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Existence of retroelements in rubber {Hevea brasiliensis) genome
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Abstract
Reiroelements are dispersed as interspersed repetitive sequences throughout the host genome and exploited as
genetic tools for plant genome analysis. A reverse transcriptase (RT) gene fragment of MWaS cloned indicat-

ing the presence of retroiransposons - aclass of mobile genetic elements in the
order lo clone full-length reiroelements as well as to identify their extent of diversity, a

genome for the first lime. In
genomic library was

screened for retroelenients using reverse transcriptase (RT) gene fragment as the probe and consequently 23 posi-
tive clones were ldentified. Sequence analysis of positive clones screened for retroelements, showed homology of

eight oU>ncs with lujcleoiidc sequences of putative non-LI'R reiroiransposon RT in
|Vqtlj ||a, Ty3-Gypsy type of retroiransposons in

‘M and polyproiein

Araoidopsis theliang, r 7 in
Oyzasa]\/a, viral gag/pol polyprotein from Plsum

Q0TS suggesting abundance of retroelements in rubber genome. Existence

of RT sequences in amplified NBS region (nucleotide-binding site of the resistance gene analogue) from rubber
indicated insertion of retro-sequences in disease resistance genes, which might have a negative role on the func-

tionality of ihe respective gene.

KQ/V\D'CB: mmrﬂ’$.reirotrasposons. resistance gene analogues (RCASs)

Introduction

Retroelements (class | transposab)e elements) are
ilobile genetic elements that are ubiquitous in
ukar\'Otes and constitute a major portion ofih.- nuclear
:onome. Retroelements are classed into two categories,
‘“exwiruses and retrotransposons. If aretroelcmcntcodes

ully functional infective agent, it is classed as a
etrovirus. !f it has substantial missing functionality, it
s a transposon. According to prevailing theory,
eirotransposons areretroviruses, which got incorporated
iito the ancestral gemiline and altered through mutation.

Retrotransposons (RTNs) encode the proteins needed
or their own propagation, and through cycles of
eplication have come to represent major fractions of
he genome in many eukaryotes. Long terminal repeat
LTR) RTNs are ubiquitous in plant genomes (Flavell et
/.. 1992: Kubis (ra! 1998) and are often present in
igh copy number. The replicative mode of transposition
Mows rctroiansposons to generate genetic diversity by

\uihor for convspondciKC

altering the size and organization of the host genomes
and thus plays a major role in maintaining genome
plasticity (Kumar and Hirochika, 2001). Because of their
ubiquity and diversity, RTNs have great potential as
genetic markers for plant genome and biodiversity
analysis (Lee a/., 1990; Kumar 1997; Waugh e/
aI., 1997; Ellis 1998; Kalendarel/ii/., 1999; Pearce
eral., 2000).

Although recent studies of Fb\leagenome provide
some insight into the genome organization, there are no
reports regarding characterization of retrotansposable
elements and thereby no marker system has been
developed based on retrotransposons in Hevea
brasiliensis.

The aim of the present study is to demonstrate the
existence ofretrotransposons and theirextentofdiversity
in rubbergenome. Use ofretro-sequences for generating
potential markers for genome analysis has also been
discussed.



M aterials and Methods
Piant material and DNA extraction

The clone ‘RRII 105’ of H. brasiliensis was chosen
for the present study. Total genomic DN A was extracted
tVoiii 1 g of young leaves followhig ihe CTAB (cetyl
trimethyl ammonium bromide) protocol of Doyle and
Doyle (1990) with minor modifications (Saha el a!.,

