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Simple sequence repeats (SSRs), also known as microsatellites, are found in 
DNA sequences and consist of short repeating motifs of 1-6 nucleotides. 
These repeats are ubiquitous and play an important role in the development 
of molecular markers. Therefore, the present analysis was conducted to 
mine SSRs in chloroplast genome of Cocos nucifera. A total of 44 SSRs 
were identified in 154.731 kb sequence mined with an average length of 
18.57 bp. Depending upon the repeat unit SSRs varied in length from 12 to 
132 bp. The identified SSRs showed a density of 1SSR/3.52 kb. 
Mononucleotides (16, 36.36%) were found to be the most abundant repeat, 
followed by di and tetra nucleotide repeats with same frequency (9, 
20.45%), tri and penta nucleotide repeats (4, 9.09%) and hexa nucleotide 
repeats (2, 4.55%). Compound SSRs were completely absent in the 
chloroplast genome of Cocos nucifera. Most of the perfect SSRs were 
confined in the non-coding region of the chloroplast genome. 
 

© Copy Right, ARJ, 2015. All rights reserved 
 

 

Key words: 
 

Chloroplast, Data Mining, Simple sequence   
repeats, Coconut. 

      

 

1. INTRODUCTION  
 

The Coconut (Cocos nucifera) is a member of the family Arecaceae (palm family) and is known for its 
great versatility in many traditional, culinary and commercial uses. Simple sequence repeats (SSRs) or 
microsatellites are tandem repeated motifs which consist of 1-6 nucleotides and are located in all prokaryotic 
and eukaryotic genomes [1]. Studies suggest that both coding and non-coding regions of DNA sequences 
contain SSRs [2] [3]. SSRs are considered to be one of the molecular markers of choice because of their high 
abundance within the genome [4]. Considering excessive time consumption and cost, generating SSR 
markers from genomic libraries have been replaced rapidly by in silico mining of SSRs from DNA 
sequences available in biological databases [3]. Recently, computational mining has been used to develop 
SSR specific databases including ChloroSSRdb [5] and MitoSatPlant [6]. Chloroplast is an organelle found 
in plant cells and performs photosynthesis [7].The availability of complete organelle genome sequences 
provides opportunity to analyze and compare these genomes [8]. Moreover, chloroplasts SSRs (cpSSRs) are 
more effective indicator of population genetic structure than nuclear SSR markers [9].  Despite being such 
important crop a detailed cpSSRs analysis of Cocos nucifera is not available unlike other monocots viz. 
Oryza sativa [10], Saccharum [11].  

Therefore, this study was designed to mine SSRs and estimate their occurrence and distribution in the 
chloroplast genome sequences of Cocos nucifera.  

  
2. MATERIAL AND METHODS 
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2.1. Chloroplast genome sequence retrieval and data mining 
The complete organelle genome sequences of angiosperms are available at National Center for 

Biotechnology Information (NCBI; www.ncbi.nlm.nih.gov). The chloroplast genome sequence of Cocos 
nucifera (NC_022417) was downloaded from NCBI in FASTA and GenBank format. 
 
2.2. Mining of simple sequence repeats 
 

MISA, a perl script (http://pgrc.ipk-gatersleben.de/misa), was used for the detection of SSRs. The 
minimum repeat size was set to be >=12-mono, >=6-di, >=4-tri, >=3-tetra, penta and hexa nucleotide 
repeats, respectively. Both perfect (where each repeat follows the next without interruptions) and compound 
(where two or more repeat units are adjacent to each other) SSRs were detected through MISA. The 
maximum difference between two SSRs was kept 0. 
 

2.3. Analysis of mined cpSSRs 
 

Data generated after SSR mining was analyzed for frequency & distribution of SSRs in coding and non-
coding regions of cpDNA. The information about coding and non-coding regions was taken from GenBank 
files. SSRs were classified as coding and non-coding on the basis of their presence in coding and non-coding 
regions [5].  

 
3. RESULT AND DISCUSSION 
  

The present analysis deals with the identification of chloroplastic simple sequence repeats (cpSSRs) 
in Cocos nucifera. The distribution of mined cpSSRs is presented in figure 1.  
 

