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Abstract: A partial mRNA sequence was randomly identified from Celosia cristata matured leaf
mRNA population. Based on its deduced amino acid sequence analysis, it was predicted to be a
homologue of proteobacterial-type transposase / integrase peptide in plant system. Since the cloned
mRNA fragment was significantly closer to the bacterial transposases rather than to their eukaryotic
counterparts, so it may be a great value for evolutionary biologists, as it may certify a horizontal
transfer of genetic information between co-existed proteobacteria and Celosia leaves. This is a first
ever time report that may lead to the further studies concerning the structural and biological
importance of bacterial-type integrases in plant system in the future. A possible correlation between
the product of the isolated clone and anti-microbial mechanisms through the process of integration /
transposition or by homology-dependent RNA degradation strategy is recommended to be investigated
in the future.
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INTRODUCTION

Transposons are ubiquitous residents in the genomes of both prokaryotes and eukaryotes that possess the
capacity to move from one chromosomal location to another, through a process called transposition.
Transposable elements have been adopted two major strategies for their displacement; one involves passage
through an RNA intermediate prior to synthesis of a DNA copy while the other is limited uniquely to DNA
intermediates. Transposition / integration are carried out by element specific enzymes which are called
transposases in the case of DNA transposons and retrotransposases / integrases in the case of RNA elements
(for retroviruses and retrotransposons). All the enzymes responsible for the transposition process in all living
organisms have the conservative function, differing in the mechanism required to carry out these rearrangements
(Haren et al. 1999, Rice and Baker 2001).

It is suggested that the similarities in function could be reflected in amino acid sequences of integrases
and many transposases. These similarities are particularly marked in a region that is thought to form part of
the active site, namely the DDE motif (Kulkosky et al. 1992). 

The integrases are composed of three domains of catalytic core domain, C-terminal and N-terminal
domains. The catalytic core domain has got endonuclease activity for catalyzing of all reactions of integration
/ disintegration. The primary structure of the catalytic core domain of all the retrotransposons and retroviral
integrases consists of highly conserved three amino acid residues Asp, Asp and Glu (DDE motif). Amino acid
sequence analysis of putative transposases / integrases identified from different kingdoms has recently revealed
that there is no significant homology between them, other than this signature DDE motif (Polard and Chandler
1995, Eickbush and Malik 2002). 

Celosia cristata is an ornamental plant that belongs to Amaranthaceae. In this work, we identified a
homologue of transcriptionaly active proteobacterial-type transposase / integrase partial ORF from this plant
for the first time and predicted that there may be a horizontal transfer of genetic information between co-
existed proteobacteria and Celosia leaves during evolutionary period. The correspondence sequence was
submitted to EMBL / Genebank / DDBJ databases under accession number AM279415.

MATERIALS AND METHODS

Materials:
Celosia cristata seeds were obtained from the Division of Biochemistry, IARI, New Delhi and grown

under glasshouse conditions. Trizol reagent used for total RNA extraction was purchased from Gibco BRL,
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USA (Cat. No. 15596-013). The mRNA purification kit was from QIAGEN, USA (Cat. No.70022). Chemicals
used for the synthesis cDNAs was provided from Promega (USA) cDNA synthesis kit (Cat. No. C4360).
pGEM-T Easy vector system I (Cat. No. A1360) was used in PCR product cloning. Restriction enzymes were
purchased from Promega (Madison, WI, USA). All the other chemicals were of analytical and molecular
biology grades and purchased from Merck AG (Darmstadt, Germany) or Sigma (St. Louis, MO, USA). E. coli
strain DH5α was used for bacterial transformation.  

Methods:
RNA Isolation and cDNA Synthesis:

Total cellular RNA was isolated from the leaves of C. cristata at the early vegetative stage, using Trizol
reagent. About 0.2 g of leaf material was fine powdered using liquid N2 and 2 ml of Trizol reagent was added
to homogenize it at room temperature (RT). 200 ml of chloroform was added to the mixture, mixed for 15
second, incubated on ice for 5 min and centrifuged at 13000g for 15 min. The upper phase was transferred
to another tube and the RNA was precipitated with equal volume of isopropanol. The pellet was washed in
1 ml of 75% ethanol, dried at RT and dissolved in 30 ml RNase- free water. The integrity of the RNA was
tested on 1% non-denaturing agarose gel using TBE running buffer (Cat. No. 15596-013). Poly (A+) RNA was
purified from total RNA using mRNA purification kit protocol (Cat. No.70022) and double-stranded cDNA
was synthesized according to the protocol of Promega cDNA synthesis kit (Cat. No. C4360). To confirm the
cDNA source, total RNA extraction and mRNA purification were repeated as different samples and proceeded
for cDNA synthesis and RT-PCR reactions. 

