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Abstract: Simple sequence repeats (SSRs) also known as 

microsatellites, found in almost all organisms, are one of the widely 

used genetic markers. Despite the availability of a number of 

chloroplast genome of genus Nymphaea the information about its 

chloroplast SSR (cpSSR) is not well understood. In the present 

study, a total of 96 cpSSRs were mined in 6 chloroplast genome of 

genus Nymphaea (N. alba, N. ampla, N. capensis, N. jamesoniana, N. 

lotus, and N. mexicana). Mononucleotides (33, 34.38%) were most 

abundant followed by tri-nucleotides (24, 25%), tetra-nucleotides 

(19, 19.79%), di-nucleotides (14, 14.58%), whereas penta- and hexa-

nucleotides (3, 3.13%) were found with equal frequency among 

chloroplast genomes of genus Nymphaea. Moreover, common, 

polymorphic, and unique SSRs were also searched between each 

chloroplast genomes. The identified common, polymorphic, and 

unique cpSSRs may play an important role in analysis of genetic 

diversity of genus Nymphaea. 
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I. INTRODUCTION 

Simple sequence repeats (SSRs) or microsatellite is a tract of 

repetitive nucleotide sequence; consist of 1-6 base pair (bp). 

SSRs are widely used genetic/ molecular marker among the 

different molecular markers used in molecular genetics. These 

repeats found in coding and non-coding regions of both 

prokaryotic and eukaryotic genomes. Moreover, SSRs are also 

present in organellar genomes including chloroplast and 

amitochondria (Kapil et al., 2014; Kumar et al., 2014). SSRs 

have a higher mutation rate than other areas of genomes 

(Brinkmann et al., 1998) leading to high genetic diversity. These 

repeats are considered to be produced because of slippage 

mechanism during Deoxyribonucleic acid (DNA) replication 

(Tautz & Schlötterer, 1994). SSRs are commonly categorized 

into perfect, imperfect, and compound SSRs (Bachmann et al., 

2004). 

Traditional methods to develop SSRs are very expensive, 

laborious, and time consuming. Briefly, various experiments 

including DNA extraction, preparation of genomic libraries for 

targeted SSR, DNA fragmentation, cloning of DNA fragments, 

sequencing of clones carrying SSRs, PCR for the validation of 

SSR are involved to develop SSRs in laboratories (Zane et al., 

2002; Squirrell et al., 2003; Zalapa et al., 2012; Zhu et al., 2012; 

Taheri et al., 2018). Resent development in computational 

resources play important role in many areas of scientific studies 

(Kumar & Shanker, 2018a, & b). Computational approaches 

have become a relatively less time consuming and inexpensive 

to develop SSRs. Previously, using computational approaches 

SSRs were mined in large amount of sequence data retrieved 

from National Centre for Biotechnology Information (NCBI) 

and online databases were developed for obtained information 

(Kapil et al., 2014; Kumar et al., 2014; Kabra et al., 2016). The 

availability of nucleotide/genome sequence of various organisms 

in biological databases proved to be a fast and inexpensive way 

for computational mining of SSRs (Shanker, 2013, 2014; 

Shanker, 2016; Kumar & Shanker, 2018c). 

Moreover, variation in the chloroplast genome has been an 

important source of information in plant biology for several 

decades. Despite the availability of chloroplast genome of genus 

Nymphaea in public database the information about its 

chloroplast SSRs (cpSSRs) is not well studied. Nymphaea is a 

widespread genus of aquatic plants which belongs to the family 

Nymphaeaceae. Some species of genus Nymphaea has also been 

used as medicinal plant (Singh & Jain, 2017). 

Earlier, SSRs were identified in various plants including 

Citrus sinensis (Shanker et al., 2007), Gracilaria tenuistipitata 

(Song et al., 2014), Cocos nucifera (Srivastava & Shanker, 

2015), Glycine species (Ozyigit et al., 2015), Magnoliids 

(Srivastava & Shanker, 2016), Euphorbia esula (Sen et al., 

2017), Arabidopsis (Kumar & Shanker, 2018), and Triticum 

(Kapil et al., 2018). However, the trend to detect common, 

polymorphic, and unique cpSSRs is relatively new (Kabra et al., 
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2016; Kapil et al., 2018) and no such information is available for 

genus Nymphaea. Therefore, the present analysis was conducted 

to mine SSRs in chloroplast genomes of genus Nymphaea and 

detect common, polymorphic, and unique cpSSRs in them. 

