Genes, Genomes and Genomics ©2010 Global Science Books

°®

=

Electronic Sorting of SNP/Indel Sites in Expressed
Sequence Tag Libraries of Cocoa (Theobroma cacao L.)

Aykkal Riju' « Vadivel Arunachalam*

1 Aikkal House, Kannur, Kerala - 670564, India
2 Molecular Biology and Bioinformatics Laboratory, Central Plantation Crops Research Institute, Kudlu, Kasaragod, Kerala- 671 124, India

Corresponding author: * v.arundevi@gmail.com or vadivelarunachalam@yahoo.com

ABSTRACT

The objective of this study was to explore the single nucleotide polymorphims (SNPs) in expressed sequence tags (ESTs) of cocoa
(Theobroma cacao L.). We retrieved 6578 EST sequences consisting of seven tissues/libraries from dbEST of National Centre for
Biotechnology Information. SNPs and small Indels (insertion/deletion) were located with the help of AutoSNP. We found a density of one
SNP/166 bp and one Indel/360 bp in cocoa ESTs. Candidate SNPs were categorized according to nucleotide substitution as either
transition (C/T or G/A) or transversion (C/G, A/T, C/A or T/G). We observed a relative increase in the proportion of transversions (1268)
over transitions (950) in bean and leaves and defense related EST sequence libraries. Transversion of G/T (562) (25% of detected SNP)
was predominant in cocoa ESTs. We worked out Shannon entropy to find out the distribution of ten different types of SNPs/Indels. An
online database (http://www.riju.byethost31.com/cocoa/ccsnp.html) was created to enable cocoa workers to freely access the results of the

study.
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INTRODUCTION

Aim of the present study is to mine the expressed sequence
tags (ESTs) of cocoa (Theobroma cacao L.) plant for single
nucleotide polymorphisms/insertion and deletion (SNP/
indel) sites and to work out the Shannon entropy (Shannon
and Weaver 1949) for the 10 types of SNP/indels. We also
intend to develop a user-friendly EST-SNP/indel informa-
tion resource for cocoa researchers.

Cocoa is an important perennial tree of the tropics and
an important ingredient of chocolates and confectionery
dishes. It is a shade loving tree commonly grown as compa-
nion crop in orchards and plantations of coconut and areca.
Cocoa is a diploid species (2n = 2X = 20) with a small
genome size of 380 Mbp (Figueira et al. 1992) which is
about 2.8 times the size of Arabidopsis thaliana (Couch et
al. 1993). The development of DNA-based markers is im-
portant for selection and improvement of varieties and
hybrids in plant breeding programs (Gupta ef al. 2001; Kota
et al. 2003). SNPs including insertion/deletions (indels) can
provide a rich source of useful molecular markers in genetic
analysis. ESTs are small pieces of DNA sequence (usually
200 to 500 nucleotides long) that are generated by sequen-
cing either one or both ends of an expressed gene. The idea
is to sequence bits of DNA that represent genes expressed
in certain cells, tissues, or organs from different organisms
and use these "tags" to fish a gene out of a portion of chro-
mosomal DNA by matching base pairs. ESTs provide re-
searchers with a quick and inexpensive route for disco-
vering new genes, for obtaining data on gene expression
and regulation, and for constructing genome maps. SNP,
pronounced "snip", are one-letter variations in the DNA

sequence which contribute to differences among individuals.

They are the most common form of DNA sequence varia-
tion. They are useful as polymorphic markers to analyze the
diversity and QTL mapping.

Majority of SNPs produce no effect when they occur in
intronic or intergenic regions or as synonymous codon sub-

stitutions in exons. But even a single indel in coding region
can cause frame shift mutations. A single non-synonymous
SNP can convert an amino acid to another which in turn
will lead to subtle differences in countless characteristics,
like appearance, while some affect the risk for certain dis-
eases. SNPs are molecular markers of choice in recent years
for genome mapping and diversity analysis in many crop
plants (soybean - Van et al. 2005; rye - Varshney et al.
2007; cassava - Kauwki et al. 2009). They are used in
human genetics, such as for the detection of alleles asso-
ciated with genetic diseases and the identification of indivi-
duals (Nikiforov et al. 1994). SNPs are invaluable as a tool
for genome mapping, offering the potential for generating
high-density genetic maps, which can be used to develop
haplotyping system for genes or regions of interest (Rafal-
ski 2002a). The low mutation rate of SNPs also makes them
excellent markers for studying complex genetic traits and as
a tool for the understanding of genome evolution (Syvanen
2001). Unlike random amplified polymorphic DNAs
(RAPDs) and restriction fragment length polymorphisms
(RFLPs), SNPs are direct markers because sequence infor-
mation provides the exact nature of the allelic variation.
They are far more prevalent than simple sequence repeats
(SSR) and, therefore may provide a high density of markers
near a locus of interest. One of the limitations of SNPs is
the initial cost associated with their development. Many
cost and time effective technologies have been developed in
recent years for the identification of SNPs in plants inclu-
ding pyrosequencing (Eucalyptus - Novaes et al. 2008), re-
sequencing and in silico methods (review by Ganal et al.
2009).