Molecular Cloning and Sequencing of Celosia Integrase:
The cDNA fragment containing integrase core domain, was amplified using polymerase chain reaction.

PCR was carried out using Celosia cDNA population as template and a random degenerate primer set (5’-
TNC/AC/TC/AATT/CCAAAT/GGGTTGCA/TGAAGCAGCTCGA-3’). The reaction was carried out by mixing
the following components in a 0.5 ml PCR tube; Primers, 100 pmol (1ml each); cDNA, 50 ng (1 ml); PCR
reaction 10x buffer, 2.5 ml; 10 mM dNTP, 1 ml; H2O, 17.5 ml and Taq polymerase, 1 ml. The reaction
mixture was processed in thermocyclers (PTC 5000, USA) under the following cycling program: denaturation
at 94 ºC for 1 min, annealing at 55 ºC for 2 min, and extension at 72 ºC for 2 min.  The PCR product was
analyzed on a 1.2 % agarose gel. The amplified fragment was then cloned in pGEM-T Easy vector system I
and transformed to E. coli strain DH5α. Transformants were grown in isopropyl b-D-thiogalactopyranoside
(IPTG) / X-gal media and a single recombinant colony was selected and processed for plasmid extraction using
the alkaline lysis method (Birnboim and Dolly 1979). The isolated plasmid was digested with EcoRI restriction
enzyme and separated on 0.8 % agarose gel. Sequencing of the amplified fragment was done at South Campus,
New Delhi, India. 

Sequence Analysis of the Isolated Fragment:
The nucleotide and deduced amino acid sequences of the isolated cDNA were analyzed for primary

structure similarity by computing at BLAST (Basic Local Alignment Search Tool) and Multalin servers
developed by NCBI (National Center for Biotechnology Information, USA), and Expasy proteomic tools. 

RESULTS AND DISCUSSION

A cDNA fragment was amplified from C.  cristata matured leaf cDNA population prepared at the early
vegetative stage of plant growth. This fragment was cloned in pGEM-T Easy vector and transformed to DH5α
E. coli strain. Nucleotide and amino acid sequence analysis data for the recombinant plasmid revealed that the
amplified fragment spanning 297 bp in length (Fig. 1) and might be a partial ORF encoding a homologue of
proteobacterial-type transposase / integrase peptide. Homology search data obtained from different databases
showed that this sequence is about 65% identical to the integrase core domain of proteobacterial genes /
proteins in its overall predicted amino acid sequence (Fig. 2A). The maximum identity with Celosia partial
integrase sequence is reported about 69% for Acidiphilium cryptum, Burkholderia xenovorans and
Bradyrhizobium elkanii. The lowest similarity is observed for Synechococcus sp. (52%). The similarity score
between overall amino acid sequences of Celosia integrase fragment and E. coli integrase protein was found
to be very low, indicating that the isolated cDNA clone has not been derived from the E. coli cells that had
been used in the cloning procedure (Fig. 2B). The identity at the nucleotide level between the integrase gene
of Celosia and bacterial integrases was about 82% (alignment data not presented). 
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Fig. 1: Nucleotide and deduced amino acid sequence of cloned partial ORF from Celosia cristata. The
sequence analysis has been done by ORF finder in Expasy proteomic server
(http://www.expasy.ch/tools). 

Fig. 2: A) Comparison between deduced amino acid sequence of Celosia integrase- related partial ORF and
integrase core domain sequences of a number of proteobacteria: Cc. Celosia cristata (Ac. AM279415);
Ac. Acidiphilium cryptum (gi88939218); Bx. Burkholderia xenovorans (gi91686609); Rp.
Rodopseudomonas palustris (gi78495021); Rs. Rodobacter sphaeroides (gi83368293); Be.
Bradyrhizobium elkanii (gi14209505); Pd. Paracoccus denitrificans (gi69935266); As. Aurantimonas
sp. (gi90418154); Ss. Synechococcus sp. (gi87125672), B) Comparison between deduced amino acid
sequence of Celosia integrase- related partial ORF and that E. coli integrase core domain
(gi18265868). The Alignment has been done by INRA Multalin in Expasy proteomic server
(http://www.expasy.ch/tools).

The possibility for the bacterial origin of the isolated cDNA is strongly eliminated based on the following
experimental evidences: (a) Besides total RNA, Celosia poly A+ RNA was also purified from total RNA extract
and used as initial material, (b) Oligo dT primer was used for cDNA synthesis from mRNA sample and PCR
reaction was performed on cDNA population, and (c) no significant homology was found between Celosia and
E. coli integrase sequences. 

