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ABSTRACT

Long Terminal Repeat (LTR) retrotransposons make up a significant part of eukaryotic
genomes and play an important role in plant genome evolution. Jute is an important fiber
crop, and the Jute genome, consisting of 1,250 Mbps, is largely unexplored. In this study an
attempt was made to identify and characterize the LTR retrotransposons of the Jute genome
Chorchoru solitorius in order to understand the genome better. The Reverse Trancriptase
domain of Tyl-copia and Ty3-gypsy LTR retrotransposons of Jute were amplified by
degenerate primers. The sequences were analyzed and clustered into groups. Reverse
transcriptase PCR was used to analyze any transcriptional activity. Sequence analysis showed
a higher heterogeneity among Tyl-copia retrotransposons than Ty3-gypsy retrotransposons.
One of the groups of retrotransposon Ty1-copia was found to be transcriptionally active. As
the LTR retrotransposons constitute a large portion of the Jute genome, the findings of this

study suggest the importance of these elements in Jute genome evolution.
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1. Introduction:

1.1 General overview of Jute

Jute is a long soft shiny vegetable fibre, produced from the Corchorus plant. The fibre is spun
into coarse, strong threads and used for a variety of commercial purposes. The jute fibre is
composed of cellulose and lignin, so it is a partially textile fibre and partially wood. It is known
as a bast fibre, as the fibre originates from the bast or skin of the plant. The fibre is an off white

to brown colour, and range from to 3-12 feet long.

There are two main types of Jute, White Jute (Corchorus capsularis) and Tossa Jute (Corchorus
olitorius). White Jute has been mentioned historically as being used to make clothes for poor
villagers using handlooms ( Ain-e-Akbari, Abul Fazal, 1590) as well as being used in Bengal and
other parts of India for ropes and twines. Tossa Jute, the Afro-Arabian variety, has been
mentioned in the Hebrew Bible. Silkier, softer and stronger than white jute, it grows well in the

humid climate and alluvial soil of the Gangetic Deltaic regions.

1.2 Properties of Jute

Jute is one of the strongest as well as one the cheapest of all natural fibres, and is the second most
important vegetable fibre after cotton in terms of usage global consumption, production and
availability. It is also the most versatile of natural fibres, being historically used for packaging,
textiles, non-textiles, construction and agricultural sectors.The properties of its high tensile
strength, low extensibility, low thermal conductivity, as well as its biodegradable, recyclable and
environmentally friendly properties mean that it has potential for a number of uses. It has good
acoustic insulating properties, manufactures with no skin irritations, and has the flexibility to
blend with range of other synthetic and natural fibres, and to accept cellulose dyes like natural,
basic, vat, sulfur reactive and pigment dyes.



1.3 History of Jute

Historically Jute has been an important part in the culture and economy of southwest Bangladesh
and parts of West Bengal. In the 19" and early 20™ century during the time of the British Raj, raw
jute was sent to the United Kingdom where it was processed in mills in Dundee. Margaret
Donnelly, who was a jute mill landowner, set up the first jute mills in Bengal in the 1800s.
Before the use of nylon and polythene, jute was used widely world-wide. The export of jute from
the then East Pakistan, was one of the primary sources of foreign exchange for Pakistan. The jute
industry faced a decline due to introduction of a variety of synthetic materials.

1.4 Jute and Bangladesh

The Jute industry is the second largest employer in Bangladesh; it directly and indirectly provides
livelihood to 35 million people. It is the third largest source of foreign exchange for Bangladesh.
Bangladesh is the largest cultivator of Jute in the world, and India is the largest exporter of jute
goods.

1.5 Jute and the Global scenario

Recently there are signs of jute regaining its economic importance. With the current consumer
demand for reduction of the hazardous health and environmental effects of synthetics, there is
increasing demand for the use of traditional jute goods, as well as jute in other diversified forms.
Natural jute fibres are being substituted increasingly in a range of industries, including paper,
celluloid products, non-woven textiles, composites (pseudo-wood), and geotextiles. Geotextiles
for example are lightly woven fabrics used to prevent soil erosion, for seed protection, weed
control and other agricultural and landscaping purposes. The biodegradable nature of jute is very
well suited to this. It is also used to produce climate neutral bags; bags which are committed to
reduce Co2. The cellulose in the jute plant produced from the inner woody core or parenchyma of
the jute stem could also be used as an effective wood substitute. The recent development of the
use of jute in car manufacturing in the automobile industry is example of the kind of huge

potential future opportunities there are for use of jute (www.jute.org).



1.6 Molecular biology of Jute

With the growing importance and re-emergence of Jute as an economically promising product,
there is a need to understand the Jute plant at the molecular level in order to best avail the
considerable economic potential of jute. With climate change there is a need to find ways to
enable jute to grow in the increasing challenging conditions of land availability, temperature
change and increased salinity, in order to maintain and increase its yield, and to enable its
diversification for a variety of commercial uses. This study aims to contribute to the
understanding of jute at the molecular level by looking at the role of retrotransposons in Jute,
which take up about 19% of the Jute genome.



2. Literature Review:

Transposons or mobile genetic elements are an important component of eukaryotic and plant
genomes. Retrotransposons are the largest type of such transposable elements. Even though they
are ubiquitous in plants, their presence varies considerably. For example retrotransposons are
only 5.5% of the genome of Arabidopsis thaliana but constitute 50% of the genomic content of
Zea mays.

There are various classes of transposons. Retrotransposons belong to class I element of
transposons. This classification is based on their method of transposition and propagation.
Retrotransposons are one of two groups of transposons that multiply using an RNA intermediate.
They are transcribed into RNA, are reverse transcribed and then are reintegrated into the genome.
Retrotransposons are divided into further subclasses; one of which are Long Terminal Repeat
(LTR) retrotransposons. These LTR transposons contain long terminal repeats at both ends of
their sequences. The LTR transposons are further sub-divided into two groups: Tyl-copia and
Ty3-gypsy both of which have the pol gene which consists of four domains: protease, integrase,
reverse transcriptase and ribonuclease H (RNase H). The LTR groups Tyl and Ty3 are classified

depending on the order of these domains within the pol gene.

The important role of retrotransposons in determining the size of plant genomes, and their
evolution due to the transposition or proliferation of retrotransposons via reverse transcriptase, is
generally acknowledged (Wessler et al, 1995). In fact the maize genome, consisting of 2400
mega base pairs includes at least 70% retrotransposons belonging to Tyl-copia, Ty3-gypsy and
LINEs groups, with variable copy number (SanMiguel et al, 1996; Ma and Bennetzen 2004). It
has also been suggested that retrotransposons in the course of their coevolution with host

genomes, have acquired various functional roles (Kidwell and Lisch 1997).

Tyl-copia retrotransposons have been isolated and characterized in many monocotyledons
(Hirochika er al 1992, 1996) and dicotyledons (Flavell et al, 1992b; Pearce et al. 1996a; Yanez et
al 1998; Asi'ns et al 1999; Villordon er al 2000); they have been studied in rice, maize,



Arabidopsis, wheat, rye, soybean, barley, tobacco, tomato, potato, citrus, strawberry among
others. There has also been characterization of Ty3-gypsy retotransposons in plants like rice,
maize, citrus and cotton (Su and Brown 1997; Friesen ef al 2001; Bernet and Ass’ns 2003; Zaki
and Abdel Ghany 2004).

Retrotransposons are important factors in the evolution of plant genomes, due to their role in
chromosomal rearrangements, which result in alteration of gene regulation and function. Despite
the fact that a large portion of plant retrotransposons are thought to be transcriptionally inactive,
there are studies which have shown their differential expression under various stages of
development and under certain biotic and abiotic stress conditions. In fact, it seems that the
expression of retrotransposons in plants and other eukaryotes is regulated (Kumar and Bennetzen,
1999). During normal development retrotransposons seem to be silent in many plants, possibly a
mechanism developed to minimize the possible deleterious effects of retrotransposons on host
genome. However under biotic and abiotic stress conditions many plant retrotransposons are seen
to be transcriptionally active (Tahara et a/, 2004; Muthukumar and Bennetzen 2004; Hirochika ef
al 1996).

2.1 Why Jute?

Jute (Corchorus spp.) is an important source of a natural fibre, well known for its high tensile
strength, biodegradability and resistance to heat. Jute is second only to cotton in the world’s
production of natural fibres (Roy A., 2006). Even though it has significance due to being an
important cash crop, molecular research on jute is minimal. Only 1,210 sequences have been
deposited in GenBank.

2.2 Overview of Jute

Jute fibre essentially is produced from two species; white Jute (Corchorus capsularis) and Tossa
Jute (Corchorus olitorius). These two species have distinctly separate growth habitats, branching
methods and characteristics; such as leaf, flower, fruit, seed, best fiber and photosensitivity (Basu
A. et al, 2004).



2.2.1 History

White Jute is thought to originate from Indo-Burma or South China, while Tossa is thought to
originate from Africa. The word Jute may come from the word Jhuta or jota, from Orrisa.
Interestingly the use of ‘Jutta potta’ cloth has been mentioned both in the Monushanghita-
Mahabharat and the Bible, which indicates the use of jute in ancient times. There is also mention
of the trading of jute cloth in the 16™ century where Ain-I-Akbari (1590) mentions that jute sack
cloth originated from Bengal.

2.2.2 Physical properties:

An annual shrub, the jute plant reaches a height of about 9-10 feet under normal conditions, and
is sparsely branched. It bears light green arrow-shaped leaves and small yellow flowers which
bloom singly or in clusters. Both species C.capsularis and C. olitorius are mostly self-pollinating;
with seeds that are small and numerous (Janik et al, 1974).

2.2.3 Structure of Jute: The Jute and Jute allied fiber (JAF) stems are made up of the epidermis,
cortex, large phloem, cambium, wide xylem or wood, and central pith tissues. The phloem is the
most important part of the plant, as it is the thickened phloem tissue fibres which are extracted
after disintegration of the other tissues through retting for commercial use. Jute is known as a
best fiber, whereby the fiber is collected from the bast or skin of the plant. Other such bast fibers
are kenaf, industrial hemp, ramie and banana fibers (Janik er al, 1974).

2.2.3.1 Taxonomy

Jute has fourteen diploid chromosomes, hence seven pairs of chromosomes (Hossain M.B. ef al,
2003). Jute is a soft, long, shiny plant fiber composed largely of cellulose and lignin (Hossain
MB. et al, 2002). The Kewensis mentions over 170 Corchorus species names (Edmonds
JM.1980).