AmpUftcanon and cloning of reverse transcriptase
{RT} "euefragment

A primer-pair (5* CATCGACSAAATGTTAGA
AAGG 3'and 5'TTTTTCCCA-ATTTAGGACCAG 37)
for the amplification of RT was designed based on the
conserved regions of the aligned RT sequences, derived
from GenBank and synthesized at Sigma-Aldrich,
Bangalore. PCR amplification was performed in a total
volume of 50 ~l containing 100 ng of template DN A
with 0.5 fXNlof each primer. 0.2 /aM of each dNTP, 2
units of Taqg DN A polymerase (Amersham Biosciences)
5 of IOX DNA polymerase buffer 1100 /iM Tris-HCI
(pH 9.0), 500 /iM KCI, 20 MgCI*]. Am plifications
were performed in a thermal cycler (GeneAmp PCR
System 9600, Perkin Elmer Cetus) with an initial
denaturation at 94°C for 3 min, followed by 35 cycles
of 30 sec at 94®C, 1 min at 58®C and 2 min at 72°C with
a final extension of 10 min at 72®C and subsequent
cooling at 40. Amplified products were separated on
10/0agarose gelin IX TAE buffer. The gels were stained
and viewed on UV transilluminator.

The amplified putative RT fragment was purified
using G FX column and ligated into pGEM -T vector. The
ligated products were subsequently used for
transformation of E. coli cells (DH5a). Nucleotide
sequences of the cloned PCR products were determined
by sequencing reaction using a BigDyc TerminatorCycle
Sequencing kit and the products were run with an Applied
Biosystems AB | 3700 Sequencer. Sequencing reactions
were primed on both the strands using either the T7 or
SP6 promoter sequences of the pGEM -T vector.

Identity of the putative RTfragment

The nature of cloned sequences was confirmed by
performing computer based homology searches with
known retrotransposon sequences from other plants in
the NCB | database using BLASTN and BLASTX
algorithms (Altschul etaiy 1997).

Southern blot and hybridization

Genomic DNA (5ig) of ‘RRII 105* was completely
digested with the restriction enzymes Ea>R| and 5fl«<3Al
(New England Biolabs) separately, following the

manufacturer’s instructions, fractionated on lo/Oagarose
gel and then transferred to Hybond-N+ (Amersham
Biosciences) nylon membranes as described in Sambrook
etal (1989). The blotted membrane was hybridized with
radioactively labelled RT probe. The RT fragment was
released from the vector by digestion, eluted from
agarose gel, purified and used as probes after labeling
with a~-P-dCTP by random priming method.
Hybridization was performed in Rapid-Hyb buffer
(Amersham Biosciences) at 60**0. The membrane was
washed twice in a solution containing 0.5X SSC and
0.1% SDS at 60°C and then exposed to X-ray film.

Construction and screening of genomic library

Hevea genomic library of the clone RRII 105 was
constructed in lambda vector (ZAP Express, Stratagene).
Genomic DNA was completely digested with the
restriction enzymes ECOR' and XhOl, purified through
G FX column (Amersham Biosciences), cloned into ZAP
Express vector and subsequently packaged in Gigapack
Il gold packaging extract following the manufacturer’:
protogol. This phage was plated after incubation with
Ecoli xL-1 Blue cels. Plaques were transferred to
Hybond-N+ nylon membranes (Amersham Biosciences)
according to standard procedures (Sambrook etal,
1989), screened through plaque hybridization and probed
with a radiolabelled (CX""P-dCTP) RT fragment. The
positive plaques were recovered individually and were
subjected to a second round of screening following the
same procedure. The recombinant lambda vector from
each of the positive _plague was converted into pBK-
CM V phagemids by INVIVOexcision that allowed insert
characterization in the plasmid system. A ll the positive
clones were subjected to PCR amplification using vector
directed T3 and T7 promoter primer-pair to determine
the size of the inserts. Positive clones were sequenced
from both ends of the inserts using aBigDye Terminator
Cycle Sequencing kit and the products were run on a
Applied Biosystems Sequencer ABI 3700 at Macrogen
Inc., Korea, to validate the presence of retrotransposons
in l‘b\/eagenome. All the sequences were subjected to
homology search with known retrotransposon sequences
from other plants in the N CB | database, as mentioned
earlier.

