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Natural rubber, produced by several plant species, is the most versatile industrial raw 

material of plant origin. There are about 2000 laticiferous plant species, mostly belongs to the 

family Euphorbiaceae, Moraceae, Apocyanaceae and Asteraceae are reported to contain rubber 

in their latex. About 500 species have been tried as a source of natural rubber (Bonner, 1947), 

however, only a few have been commercially viable. Rubber tree, Hevea brasiliensis, which 

belongs to the family Euphorbiaceae accounts for 99% of the world’s natural rubber production 

(Wycherley, 1992).

Hevea brasiliensis is a quick growing perennial tree with a straight trunk and bark, which 

is usually grey and fairly smooth. The tree is indigenous to the tropical rain forests of Amazon 

River basin of South America. The plants need a rainfall of about 80 inches per year and 

temperature between the range of 75-90° F. Natural habitat of different species of Hevea are also 

found in Brazil, Bolivia, Colombia, Ecuador, French Guiana, Guyana, Peru, Surinam and 

Venezuela (Wycherley, 1992).

Hevea cultivation in India started in 1870 by the British and by the half of 20‘*’ century 

many plantations were successfully established in the country. Today, India is the fourth highest 

producer o f natural rubber in the world having a total of 5.7 lakh ha under rubber cultivation with 

a production of 605045 t. More than 98% of the rubber production in India is from traditional 

rubber growing tracts of Kerala and parts of Tamil Nadu and Karnataka.

In rubber tree, the bark on taping yields latex. The unique isoprenoid compound in 

natural rubber is cis-1,4 polyisoprene,which is present in latex. Rubber constitutes about 90% of 

the dry weight or about 30-40% of the weight of the latex exuded on tapping (Grill et a/., 1980). 

Rubber is the raw material of choice for heavy duty tires and also industrial uses requiring 

elasticity, flexibility and resilience.



All the earlier plantations in South and South East Asia were raised from unselected 

seeds .The field potential of these trees being low, the production was poor. Selection work on - 

Hevea to improve the planting materials and the introduction of vegetative propagation by 

budding (budgrafting) led in course of time, to the establishment of numerous valuable clones.

By budgrafting technique two plants with different genetic make up are joined together to 

form single plant and function as a new single plant. The upper portion or top of the plant is 

known as scion and the lower portion is called stock or rootstock. Rootstocks are obtained by 

germinating open pollinated seeds (heterogeneous in nature) collected from the fields.

Budgrafting consists of replacing a strip of bark of the stock with a strip of bark, 

containing a dormant bud (bud patch) taken from budwood tree (mother tree/elite tree) and 

bandaging it. Mother trees are selected after observations on yield and secondary attributes for a 

couple of years. The popular clones are evolved by this method in India are RRII 105, PB 235, 

PB 260, PB 311, PB 28/59, RRII 600 and GT 1. In India early hybrid clones developed by 

Rubber Research Institute of India (RRII) are RRII 100, RRII 200 and RRII 300 series. Among 

clones of the RRII 100 series, RRII 105 is highly successful and popular clone.

Stock-scion interaction is a phenomenon observed among budgrafted plants. There is an 

appreciable amount of variability exists among budgrafted plants due to stock-scion interaction. 

When the two partners of the bud grafted plants have different genetic constitution there are 

chances of incompatibility symptoms which affect the metabolic activities of these plants 

(Andrews and Marquez, 1993). Rootstock-scion interaction are generally complex, and many 

tree characteristics such as tree size, temperature tolerance, fruiting and disease resistance may 

be affected by the presence of a graft union and stock-scion interaction (Hartmann and 

Kester,1976).

Isozymes which can be considered as markers of gene expression were also reported to 

be influenced by rootstock-scion interaction. Effect of rootstock-scion interaction on isozyme



polymorphism was reported in Hevea ( Krishnakumar et al., 1992) and mango (Degani et al., 

1990). In citrus, bands for peroxidase differed in their position depending upon the rootstock- 

scion genomic diversity and degree of compatibility (Protopapadakis,1988).

