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Abstract

Papaya, an economically important fruit plant, is polygamous in nature,
Carica papaya is & native of tropical America and a member of the family
Caricaceae. Expressed Sequence Tags (ESTs) are fragments of gene transcripts that
provide researchers a quick and inexpensive route for discovering new genes.
Available EST resources (1283) and core aucleotide (303) sequences Were mined to
develop Sequences for Simple Sequence Repeat (SSR) maker and its abundance in
the papaya genome. Computational tools MISA and ETRA were employed to find
the microsatellite repeats or SSRs ranging from monomer to decamer from
assembled ESTs, singlets as well as core nucleotide sequences. A total of 1301 and
1134 SSR were reported in EST and core nucleotide respectively. Class I type SSR
were found in papaya genome at a frequency of 1 SSR/S.7 kbp and Class 11 S5Rs
were very highly frequent at 1 SSR/552 bp. Pentanucieotide repeats and
muononucleotide repeats were found to be abundant in EST sequences and monamer
repeats and dinulecotide repeats are abundant in core nucleotide seguences. A
database was generated http:f.n'www.ri_i,u.m],'biosfience.mnw'papa}-'n.

INTRODUCTION

Papaya plant has a diploid genome of 372 Mb size (Arumuganathan and bar le,
1991) distributed in nine pairs of chromosomes. Expressed Sequence Tags or ESTs are 2
cheap and quicker substitute 1o whole genome sequencing. They are providing
researchers a means to study the partial sequencing of expressed genes and it is necessary
for transcriptome profiling and gene discovery. Microsatellites or Simple Sequence
Repeats (S5R) are siretches of DNA contaming tandem repeats of mond. di, tri, tetra and
above nucleotide units ubiguitously distributed throughout the genome. Molecular genetic
markers developed from ESTs being genic markers and are highly useful in developing
linkage maps and marker assisted breeding programs and population genetics (Elhs and
Burke, 2007). Papaya genome is sequenced recently which opens up new scope for
computational biology wols (Ming et al, 2008), They reported that striking
amplifications in gene qumber within particular functional groups suggest roles in the
evolution of tree-like habit, deposition and remobilization of starch reserves. attraction of
seed dispersal agents, and adaptation to_tropical day lengths. Hence new malecular
markers developed from EST resources will be helpful in saturating the linkage maps and
identifying marker-tratt associations

MATERIALS AND METHODS

Sets (1283) and core nucleotide (303) sequences of papaya were retrieved from
NCBI of fruit monocarp and peel tissues (Embank accession numbers CF369397 -
CF569400, CF588412, CO373888 - CO373912, DT527739 - DT527752. EL784267 -
EL784280. AMO03458 - AM904540, AMO30TIO - AMY30842. These EST sequénces
were processed Lo minimize the sequencing errors and avoid redundant sequences and
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grauped using prep software. We obtained 154 consigns and 703 singlet by this process.
We used the in silico methods, MISA (Thiele et al., 2003), and ETRA (visual C++ Karaka
el al, 2003) to locate simple sequence repeats from consigns, singletons and core
nucleotide sequences. We identified two type of Sirs Class | (220 bop), or hyper vanable
markers and Class 1l (<19 bop). We employed primer 3 {Whitehead Institute, Cambridge,
MA, USA) to design left as well as right flanking sequence of the dewccted
microsatellites, Putative information of singletons and conges were detected by compared
with the non-redundant protein using BLASTX program of NCBI (Latched et al., 1997).