;Arg)liﬁcati(g&n()jseqmme analysisofresistancegene
OQuES

Putative RGAs were amplified from rubber using the
primers based on conserved motifs existing in the nuclear
binding site (NBS) regions of the disease resistance genes
of several plant species. Amplified fragments were
cloned and sequenced as described eariier and sequence
analysis was performed to find oul homology with



rctroiransposons.
Resiiits and discussion
Isolation of RT fragments from Hevea genome

A PCR pnxluci of 349 bp was obtained from FEBa
genomic DN A using degenerate oligonucleotide primers,
?ipecific for reverse transcriptase (RT) gene (Fig. 1). The
amplified fragment was cloned and sequenced (Fig. 2).
Encoded amino acids of the putative RT clone showed
maximum sequence homology with the RT sequences
(protein) of Medica™o truncafula retrotransposon
tABE89984: E value 2e-54), followed by ArEbKWIS,
O’}/’O. Pisum and many more retro-sequences in the
GenBank. indicated the presence of
retrotransposons - aclass of mobile genetic elements in
the Fb\leagenome. Presence of stop codon, delected in
the translated sequences revealed a loss of reverse
transcriptase activity of the RT gene fragment isolated
from I-bvea Alignment of aminoacid sequences of the
RT clone with other retrotrasposon sequences (Fig. 3)
showed presence of properly translated primer sequences
at both the ends (5" IDQmLeR and 3’ LVLNW EK).

w 'hich

Abundance of rctrotansposaoiis

The abundance ofretrotransposons in |‘b\/Bagenome
was analyzed by Southern hybridization against genomic
pNA of Hevea brasHersis digested with £c<?RI and
5«m3Al. Cloned RT from Fb\/eawas used as the probe.
Ver>'-strong liybridization signals were detected with the
fcfARI| restricted DN A at high molecular weight range,
whereas with Sau3Al digested DN A, signals were at the
low molecular weight range (Fig. 4) confirming
abundance of RT sequences in Fb\/eagenome.

A genomic library was constructed in lambda vector
for isolation and characterization of retrotrasposons
present in Fb\Bagenome. A total of 23 positive clones
were iso!. :ed from the genomic library after screening
with homologous RT gene fragment. All these clones
were converted to phagemid for furthercharacterization.
PCR amplification was carried out using T7 and T3
primer-pair to assess the size of the cloned fragments,
which ranged between 0.6 kb to 4.0 kb (Fig. 5) Clones
were designated as HRTN-1 to HRTN-23. Phagemids
were isolated and sequenced. Putative amino acid
sequences of each clone were compared with those
reported from other plants for retrotransposons. Results
of sequence analysis were presented in Table 1, which
showed'the presence of both LTR and non-LTR
retrotransposons in rubber. Out of 23, eight genomic
clones showed significant homology with retro-
sequence... Two clones HRTN-3 and HRTN -15 showed
maximiim homology with putative non-LTR
retroelement reverse transcriptase of O’yza sativa
(japonic- cultivar-group). Clones HRTN-9 and HRTN -
13 shar& equence identity with putative 22 kDa kafirin
clustero; i.y3-Gypsy type LTR retroelements from Oyzja
sativa ~laponica cultivar-group) and also with
polyprot? 1i of ANANAS COMDSLS, Clone HR TN -11 showed
maximum homology with reverse transcriptase of
Medica™o tnincatula and clone HRTN-14 with
retroelements from Oyzasallva Sequences ofthe clones
HRTN- 7 and HRTN-20 were related to gag/pol
polyprotein of Pisumsativum nucleotide variation was
also noticed

among similar

retrotransposons from Fb\/eagenome.

sequences of

Putative reverse ti'auscr*tase (RT); sequence length 349 bp

CATCGACCUATONAG"AAtIiimMGCQAAQCACNCNATTTCTONATCTAa\TGaGTA
NnccjGGANcnTCAUTTCc'iAncACccAQA.-ia'icrA\a\.\AAa\CMCAnNc\CTrA
TCCCTATQCIUCATITC3CATATAGGAa\ATGCCnTrGGTCnTQTAATGCICCaGCTACC
NTCAua\TGCATGATAGC'i."*TCTrnCTAAMTANaua\TATC\TCIJG4AGTmTA
TGATGINTTCT(IrCTATGGAACTACTTITGATATrGCCrLVGCT-UTrHTCT.-L-(3GT

