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Abstract

The objective of the present study is to compare different SSRs finding tool viz. MISA, MSATFINDER, SSR SERV-
ER, SciRoKo, and TRF using the eight chromosomal sequences of a well-known fungus, Aspergillus fumigatus. Msatfinder
and SSRServer provided with the results through email with all the desired information about the SSRs extracted, while the
other three provided the results at the same time when the sequence is given to the tool as they are used offline. It was found
that MISA, Msatfinder, SSRServer, SciRoKo are equally sensitive for all types of repeats but Tandem Repeat Finder (TRF) is

highly sensitive for hexanucleotide repeat.
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Introduction

Simple sequence repeats (SSRs), also known as micro-
satellites, comprise tandemly repeated genetic loci of 1 to 6 base
pairs (bp). SSRs are highly abundant and exhibit extensive levels
of polymorphisms in eukaryotic [1, 2] and prokaryotic [3,4] ge-
nomes. SSRs are present in protein-coding and non-coding re-
gions of the genome [2]. The use of SSRs or microsatellites as
genetic markers has become very popular because of their abun-
dance and length variation between different individuals. SSRs
are highly polymorphic due to the high mutation rate affecting
the number of repeat units and this hypervariability in SSRs has
immense utility in different fields like genome characterization
and mapping, preparation of linkage maps, phylogeny and evo-

lutionary biology [5].

SSRs have several advantages over other molecular
markers [6]. For example, (i) multiple SSR alleles may be detect-
ed at a single locus using a simple PCR based screen, (ii) they are
evenly distributed all over the genome, (iii) they are co-domi-
nant, (iv) a small quantity of DNA is required for screening, and
(v) the analysis may be semi-automated and performed without
the need of radioactivity. The potential biological function and
evolutionary relevance of SSRs are currently under scrutiny and
leading to a greater understanding of genomes and genomic ini-
tial suggestions that the majority of DNA was either junk’ or had
no biological function are being challenged by the discovery of
new functions for these sequences. Several tools are freely avail-
able online to extract SSRs from the genome as well as EST se-

quences.

SRs were identified in various groups of organisms in-
cluding plants [7,8], animals [9], fungi [10], etc. Aspergillus fu-
migatus is a well-known fungus, causes disease aspergillosis (a
pulmonary infection), belongs to the genus Aspergillus of the
phylum Ascomycota. Its entire genome of eight chromosomes
has been sequenced and it has a genome size of ~30 Mb [11]. The
abundance of SSRs (0.08% and 0.67% of the fungal genomes),
provide a general source of molecular markers that could be use-
ful for a variety of applications such as population genetics and

strain identification of fungal organisms [11].

Apart from conventional methods [12, 13], several bio-
informatics approaches exist for the identification of SSRs in the
available sequence data [14, 15, SSR server; Main lab Bioinfor-
matics at Washington State University, 2003, 16].

MISA [14] allows the identification and localization
of perfect microsatellites as well as compound microsatellites,

which are interrupted by a certain number of bases. It also de-

signs primers flanking the microsatellite loci, using two Per]
scripts. Large sequences are handled easily and input contains
two files: i) <FASTA file> is the filename containing DNA se-
quences in FASTA format, ii) An additional file containing the
search parameters, named "misa.ini". The results of the micro-
satellite search are stored in two files. In first file, "<FASTfile>.
misa", the localization and type of identified microsatellite (s) are
stored in a table wise manner and in the second file, "<FASTfile>.
statistics", different statistics as the frequency of a specific micro-
satellite type according to the unit size or individual motifs are

stored.

Msatfinder [15] examines sequence and determines the
number, type, and position of microsatellite repeats. There are
two types of dependency required by Msatfinder: Per]l modules,
and external programs. Msatfinder is designed to find perfect
repeats but in annotated (e.g. GenBank, EMBL, Swissprot) or
unannotated (FASTA, raw) format files. It is also capable of find-
ing interrupted microsatellites. It can be used to examine both
protein and nucleic acid sequences. When run, Msatfinder cre-
ates some directories to store the output files. Results.html con-
tains links to the contents of the following seven subdirectories:
Repeats, GFE, Counts, Msat_tabs & Flank_tabs, Fasta, MINE,
Primers. It can accept sequences up to 70Mb. Once the analysis is
complete, a link to the results will be emailed to the user. Results

are stored for 36 hours on the server before being deleted.

