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Abstract

Jute (Corchorus spp.) is the second most important fibre producing plant. Till date the study of jute at the molecular
level has been very brief. Here we report the result of bioinformatics analyses of two jute Simple Sequence Repeat
(SSR) libraries. The analysis reveals presence of nuclear, chloroplast and mitochondrial genes related to signalling
pathway, metabolic and functional processes of jute biology. We have also verified experimentally some of the

assemblies predicted by bioinformatics analysis.
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Introduction

Jute (Corchorus spp.), classified in the Magnoliophyta
division, Magnolopsida class, Malvales order and
Malvaceae family, is a major fiber of Bangladesh
(Hossain et al., 2003) and is one of the major fibre
crops of the Indian subcontinent alongside cotton
(Basuet al., 2004). Despite wide range of applications
of jute and jute derived products (Ahmed and Nizam,
2008), study of jute at molecular level has been very
brief. Molecular study of jute carried out till date
includes genetic analysis of jute using different
molecular markers e.g. RAPD, AFLP, chloroplast-
SSR, SSR, STMS and ISSR (Hossain et al., 2002a,b;
Qi et al., 2003 a,b; Basu et al., 2004; Roy et al., 2006;
Akter et al., 2008; Mir et al., 2008) and construction of
genomic and cDNA library followed by subsequent
sequencing of randomly selected clones (Islam et al.,
2005; Wazni et al., 2007).

The number of genes or portion of genes identified
so far in jute is very limited. Islam et al. (2005)
reported sequences of 15 jute genomic and cDNA
clones which had significant similarity to Arabidopsis
genes. Wazni and co-workers (2007) reported 16 ESTs
showing significant similarity to Arabidopsis or other
higher plant genes. Both the studies took the approach
of homology based gene prediction and revealed genes
which might be involved in a number of metabolic and
stress related pathways. A computational and
experimental approach for developing jute ESTs from
genomic clones have been proposed recently (Ahmed
et al., 2009).
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The two widely cultivated self pollinating species of
jute, Corchorus capsularis L. and C. olitorius L.,
(Sarker et al., 2007) have very limited genetic diversity
(Basu et al.,, 2004) and the production, quality and
yield of these economically important crops is effected
by several biotic e.g. fungi, pest, insect, nematode,
virus, mite (Ghosh, 1983; BBS, 2004; Keka et al.,
2008) and abiotic factors e.g. salinity, submergence
and low temperature (Hossain et al., 2003b; Sarker et
al., 2008). To determine molecular markers which are
linked to different biotic and abiotic stresses, two
different jute SSR libraries were developed from
C.olitorius variety O-4. The library constructed by
Khan and her group (Akter et al., 2008) contained 157
clones, while the library prepared by Gupta’s group
(Mir et al., 2007) had 208 clones. All these clones were
subsequently sequenced. Although the main objective
of the SSR library development was potential use as a
starting point for identification of markers linked to
different desirable traits which could be economically
important, presence of the sequence data of 365 clones
from the SSR libraries inspired us to carry out
bioinformatics analyses to determine the plausible
functional or regulatory sequences. We searched for
protein coding genes (using both ab initio and
homology based prediction methods), microRNA, CpG
island. Our analyses revealed 103 (double positive in
ab initio gene prediction and double negative ab initio
gene prediction but positive in blastn or blastx or EST
blast protein coding (Table 1), one rRNA, genes. No
microRNA was found. The analyses also revealed
seven CpG islands.
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Fig 1. Gel run of Contigs 1, 2, 5, 7, 12, 13, 14, 16, 25, 41, 54, and 60. Amplified bands of Conigs 1, 5, 12, 54
and 60 showed desired sizes, confirming assembly. Boxed bands are of expected size.

Materials and Methods

Assembly of raw sequences: The sequences of two
different SSR libraries were cleaned of vector
sequences using VecScreen (http://www.ncbi.nlm.
nih.gov/VecScreen/VecScreen.html), assembled based
on their overlaps using CAP3 (Huang and Madan,
1999). All the assembled contigs and singletons were
analyzed for the presence of protein coding genes,
rRNA, tRNA, snoRNA genes, miRNAs, LTRs, CpG
islands. Unless otherwise mentioned, the tools/software
were used with default parameters.

