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Stim u lating  rubber trees by applying ethep h on  in the bark  is a com m on practice to increase the latex yield  
in ru bber plantations. T he ethylene generated  from  ethephon induces various physiological and biochem ical 
changes and eventu ally  leads to increased latex production. E thylene perception and signal transdu ction  is 
in itiated  w hen the ethy lene m olecules bind w ith  the receptors localized  in the cell m em branes. In form ation 
on ethy lene recep tors and the m olecu lar m echanism  involved in the signal transduction is im p ortant to 
understand  the regu lation  of latex flow  in Hevca after stim u lation . T h e relative expression  of an ethy lene 
receptor g en e {Hb ETRl) in  u n stim u lated  and stim u lated  trees o f Hevea clone R R II 105 u sing  relative RT- 
PC R  indicated  that the gene w as up  regu lated  after stim u lation  w ith etheph on . P hylogenetic analysis of 
the ethylene receptors identified  from  d ifferent p lan t sp ecies and by u sing  a PC R  w ith d egenerate prim ers, 
a new  ethy lene receptor w as identified  in the bark  tissu es o f Hcvea w hich  w as nam ed as Hb ETR2. T he gene 
rep resenting  th is recep tor w as also found to be up  regu lated  by e thy lene stim u lation . q R T -P C R also  show ed 
up -regu lation  o f these genes im m ed iately  after stim u lation .
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INTRODUCTION glycolysis, increased adenylate pool,
. . .  r . . changes in polysomes, rRNA contents.The application of ethephon, a .̂ .. , , . , , enzynne activities, gene expression pattern

commercially available ethylene stimulant, j  r. • . a i , f ̂ . (TupyandPrimot, 1976; Amalou^ffl/., 1992;
in the bark ot trees increases j  . n • j, r .  . , . , . . , GidroUffl/., 1988) and eventually increasedthe volume of latex by delaying the latex i.u i i. • i j

, , 1 . • I I  t i l 0 ld t6X  V101C1.vessel plugging and stimulates the latex
regeneration m echanism  between two Immediate effects of stimulation on the
tapping (D'Auzacfffl/., 1993). Physiological physiology and metabolism of laticifers
and biochem ical studies showed that under various situations such as reduced
ethylene acts on membrane permeability of tapping frequency with different levels of
lutoid particles (Coupe and Chrestin, 1989; stimulation, over stimulation, intensive
Thomas et a l, 1999), increased the activity tapping and clonal responses to stimulation
of invertase resulting in acceleration of have been studied extensively (Chrestin,



1989; G ohet et al., 2003; Sim on, 2003; 
Sreelatha, 2003). C loning of ethylene 
inducible and laticifer specific promoters 
from rubber tree has been made (Pujade -  
Renaud et al., 2001) and two sucrose 
transporters Hb SUTIA  and Hb SUT2A 
which are induced by ethylene have been 
found to be related to increase in sucrose 
transport into laticifers (Dusotoit-Coucaud 
et ai., 2009). Recently it was reported that 
stim ulation of latex yield by ethylene 
depends on the expression of sucrose 
t r a n s p o r t e r SUTIB (Dusotoit-Coucaud ei 
a i,  2010). However little is known about the 
exact mechanism by which ethylene is 
perceived by its receptors and its signal 
transduction leading to various metabolic 
changes in the laticiferous cells of Hevea. 
Studies on the characterization of ethylene 
receptors and its signal transduction 
pathways are important to understand the 
regulation of latex flow in Hevea after 
tapping and stimulation.

Ethylene perception in plant tissues 
requires membrane- localized receptors and 
a signal transduction pathway to coordinate 
the downstream responses (Bleecker and 
Kende, 2000; Fluhr and Mattoo, 1996). 
Biochemical and molecular genetic studies 
on ethylene perception and signal 
transduction pathway have been studied 
extensively in Arabidopisis and other plant 
species (Schaller and Bleecker, 1995; Gao et 
a l,  2003).