 
Figure 1 Frequency distribution of various repeat types 

A total of 44 SSRs were identified in 154.731 kb sequence mined with an average length of 18.57 bp. 
Mononucleotides (16, 36.36%) were found to be the most abundant repeat, followed by di and tetra 
nucleotide repeats with same frequency (9, 20.45%), tri and penta nucleotide repeats (4, 9.09%) and hexa 
nucleotide repeats (2, 4.55%). Compound SSRs were completely absent in the chloroplast genome of Cocos 
nucifera. Among mononucleotide repeats presence of only A/T motifs showed consistency with SSR analysis 
of other organelle genomes [10] [11]. 

The density of SSR in chloroplast genome of Cocos nucifera was 1SSR/3.52kb. It found to be higher 
than the density of EST-SSRs in barley, maize, wheat, rye, sorghum and rice (1 SSR/6.0 kb) [12], cotton and 
poplar (1 SSR/20 kb and 1 SSR/14 kb respectively) [4] and Unigene sequences of Citrus (1 SSR/12.9 kb) 
[13]. Moreover, the density of SSRs in Cocos was higher when compared to the cpSSRs of rice (1SSR/6.5 
kb) [10], however, lower than the cpSSRs density in family Solanaceae (1 SSR/1.26kb) [14].The variation in 
SSR density might be due to different parameters including minimum length of SSRs taken, the amount of 
data analyzed and genomic composition of the sequence mined. The identified SSRs motif, their length, 
start-end position and the region in which they lie is presented in table 1.  
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It is evident from this table that the majority of SSRs found in non-coding region of the chloroplast 
genome. This nonrandom distribution of cpSSRs towards non-coding regions showed consistency with 
earlier studies Solanaceae [15], Asteraceae [16], Fabaceae [17] and Saccharum [11]. 
   

Table 1 Identified SSRs motif, their length and start-end position in chloroplast genome of Cocos nucifera 
S. No. MOTIF LENGTH START END REGION 

1. (CTT)4 12 1701 1712 Coding 
2. (AAT)5 15 3807 3821 Non-coding 
3. (TCTA)4 16 5931 5946 Non-coding 
4. (AT)6 12 8480 8491 Non-coding 
5. (A)12 12 9066 9077 Non-coding 
6. (T)13 13 14267 14279 Non-coding 
7. (AT)6 12 14638 14649 Non-coding 
8. (AT)7 14 14663 14676 Non-coding 
9. (T)13 13 23073 23085 Non-coding 
10. (T)18 18 23402 23419 Non-coding 
11. (A)12 12 28277 28288 Non-coding 
12. (A)14 14 28787 28800 Non-coding 
13. (TATTT)3 15 40566 40580 Non-coding 
14. (TCTT)3 12 43979 43990 Non-coding 
15. (TA)6 12 45161 45172 Non-coding 
16. (TA)6 12 45324 45335 Non-coding 
17. (ATTT)3 12 45441 45452 Non-coding 
18. (A)13 13 45609 45621 Non-coding 
19. (AT)6 12 46272 46283 Non-coding 
20. (AT)6 12 47215 47226 Non-coding 
21. (A)12 12 49713 49724 Non-coding 
22. (A)13 13 60425 60437 Coding 
23. (AATG)3 12 61104 61115 Coding 
24. (TTTCA)3 15 64464 64478 Non-coding 
25. (A)12 12 66453 66464 Non-coding 
26. (T)14 14 70209 70222 Non-coding 
27. (T)13 13 70477 70489 Non-coding 
28. (ATAA)3 12 70678 70689 Coding 
29. (T)12 12 77655 77666 Non-coding 
30. (T)13 13 80409 80421 Non-coding 
31. (ATA)4 12 81541 81552 Non-coding 
32. (TTTA)3 12 82162 82173 Non-coding 
33. (T)15 15 82511 82525 Non-coding 
34. (TTTTA)3 15 83901 83915 Non-coding 
35. (TATTAG)22 132 99868 99999 Non-coding 
36. (AT)6 12 112945 112956 Non-coding 
37. (AATA)3 12 115456 115467 Coding 
38. (TA)9 18 117437 117454 Non-coding 
39. (A)15 15 117490 117504 Non-coding 
40. (TTTA)3 12 118211 118222 Non-coding 
41. (ATTC)3 12 120712 120723 Non-coding 
42. (TATAC)3 15 123848 123862 Non-coding 
43. (ATA)4 12 125833 125844 Coding 
44. (ACTAAT)22 132 138686 138817 Non-coding 

 
4. CONCLUSION 
 

The identified SSRs will be useful for the development of SSR markers, in genetic diversity studies and 
to reveal variation in genomes. Moreover, the study provides scientific base for phylogenetics, evolutionary 
genetics studies on different Arecaceae species in future. 
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