Despite these interesting observations, the molecular basis of grafting induced effects 

remains obscure. It was reported in grafted tomatoes that the specific species o f mRNA can 

migrate from the rootstock to scion (Kim et al., 2001) whereas in grafted potatoes they migrate 

from the scion to stock (Peres et al., 2005). These reports indicate there is a possibility of 

influence of stock on scion and vice versa. Jensen et al., (2003) described the effects of 

rootstocks on gene expression patterns in apple tree scions. They performed a comprehensive 

comparison of gene expression patterns in scions of the apple cv. Gala grafted to either 

M7EMLA or M9T337 by cDNA-AFLP technique. Scions grafted to the M9T337 rootstock 

showed elevated expression of a number of genes related to photosynthesis, 

transcription/translation, and cell division while scions grafted to the M7EMLA rootstock 

showed increased expression of some stress related genes. Recently Zhang et al., (2008) studied 

a possible effect of tomato rootstocks on gene expression of egg plant scions. It was found that 

the tomato rootstock could up or down regulate gene expression of egg plant scions. The 

effected genes are related to diverse functions, including general metabolism, signal 

transduction, stress response, cell cycle/division, and transcription/translation.

Hevea brasiliensis is propagated commercially through budgrafting using genetically 

heterogeneous seedling rootstocks. Though budgrafting is considered as the most effective 

method of vegetative propagation of the true-to type elite clones in Hevea, these heterogeneous 

rootstocks impart intraclonal variations. Root stock influence on growth and yield in Hevea has 

been reported earlier (Templeton, 1960; Buttery ,1961; Ng et al., 1981; Cardinal et al., 2007).. 

Ahmed (1999) demonstrated the effect of rootstock on growth and water use efficiency of 

different rubber tree clones. TPD is considered as a physiological disorder resulting in drying up 

of the tapping panel in Hevea and one of the suspected reasons is the influence of rootstock. 

Wider genetic difference between the rootstock and scion may lead to TPD incidence in Hevea 

(Sobhana et al., 2005).



There is no study in Hevea in the stock scion interaction phenomenon to confirm whether 

root stock has any influence on scion. So in the present investigation we analyzed the mRNA 

profiles in the latex collected from scion portions of mature trees and in the scion leaves 

collected from growth chamber acclimatized plants of Hevea hrasiliensis. And also we report

the cloning and characterization of some scion specific cDNAs from growth chamber 

acclimatized plants with the following objectives:

1. Isolation of total RNA from latex cells and leaves of Hevea clone R R II105.

2. cDNA synthesis by RT-PCR and PCR amplification.

3. Cloning and characterization of some scion specific cDNAs.



REVIEW OF LITERATURE

Grafting is a popular method of vegetative propagation in several plantation and 

horticultural species. Due to the asexual nature of this technique, the traits of the scion are 

perpetuated without any change. The Chinese had been practicing this technique since lOOOBC 

and the Greeks too were familiar with this horticultural art since the times of Aristotle (Rom, 

1987).

Various anatomical, physiological and genetic factors determine the success of the graft 

union and its eventual establishment into a healthy plant. If the stock and scion are genetically 

different as in the case of two different species or genera, their biochemistry and physiology may 

be too incompatible to establish a successful bud union between them. Grafting compatibility is 

genetically controlled and multiple genes are involved (Copes, 1970 and 1978). The chance of 

grafting success and hence establishment of a healthy grafted plant increases as the genetic, 

physiological and anatomical differences between the stock and scion are minimal.

One of the most dramatic rootstock effects are those exerted on plant scion quality . For 

example, Ough et a/.,(1968) found that the choice of grape rootstocks for a wine variety could 

significantly alter the juice composition and thus affect the fermentation rate to an economically 

important degree. Riquelme et a l, (2004) found that the rootstock was an important agronomic 

factor affect the total flavonoid content of lemon juice. Verzera et al., (2003) reported that 

rootstock could influence the quality of bergamot essential oils based on extensive measurements 

during the years 1997-1998, 1998-1999 and 1999-2000.