Taxonomical classification:
Domain: Eukaryota
Kingdom: Plantae

Division: Magnoliophyta



Class: Magnoliopsida
Order: Malvales
Family: Malvaceae

Genus: Corchorus

The world’s leading producers of Jute are India, Bangladesh, China and Thailand, with
Southwest Asia and Brazil also produces Jute. It is used in packaging, agriculture, quality
industrial yarn, fabric, net and sacks (http://banglapedia.net).

2.3 Molecular biology research on Jute

There are only a few studies available on jute at the molecular level as below:

2.3.1 Analysis of Genetic Diversity

Molecular marker based techniques have been used to characterize the genetic diversity of jute,
although there is potential for much more work to be done in this area. By using Random
Amplified Polymorphic DNA (RAPD) marker, the genotypes of 9 different varieties and 12
accessions of jute cultivars from both species, Corchorus olitorius and Corchorus capsularis
were explored, using the germplasm collection at the Bangladesh Jute Research Institute (BJRI)
(Hossain MB er al, 2002). Twenty nine arbitrary oligonucleotide primers were screened, whereby
polymorphisms were detected by 7 primers within the varieties and 6 within the accessions.
Using RAPD and AFLP (amplified fragment length polymorphism), fingerprints to generate
polymorphisms between cold sensitive and cold-tolerant accessions have also been carried out in
Bangladesh, whereby 5 out of 30 arbitrary oligonucleotide primers were found to give
polymorphism between the varieties. Eight out of 25 combinations of selective-amplification
primers gave the best results with 93 polymorphic fragments, and it was possible to discriminate

between the two cold sensitive and four cold tolerant varieties (Belayet et al 2003).

Other studies have evaluated genetic diversity using Simple Sequence Repeat (SSR) marker loci
and an Amplified Fragment Length Polymorphism (AFLP) PCR assay (Basu et al., 2004). One
cultivar and 21 wild accessions of C. capsularis, and 2 cultivars and 25 wild accessions of C.

olitorius were investigated using this method. AFLP analysis, using 10 pairs of primers (EcoRI



and Msel), detected 305 polymorphic variants from 49 genotypes from the two jute species.SSR
markers are now being widely used in genetic diversity analysis studiesdue to their abundance,
multi-allelic and co-dominant characteristics, high level of reproducibility, cross-species
transferability etc. (Gupta er al2004). SSR markers were used for genetic diversity analysis of 45
genotypes of C. olitorius and 36 genotypes of C. capsularis (Mir et al, 2008), whereby 7 out of 8
pairs of primers designed to amplify the SSR loci generated polymorphic products 34 accessions

studied at 7 SSR loci, 8 alleles were found.

Sequence Tagged microsatellite Site (STMS), Inter Simple Sequence Repeat (ISSR) and RAPDS
markers have been used for genetic diversity analysis of 20 exotic germplasm lines and 20
commercial varieties of the two cultivated species (Corchorus olitorius and C. capsularis) and 2
wild relatives of jute (Corchorus aestuans and Corchorus trilocularis (Roy et al, 2006).
Interspecofic polymorphism in this study was found to be low. The four ISSR and 22 RAPD
primers showed 98.44% and 100% polymorphism respectively across all the species. In a
subsequent study, a total of 106 alleles among 10 cultivars from C. olitorius and C. capsularis
were detected using 23 primer pairs (Akter et al, 2008).

Interspecific genetic variability could be used to develop genotypes which have the desirable
properties of both species. Tossa jute (C. olitorious) is relatively more disease and pest resistant
than white jute (C.capsularis), whereas the latter is relatively more resistant to floods and
drought. There has been some success in obtaining interspecific hybrids between these two
supposedly cross-incompatible species, suggesting future possibilities in this area (Islam and
Rashid 1960; Swaminathan et al, 1961; Islam 1964; Sinha er al 2004).

2.3.2 Sequencing of Jute Genome

Recently the entire jute genome has been sequenced, though the results have not been published.
On 16 June 2010, Prime Minister Sheikh Hasina declared that Bangladesh successfully
completed the draft genome of jute. A consortium of researchers from University of Dhaka,
Bangladesh Jute Research Institute (BJRI) and private software firm Data Soft Systems
Bangladesh Ltd. in collaboration with Centre for Chemical Biology, University of Science,



Malaysia and University of Hawaii, were involved in this project, using Next Generation

Sequencing techniques (internet: M.Alam et al, jutegenome.org June 2010).

2.3.3 Primer based gene walking and gene sequencing

Gene walking is a basic molecular biology technique which is used to determine uncharacterized
DNA sequences flanking a known sequence region (Guo ef al, 1997). Previously the technique of
gene walking from regions of known sequence into unknown flanking DNA sequences involved
the successive probing of libraries with clones obtained from prior screening. However this
method was relatively time consuming and required the need of radioactive probes. Advanced
PCR techniques have enabled reduction of time required as well as avoiding radioactive probes
(Brown et al 1997).

The Universal gene walking system helps researchers make uncloned libraries for walking by
PCR for any genomic DNA Primer based gene walking is fairly quick and reliable. This method
of sequencing or cloning the DNA adjacent to a known region is using a combination of a single
targeted sequence specific PCR primer with a second nonspecific ‘walking’ primer. This can
replace conventional cloning and screening methods with a single step PCR protocol, which
substantially reduces the time required to isolate sequences either upstream or downstream from
known sequences (Chawla et al, 2003).

A recent PCR protocol to amplify gene flanking regions with the use of partially degenerate
primers (hybrid consensus degenerate primers) and a single specific primer which requires only a
small amount of DNA to start, has been reported (Garcia et a/,2005). One disadvantage of this
technique is the resultant non specific PCR products due to the partial degenerate primers. To
suppress these PCR artifacts, and enable specific genome walking for a wide range of genomes,
an improved method which uses a nested PCR with a set of nested specific primers and a
partially degenerate primer has been developed. Such degenerate primers have proven to be an
effective molecular biology tool and they have been used in the identification of jute genes such
as LDLP, LRRK and Ribosomal protein S8. The procedure requires the product from the first
round of PCR to serve as a template for the second round of PCR, the product of which in turn

serves as a template for the third round of PCR. It is carried out through a hemi-nested design



with a set of three nested locus-specific primers and a common partially degenerate primer
(walker primer) for use in successive rounds of PCR. Four universal walker primers were
designed whereby one can test which walker primer can produce the best result by carrying out

four series of reactions in parallel (Salim et al, 2009).

Hence even though limited molecular biology research on jute has been done, some work is being
conducted using primer based gene walking techniques, non- radioactive differential display and

other molecular techniques.

In this study, the degenerate primer based gene walking technique was used to sequence the LTR

retrotransposons of Jute.

2.4 Tissue culture and transformation studies on Jute

Varietal development and intra specific hybridization have been historically used to bring about
improvements in cultivated jute, using multidirectional crossing followed by selection (Ghosh,
1999). However introduction of specific genes for specific purposes is not possible due to the
limited genetic variability in the two cultivated jute species. As mentioned earlier, these two
cultivated jute species also do not normally cross-fertilize, which may be due to the presence of a
strong sexual incompatibility between them (Patel and Datta, 1960; Swaminathan er al, 1961).
Attempts at sexual hybridization between these two species have shown varied results; some
researchers have been unsuccessful when attempting hybridization between the two species
(Finlow, 1917,1921,1923, 1924; Datta et al. 1960) while others are reported to have succeeded in
producing hybrids (Islam and Rashid, 1960; Swaminathan er al. 1961); However the putative
hybrids produced showed dominance of the female parent in F1 and F2 generations. It was also
found that the regeneration protocols were difficult to reproduce, which was further confirmed by

isoenzyme profiles (Khatun, 2007).

Jute is generally recalcitrant to regeneration and transformation, unlike other crops which are
easily regenerated from tissues given the appropriate stimuli from growth regulators in the culture
medium. Regeneration percentage in Jute is therefore seen to be low and sporadic. Somatic

hybridization between the two cultivated species has been attempted, whereby protoplasts were
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isolated, and callus production and somatic embryogenesis was induced from protoplasts. The
putative hybrid exhibited strong growth and green pigmentation which was absent in the parent
strains. Prominent hybrid bands, including both parental bands, were present in hybrid cell lines
in isoenzyme profiles (Khatun, 2007). Jute transformation of Corchorus capsularis var. JRC 321
has been achieved by biolistic particle delivery system (Ghosh et al, 2004), using the apical
meristemmatic region of a germinating seedling as the target for transformation. The transmission
of the trait was achieved to T1 generation, though the whole procedure was expensive and
laborious. Successful transformation without using tissue culture has also been achieved for C.
olitorius (Sajib et al 2008). Dividing cells in the meristematic region were transformed by
Agrobacterium tumefaciens; some of the cells retained their capacity for cell division, and thus
the transgene was transferred to the progeny cells. Some of these cells differentiated to form

floral buds, and the seeds from these buds inherited the transgene in the next generation.

2.5 Bioinformatics

Bioinformatics is the application of computer science and allied technologies to the field of
biology. It involves the analysis and interpretation of biological data. Hence the main aim of
bioinformatics is to increase the understanding of biological processes, with a focus on
developing and applying computationally intensive techniques in order to do so. Bioinformatics
therefore uses algorithms, database and information systems, web technologies, soft computing
and artificial intelligence, signal processing, data mining, image processing, modeling and
simulation, discrete mathematics, control and system theory, statistics, circuit theory and
software engineering to achieve this. Applications to molecular biology include analyzing DNA
sequence data to locate genes, analyzing RNA data to predict protein structure, analyzing protein
sequence data to predict their cellular location or function, analyzing gene expression patterns
and helping to identify new drug molecules. Specific bioinformatics software or bioinformatics

tools have emerged and are readily available to aid bioinformatics analysis (Nair, 2007).
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Bioinformatics Tools

The bioinformatics tools that are currently available for molecular biology and biotechnology are
described as below (Gupta, 2004):

2.5.1 Alignment Tools

These allow us to use the database to find out the location and identity of a query (input)
sequence. The following programmes can be used for this:

Basic Local Alignment Search Tool (BLAST) (Altschul ef al, 1990) with its orthologous
sequence information stored in its database gives an idea about the candidate sequence. The

following are specific BLAST tools:

o BLASTp compares an amino acid query sequence against a protein sequence database.

o BLASTN searches a nucleotide database using a nucleotide query.

o BLASTx compares a nucleotide query sequence translated in all reading frames against a

protein sequence database.

o tBLASTNn searches a translated nucleotide database using a protein query.

o tBLASTX searches a translated nucleotide database using a translated nucleotide query.

o BLASTz compares long stretches of nucleotides >2kb.

o Specialized BLAST (later version 2.1).

12



2.5.2 VecScreen is a system, which can quickly identify segments of nucleic acid sequences that
may be of vector origin. VecScreen searches for a query for segments with any sequence, in a
specialized non redundant vector database (UniVec) including sequences of plasmids, phages,
cosmids, BACs, PACs and YACs.

