8 % it Cotton Science 2009,21(3) :243~247

AutoSSR ;: X 3t & | 5 &K - & F= 54 SSR A 7T 4 2 AF
FE":, BER', KXEH', T&E, JER’
Q. EERLAEEYRESHRAFERER LB E,H K 210095;
2. A R B FEBEARHE T, E W 04400033, L T A R B B FEFF B, KJE 030006)

WEANAERFATHREZERERAAMEFAEEWILIESSR), AR T — N4 H#T
HA——AutoSSR, K Bk H N — /M4 K E FASTA #% R W %7 X%+ & # SSR, 3 24 F
SSRs X AW A RM. FEARNEUKGHL . ZEXGTULREZFAHEFRLRARZATEN
PR, % B, Bk R SSR fE BBy R A o4 . Rl Z 3 % GenBank b B # By RIF TH L. F
FfAkK W DNA F 73477 SSR £ 4.4 2] 7 36000 A~ SSRs, 4, stk T4 614 SSRs &
B, #t—F A H Primer SR U FRTMABABINY, AR LEEASNEE T E4,
XER:HNEFAEE;REAFARE;RE; % H#

hE4S S -S562 NERtRIRAS A

X EHE:1002-7807(2009)03-0243-05
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Abstract: Microsatellites, also known as simple sequence repeats (SSRs), are repeated small sequence
motifs that are highly polymorphic and abundant in the genomes of eukaryotes. We have created a
software tool, AutoSSR, for quickly detecting simple sequence repeats from a large number of se-
quences. The software can detect SSRs from one file, including large number of FASTA-formatted se-
quences, and analyze the distributions of different SSR types. Importantly, this tool is not restricted
to sequence numbers and different system platforms with high efficiency and vast amounts of informa-
tion. We have applied this tool for the discovery of SSRs within DNA sequences publicly released in
GenBank in Gossypium, Malus Pumila and Oryza sativa L. , in which we detected over 36000 SSRs.
Of the identified SSRs, we parsed information Gossypium to Primer 3 software for designing locus-
specific primers and applications in genomics analysis.
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Microsatellites, otherwise known as simple
sequence repeats (SSRs), are among the most
useful genetic markers in biology. SSRs are tan-
dem repeats of short (1 to 6 bp) DNA se-
quences, and exist throughout the entire ge-
nomes of eukaryotic organisms in both non-cod-
ing and coding regions. The distinguishing fea-
tures of SSR loci include their high information
content, co-dominant inheritance patterns, con-
sistent distribution along chromosomes, repro-

L8] Fyurthermore,

ducibility and locus specificity
SSRs demonstrate a high degree of transferabili-
ty among related species, making them excellent
markers for comparative genetic and genomic an-
alysest*!,

With the advantage of SSR hyper-variability
among related organisms, the informative and
excellent markers have been widely applied to
resolving many research areas including high-
density genetic mapping™ , molecular tagging of

L6] ]

,» genotype identification!”, analysis of

[8-9]

genes
genetic diversity and marker assisted selec-
tion (MAS) breeding"'®. Thus, SSRs have be-
come one of the most important molecular mark-
er types for use in the analysis of many organ-
isms at the genome levelt''%,

To aid the development of new potential mi-
crosatellite markers from thousands of se-
quences, researchers require an easy-to-use and
efficient software tool. The most well-known
programs that mine microsatellites from a DNA
sequence are SPUTNIK Chttp://abajian. net/
sputnik/), SSRITM and TROLLMY!. Howev-
er, they are either restricted to small datasets,
not available for windows or possess limited effi-
ciency in marker identification capabilities. Fur-
thermore, they do not show the distribution of
SSRs. In order to overcome the above shortcom-
ings, herein we have created a software tool,
AutoSSR, for discovering SSRs with high effi-
ciency within bulk FASTA-formatted sequence
data, and displaying the various SSR motif dis-
tribution patterns. We believe that our tool will

aid researchers through SSR identification and a-

nalysis to streamline their current marker identi-

fication efficiency.

1 Materials and methods
1.1 Program options

AutoSSR is a stand-alone tool that may be
run on the command line. The input is multiple
file in FASTA format containing the sequence
(s). In order to specify the search criteria, an
additional file, AutoSSR. ini, containing the mi-
crosatellite search parameters is required, which
has the following structure: following a text
string beginning with ‘def’, pairs of numbers are
expected, whereas defines the first number as
the motif size and the second number as the low-
er threshold of repeats for the specific motif.
The default minimum repeat number value is
that of a dinucleotide such as 9, trinucleotide 6,
tetranucleotide 5, pentanucleotide 4, and hexa-
nucleotide 3. Following a text string beginning
with ‘int’ a single number defines the maximal
number of bases between two adjacent microsat-
ellites to specify the compound microsatellite
type. The default value is 3.