The polymerase chain reactions were separately performed using total RNA and purified mRNA samples
at the same experimental conditions. The end products of the PCR reactions were separated on 0.8 % agarose
gel and photographed (Fig. 3). As it was shown on the photograph, the positive signal was detected for both
total RNA and mRNA samples suggesting the plant origin of the isolated sequence, strongly. 

The homology search data using different Blast servers revealed us there is no significant similarity
between the sequences of Celosia ORF and any described genes or proteins from all plant genomes sequenced
to date (detailed output not shown).
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Fig. 3: Analysis of PCR products from total RNA and mRNA amplification. In order to determine whether
amplified integrase cDNA was originated from test plant tissues, the PCR products of total RNA and
purified mRNA samples were run on 0.8 % agarose gel and analyzed for the presence of the signals.
M: EcoRI and HindIII double digested lambda DNA marker.  

Recently, after plants genome sequencing and annotation projects, the presence of retroviral-like sequences
/ retrotransposons have been identified in all plant genomes sequenced (Bennetzen 2000, Eickbush and Furano
2002). It has been known that retroelements constitute a large fraction of the repetitive DNA of plants that are
widespread in plant genomes and show structural similarity to retroviruses (Kunze et al. 1997, Kumar and
Bennetzen 1999, Quesneville et al. 2005). In maize 50-80 % and in wheat up to 90% of the genome is made
up of retrotransposons (Essam 2003). 

The integrase is the retrotransposon equivalent of the transposase enzyme needed for transposition process.
All of the Members of the transposase protein family carry a signature motif of three acidic amino acids, the
DDE-motif, that cluster together in the folded catalytic domain. Rather than this motif, no significant homology
has been found between putative transposases / integrases among different organism kingdoms. They have
usually shown unique primary structural features that are the characteristics of each kingdom (Polard and
Chandler 1995, Eickbush and Malik 2002). 

After plant sequencing and annotation, the integrase sequences have been predicted in various genera such
as Zea (Acc. no: AAL59229), Oryza (Acc. no: ABA98196), Arabidopsis (Acc. no: AAD20658), Solanum (Acc.
no: AAT38744), Ananas (Acc. no: CAA73042), Cucumis (Acc. no: AAO45752), Medicago (Acc. no:
ABE80574), and Cicer (Acc. no: CAC44142). We performed the alignment between the integrase core domain
amino acid sequences of these genera and found that they are highly homologues to each other and despite
conserved functional amino acids, they are unique in their overall amino acid sequences and not similar to
other kingdoms particularly bacterial integrases (data not shown). 

The most of the comparative studies on the structure of plant integrases have been already focused on
between different species. For example; the comparison between primary structures of the integrase coding
domain of a gypsy-like retrotransposon from the various species of O. officinalis revealed that they are highly
homologous to each other (75–90%) and belong to a family of retrotransposons that is related to RIRE-2
element from rice (Shcherban et al. 2003). It has also very recently been reported that there are no significant
differences in divergence or clustering between the integrase sequences of grande (gypsy-like retrotransposon)
elements between Zea, Tripsacum, and wheat or rye species (Gómez et al. 2006).

As mentioned above, Celosia integrase fragment did not showed significant homology with any described
genes or proteins from all plant genomes sequenced to date. The amino acid sequence alignment between
Celosia integrase fragment and predicted integrase core domains of different plant genera has been shown in
Fig. 4. Celosia integrase exhibit low homology score below 15% with plant integrase sequences. The highest
score is observed for Ananas comosus and Medicago truncatula (14%) while the lowest score is reported for
Solanum demissum (10%). 

Celosia integrase fragment was significantly closer to bacterial transposases rather than to their eukaryotic
counterparts. This similarity may be a great value for evolutionary biologists, as it can certify a horizontal
transfer of genetic information between prokaryotic and eukaryotic taxa through co-existing. We think that such
a bacterial homologue may play an important biological role in plant system, which needs to be investigated.
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Fig. 4: Amino acid alignment between Celosia integrase partial ORF and the integrase core domain of
different retrotransposons from Zea mays (AAL59229), Oryza sativa (ABA98196), Arabidopsis
thaliana (AAD20658), Solanum demissum (AAT38744), Ananas comosus (CAA73042), Cucumis melo
(AAO45752), Medicago truncatula (ABE80574) and Cicer arietinum (CAC44142). The Alignment
has been done by INRA Multalin in Expasy proteomic server (http://www.expasy.ch/tools). 

A possible correlation between the product of the isolated clone and anti-microbial mechanisms through
the process of integration / transposition or by homology-dependent RNA degradation strategy is recommended
to be investigated in the future.
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