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IN SILICO ANALYSIS ON FREQUENCY AND TYPES
OF SIMPLE SEQUENCE REPEATS IN EXPRESSED SEQUENCE TAGS (ESTs)
OF DIFFERENT TOMATO SPECIES

S.S.Sharifova', R.T.Aliyev', Corresponding Member of ANAS I.A.Shahmuradov*’

The present study focuses on computational mining and survey of the frequency and types of sim-
ple sequence repeats in Expressed Sequence Tags (ESTs) of three different tomato species. A thousamnd
ESTs sequences from each of S.lycopersicum L., S.pennellii Corell. and S.habrochaites S.Knapp &
D.M.Spooner were retrieved from the National Center for Biotechnology Information (NCBI) database
and searched for the presence of simple sequence repeat (SSRs) motifs. A total of 35 EST-derived SSRs
within 32 unigens of S.lycopersicum, 51 SSRs within 46 unigens of S.pennellii and 64 SSRs in 55 wms-
gens of S. habrochaites were identified. Trinucleotide repeats were the most abundant class of microse-
tellites in all the examined species (54%, 39% and 45% respectively). The hexanucleotide repeats were
the second most frequent EST-SSRs in cultivated tomato (26%) and S. pennellii (27%), whereas trime
cleotide motifs were followed by pentanucleotides in S. habrochaites (28%). The AGC/CTG motif was
the most frequent among all types of repeats identified in S. lycopersicum ESTs, whereas the AAT/ATE
and AT/AT were the most abundant in S. pennellii and AAATT/AATTT, AC C/GGT, AAT/ATT, ATCATG

and AT/AT in S. habrochaites respectively.

Keywords: SSRs, tomato, repeats, unigene, ESTs

Introduction

The Solanum section of Solanaceae fam-
ily contains the domesticated tomato (Solanum
Iycopersicum L.) and its 12 closest wild relatives
[9]. Mating systems in tomato species varies
from allogamous self-incompatible to facultative
allogamous and self-compatible to autogamous
and self-compatible, and has been proved to play
an important role in their evolution. The self-
incompatibility system in wild tomatoes has a
strong relationship with the extent of outcrossing
and allelic polymorphisms [8]. Solanum pennel-
lii and Solanum habrochaites species have both
self-incompatible and self-compatible popula-
tions and they are considered important species
for improvement of cultivated tomato germ-
plasms. S. pennellii is an important donor for its
extreme stress tolerance and unusual morpho-
logy [1], whereas S. habrochaites possess
many important traits for disease resistance,
cold tolerance and several agronomic traits in
tomato breeding [4]. All of the 13 species of So-
lanum have been proposed for sequencing by the
SOL-100 project and are being sequenced
(http://solgenomics.net/organism/sol100/view).
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S.lycopersicum cv. Heinz 1706 and S. pimpi
lifolium 1LA1589 were already sequenced
assembled by the International Tomato G
Sequencing Consortium [11]. Such kinds of
jects generate large amounts of sequence i
mation which are being used extensively for
lyzing genome structures and complexities and %
mine useful genes and molecular markers [10}.

The expressed sequence tags (ESTs)
bases are important resources to develop
tional SSR markers for genotyping, div
and phylogenetic studies, genetic/assocs
mapping and tagging of useful genes. In a
decade, in silico approaches to screen for ss
sequence repeats from EST sequences
practicable, less time consuming and inex
alternative. The present study focuses on
putational mining and examining of the =i
dance and types of SSRs in ESTs sequences
three different tomato species.

Materials and Methods
A thousand EST sequences from each
S.lycopersicum L., S.pennellii Corell. and &
rochaites S.Knapp & D.M.Spooner wese
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from the National Center for Biotechnol-
Information (http://www.ncbi.nlm.nih.gov/)

assembled using CAP3  programme
7 f'doua.prabi.fr/soﬁware/cap3) for identifi-
oon of non-redundancy. The non-redundant
sequences were screened for the presence
EST-SSR motifs .using the Micro Satellite
ification tool (MISA) (http://pgre.ipk-
leben.de/misa). SSR detection criteria was
at 7, 5, 4, 3, and 3 repeat units for di-, tri-,
. penta-, and hexanucleotide motifs respec-
ly. Mononucleotide repeats were not included
the SSR search criteria. For compound repeats
maximum default interruption length was set at
bp. The Primer 3 (http://bioinfo.ut.ee/primer
14.0/) tool was used for checking a possibility to
ign primer pairs for identified SSR repeats.