2.5.3 Multiple Sequence Alignment Tool:

Multiple sequence alignment technique is used to study a group of related genes or proteins to see
if there is an evolutionary relationship between the genes, and to discover patterns which indicate
functionally or structurally related sequences. Some tools in multiple sequence alignments are
CLUSTALW, PHYLIP etc. CLUSTALW is also used for constructing a phylogenetic tree.

OREF finder finds the coding region, or the open reading frame, in a given nucleotide sequence.

2.5.4 Translating tools:
This tool translates a given nucleotide sequence into a protein sequence. Some of these tools are
EBI, EXPASY Translate tool etc. (Internet: NCBI)

2.6 Phylogenetic tree:
A phylogenetic tree shows evolutionary relationships between various biological species or other
entities which have a common ancestor. The evolution or historical development of plants or

animals can be seen through this.
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2.7 Rationale of the present study

Retrotransposons seem to play an important role in plant genome evolution in general. As Jute
genome retrotransposons seem to have played an important role in Jute evolution, it is of
importance to understand their role in Jute. This would lead to a better understanding of the
molecular biology of the Jute genome. Results from this research can contribute to the following:

¢ Identification of full length sequences of retrotransposons.
¢ The correlation of retrotransposons with abiotic and biotic stress responses.
e Tagging genes of agronomic importance.

e Developing retrotransposon based marker system which is more specific than the SSR

marker system.

2.8 Overall Objective:

To have a better understanding of the jute genome at the molecular level.

2.9 Specific objectives of this study:
= To isolate the RT domains of LTR retrotransposons from jute (Corchorus olitorius).

* To characterize these LTR retrotransposons using different bioinformatic tools.

* To identify transcriptionally active LTR retrotransposons.
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3. Materials and Methods:

3.1 Isolation and confirmation of Tyl-copia and Ty3-gypsy retrotransposons from Jute

genome:

3.1.1 Plant materials

Young Mature leaves of Jute (C. olitorius) variety O-9897 was used in this study obtained from
the Bangladesh Jute Research Institute (BJRI).

Properties of Jute (C.olitorius) 0-9897:
- Low temperature Sensitive
- Common variety
- High yielding
- Good fiber quality
- Good water logging capacity
The leaves were stored at 4C for 30-40 minutes before isolation of DNA.

3.1.2 Isolation of DNA from jute seedling:

Materials:

All solutions were made up with deionized, sterile water and autoclaves, except phenol

e Liquid Nitrogen

e 1M of Tris. HCI (stock solution) (MW. 121.14)

e IM Tris. HCL was prepared by dissolving 12.11g of Tris in 80ml of dd water with the
help of magnetic a stirrer; pH was adjusted to 8.0 by concentrated HCI. The final volume
was made to 100ml and sterilized by autoclaving.

e (.5M EDTA (stock solution) (MW. 372.2). To prepare 0.5M a stock solution of EDTA
40ml of dd water was taken and 18.61g of EDTA was dissolved with the help of a

15



magnetic stirrer, pH was adjusted to 8.0 by an NaOH pellet. The volume was then
adjusted to 50ml and sterilized by autoclaving.
e Buffer saturated phenol. This was stored at 4°C in a dark bottle
e Chloroform : [soamylalcohol (24:1, v/v)
e TE buffer
i. 10mM Tris HCI (pH 8,0)
ii. ImM EDTA (pH 8.0)
e 3M Na-acetate (pH 5.2)

40.81g of sodium acetate was dissolved in 40ml of water. The pH was adjusted to 5.2 with

glacial acetic acid. Final volume was made to 100ml and sterilized by filtration.
RNase solution (DNase free) (stock 10mg/ml)

CTAB isolation buffer (100ml)
i.CTAB  2.0g

ii. SM NaCl 28.0ml
iii. IM Tris.HCL (pH 8.0) 10.0ml
iv.0.5M EDTA (pH 8.0) 4.0ml
v. 2-mercaptoethnol 0.2ml.

All the materials were added to a conical flask and heated to 60°Cin a water bath until all the
CTAB melted. Then the volume was adjusted to 100ml with autoclaved water, and stored and

room temperature.

Ethanol
Isopropanol
5M NaCl (MW. 58.44). 29.22g of NaCl was dissolved in 40ml of dd water. The volume was

then made to 100 ml by dd water and the solution was autoclaved.
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3.1.2.1 Procedure of DNA isolation:

It is difficult to isolate high molecular weight plant DNA, but it is suitable for digestion with
restriction endonucleases. The CTAB method (Murray et al, 1980) is a relatively less expensive
procedure that results in high yields of DNA from a small amount of tissue (Doyle and Doyle,
1987). This method was used as follows:

o 5 to 7.5 ml of CTAB isolation buffer was preheated in a 60°Cwater bath in a screw
capped tube.

o g of fresh tissue (leaves) were ground to a powder in a mortar containing liquid nitrogen
and paste.

o The powder was directly put into the preheated buffer and mixed gently by swirling.

o The sample was incubated at 60°C for 30 minutes with occasional gentle swirling.

o The mixture was extracted with an equal volume of phenol: chloroform: isoamylalcohol
(25:24:1) mixed thoroughly and centrifuged at 4000 rpm for 10 minutes at room
temperature.

o The aqueous phase was removed with a pipette and transferred to a clean screw capped
tube.

o A two-thirds volume of ice-cold isopropanol was added and gently mixed to precipitate
the DNA (when required it was kept overnight at -20°C).

o This solution was then centrifuged at 140000 rmp for 10 minutes, the supernatant
discarded, and the precipitate was washed twice with 70% ice-cold ethanol.

o The Pellet was allowed to dry and re suspended in a minimal amount of TE buffer (in an
eppendorf tube).

o DNase free RNase was added to a final concentration of 10 pg/ml and incubated at 37°C
for 2-5 minutes.

o An equal volume of phenol: chloroform: IAA (25:24:1) [2x] was added.

o This was then centrifuged at 14000 rpm for 10 minutes and the supernatant collected

o Then one-tenth 3M Na-acetate and a double volume of 99% ice-cold ethanol was added
and kept on ice for 30-60 minutes.

o This was centrifuged at 14000 rpm for 10 minutes and the supernatant removed.

o The DNA was washed by vigorous rinsing [x2] with 70% ethanol.
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o The supernatant was removed and the pellet allowed to dry completely.

o The pellet was dissolved in a minimal amount of TE and stored at -20°C.

3.1.3 Amplification of RT domain of jute LTR retrotransposons by Polymerase Chain

Reaction:

3.1.3.1 Primer Design
Degenerate primers to amplify the RT — domains of two retrotransposon groups (Tyl-copia &
Ty3-gypsy) were taken (Kumekawa et al, 1999 and Kumar et al, 1997) as given below;

Primer | Group | Direction | Sequence Length | Tm

name | name (BP) (C)

TylRT | Tyl- Forward | 5’-ACNGCNTTYYTNCAYGG-3’ 17 57.2
Copia

TyIRT | Tyl- Reverse 5”-ARCATRTCRTCNACRTA-3’ 17 512
Copia

Ty3Da | Ty3- Forward | 5’-TAYCCNHTNCCNCGNATHGA-3” | 20 60.7
2psy

Ty3Da | Ty3- Reverse 5’-ARCATRTCRTCNACRTA-3’ 17 312
Gypsy
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3.1.3.2 Amplification of Tyl-copia and Ty3-gypsy RT domains by Polymerase Chain

reaction

Materials

The following were used for the polymerase chain reaction procedure

10X PCR Reaction Buffer containing:
- 500mM Kcl
- 100mM Tris.Hel (pH 8.3)
- 0.1% gelatin
e MgCl2 (25mM) in water for PCR
¢ Sodium salt of deoxy-thymidine-5’-triphosphate (10mM aq. solution, pH7.35)
¢ Sodium salt of deoxy-guanosine-5’-triphosphate (10mM aq. solution, pH7.35)
e Sodium salt of deoxy-cytidine-5"triphosphate (10mM aq. solution pH7.35)
e GeNei™ Taq DNA Polymerase
e Jute genome DNA (the DNA template) collected from Jute leaves earlier
e TylRT and Ty3Da primers
e Autoclaved ultra-pure water
e TE solution for the dilution of the template DNA
10mM Tris. HCI (pH 8.0)
0.lmM EDTA (pH 8.0)
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3.1.3.3 Preparation of dNTPs mixture

20 pl of each dATP, dGTP, dCTP, dTTP (at a concentration of 100mM each) were mixed in an
autoclaved eppendorf tube, and the final volume was made up to 1000 ul by adding PCR water,
and stored at -20°C. Hence the concentration of nucleotides in the mixture was 2.0mM.

3.1.3.4 Dilution of the DNA template

As the isolated genomic DNA was unsuitable for using as sample DNA for PCR at a high
concentration, it was diluted with TE solution (10mM Tris-HCI, 0.1lmM EDTA, pH 8.0) before
using PCR. The concentration of the template DNA was made up to 60ng/pl.

10ng/pul of lamda (A) was used for reference to adjust the concentration of the genomic DNA

sample.

3.1.3.5 Dilution of primer:

To dilute the primer for use in the PCR reaction, 10 pl of each of the primers from the stock
solution (100 pM) was added to 90 pl of TE buffer (pH 8.0). Hence the final concentration of the
primers was 10 pM/pl.

3.1.3.6 Preparation of the PCR Master Mix

PCR Reagent mixture

Reagents Volume
10 x PCR buffer 2.5 ul
50 mM Mg Cl, 2.0 pul

2 mM dNTPs 1.5 ul
Forward primer 1.5 pl
Reverse primer 1.5 pl
Taq polymerase 0.2 ul
Template DNA 1.0 pl
PCR-H»0 14.8 pl

20



3.1.3.7 Thermal Cycling Profile used in PCR

The thermal cycling profile used in the PCR procedure for 35 cycles, to amplify Tyl-copia RT

domain of jute, is given below:

Steps Temperature Time No. of cycle
Initial denaturation 95°C 5 minutes 1 (First)
Denaturation 95°C 45 minutes 35
Annealing 48.5°C 50 seconds 35
Elongation 72°0 1 minute 35

Final elongation 72°C 5 minutes 1 (last)
Hold temperature 4°C 0

The thermal cycling profile used in the PCR procedure for 35 cycles, to amplify Ty3-gypsy RT

domain of jute, is given below:

Steps Temperature Time No. of cycle
Initial denaturation 95°C 5 minutes 1 (First)
Denaturation 95°C 45 minutes 35
Annealing 49°C 50 seconds 35
Elongation T2 | minute 35

Final elongation 2°C 5 minutes 1 (last)
Hold temperature 4°C 00
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3.1.3.8 Amplified products after PCR:

The amplified products after PCR were separated on 1.0% Agarose gel following staining with
ethidium bromide solution. The gel was then seen under UV light staining and photographed.