Hirst and Ferree (1995) studied the effect of rootstock and cultivar on the growth and 

precocity of young apple trees. It was observed that rootstocks exerted more influence than 

cultivar on total growth. In cherry also rootstock influence on tree size and yield was reported 

(Facteau et al., 1996). The effect of combinations of three scions and three rootstocks on yield 

and quality of pistachio nuts was reported by Panahi et a l, (1996) and they found that rootstocks 

had large and significant effect on all the characters. Anatomical and biochemical studies 

conducted by Shklarman et al, (1992) in compatible and incompatible combinations of citrus 

species showed symptoms of poor graft union, callose development and irregularities in water 

translocations.

Scion cultivars of Vitis on different rootstocks reported to yield differently with varying 

levels of fruit quality (Howell, 1987). Similarly rootstock effect on cold hardiness of scion 

cultivars of Vitis was also observed. Increased yield varieties like Vitis labrusca grapes were 

obtained when grafted on vigorous rootstocks.

Another remarkable rootstock effect on scions induces phenotypic changes. For example, 

the recessive petunia mutant dad\-\ allele displays a phenotype characterized by highly 

branched growth, late flowering, adventitious root formation, shortened intemodes and mild leaf 

chlorosis traits, which are associated with cytokinin and auxin overexpression as well as 

gibberellin limitation (Napoli, 1996).

Rootstocks also have the abilities to improve the scion disease resistance. For example, 

the apple tree M7EMLA rootstock has resistance to Erwinia anylovora, the causal agent of Fire 

Blight disease. The scion of the apple cv. Gala grafted to the M7EMLA rootstock can reduce its 

susceptibility to Erwinia anylovora (Jensen et al., 2003). Similarly, the Lagenaria accession Sus 

is resistant to the carmine spider mites, whereas Cucurbita accession Brava has no such 

resistance. Grafting the susceptible Brava onto the Sus rootstock increased the resistance of the 

scion to the same level of as that of ungrafted Sus (Edelstein et al., 2000). The mango cultivar, 

Alphonsa grafted onto eight different rootstocks were compared and found that tree vigour, 

height and yield were influenced by the rootstock (Reddy et a l, 1989). Rootstock also have a 

role in influencing the sensitivity of the scion cultivars to pests (Ferree and Carlson, 1987).



It has been suggested that the physiology of rootstock-scion relationship is mediated 

through the movement of endogenous growth factors and other biochemical components 

between rootstock and scion. Exchange of such factors between stock and scion particularly can 

have profound effects. E.g. juvenile characters in ivy (Hedera helix) could be induced in the 

adult form by grafting the scion onto juvenile plants and hormones play a crucial role in this 

(Hartman and Kester, 1976).

There has been a recent report on long distance movement of mRNA from the stock to 

the scion in tomato grafts (Kim et al, 2001). The translocated mRNA caused morphological 

changes in the scion leaves similar to the morphology of the stock leaves suggesting that the 

translocated mRNA was functional.

During the brief course of the history of domestication of natural rubber, which stretches 

to more than one century, there was a tenfold increase in its productivity (Sethuraj, 1996). One of 

the important attributes for this spectacular increase in yield has been the development of high 

yielding elite clones either through ortet selection or hand pollination and their subsequent 

multiplication through bud grafting. This procedure ensured that the genetic constitution and 

hence the yield potential of the selected high yielding clones remained the same during the 

course of their multiplication into millions of bud grafted plants.

Although the genetic constitution of the scion could be maintained constant in a large 

Hevea population through bud grafting it may be noted that the root stocks are always grown 

from heterogeneous rubber seeds that have different genetic constitutions. Hence, rootstock is a 

potential source of functional variability among the individual trees of the same clone despite 

their genetic homogeneity (Djikman,1951). Such variations exist not only in rubber, but in 

almost all budgrafted species.

Rootstock has a profound effect on the vigour of the scion and the size and shape of its 

canopy in various species. In spite of such large tree-to-tree variations in latex yield in a



particular clone of Hevea, the mean yield is always higher in a high yielding than in a low 

yielding clone. It has been suggested that girthing in scion is more influenced by the rootstocks 

than its yield is (Templeton, 1960, Seneviratne, 1996). Rootstock influenced girth, height and 

leaf area o f the scion in Hevea brasiliensis (Sobhana, 1998).

Shobhana (1988) have shown a clear influence of rootstock on the photosynthetic rate of 

the scion leaves. The greater the photosynthetic rate of the rootstock seedlings (before 

budgrafting), the greater the photosynthetic rate of the scion leaves (after budding).