RESULTS AND DISCUSSION

We have used powerful SSR finding tools namely MISA (able o detect Sirs
monomer to hexane including compound repeats) and ETRA (Dimmer to above defamer
locator) to detect SSR from consigns, singlet and core nucleotide sequences. We found a
total of 1194 55Rs, in which there are 18 compound type repeats were included wilh
length 20 bp or more. SSRs located were categorized according to their size Class | (220
bpy and Class 1l (<19 bp). Among the 1194 detected SSR, 74 represents Class | and
remaining 1120 belongs to Class Il. The frequency of e55R were calculated 1 S5R at
every 366 bp (total base pair examined 1s 676262). Class | type SSR were found in
papaya genome ab @ frequency of | SSR/E8.T kbp and Class [1 S5Rs were very highly
frequent at | SSR/352 bp, In Class | type dinucleotide (20%) repeats were found to be
more abundant followed by trinueleotide (14%), monomer (9%), and hexamer (9%) and
above decamer repeats (9%), While considering the Class 1 type of repeats pentamer
(35.10%) and hexamer {27%) found to be more abundant than other repeats. Overall
pentamer repeats are seen abundant (51.8%) followed by hexamer (26.2%), monomer
{6:8%), heptamer (4.9%) and dimer (3%) repeats (Table 1), Among the core nucleotide
sequences, a total of 1134 S5Rs (1026 perfect and 108 compound repeats) were found. OF
these dimeric repeats are common and abundant in Class | S5Rs and monomeric were
highly frequent in Class Il SSRs. SSR motifs are grouped into unique classes based on the
property of DMNA base complementarity (Jurka and Pethiygoda, 1995).

We have also found higher order repeats such as above decamer, 12 bp repeats to
30 bp repeats in papaya ESTs. In core nucleotides 1134 S5R sites were observed among
that 221 belong to Class | and 913 helongs to Class 11 Overall mononueleotide (52%),
dinulceetide (30%) were found o be abundant than inueleotide (7%) tetranucleotide
(0.8%) and pentanucleotide (0.53%) repeats. Among the mononucleotide, *A/T" was
accounted 93.3%, Dinculeotide repeat class ‘AG/GA/CT/TC and ‘AT/TA" were frequent
than the other class. Frequency of SSRs in ESTs is reported as 1/11.8 Kb in rice; 1/23.8
Kb in soybean, 1/17.24 Kb in wheat and 1/28.32 Kb in maize (Gao et al., 2003).

Among the dimerism AG/GATC/CT type was more common than other groups in
papaya ESTs. Among the trinucleotide repeats AAG/AGA/GAA/CTTATC/TCT class
were dominant than other trinucleotide classes in papaya. The former class was found to
be most frequent in dicot plants (Kumpatla and Mukhopadhyay, 2005). We have also
located seven higher-level SSR with size 12 to 30 bp. These rare repeats can be potential
markers in detecting polymorphism and mapping studies. Trimeric motifs are abundant in
ESTs of many plant genomes than other types (Gao et al., 2003) whercas, dimerics were
abundant in 38 dicot plants | Kumpatla and Mukhopadhyay, 2005). Our study shows that
pentameric and hexameric repeats are dominant in the individual ESTs and monomeric
patlerns are prevalent in the core nucleotides of papaya, The assembled ESTs were
transiated using BLASTX option and the puiative gene information like zine finger
(ANI1-like) family protein, etc. were obtamed. Present study gives additional
microsatellites from ESTs for use in papaya genome analysis and details are available as
public domain database hutp:/www.riju.mybioscience.com/papayal.
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Table 1. Distribution of different types of SSRs observed in in silico amalysis of papaya
ESTs and core nueleotide,

S5Riype __EST B Core nuicletide

Class  Class  Total  Percentage Class  Class Total Percentape

| 1 (%) I 1l - (%)

Maonoier ¥ 74 al 6.78 4 584 588 51.85
Dimer |5 25 40 315 75 268 33 3024
Trimer 1 F 28 2.34 |4 61 R0 105
Tetramer 4 ] 4 .34 4 ] q 0.79
Pemtamer 1 a7 618 51.76 il ] f 053
Hexamer 7 06 313 2621 i
Heptamer [ 57 SR 4.86
Oectamer 1 |4 14 L17
MNonamer 1 9 ] (.44
Decamer 3 1] 3 0.23
Compound 18 0 18 1.51 08 i 108 9.52
Above 7 ] 7 (.59
decamer -
Total 74 [ 120 1194 221 913 1134
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