Materials:

e Ultra pure agarose
e TAE buffer
e Gel loading dye

e Gel electrophoresis kit

Preparation of stock solution (1 liter) of 50X TAE buffer:

e Tris base 242.0g
e Glacial acetic acid 57.1ml
e 0.5SMEDTA (pH 8.0) 100ml
This solution was made up to 1000ml with dd H»0.

Preparation of 1% agarose gel (100ml)

1. In order to prepare 25ml of 1% agarose gel, 0.25g of agarose powder was weighed in a
conical flask.

2. 0.5ml of 50X TAE buffer was put in a measuring cylinder and the volume was made up
to 25ml with dd H,0.

3. The mixture of 50X TAE and dd H,0 was put in a conical flask containing the agarose

and then melted in a microwave oven at 60°C for 2-3 minutes.

Composition of the DNA dye
e Xylene cyanol : 0.25%
e Bromophenol blue : 0.25%
e Glycerol : 30%
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Preparation of 1X TAE buffer used in gel electrophoresis

250ml of TAE buffer to use for gel electrophoresis was prepared by mixing 5ml of 50X TAE
buffer with 245 ml of dd H»0.

Procedure for gel electrophoresis:

The gel was poured in the gel case (in which the comb was assembled for wells) and allowed to
solidify. The DNA samples were loaded in the wells and the electrophoresis was carried out
using 80 volts. The DNA bands were then visualized under ultraviolet trans-illuminator (Kodak
EDAS, Japan).

3.1.4 Cloning of PCR products using CR 2.1 and transformation into competent E.Coli
3.1.4.1 Preparation of Competent E.Coli

Materials:
* (CaCl; solution (60mM CaCl,, 15% glycerol, 10mM PIPES pH 7.0)
= LB (luria-Bertani) medium (5g Yeast extract, 10g Peptone, 10g NaCl per liter pH 7.0)
= E.Coli cell DH5a strain

Procedure:

o A single colony of E.coli cell was incubated into 5 ml LB medium overnight at 37°C with
shaking at 250rpm.

o 1 ml of this culture was put into 100ml LB medium in a 250 ml conical flask. This was
then incubated at 37°C with shaking at 250 rpm, until the optical density had reached
0.375 at 590nm.

o The culture was then put into 2 pre-chilled sterile tubes, placed on ice for 5-10 minutes,
and then centrifuged for 7 minutes at 1600g at 4°C.

o Each pellet was re-suspended in 10 ml of ice-cold CaCl, solution. This was then

centrifuged at 1100g for 5 minutes at 4°C.
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o The pellets were again re-suspended in 10 ml ice-cold CaCl, solution and kept on ice for
30 minutes, after which it was again centrifuged at 1100g for 5 minutes at 4°C.

o Each pellet was then re-suspended in 2ml of ice-cold CaCl; solution completely. 250 pl of
this solution was put into each sterile pre-chilled micro-centrifuge tube and stored at -

80°C for subsequent use in the transformation procedure.

3.1.4.2 Preparation of the Ligation reaction

The ligation reaction was prepared as per the protocol given below, modified from Promega,
Technical Manual.

Materials
= pCR 2.1 Vector

= 10X Rapid ligation buffer,

= PCR products of both Tyl and Ty3
= T4 DNA ligase

=  Water

Procedure
o The pCR 2.1 Vector was centrifuged briefly.

o The ligation reaction was set up, in 200 ul thin wall PCR tubes or 1.5 ml eppendorf tubes,

as given below:

PCR product Xul (1-3ul is the working range)
10x Ligation Buffer lul

PCR2.1 vector (25ng/ul) 2ul

Sterile water to a total volume of 9ul

T4 DNA Ligase (4.0 Weiss units) lul

Final Volume 10ul

o The reaction was mixed by pipetting.

O The reaction was then incubated at room temperature for 1 hour.
Alternatively, for a maximum number of transformants, the reactions were incubated overnight at
16°C.
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3.1.4.3 Method for Transformation

Transformation was done as follows, modified from the protocol from Promega, Technical

Manual.

Materials
= [PTG stock solution (0.1M)

1.2g of IPTG was dissolved in 50ml of ultra pure water. This solution was then sterilized by
filtration and stored at 4°C.
= X-Gal (2ml)

100mg of X-Gal (5-bromo-4-chloro-3-indolyl-B-galactoside) was dissolved in 2ml NN’ -
dimethyl-formamide. The sample was covered with aluminum foil and stored at -20°C.

=  Ampicillin stock solution (50mg/ml)

= LB Media

= LB plates with ampicillin

1.5g agar was added to 100ml of LB medium and then autoclaved. The medium was cooled
to 50°C before adding ampicillin to a final concentration of 100ug/ml. 25ml of medium was

poured into 85mm petri dishes. After the agar hardened, it was stored at 4°C.
= LB plates with ampicillin/IPTG/X-Gal.

The LB plates were made with ampicillin as above; then supplemented with 0.5mM IPTG and
80pug/ml X-Gal poured over the plates.

= 2M Mg** stock
i. MgCl,.6H,0
ii. MgSO, .7H,0

10.165g of MgCl,.6H,0 and 12.325g of MgS04.7H,0 were dissolved in 40ml ultra pure
water. The final volume was made up to 50ml and sterilized by filtration.

= 2M glucose stock

36g of glucose was dissolved in 80ml ultra pure water. The final volume was made up to
100ml, and then sterilized by filtration.
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SOC medium (50ml)

Peptone 1.0g
Yeast extract 0.25g
1M NaCl 0.5ml
IMKCL 0.125ml
2M Mg** stock 0.5ml
2M glucose 0.5ml

Peptone, yeast extract, NaCl and KCL were added to 47ml distilled water. The sample was
autoclaved, and then allowed to cool to room temperature. Subsequently 2M Mg** stock and 2M
glucose were added, each to a final concentration of 20mM. The final volume was made up to
50ml by adding sterile, distilled water. The pH was adjusted to 7.0.

High Efficiency Competent Cells (DH5a)

Procedure

2 LB/ampicillin/IPTG/X-Gal plates were prepared for each ligation reaction.

The tubes containing the ligation reactions were centrifuged. The contents collected at the
bottom of the tubes.

5ul from each ligation reaction was added to a sterile 1.5ml micro-centrifuge tube on ice.

Tubes of frozen DH5a High Efficiency Competent Cells were removed from storage at

—70°C storage, and placed in an ice bath until just thawed (which took about 5 minutes).
The cells were mixed by gently flicking the tubes.100pul of cells were carefully transferred
into each of the tubes prepared in step 3.

The tubes were flicked gently to mix and placed on ice for 20 minutes.

The cells were heat-shocked for 45-50 seconds in a water bath at exactly 42°C.

The tubes were immediately put on ice again for 2 minutes.

500ul room temperature SOC medium was added to the tubes containing cells
transformed with ligation reactions and 900ul to the tube containing cells transformed

without ligation reactions for transformation control.
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9 The samples were incubated for 1.5 hours at 37°C with shaking (~200rpm).100pl of each
transformation culture was plated onto duplicate LB/ ampicillin/ IPTG/X-Gal plates.
10 The plates were incubated overnight (16-24 hours) at 37°C.

3.1.4.4 Screening Transformants for Inserts

Recombinant clones were identified by color screening of the indicator plates, as successful
cloning of an insert in the pCR2.1 Vector interrupted the coding sequence of galactosidase.
However, the characteristics of PCR products cloned into the pCR2.1 significantly affected the
ratio of blue: white colonies obtained following transformation of competent cells. Clones that
contained the PCR products produced white colonies. Blue colonies resulted from PCR
fragments that were cloned in-frame with the lacZ gene. DNA fragments up to 2kb have been
cloned in-frame and produced blue colonies (Promega, Technical Manual).

3.1.5 Isolation of plasmid DNA
Materials

Table 1: Solutions for Plasmid DNA isolation

Solution 1 (200 ml) Solution II (5 ml) Solution III (5 ml)

Glucose 1.8¢g 10% SDS 0.5ml | 5SM KOAc 3.00 ml

IM Tris(pH 8.0) 5.0ml | 5N NaOH 0.2 ml | Glacial acetic acid 1.25 ml

0.5 MEDTA 4.0 ml | H,O 43 ml | H,O 0.75 ml
Others

= [sopropanol

* 70% Ethyl alcohol

= RNase solution (10pg/ml)

= TE buffer

* Tris.HCI (pH 8.0) 10mM
= EDTA (pH 8.0) ImM

All the solutions apart from solution II were autoclaved and stored at 4°C. Solution II was
prepared just before the isolation of plasmid and stored at room temperature
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Method

10.

11.

12.

Transformants were picked and then grown in LB media overnight at 37°C with
vigorous shaking (spectinomycin and hygromycin were in LB media at a
concentration of 100ug/ml each).

10ml of culture was transferred to each sterile falcon tube and centrifuged at 4000rpm
for 10 minutes.

Supernatant was discarded and the pellet was completely dried in the eppendorf
Concentrator 5301vacuum dryer.

200p1 of solution I (ice-cold temperature) was added and mixed by vortexing.

The suspension was transferred to an eppendorf and 400pul of solution II was added to
each eppendorf tube, the contents were mixed by inverting the tubes rapidly five

times. They were then kept on ice for exactly 5 minutes.

300ul of solution III (ice-cold temperature) was added and mixed until a clot formed.

This was then put on ice for 5-10 minutes.
Centrifugation at 14000rpm was carried out for 10 minutes at 4°C.

The Supernatant was transferred into another eppendorf tube and extracted with equal
volume of phenol: chloroform: IAA (25:24:1).

Centrifugation at 14000rpm was carried out again for 10 minutes at 4°C.
The Aqueous phase was then transferred into another eppendorf tube.

The DNA was precipitated with a double volume of isopropanol (ice-low
temperature). This was kept at room temperature for 2-4 minutes and the centrifuged
at 14000rpm again for 10 minutes at 4°C.

The Supernatant was discarded and the pellet was washed with 70% ice-low
temperature ethanol.
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13. If no precipitate was observed, then 500ul of absolute (99%) ethanol (ice-low

temperature) and 10ul of 3M Na-acetate was added.

14. The Pellet was completely dried and suspended in 10-30pul of TE buffer.

15. 0.2ul of RNase at a concentration of 10pug/ml was added and incubated at 37°C for 30

minutes.

