
SAARC J. Agric., 19(1): 1-13 (2021) DOI: https://doi.org/10.3329/sja.v19i1.54774 

MOLECULAR PROFILING OF CHILLI GERMPLASM BY 

USING SSR MARKER 

M.I. Haque
1
, S. Ishtiaque

2
, M.M. Islam

3*
, T.A. Mujahidi

4
 and M.A. Rahim

5 

1
Regional Spices Research Centre, 

2
On-Farm Research Division, 

3
Plant Pathology Division, 

4
Plant Breeding Division  

Bangladesh Agricultural Research Institute, Gazipur 
5
Department of Horticulture, Bangladesh Agricultural University, Mymensingh 

ABSTRACT 

The molecular characterization of chilli germplasm was done based on 
estimation of genetic diversity among the germplasm by using SSR 
markers. Forty chilli germplasms were analyzed using eight SSR 
primers. The SSR primers produced 30 SSR loci with an average value 
of 3.75 alleles per SSR locus. The similarity index matrix ranged from 
zero to 2.74. Polymorphic information content (PIC) of the SSR primers 
ranged from 0.543 to 0.735 with an average value of 0.658. The highest 
number (five) of allele was observed in primer CAMS-647, whereas the 
primers CAMS-864, CAMS-880 and CAMS-885 showed lowest number 
(three) of allele. The smallest allele was found in case of primer CAMS-
236 (176 bp), while the longest allele was detected for the primer CAMS-
864 (288 bp). Based on similarity matrix using the un-weighed Pair 
Group Method of Arithmetic Means (UPGMA) dendrogram, chilli 
germplasms were grouped into four main clusters. SSR markers showed 
genetic variability in the studied chilli germplasm.  

Keywords: Chilli germplasm, Molecular profiling, SSR marker. 

INTRODUCTION 

Chilli (Capsicum spp.), member of Solanaceae family, is one of the most important 

spice crops of Bangladesh with immense economic significance. In fact, the 

particular spice crop is originated from South and Central America, where it is still 

under cultivation (Pickersgill, 1997). In Bangladesh, it is cultivated both in Rabi and 

Kharif season. Total production of chilli in Bangladesh was approximately 1.30 Lac 

Metric Tons from 1.02 Lac hectares of land (BBS, 2016). Molecular markers are 

powerful tools in complementing phenotypic characterization in detecting additional 
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sources of genetic diversity present within the gene pool. Molecular markers such as 

isozymes, Restriction Fragment Length Polymorphisms (RFLP), Random Amplified 

Polymorphic DNA (RAPD), Amplified Fragment Length Polymorphisms (AFLP) 

and Simple Sequence Repeats (SSR) have been used in studying the genetic diversity 

in Capsicum spp. (Tam et al., 2005). These molecular markers are large in number 

and useful in determining genetic variability through the construction of linkage 

maps (Gupta et al., 1996). Of the molecular markers developed, SSR markers stand 

out as exceptional in genetic diversity studies, because they are highly polymorphic 

and widely distributed in the chilli genome (Mimura et al., 2012). SSR markers, 

being co-dominant, are able to distinguish genetic relationships between genotypes 

based on specific traits and are more effective for inbred lines and breeding materials 

with special attributes (Tam et al., 2005). The extent of genetic variability within a 

species is vital for its continued existence and adaptation in different agro-ecologies. 

The more diverse the population is the better for the breeder in developing elite 

cultivars through careful selection of superior parents. Therefore, an understanding of 

the genetic variability of a population, through the use of molecular markers, is of 

critical importance in developing effective strategies for germplasm conservation and 

breeding purposes (Se-Jong et al., 2012). In light of the frugal information available 

in Bangladesh with reference to the molecular characterization of chilli germplasm, 

the current research made an endeavor to characterize applying SSR technique.  