The users can change these parameters for
different SSR detection methods according to
their study demand.

1.2 Implementation

AutoSSR can run in different platforms
such as DOS, Windows, and Linux/Unix. The
program run requires the following steps: (1)
Change the parameter of motif size, number of
repeat for specific motif and the number of bases
between two adjacent microsatellites in " Au-
toSSR. ini" file. (2) Save the sequence file and
the program in the same folder. (3) Run the pro-
gram in different platforms. DOS: input the
program name( AutoSSR. exe) s Windows: doub-
le click the program file (AutoSSR. exe) ; Linux/
Unix: perl AutoSSR. pl.

1.3 Program output

AutoSSR uses a recursive algorithm to

search for repeated patterns of nucleotides of

lengths ranging between 2 and 6 bp. The motif



3

EKE : AutoSSR. KAt & .FIT R 447 SSR Bt i A

245

shifting criterion has been considered in this pro-
sl All SSR types are classed into two
L6l The
output of the AutoSSR program has two tab-de-
limited text files and one PNG file. One of the

text files, named sequence-filename. ssr, is the

gram

subtypes, perfect and compound SSRs

SSR identification result detected from bulk se-
quence data, while the other, named sequence-
filename. statistics, holds the statistics of differ-
ent motif distributions.

File " filename. ssr"” includes sequence ID
(ID), SSR number (SSR nr. ), SSR type, SSR,
SSR size, start, end and sequence length (seq_
length). SSR type has two subtype options,
SSRs. The

categories,

called perfect (p) and compound (c)
perfect SSRs are subdivided into 5

p2, p3,s p4, p5 and pb6, according to their motif

lengths. The results can be parsed to Primer3
I 35F nr. 33R type 38R zize start  end 3eq_length
AC202832 1 pe (Th)12 4 085 7108 94452
AC202832 2 ph (TGTGAT) 3 13 58873 SBBA0 94452 A
AC202832 3 pa [&T) 10 20 65851 6RB70 94452
AC202832 4 ik} (TAT)7 21 Q4285 94285 94452
AC202831 1 p2 (CT)2l 42 3338 3379 97917
Ar202831 2 2 [AT)23 46 6192 6237 97917
AC202831 3 pd (TTAT) S 20 15996 1e0l5 97917
Ar202831 4 ph (TGATTT) 3 18 16806 16825 97917
ACZ02831 H ph (TTTAAT) 3 18 27138 27156 97817
Ar202831 [ i [AAAAT| 4 20 54403 54422 9m917
AC202831 7 p6 (ATTTTT) 5 30 L6 71787 97817
AC202830 1 2 [AT)11 22 996 1017 101659
AC202830 2 il (ATCGR) 5 25 12327 12351 101e59
AC202830 3 ph (TATTCA) 3 18 20841 20958 101659
AC202830 4 2 [AT)10 20 30174 30193 101659
AC202830 5 2 (Th)22 44 32245 32288 101659
AC202830 [ ph [ATATAC) 3 18 44616 44633 101659
AC202830 7 2 [AT) 16 2 47049 47080 101659

Frequency of classified repeat types jconsidering sequence complementary)

C
Repeats 3 4 5 f 1 g E] 10 11 12
AC/GT - 3 = 3 - = 4 43 a0 &
AG/CT - . = = - = Lz iz 47 53
AT/AT - = = = - - 161 121 4 i
CG/LE - = = = - - 2
AAC/GTT - = = 133 78 1 1 1 1
AAG/CTT - = = 437 2ll 10z 56 28 12 19
AAT/ATT - = = 158 73 4 18 11 11 12
ACC/GGT - = = 228 97 a7 7 1 10 5
ACG/CTG - = = 140 3 8 2 2 1
ACT/ATG - = = 160 82 i 17 f 3 Z
AGC/CGT - = - 92 a0 Fid 18 4 1 1
AGG/CCT - = - 63 a4 1 4 1
AGT/ATC - - - 198 34 i Fii 9 i 3
CCG/CEE - - - T8 a0 & ] 1
ARAC/GTTT - - KL 10 1
A/ CTTT - - 40 25 1
ARAT/ATTT - - b 35 1
AACC/GOTT - - 2 1
AACG/CTIG - - 1