16. The Isolated plasmid was stored at -20°C.

3.1.6 Confirmation of successful transformation by PCR:

The materials and methods used in this step was same as previously except the primer set and

Thermal Cycling Profilechanged as follows:

Primer pairs used for PCR were as follow:
Name  Direction Sequence

M13 Froward 5’-GTAAAACGACGGCCAGT-3’
MI13 Reverse 5’-AACAGCTATGACCATG-3’

Table 3.4: Thermal Cycling Profile

Steps Temperature Time
Initial denaturation 95°C 5 minutes
Denaturation 95°C 45 seconds
Annealing 3TC 45 seconds
Elongation 2% 1 minute
Final elongation 12°C 5 minutes
Hold temperature 4°C 0

Gel extraction and sequencing

bps Tm°C
17 58
16 58
No. of Cycles

1 (First)

35

35

35

1 (last)

The QIAGEN MinElute Gel Extraction Kit was used. This is a protocol designed to extract and
purify DNA of 70 bp to 4 kb from standard or Low-melt agarose gels in TAE or TBE buffer

resulting in high end-concentrations of DNA. Up to 400 mg agarose can be processed per

MinElute column
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Materials

Agarose gel

Electrophoresis buffer (1X Tris-Glycine buffer)
1kb plus Ladder

Loading dye

PCR products

Ethidium bromide containing staining solution

Method
o PCR-products (50 pl of PCR products + 4 pul of dye) and ladder (3ul) were run on the

1.5% agarose gel. These were stained with an ethidium bromide containing solution and
the desired band was excised under UV light from the multiple non-specific bands from
the agarose gel with a clean, sharp scalpel. The size of the gel slice was minimized by
removing extra agarose.

Then the gel slice was weighed in a colorless tube. 3 volumes of Buffer QG was added to
1 volume of gel (100 mg or approximately 100 pl).

The tube was incubated at 50°C for 10 min until the gel slice has completely dissolved.
To help dissolve gel, it was mixed by vortexing the tube every 2-3 min during the
incubation.

After the gel slice was completely dissolved, the color of the mixture was checked
whether it was yellow (similar to Buffer QG without dissolved agarose).

1 gel volume of isopropanol was added to the sample and mixed by inverting the tube
several times.

A MinElute column was placed in a provided 2 ml collection tube in a suitable rack.

To bind DNA, the sample was applied to the MinElute column, and centrifuged for 1 min
at 10,000 x g.

The flow-through was discarded and the MinElute column was placed back in the same
collection tube

500 pl of Buffer QG was added to the spin column and centrifuged for 1 min

The flow-through was discarded again and the MinElute column was placed back in the

same collection tube
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o 750 pl of Buffer PE was added to the MinElute column and centrifuge for 1 min, for
washing. The column was left to stand 2-5 min after addition of Buffer PE, before
centrifuging.

Optimal pH pH too high

Figure 1: Gel extraction process

o The flow-through was discarded and the MinElute column was centrifuged for an
additionall min at 10,000 x g.

o The MinElute column was then placed into a clean 1.5 ml micro centrifuge tube
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o To elute DNA, 20 pl of Buffer EB (10 mM Tris'Cl, pH 8.5) was added to the
center of the membrane, the column was left to stand for 1 min, and then
centrifuged for 1 min. The elution buffer was then dispensed directly onto the

center of the membrane for complete elution of bound DNA. Elution efficiency is

dependent on pH. The maximum elution efficiency is achieved between pH 7.0

and 8.5.

—

2 4 6 8 10 12
pH of adsorption

Figure 2: DNA Recovery chart

14

o The purified DNA was analyzed on the gel, 3 volumes of Loading Dye was added tol

volume of purified DNA and the solution was mixed by pipetting up and down before
loading the gel. 2 ul of lambda DNA was also run with the sample for comparing the
concentration of purified DNA with the known lambda DNA concentration.

The sample was then sent to 1st Base in Malaysia for sequencing.

32



3.1.8 Bioinformatics analysis of the sequences

3.1.8.1 Vecscreen analysis

VecScreen is used to identify whetherthe sequences from the genomic clones contain any vector
sequences or not. VecScreen gives output in a graphical format along with the sequence
alignment with the vector sequence. The VecScreen tool was used from NCBI web portal. The
web link is:

http://www.ncbi.nlm.nih.gov/VecScreen/VecScreen.html

The procedure was as follows:
1. DNA sequence of the clone was copied
2. This was then pasted in the appropriate box

3. “Run VecScreen” was clicked.

3.1.8.2 Cap3

Cap3 is a program which assembles a set of contiguous sequences (contigs). It was used to form
contigs from forward and reverse sequences. The weblink is:

http://pbil.univ-lyon1.fr/cap3.php

The procedure was as follows:

1. Both forward and reverse sequences were copied.

2. These were pasted in the appropriate box.

3. “Submit” was clicked.

3.1.8.3 Verification by BLAST analysis

For local alignment of the sequences, both BLASTn and BLASTx were used. BLASTn searches
a nucleotide database using a nucleotide query whereas BLASTx search protein database using
a translated nucleotide query. The weblink is:

http://www.ncbi.nlm.nih.gov/blast/Blast.cgi?CMD=Web&PAGE_TYPE=BlastHome
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3.1.8.4 Transeq

Transeq is a programme which translates nucleic acid sequences to the corresponding peptide
sequence. It can translate any of the 3 forward or three reverse sense frames, or in all three
forward or reverse frames, or in all six frames. The weblink is:

http://www.ebi.ac.uk/Tools/emboss/transeq/index.html

3.1.8.5 ClustalW

Clustal W2 is a general purpose multiple sequence alignment programme for DNA or proteins. It
produces biologically meaningful multiple sequence alignments of divergent RT sequences. The
best match for the selected sequences are revealed, and lined them up such that the identities,
similarities and differences are seen. Evolutionary relationships were observed via viewing

Cladograms or Phylograms. The weblink is:
http://www.ebi.ac.uk/Tools/clustalw2/index.html

The procedure was as follows:

1. All the Ty1/Ty3 sequences were copied.
2. These were pasted in the appropriate box.
3. “Submit” was clicked.

3.2 Transcriptional analysis

Plant materials

The plant materials were same as the materials described previously.

3.2.1 Isolation of RNA by using TRIZOL Reagent (GibcoBRL):
TRIZOL is a ready-to-use reagent for the isolation of total RNA from cells and tissues. It is a

mono-phasic solution of phenol and guanidine isothiocyanate, which maintains the integrity of
the RNA, while disrupting cells and dissolving cell components.
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Materials

e Jute seedlings

e Liquid nitrogen

e Mortar and pestle: This was cleaned with soap and rinsed with deionized water and 100%
ethanol, and then allowed to dry. RNAse AWAY™ was applied and wiped dry with
kimwipes.

e RNase-free microcentrifuge tubes: To make microcentrifuge tubes RNAse free they were
treated with DEPC.

e Spatulas: Autoclaved and cleaned with RNAse AWAY™,

Solutions

e TRIZOL reagent®

e 5M NaCl (MW. 58.5): This was prepared by dissolving 29.25g of NaCl in 100ml of dd
water, then treated with DEPC for ~4-5 hours and sterilized by autoclaving.

e Chloroform.

e [sopropyl alcohol.

e 75% ethanol.

e RNAse AWAY™,

e DEPC-treated water

Procedure

1.0 g of frozen seedlings (from four samples of both sensitive and tolerant species) were ground

to powder in liquid nitrogen using mortar and pestle.
o 1 ml TRIZOL reagent was added to 1.0g of the grounded tissue, homogenized

thoroughly and incubated at room temperature for 10 minutes.
o This mixture was then centrifuged at 12,000x g for 10 minutes at 4°C.
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The supernatant (aqueous phase) was transferred to a new tube, 0.2 ml chloroform
was added and shaken vigorously by hand for 15 seconds. This was then incubated at
room temperature for 3 minutes.

The sample was again centrifuged at 12,000x g for 15 minutes at 4°C and supernatant
was transferred (aqueous phase) to a new tube. 0.25 ml of isopropanol and 0.25ml of
2M NaCl was then added to this supernatant.

This mixture was mixed by inverting the tubes, and incubated for 10 minutes at room
temperature.

It was then centrifuged at 12,000xg for 10 minutes at 4°C and the supernatant
(aqueous phase) was removed and the pellet was washed with 75% (v/v) Ethanol (2
times).

The pellet was air-dried and re-suspended in 10 - 30 pl DEPC-treated water.

The isolated RNA was stored at -80°C.

3.2.1.1 Precautions for isolating total RNA

Some precautions were carefully followed to avoid contamination with RNases and thus

subsequent damage of RNA

Disposable gloves were used and changed frequently during the isolation process

All equipment and non-disposable items were carefully wiped with RNase A WAY™ to
remove RNase contamination.

DEPC treateddoubly autoclaved water was used for all solution preparations and
dilutions. .

RNA was isolated inside the laminar flow hood.

Preparation of 0.1% DEPC treated water
0.1% (v/v) solution of Diethyl Pyrocarbonate (DEPC) in distilled water was prepared,

Shaken vigorously, and allowed to stand overnight at room temperature. The solution was

autoclaved twice in order to totally remove the DEPC.
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3.2.1.2 Quality check of isolated RNA

The quality of purified RNA was checked by subjecting it to electrophoresis in a 1.3% agarose

gel.

Materials
e Ultra pure agarose e RNA gel loading dye
e MOPS buffer e Gel electrophoresis kit

3.2.1.2 i Preparation of stock solution (1 liter) of 10X MOPS buffer

e The following reagents were mixed in the given amounts:

MOPS (Mw=209.27) 41.86g
Na-Acetate(50 mM) 68¢g
10 mM EDTA (pH 8.0) 20.0 ml

e The pH was adjusted to 7.0 using 1N NaOH prepared with DEPC treated water.

e The solution was then made up to 1000ml with DEPC treated water.

3.2.1.2 ii Preparation of 1.3% agarose gel (50ml)

Materials
e 1xMOPS
¢ Formaldehyde
e Agarose

e DEPC-treated water
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Method:

o 50 ml of 1.3% gel was prepared by mixing 0.65g of agarose powder with 5.0 ml of 10x3-
Morpholinopropane sulfonic acid buffer and 42.5 ml of DEPC treated water in a conical
flask.

o The mixture was melted in a microwave oven at 60°C for 2 minutes.

o As the mixture was cooled to 40-45°C temperature, 2.5 ml formaldehyde was added and
then the solution was mixed by gentle swirling.

o The melted solution was poured on a gel-case to solidify the gel.