MATERIALS AND METHODS 

The seedlings of chilli were grown at Regional Spices Research Centre (RSRC), 

Bangladesh Agricultural Research Institute (BARI), Gazipur, Bangladesh. All 

nursery/agronomical management practices were done as per standard protocol. The 

experimental plots were manured and fertilized properly. Thirty-six chilli 

germplasms were collected from different areas of the country including Spices 

Research Centre, BARI, Gazipur, of which twenty were indigenous and fifteen were 

exotic (Table 1). The molecular characterization of the germplasms using simple 

sequence repeat (SSR) primers to detect polymorphism between the germplasm was 

carried out at the Biotechnology Laboratory of PGRC at BARI.  
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Table 1. Germplasm codes with sources of collection for chilli 

SL. No. Germplasm code Source 

1.  CO 001  

 

 

 

 

 

 

SRC, BARI 

2.  CO 002 

3.  CO 003 

4.  CO 446 

5.  CO 446-1 

6.  CO 525 

7.  CO 525-1 

8.  CO 525-2 

9.  CO 525-3 

10.  CO 610 

11.  CO 610-1 

12.  CO 611-1 

13.  CO 611-2 

14.  CO 613 

15.  CO 626 

16.  CO 629 

17.  CO 630 

18.  CO 631  

 

 

 

 

The World Vegetable 

Centre 

19.  CO 632 

20.  CO 633 

21.  CO 634 

22.  CO 635 

23.  CO 636 

24.  CO 637 

25.  CO 638 

26.  CO 639 

27.  CO 640 

28.  CO 641 

29.  CO 642 

30.  CO 643 

31.  CO 644 

32.  CO 645 

33.  CO 646  

SRC, BARI 34.  CO 647 

35.  CO 648 

36.  BARI Chilli-2 
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Genomic DNA extraction 

Fully opened middle aged leaves were taken from the seedlings into an ice chest and 

sent to the laboratory for DNA extraction. Genomic DNA was extracted from the 36-

chilli germplasms using CTAB method described by Dellaporta et al (1983). 

Extracted DNA of each accession was confirmed by electrophoresis on 1.0% agarose 

gel. 

SSR (microsatellite) markers and PCR amplification 

Simple sequence repeats primers (SSR) used to detect polymorphisms among the 

chilli germplasm are presented in Table 2. These eight SSR primers are highly 

polymorphic and widely distributed in the chilli genome (Mimura et al., 2012). They 

were procured from Metabion International AG (Germany). PCR reactions were 

carried out in a Techne Thermalcycler (TC-412) in a 10 µl reaction mixture in 96-

well plates. PCR kits (KAPA 2G Fast ReadyMix with dye) procured from KAPA 

Biosystems Ltd (South Africa) was used for the amplification. The kits composed of 

2 X PCR master mix containing KAPA2G Fast DNA Polymerase (0.2 U per 10 µl 

reaction), KAPA2 Fast PCR buffer, dNTPs (0.2 mM each at 1X), MgCl2 (1.5 mM at 

1X), stabilizers and loading dye. 1 µl genomic DNA and 0.5 µl each of forward and 

reverse primers were added to the PCR kits for DNA amplification 

Table 2. SSR primers code and their sequences 

SL. 

No. 

Primer 

code 
Forward Sequence Reverse Sequence 

1 CAMS-065 CCAGTCTCATCCAGCAGACA CATATGCTGCTCCTGCATTC 

2 CAMS-075 ACTAATTACACATTCTGCATTTTCTC AGGCTCGAGTACCACGAAGA 

3 CAMS-236 TTGTAGTTTGCGTACCATTTGA ATGAATCCAGGGTTCCACAA 

4 CAMS-647 CGGATTCGGTTGAGTCGATA GTGCTTTGGTTCGGTCTTTC 

5 CAMS-855 AAGTGTCAAGGAAGGGGACA CCTAACCACCCCCAAAAGTT 

6 CAMS-864 CTGTTGTGGAAGAAGAGGACA GCTTCTTTTTCAACCTCCTCCT 

7 CAMS-880 GAGCCAAGAAAAAGGTGGAA CAACTCATCGTTCAACAACACA 

8 CAMS-885 AACGAAAAACAAACCCAATCA TTGAAATTGCTGAAACTCTGAA 

PCR was subjected to initial denaturation at 95°C for 3 min, followed by cycles of 

95°C for 10 sec, 52°C for 10 sec and 72°C for 10 sec. The reaction was repeated for 

35 cycles and a final extension at 72°C for 10 minutes was carried out. The reactions 

were then held at 4°C until electrophoresis. DNA bands were scored as either present 

(1) or absent (0) for each of the germplasms by visual inspection. Bands with clear 

and good characteristics were considered and recorded. Loci were considered 

polymorphic if more than one allele was detected. Cluster analysis of the molecular 
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data was carried out using NTSYS statistical package (version 4) to generate 

dendrograms based on genetic similarity matrix using unweighted pair group method 

with arithmetic mean (UPGMA) method. Power Marker version 3.25 (Liu and Muse, 

2005) was used to generate allele frequency, allele number, gene diversity, 

heterozygosity and polymorphism information content (PIC). 