In general, ethylene signal transduction 
is in itiated  by binding the ethylene 
m olecules with receptor proteins and 
activates a series of reactions involving many 
transcription  factors. In plants, these 
receptors are predominantly localized in the 
membranes of endoplasmic reticulum (ER) 
(Chen et al., 2002). The particular physico­
chemical properties of ethylene that allow 
free diffusion through the membranes and

the cytoplasm to reach its receptors in the 
ER without any active transport system.

The ethylene receptor gene, ETRl and 
the homologues ETR2, ERSl, ERS2 and E1N4 
genes have been identified in Arabidopsis 
(Chang and Stadler, 2001; Schaller and 
Keiber, 2002). Sequence analysis suggests 
that this receptor family classifies further 
into two subfamilies. ETRl and ERSl belong 
to subfamily-1 having a well conserved 
histidine-kinase domain, whereas ETR2, 
ERS2 and E1N4 belong to subfam ily-2 
containing an additional transmembrane 
segment and a degenerate histidine kinase 
domain. ETRl was the first member of the 
receptor family identified and characterized 
in detail (Qu and Schaller, 2001). It contains 
three predicted transmembrane domains 
that function as signal input dom ain 
based on their ability to bind ethylene. 
Follow in g  this E T R lc o n ta in s  a GAF 
dom ain and a C-term inal region that 
consists of a histidine kinase (HK) domain 
and a receiver domain which is likely 
involved in signal output (Bleecker, 1999).

Many homologues of ethylene receptor 
genes also have been identified and their 
differential expression was studied in other 
plant species (Lashbrook et a i, 1998; Mita et 
a i,  1998; Chang and Shockey, 1999). An 
ethylene receptor gene Hb ETRl (AY 847291) 
has already been isolated from Hevea 
brasiliensis (Yang et a i, 2005). This study was 
initiated to identify if there are any other 
members of ethylene receptors in Hevea and 
to study their role in ethylene induced latex 
production.

MATERIALS AND METHODS 
Plant material and ethylene stimulation

Hevea trees (clone RRIl 105 planted 
during 1992) of uniform girth and latex yield 
under S2 d3 6d/7 tapping system were



1989; Gohet et al., 2003; Sim on, 2003; 
Sreelatha, 2003). Cloning of ethylene 
inducible and laticifer specific promoters 
from rubber tree has been made (Pujade -  
Renaud et al., 2001) and two sucrose 
transporters Hb SUTIA  and Hb SUT2A 
which are induced by ethylene have been 
found to be related to increase in sucrose 
transport into laticifers (Dusotoit-Coucaud 
et a l ,  2009). Recently it was reported that 
stim ulation of latex yield by ethylene 
depends on the expression of sucrose 
transporter Hb SUTIB (Dusotoit-Coucaud et 
al., 2010). However little is known about the 
exact mechanism by which ethylene is 
perceived by its receptors and its signal 
transduction leading to various metabolic 
changes in the laticiferous cells of Hevea. 
Studies on the characterization of ethylene 
receptors and its signal transduction 
pathways are important to understand the 
regulation of latex flow in Hevea after 
tapping and stimulation.

Ethylene perception in plant tissues 
requires membrane- localized receptors and 
a signal transduction pathway to coordinate 
the downstream responses (Bleecker and 
Kende, 2000; Fluhr and Mattoo, 1996). 
Biochemical and molecular genetic studies 
on ethylene perception and signal 
transduction pathway have been studied 
extensively in Arnhidopsis and other plant 
species (Schaller and Bleecker, 1995; Gao et 
a l,  2003).

In general, ethylene signal transduction 
is in itiated  by binding the ethylene 
m olecules with receptor proteins and 
activates a series of reactions involving many 
transcription  factors. In plants, these 
receptors are predominantly localized in the 
membranes of endoplasmic reticulum (ER) 
(Chen et a l, 2002). The particular physico­
chemical properties of ethylene that allow  
free diffusion through the membranes and

the cytoplasm to reach its receptors in the 
ER without any active transport system.