Gene prediction: Both software based and homology
based gene prediction methods were employed.
Sequences were analyzed by GENESCAN (Burge and
Karlin 1997; Burge and Karlin 1998) and geneid (Parra
et al., 2000; Blanco et al., 2002) using Arabidopsis as
reference organism for gene prediction. Homology
based gene prediction was done using nucleotide blast,
blastx and EST blast (http://blast.ncbi.nlm.nih.
gov/Blast.cgi). Blast hits were used in functional
annotation of the predicted genes.

CpG island search: CpG island search was carried
out using CpG finder from SoftBerry (http://linux1.soft
berry.com/all.htm).

LTR Search: LTR search was carried out using tool
developed by Xu et al.(Xu and Wang, 2007) .

miRNA prediction: miRNA precursors were
predicted using findMiRNA from SoftBerry. Candidate
miRNA homologues from these predicted precursors
were identified using microHarvester (Dezulian et al.,
2006).

Assembly verification: Assembly verification was
carried out by designing assembly verification primers
from regions flanking the overlapping segments. The
designing was carried out wusing Primer3Plus
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(Untergasser et al., 2007). Presence of desired sized
bands upon PCR of genomic DNA using the desired
primers confirmed the assembly. The genomic DNA
was extracted from C.olitorius O-4 seeds by CTAB
method (Murray and Thompson, 1980). 35 cycles of
amplification was carried out using standard PCR
procedure. PCR products were run in 1.5% agarosge
gel, ethidium bromide stained and visualized under
UV-transilluminator.

Table 1. Summary of assembly and gene prediction

Total number of sequences 365
Contigs 71
Singletons 118
Genescan positive 80
Geneid positive 138
Both positive 80
blastn positive 83
blastx positive 92
EST blast positive 37
Both positive but no blast match 25
Both negative but blast match 23
Only EST 7

Results

The two sequenced SSR libraries had a total of 365
sequences. It was hypothesized that some of these SSR
clones were overlaps which could be assembled to get
SSR contigs. The sequences of the clones were masked
for vector sequences by VecScreen (http://www.ncbi.
nlm.nih.gov/VecScreen/VecScreen.html) and assembl-
ed to 71 contigs (SSR C1 to SSR C71) using CAP3
(Huang and Madan, 1999) from Mobyle portal
(http://mobyle.pasteur.fr).



Table 2. Function prediction of identified genes. Double positive in gene prediction and at least two blast positive are only listed in the table.
N/A stands for No significant match was found.

Sequence Blastn Blastx Blast EST Molecular Function Biological Process Organism
SSR C1 26S rRNA Cytochrome P450/ healthy Prunus persica cDNA,  Unspecific Metabolism (Xenobiotic ) (Sugiura Arabidopsis thaliana
Cytochrome P450 mRNA sequence monooxygenase (EC et al., 1996) Nicotina tabacum
monooxygenase 1.14.14.1)
SSR C5 Jute SSR Disease resistance N/A Disease resistance Signalling (Slater et al., 2003) Arabidopsis thaliana
protein (Bakker et al., 2006)
SSR C7 Jute SSR Amidohydrolase Amidohydrolase family Carboxypeptidase Proteolysis (Harris et al., 2004) Robiginitalea biformata
family enzyme enzyme (Harris et al., 2004) (bacterial)
SSR C12 Jute SSR kelch repeat- AGN_PNL231df1_f8.trimmed. Ser/Thr phosphatase Plant development Arabidopsis thaliana
containing seq AGN_PNL Nicotiana activity (Harris et al., (Swarbreck et al., 2008)
serine/threonine tabacum cDNA 5', mRNA 2004) Signalling (Harris et al., 2004)
phosphoesterase sequence.
family protein
SSR C13 Jute SSR GrpE protein N/A Chaparone, nucleotide Flavobacterium johnsoniae
exchange factor in UwW101
prokaryotes, homologue
present in At
mitochondria (Padidam
et al., 1999)
SSR C14 Jute SSR hypothetical protein N/A N/A Magnetospirillum magneticum
amb4270 AMB-1 (bacterial)
SSR C16 Jute SSR Phosphomanno- N/A N/A Pedobacter sp. BAL39 (Bacterial)
mutase Presence of PMM is reported in
Arabidopsis thaliana, Nicotina
tabacum (Weiqiang Qian, 2007)
SSR C21 Jute SSR CCHC-type integrase N/A RNA binding or single-  Signaling of cell cycle (Clay and Populus trichocarpa
stranded DNA binding Nelson, 2005)
(Clay and Nelson,
2005)
SSR C25 Vitis vinifera aspartate transaminase ~ N/A Role in Erwinia Probably member of R family genes, Malus x domestica
shotgun amylovora signalling
Infection (Unpublished,
from NCBI accession)
SSR C30 N/A Serine/threonine GH_TS_02-01- Ser/Thr phosphatase signal transduction, cell cycle Oryza sativa