RESULTS AND DISCUSSION 

Allelic and loci variation within chilli germplasms 

A total of 8 microsatellite primers were utilized to provide genetic diversity among 

40 chilli germplasms including 4 stock DNA samples. Among eight primers, six 

showed polymorphism, CAMS-075 and CAMS-236 was monomorphic. A total of 30 

alleles were amplified in 40 germplasms. The number of alleles ranged from 3 - 5 per 

locus. The average number of alleles is 3.75. The highest number (five) of allele was 

observed in primers CAMS-647, whereas three primers CAMS-864, CAMS-880 and 

CAMS-885 showed lowest number (three) of allele. The level of polymorphisms 

among the 40 chilli germplasms was evaluated by calculating allele numbers and PIC 

values for each of the 8 SSR loci (Table 3). As a measure of the informativeness of 

microsatellite, the average PIC value is 0.658 with the range of 0.543 (CAMS -885) 

to 0.735 (CAMS -647). Size and frequency of all the 30 alleles at 8 microsatellite 

loci, have been shown in the Table 4.  

Genotypic performance of 40 chilli germplasms 

Six microsatetile primers exhibited genetic diversity among 40 chili germplasms. The 

primers exhibited polymorphism in all experimental germplasms. The values of pair-

wise comparisons of Nei’s (1972) genetic distance between the germplasms were 

computed from combined data for the eight primers, ranged from zero to 2.74. 

Comparatively higher genetic distance was observed between CO-611 vs. CO-525-2, 

CO-638 vs. CO-613, CO-648 vs. CO-638 and CO-003 vs. CO-638. Genetic distance 

between germplasm can be used to evaluate the genetic diversity of different 

germplasm (Table 3). The observed number of alleles ranged from three (CAMS-864 

CAMS-880, CAMS-885) to a maximum of five (CAMS-647), with an average of 

3.75. Overall, the effective number of alleles was less than observed number of 

alleles, ranging from 2.19 (CAMS-885) to 3.63 (CAMS-236) with a mean of 3.013. 

Gene diversity expressed by Shannon’s information index (I) ranged from 0.92 at 

CAMS-885 to 1.42 at CAMS-647, with a mean of 1.175. Values for Wright Fst 

showed lowest 0.93(CAMS-065) to highest 1.0 (CAMS-864, CAMS-236, CAMS-

647, CAMS-855), with an average of 0.97. Data also revealed lower rate of gene 

flow with an average of 0.007 (Table 5). The observed heterozygosity varied between 
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zero (CAMS-647, CAMS-855) and 0.108(CCAMS-065), with a mean of 0.04. 

Whereas expected heterozygosity varied between 0.55(CAMS-885) and 0.74(CAMS-

647), with a mean of 0.66 and Nei’s (1973) expected heterozygosity varied between 

0.54 (CAMS-885) and 0.73 (CAMS-647), with a mean of 0.66. Overall observed 

heterozygosity was lower than the expected heterozygosity (Table 6). 

Forty chilli germplasm were used to make dendrogram based on similarity coefficient 

using Unweighted Pair Group Method of Arithmetic Means (UPGMA). Based on 

2.055 similarity of co-efficient index, all the 40 chilli germplasm have been 

differentiated into 4 main clusters: Germplasm 626, 633 and 645 (Net) were grouped 

in cluster 1 (Fig.1). CO-003, CO629, CO525-3, CO-002, CO613, CO-001, CO647, 

CO640(Net), CO610-1, CO648 (Blue), CO 641 and CO525-2 (Net) were grouped in 

cluster 2; CO-629, CO-638, CO632 (Net), CO646, CO525, CO611-2, CO611-1, 

CO635, CO611, CO631, CO610 (Net), CO637 (Net), CO525 (2), CO611 (1), CO646 

(1) were grouped in cluster 3 and germplasm CO644 (Net), BARI Chili-2, CO642 

(Net), CO636 (Net), CO634 (Net), CO643 (Net), CO635 (Net), CO525-1, CO525 

(Net) and CO446 were grouped in cluster 4. 