Results and Discussion

A thousand EST sequences from each of
8 Iycopersicum, S. pennellii and S. habrochaites
were used to computational analysis on fre-
guency and types of EST-SSRs. All of the
downloaded EST sequences werc assembled
with the CAP3 sequence assembly program re-
sulting in production of 674 unigens including
57 contigs and 617 singletons in S. lycopersicum,
536 unigens consisted of 104 contigs and 432
singletons in S. pennellii, and 533 unigens com-
prising 261 contigs and 272 singletons in S. habro-
chaites respectively.

A total of 35 EST-derived simple sequence
repeats within 32 sequences Were identified after
mining of 674 non-redundant unigens of culti-
vated tomato (S. lycoperisicum L.). Three se-
quences contained more than one SSR and two
motifs were found in the compound formation
(table).

A total of 51 SSRs within 46 unigens
were identified in 536 non-redundant sequences
of S. pennellii, while 64 SSR repeats were
found in 55 different unigens among of 533 se-
quences of S. habrochaites. Five and eight se-
quences were carrying more than one SSR and
three and five motifs were found in the com-
pound formation in §. pennellii and S. habro-
chaites respectively.
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The frequency of simple sequence repeats
in ESTs reflects the density of SSRs in the tran-
scribed region of the genome. The frequency of
the SSR repeats within all retrieved S. lycoper-
sicum EST sequences was 3.5%, while this
aumber was corresponded to 5.1% in S. pennel-
Jii and 6.4% in S. habrochaites. Since, random
sequencing within ¢DNA libraries usually re-
sults in a high proportion of redundant ESTs,
we performed SSR search after elimination of re-
dundancy. Thus, only small fractions of screened
non-redundant ESTs (5.2% in S. Iycopersicum,
9.5% in S. pennellii and 12% in S. habrocha-
ites) from the respective species contained SSR
repeats, giving an average density of one SSR
per 14.8 kb in S. lycopersicum, per 6.5 kb in S.
pennellii and per 7.1 kb in S. habrochaites spe-
cies. This indicates that SSR repeats frequency
and density in wild species were much more
than that of cultivated tomato. In other reports,
an EST-SSRs have been observed to be corre-
spond to one every 1 1.1 kb in tomato, 3.8 kb in
pepper, 14,7 kb in lettuce, 13.8 kb inAra-
bidopsis thaliana, 34 kb in rice, 8.1 kb in
maize, 7.4 kb in soybean, 20.0 kb in cotton and
14.0 kb in poplar [2, 14, 15]. The variations of
frequencies among different studies were con-
sidered mainly due to the criteria used to identify
SSRs, size of data set, database mining tools and
EST sequence redundancy [12].

We classified all repeat types taking se-
quence complementarity into account and exa-
mined their occurrence. Trinucleotide repeats in
our survey were the most abundant class of mi-
crosatellites in all the examined species (54%,
39% and 45% respectively). The hexanucleotide
repeats were found to be the second most fre-
quent EST-SSRs in cultivated tomato (26%) and
S. pennellii (27%), whereas the most abundant
trinucleotide motifs were followed by pentanu-
cleotides in S. habrochaites (28%).

Compared to the cultivated tomato, S. pen-
nellii and S. habrochaites EST sequences had
the highest density of dinucleotide repeats with
frequencies of 16% and 11% respectively. The
result of high trinucleotide repeat frequency is in
conformity with a number of studies.
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«ed from the National Center for Biotechnol-
wey Information (http://www.ncbi.nlm.nih.govh
and  assembled using CAP3  programme
ﬂtp://doua.prabi.fr/soﬁware/cap3) for identifi-
gation of non-redundancy. The non-redundant
mmigene sequences were screened for the presence
of EST-SSR-motifs using the Micro Satellite
sdentification tool (MISA) (http://pgre.ipk-
gatersleben.de/misa). SSR detection criteria was
fixed at 7, 5, 4, 3, and 3 repeat units for di-, tri-,
fetra-, penta-, and hexanucleotide motifs respec-
tively. Mononucleotide repeats were not included
i the SSR search criteria. For compound repeats
the maximum default interruption length was set at
100 bp. The Primer 3 (http://bioinfo.ut.ee/primer
3-0.4.0/) tool was used for checking a possibility to
design primer pairs for identified SSR repeats.