3.2.1.2 iii Sample preparation and gel electrophoresis
Method

e Thermal cycler

e RNA-loading buffer (dye)

e RNA

Composition of RNA loading buffer:

10xMOPS 40pl
Formamide 200p1
37% Formaldehyde 70ul
Glycerol 20pul
DEPC-treated Water 20ul
0.5 M EDTA (pH 8.0) 0.5pl
10 mg/ml ethidium bromide 2.0ul

A few drops of bromophenol blue

Procedure

o 1.0 ul of RNA sample was added to 2.5ul of dye. The samples were then denatured in a

thermal cycler at 65°C for 20 min.
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o 1 g of 0.1% sodium dodecyl sulfate and 4 g of 0.1 N NaOH were weighed, and 1 lit
DEPC water was added and mixed. The gel tank was treated with this solution half an
hour before the running the gel.

o The gel was set for electrophoresis and samples were applied into the wells.
Electrophoresis was carried out at 45V for 4 hours.

o The gel was then rinsed with water and photographed in a trans-illuminator under UV
light.

3.2.1.3 Understanding RNA quality:

Intact total RNA run on a denaturing gel will have sharp 28S and 18S rRNA bands (eukaryotic
samples). The 28S rRNA band should be approximately twice as intense as the 18S rRNA band
(Figure 1, lane 3). This 2:1 ratio (28S:18S) is a good indication that the RNA is intact. Partially
degraded RNA will have a smeared appearance, will lack the sharp rRNA bands, or will not
exhibit a 2:1 ratio. Completely degraded RNA will appear as a very low molecular weight smear
(Figure 1, lane 2). Inclusion of RNA size markers on the gel therefore allowed the size of any
bands or smears to be determined and also was a good control to ensure the gel was run properly
(Figure 1, lane 1).
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Figure 3: Intact vs. Degraded RNA. Two pg of degraded total RNA and intact total RNA were
run beside RNA Markers on a 1.3% denaturing agarose gel. The 18S and 28S ribosomal RNA
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bands are clearly visible in the intact RNA sample. The degraded RNA appears as a lower

molecular weight smear.

3.2.1.3 i Quantification of RNA

Concentration of the isolated RNA was quantified by using Nanodrop (Nanodrop 100,
Spectophotometer). The ratio between readings of 260nm and 280 nm (OD,6/OD2gy) was also

measured directly by this machine.
3.2.1.3 ii Purity of RNA

The ratio of the absorbance at 260 nm and 280 nm (4260/4280) provides an estimate of the
purity of RNA with respect to contaminants that absorb in the UV, such as protein. Pure RNA
has an 4260/4280 ratio between 1.9 and 2.0.

3.2.2 Reverse Transcriptase-PCR
3.2.2.1 i First strand cDNA synthesis

Reagents
e Degenerate forward primer Ty1RT and Ty3Da were used.
e 5X First Strand Buffer
e 0.IMDTT
e 2mM dNTP Set
e RNaseOUT Ribonuclease Inhibitor
e SuperScript II1 Reverse Transcriptase (200 units/ul)
e [E. coli RNase H
The specific primers used here is GSP — 7rt
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3.2.2.1 ii Dilution of primer

To dilute the primer, 10pl of the primer from stock solution (100 pM) was added to 90ul of TE
buffer (pH 8.0), resulting in a final concentration of 10uM.

3.2.2.1 iii Preparation of dNTPs mixtures

100ul of each stock dATP, dGTP, dCTP, dTTP (100uM) were mixed in fresh, autoclaved
eppendorf tube and the final volume was made up to 1000ul by adding 600pul of PCR-water. This
was then stored at —20°C. The concentration of each of the nucleotide in the above mixture was
about 10.0mM.

Method

o The following items were added to a nuclease free thin walled tube:

1 pul of specific primers (2uM)
3 pg of total or mRNA sample
1 pl of 10.0 mM dNTPs mixture
DEPC treated PCR water upto 13 pl
o The mixture was heated to 65°C for 5 minutes and then incubated on ice for at least 1
minute.
o After brief centrifugation, the following components were added to the above tubes and
mixed by pipetting gently up and down:
4 ul 5xRT-buffer
1 pl 0.1 MDTT
1 pl RNaseOUT™
1 pul Super Script™ III RT (200 units/pl)
o The mixture was incubated at 25°C for 5 minutes followed by at 50°C for 60 minutes.
o Super Script™ III RT activity was inhibited by heating at 70°C for 15 minutes.
o In order to remove the RNA complementary to the cDNA, 0.5 pul of E. coli RNaseH
was added and incubated at 37°C for 20 minutes.
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3.2.2.2 PCR for confirming cDNA synthesis

PCR was performed using the same degenerate primers and cycling conditions as described

earlier except that cDNA was used as template rather than genomic DNA. The PCR product was

used in cloning.

3.2.2.3 pCR 2.1 Vector mediated transformation

Methods and materials are as described earlier

Isolation of plasmid DNA
Methods and materials are as described earlier.

Confirmation of successful transformation clone by PCR

Methods and materials are as described earlier.

Gel extraction and sequencing

Methods and materials are as described earlier.

3.2.2.4 Bioinformatics analysis of the sequences

Methods and materials are as described earlier.
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4. RESULTS:

4.1 Isolation and confirmation of Tyl-copia and Ty3-gypsy retrotransposons from Jute
genome:

After checking correct isolation of genomic DNA using gel electrophoresis, the reverse
transcriptase domains of the Tyl-copia and Ty2-gypsy like retrotransposons of jute genome were
amplified using degenerate primers, and length of PCR products obtained were 280bp and 290 bp
for Tyl-copiaand Ty2-gypsy respectively. After cloning of the PCR products, 25 colonies of
Tyl-copia and Ty2-gypsy were selected and plasmids were isolated followed by sequencing.
Homology based searching (BLASTx and BLASTn) indicated that the Tyl-copia and Ty2-
gypsysequences isolated were similar to these Tyl-copia and Ty3-gypsy retrotransposons of other

plant species (see sections given below).

4.1.1. Gel electrophoresis of isolated genomic DNA:

The purity and integrity of DNA isolated from 0-9897 leaf, by liquid nitrogen and CTAB
isolation buffer, were checked by 1% agarose gel electrophoresis and ethidium bromide staining.

The high molecular weight genomic DNA was seen as a large sized band on the top part of the

agarose gel.

Genomic DNA

Figure 4: Gel electrophoresis of the isolated genomic DNA from 0-9897 leaf.
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4.1.2. Gel electrophoresis of PCR product amplified degenerate primers

The amplified reverse transcriptase domains of the Tyl-copia and the Ty3—gypsy

retrotransposons were amplified using degenerate primers.

4.1.2.1 Gel electrophoresis of PCR product amplified by Ty1-RT degenerate primers
When 0-9897 leaf genomic DNA underwent PCR using degenerate primer set Tyl-RT forward

and Tyl-RT reverse, a 280 bp band was produced (see figure 4.1). These products were then
cloned.

A

- 280 bp

Figure 4.1: Gel electrophoresis of Tyl-copia PCR product

4.1.2.2 Gel electrophoresis of PCR product amplified by Ty3-Da degenerate primers

PCR from O-9897 genomic DNA using degenerate primer set Ty3-Da forward and Ty3-Da
reverse produced a desired 290 bp band (see figure 4.2). This PCR product was also used in

cloning.



290 bp

Figure 4.2: Gel electrophoresis of the Ty3-gypsy PCR product

4.1.2 Cloning of the PCR product:
4.1.2.1 Transformation using pCR 2.1 Vector

Heat shock method was then used to transform the ligated PCR product into E. coli chemical
competent cells. The transformed and non-transformed cells could be identified by the white and
blue colony screening respectively on the agar plates. Only white colonies were selected for
further analyses for Tyl and Ty3. 25 colonies for Tyl-copia and 25 colonies for Ty3 were

randomly selected and plasmids were isolated.
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B — Blue colony

White colony

Figure 4.3: Blue-white screening of the cloned LTR retrotransposons.

4.1.3 Plasmid DNA isolation from transformed E.coli

Plasmid DNA were isolated from individual liquid cultures of transformed E.coli cells. These
were then run in agarose gel and seen under UV light. Distinct bands for plasmid DNA near
4000bp in size were observed. As the size of the PCR product was 280 bp and 290 bp, and the
pCR 2.1 Vector harboring the insert was over 3900bp, it could be inferred that the band
visualized was characteristic of the required plasmid DNA.

<———— Plasmid DNA

Figure 4.4: Gel electrophoresis of Isolated plasmid DNA
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4.1.4 Confirmation of successful transformation by PCR:

To confirm the transformation, PCR products of the thermal cycling were seen in an agarose gel.
As the size of the PCR product was 280 bp and in plasmid, M13 primer binding sites are 200 bp
apart, the expected product size was around 480 bp. After gel electrophoresis and staining, the

expected bands were found.

A

P e S e < - -

FYY Y YYeeeeTY Y Y B 480 bp

Figure 4.5: Gel electrophoresis of PCR products by using M13 primer set and isolated plasmid as
template DNA

4.1.5 Sequencing result of the gel purified product:

The nucleotide sequences of gel purified PCR products were then sent to a commercial laboratory
Ist Base in Malaysia for sequencing. The excellent chromatogram results obtained for all

sequences indicated a high quality of sequence purification.

Figure 4.6: Chromas of the sequenced DNA
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4.1.6 Bioinformatics analysis
4.1.6.1 VecScreen analysis

VecScreen analysis revealed vector contamination at both ends of all 50 sequences. This outcome
was anticipated, as the primers used in the PCR (M13) resided in the pCR 2.1 Vector. The vector
contaminated sequences were therefore deleted from both ends to filter out the original Ty-1 and

Ty-3 sequences. An example of vector contaminated Ty-1 clone is given below:

Cistribution of Vettor Matches on the Query Seguence

C g > < Vector

Contamination

listeh to Vector: . Strong -Modtrm .\"hll
Segmant of suspect origin:

Segments matching vector:
Srrona match: 23-8

0. 329429

rigin. 1-22. 430-440

Figure 4.7: A graphical view of the VecScreen result

4.1.6.2 Cap3

On the basis of given forward and reverse sequences for each clone, Cap3 came up with 25 Tyl-
copia and 25 Ty3-gypsy contigs. The Tyl-copia and Ty3-gypsy contigs were named as JTEC and
JTEG respectively. The contigs are given in the appendix as unique Tyl-copia and Ty3-

2Ypsy sequences.

4.1.6.3 Verification by BLAST analysis

Homology based searches using by BLASTn and BLASTx revealed that all Tyl sequences had
close similarity to those in other plant species.