The SSR analysis showed that the polymorphic level in this study considerably high 

(75%) compared to earlier reports indicating high level of genetic diversity among 

the germplasms. For example, Akatas et al. (2009) using 4 primers detected 26% 

polymorphism in Turkish genotypes; Kochieva and Ryzhova (2005) used 9 primers 

that showed 8.03% polymorphism. The observed number of alleles in this study 

ranged from 3 to 5 and the average number of alleles per locus is 3.75, which indicate 

a greater magnitude of diversity among the germplasm. This is in consistence with 

the earlier findings (Tilahun et al., 2013). PIC value is the indicator that measures the 

ability of a marker by considering both number of alleles at a locus and relative 

frequencies of these alleles. This value depends on the genetic diversity among the 

population. Markers with PIC value of 0.5 or above are highly informative for 

genetic studies and are extremely useful in determining the polymorphism rate of a 

marker at a specific locus (DeWoody et al., 1995). Current study showed PIC value 

ranged from 0.54 to 0.73, with an average of 0.66. The highest PIC value found was 

0.735 for CAMS-647, indicating its most informative and suitable marker among 

them. 

Higher genetic diversity is useful in breeding program to obtain potential genetic 

gain. In this study genetic distance value ranged from zero to 0.74, indicating 

germplasm were derived from different origin and could be utilized in breeding 

purpose for desirable traits. From the contrast between highest and lowest value, it 

could be said that there were wide variabilities among 40 chilli germplasms. High 
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genetic variability and significant difference between germplasm indicated 

substantial genetic material of a species. Genetic differentiation among germplasm 

found in the study was high (Fst=0.97). Genetic differences among germplasm were 

particularly due to allele that are present in comparatively low frequencies. However, 

their contribution to genetic variance is low, thus, their significance in our evaluation 

of genetic differentiation may be under-represented (Hedrick et al., 1999). Generally, 

dissemination resulting in colonization and gene flow into present population is very 

essential for both the tenacity and genetic success of a species (Hamrick and Godt, 

1996). A gene flow value (Nm) <1.0 (less than 1 migrant/generation into a 

population) or equally a gene differentiation value (Fst) >0.25 is generally considered 

as the threshold quantity above which significant population differentiation occurs 

(Slatin, 1987). The high Fst value and low Nm value (0.007) both indicated speedy 

genetic differentiation among 40 germplasm. Genetic diversity indicators such as 

mean heterozygosity and Nei’s expected heterozygosity were found similar for all 

loci. Mean observed heterozygosity was lower than expected heterozygosity due to 

lower number of heterozygotes in all loci. UPGMA dendogram showed four major 

cluster formed by 40 chili germplasm. Germplasm of cluster I showed white flower 

colour, green fresh fruit colour and dark red ripe fruit colour. On the other hand, 

germplasm CO-632 with erect fruit type and purple flower colour was closely 

clustered with CO-638 showing pendant fruit position and white flower colour. This 

phenomenon can be explained from Kwon’s (2005) findings that said, SSR markers 

measures genetic distance principally in non-coding sequences which may not have a 

major impact on morphology of germplasm. 