II. MATERIALS AND METHODS 

A. Mining of cpSSRs  

A total of 6 available chloroplast genome sequences of genus 

Nymphaea (Table 1) were retrieved from NCBI 

(https://www.ncbi.nlm.nih.gov/) in FASTA and GenBank 

format. FASTA is a text-based file format that contains sequence 

data of nucleotide or amino acids. The FASTA file starts with a 

">" (greater-than) symbol which contains unique description in 

single line followed by lines of sequence data using their single-

letter codes. Whereas, GenBank file format includes annotation 

section followed by sequence data. It includes various data like 

organism information, publications, accession ID, coding 

sequence (CDS) followed by sequence data. The end of 

GenBank file is marked with "//" symbol. 

Table 1: Chloroplast genomes of genus Nymphaea retrieved from NCBI (Abbreviation- Abr*). 

S. 

No. 

Organism Abr* Accession No.

  

Size (Kb) Reference 

1. N. Alba Nal NC_006050.1 159.930 Goremykin et al., 2004 

2. N. Ampla Nam NC_035680.2 159.861 Gruenstaeudl et al., 

2017 

3. N. Capensis Nca NC_040167.1 159.998 Kim et al., 2019 

4. N. 

Jamesoniana 

Nja NC_031826.2 158.963 Gruenstaeudl et al., 

2017 

5. N. lotus Nlo NC_041238.1 159.311 Kim et al., 2019 

6. N. mexicana Nme NC_024542.1 159.962 Yang et al., 2014 

 

SSRs were mined in retrieved chloroplast genome sequences 

using Microsatellite identification tool (MISA; http://pgrc.ipk-

gatersleben.de/misa/misa.html). MISA is based on Perl 

programming language and detect perfect and compound SSR in 

nucleotide sequence data. To mine the SSRs, the minimum 

repeat size of ≥12 for mono-, ≥6 for di-, ≥4 for tri-, ≥3 for tetra-, 

penta- and hexa-nucleotide was considered. Interruption between 

two SSRs was taken as 0. Moreover, information about coding, 

non-coding, and coding-non-coding region of mined cpSSRs 

was retrieved from GenBank file of respective organism. 

B. Categorization of Common, Polymorphic, and Unique 

SSRs  

Common, polymorphic, and unique cpSSRs were categorized 

in mined SSRs with the help of standalone Basic Local 

Alignment Search Tool (BLAST; Altschul et al., 1997). BLAST 

is a widely used tool to find similarity between nucleotide or 

protein sequences. In the present study SSRs of identical 

repeating units with equal and varying length, showing 

significant similarity of flanking regions (including 200 bases 

from both upstream and downstream of SSRs) across the species 

were considered as common and polymorphic SSRs, 

respectively. Whereas, SSRs of identical repeating units with no 

significant match of flanking regions across the species and 

uniquely identified repeating units were considered as unique 

SSRs (Kumar & Shanker, 2018). Apart from this, common and 

polymorphic cpSSRs were also illustrated using MapChart tool 

(Voorrips, 2002).  

III. RESULTS AND DISCUSSION 

A. Frequency of cpSSRs Identified in Genus Nymphaea 

In the present study, a total of 96 cpSSRs were mined in 6 

chloroplast genome of genus Nymphaea, with an average density 

of 1SSR/0.1 kb sequence. The average density observed in this 

study is higher than the average density of cpSSRs identified in 

Solanaceae family (1SSR/1.26 kb; Tambarussi et al. 2009), 17 

genomes belonging to clade Magnoliids (1SSR/6.91 kb; 

Srivastava & Shanker 2016), genus Vigna (1SSR/6.1 kb; Shukla 

et al. 2018) and genus Arabidopsis (1SSR/0.33 kb; Kumar & 

Shanker 2018c). The variation in density of SSRs might be due 

to different parameters taken to mine SSRs and nucleotide 

composition of sequences mined. Distribution of cpSSRs 

identified among genus Nymphaea are presented in Table 2. 
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 Table 2: Frequency of repeats identified in six chloroplast genomes of genus Nymphaea. 

S. 

No. 