SSR server maintained by the Genome Database for Ro-
saceae (GDR), spans the sequence and filters out every possible
SSR as per the parameters provided. It uses the modified SSRIT
Perl script [13] with the FLIP program [17], which is a UNIX C
program that translates and reformats DNA sequences in ORFs.
Using the FLIP output, SSRIT selects the longest ORF as the pu-
tative coding region and reports the location of SSRs in the cod-

ing region. The results are provided to the user through the mail.

SciRoKo, SSR Classification and Investigation by Rob-
ert Kofler [18] is the combination of an extremely fast search
algorithm with a built-in summary statistic tool which makes
it an excellent tool for full genome analysis. This user-friendly
software contains two modules: an SSR search module (supports
five different SSR search modes) and an SSR-statistics module
(for mismatch frequency and compound SSR). The SSR-search
module is based on a scoring system that considers the length
of a microsatellite. In the three perfect SSR search modes, a nu-
cleotide at position i is tested for identity with the nucleotide at
position 1+t, where t is the motif length (1-6). Upon identity, i is
increased i+1 until no further identity can be found. If an identi-

fied SSR meets the specified minimum length (score), the SSR is
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saved to the output file [18].

Tandem Repeat Finder [16] is an algorithm for finding
the tandem repeats which works without the need to specify ei-
ther the pattern or pattern size. It models tandem repeats by per-
cent identity and frequency of indels between adjacent pattern
copies and uses statistically-based recognition criteria. In this,
the user submits the sequence in FASTA format. The program
is very fast, analyzing sequences on the order of 5Mb in just a
few seconds. Submitted sequences may be of arbitrary length.
Repeats with pattern size in the range from 1 to 2000 bases can
be detected. The features supported by TRF are: (i) It uses k-tuple
matching to avoid the need for full-scale alignment matrix com-
putation, (ii) It requires no prior knowledge of pattern, pattern
size or no. of copies, (iii) There is no restriction on the size of
repeats, (iv) It determines a consensus pattern for the smallest
repetitive unit in tandem repeats, and (v) There is an unlimited
sequence size. After program execution, two files are returned,
the first is a summary table describing the location and statistical
properties of tandem repeats found and the second contains the

alignment of each repeat with its consensus sequence.

Considering the points discussed above the objective of
the present study is to compare different SSRs finding tool viz.
MISA, MSATFINDER, SSR SERVER, SciRoKo, and TRF using
the eight chromosomal sequences of a well-known fungus, As-

pergillus fumigatus.

Material and Methods

1. Retrieval of Chromosome Sequences of Aspergillus
fumigatus

Sequences of eight completely sequenced chromosomes
of Aspergillus fumigatus (NC_007194, NC_007195, NC_007196,
NC_007197, NC_007198, NC_007199, NC_007200,
NC_007201) were retrieved from National Center for Biotech-

and

nology Information (NCBI ftp://ftp.ncbi.nih.gov/genomes/Fun-
gi/Aspergillus_fumigatus/).

2. Harvesting of Simple Sequence Repeats Using Differ-
ent Tools

The SSRs were extracted out of the sequences using the
several available tools for finding SSRs in the genome sequenc-
es. Many freely available tools were studied and then finally the
five tools were selected to accomplish the task, based upon their
capacity, platform supported and suitable working algorithm to

compare the data obtained in the form of SSRs.

The selected tools are SSR SERVER, TANDEM REPEAT
FINDER, MISA, MSATFINDER, and SciRoKo. The parameters

of different tools taken in the present study are as follows:

Flowchart represents a methodology of work

Downloaded total of 8 chromosome sequences of Aspergillus fumigatus from NCBI

v

Downloaded sequences are taken as input

MISA Msatfinder

SSRserver

SciRoKo TRF

Compilation of results and Comparision of SSR mining tools based upon the quantities of SSRs obtained

v
Result
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S.no. | SSR mining Tools Basic Parameters Advanced Parameters
. . Interruptions (max_differ-
Mono Di Tri Tetra Penta Hexa ence_between_2_SSRs)ta: 0
1. MISA 14 Required flank size in bp: 0
2. Msatfinder 14 7 5 3 3
SSR-Search mode: Perfect;
3. SSR Server 14 7 5 4 3 3
MISA-mode
4. SciRoKo 14 7 5 4 3 3
Alignment Parameters
(match, mismatch, indel):
2,7,7
5. Tandem Repeat Finder | 14 7 5 4 3 3
Minimum Alignment Score
to repoXrt repeat:50
Maximum Period Size:10
Results Discussion