The ethylene receptor gene, ETR2 and 
the homologues ETR2, ERSl, ERS2 and EIN4 
genes have been identified in Arabidopsis 
(Chang and Stadler, 2001; Schaller and 
Keiber, 2002). Sequence analysis suggests 
that this receptor family classifies further 
into two subfamilies. ETRl and ERSl belong 
to subfamily-1 having a well conserved 
histidine-kinase domain, whereas ETR2, 
ERS2 and EIN4 belong to subfam ily-2 
containing an additional transmembrane 
segment and a degenerate histidine kinase 
domain. ETRl was the first member of the 
receptor family identified and characterized 
in detail (Qu and Schaller, 2001). It contains 
three predicted transmembrane domains 
that function as signal input dom ain 
based on their ability to bind ethylene. 
Follow in g  this E T R lc o n ta in s  a GAF 
dom ain and a C-term inal region that 
consists of a histidine kinase (HK) domain 
and a receiver domain which is likely 
involved in signal output (Bleecker, 1999).

Many homologues of ethylene receptor 
genes also have been identified and their 
differential expression was studied in other 
plant species (Lashbrook et a l, 1998; Mita et 
al., 1998; Chang and Shockey, 1999). An 
ethylene receptor gene Hb ETRl (AY 847291) 
has already been isolated from Hevea 
brasiliensis (Yang et a l, 2005). This study was 
initiated to identify if there are any other 
members of ethylene receptors in Hevea and 
to study their role in ethylene induced latex 
production.

M ATERIALS AND M ETHODS  
Plant material and ethylene stimulation

Hevea trees (clone RRll 105 planted 
during 1992) of uniform girth and latex yield 
under S2 d3 6d/7 tapping system were



stimulated with commercially available 
ethephon (2.5% in coconut oil) on the bark 
below the tapping panel. A set of similar 
trees were kept as control without stimulant 
application. Bark samples were collected 
after three days of stimulation (Sreelatha,
2003) from both control and stimulated 
trees. The soft bark tissue was separated and 
used for mRNA isolation.

mRNA isolation

The soft bark tissues collected in liquid 
N, were ground and mixed with RNA 
extraction buffer containing 50 mM Tris (pH
8.0), 150 mM LiCIj, 5 mM EDTA, 5 per cent 
sodium dodecyl sulphate (SDS), 1 per cent 
soluble polyvinylpyrrolidone (PVP) and 2 
per cent P-mercaptoethanol. After a brief 
spin to remove the debris, mRNA was 
isolated from the supernatant by binding 
with m agnetic beads (Dynabeads, 
Invitrogen) and by capturing on a magnetic 
column. The quality and quantity of mRNA 
isolated was confirmed on agarose gel 
electrophoresis as well as by absorption at 
260 and 280 nm (Nanodrop, USA). cDNA 
was prepared from 25 ng of mRNA in a 10 
|al reaction mixture containing using Super 
Script III First-Strand Synthesis System for 
RT-PCR (Invitrogen, USA) according to the 
manufacturer's recommendations.

Semi-quantitative RT-PCR

Five microlitter cDNA, (1:25 and 1:125 
dilutions) from both control and stimulated 
trees were used in semi-quantitative RT-PCR 
with Hevea specific ethylene receptor 
primers. Ubiquitin gene (primer designed 
for Hevea) was used as internal control. 
Primer sequences used for ubiquitin (UBQ) 
and Hb ETRl are given in Table 1. PCR was 
perform ed according to the standard 
protocols and the amplified products were 
visualized on 1 per cent agarose gels.

Sequence comparison and phylogenetic 
analysis

Amino acid sequences for ethylene 
receptors from Arabidopsis, rice, maize, 
tomato, peach, beech and poplar were 
collected from NCBI and poplar genome 
home page for isolating more members of 
the receptor gene family. Multiple alignments 
of complete amino acid sequences were 
performed using Lasergene-6 (Clustal W) 
programme and a phylogenetic tree was 
made using tree view programme. Since the 
Hevea ethylene receptor has close similarity 
to the known dicot receptors, nucleotide 
sequences of these dicot receptors were 
aligned and a phylogenetic tree was again 
constructed.