A variety of approaches have been adopted for the dis-
covery of novel SNP markers. Limited work has been
carried out to examine the occurrence of SNPs in plants,
those results indicated that SNPs appear to be even more
abundant in plant systems than the human genome. Very
high DNA marker densities are needed for identifying DNA
polymorphisms linked to phenotypic and quantitative trait
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Fig. 1 Flowchart of in silico SNP/indel discovery in cocoa.

loci through whole-genome association mapping approaches
and can only be achieved using SNPs, the most abundant
class of DNA polymorphisms (Collins et al. 1998; Aquadro
et al. 2001; Wiltshire et al. 2003). While SSR and indel
markers are versatile and highly portable, and have been
mainstays in molecular breeding and genomics applications
(Taramino and Tingey 1996; Bhattramakki et al. 2002),
SNPs are significantly more common than either and criti-
cal for massively parallel array-facilitated genotyping (Lind-
blad-Toh et al. 2000; Syvanen 2001; Rafalski 2002a, 2002b;
Buckler and Thornsberry 2002; Syvanen 2005).

MATERIALS AND METHODS

The GenBank accession numbers AM 117760 — AM 117768, DN
237949 — DN237957, CK 144293 — CK 144298, CF 972636 — CF
974749 and CA 794213 — CA 798660 were retrieved from dbEST
(http://www.ncbi.nlm.nih.gov/dbEST/) of National Centre for
Biotechnology Information (NCBI). These 6581 (dbEST release
012006) were represented seven tissue/condition libraries such as
bean and leaves, defense related (cocoa leaves), differential dis-
play, immature zygotic embryo, mature zygotic embryo, young red
leaves and somatic embryo. EST sequences were trimmed and
clustered using CAP3 (Contig Assembly Program) server (Huang
and Madan 1999) and the result is given as the input for SNP
detecting perl script, Auto_snp version 1.0 (Barker ez al. 2003). A
cocoa SNP database was constructed using MySQL and the details
are given as Fig. 1.

We have employed Shannon entropy (Shannon and Weaver
1949) for working out an index to compare distribution of 10 pos-
sible categories of SNP/indels in different EST libraraies such as
bean and leaves, red leaves and differentially displayed ESTs. Fre-
quency of each of nucleotide substitutions as either transition (C/T
or G/A), transversion (C/G, A/T, C/A or T/G) and indels (A, T, G,
C) were scored. From this value, proportion (Pi) of occurrence of
each type (nature of transition/transversion/indel) to the total SNP/
indels in each tissue library was worked out. Shannon index (H)
estimates (Shannon and Weaver 1949) have been worked out using
the formula:
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where S is the total number of SNP/indel states (10) and pi
proportion of ESTs in the i type of SNP/indel state.
The calculated value is divided by log,10 to get uniformity.

RESULTS AND DISCUSSION

We retrieved 6581 EST sequences of cocoa from dbEST.
Among these, 4505 ESTs sequences were found to have
sequence similarity with at least one sequence and were
grouped as 784 cluster sequences or contigs. Out of seven
libraries only three (bean and leaves, defense related, and
young red leaves) libraries contains redundant set of ESTs.
We have predicted SNP and indel sites from those libraries.
A total of 2218 SNPs and 1021 indels were discovered in
the present study (Table 1). Candidate SNPs were catego-
rized according to nucleotide substitution as either transi-
tion (C-T or GeA) or transversion (C-G, AT, CoA
or T—@G). We found transversions (1268) as more predomi-
nant than transitions (950) in the cocoa genome. Among the
four types of transversions, the G<T transversion (562)
was found to be abundant followed by the C—T transition.
Indel sites occurred at very high frequencies in all the lib-
raries of cocoa analyzed. Shannon entropy of 10 types of
SNP/indel types varied from 0.73 to 0.98 among three tis-
sues in cocoa with a mean value of 0.97. ESTs of red young
leaves recorded high density of SNPs (71/kb) and indels
(26/kb). The summary of the cocoa SNPs and indels dis-
covered in EST libraries is given as Table 2.