Results and Discussion

A thousand EST sequences from each of
S.lycopersicum, S. pennellii and S. habrochaites
were used to computational analysis on fre-
quency and types of EST-SSRs. All of the
downloaded EST sequences were assembled
with the CAP3 sequence assembly program re-
sulting in production of 674 unigens including

536 unigens consisted of 104 contigs and 432
singletons in S. pennellii, and 533 unigens com-
prising 261 contigs and 272 singletons in S. habro-
chaites respectively.

A total of 35 EST-derived simple sequence
repeats within 32 sequences were identified after
mining of 674 non-redundant unigens of culti-
vated tomato (S. lycoperisicum L.). Three se-
quences contained more than one SSR and two
motifs were found in the compound formation
(table).

A total of 51 SSRs within 46 unigens
were identified in 536 non-redundant sequences
of S. pennellii, while 64 SSR repeats were
found in 55 different unigens among of 533 se-
quences of S. habrochaites. Five and eight se-
quences were carrying more than one SSR and
three and five motifs were found in the com-
pound formation in S. pennellii and S. habro-
chaites respectively.
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The frequency of simple sequence repeats
in ESTs reflects the density of SSRs in the tran-
scribed region of the genome. The frequency of
the SSR repeats within all retrieved S. lycoper-
sicum EST sequences was 3.5%, while this
number was corresponded to 5.1% in S. pennel-
lii and 6.4% in S. habrochaites. Since, random
sequencing within c¢DNA libraries usually re-
sults in a high proportion of redundant ESTs,
we performed SSR search after elimination of re-
dundancy. Thus, only small fractions of screened
non-redundant ESTs (5.2% in S. Ilycopersicum,
9.5% in S. pennellii and 12% in S. habrocha-
ites) from the respective species contained SSR
repeats, giving an average density of one SSR
per 14.8 kb in S. lycopersicum, per 6.5 kb in S.
pennellii and per 7.1 kb in S. habrochaites spe-
cies. This indicates that SSR repeats frequency
and density in wild species were much more
than that of cultivated tomato. In other reports,
an EST-SSRs have been observed to be corre-
spond to one every 11.1 kb in tomato, 3.8 kb in
pepper, 14,7 kb in lettuce, 13.8 kb in Ara-
bidopsis thaliana, 3.4 kb in rice, 8.1 kb in
maize, 7.4 kb in soybean, 20.0 kb in cotton and
14.0 kb in poplar [2, 14, 15]. The variations of
frequencies among different studies were con-
sidered mainly due to the criteria used to identify
SSRs, size of data set, database mining tools and
EST sequence redundancy [12].

We classified all repeat types taking se-
quence complementarity into account and exa-
mined their occurrence. Trinucleotide repeats in
our survey were the most abundant class of mi-
crosatellites in all the examined species (54%,
39% and 45% respectively). The hexanucleotide
repeats were found to be the second most fre-
quent EST-SSRs in cultivated tomato (26%) and
S. pennellii (27%), whereas the most abundant
trinucleotide motifs were followed by pentanu-
cleotides in S. habrochaites (28%).

Compared to the cultivated tomato, S. pen-
nellii and S. habrochaites EST sequences had
the highest density of dinucleotide repeats with
frequencies of 16% and 11% respectively. The
result of high trinucleotide repeat frequency is in
conformity with a number of studies.
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Table
Results of microsatellite search in three tomato species
Plant species
Parameters Solam{m Solanum pennellii So’“""'f’
lycopersicum habrochaites

Total number of sequences examined: 1 000 1 000 1 000
Total size of examined sequences (bp): 767 424 598 857 598 857
Total number of non-redundant sequences: 674 536 533
Total size of non-redundant sequences (bp): 516 277 332 868 453 530
Total number of identified SSRs: 35 51 64
Total number of SSR containing sequences: 32 46 55
Total number of sequences containing more than 1 SSR: 3 5 8
Total number of SSRs present in compound formation: 2 3 5
Total number of dinucleotide motifs: 2 8 7
Total number of trinucleotide motifs: 19 20 29
Total number of tetranucleotide motifs: 1 4 3
Total number of pentanucleotide motifs: - 5 18
Total number of hexanucleotide motifs: 9 14 7
Frequency of EST-SSRs 3.5% 5.1% 6.4%
Density of EST-SSRs (SSRs/kb) 14.8 kb 6.5 kb 7.1 kb

Varshney et al. reported that trinucleotide
repeats in plants are the most common, followed
by either dinucleotide or tetranucleotide repeats
[13]. It is considered that expansion or deletions
of trinucleotide and hexanucleotide repeats in
coding region do not perturb reading frames and
therefore less frequency of other repeat types in
coding regions is a result of negative selection
against frameshift mutations [7].