In the present study 8 chromosomal sequences of As-
pergillus fumigatus available at NCBI (http://www.ncbi.nlm.nih.
gov) were screened for simple sequence repeats. SSRs were de-
tected in 8 chromosomes using MISA, Msatfinder, SSRServer,
SciRoKo, and Tandem Repeat Finder. Msatfinder and SSRServer
provided with the results through email with all the desired in-
formation about the SSRs extracted, while the other three pro-
vided the results at the same time when the sequence is given to
the tool as they are used offline. The tools extracted the SSRs out
of the genome sequence of Aspergillus fumigatus, in the form of
repeated motifs and their corresponding length in the sequenc-
es. The SSRs contained in each chromosomal sequence, obtained
from different tools were compared with each other and looked
for their presence or absence in tools considered. All poly-A and
poly T repeats were not considered as SSRS due to their presence
at 3'end of mMRNA/cDNA sequences.

Compiled results represent the frequencies of all types
of repeats in the whole genome obtained from selected tools is

shown in the summary table.

In the recent past, a number of studies on the discov-
ery and use of SSRs in several species [20, 19, 9, 22, 7, 17] using
traditional [15] and bioinformatics mining approaches [16] have
been undertaken. The present study examining and comparing
SSRs finding tools to check their efficiency on the basis of differ-
ent types of repeats by using a completely sequenced Aspergillus

fumigatus genome.

In the present study, the genome of A. fumigatus in the
form of chromosomal sequences (8 chromosomes) has been re-
trieved from Genome Assembly/Annotation Projects Database
maintained at NCBI and available at http://www.ncbi.nlm.nih.
gov. From these chromosomal sequences, SSRs were mined and
characterized using freely available tools MISA, Msatfinder, SSR-
Server, SciRoKo, and Tandem Repeat Finder (TRF) for extract-
ing the SSRs from the genome sequence. The tools are selected
on the basis of the following criteria, i) Which can mine SSRs in
chromosomal sequences of moderate size ii) Find perfect repeats
with their location in the sequence. iii) Satisfy our working envi-

ronment and iv) Mine SSRs timely.

Table 1: A summary table showing frequencies of all Repeat Types in the Whole Genome of Aspergillus fumigatus.

Repeat Type MISA Msatfinder SSRServer SciRoKo TRF
mononucleotide 89 88 89 88 3
dinucleotide 212 212 212 210 37
trinucleotide 479 479 479 475 77
tetranucleotide 120 117 120 117 27
pentanucleotide 301 302 300 298 27
hexanucleotide 421 419 421 418 99
JScholar Publishers ] Bioinfo Comp Genom 2020 | Vol 3: 102
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Figurel. Frequency Variation in Repeat Types of Genome of A. fumigatus using different Tools.

The data obtained from all the tools were compared for
the repeat type and their frequencies obtained, so as to check the
efficiency and suitability of the tools while harvesting of SSRs,
keeping minimum repeat length 14 and motifs 1-6 bp long, i.e.
all the programs were compiled using the same level of optimiza-

tion.

Different tools reporting different frequency of re-
peats for different repeat types as MISA, Msatfinder, SSRServer,
SciRoKo, and TRF have given 1622, 1617, 1621, 1606, and 271
respectively. Thus, further studies can be done to resolve the sig-
nificance of the variation in the number of repeat types of SSRs
in the genome of A. fumigatus and thus can also be applied to the
annotation of the genome of other organisms too, as SSRs act as

the markers in the genome.

Mononucleotide repeats are found in the A. Fumigatus
genome with relatively low frequency as a comparison to other
repeat types. Poly A & poly T repeats have been excluded due
to which their number is underrepresented in the study [17].
Among all the tools, TRF has given the least monorepeats while
rest have given approximately the same results. 3.03 repeats/
Mb, 3.0 repeats/Mb, 3.03 repeats/Mb, 3.03 repeats/Mb and 0.1
repeats/Mb mononucleotide repeats have been extracted by
MISA, Msatfinder, SSR server, SciRoKo and TRF respectively.

However, the frequency of mononucleotides detected in this

study was lower than the frequencies of SSRs found in fungal
genomes: 3,063 repeat/Mb in M. grisea, 2,505 repeats/Mb in N.
crassa, 2,071 repeats/Mb in S. cerevisiae and 156 repeats/Mb in E.

cuniculi [10].