Within these 25 Tyl-copia sequences, based on the Blastx and Blastn results along with
Blast2seq results, it was found that among 25 sequences of Tyl-copia 14 sequences were unique

and among 25 sequences of Ty3-gypsy, 12 were unique.
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An example of Blastn result is given below

Query

0 50 100 150 200

Aiptions
nd for inks 10 other resources: m unGmBGEO 8 cene B stuere Nas Viewer

Sequences producing sagraficart aligrewnts
(Eltet hesdazs te sere colummy
R —

Vitis vinifera contig VW78X245374.2, whole genome shotgun senuerc
Vitis vinifera contig V78180657 .4, whole gensme shotgun sequence

Vitis vinifera contig \'V78X168278.1, whole genome shotgun sequence 145 -1
Vitis vinifera contig VV78X151180.11, whole genome shetgun sequenc 244 FEL
1.1 PREDICTED: Vitis vinifera hypothetical protein LOC100262113 (LOC10 23 L
1 PREDICTED: Vitis vinifera hypothetical protein LOC100263844 (LOCL 239 EEE
Vitis vinifera contig Vv78X008381.9, whole genome shotgun sequence 239 239 8%
Vios vinifera contig VV78X278253.5, whole genome shotgun sequence 235 235 8%
1 PREDICTER.A . 02 W M A Ty1 clone showing
Zaa mays clone Tzmi3 Tyl-copia type retrotransposon, partial sequer 13 (—:9'2—1!'._— .
match with a Zea mays
Tyl-copia sequence

Figure 4.7: A graphical view of the BLAST result

4.1.6.4 Transeq

Transeq was used to convert the nucleotide sequences into their corresponding amino acid
sequences. The result showed that among 14 Tyl unique sequences 4 contained stop codon and
among 13 Ty unique sequences 3 contained stop codon.

4.1.6.5 ClustalW analysis

For multiple sequence alignment

As there was a large variability in the nucleotide sequences, multiple sequence alignments were
carried out on the amino acid sequences using ClustalW. Multiple sequence alignment using
ClustalW on 14 Tyl-copia amino acid sequences showed that these sequences were
heterogeneous in Corchorus olitorius. The result indicated highly conserved TAFLMG and
FLVYVDD domains at the ends and YGLKQA domain in middle of the Tyl-copia RT
sequences. The ClustalW results along with the domains are shown in the following figure:
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TAFLMG domain

G CE T U YMEQPPCrIDOSNPTY VOCKIDEA ESFLILOQYGES &0
- S E T VY HMEQF PO IDOSNP I Y VORLDEAR ESEFLILOQYGCrs= €0
R QEDU W POFrIDCTYPESYVORLDERAR Y REFLIRYGrs=

L v

ENEDEPCVYKEISGS =TIV
ENEDEPCVYVEKISGCS= 4
Tzea® CEQTDMTLEVESSGD
Teeasid NPEEINMFFFYITRALLSL =N

Figure 4.8: Graphical view of multiple sequence alignment of Ty1-copia sequences

The same alignment with 13 Ty3-gypsy amino acid sequences showed that these sequences are
less heterogeneous in Corchorus olitorius. The result verified the presence of highly conserved
LVDN, LFSFMDGFSGY, APED, FCYKVMPF, QRAMYV, LFMD, EVYV domains in the Ty3-

2vpsy RT sequences.

Tregld YFLFRI TAEY Y RIAFVIAWG] t
Toeg™ YFLFRI [TAEY L ErFMDGESGY FPEDMER I AFVIAWGEIrCYRVMFE
Tewgli® YFLFRI TAGY SIFErMDCESGYH FEDMER TAFUVTAWNGEFrCYRWRIFPE:

PEDMERTAFVIANGCEICYREVME R
FEDMERK TAFVIAWGE FCYREVMEPE:

IrsFMDCESGYEH)
IrsSrMDGT SGYLd

Temgl® YFLFRI
Tocegls YFMPRI

Teegad ¥FMFRI IFrsrEDGraGYD IR AFEDMERE TAFV I AWGEFCYRWVMMFPE:
Teegd YPMPFRID IF MG YN I KA PEDMERETAFVTAWGE FCYRVMFEE
Teag® YPFIPRILO I MG G YN IR PEDMER T AN TANGE T CYREVMP I
Trege Y F L PRI L VDT AR M S MG S Y N I A P EDMER T T FRT LG FCYRKVME
Teegl ——EIvr) LESrMDGESIGYINEI FEDEFNTAFVIANGE FCYRVMEF]
ToegaC ———IviD L MG G YN IR AP EDE N TAFVTANGE S CYKVE P
Tzegt ¥YFLFRIDR LESFMDGESGYINERIT FPEDEKEN T A VI AWGrcYRVMPE:

ILE2RDGFICGYSET PEDEEE T AFVIANGEFrCYREVMPE:

Toegis YFLFRAIL

Teeagid
Teeg”T
Teeglit
JTeaga s
Tregl®
Toegld
Teeg3
Treege
Trage
Teagl
Trzegac
Tzeag?®
Teagls

PEMMIMI ~ = C Y VEOML T ICRK — == e e
ST M TN IO N U DB v o oo o o o o e s

PRI R TV EC Y VDT SG W — e et 1oz
DO ME T VECY VDML AGYATHMI CYVDEREK~——— 1317
P HKTVECY U DS — — —-— 2102

Figure 4.9: Graphical view of multiple sequence alignment of Ty3-gypsy sequences

Overall even though the CLustalW analysis showed heterogeneity in a few sequences, the
homology based BLASTn and BLASTx searches indicated these as sequences of the respective
groups Tyl and Ty3.
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4.1.7 A Phylogenetic tree construction:

Jteci8

i

|
] pect

Figure 5: Neighbor joining tree of Tyl generated by Clustal W

A phylogenetic tree of the Tyl and Ty2 sequences wasmade based on the ClustalW results, using
the Neighbour Joining (NJ) method. Tyl sequences were grouped into five subgroups and Ty3
sequences were grouped into 4 sub-groups. Figure 5.1 and 5.2 below show the phylogenetic
relationships or Tyl and Ty3 respective.

A similar tree generated for Ty3 using ClustalW classified the RT sequences in 4 groups.

— Jtegl
I Jeg8 €—— Group 1
Neg15

- m &—— Group2

i ';:;3 < Group 4

Figure 5.1: Neighbour joining tree of Ty3 generated by Clustal W
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Table 2: Retrotransposon groups and their constitutive sequences

Retrotransposon Sub-Groups Sequences
type

Tyl-copia Group 1 Jtec2, Jtecd, Jtec18, Jtec19, Jtec24
Group 2 Jtecl 1, Jtecl7
Group 3 Jtec5, Jtec6, Jtec20
Group 4 Jtec8, Jtecl6
Group 5 Jtec9, Jtecl2

Ty3-gypsy Group 1 Jtegl, Jteg20, Jteg8, Jtegl5, Jtegd
Group 2 Jteg18, Jteg25
Group 3 Jteg3,Jteg19, Jteg22
Group 4 Jtegl3, Jteg7

4.2 Transcriptional analysis

4.2.1 Isolation of RNA

Gel electrophoresis of the isolated RNA

Isolation of RNA from leaves of 0-9897 was carried out. Denaturing agarose gel electrophoresis

and ethidium bromide staining was used to check the purity and integrity of the RNA. Ribosomal
bands were visualized as bands on the stained gel. 28S ribosomal RNA bands appeared to have

an intensity approximately twice that of the 18S rRNA band (see figure 5.2)
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€«———— 28SrRNA

& 188 fRNA

Figure 5.2 : Total RNA isolated from 0O-9897

4.2.1.1 Results of quantification and purity of RNA

The concentration and spectrophotometric ratio at 260 nm and 280 nm of isolated RNA was

measured by nano drop, as given in the following table,

Table 3: Spectrophotometric ratio and concentration of isolated RNA

Genotype

Ratio of ODzm — to ODuﬁ am

Concentration of RNA (ng/pl)

O — 9897

1.93

3603.7
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4.2.2 Confirmation of successful RT-PCR

The RT-PCR process was confirmed by subjecting the products to gel electrophoresis. Only a
band of 280 bp for Tyl-copia was seen, shown in Lane 1 of the gel image below (figure 5.3).
There was no band of DNA for Ty3 (Lane 3 of the figure 3.15). This result strongly indicates that
Tyl-copia LTR retrotransposons are transcriptionally active in Corchorus olitorius genome

whileTy3-gypsy retrotransposons appear to be transcriptionally inactive.

280 bp

Figure 5.3: Gel electrophoresis of RT-PCR product for both Tyl (Lane-1) and Ty3 (Lane-3). The
Lane-2 is 1Kb+ ladder.

4.2.4 Cloning and Transformation with pCR 2.1 Vector
The RT-PCR product of Tyl-copia was successfully cloned into pCR 2.1 Vector.

Transformation of vectorinto E. coli chemical competent cell by a process of heat-shock was
carried out successfully. As the transformed cells were put on LB agar plate containing ampicillin
and kanamycin for selection, and IPTG and X-gal was used for blue white screening, only white

colonies were selected for further screening. 15 colonies for Tyl-copia were selected.
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— Blue Colony

+—————————— White Colony

Figure 5.4: Blue-white screening of the cloned LTR retrotransposons

Plasmid DNA isolation from transformed E.coli

Plasmid DNAs isolated from individual cultures of transformed E.coli cells were run in agarose
gel and visualized by UV light. Distinct bands for plasmid DNA near 4000bp in size were
obtained. As the size of the PCR product was 280 bp and the pCR 2.1 Vector harboring the insert
was over 3900bp, the band obtained was characteristic of desired plasmid DNA.

&——————— Plasmid DNA

Figure 5.5: Gel electrophoresis Isolated plasmid DNA

4.2.4.1 Confirmation of successfully transformed clone by PCR

PCR obtained from isolated plasmids using M13 primer set was confirmed by agarose gel
electrophoresis. As the size of the PCR product was 280 bp and in the plasmid, M13 primer
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binding sites are 200 bp apart, it was estimated that the expected product size would be
approximately 480 bp. After gel electrophoresis and staining, the expected bands were found.

< 480bp

Figure 5.6: Gel electrophoresis of PCR products by using M13

4.3 Result of sequencing of the gel purified product:

The nucleotide sequences of gel purified PCR products were sent for sequencing to 1stBase in
Malaysia. The excellent chromatograms results of the sequences was a validation of the good
quality of sequences isolated, and showed that Tyl-copia retrotransposons are transciptionally

active in the jute Corchorus olitorius genome.

