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Abstract 
Microsatellites are tandem repetitions of short DNA motifs 

found in genomes of all organisms. They have been 

significantly used in DNA fingerprinting, genome mapping, 

DNA forensics, linkage analysis, genetic disease studies, are 

known to be involved in gene regulation, bacterial adaptation, 

genome evolution and are extensively used as genetic 

markers. Microsatellites have been used as primers for 

genotyping of fungal strains, to study the evolution of fungal 

genomes as well as in the epidemiological studies of fungal 

pathogens. However, the distribution, frequency and 

abundance of microsatellites in several fungal genomes is not 

well studied. So, we have constructed an exclusive database 

of fungal microsatellites and a user-friendly web-interface to 

analyse the distribution and abundance of these repeats. 

FungREP currently hosts microsatellite data of 910 

sequences of 44 different fungi that includes complete 

genome sequences, whole genome shotgun sequences and 

contigs. More than 10 million perfect and imperfect 

microsatellites and their corresponding information such as 

the repeat unit, position information, repeat statistics, protein 

information, etc., can be accessed from the first version of 

FungREP1.0. The database can be accessed for free from 

www.mcr.org.in/fungrep  
  

Keywords 
Database, Microsatellite, Fungus, Genome, Tandem 

Repeat, web-interface 

 

I. Introduction 

Microsatellites, also called Short Tandem Repeats or 

Simple Sequence Repeats, are tandem repetitions of 

DNA motifs of size 1 to 6 bp [1]. Microsatellites are 

unique elements of DNA that are ubiquitous in nature 

and are found to be highly polymorphic [2]. The 

intensity of undergoing mutations in these 

microsatellite regions is at the rate of 10-6 to 10-2 per 

generation which is considered extra ordinary when 

compared to the mutation rate in normal DNA 

sequences (10-12 to 10-10 per generation) [3][4]. The 

high mutation rates and the polymorphic nature of 

microsatellites favored them to be used as popular 

genetic markers and have been widely used in several 

areas including DNA fingerprinting, strain / species 

identification, DNA forensics, genome mapping, 

paternity and evolutionary studies [5]. Additionally, 

they are known to be responsible for causing certain 

genetic disorders and cancers, for bacterial / viral 

adaptation, gene regulation, etc. [6-10].  

 

 

 

However, despite of their widespread usage and 

applications, microsatellites in fungi are not well 

studied. Few researchers earlier have attempted to 

analyze the distribution of microsatellites in fungal 

genomes but these studies are limited to a certain 

number of genomes and are not comprehensive [2] [11-

13]. Microsatellites are widely used in genotyping of 

fungal strains and in epidemiological studies of various 

fungal pathogens in humans [14] [15].  

The traditional method to develop microsatellite 

markers is to use laboratory experiments which are 

time consuming and cost intensive. With the arrival of 

high throughput sequencing techniques like NGS, the 

availability of genomic sequences has led to the 

development of low cost and effective in silico 

detection of microsatellites in genome sequences. 

Microsatellites can now be extracted easily using 

different repeat extraction software tools available and 

the corresponding repeat information can be compiled 

into a database. Several organism specific 

microsatellite databases have been developed earlier 

that include Mouse Microsatellite Data Base of Japan 

(MMDBJ) [16], Eukaryotic MicroSatellite Database 

(EuMicroSatdb) [17], Microsatellite Database for 

Prokaryotes (MICdb) [18][19], Viral Microsatellite 

Database (VMD) [20], Insect Microsatellite Database 

(InSatDb) [21], Silkworm Microsatellite Database 

(SilkSatDb), [22], Chloroplast and Mitochondrial SSR 

Database (ChloroMitoSSRDB) [23][24], and Fish 

Microsatellite Database (FishMicrosat) [25]. However, 

there is no exclusive database of Fungal Microsatellites 

in public domain which can serve as a valuable 

resource for researchers to analyze these repeats and to 

study their role further in various fungal species. 

 

In this paper, we present the details of the first 

exclusive fungal microsatellite repeats database 

FungREP version 1.0 that hosts perfect as well as 

imperfect microsatellites extracted from different 

fungal genomes.  

 

2. Microsatellite Extraction 

The chromosome wise fungal genomes and other 

related sequences have been downloaded from the 

NCBI ftp site 

(ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/).  