GTrQCA.Ua\TGTGUaANTCAMCCTQGTCCTMATTGGGMA <L”

Encoded aiiiiuo acid sequence, 'uiniber ofamino acids 115

IDQMLERLMKHSYK'YLDQYSt .TQIPIHPED*EKTirmYGrFAYRRMPFGLCNGPAIPQR
ailLUFSNYNDIMEVNAIDDFES. ' GTm)DCUNLSKVLQRCmMNL\TNWEK

M RrRrII 1B
?4<) bp- Puiative RT
gene fraginciu
Fig. I  PCR amplificauon of reverse uanscripiase(RT) Fig. 2.

gene fragmcni from genomic DNA of ihe
cultivated done RRII 105 of FEAA IS
M. nwlccubr \seight marker U-ambda DNA/
tVoRI+HHtdIUv

Nucleotide sequence ol :iie PCR amplified reverse oancripiase gene fragmenl from rubber
(top) and iheir encode™ imino acid sequences (boiiom). Flanking underline sequences are
pniner-binding sites Siiij) codon (*) is detected within the sequence.



Fig. 4.

M EcoR\

Sus a1

B fiv.

Southern hybridization of Hvta
gcnomic DNA digested with£roR 1 and
5au3Al against RT probe. A, digested
DNA on agarose gel: B, autoradiogram
of the hybridized blot. M. molecular
weight marker (Lambda DNA/
£coRi+//mdlll).

Arabldop5i5 rt STWVSPVHCVWtKOGMTVVKNSKDELJPTRTIT6HRKC10yRKLN<sASRi>.DHPPLPFIDQ 60
Pea RT SSWVSPVHWPKKGGTSVILNEKNtLIrTRTVTGWRVCIDH»IRLNTATRt.DHFfXPFIC>Q 60
Medicago RT SKWVSPVQWPKKGCIL.TVIKNDKNESIATRTVTGWRWCIDYRHUNKATRtcr'HfPIPriDQ W
Rubber RT (putative) - 100 5
R-ice RT SEWVSPVQWfAKGCMTAVANAQNELIPORTVTOVRMC10VRKI.NKATKKPMFPI,PeTOe 60

Cotton RT SOWVSWVHWPKKTGVTWKNSSGeLVPTRVX[NRWRVCrOYRKLNAATRNOHFPtPFIOQ 60

ArabldopsiS RT MLERLANMPYVCFLOGYSGFFQI PIMPNOQEKTTFTCPV<iTFAV«.R>PFGI.CNAPATFQR 120
Pea RT MLERLAGHeYVCfLOOYSGYNQIWAPEOOE'CTAFTCPYGIMYRRWP"OICNAPATFQR 170
Medicago RT MLtRLAKMSHFCYLDGVSGFFQIPIHPNOQEKTIrCPFGTFAYRRMPFGLCNAPATFOR 120
Rubber RT (putative) mlerlakhsyfcyldoysgffqgipjhpED-ekttft'»pygtfavrrmpfov.cngpatfqr 6:
Rice «T mlerlanhsffcfldgysgyhqipihpeogskttftcpvgtyayrrmpfglcntpasfor 120
cotton RT MLERLANKTHVCCLOGYSGUFQIPVAPEOQOKTTFTCPFCTFAYRRMSFGLCNAPATFOR  12C