The rooting behaviour of the rootstocks has obvious effects on the water relations of the 

scion leaves. It was found that a scion grafted to monoclonal seedlings of GTl and RRIM 623 

was better adapted to drought than the monoclonal seedlings of RRIM 600 used as rootstocks 

(Ahmad, 1999). This was due to better root characteristics in the monoclonal seedlings of GTl 

and RRIM 623 than RRIM 600.

Root stocks have been known to influence the cation exchange capacity (CEC) of the 

roots which influences the mineral uptake. Similarly the NPK contents in the scion leaf also 

were determined by the scion itself and rootstock had no effect in i t . There has been a positive 

correlation between Magnesium and Manganese contents in the leaves of the root stock and 

scion in some clones but not in others (Sobhana, 1998).

Several reports are available on the effects of the root stock on the biochemical 

composition of the scion in various species (Brown et al., 1985) and in Hevea also it has been 

found that root stocks have profound influence on the biochemical composition of the leaves 

such as enzymes, reducing sugar, phenol and amino acids (Sobhana, 1998).

Several enzymes such as aspartate aminotranferase, leucine aminopeptidase, acid 

phosphatase, alkaline phosphatase, and phosphogluco isomerase showed polymorphism in the 

scion tissues collected from rubber trees grafted to different Hevea rootstocks (Krishnakumar et



al., 1992). Rootstocks have been found to influence isozyme patterns of peroxidase, esterase and 

catalase in the bud graft plants of five Hevea clones (Sobhana et a l, 2000).

Wider genetic differences between rootstocks and scion could lead to incompatibility 

symptoms in budgrafted plants (Hartman and Kester, 1976). It is possible that when the genetic 

distance between the rootstock and the scion is higher the chances of incompatibility will be 

higher (Hartman and Kester, 1976). In other words, a "genetic conflict” may be existing 

between the genetically divergent rootstock and scion. The large tree to tree variations noticed in 

the growth and yield of budgrafted Hevea brasiliensis are likely due to the effect of the 

genetically heterogeneous rootstocks (Dijkman, 1951).

The ‘genetic conflicts’ resulting from the genetic differences between the rootstock and 

the scion may lead to variations in the metabolic activities of the budgrafted plants as evident 

from the isozyme polymorphism in the scion leaves and RAPD analysis of the rootstock and the 

scion in Hevea brasiliensis (Sobhana et a l, 2000). RAPD analysis of the rootstock and scion in 

Hevea brasiliensis revealed that as expected the DNA profiles of the scion tissues of each 

cultivar were identical and the genetic distance between them was zero indicating the genetic 

homogeneity o f the scion. But the DNA profiles of the rootstocks were different indicating their 

genetic heterogeneity because the rootstocks in Hevea were raised from polyclonal / assorted 

seeds.

Tapping panel dryness syndrome in Hevea is a physiological disorder resulting in the 

complete shut down of the latex production and preliminary studies in such trees indicated that 

the genetic distance between the rootstocks and the scion was higher than the normal healthy 

trees. The results lead to the assumption that when the genetic distance between the rootstock 

and the scion is large there is a possibility of “genetic conflict” resulting in metabolic disorders 

in the budgrafted plants (Sobhana et a.l, 1999).



MATERIALS AND METHODS

Plant materials

Normal budgrafted mature trees of Hevea brasiliensis, clone R R II105 (19 years old) from the 

field of Rubber Research Institute of India, Kottayam and growth chamber (Conviron-E 15) 

acclimatized plants at their two whorled stage were used as the experimental materials in this 

study. For total RNA isolation, mature trees of Hevea brasiliensis were tapped in the scion 

portion and latex was collected (Fig.l) and scion leaves were collected from the growth chamber 

acclimatized plants.

Total RNA Isolation from Latex

Total RNA was isolated from the latex cells according to the following procedures:

I. Rubber trees were tapped and the fresh latex was collected in 2 ml eppendorf tube 

containing RNA extraction buffer. While collecting, the latex was continuosly mixed 

with an equal volume of RNA extraction buffer and kept at room temperature while 

transportation from field to lab.

