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ABSTRACT: Cocoa EST database (CocoaESTdb) is a secondary EST database of cocoa. For database development, 

cocoa EST sequences were retrieved from public domains and classified into twenty major groups based on tissue 

source, developmental stage and  influence of biotic / abiotic  factors. CocoaESTdb presently contains 158739 good 

quality ESTs and corresponding annotations like blast similarity, gene ontology information, metabolic pathways and 

microsatellite based molecular data. CocoaESTdb is available at: http://cocoaestdb.cpcribioinformatics.in/. 
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I. INTRODUCTION 

Chocolate tree Theobroma cacao L., (cocoa) commonly called as “food of the gods”, is a small, evergreen, tropical 

tree, belonging to the family Malvaceae and originated from the tropical rain forest of South America [1]. Cocoa is the 

main raw material for chocolate, cocoa powder and cocoa liquor.  Cocoa is a one of the most important cash crops in 

many tropical countries and many people depend on cocoa plantations for their income. In India, cocoa is mainly 

cultivated as intercrop in arecanut, coconut and oil palm gardens. At present, the demand of cocoa is much more than 

its total production. The sale of cocoa products in chocolate industry has increased because of the nutritional and 

therapeutic qualities of cocoa [2, 3]. Cocoa quality improvement and disease resistance are two important challenges 

for the cocoa growers [4]. 

Expressed Sequence Tags (ESTs) generation from cDNA is fast and cost-effective method for gene discovery and 

gene expression analysis. At present, more than 1,60,000  cocoa-EST sequences, isolated from various tissues and 

various condition are available in public EST database [5, 6, 7, 8].  These  ESTs were annotated as a whole library. 

There is no exclusive  tissue specific or biotic/ abiotic factor wise annotation. With the aim to identify the genes 

expressed in different tissues and under different environmental conditions, we analyzed the ESTs  category wise  and 

developed the user-friendly  database “CocoaESTdb” (available at:http://cocoaestdb.cpcribioinformatics.in/). The 

database serves as  source for cocoa ESTs annotation results, gene ontology, metabolic pathways  and microsatellite 

data.  This database aims accelerate the research in cocoa for identification of genes for quality improvement and stress 

response. 

II. DATABASE DESIGN AND IMPLEMENTATION 

 

Data source: 

Totally 160058 cocoa EST sequences were retrieved from public databases (dbEST and ESTtik) [9, 5] and classified 

into 20 major groups based on the type of source tissue and the influence of biotic and abiotic factors (Table 1). Fifty 

six libraries of cocoa EST sequences, which include 149649 EST sequences were retrieved from ESTtik database and 

10409 EST sequences were retrieved from NCBI-dbEST database. These ESTs are classified based on tissue type, 

http://cocoaestdb.cpcribioinformatics.in/
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developmental stage and influence of biotic / abiotic factors. TheUniProtKB protein information is retrieved and stored 

in MySQL database and used for gene ontology prediction. 

 
EST pre processing and Assembly: 

Poor quality and contaminated regions (vectors, organelles, and low-complexity regions) were trimmed/removed 

using SeqClean (http://compbio.dfci.harvard.edu/tgi/software/) (Parameter for SeqClean: –c 2, -n 2000, -l 100, -x 96 

and –y 11) program embedded with NCBI's UniVec database (http://www.ncbi.nlm.nih.gov/VecScreen/UniVec.html). 

Each twenty EST datasets were processed individually using SeqClean tool and totally 158739 valid sequences were 

obtained (Table 1). Sequence redundancy was removed using CAP3 [10] de novo assembly program with default 

parameter. 

Table 1: Cocoa EST information: source of cocoa EST sequences derived, total number of EST sequences and number 

of valid EST sequences after processing. 

 

S.No Source of Cocoa EST Library Number of Sequence Valid Sequence 

1 Bark tissue 3478 3461 

2 Callus tissue 3434 3428 

4 Chemical treatment 2121 1854 

5 Cortex tissue 8913 8901 

6 Development stage 16913 16478 

7 Drought stress 5451 5427 

8 Germination seed 16515 16460 

9 Moniliophthora perniciosa affected 12285 12182 

10 Moniliophthora roreri affected 6233 6191 

11 Phytophthora megakarya infected 6373 6349 

12 Phytophthora palmivora infected 14831 14741 

13 Pollinations 25905 25817 

14 Root 3567 3564 

15 Sahlbergella singularis 4724 4711 

16 Seed 14059 13988 

17 Stem 4938 4923 

18 Testa 4005 3993 

19 Tricoderma 32 32 

20 Young cushions 2849 2824 

 
Similarity search: 

UniProtKB/Swiss-Prot protein sequences were retrieved from UniProt database [11] and stand alone UniprotKB 

blast database was created using formatdb program. BlastX [12] search was carried out for each dataset of assembled 

ESTs against (e-value e
-10

) uniprot protein sequence database and the results were saved in tab separated table format. 

Likewise each EST datasets were Blast searched against with available cocoa genome information. 

 
Gene ontology analysis: 

Gene ontology was predicted using locally developed stand alone Gene Ontology Analysis Tool (GOAT) using (e-

value e
-20

) standalone UniProtKB protein information database. Graphical representations of results (pie chart and bar 

diagram) were generated using Python-Matplot module (Fig. 1c, d, e). 
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Fig. 1: Overview structure of CocoaESTdb. a) cocoaESTdb front page; b) Annotation information of bark tissue ESTs; 

c, d, e) Grapical representation of gene ontology result; f) KEGG based pathway map 

 

Metabolic pathway analysis: 

Each dataset of EST was searched against KEGG metabolic pathway database [13, 14] and the resulted pathway 

gene information were stored in MySQL database management system  . User can view metabolic pathways (Fig. 1f) 

and download the KEGG orthology for the individual EST dataset. 

 

SSR analysis and Primer designing: 

All the twenty EST datasets are analysed for SSRs. EST - SSRs were identified using MISA (MIcro Satellite 

Analysis tool) (http://pgrc.ipk-gatersleben.de/misa/) programme. Monomers with at least 10 repetitions, dimers with 
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minimum six repetitions and trimers, tetramers, pentamers and hexamers with minimum five repetitions were 

considered as valid SSRs. SSR specific primers were designed using Primer3 software [15]. User can download the 

result of the SSR containing sequences. SSR information and SSR primer in particular EST dataset. 

 

Database development: 

The front end of the database was created using HTML, CSS and Javascript (Fig. 1a). The back end programs were 

developed using PHP, Perl and Python. MySQL database management system was used as back end database. This 

database is updated twice in a year or updated based on the availability of cocoa EST sequences in public domain. 

III. CONCLUSION 

CocoaESTdb provides cocoa EST specific annotation information like similarity, gene-ontology, metabolic pathway 

and microsatellite based molecular data. CocoaESTdb stands as a comprehensive source of cocoa specific ESTs and 

corresponding annotation information for to accelerate the plant breeding programs for cocoa crop improvement. 

CocoaESTdb is available for user access at: http://cocoaestdb.cpcribioinformatics.in/. 
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