Arabidopsis RT CMTSISSDLIEEMVEVFMOOFSVYGSSFSSCt.LHICRVLKRCEeTHLVLMWIKCMFWVRE 180
W RT CMTSIFSOMLEKYMKVFMDOFSVFGSSFONCLANLSLVLQRCQETNLVI.NYfEKCHFMVCt 180
dlC&gO RT "+4SIFSOFVEKIMeVFMDOFSVMGSNFDOCI.TNLEKV'LeRCCQVWI.VJ.NWCKCHFWRE 180
Rubber RT (putative) CM3AIFSNYIEOIMEVFMOOFSVY<STTFOOCLANLSKVLQRCEESHLVENV. XK. ... .. 115
Rlce RT CWiSIFSOMIEOIMEVFNCOFSVYGKTUGHCLQHI.OKVI.QRCQEKPLVLMKI'EKCMFMVCE W O

cotton RT OfllSIﬁDWU*IIEFFMCDOFichGNSFN£CLW<<I.AKILQRCLEFNI.VUNY£KCXFMVU<< 180
o0 . oo o L) 0000 . oo oo

Arabidopsls RT
P«a RT GXVIGHKI 188
Medicago rt gtvighlv 188
Rubber RT (putaffve) — —-

R-(ce RT GIVLGHRV 188
Cotton Rt GLXLGHIV 188

givighki 168

Fig. 3. Alignment of amino acid sequences of reverse transcriptase (RT) originating frvm //t-v-
with other plant specics showing presence of properly translated primer scqucncc;
both the ends (5' IDQMLER and 3* LVLNWEK).

An interesting observation was made while working
with resistance gene analogues (RGAs) in HEVEA A
primer-pair based on NBS conserved motifs was used
to amplify resistance gene analogues. Sequences of 16
putative RGAs clearly showed homology with retro-
sequences (Table 2). Significant level of sequence
heterogeneity was noticed among these clones. This
observation reveals that retrotransposons are inserted
within the disease resistance gene sequences of
However, association of retrotransposons with disease
resistant marker or insertion of retrotransposon within
the gene itself had already been reported in several plant
species. Kenward etal (1998) cloned and sequenced a
randomly amplified polymorphicDNA (RAPD) marker
associated with black root resistance in tobacco and

M Positive clones fcomHevea genomic library

ri

Fig. 5. PCR amplification ofretro-positive //fvw gcnomic clonesusing vccior
directed T3 and T7 promoter primers for the deierminaiion of exact

size of the inseijs. Size of the inserts ranged between 0.6 kb to 4.0 kb.

found it to be a part of the retrotransposon Tnd-1. A
BARE-1 RTN was found to be located 0.28 cM from
the Mia locus, a member of a multigene family thai
confers resistance to powdery mildew (Wei etal., 1999.
2002). Bhattacharyya et al (1997) isolated and
characterized the low copy copia-like RTN Tgmr. tightls
linked to the Rpsl-k allele that confers race-specifit.

resistance to PIMtOF>tOrasojae in soybean.

Since the retrotransposon insertions arc itrcvcrsiblo
they are considered particularly useful in phylogcncti>>
studies. In addition, their widespread occurrence througl
out the genome can be exploited in genome mapp
studies. Retrotransposons consist oflong terminal repcau
(LTR) with a highly conserved terminus, which i
exploited for primer design in the development o
retrotransposon-based markers. There have been severa
marker systems based on LTR retrotransposons
including sequence-specific amplified polymorphist’
(SSAP), inter-retrotransposon amplified polymorphisr
(IRAP) and retrotransposon-microsatellite am plifie
polymorphism (REM AP) developed tor plants (Wuu”j
etal.. 1997: Ellis etal.. 1998; Kalendar el al., 1999V 1
ihe case of RTN-bascd markers, polymorphisms ai
generated hy relrotransposition. which is a unidirection,
process resulting in insertions of RTN daughter copic
into new sites without removal of the parental copi*.
from iheir sites. The consequence of retrotransposliic
is the alieration of a target site by iniegration of a fe



* ELxisieiit c of reirocleinenfs in nihhtr genoine

lawi* 1.
Huvea

Cenuinic
clone

HRTN3

HRTN9-F

HRTN9-R
HRTNII
HRTN13-F

HRTN13-R
HRTN14
HRTNI5

HRTN17
HRTN20

Sequences
Showing
Maximunt
homol<?