Table 3. Summary of Nei’s (1972) genetic distance (below diagonal) values among 

40 Chilli germplasm 
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446 ****                    

446(1) 1.059 ****                   

525 1.976 0.981 ****                  

525(Net) 0.000 0.981 0.288 ****                 

525-1 1.283 0.693 0.134 0.288 ****                

525-2 1.976 0.470 0.693 0.288 0.693 ****               

525-2(Net) 0.810 2.013 2.013 0.914 2.013 0.626 ****              

525-3 0.619 1.570 1.283 1.976 1.059 1.976 1.216 ****             

610(Net) 1.283 0.693 0.981 0.981 0.693 0.981 1.320 0.723 ****            

610-7 0.691 0.794 2.047 2.047 1.354 2.047 1.287 0.239 0.438 ****           

611 0.299 1.096 1.096 1.607 0.760 2.706 1.030 0.405 1.096 0.476 ****          

611- 1.570 0.693 0.470 0.981 0.693 0.981 0.000 0.589 1.386 0.794 0.914 ****         
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611(1) 0.810 0.000 0.403 0.914 0.626 2.013 0.847 0.523 0.914 0.882 0.442 0.914 ****        

611-1 0.877 2.079 0.288 0.693 0.470 1.386 0.914 0.589 0.693 0.949 0.509 0.981 0.067 ****       

611-2 1.216 1.320 0.221 0.403 0.221 0.914 1.253 0.810 0.626 1.287 0.693 0.914 0.337 0.221 ****      

613 2.669 2.079 2.079 0.981 2.079 1.386 0.914 1.283 1.386 1.131 1.320 0.981 2.013 2.079 2.013 ****     

626 1.283 2.079 0.470 0.981 0.693 1.386 2.013 1.283 1.386 2.047 1.320 0.693 0.626 0.693 0.914 2.079 ****    

629 1.976 2.079 0.981 1.386 1.386 1.386 1.320 0.000 1.386 0.000 1.320 2.079 0.914 0.981 1.320 1.386 0.981 ****   

631 0.877 0.981 1.386 1.386 0.981 1.386 0.914 0.271 0.288 0.101 0.626 0.981 0.626 0.693 0.914 1.386 1.386 2.079 ****  

632(Net) 0.000 1.320 0.914 1.320 1.320 1.320 0.000 0.810 1.320 0.882 1.946 0.403 1.253 1.320 1.946 1.320 0.626 1.320 0.914 **** 

633 0.000 2.013 0.626 0.914 0.914 2.013 0.000 1.909 2.013 1.980 1.253 0.914 0.847 0.914 1.253 2.013 0.403 0.626 2.013 0.337 

634(Net) 1.976 0.981 1.386 1.386 0.981 2.079 0.000 1.570 0.470 0.949 1.607 2.079 2.013 1.386 1.320 0.981 2.079 1.386 0.981 2.013 

635(Net) 0.691 2.740 2.047 0.000 0.000 0.000 1.287 0.845 2.047 0.762 0.882 1.131 0.882 0.949 1.980 1.642 1.354 1.354 0.949 0.882 

636(Net) 1.283 2.079 1.386 1.386 1.386 1.386 1.320 1.059 1.386 1.354 1.607 1.386 1.320 1.386 0.914 2.079 1.386 1.386 0.981 1.320 

637(Net) 0.486 0.000 1.283 2.669 1.570 0.000 1.216 0.425 1.570 0.845 0.587 1.059 0.523 0.589 0.993 1.976 0.723 1.976 0.877 1.503 

640(Net) 0.877 1.386 0.981 1.386 0.981 0.981 1.320 1.570 2.079 0.000 1.320 1.386 1.320 1.386 1.320 0.000 0.288 0.981 2.079 1.320 

642(Net) 0.877 0.000 1.386 2.079 2.079 2.079 0.914 0.877 1.386 0.949 1.096 1.386 0.626 0.693 1.320 2.079 0.981 0.981 0.693 0.914 

643(Net) 0.723 2.079 2.079 0.000 0.000 0.000 1.320 0.877 2.079 0.794 0.760 0.981 0.914 0.981 2.013 1.386 1.386 1.386 0.981 0.914 

644(Net) 0.877 0.000 2.079 0.000 0.000 0.000 1.320 0.877 2.079 0.949 1.096 1.386 0.914 0.981 2.013 2.079 1.386 1.386 0.981 0.914 

645(Net) 0.000 2.079 0.981 0.981 0.981 1.386 2.013 1.570 1.386 2.047 2.013 1.386 1.320 1.386 1.320 2.079 0.470 0.981 1.386 0.626 

646 0.204 0.914 0.000 0.000 2.013 2.013 0.847 0.993 1.320 0.728 0.337 2.013 1.253 1.320 1.946 2.013 1.320 1.320 0.914 0.000 