Design and use of degenerate primers for 
PCR and cloning

Degenerate oligonucleotide PCR was 
performed using primers designed from the 
highly conserved regions of known ethylene 
receptors from dicot plants (Table 1). Single 
stranded cDNA (25 ng) was used as template 
for PCR using 10 |jM each degenerate primer. 
The PCR reaction products were fractionated 
on 1 per cent agarose gels and visualized by 
staining with ethidium bromide. The bands 
with expected size were recovered and 
ligated into pCR8/GW/TOPO cloning vector. 
The ligation mix was introduced into one 
shot competent cells followed by plating on 
to agar plates containing 100 (ig m L'’ 
spectinomycin and incubating overnight at 
37 "C. Single colonies were cultured in LB 
medium with appropriate antibiotic at 37 "C 
overnight and cells harboring the right 
clones were identified using colony PCR. 
Plasmid DNA from positive clones was 
purified using Miniprep DNA purification 
kit followed by sequencing with GW l 
primer. Analysis was carried out using 
Lasergene software package (DNASTAR,



Table 1. Primer sequences used for both RT-PCR and degenerate PCR
G ene Forw ard prim er R everse prim er

Hevea Hb ETRJ 5' AGATGCCAGTCTTCAGCTTGACCT 3'
specific
prim ers

Hb UBQ 5' nTC C rrC TC A G A TC TC C A A S'

Degenerate
prim ers ETR 5'RGARGARTCAATGAGGGCW

MGRGAYCT3'

ETR 5'GRCARTGGCATGYYYATGARCTGG3'

ETR 5’GRCARTGGCATGYYYATGARTTGG3'

ETR 5'TGCAAGRCARTGGCATGYYYATGA3'

5'AAACCATCAGGCATGCACACATCC3' 

5'CCAAACATCTAGACACAACTTGA 3'

5'ACA A ATTGCAAGRCCAAGYCCASTTT 3' 
5'TACAAATTGCAAGRCCAAGYCCAS3' 

5TACAAATTGCAAGRCCAAGYCCAS3' 

5TACAAATTGCAAGRCCAAGYCCAS3’

USA) and the consensus sequence of the 
new receptor was generated.

Expression analysis by Quantitative PCR 
Total RNA and cDNA preparation

Latex samples from trees of clone RRII 
105 were collected from unstimulated and 
stimulated trees (third, fifth and seventh day 
after stimulation) in lysis solution/2-ME 
mixture of spectrum plant total RNA kit 
(Sigma-Aldrich) and was mixed properly. 
Total RNA was prepared according to the 
manufacturer's instructions. The quantity 
and quality of RNA were determined by 
both spectrophotometrically (Nanodrop, 
USA) and by agarose gel electrophoresis.

cDNA was synthesized by using Superscript 
111 reverse transcriptase (Invitrogen) in a 20 
jjl reaction after treating 5 jjg  of total RNA 
with DNAse (Fermantas, USA). From this 
cDNA mixture, 1 1̂ of 1:10 dilution was used 
as template DNA in the downstream qPCR 
reactions.

Quantitative Real Time PCR

Suitable primers were designed and 
synthesized (Table 2) for both ETRl and 
ETR2 using Prim er Express (Applied 
Biosystem s, USA). Q uantitative gene 
expression analysis was eventually carried 
out by using Light Cycler 48011, Roche Real 
Time PCR System. RT-PCR was performed

Table 2. Primer sequences used for RT-PCR of Hb ETR 1 and Hb ETR 2
G ene Forw ard p rim er R everse prim er

Semi quantitative primers

Hb ETRl 5 '-  C A A G A A A C TG G A C TG A C G C C TG A G - 3' 

HbETRl 5 '-G C A A G A A A C T G G A C T G A C G C C -3 ' 

HbETR 2 5 '-C A A G A A A C T G A G C T T A C A C C T G A G -3' 