RNA extraction buffer
0.2M NaCl

O.lMTris HCl, pH 7.0

0.01 M E D IA

1.5% SDS

0.02 % PVP and



II. After thorough mixing or vortexing, the mixture was centrifiiged at 14000 rpm for 15 

minutes at room temperature to separate the phases.

III. Equal volume o f phenol was added to the upper aqueous phase and spun at 12000 rpm for 

10 minutes at room temperature.

IV. Next the collected upper aqueous phase was extracted with equal volumeof chloroform : 

phenol : lAA and centrifuged at 12000 rpm for 10 minutes at room temperature.

V. The total RNA of aqueous phase was precipitated by the addition of 1/3 volume of 8M 

LiCl.

VI. The mixture was incubated at 4°C for overnight and the RNA was pelleted by 

centrifugation at 15000 rpm for 15 minutes at 4 ° C.

VII. RNA pellet was washed with 70% ethanol and dried and dissolved in sterile DEPC water 

and stored at -80 ° C.

Total RNA isolation from leaves
Total RNA was isolated from leaves according to the manufactures’ protocol for the

RNAaqueous kit, Ambion ,USA.

I. Briefly, 0.1 gm leaf tissue was ground in liquid nitrogen to a fine powder with a 

mortar& pestle . The tissue was transferred to a 2ml eppendorf tube to which 1.2 

ml lysis /binding solution and 0.1ml of plant RNA isolation aid were added and 

mixed thoroughly by vortexing. The mixture was centrifuged at 12000 rpm for 5 

minutes at room temperature. The clear aqueous phase was taken in a fresh 

eppendorf tube to which equal volume of 64% ethanol was added. Ethanol 

solution was used to make the RNA competent for binding to the glass filter in 

the RNA aqueous filter cartridge.

II. The mixture was applied to a filter cartridge assembled in a collection tube and 

centrifuged at 12000 rpm for 1 minute. Flow through was discarded and the 

collection tube was reused for the washing steps.

III. The filter cartridge was washed three times to remove contaminants, and the 

RNA was eluted in a very low ionic strength solution.

IV. The elution solution containing total RNA was precipitated by the addition of 

LiCl.



V. The mixture was incubated at 4 ° C for overnight and the RNA was pelleted by

centrifugation at 15000 rpm for 15 minutes at 4 ° C.

VI. RNA pellet was washed with 70% ethanol and dried and dissolved in sterile

DEPC water and stored at -80 ° C.

Quantification of Total RNA

The total RNA was dissolved in DEPC treated water and concentration and quality were 

determined using the NanoDrop® ND-1000 Spectrophotometer (USA) according to the 

manufactures’ instructions. It measured 1 |̂ 1 samples with high accuracy and reproducibility.

RNA can be quantified using absorption of light of 260 and 280 nm (A260/280). A ratio 

of ~2.0 was generally accepted as “pure” for RNA. If the ratio was appreciably lower than this 

value, it may indicate the presence of protein, phenol or other contaminants that absorb strongly 

at or near 280nm.

Sample concentration in ng/|xl was based on absorbance at 260nm. For nucleic acid 

quantification, the Beer -Lambert equation was modified to use an extinction coefficient with 

units of ng-cm/ml.

C=(A’̂ e)/b

Where :

C is the nucleic acid concentration in ng/ )j,l 

A is the absorbance at 260nm

e is the wavelength dependent extinction coefficient in ng-cm/ jxl (for RNA 40ng-cm/ml) 

b is the path length in cm ( for RNA data are normalized to 1.0 cm path)



Removal of genomic DNA contamination

Genomic DNA contamination was removed from total RNA by a treatment of 1 |ag RNA 

with lU  RNase free DNase (Sigma).

The DNase treatment procedure is given below.

I. In a 1.5 ml micro centrifuge tube, 40 |jg total RNA, 40 |j 1 of DNase I reaction 

buffer, 40 |j 1 RNase free DNase were taken and final volume was brought to 

100^1 using DEPC treated water and mixed gently.

II. The mixture was kept at room temperature for 15 minutes.

III. After 15 minutes 40 |j 1 stop solution was added and kept at 70°C for 10 minutes.

IV. After the incubation the mixture was cooled immediately using the watery ice.

V. The mixture was spun briefly and RNA concentration was measured once again 

and integrity of the total RNA was checked on a denaturing gel.