Non-LTR
rciroelcnvini rcveRe
tratiscripiase.

22 kDa kafirin cluster
Ty3-Gypsy type
Polyproicin

Revere tnmscriptase
22 kOa kaiirin
cluster; Ty3*Gypsy
type

polyprotein
Retroclement

Non-LTR
retroclemeni reverse
transcriptase

gag/pol polyprotcin
gag/pol polyproiein

ati»!ysis of Heyea i“tnumic rioitcs, screened with RT gene frngmecnls

I*1;iul species

Qyastia

yastha
\

Aoaiios comosiis
Medicp muGLth
Qyiasdia

Aaes@as
ayasiia
Oyafl v

Table 2. Sequence analysis of HevtAresistance gene analogue (RGA) clones

Hvea
RGA
clone
RGA?2
RGA3
RGA7
RCAI6

RGAIS

RGA2I

RGA22
RGA23
RCA24
RGA26

RGA27

RGA28
RGA29
RGA30

RGA3I

RGA32

Sequence showing
Maximum
homology

putative revei®e
tnu)scriptase
putative gag-pol
polyproiein
RNA-direaed DNA
polymerase (RT)

putative reverse
transcriptase

putative reverse
transcriptase

gag/pol polyprotcin
gag/pol polyprotein

gag/pol polyprotcin
RNA-dirccycd DNA
polymerase (RT)

RNA-dirccted DNA
polymerase (RT)

RNA-direcied DNA
polymerase (RT)
gag/pol polyprotein
Reverse transcriptase

RNA-directed DNA
polymerase (RT)

RNA*dircctctl DNA
polymcmse (RT)

gag/pol polyprotcin

Plant spedes

Otsgess

Accession
numbers

NP910568

NP920981

CAAT3042
ABES87837
AAP53268

CAA73042
NP919465
NP910568

AAQ82037
AAQ82037

Accession
numbers

CADG59768

CAJ09951-

ABEB83303

CAD59767

CAD59768

AAQ82037
AAQ82037
NP910568

ABE87222
ABE87222

ABE87222

AAQ82037
ABE91449
ABE87222

ABE87222

AAQ82037

value

7.00E-09

7.00E-11

9.00E-53
2.00E-17
.OOE-10

3.00E-64
1.OOE-16
7.00E-08

2.00E-18
7.00E-38

E value

5.00E-12

S.O0E-i0

2.00E-15

3.00E-10

5.00E-12

1.OOE-87

1.0OE-86

2.00E-84

5.00E-83

6.00E-87

1.OOE'89

5.00E-79
1.OOE-89
3.00E-86

2.00E-82

9.00E-89



hundred base pairs to a few kilobases. Genomic locations
of MITE (miniature inverted transposable element)
transposons are also variable within a species. These
polymorphisms have been successfully exploited as
genetic markers in maize and rice (Casa et al., 2CXJO;
Chang etal., 2001). However, efforts are being continued
to develop retro-based marker system in rubber for
genome analysis using the sequence information
achieved in this study.

In the present study, reverse transcriptase domains
ofretrotransposon from Fb\/eagenome was successfully
amplified, which was further used as probe in screening
ofagenomic library toisolate genomic clones containing
retrotransposons. Several retrotransposons were
identified through sequence analysis. Positive clones
bearing large inserts are practically important for cloning
of full-length retrotransposons as their estimated size is
around 5 kb (LTR retrotransposons). Therefore, efforts
are being made towards full-length sequencing of large
cJones, which showed the presence of retro-sequences
on both the ends. Presence of retrotransposons in
association with resistance gene analogues was also
evidenced through sequence analysis of RGAs derived
from rubber. Sequence information ofretrotransposons,
isolated from rubber genome could be exploited as
genetic tools for genome analysis. To our knowledge,
this is the first report of the presence of retrotrasposons
in rubbergenome.
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