protein phosphatase
2A

15R_DO05_InvR_10Feb04_041
_F Stem - 3-5 weeks after
planting Gossypium hirsutum
cDNA, mRNA

activity (Harris et al.,
2004)

progression, and hormonal
regulation in plants (Smith and
Walker, 1996) Uniprot
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SSR C31

SSR C41

SSR C42

SSR C54

SSR C60

SSR C63

§-53-M13F

j-62-M13F

j-122-MI3F

N/A

contig
VV78X15997
0.6, whole
genome
shotgun
sequence
Vitis vinifera
Phosphorenol
pyruvate
carboxylase

Vitis vinifera
WGS contig

Vitis vinifera
WGS conting

N/A

Vitis vinifera
contig
VV78X06912
29

1QDS5 (IQ-domain 5);
calmodulin binding

DNA-binding protein
phosphatase 2C

N/A

Translation initiation
factor IF-2

DEGPY (DEGP
PROTEASE 9);
serine-type peptidase/
trypsin

retroelement pol
polyprotein-like
Nucleoporin
interacting component;
Protein
prenyltransferase

ATP synthase CFO C
subunit

ribosomal protein S8

GA__Eb0015L20f Gossypium
arboreum 7-10 dpa fiber
library, Gossypium arboreum
cDNA clone
GA__Eb0015L20f, mRNA
sequence

HO04_F3_032 Cotton 1-14 day
post anthesis Lambda Zap
Express Library Gossypium
hirsutum cDNA, mRNA
sequence

H_H11_HO07_15 H Rosa hybrid
cultivar cDNA clone H11HO07,
mRNA sequence

N/A

N/A

"Methyl Jasmonate-Elicited
Root Cell Suspension
Culture Medicago truncatula
cDNA"

"3 weeks after
planting Gossypium hirsutum
cDNA"

Cotton fiber 0-10 day post
anthesis Gossypium hirsutum
cDNA

Calmodulin binding
(Harris et al., 2004)

Serine/threonine
specific protein
phosphatase

Phosphoenol pyruvate
carboxylase activity

Translation initiation
factor activity

Serine type peptidase
(Harris et al., 2004)

Viral proteins

Transport

Hydrogen Ion
Transporting ATP
Synthase activity
(Harris et al., 2004)
Chloroplast ribosomal
protein (structural
constituent ) (Shaw et
al., 2007)

Signaling (Ca”* sensor) (Zielinski,
1998; Golovkin and Reddy, 2003;)

ABA signaling, stress response
(Meyer et al., 1994; Knight and
Knight, 2001)

Photosynthesis (C, & CAM Plants)

(Chollet et al., 1996; Izui et al.,
2004)

Tri-Carboxylic Acid cycle (Harris et

al., 2004)

Protein synthesis (Lee and Young,

2000)
Proteolysis (Harris et al., 2004)

Nuclear transport (Allen et al.,

2001) Protein-Protein Interaction
(Protein Prenyltransferase Activity),

Protein Membrane Interaction
(Maurer-Stroh et al., 2003;
Sinensky, 2000), Signaling
(Chakrabarti et al., 1998;
Chakrabarti et al., 2002)

ATP synthesis coupled proton

transport (mitochondrial) (Harris et

al., 2004)

Translation (Harris et al., 2004)

Arabidopsis thaliana

Ricinus communis

Ricinus communis

Arabidopsis thaliana

Arabidopsis thaliana

Arabidopsis thaliana

Medicago truncatula

Nicotina tabacum

Hibiscus macrophyllus
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Table 3. Assembly verification primers and expected size of PCR product.