Electrophoresis of RNA 

Preparation of lOX MOPS buffer:

Concentration Component
0.4 M MOPS , pH 7.0

0.1 M Sodium acetate

O.OIM EDTA

1. For 1.2 % (W/V) gel (100 ml), 1.2 g of agarose was weighed into a 250 ml 

conical flask containing 72 ml of DEPC treated water and boiled till the agarose 

was completely melted.

2. The agarose solution was cooled to 60°C and 10 ml of 1 OX MOPS buffer and 18 

ml 37% formaldehyde (12.3M) were added to it.



3. After mixing, the solution was poured into a gel casting tray and allowed to 

solidify at room temperature.

4. The isolated total RNA samples were prepared by mixing the following 

components in a 1.5 ml eppendorf tube as follows:

VI RNA containing 2.5^g RNA

4̂ ,1 DEPC water

5|il Ambion RNA loading dye

5. The above components were mixed and kept at 65°C for 5 minutes in the thermo 

mixer (Eppendorf).

6. The heat denatured RNA samples were spun briefly and then loaded carefully into 

the solidified gel.

7. Electrophoresis was carried out for 1.5 h at 60V using IX MOPS buffer.

Detection of Differentially expressed genes by DDRT-PCR

Analysis of gene expression is a central aim in most studies in molecular and cell biology. 

Expression of specific genes can now be visualized by a powerful technique mRNADD (mRNA 

Differential Display) or DDRT-PCR (Differential Display Reverse Transcription-Polymerase 

Chain Reaction), that allows a rapid screening of RNA populations from any biological 

experimental system (Liang and Pardee, 1992; Bauer et ah, 1993; Liang et al .,1993). In plants, 

mRNA differential display method has been successful in identifying a number of differentially 

transcribed genes of populations in different physiological states ( Wilkinson et al .,1995), at 

different developmental stages (Opsahl- Ferstad et ah, 1997 ; Heck et al .,1995) and induced 

/non-induced by an abiotic/biotic agent (Benito et a l, 1996; van der Knapp and Kende ,1995). 

Sharma and Kumar (2005) identified 3 drought responsive expressed sequence tags in tea by this 

method. It was also applied to identify genes related to touch regulated gene from Arabidopsis 

mutant plants Chotikacharoensuk et al., 2006) and to identify genes in ginger (Kavitha and 

George Thomas, 2008) whose expression was altered in response to Pythium apahidermatum.

The strategy of this method consists of three basic (Fig.2) and two additional steps:



a a ™

■ I AAAA.AAJL.aa

rrA.'.«.:np{jcn mTP*

A*OCTTQATTOC<;,

*iOJ

om m irn yccAA

r*AAOcfT«Arr«cc4' ^ 
r-JuocmnrmTTT^i* ih-v ii«> 
«fff«

T«q 6Wk pel5i*iecsee 

—  OTTTTTTTTTTTC©&

I
■OTTTTmm iz*

wmt f  ■iiiiif i ii; X

Fig. 2 Schematic representation of 3 basic steps of mRNA differential display method

1. Reverse transcription in fractions using a set of anchored primers,

2. Amplification of cDNA species from each fraction using a set o f arbitrary 

primers and anchored primers,

3. Electrophoretic separation of the resulting fragments.



4. Reamplification of fragments that are different in two situations, cloning 

and sequencing, and

5. Confirmation of differential expression by an independent RNA analysis 

technique (Northern bloting, RNase protection, and/or nuclear run-on).

First strand cDNA synthesis by RT-PCR
1. First strand cDNA synthesis was done essentially using RNAimage kit

(Gen Hunter Corporation, USA) according to the manufactures’ 

instructions.

2. Total RNA isolated from latex as well as from leaves was used as the 

template for the reverse transcription reaction.