It has been reported that AT and CT are the most com-
mon repeat motif in plants and insects [13]. In our study AT re-
peats are predominant in the genome of A. fumigatus. The higher
AT frequenciesin the genome can be assumed to be the result of
the high A/T content of the genomes [10]. 7.21 repeats/Mb, 7.21
repeats/Mb, 7.21 repeats/Mb, 7.14 repeats/Mb, and 1.25 repeats/
Mb dinucleotide repeats have been extracted by MISA, Msat-
finder, SSR server, SciRoKo, and TRF respectively. The densities
of dinucleotides between the genomes varied significantly, with
552.5 repeat/Mb in N. crassa having the highest and 141 repeat/
Mb in A. nidulans the lowest densities [10].

Trinucleotide repeats are highly abundant in the A. fu-
migatus genome according to the results given by MISA, Msat-
finder, SSRServer and Sciroko. This abundance of tri-nucleotide
repeats is in agreement with the results of earlier studies in N.
crassa, U. maydis [10]. 16.29 repeats/Mb, 16.29 repeats/Mb, 16.29
repeats/Mb, 16.15 repeats/Mb and 2.61 repeats/Mb trinucleotide
repeats have been extracted by MISA, Msatfinder, SSR server,
SciRoKo, and TREF respectively.
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The density of tetranucleotide repeats was found to be
much lower than the densities of dinucleotide and trinucleotide
repeat motifs in all tools used during the study. The lowest rela-
tive abundance of tetranucleotide repeats was also reported in
S. cerevisiae (one repeat/Mb), and E. cuniculi. The most frequent
tetranucleotide repeat motifs were much less in abundance than
the lower-repeated units [10]. Generally, most tetranucleotide re-
peats were rather short, with a repeat length of less than eight.4.08
repeats/Mb, 3.97 repeats/Mb, 4.08 repeats/Mb, 3.97 repeats/Mb
and 0.91 repeats/Mb tetranucleotide repeats have been extracted
by MISA, Msatfinder, SSR server, SciRoKo, and TRF respectively.

Theoretically, the occurrence of pentanucleotide repeats
should be less than that of the tetranucleotide repeats as in N.
crassa [10] but in A. fumigatus the frequency of pentanucleotides
10.23 repeats/Mb, 10.27 repeats/Mb, 10.20 repeats/Mb, 10.13 re-
peats/Mb and 0.91 repeats/Mb given by MISA, Msatfinder, SSR
server, SciRoKo, and TRF respectively, is not following the above

concept.

In A. fumigatus, hexanucleotides were the second abun-
dant repeat type followed by Penta, di, tetra and mononucleotide
repeats Moreover, in the genomes of C. neoformans, M. grisea,
S. cerevisiae, and U. maydis hexanucleotide repeats were more
abundant than the pentanucleotides [10]. MISA, Msatfinder, SSR
server, SciRoKo and TRF have been detected 14.31 repeats/Mb,
14.25 repeats/Mb, 14.31 repeats/Mb, 14.21 repeats/Mb and 3.6
repeats/Mb hexanucleotide respectively. TRF screened a high-

er percentage of hexanucleotide in comparison to other repeat

types.

However, the frequency of SSRs detected in the present
study was lower than the frequencies of SSRs detected in nine
fingal species, [10] in all other fungal genomes that belong to the
same phylum Ascomycota. This variation occurs due to Among
all the tools TRF reported the lowest number of repeats due to
lack of desired flexibility in the parameters and it is the only tool
whose algorithm allows indels (insertion and deletion) due to

which imperfect SSRs are reported which are not needed.

Conclusion

A qualitative study of various simple sequence repeats
identification tools for quantitative detection of SSRs in the
whole genome sequences has been successfully conducted. A set
of freely available tools (MISA, Msatfinder, SSRServer, SciRoKo,
Tandem Repeat Finder (TRF)) has been tested for their sensi-
tivity to detect different types of SSRs. It was found that MISA,
Msatfinder, SSRServer, SciRoKo are equally sensitive for all types

of repeats but Tandem Repeat Finder (TRF) is highly sensitive

for hexanucleotide repeat.
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Supplementary data

Frequencies of every repeat type (mono to hexa) in all 8 chromosomes by using selected tools

Repeat type MISA Msatfinder SSRServer SciRoKo TRF
mono 16 16 16 16 2
di 53 52 53 52 6
tri 97 96 97 96 13
tetra 26 26 26 26 5
penta 66 65 65 63 6
hexa 86 86 86 86 16
Tablel: Showing frequency variation in Repeat Types of chromosome 1.
120 -
100
= 20 4 =MISA
3 @ Msatfinder
g
f2 60 0 SSRServer
° A SciRoKo
Z 40 A TRF
20
0

tetra

penta

Fepeat Tvpe

hexa

Figure 1. Frequency Variation in Repeat Types of chromosome 1 of A. fumigatus using different Tools.