HbETR 2 5 '-  G C A A G A A A C TG A G C T T A C A C G -3'

qRT Primers

HbETRlq 5 '-  G G A A G G A C A T T G G C A TT G G A A G -3' 

HbETR2i] 5 ' - A A C C TG C C A G A A TA C A G C G T-3'

S '-C A G TTC C A A TG A TTG A TTTTG TG C -B '

5 '-C A G T TC C A A TG A T T G A T T T T G TG C -3 '

5'-TG G 'TTC C G A A G A 'TTG A C TTTG TG C -3'

5 '-T G G T T C C G A A G A T T G A C T T T G T G C -3 '

5 '-  C G A A G A G T G T A G G A A A G T T G A A G C -3' 

5 '-  G C C T C A T G G T TG A G A C A A T C -3'



in a 20 [al reaction mixture containing 1 
from 1/10 dilution of first-strand cDNA 
reaction, 6.5 nM of each primer and 10 fil of 
Lightcycler 480 SYBR Green I Master (Roche 
Diagnostics Gmbh, Germany). PCR cycling 
was performed by incubating the mix at 95 "C 
for 7 min, followed by 40 cycles of 95 °C for 
20 seconds and 60 “C for 30 seconds. This 
was followed by a melt curve analysis (95 "C 
for 20 seconds, 60 “C for one minute and 
95 "C for about 5 minutes). Each experiment 
was repeated two to three times, and each 
PCR reaction was performed in triplicate 
with null-tem plate controls. Reaction 
efficiency of both the target genes and the 
endogenous control was calculated based on 
the formula. Efficiency = 10 1. Primers
with slope values between -3.2 and -3.5 only 
were em ployed for these reactions. 
Glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) was used as endogenous control 
for the qPCR analysis. The relative 
quantification (RQ) values were analyzed 
(using Light Cycler 480 Software; release
1.5.0) and studied the fold change in the 
expression levels.

Statistical analysis

For each treatment, three biological 
replications were included in the qPCR 
analysis. Statistical analysis was performed 
with the relative quantification data using 
ANOVA. The ratio with P-value <0.05 was 
considered as significant for down or up- 
regulation. The expression values of 
unstimulated trees were considered as 
calibrator for calculating the fold change in 
the test samples.

RESULTS AND DISCUSSION

The expression of Heven ETRl {Hb 
ETR l), an ethylene receptor identified 
earlier, in control and stimulated trees was 
studied by performing semi-quantitative

RT-PCR using Heven specific primers for 
ETR. Hevea ubiquitin {Hh UBQ) was used as 
an internal control. It was found that 
Hh ETR l was up-regulated after ethephon 
stimulation both in 1:25 and 1:125 dilutions 
of cDNA and the internal control Hb UBQ 
was same in both control and stimulated 
trees (Fig. 1).

1 2 3 4 5 6 7 8

1.0 kb

Fig. 1. Sem i-quantitative RT-PC R am plification  of 
Hb ETRl and ub iquitin  (Hb U BQ ) in bark 
tissues o f Lanes 1-2: prim er ETRl (1:25 
d ilu tio n  o f cD N A ) and  3 -4 : ETRl (1 :1 2 5  
d ilution o/cD N A ); 5-6; ubiquitin p rim er (1;25 
d ilution  o f cD N A ) and 7-8; u biquitin  prim er 
(1:125 d ilution  o f cD N A ), Lane 1, 3, 5 and 7 
w ere from unstim uJated  trees; Lane 2, 4, 6 
a n d  8 w e re  fro m  s t im u la te d  t r e e s ; M - 
M olecu lar w eight m arkers

Data from NCBI and poplar genome 
home page were used for the analysis of 
aminoacid and nucleotide sequences of 
ethylene receptors from other plant species. 
Multiple alignments of complete amino acid 
sequences were perform ed and a 
phylogenetic tree was constructed as shown 
in Fig. 2. The data indicated that the Hevea 
ethylene receptor has close similarity to 
subfamily-1 receptors of poplar, peach, 
Arabidopsis and tomato.