3. The first strand synthesis reaction was set up in a 1.5 ml eppendorf 

tube on ice. The reaction mixture was prepared as follows:

Components
Volume / reaction(fil)

DEPC H2O 9.4

5X RT buffer 4.0

DNTP (250^iM) 1.6

Total RNA (DNA -free) 2.0(0. ln,g/(il, freshly diluted)

Oligo dT primer 2.0

TOTAL
19.0

RT-PCR mix was kept in the PCR machine and it was programmed as follows:

Initial denaturation at 65°C for 5minute. ->37°C for 60 minute. ->75°C for 5 minutes. - 

>4°C. After the tubes have been at 37°C for 10 minutes, PCR reaction was paused and l|il 

MMLV reverse transcriptase enzyme was added to each tube, and quickly mixed well by finger 

tipping before continuing incubation. The products of reverse transcriptions were stored at 4°C 

for recent use or at -20°C for later use.



PCR amplification or DDRT-PCR
The first strand cDNA synthesis reaction mixture was used for the amplification of

cDNAs. PCR was performed with 8 arbitrary primers (Table 1.)

Table. 1 Arbitrary primers used for mRNA differential display.

Nos. Primer Sequence

1. H-APl 5’-AAGCTTGATTGCC-3’

2. H-AP2 5 ’ -A AGCTTCGACTGT-3 ’

3. H-AP3 5’-AAGCTTTGGTCAG-3’

4. H-AP4 5 ’ -AAGCTTCTCAACG-3 ’

5. H-AP5 5 ’ -AAGCTTAGTAGGC-3 ’

6. H-AP6 5 ’ -AAGCTTGCACCAT-3 ’

7. H-AP7 5 ’ -AAGCTTAACGAGG-3 ’

8. H-AP8 5 ’ -AAGCTTTTACCGC-3 ’

DDRT-PCR mix was prepared as follows:



Component Volume/ reaction ( .̂I)

Distilled H2O 10.0

lOX PCR buffer 2.0

dNTP(25^M) 1.6

Arbitrary primer 2.0

Anchored primer 2.0

RT mix 2.0

Taq DNA polymerase (Sigma) 0.2

Total 20.0

The amplification was carried out in thermocycler (Techne, USA).

The PCR condition were as follows: 94°C for 30s; 40°C for 2 min; 72°C for 30s for 40 cycles 

and finally 72°Cfor 5 min.

Preparation of 6% denaturing polyacrylamide electrophoresis

The amplified cDNAs were size fractionated by 6% denaturing polyacrylamide 

electrophoresis using Bio-Rad Mini protein Electrophoresis Cell.

A 6% denaturing polyacrylamide gel in TBE buffer was prepared as follows:

Components volume

Acrylamide (40%) 938 ^

lOX TBE buffer 625 îl

sterile H2O 2.4 ml

Urea 3.13g

TEMMED 2.5 III

APS(10%) 37.5 |il



I.The gel was allowed to polymerize for atleast 1 hr.

II.The gel was prerun in IX TBE buffer for 30 minutes.

III.5 |il loading dye was added to each sample, mixed well, heated at 80°C for 2 minutes 

prior to loading. The gel was run at constant volt (150 volt) until xylene dye touch the 

bottom of the gel.

Silver staining
Silver staining was accomplished by following the method of Benbouza et a/.(2006). It 

comprised the following steps:

I. After electrophoresis, gel was fixed in 50 ml cold (10-12°C) fixing solution (10% 

absolute ethanol, 0.5% acetic acid) for 5 minutes.

II. The fixed gel was soaked for 6-7 minutes at room temperature in a 50 ml solution 

containing 1.5% Silver nitrate (AgNOs), 75 |il of 37% HCHO.

Ill .Gel was rinsed quickly (10-15 sec.) once with 200 ml distilled H2O.

IV. It was then developed by soaking it at room temperature in a 50 ml developing 

solution (1.5% NaOH, 100 )xl 37% HCHO) until the bands appear with a sufficient intensity (3- 

5min.).

V. When the desired intensity was achieved development was stopped by impregnating 

the gel in a 50 ml stop solution (10% absolute ethanol, 0.5% acetic acid) for 2 min.

VI. Gels were washed several times thoroughly with distilled H2O and DNA bands were 

viewed and photographed using Genius Bio Imaging System, Syngene, Cambridge, UK.