Pa.Monpura 0.072 1.131 2.047 0.000 1.354 2.047 0.882 0.691 1.354 0.762 0.276 1.642 0.882 0.949 1.287 2.740 0.949 1.354 0.949 0.000 

Monpura-1 0.993 1.607 0.7/60 0.760 0.760 1.096 1.030 0.810 1.607 1.287 0.560 0.914 0.693 0.760 0.442 1.320 1.320 1.320 1.320 1.946 

647-

Monpura 0.723 1.386 1.386 0.981 0.981 2.079 0.914 0.472 0.981 0.342 0.221 0.981 0.626 0.693 0.914 0.693 2.079 2.079 0.470 1.320 

648 (Blue) 2.669 0.981 0.693 0.981 0.981 2.079 0.000 1.283 1.386 0.794 0.914 0.470 0.914 0.981 1.320 0.981 0.693 1.386 0.981 0.403 

CO-629 0.472 0.981 1.386 2.079 0.981 2.079 1.320 1.059 2.079 1.131 0.221 1.386 0.914 0.981 1.320 1.386 1.386 0.693 1.386 0.000 

CO-0001 1.570 0.470 1.386 1.386 0.981 1.386 0.000 0.723 0.693 0.342 0.914 0.470 2.013 2.079 1.320 0.693 2.079 2.079 0.470 0.914 

CO-0003 2.669 0.693 1.386 0.981 1.386 0.981 2.013 0.877 0.981 0.543 1.320 0.470 2.013 2.079 2.013 0.693 0.981 0.000 0.693 0.403 

BARI 

Morich-2 1.503 0.914 1.320 0.914 0.914 1.320 1.253 1.503 1.320 1.064 1.030 0.914 1.946 2.013 1.946 0.626 0.914 0.000 1.320 0.847 

BARI 

Morich-3 1.570 1.386 2.079 1.386 2.079 1.386 1.320 0.472 1.386 0.543 0.914 0.693 1.320 1.386 2.013 0.470 2.079 2.079 0.693 0.914 
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633 ****                    

634(Net) 2.013 ****                   

635(Net) 1.287 0.000 ****                  

636(Net) 2.013 0.000 0.438 ****                 

637(Net) 1.503 1.570 0.439 0.723 ****                

640(Net) 0.914 0.000 2.047 0.981 0.877 ****               

642(Net) 1.320 0.000 0.101 0.288 0.472 1.386 ****              

643(Net) 1.320 0.000 0.032 0.470 0.472 2.079 0.134 ****             

644(Net) 1.320 2.079 0.101 0.470 0.271 2.079 0.134 0.134 ****            

645(Net) 0.403 1.386 2.047 0.981 1.570 0.470 1.386 2.079 2.079 ****           

646 1.946 2.013 0.728 1.320 0.656 0.914 0.914 0.626 0.914 2.013 ****          
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Pa.Monpura 1.980 2.047 0.762 1.354 0.439 0.661 0.949 0.794 0.949 2.047 0.109 ****         

Monpura-1 1.253 1.607 1.575 1.096 0.587 1.320 1.607 1.607 1.096 2.013 1.253 0.882 ****        

647-

Monpura 1.320 1.386 0.794 1.386 0.877 0.000 0.981 0.693 0.981 2.079 0.626 0.794 0.914 ****       

648 (Blue) 0.403 1.386 1.131 2.079 1.570 1.386 1.386 0.981 1.386 0.981 2.013 2.740 1.320 0.693 ****      

CO-629 1.320 1.386 1.642 0.000 1.059 0.981 2.079 1.386 2.079 2.079 0.403 0.342 0.914 0.693 1.386 ****     

CO-0001 2.013 0.693 1.642 1.386 1.976 0.000 2.079 1.386 2.079 2.079 1.320 1.642 1.320 0.693 0.693 0.981 ****    

CO-0003 0.914 1.386 1.642 2.079 1.976 1.386 2.079 1.386 2.079 0.981 2.013 2.740 1.320 0.981 0.288 2.079 0.470 ****   

BARI 

Morich-2 0.847 1.320 2.674 0.000 2.602 1.320 0.000 2.013 0.000 0.914 1.253 1.575 2.639 0.626 0.626 1.320 0.914 0.626 ****  