Bioinformatic analysis with BLAST and ClustalW suggested that the 15 RT PCR positive
sequences could be divided into 2 groups; JTEC-RT-1 and JTEC-RT-2.
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Figure 5.7: Chromas of the sequenced DNA

4.3.1 Identification of the transcriptionally active group by ClustalW

To identify the transcriptionally active groups from the previously constructed groups of Tyl
retrotransposons of jute genome, two representative sequences (JTEC RT-1a, JTEC RT-2a) were
selected and a phylogenetic tree was constructed based on the NJ principle. Both of these two
representative sequences were found to fit in the cluster of previously constructed Group 3 of Tyl
sequences. So it can be said that, the sequences of Group 3 of Tyl LTR retrotransposons of jute
genome are transcriptionally active. This result is shown in the phylogenetic tree give below
(Figure 5.8).

ﬁ -
et ﬁ:: » €—— Group 1
Jec2d
Lf g}; } <€—— Group 2
Jech
I &) > €—— Group 3
: ot )
{ Nects <«—— Group 4
Jecd
aoc2 €—— Group 5

Figure 5.8: Phylogenetic tree to identify the transcriptionally active Tyl LTR retrotransposons of

jute.
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Phylogenetic relationships:

Sequence similarity within and between groups of a phylogenetic tree are generally indicated on
a threshold of 80% sequence similarity. From the multiple sequence alignment it is apparent that
the partial Tyl and Ty3 reverse transcriptase domains are highly heterogeneous and diverse. The
similarity is even less when it comes to looking at the nucleotide sequences. As there were stop
codons in some of these sequences, we were unable to use amino acid sequences to aid in

constructing the phylogenetic tree.
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5. Discussion:

5.1 Isolation and Characterization of LTR retrotransposons

The partial reverse transcriptase domains of Tyl-copia and Ty3 gypsy retrotransposons of the

Jute genome were amplified using degenerate primers, which have been successfully used in

many higher plants earlier (www.le.ac.uk/bl/phh4/retros.htm). The successful amplification of

these sequences was confirmed by analyzing the amplified sequences, which were shown to be

reverse transcriptase domains of jute LTR retrotransposons. It was observed that the Tyl-copia

reverse transcriptase sequences from jute were highly heterogeneous, though bioinformatics

analysis did demonstrate despite their heterogeneity there was enough similarity to be identified

as being from the Tyl-copia group. This is in line with similar findings of heterogeneity in Tyl-

copia in other species, like conifers and sorghum. However the RT sequences of Ty3-gypsy

retrotransposons had a low level of heterogeneity as also seen in other species like tomato

(Avramov Z et al, 1995, Su and Brown 1997, Freisenet et al, 2001, Muthukumar B and

Bennetzen J1, 2004, Dixiret et al, 2006).

These highly heterogeneous sequences may have resulted for several reasons as follows;

(1)The replication mechanism may not always be accurate, due to an error-prone retrovirus type
process which lacks fidelity and efficient proof-reading of the reverse transcriptase (Domingo
E and Holland J, 1994).

(2) There could be a number of both active and defective populations of retrotransposons (Kumar
A, Bennetzen JL, 1999).

(3) The divergence of a retrostansposon in any population seems to be proportionate to the copy
number hence, pressure of copy number (Flavell AJ et al, 1992, Charlesworth B, 1986).

(4) Homologous recombination (Heslop-Harrison JS et al, 1997, Liu B et al, 1999).

(5) Horizontal and/or vertical transmission (Kumar A, Bennetzen JL, 1999).

Also, interestingly the substitution pattern analysis results show that dN:dS (the ratio of the

number of non-synonymous nucleotide substitutions to the number of synonymous nucleotide

substitutions) is higher in the Tyl-copia group, which could also be a reason for heterogeneous

sequences.
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Some of the Tyl and Ty3 elements in this study contained stop codons, despite their low
frequency in the genome, compared to the other elements undergoing strong positive selection.
This could have happened when weakly selected amino acid sites saturate rapidly when non
synonymous substitution rates reach a maximum. Contrary to this, synonymous substitution or
divergence increases (Springer MS. et al, 1991, Springer MS. et al 1995). However there is.
nothing to indicate in this study that there are more weakly selected amino acid sites in Tyl‘-athcgw
Ty3-gyspy. Newly transposed retroelements are rarely seen to act as a source of new eler‘;';ents
(McAllister and Warren, 1997)), and they are seen to acquire mutations like pseudogenes.
Moreover transcription may not mean active transposition, so for Tyl-copia retrotransposons,
this ‘pseudogene effect’ could be the reason for their low abundance and the reason why
mutations are accumulated. Hence, natural selection may only act at the genomic level, hiding the

tendency to collect mutations to become non functional, but conserving the retroelements.

5.2 Transcriptional analysis of LTR retrotransposons

In other studies, the LTR subclass of retrotransposons, like Tntl1A, BARE-1 and Ttol have been
seen to demonstrate the most transcriptional activity (Todorovska E, 2007). However during the
developmental stages plant retrotransposons are usually transcriptionally inactive to lessen the
detrimental effect on the host, and seem to be often activated when subjected to certain biotic and
abiotic stresses. Retrotransposons and the host genomes have co-existed throughout their
evolutionary history, and have had a profound effect on genome activity. Strategies like
methylation and RNAi based silencing have been used by the host genome to regulate its
expression and activity. Recombination by the host genome is also another way to control copy
number and expression patterns. Plant retrotransposons have been found to be transcriptionally
active in roots, tassels and leaves (SanMiguel P. et al, 1996, Avramov Z et al, 1995, Suoniemi A.
et al, 1996, Grandbastien MA et al, 1997, Tahara M. et al, 2004).

In this study two distinct groups of transcriptionally active sequences were detected, and 2
representative sequences from these two groups were analyzed, and found to fit into group 3 of
the Tyl-copia phylogenetic tree, constructed based on the Clustal W results after characterizing
the isolated and amplified retrotransposons from Tyl-copia. These transcriptionally active

sequences from group 3 of Tyl-copia retrotransposons were found to display transcriptional
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activity in leaf tissue, under normal conditions. This is an surprising finding, as previously most
transcriptionally active LTR retrotransposons studied have shown transcriptional activity under
various biotic and abiotic stresses, and not under normal conditions (Tahara et al, 2004,
Muthukumar and Bennetzen 2004, Kumar and Bennetsen, 1999, Hirochika er al/ 1996). As one of
the first studies on LTR retrotransposons of the jute genome, it is therefore interesting to note that
transcriptional activity of LTR retrotransposons in normal conditions could be demonstrated. The
other unusual finding was that the expression of retrotransposons has often been detected in
protoplasts, cultured cells and callus (Hirochika and Hirochika 1993, Pearce et al, 1996, Tahara
et al, 2004), but rarely in leaves (SanMiguel ez al, 1996), as for this study. Mature leaves of the
common variety C. olitorius 0-9897 were used in the case of this study as experiments like this
have not been done on jute previously, in order to a standard to build on for future reference.
Having identified the presence of a transcriptionally active group of retrotransposons under
normal conditions, there is a good possibility that different stresses to the plant may result in
more transcriptional activity, either by producing a higher transcript level from the existing
group, or by transcriptional activity from other groups, as has been demonstrated in other plants.
Biotic and abiotic stresses like chilling, infection, mechanical damage, in vitro regeneration,
hybridization, generation of doubled haploids, tissue culture, exposure to hydrolases, have shown
to increase transcriptional activity LTR retrotransposons, in a variety of species including rice
and tobacco(Pouteau et al, 1991, Hirochika, 1995 & 1996, Grandbastien ef al, 2005, Salazar ef al,
2007). Hence there remains scope for future studies to identify the transcriptional activity of

retrotransposons responding to stress.
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6. Conclusion:

6.1 Summary

This study started out to isolate and characterize the reverse transcriptase domains of the Jute
LTR retrotransposons. Results indicate the heterogeneous nature of Tyl and more homogenous
nature of Ty3 are similar to those in other species. The interesting finding was the identification

of transcriptionally active retrotransposons in Jute, especially under normal conditions.

6.1 Future Directions
The following would be interesting areas of research for the next stage. Such studies may lead to

a greater understanding of the way the jute genome functions;

e Identification and tagging of Jute genes of agronomic importance.

e Develop retrotransposon based marker systems

e Identification of the full length sequences of transcriptionally active elements.

¢ Study of promoters of transcriptionally active retrotransposons

* Find the relative position of retrotransposons in the chromosome

e Analyze retrotransposon transcription expression patterns and their response to
various abiotic and biotic stress conditions, as well as function under normal
conditions.

e Analyze how other jute genes are affected by transcriptional expression patterns of

retrotransposons.

Understanding of how the jute genome functions and how expression in the genome is regulated
is important. Jute is an important cash crop with a chance to re-emerge as an even more important
crop given the environmentally conducive properties of jute products, and the emerging range of
diverse uses of Jute. Understanding of the Jute genome will enable identification and tagging of
genes of agronomic importance. The effects of external stresses on Jute, like those of climate
change, which may affect its growth and commercial value, may be tackled if we are able to
understand the mechanism behind transcriptional activation under normal conditions and various

stress conditions.
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8. APPENDIX




LIST OF ABBREVIATIONS

BJRI Bangladesh Jute Research Institute
bp Base pair

C Celsius

cDNA Complementary DNA

Conc. Concentration

CTAB Cetryl trimethyl ammonium bromide

dd water Distilled deionized water

DMSO Dimethyl sulphoxide

DTT Dithiothritol

dNTP Deoxyribonucleotide triphosphate
dATP Deoxy adenosine triphosphate
dTTP Deoxy thymidine triphosphate
dCTP Deoxy cytidine triphosphate
dGTP Deoxy guanosine triphosphate
dUTP Deoxy uridine triphosphate

DNA Deoxy ribonucleic acid

DNase Deoxy ribonuclease

EDTA Ethylene diamine tetra acetic acid
e.g. For example

etal With others

etc, Etceteras

g/gm Gram

Fig. Figure

o International Jute Organization
ISSR Inter simple sequence repeat

SSR Simple sequence repeat

kb Kilobase

L Liter



MOPS
mg
min.
ml

mM

Mol. Wt.

/MW
NaCl
ng

nm
NaOH
No./no.
0.D.
PCR

RAPD
RFLP
Rnase
rpm
RT
SDS
sec.
TAE
TE
TEMED
uv

vol.

pl

Molar
3-(N-morpholino)propanesulfonic acid
Milligram

Minute

Milliliter

Millimolar

Molecular weight

Sodium chloride

Nanogram

Nano meter

Sodium hydroxide

Number

Optical density

Polymerase chain reaction

Negative logarithm of hydrogen ion
Random amplified of polymofphic DNA
Restriction Fragment Length Polymorphism
Ribonuclease

Rotation per minute

Room temperature

Sodium dodecyl sulphate

Srcond

Tris acetate EDTA

Tris EDTA

N,N,N’,N’, tetramethyl ethylene diamine
Ultra violet

Volume

Micro liter
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