™

Name Sequence ©C) Size
Contigl_RX?26.5.09 5’- GCC GAA ACTCCC ACTTATACTA -3’ 62.7 494 bp
Contigl_FX26.5.09 5'-ATC AGG TCT CCA AGG TGA ACA-3' 60.6
Contig2_RX26.5.09 5'-CTA GTT TCC CTG CGT CTG CTA T-3' 62.7 813 bp
Contig2_FX?26.5.09 5-TTT CCT TCA AAC CTC AGC ATT T-3' 571
Contig5_RX26.5.09 5'-AGA AAC ACA ATG GAA GGC ACA T-3’ 58.9 351 bp
Contig5_FX26.5.09 5'-ATG GAA GCA CTT GGA AAG CTG-3' 60.6
Contig7_RX26.5.09 5'-GCA TTT TAT GTT GGG CAT GG-3’ 58.4 686 bp
Contig7_FX26.5.09 5'-CTG ATT GGA TTC ACC AGG AAA-3' 58.7
Contigl2_RX26.5.09 5'-GGT AGC AGC CAA CCT GAT ATT T-3’ 60.8 464 bp
Contigl2_FX26,5.09 5'-TTG CGA TAA AAC TTA ATG GGT CT-3' 57.4
Contig13_RX26.5.09 5'-AAT TTC GGC AGC ATC AGC AT-3’ 58.4 325 bp
Contigl13_FX26.5.09 5'-AGA ATT AAG TGT TGA GGA GCA ATT AG-3' 59.9
Contigl4_RX26.5.09 5'-AAC AGT GCC GTT TGA ATT GAGT-3’ 58.9 784 bp
Contigl4_FX26.5.09 5-ATA TTG TCG ATG GCT GTG C-3' 58.0
Contigl6_RX26.5.09 5'-CGT GAT GTA ACG AAA GCC ATA AC-3’ 61.0 261 bp
Contigl6_FX26.5.09 5'-GAG ATG TAG TAT TCC GGG TAG GTG-3' 64.6
Contig25_RX26.5.09 5'-CTA AAC TAT TTG GAG CAT TCT GTGC-3 61.3 670 bp
Contig25_FX26.5.09 5'-CTC GAA TCG GAT GAC'CCT TAT-3' 60.6
Contigd1_RX26.5.09 5'-TGG CCT CTA CCA CTT TAT CTA AC-3’ 61.0 688 bp
Contigd1_FX26.5.09 5'-GTG ATG GAA TAT GGG ATG TTT-3' 56.7
Contig54_RX26.5.09 5-TTA AAT GTT TCA CCA AAG ACAT-3' 534 656 bp
Contig54_FX26.5.09 5'-CTA CTA ACC CAG AAA GAG TCA TGC-3' 62.9
Contigb0_RX26.5.09 5'-GGG AGA AGA GAA ATC CTA ACATCC-3’ 62.9 957 bp
Contigb0_FX26.5.09 5'-GCT ACC TGA TTC TAC ATT GGT CTA CA-3’ 63.0

142 sequences (singletons) were not included in the
assembly since they did not have significant overlap
with other sequences. These sequences were further
analyzed for functional annotation using bioinformatics
tools.

Gene prediction: Both GENESCAN and geneid
predicted the presence of genes in 80 of 213 sequences
(contigs and singletons). Of these, 19 had at least two
blast matches (any two of blastn, blastx or blastEST).
These blast matches were used to assign their functions
(Table 2).

CpG island: Of 213 sequences, seven sequences
(SSR CI1, SSR Cl14, j-28-M13F, j-31-M13F, j-38-
M13F, j-44-M13F, j-125-M13F) had CpG islands and
all of them were positive for gene prediction tools
(Genescan, geneid) with at least single blast positives.

LTR Search: No LTR was detected.

miRNA search: No microRNA was detected.

Assembly verification: Based on the presence of genes
within the assembled contigs, twelve of them were
selected. A list of the selected contigs, designed
primers and their respective size of bands expected are
given in Table 3. Upon PCR of these 12 contigs using
assembly verification primers, five (Conigs 1, 5, 12, 54
and 60) showed desired size bands, thus verifying the
assemblies (Figure 1).
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Discussion

Although gene density within SSR is significantly low
compared to other genomic regions (Akagi et al., 1996;
Cardle et al., 2000), a number of studies successfully
developed SSR markers from EST libraries of different
multicellular organisms (Téth et al., 2000; Rohrer
2002; Chagné et al., 2004; Gao et al., 2004; Slate et al.,
2007;). Studies on human and other mammalian
genome revealed that signalling and communication
genes, transcription factors and protein kinases are rich
in microsattelites (Hancock and Simon 2005; Sharma
et al.,, 2005). Although the size of the sequences
analyzed were statistically too small to draw specific
conclusion, presence of eight signalling associated
proteins among fourteen predicted nuclear proteins
were suggestive of a similar pattern in jute (Table 2).
Yet the analysis of completely sequenced dicot genome
(Arabidopsis) failed to reveal statistically significant
enrichment of genes to specific GO category (Lawson
and Zhang, 2006). Thus it is possible that the observed
high frequency of signalling proteins might be a
random occurrence.