Thus the nucleotide sequences of these 
known dicot receptors were aligned and a



------ Pt-ETR6.pro
------ Pt-ETR7.pro
------ Lc-ETR5.pro
------ At-EIN4.pro
------ Le-ETR4.pro
------ Le-ETR6.pro
------ Pt-ETR2.pro
------ Pt-ETR5.pro
------ At-ETR2.pro
-----  At-ERS2.pro
___ I Zm-ETR2.pro

Zm-ETR9.pro
------ Zm-ETR40.pco
------ Os-ETR4.pro
___ I Os-ETR.pro

' ()s-ETR3.pro
------ Pf-ETR3.pro
-----  Pt-ETR4.pro
-----  Hb-ElR.pro
-----Pp-ETRl.pro
-----  At-ETRl.pro
-----  Le-ETRI.pro
------ Le-ETR2.pro
___ I Fs-ERSl-pro

' Pp-ERSl-pro
-----  Pl-ETRl.pro
-----  At-ERSl.pro
-----  Le-NR-pro
_j—  Zm-Ef?S14.pro 

'—  Zm-ERS25.pro
-----  Os-ERSLpro
-----  Os-ERS2-pro

65.9 60 50 40 30 20 10 0

Aminoadd substitution

Fig. 2. Phylogenetic tree o f d ifferent p lant ethy lene receptors. Plant species and recep tor types 
com pared  are: Arahidopsis, poplar, peach, beech, m aize, rice, Hevea and tom ato. A m ino acid 
su bstitutions are sh ow n o n  the X-axis

phylogenetic tree was made (Fig. 3). 
Degenerate RT-PCR with primers designed 
from the more conserved regions of dicot 
receptors yielded ampiicons of expected sizes 
with primers 1, 3 and 4 (Fig. 4). Cloning and 
transformation of the reaction product and 
sequencing of the clones resulted in the 
identification of a new receptor, based on its 
homology to known ethylene receptors in the 
database. Out of the 54 clones sequenced, 22

sequences were 100 per cent homologous 
with database Hb ETRl sequences and others 
represented a new ETR sequence. Alignment 
of the new sequence was carried out and the 
consensus sequence was generated (Fig. 5) 
based on the multiple clones we isolated and 
this new ETR sec^uenced is designated as Hb 
ETRl.

To find out if this new gene is ethylene 
induced or not, two forward and one reverse
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Fig. 3. P hylogenetic tree o f d icot receptors m ost closely  related to Hb ETRl constru cted  based  on 
nu cleotide sequence data. P lan t species inclu ded  are ETR's o f Arabidopsis, poplar, peach, 
Hevi’iJ and tom ato

1.0 kb

Fig. 4. D e g e n e ra te  P C R  a m p lif ic a tio n  of Hez’cn 
e th y le n e  r e c e p to r s .L a n e -M : m o le c u la r  
m arker; Lane 1-degenerate prim er-1; L ane 2- 
d e g e n e ra te  p rim e r-2 ; L an e 3 -d e g e n e ra te  
prim er-3; Lane 4-degen erate prim er-4

primers were designed (Table 2) based on 
the nucleotide sequences of the Hb ETRl and 
Hb ETRl genes (from RRII 105) to perform 
relative RT-PCR. The gel electrophoresis 
analysis revealed that both Hb ETRl and the 
new Hb ET R l were up-regulated after

ethylene stimulation (Fig. 6). Upon finding 
this up regulation, relative quantification of 
ETRl and ETRl was carried out at different 
tapping days after stimulation and was 
compared with unstimulated control trees 
(Table 3). Significant up regulation of ETRl 
(about 1.5 and 1.6 fold on the third and 7'̂  
day respectively) with a considerable dip on 
the 5'̂  day (to the levels of unstimulated 
trees) was noticed. However ETRl level 
went up only on the third day (to 1.4 fold) 
followed by significant reduction to a level 
of about 0.6 fold. The preliminary data on 
its expression during the first three alternate 
tapping days after stimulation indicate that 
both ETRl and ETRl were up-regulated 
immediately after stimulation followed by 
a significant reduction in its levels in the 
subsequent tapping days.