Organism Mon

o 

D

i 

T

ri 

Tetr

a 

Pent

a 

Hex

a 

Tot

al 

Densit

y 

1 N. alba 7 - 4 2 1 - 14 0.09 

2 N. ampla 6 2 4 3 - 1 16 0.1 

3 N. capensis 7 5 4 3 - - 19 0.12 

4 N. jamesoniana 1 3 4 4 1 2 15 0.09 

5 N. lotus 7 4 3 5 - - 19 0.12 

6 N. mexicana 5 - 5 2 1 - 13 0.08 

Total 33 1

4 

2

4 

19 3 3 96  

Mono-nucleotide (33, 34.38%) motifs were most abundant in 

this study followed by tri-nucleotides (24, 25%), tetra-

nucleotides (19, 19.79%), and di-nucleotides (14, 14.58%); 

whereas penta- and hexa-nucleotides (3, 3.13%) were found with 

equal frequency among chloroplast genomes of genus Nymphaea 

(Fig 1). Moreover, cpSSRs identified in non-coding (72, 75%) 

regions were most frequent followed by coding (21, 21.88%), 

and coding-non-coding (3, 3.13%) regions among genus 

Nymphaea. The distribution of cpSSRs identified in coding, non-

coding, and coding-non-coding regions among chloroplast 

genomes of genus Nymphaea is presented in Fig 2. 

 

Fig. 1. Frequency of mono-hexa repeats identified in chloroplast genomes of genus Nymphaea. 
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Figure 2: Frequency of cpSSRs identified in coding, non-coding, and coding-non-coding regions among genus Nymphaea. Abbreviations of the 

organisms name are given in Table 1.

In chloroplast genome of N. alba, a total of 14 cpSSRs were 

mined in 159.930 kb sequence with a density of 1SSR/0.09 kb. 

Among these mono-nucleotides (7, 50%) was most frequent 

followed by tri-nucleotides (4, 28.57%), tetra-nucleotides (2, 

14.28%) and penta-nucleotides (1, 7.14%), whereas di- and 

hexa-nucleotides motif was completely absent in this chloroplast 

genome. Moreover, among mono-nucleotides, motif A (4, 

57.14%) was most frequent followed by C (2, 28.57%) and T (1, 

14.28%). Among tri-nucleotides, motif TAT (2, 50%) was most 

frequent followed by ATA and TTC (1, 25% of each). Motif 

ATTT and TTAG (1, of each) were found with equal frequency 

in tetra-nucleotides. ATACC (1, 100%) was the only motif 

found in penta-nucleotides in this chloroplast genome.  

A total of 16 cpSSRs with a density of 1SSR/0.10 kb were 

identified in 159.861 kb sequence in N. ampla. Among these 

mono-nucleotides (6, 37.5%) was most frequent followed by tri-

nucleotides (4, 25%), tetra-nucleotides (3, 18.75%), di-

nucleotides (2, 12.5%), and hexa-nucleotides (1, 6.25%). Penta-

nucleotides was completely absent in this genome. Moreover, 

among mono-nucleotides motif A (3, 50%) was most frequent 

followed by T (2, 33.33%) and C (1, 16.67%). TA (100%) was 

the only motif found in di-nucleotides. Motif ATA, TAT, TCC, 

and TTC (1, 25% of each) found with equal frequency among 

tri-nucleotides. Similarly, motif AAAG and TTGA (1, 50% of 

each) found with equal frequency in tetra-nucleotides. Motif 

AGTTAT (1, 100%) was the only motif identified in hexa-

nucleotides in N. ampla. 

In N. capensis, a total of 19 cpSSRs were found with a 

density of 1SSR/0.12 kb in 159.998 kb sequence. Among these 

mono-nucleotides (7, 36.84%) was most frequent followed by 

di-nucleotides (5, 26.32%), tri-nucleotides (4, 21.05), and tetra-

nucleotides (3, 15.75%). Penta- and hexa-nucleotides were 

completely absent in N. capensis. Moreover, among mono-

nucleotides motif A and C (3, 42.86% of each) was most 

frequent followed by T (1, 14.28%). TA (5, 100%) was the only 

motif found in di-nucleotides. Motif ATA, TAT, TCC, and TTC 

(1, 25% of each) found with equal frequency among tri-

nucleotides. Similarly, AAAG, ATGT, and TTGA (1, 33.33% of 

each) found with equal frequency among tetra-nucleotides. 

A total of 15 cpSSRs were mined with a density of 

1SSR/0.09 kb in 158.963 kb sequence in N. jamesoniana. 

Among these, tri- and tetra-nucleotides (4, 26.66% of each) were 

most frequent with equal frequency followed by di-nucleotides 

(3, 20%) and hexa-nucleotides (2, 13.33%). Mono- and penta-

nucleotides were found with equal frequency (1, 6.66% of each). 