Among all types of repeats identified in
S. lycopersicum ESTs, AGC/CTG, AAC/GTT,
AAG/CTT and AAT/ATT units, considering se-
quence complementary, were the most dominant
repeat types, while ACG/CGT was the less fre-
quent. The most abundant repeat classes in S. pen-
nellii were AAT/ATT, AAG/CTT and AAC/GTT
among the trinucleotides with frequencies of 35%,
20% and 20% respectively, followed by
ATC/ATG (15%). The AT/AT (75%) was the
most frequent among dinucleotides, whereas
TAAAA was the most dominant (80%) among
pentanucleotides. The AAAAAT/ATTTTT motif
was the most common among hexanucleotide re-
peats with a frequency of 21%.

In S. habrochaites AT/AT (71%) was
found to be the most frequent repeat types among
dinucleotides. In term of trinucleotide motifs, the
most common types were ACC/GGT, AAT/ATT,
AAG/CTT and ATC/ATG representing an aver-
age frequency of 31%, 21%, 17% and 17% re-

spectively. The AATAT/ATATT repeat motif
had the highest frequency (67%) among identi-
fied types of pentanucleotides followed by
ACCCG/CGGGT (22%).

The high frequency of AAG/CTT motif
type was observed in all three species examined
in our study that is in agreements with other
researches, since several authors had been iden-
tified that AAG/CTT were the most frequent
trinucleotide motif in majority of plants [6].
Besides, AAT/ATT motif was also among the
most frequent motif types in all three species.

Among all types of identified trinucleotide
motifs the AAC/GTT, AAG/CTT, AAT/ATT.
AGC/CTG, ATC/ATG were observed in all three
species, whereas ACG/CGT motif type was found
only in EST sequences of cultivated tomato,
CCG/CGG only in S. habrochaites and ACT/AGT
in both of wild species. It was also observed that
all types of identified motifs were AT-rich in all
three species, which is in close agreement with a
number of previous studies [3].

The location of SSRs and length of SSR
flanking sequences determines the possibility of
designing specific primers. About 1 to 5% of
ESTs from different plant species have beem
found to contain SSRs suitable for marker de-
velopment [5]. It proved to be difficult or im-
possible to design primers for many of the
EST-SSRs in our study, but a number of them
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be used for this purpose and to develop of
-SSR markers.

Simple sequence repeats derived from
s essentially represent expressed genic se-

es and are candidates in the development
functional markers for comparative genomic
ies. Obtained results on survey of simple
nce repeats demonstrate their abundance
expressed parts of genome and potential of

s for development of microsatellite markers
B mining of available tomato databases.

This work was supported by the Science
Development Foundation under the President
of the Republic of Azerbaijan-Grant Ne EIF-
2012-2(6)-39/03/3
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MUXTOLIF POMIDOR NOVLORININ ESTs (EXPRESSED SEQUENCE TAGS)
ARDICILLIQLARINDA SADO TOKRARLANAN MOTIVLORIN RAST GOLM® TEZLIiYi VO
TiPLORININ IN SILICO ANALIZI

S.S.Sarifova, R.T.9liyev, i.9.Sahmuradov

Tadqiqat isi pomidorun ti¢ miixtalif noviiniin EST ardicilliglarinda (ESTs- ekspressiya olunan ardicilliq hissalari)
mikrosatellit motivlerin rast golma tezliyinin va tipinin kompiiter programlar1 vasitasilo arasdiriimast va tohlilinin
aparilmasina hosr edilmisdir. Biotexnoloji Malumatlar Milli Morkazinin (NCBI) malumat bazasindan S. lycopersicum
L., S. pennellii Corell. va S. habrochaites S.Knapp & D.M.Spooner novlarinin hor birinin min EST ardicillig