The action of ethylene is based on two 
types of responses such as its cellular 
concentration and change in the sensitivity 
of tissues to ethylene. G enetic and 
biochemical evidences indicate that ethylene 
receptors act as negative regulators of 
downstream responses by suppressing the



TGTACACACAAATAAAAGTGACTATCACTTGGCACTGGGA 40 

AAAAATCAGGAAACCGAGGATCTCTCAATGATTCTGGnT 80 

AGCAACAAAAGCAGTGATTGAGATGITCCCnTCnTAGAA 120 
AACrrCACAGCATTACCAACAACATrTAAAATGGnTGCA 160 

TAAGGCGTrrCTGATCACCAATGGCATATTCCGGCAAATC 200 
TGGAGCCAAATTTAATGTAACAGGCAACnTTTAACAGAT 240 

GCAATAGGCTTGATCAAGTTAAGAACCTCCCAGAATACAG 280 

CGTGAAGATTAAAAGTTCCTAGGTCAAGTTGAAGGCTGCC 320 
ATCTTCAAGCCTTGAAAGGTCTAATACATCATTTATTAGA 360 

GTAGCCAAGAGGTTACTACTCTTAAGGATTGTCTCAACCA 400 

TGAGGCGCTGCTCAGGTGTAAGCTCAGnTCTTGCAGTAA 440 
GGAAGAAAGTGCAATAATTGCATGCATGGGAGTTCTCATT 480 

TCATGGTTCATGACAGCTAAGAAATCATrACGAGCACGGA 520 

TAGCTGnTCTGCTTCTCTCCTTGCAAGATCAAGTGCAAC 560 

ATTCTGCTCCATAAGAAGATCCCTTGCCCTCATCGACTCT 600 

TCTAAGATAGCAGCATGTGATAGAGCAACAGCC 633

Fig. 5. Sequence of Hb ETR2 clone of Heim.

Fig. 6. RT-PCR amplification of Hb ETRl and Hb 
ETR2, Lane-]&32- molecular markers; Lane- 
2&3 ubiquitin; Lane 4&5- Hb ETRl with 
primer-1; Lane 6&7- Hb ETRl with primer-2; 
Lane 8&9- Hb ETRl with primer-1; Lane 
lO&ll- Hb ETRl with primer-2; C-Control S- 
Stimulated

expression of ethylene responsive genes. A 
receptor in the absence of ethylene actively 
suppresses the expression of ethylene 
inducible genes. Once a receptor has bound 
ethylene, the suppression is relieved and thus

activating the downstream responses (Hua 
and Meyerowitz, 1998). Only way that a 
tissue can turn off the ethylene response is to 
synthesize additional receptors (Klee, 2002).

Regulation of each receptor gene by 
ethylene is different and the variations in 
expression levels of genes coding for the 
receptors might be reflected in the intensity 
of ethylene sensitivity. Investigations on the

Table 3. Relative quantification of ETRl and ETRl 
in ethylene stimulated samples of the 
H ev ea  clone RRII 105 com pared to 
unstimulated control

Treatment ETRl ETRl

Unstimulated (control) 1 1

Third day  after stimulation 1.54 1.43

Fifth day after stimulation 0.99 0.63

Seventh day after stimulation 1.62 0.62

CD (P<0.05) 0.230 0.065



relationship between changes in ethylene 
production and the levels of all members of 
receptor gene family is required to study the 
function of each ethylene receptor in 
inducing the responses. The transcriptional 
induction of these two receptors by ethylene 
in Heven may likely to play an important role 
in m ediating the im m ediate ethylene 
response and increased latex flow after 
stimulation.

CONCLUSION
Using a degenerate PCR approach, a 

new ethylene receptor {Hb ETR2) in the bark 
tissue was identified and cloned. Both Hb

ETRl and Hb ETR2 were found to be up- 
regulated im m ediately after ethephon 
stimulation.
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