softwaret'™ to aid in developing the locus specific
SSR primer pairs. Two additional SSR catego-
ries, compound (c) and compound overlap SSRs
(co), are sorted within the compound SSR sub-
type. The filename. statistics file includes the to-
tal number of sequences examined, total size of
examined sequences (bp, base pairs), total
number of identified SSRs, number of SSR-con-
taining sequences, number of sequences contai-
ning more than 1 SSR, number of SSRs present
in compound formation, distribution to different
repeat type classes, frequency of identified SSR
motifs and frequency of classified repeat types
( considering sequence complementary). The
PNG is an image format file of different SSR dis-
tribution (default more than 100 SSR). An ex-
ample is shown in the screen shot illustrated in
Fig. 1.

RESULTS OF MICEOSATELLITE SEARCH

Total nmumher of sequences examined: 280383
Total size of exawined sequences (bpl: 1582954914
Total number of identified S5Es: S072
Number of 35R containing secquences: 8564
Number of sequences containing more than 1 35FE: 461
Number of 33Rs present in compound formation: 93
Distribution to different repeat type classes
Motif aize Mumber of 35Ra
z 1227
3 3243
4 440
5 496
[ 3666
Distribution of different SSR Type
1000, D
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Three result files are filename, ssr (A) , filename, statistics (B and C) and SSR_bar. png(D).

Fig.1 An example for running AutoSSR software
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2 Results and Discussion

The AutoSSR tool was executed on Intel
Pentium [V 64-bit 400 MHz with 1 Gb RAM,
running in Windows XP. A FASTA file contai-
ning 280383 Gossypium spp. (Cotton) EST (ex-
pressed sequence tag) sequences (183 Mb, mil-
lions of base pairs) was processed in 7 min and
produced 9072 SSRs. Another FASTA file con-
taining 257996 Malus Pumila Mill. (Apple)
EST (expressed sequence tag) sequences (123
Mb) was processed in 4 min and detected 12737
SSRs. 62827 Oryza sativa L. (Rice) genomic
sequences (103 Mb) in a FASTA file were pro-
cessed in 3 min and mined 14663 SSRs. These
results demonstrate that the program execution
time has a linearity correlation with the file size.

The most-well known programs, SPUT-
NIK, SSRIT, and TROLL can also mine SSRs
from a FASTA formatted-file including multiple
sequences. We have tested their execution time
under the same situation. Table 1 provides data
on an execution time comparison among SPUT-
NIK, SSRIT, TROLL and AutoSSR. These da-
ta were compiled using the same level of optimi-
zation. The input DNA sequence was 183 Mb
(EST sequences of Gossypium spp.). The
search was conducted for SSRs of lengths grea-
ter than 18 bp, and all motifs 2 to 6 bp long.
The total number of motifs searched was 9072.
The execution times of the different software
programs was TROLL> SPUTNIK> AutoSSR
> SSRIT. Even though SSRIT is time-saved a-
mong all tested programs, it does not consider
motif shifting; an oversight that can leads to
SSRs redundancy.

Table 1 Execution time for AutoSSR, SPUTNIK,
SSRIT and TROLL software packages

Programs Time
AutoSSR 7 min
SPUTNIK 16 min
SSRIT 5 min
TROLL 20 min

Notes: The test load is the Gossypium spp. (cotton)
EST sequences (183 Mb); Platform: Pentium ¥ 400
MHz, 1 Gb RAM, Windows XP; Average time for 20 ex-

ecutions, negligible standard deviation.

AutoSSR performed better overall than the
other available tools. Apart from speed, the ad-
vantages of using AutoSSR include a convenient
statistics output format that enables easy analyis
of SSR distributions in the input sequence data,
and the ability to parse data to Primer3 for locus-
specific primer design. In our lab, 9072 SSRs
mined from Gossypium EST sequences using
AutoSSR software have been parsed to Primer3,
and 3250 PCR amplification primers were devel-
oped and publicly released at the CMD web page
(http://www. genome. clemson. edu/projects/
cotton).

The shortcoming of AutoSSR software is
that the command line interface may seem un-
friendly to some users. However, this feature
can be mastered easily. The software package
can be downloaded from State Key Laboratory of
Crop Genetics & Germplasm Enhancement in
Nanjing Agricultural University (http://www.
njaustatelab. net/ShowCenter/download. jsp).
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