With the development of high-throughput sequencing
technology, large amount of data is being submitted to the
various DNA databases offering scope for data mining for
SNP discovery. Our studies indicate that the density of SNP
in cocoa is 1 SNP/166 bp and that of Indel is 1 indel/360 bp.
Earlier, Coryell et al. (1999) identified 2 SNPs in approxi-
mately 400 bp of sequences in soybean (Glycine max) and
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Table 1 Frequency and type of SNPs/indels in expressed sequences of cacao.

Tissue name No of clusters SNP sites Transitions  Transversions Indels Ts/Tv Frequency of Frequency of
(Ts) (Tv) indels per Kb SNP per Kb

Bean and leaf 424 1261 556 705 943 0.79 437 5.84
Defense Related ESTs 359 935 382 553 70 0.69 2.17 6.13
Young Red leaves 1 22 12 10 8 1.20 25.64 71.42
Total 784 2218 950 1268 1021 0.75 2.78 6.02
Table 2 SNP and Indels in cacao ESTs. cocoa for genome mapping and population genetics applica-
Nucleotide Beanand Defense  Young red Total tions, marker assisted selection (MAS), cultivar identifica-
Substitution Leaves  Related  leaves tion and characterization of genetic resources.

ESTs
crT 293 194 11 498 CONCLUSIONS
G/A 263 188 1 452
Total(Transition) 556 382 12 950 Our findings suggest a nonrandom nucleotide substitution
AT 206 61 6 273 pattern with a strong bias toward transversion mutations.
C/G 118 71 0 189 High shannon’s index estimates (>0.7) indicate the ESTs of
G/T 272 286 4 562 cocoa to undergo almost equal probability of all 10 types of
A/C 109 135 0 244 point mutations (SNP/Indels). The results of the study are
Total(Transversion) 705 553 10 1268 given as an online database ‘CEMID’ to help cocoa resear-
A 233 10 4 247 chers (http://www.riju.byethost31.com/cocoa/ccsnp.html).
C 181 12 3 196 The result of this study has practical implications for cocoa
G 264 21 1 286 breeders as a source of potential SNP /Indel markers after
T 265 27 0 292 validation by Polymerase Chain Reaction. The report also
Total(Indel) 943 70 8 1021 gives location of many putative point mutations in ex-
Shannon index 0.98 0.82 0.73 0.97 pressed sequences of cocoa.

the SNP occurrence was even more frequent in maize (Zea
mays), one SNP approximately every 48 bp and every 130
bp in 3’ untranslated regions and coding regions, respec-
tively (Rafalski 2002a). SNPs occurred at 1.36 SNP/100 bp
in oil palm ESTs (Riju ef al. 2007), 1 SNP/706 bp in apple
(Malus domestica) ESTs (Newcomb et al. 2006), 1 SNP/
130 bp in beet root (Schneider et al. 2001), 1 SNP/45.7 bp
and 1 indel/277 bp in sunflower (Kolkman et al. 2007) and
1 SNP/62 bp in ESTs of clonally propagated, predominantly
out-crossing cassava (Lopez et al. 2005). The density of
SNP in ESTs of cocoa is similar to soybean and maize but
less frequent than sun flower and oil palm. The transition to
transversion ratio (Ts/Tv) was found to be 0.75 (Table 1) in
the cocoa genome. It shows that the nucleotide substitution
is happening towards purine to pyramidine or pyramidine to
purine than transition in bean and leaves and defense related
libraries of cocoa. In general transitions occur at higher fre-
quencies than transversions such as beet root (Schneider et
al. 2001), maize (Batley et al. 2003) and oil palm (Riju et al.
2007). But, Ts/Tv ratio < 1 (more transversions than transi-
tions) was seen in regulatory genes such as endonuclease
reverse transcriptase and Tcl-like transposase (Hale et al.
2009). A recent study on grasshopper genome reveals that
the majority of transitions of cytosine residues are at methy-
lated sites (CpG dinucletoide). After accounting for this
methylation effect, there was no significant difference be-
tween transition and transversion rates (Keller et al. 2007).
Transversions were seen at higher frequencies than transi-
tions in MA (mutation accumulated) lines of genomes of
nematode C. elegans. The much lower Ts/TV ratios observed
in MA-line genomes suggest that, genome wide, transver-
sions might be more susceptible to selective purging than
transitions in C. elegans natural populations (Denvera et al.
2009).

In cocoa, indels occur at high frequency of almost half
the frequency of SNP sites. In case of oil palm, indels oc-

curred at very lower frequency than SNPs (Riju et al. 2007).

Indels may be produced by errors in DNA synthesis, repair,
recombination or be due to the insertion and excision of
transposable elements that often leaves a characteristic DNA
footprint of several nucleotide bases. SNPs mined from
ESTs of cocoa plants affected by witches” broom disease

show potential to tag disease resistance in cocoa (Lima et al.

2009). Our study identifies additional set of SNP markers in
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