD and ISSR markers for molecular 

characterization of teak (Tectona grandis) plus trees. 

Journal of Tropical Forest Science. 2007; 1:218-225. 

28. Nei M, Li WH. Linkage disequilibrium in subdivided 

populations. Genetics. 1973; 75(1):213-219. 

29. Nicodemus A, Nagarajan B, Narayanan C, Varghese M, 

Subramanian K. Genetic variation in Indian teak 

(Tectona grandis LF) populations assayed through RAPD 

markers. Indian Forester. 2005; 131(9):1121-1131. 

30. Patel DM, Fougat RS, Sakure AA, Kumar S, Kumar M, 

Mistry JG. Detection of genetic variation in sandalwood 

using various DNA markers. 3 Biotech. 2016; 6(1):55. 

31. Prevost A, Wilkinson MJ. A new system of comparing 

PCR primers applied to ISSR fingerprinting of potato 

cultivars. Theoretical and Applied Genetics. 1999; 

98(1):107-12. 

32. Rohlf F. NTSYS-PC RF. 2.02. Numerical taxonomy and 

multivariate analysis system, Applied Biostatistics, 

Setauket, New York, 1998. 

33. Roldàn-Ruiz I, Dendauw J, Van Bockstaele E, Depicker 

A, De Loose MA. AFLP markers reveal high 

polymorphic rates in ryegrasses (Lolium spp.). Molecular 

Breeding. 2000; 6(2):125-34. 

34. Shrestha MK, Volkaert H, Straeten DV. Assessment of 

genetic diversity in Tectona grandis using amplified 

fragment length polymorphism markers. Canadian 

Journal of Forest Research. 2005; 35(4):1017-1022. 

35. Tewari DN. A monograph on teak (Tectona grandis 

Linn. f.). International book distributors, 1992. 

36. Vaishnav V, Ansari SA. Genetic Differentiation and 

Adaptability of Teak (Tectona grandis Lf) Meta-

Population in India. Plant Molecular Biology Reporter. 

2018; 1-2. 

37. Varshney RK, Chabane K, Hendre PS, Aggarwal RK, 

Graner A. Comparative assessment of EST-SSR, EST-

SNP and AFLP markers for evaluation of genetic 

diversity and conservation of genetic resources using 

wild, cultivated and elite barleys. Plant Science. 2007; 

173(6):638-649. 

38. Vashishtha A, Jehan T, Lakhanpaul S. Genetic diversity 

and population structure of Butea monosperma (Lam.) 

Taub.-a potential medicinal legume tree. Physiology and 

Molecular Biology of Plants. 2013; 19(3):389-97. 

39. Verhaegen D, Fofana IJ, Logossa ZA, Ofori D. What is 

the genetic origin of teak (Tectona grandis L.) introduced 

in Africa and in Indonesia?. Tree Genetics and Genomes. 

2010; 6(5):717-733. 

40. Watanabe A, Widyatmoko A, Rimbawanto A, Shiraishi 

S. Discrimination of teak (Tectona grandis) plus trees 

using selected random amplified polymorphic DNA 

(RAPD) markers. Journal of Tropical Forest Science. 

2004; 1:17-24. 

41. Zietkiewicz E, Rafalski A, Labuda D. Genome 

fingerprinting by simple sequence repeat (SSR)-anchored 

polymerase chain reaction amplification. Genomics. 

1994; 20(2):176-183. 