yiiklanilmis vo SSR motivlerinin tapilmasi Gigtin islonilmisdi
noviiniin 46 unigeninds 51 vo S. habrochaites ndvinin
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r. S. lycopersicum noviiniin 32 unigeninda 35, S. pennellii
55 unigeninda 64 mikrosatellit tokrar1 askar edilmisdir.
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Trinukleotid tokrarlari biitiin dyranilon novlerda an zangin mikrosatellit tipi olmusdur (miivafiq olaraq 54%, 39% va
45%). Heksanukleotidlor, madoni pomidor (26%) va S. pennellii néviinda (27%) novbati an ¢ox rast golinon tokrarlar
olmus, S. habrochaites néviinda isa trinukleotidlardan sonra an gox miisahids olunanlar pentanukleotid tokrarlar (28%)
olmusdur. Ardicilliglarin komplementarhigmni nazard aldigda, AGC/CTG motivi S. lycopersicum EST ardicilhqlarinda
an ¢ox miisahido olunan tokrar tipi olmusdur. S. pennellii noviinde AAT/ATT va AT/AT, S. habrochaites néviinda isa
AAATT/AATTT, ACC/GGT, AAT/ATT, ATC/ATG va AT/AT an ¢ox rast golinon tokrar tiplari olmusdur.

Acar sozlar: SSRs, pomidor, tokrarlar, unigen, ESTs

IN SILICO AHAJIU3 YACTOTbI M TUIIOB MPOCTHIX MOBTOPAIOLIUXCSI
NOCJIEJJOBATEJIbHOCTEM B ESTs (EXPRESSED SEQUENCE TAGS) U3 PA3JIMYHBIX
BHUA0B TOMATA

C.C.lllapudosa, P.T.Anues, U.A.lllaxmypazios

JlaHHast CTaThsi MOCBSAIIEHA KOMIIBIOTEPHOH 0OpaboTKe M 00C/ICIOBAHHIO HAaCTOTBI M THIIOB NPOCTBIX TIOBTO-
psomuxcs nocinenoparensHocteit B ESTs (Expressed Sequence Tags) u3 Tpex pasIMYHbIX BHIOB TOMaTa. B obmem
1000 EST mnoc/e0BaTelbHOCTEl OT KaXI0ro 3 Tpéx BUIoB Tomata (S. lycopersicum L., S. pennellii Corell. u S.
Habrochaites S.Knapp & D.M.Spooner) u3 6a3bl 1anHbIx HarmonansHoro Ilentpa Buorexnonormieckoit Mupopma-
i (NCBI) 6bUtH B3ATHI M MccrIe10BaHbl Ha Hamnuue SSR (single sequence repeats) MoTHBOB. Bcero 6b10 naentudu-
nmposano 35 EST npoussoansix SSRs B npezenax 32 yuurenos S. lvcopersicum, 51 SSRs B npenenax 46 yHUIeHOB S
pennellii u 64 SSRs B npenenax 55 yHHIe€HOB S. habrochaites. TpuHYKJIEOTHIHBIE TIOBTOPBI ObLTH Haubosee pacnpo-
CTPaHEHHBIM KJIACCOM MHKPOCATEIUIMTOB UL BCEX MCCICA0BAHHBIX Tpéx BUAOB (54%, 39% 1 45% COOTBETCTBEHHO).
IeKkcaHyKJIEOTH/IHbIC MOBTOPbI OKa3aJNCh BTOPBIM 110 BCTPEHaeMOCTH EST-SSRs B KyabTypHOM ToMmare (26%) u S
pennellii (27%), Aanee CIe0BATH TPHHYKICOTHIAHBIE, & 3aTEM ICHTAHYKJICOTHIHbIC MOTHBEL (28%) B S. habrochaites.
AGC/CTG MOTHUB, Y4UTBIBasi KOMILUIEMEHTAPHYIO MOC/IE10BATENbHOCTD, HMEI HauOOJIBLIYIO YAaCTOTY BCTPEYaEMOCTH
Cpeau BCEX THIIOB [OBTOPOB, BbisBIeHHbIX B EST S. lycopersicum, B 1o Bpems kak AAT/ATT n AT/AT G Haubo-
nee pacripoctpanensl B S. pennellii, a AAATT/AATTT, ACC/GGT, AAT/ATT, ATC/ATG n AT/AT B S. habrochaites.

COOTBETCTBCHHO.
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