Repeat type MISA Msatfinder SSRServer SciRoKo TRF
mono 16 16 16 16 -
di 33 33 33 33 4
tri 86 86 86 84 14
tetra 30 29 30 29 9
penta 51 53 51 51 4
hexa 79 79 79 78 25

Table 2: Showing frequency variation in Repeat Types of chromosome 2.
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Figure 2. Frequency Variation in Repeat Types of chromosome 2 of A. fumigatus using different Tools.
Repeat type MISA Msatfinder SSRServer SciRoKo TRF
mono 6 6 6 6 -
di 4 4 4 4 1
tri 35 35 35 34 7
tetra 5 5 5 5 1
penta 19 19 19 19 -
hexa 13 12 13 12 4
Table 3: Showing frequency variation in Repeat Types of chromosome 3.
40

. BMISA
E BMsafinder
g OS8R S erver
z DSciRoKo
z TRF

mono di tri tetra penta hexa

Repeat Type

Figure 3. Frequency Variation in Repeat Types of chromosome 3 of A. fumigatus using different Tools.
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Repeat type MISA Msatfinder SSRServer SciRoKo TRF
mono 9 8 9 8 -
di 27 27 27 27 5
tri 67 67 67 67 14
tetra 16 16 16 16 4
penta 46 46 46 48 2
hexa 61 63 61 62 14

Table 4: Showing frequency variation in Repeat Types of chromosome 4.

. BMnISA

- @ Msatfinder
5

ey O S5E Server
= B SciRoKo
Z TRF

mono di tri tetra

Fepeat Tvpe

Figure 4. Frequency Variation in Repeat Types of chromosome 4 of A. fumigatus using different Tools.

Repeat type MISA Msatfinder SSRServer SciRoKo TRF
mono 10 10 10 10 -
di 33 32 33 33 4
tri 72 72 72 72 11
tetra 15 14 15 14 2
penta 34 34 34 33 7
hexa 59 57 59 58 14

Table 5: Showing frequency variation in Repeat Types of chromosome 5.
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Figure 5. Frequency Variation in Repeat Types of chromosome 5 of A. fumigatus using different Tools.
Repeat type MISA Msatfinder SSRServer SciRoKo TRF

mono 14 14 14 14 0

di 28 28 28 28 6

tri 61 61 61 61 12
tetra 15 15 15 14 2
penta 50 49 50 49 7
hexa 69 69 69 69 15

Table 6: Showing frequency variation in Repeat Types of chromosome 6.

80

70

B BMISA
5 BMsaffinder
g OS5ES erver
z DSciRaKo
< TEF

mono di tri tetra penta

Repeat Type

Figure 6. Frequency Variation in Repeat Types of chromosome 6 of A. fumigatus using different Tools.
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Repeat type MISA Msatfinder SSRServer SciRoKo TRF
mono 8 8 8 8 1
di 23 23 23 23 7
tri 37 38 37 37 4
tetra 6 5 6 6 2
penta 16 16 16 16 -
hexa 30 28 30 29 7

Table 7: Showing frequency variation in Repeat Types of chromosome 7.

. BMISA

:ﬁ; BN satfinder
g O35RServer
E BSciRaKo
= BTEF

Repeat Type

Figure 7. Frequency Variation in Repeat Types of chromosome 7 of A. fumigatus using different Tools.

Repeat type MISA Msatfinder SSRServer SciRoKo TRF
mono 10 10 10 10 -
di 11 13 11 10 4
tri 24 24 24 24 2
tetra 7 7 7 7 2
penta 19 20 19 19 1
hexa 24 25 24 24 4

Table 8: Showing frequency variation in Repeat Types of chromosome 8
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Figure 8. Frequency Variation in Repeat Types of chromosome 8 of A. fumigatus using different Tools.
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