A total of 44 different species of fungi (900+ complete 

genomes / chromosomes / contig sequences) have been 

downloaded for constructing the initial version of 

mailto:sureshverma@gmail.com
http://www.mcr.org.in/fungrep
http://www.mcr.org.in/fungrep
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/
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FungREP database. We have considered only the 

fungal genomes that are annotated in detail and those 

sequences available in  

.fna and .ptt formats. The downloaded sequences have 

been used for detecting both perfect and imperfect 

microsatellites using Imperfect Microsatellite Extract 

or (IMEx) [26] [27]. IMEx uses a sliding window 

approach that identifies repeat stretches of motifs of 

size 1 to 6 bp in DNA sequences. IMEx is widely used 

by researchers worldwide and is an effective tool 

specifically for microsatellite extraction [28]. The 

IMEx algorithm allows the user to set the minimum 

repeat number of each repeat size as well as the 

imperfection level to detect perfect as well as imperfect 

microsatellites as per the user’s requirement.  

 

The following parameters have been used for IMEx to 

extract microsatellites for FungREP: Min. Repeat 

Numbers: Mono:12, Di:6, Tri:4, Tetra:3, Penta:3, 

Hexa:3. To detect imperfect microsatellite repeats, the 

imperfection % (p%) has been set to 10% and all the 

remaining parameters have been set to default. A total 

of 910 sequences have been used for extraction that 

includes 87 complete genome sequences, 135 complete 

sequences, 644 whole genome shotgun sequences, and 

44 other sequences & contigs. The tool IMEx has 

detected 1,85,529 perfect microsatellites and 8,48,987 

imperfect microsatellites altogether. In-house Python 

and Perl scripts have been used to automate the 

microsatellite extraction process.  

 

3. Database Construction 

Apart from sequence meta data, the extracted 

microsatellite information for each repeat such as 

repeat unit (motif), start and end positions of the 

microsatellite, nucleotide composition, iteration, tract 

size, imperfection percentage, protein product 

information (if the repeat falls in coding region), etc., 

have been processed using Perl programs and compiled 

into a relational database. The database has been 

constructed using MySQL 5.1. The complete fungal 

microsatellite information has been stored in 3 

different MySQL database tables ‘fungrepmeta’, 

‘fungrepperfect’ and ‘fungrepimperfect’ that store the 

genome meta information, perfect microsatellite data 

and imperfect microsatellite data respectively. Tables 1 

and 2 describe the database schema of the 

FungREP1.0. 

 

The ‘fungrepmeta’ holds information pertaining to 

each fungal sequence including its accession no, 

sequence name, sequence part and type, overall 

nucleotide composition etc., and the other two tables 

store the repeat information of all the sequences 

extracted using IMEx. FungREP version 1.0 holds 

more than 10 million perfect and microsatellites 

altogether.  

 

 

 

TABLE1: Database Schema of FungREP Metadata 

Table ‘fungrepmeta’ 

 

TABLE2: Database Schema of FungREP Repeat Info Tables 

‘fungrepperfect’ and ‘fungrepimperfect’ 

Field Name Sample Data 
Max. Length 

obs for Entry 
Data Type 

Accession_No NC_001133 12 varchar(12) 

Consensus/Moti

f 
AAAAG 6 char(6) 

SSR_type Penta 5 varchar(5) 

Repeat_type 
Perfect/Imper
fect 

9 varchar(10) 

Motif_A_per 80.00 4 Float 

Motif_T_per 0.40 4 Float 

Motif_G_per 20.00 4 Float 

Motif_C_per 0.00 4 Float 

Iterations 3 2 int(11) 

Tract_size 15 3 int(11) 

Start 192480 8 int(11) 

End 192494 8 int(11) 

Imperfection_pe
r 

6 2 int(3) 

Coding_type 
Coding/Non-

coding 
10 varchar(10) 

Protein_ID 
6319300 (0 if 

non-coding) 
9 varchar(15) 

Field Name Sample Data 

Max. 