BARI 

Morich-3 2.013 1.386 1.131 1.386 1.059 2.079 1.386 0.981 1.386 1.386 1.320 1.642 2.013 0.470 0.981 0.981 0.470 0.693 0.914 **** 

 

Table 4. Size and frequencies of alleles and diversity index at eight SSR loci 

across forty chilli germplasm 

Locus No. of Allele Allele sizes (bp) Allele frequency PIC 

CAMS-075 4 216 0.154 0.702 

204 0.372 

194 0.346 

184 0.128 

CAMS-864 3 288 0.350 0.605 

251 0.500 

236 0.150 

CAMS-880 3 225 0.250 0.632 

213 0.486 

202 0.264 

CAMS-065 4 227 0.054 0.634 

225 0.108 

212 0.405 

200 0.432 

CAMS-236 4 206 0.180 0.725 

199 0.205 

187 0.231 

176 0.385 
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Locus No. of Allele Allele sizes (bp) Allele frequency PIC 

CAMS-885 3 239 0.138 0.543 

228 0.613 

217 0.250 

CAMS-647 5 244 0.075 0735 

229 0.325 

219 0.275 

211 0.050 

189 0.275 

CAMS-855 4 287 0.200 0.685 

252 0.250 

239 0.450 

230 0.100 

Table 5. Summary of genetic variation statistics for all loci 

Locus *na *ne *I *Fst *Nm 

CAMS-075 4 3.354 1.286 0.965 0.009 

CAMS-864 3 2.532 0.999 1.000 0.000 

CAMS-880 3 2.714 1.049 0.947 0.014 

CAMS-065 4 2.733 1.127 0.927 0.020 

CAMS-236 4 3.630 1.339 1.000 0.000 

CAMS-885 3 2.190 0.920 0.931 0.019 

CAMS-647 5 3.774 1.419 1.000 0.000 

CAMS-855 4 3.175 1.258 1.000 0.000 

Mean 3.750 3.013 1.175 0.973 0.007 

St. Dev 0.707 0.558 0.178   

*na = Observed number of alleles, ne = Effective number of alleles, I = Shannon's Information Index 

and Nm = Gene flow estimated from Fst = 0.25(1 - Fst)/Fst. 
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           Figure 1.  UPGMA dendrogram based on Nei’s (1972) genetic distance 
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Table 6. Summary of heterozygosity statistics for all loci 

Locus Obs. Hom. Obs. Het. Exp. Hom.* Exp. Het.* Nei** Ave. Het. 

CAMS-075 0.949 0.051 0.289 0.711 0.702 0.025 

CAMS-864 1.000 0.000 0.387 0.613 0.605 0.000 

CAMS-880 0.917 0.083 0.360 0.641 0.632 0.038 

CAMS-065 0.892 0.108 0.357 0.643 0.634 0.050 

CAMS-236 1.000 0.000 0.266 0.734 0.725 0.000 

CAMS-885 0.925 0.075 0.450 0.550 0.543 0.038 

CAMS-647 1.000 0.000 0.256 0.744 0.735 0.000 

CAMS-855 1.000 0.000 0.306 0.694 0.685 0.000 

Mean 0.960 0.040 0.334 0.666 0.658 0.019 

St. Dev. 0.045 0.045 0.067 0.067 0.066 0.021 

* Expected homozygosity and heterozygosity were computed using Levene (1949) 

** Nei's (1973) expected heterozygosity 

CONCLUSION 

The study revealed presence of enough genetic variability among the germplasm at 

molecular level. The first four principal components accounted for 72.44% of the 

total genetic variance among the accessions. A total of 35 alleles with mean PIC of 

0.42 obtained from the molecular analysis show the informative nature of SSR 

primers and their superiority in genetic diversity assessment. The high amount of 

genetic variability established by the SSR primers is an indication of the high amount 

of additive genetic variance within the population. This implies that substantial 

progress can be made through hybridization. On cluster analysis, the genetic diversity 

among the cluster one and cluster three was lesser compared to cluster two. It may 

provide the basic information to the breeders or researchers to select parent in the 

breeding programme or other programme as per their objectives. 
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