Of the nineteen predicted genes, five showed
similarity to bacterial genes. Endosymbiotic origin
theory of cell organalles predicts the presence of genes
similar to prokaryotes in both mitochondria (Bonen
and Calixte, 2006) and chloroplast (Gould et al., 2008).
In fact, two of the five proteins showing similarity to



bacterial proteins gave significant matches with dicot
mitochondrial genes (SSR C13 and j-62-M13F).
However, it cannot be ruled out that these sequences
might be contaminations arising from symbiotic or
other forms of associated bacteria which might have
been present in the jute seed coat (source of DNA for
the SSR library construction).

One interesting finding of this study is that jute SSR
sequences are more likely to give positive hits with
Vitis whole genome shotgun sequence compared to
Arabidopsis in blastn. Phylogenetic analysis of
different rosids reveals that jute (Malvales) is more
related to Arabidopsis (Brassicales) than to Vitis
(Vitales) (Group, 2003; Judd and Olmstead 2004;
Wang et al.,, 2009). Genomes of both Arabidopsis
thaliana (Initiative, 2000) and V.vinifera (Jaillon et al.,
2007) have been sequenced and are publicly available.
Thus based on phylogenetic relationship it is expected
that in blastn, Arabidopsis sequence should appear
more commonly than Vitis sequence. One possible
explanation can be the significantly lower rate of
change in the Malvales clade than in its Brassicales
counterpart. If the rate of change is also lower in
Vitales clade, it is possible that the observed similarity
is due to both being more similar to the latest common
ancestor of the rosid group. Although, to our
knowledge, there has been no extensive genome wide
analysis of lineage specific mutation rate heterogeneity
till date, theoretical analysis supports the possibility of
different optimal mutation rate across different taxa
(Kondrashov 1995a,b; Baer et al., 2007). It is to be
noted that mutation rate heterogeneity across taxa in
plant mitochondrial genome (Palmer et al., 2000;
Parkinson et al., 2005; Sloan et al., 2008), chloroplast
genes (Gaut et al., 1992; Clegg et al.,, 1994) and
selected plant nuclear genes (Clegg et al., 1997) has
been reported. Soltis et al.’s (2002) integration of fossil
data with molecular data also suggests rate
heterogeneity among higher plants. An alternate
hypothesis is that the large grapevine genome (487
Mb) (Jaillon et al., 2007) gave more random matches
than Arabidopsis (125 Mb) (Initiative, 2000). But this
cannot explain higher frequency of grapevine hits in
predicted protein coding regions (Table 2). Larger
eukaryote genomes contain greater amount of
repetitive  DNA sequences (Flavell et al., 1974;
SanMiguel et al., 1996; Hake and Walbot, 1980).
Ramsay et al. (1999) found intimate association
between certain regions of retrotransposon and
repetitive elements. Since both jute (1250 Mb) (Mir et
al., 2008) and Vitis have relatively large genome size
compared to Arabidopsis genome, it is possible that the
observed similarity was due to repetitive regions of the
two genomes. Again, this cannot explain single
retroelement associated protein among the nineteen
predicted proteins (Table 2).

GENSCAN and geneid predicted presence of gene
in each of the seven CpG island containing sequences.
SSR C1 and C14 had at least two different blast type
matches (Table 2). Other five CpG island positive
sequences also had single blast type match (data not
shown). It has been known that CpG islands play vital
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role in regulation of gene expression in different plants
(Gutiérrez-Marcos et al., 2006; Feil and Berger, 2007).
Thus, it’s possible that these CpG islands play
regulatory roles in expression of these genes.

Of the twelve selected contigs, five had bands of
expected sizes after amplification. It is possible that the
contigs which did not give desired sized bands actually
do not exist, i.e. the reads assembled into contigs were
not actually part of that contig. Alternatively it is also
possible that the primer pairs failed to amplify desired
segment at the reaction condition.

The size of the study was very limited to draw any
definite conclusion. Yet the study gave us an insight of
jute at the molecular level. Further study of jute
genome is required to unravel the molecular story of
this commercially important fibre producing plant.
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