Moreover, T (1, 100%) was the only motif found among mono-

nucleotides. TA (2, 66.67%) was most frequent followed by AT 

(1, 33.33%) among di-nucleotides. ATA, TAT, TCC, and TTC 

(1, 25% of each) were found with equal frequency among tri-

nucleotides. Motif TTGA (2, 50%) was most frequent followed 

by AGAA and ATTT (1, 25% of each) among tetra-nucleotides. 

ATCAA was the only motif found in penta-nucleotide. 

CTAATA and TAACTA (1, 50% of each) were found with 

equal frequency among hexa-nucleotides. 

In N. lotus, a total of 19 cpSSRs with a density of 1SSR/0.12 

kb were identified in 159.311 kb sequence. Among these, mono-

nucleotides (7, 36.84%) were most frequent followed by tetra- 

(5, 26.31%), di- (4, 21.05%), and tri- (3, 15.78%) nucleotides. 

Penta- and hexa-nucleotides were completely absent in N. lotus. 

Among mono-nucleotides, motif A (3, 42.85%) was most 

frequent followed by C and T (2, 28.57% of each). Motif TA (3, 

75%) was most frequent followed by AT (1, 25%) among di-

nucleotides. Motif ATA, TAT, and TCC (1, 33.33% of each) 

were found with equal frequency among tri-nucleotides. Among 

tetra-nucleotides motif TTGA (2, 40%) was most frequent 

followed by ACAT, AGAA, and CTTT (1, 20% of each). 
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A total of 13 cpSSRs with a density of 1SSR/0.08 kb were 

found in 159.962 kb sequence of N. mexicana. Among these, 

mono- and tri-nucleotides (5, 38.46% of each) were most 

frequent followed by tetra-nucleotides (2, 15.38%) and penta-

nucleotides (1, 6.69%). Di- and hexa-nucleotide repeats were 

completely absent in N. Mexicana. Among mono-nucleotide, 

motif A and T (2 of each) were most frequent followed by C (1). 

Motif TAT (3) was most frequent followed by ATA and TTC (1 

of each) among tri-nucleotides. Motif ATTT and TTGA (1, 50% 

of each) found with equal frequency among tetra-nucleotides. 

ATACC (1, 100%) was the only motif found among penta-

nucleotide. 

B. Common, Polymorphic, and Unique cpSSRs Identified in 

Genus Nymphaea 

The total number of common and polymorphic cpSSRs was 

observed from 3 to 10 and 1 to 5, respectively between each pair 

of species. Additionally, unique cpSSRs were also observed 

from 2 to 7 among genus Nymphaea. In the present study mono-

nucleotide motifs (A, C, and T) frequently showed length 

polymorphism followed by di-nucleotides (TA) and tri-

nucleotides (TCC) among genus Nymphaea. Total numbers of 

common, polymorphic, and unique cpSSRs identified in genus 

Nymphaea are presented in Table 3. Moreover, common and 

polymorphic cpSSRs between N. alba and rest of the chloroplast 

genomes among genus Nymphaea were illustrated (Fig 3).  

Recently, length variation in 20 cpSSRs was detected and 3 

were identified as putative polymorphic cpSSRs in three species 

of genus Triticum (T. aestivum, T. monococcum, and T. urartu; 

Kapil et al., 2018). In another study, common, polymorphic, and 

unique cpSSRs between each pair of species were identified in 

12 chloroplast genome sequences of genus Arabidopsis and 

variation in frequency of cpSSRs were observed (Kumar & 

Shanker, 2018). 

Table 3: Frequency of common, polymorphic (bold), and unique (U*) cpSSRs among genus Nymphaea. Abbreviations of the organisms name 

are given in Table 1.  

 

U* Nal Nme Nja Nam Nca Nlo 

Nal 2 - 7 - 4 3 3 

Nme 3 3 - 5 - 4 - 

Nja 4 - 1 - 5 4 5 

Nam 3 3 - 3 - 10 - 

Nca 6 3 1 4 1 - 8 

Nlo 7 3 - 5 - 2 - 

 

Figure 3: Common (bold) and polymorphic (*) cpSSRs between N. alba and rest of the chloroplast genomes.
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CONCLUSION 

Common, unique, and polymorphic simple sequence repeats 

identified in this study using a computational approach will play 

important role in studies including species identification, genetic 

mapping, and diversity analysis in genus Nymphaea. 
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