Length 

Observed 

for Entry 

Data Type 

Accession_

No 
NC_001133 12 varchar(12) 

Seq_Id 330443391 9 int(11) 

Seq_info 

>gi|330443391|ref

|NC_001133.9| 

Saccharomyces 

cerevisiae S288c 

75 varchar(100) 

Org_name 
Saccharomyces 

cerevisiae S288c 
45 varchar(50) 

Seq_part chromosome I 34 varchar(50) 

seq_type 
complete 

sequence 
30 varchar(50) 

seq_length 813184 bp 11 varchar(15) 

Seq_A_per 30.33 4 Float 

Seq_T_per 30.40 4 Float 

Seq_G_per 19.88 4 Float 

Seq_C_per 19.39 4 Float 

Total_No_ 

Repeats 
331 5 int(11) 

ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/
ftp://ftp.ncbi.nlm.nih.gov/genomes/refseq/fungi/
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* Field ‘Imperfection_per’ is present in table storing 

imperfect SSRs. 

To facilitate quick querying of repeat information, 

indexes have been created on the fields Accession_No, 

Motif, Start and End of the MySQL tables storing 

perfect and imperfect microsatellites. 

 

4. Web Interface 

The backend database of FungREP has been connected 

to a user-friendly web interface using which the users 

can easily browse through the genomes for their 

corresponding microsatellite information. The front-

end interface has been developed using HTML, 

Cascading Style Sheets (CSS) & JavaScript and the 

server-side coding has been implemented using PHP. 

The web interface is provided with a simple navigation 

layout with two major functionalities – ‘Browse 

FungREP’ and ‘Motif Search’.  Using ‘Browse 

FungREP’, the users can simply browse through the 

genomes arranged in alphabetical order of organism 

names and the complete repeat information of an 

organism is presented in tabular format. Clicking on a 

genome or a chromosome sequence of interest will take 

you to a repeat summary page that displays the 

summary of perfect and imperfect microsatellites in 

tabular and in graphical format (bar-chart). The bar 

charts can be very helpful for better visualization of the 

distribution of microsatellites by repeat size for that 

sequence. The bar-chart based graphical visualization 

has been achieved using the advanced JQuery Chart 

Library called HighCharts  

 

(www.highcharts.com/products/highcharts). 

To facilitate primer design for researchers based on a 

motif, a ‘Motif Search’ option has been designed using 

which.  

 

users can find microsatellites of a selected motif in all 

the fungal genomes of FungREP database. User can 

select a motif (say GACC, AT etc.) of choice, repeat 

type (perfect/imperfect), and specify the minimum 

repeat number of the repeat. An option to find repeats 

in coding or non-coding regions has also been 

provided. The corresponding repeat information of that 

motif in all the genomes will be displayed in a tabular 

format. Server-side scripts written in AJAX have been 

used to facilitate dynamic and quick display of Motif 

Search results. A screenshot of the web interface of 

FungREP has been illustrated in Figure 1.  

 

5. Availability 

The FungREP database and web-server have been 

hosted on a 64-bit Linux server with 8 core Xeon E-5 

Processor, 64 GB RAM and 2 TB HDD. The server is 

pre-installed with MySQL 5.1, PHP 5.3 and Apache 

2.2 webserver. The database will be updated by adding 

microsatellite repeat information of new fungal 

genomes periodically. Additional modules to facilitate 

online analysis of fungal microsatellite will be 

developed and integrated in the future versions of 

FungREP. FungREP can be accessed for free from 

http://www.mcr.org.in/fungrep 

 

FIGURE 1: Screenshot of FungREP web-interface depicting the FungREP Homepage, Genome Browse, Motif Search, 

Results Table and the Bar Graph based Graphical Visualization of Results. 

http://www.highcharts.com/products/highcharts
http://www.mcr.org.in/fungrep
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6. Conclusion 

Microsatellites are widely being used in genotyping of 

fungal strains, in studies related to fungal pathogenesis 

and to understand their genome evolution. To provide 

a valuable resource for researchers working in fungal 

genomics, we have constructed an online fungal 

microsatellite database named FungREP that hosts 

microsatellite repeat information of various fungal 

genomes. This paper presents the details of FungREP 

database construction and the different modules 

integrated to the web interface for microsatellite data 

analysis and visualization. The database will be 

updated from time to time by including the repeat 

information from latest sequenced fungal genomes. 
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