Recovery, Reamplification and cloning of cDNA fragments 

Recovery of cDNA fragments

I. The gel band of differentially expressed cDNA fragments was cut down with a sterile 

knife and added to an eppendorf tube to boil for 15 minutes after tfee addition of 100 )j,l sterile 

distilled H2O.

II. The tubes were centrifuged at 12000 rpm for 5 minutes al room temperature and the 

supernatant were transferred to a new eppendorf tubes.

ITT. 10 ^l of 3M sodium acetate (pH 5.2),5 |j,l of glycogen (lOmg/ml) and 450 jil of 100% 

ethanol were added to the supernatant and kept in -80°C for 30 minutes.

IV. The tubes were spun at 12000 rpm for 10 minutes at 4°C to pellet DNA.

V. The supernatant was removed, the pellets were rinsed with 85% ice cold ethanol.

VI. Finally the pellet were allowed to air dry and dissolved in 10 |l i1 distilled H2O

Reamplification of cDNA fragments

Reamplificatin was done using 4 |j.l (out of 10 |il) eluted DNA in a 40 |il reaction

volume using the same primers and PCR conditions except the dNTP concentrations as

mentioned below.

Reampliflcation reaction mixture

Cotajponents .0 nl

Distilled H2O 20.4

lOX PCR buffer 4.0

DNTP (250 fxM) 3.2

Oligo dT primer 4.0 1̂

Arbitary primer 4.0 |xl

cDNA (eluted DNA) 4.0 III

Taq DNA polymerase 4.0 îl



Transformation protocol

4 |j,l of TOPO cloning reaction from the preformed TOPO cfcsming reaction mixture was 

added into a vial of one shot chemically competent E.coli (DH5a) anfl mixed gently. The mixture 

was incubated on ice for 30 minutes and the cells were heat shocfad for 30 seconds at 42°C 

without shaking. The tubes were immediately transferred to ice. Afeanst 250 |j,l of SOC medium 

was added. The tube was capped tightly and was kept horizontally sin an incubator shaker (200 

rpm) at 37°C for Ihour.

Plating of transformed cells

Transformed cells were plated onto LB medium contaaifiing antibiotic ampicillin 

(50mg/I).

Preparation of antibiotic selection medium.

LB medium (Sambrook et al., 1989) was prepared as follows:

Components Quantity

Distilled H2O 1 litre

Bacto-tryptone 10 g

Bacto-yeast extract 5g

NaCI lOg

Bacto-agar 15g

Conical flasks were plugged and autoclaved for 15 minutes at I51bs. Ampicillin (50mg/l) 

was added into the medium, after cooling to 50°C (mixed gently to ® »id air bubble formation ) 

and the medium was poured into plates. Transformed cells (75|xl) wgsre plated onto prewarmed 

antibiotic selection plate under laminar air flow. Plates were incubated at 37°C for over night. 

Colony PCR was performed to identify the positive colonies (transfoiMied colonies).



20|j.l of the PCR samples were run on a 1.5% agarose gel to check the reampfe5:a[feMi «»f 

cDNA probe in the first round of PCR. The remaining 20 |j,l PCR samples were st(5rfecE;iti3©^C 

for cloning.

Cloning of cDNA fragments

The reamplified cDNA probe was then cloned into TOPO-TA clQrii5ig.̂ :35ffletor 

(Invitrogen,USA) according to the manufactures instructions. The principle of 'I'CIMS-'SIA 

cloning is that, Taq polymerase has a nontemplate dependent terminal transferase aoTtivi^^^sdi 

adds single deoxyadenosine (A) to the 3’ ends of PCR products. The linearized vedtOTm^#ie;4dt 

had single, overhanging 3’ deoxythymidine (T) residues. This allows PCR insertsKtofiig^ 

efficiently with the vector.

To promote the TOPO cloning the PCR products, the reagents provided in?tlie fcitvwes® 

taken as per the manufactures’ instruction and reaction mixture was prepared as follows:

Reaction components for TOPO cloning:

Components volume

Fresh PCR products 4^1

Salt solution 1^1

TOPO TA vector 1 111

Total 6 ^1

The reaction components was gently mixed and incubated for 5 minutes ;at-room 

temperature (22°C). After the incubation the solution was placed on ice and transformation - was 

proceeded.



Step 1 Initial denaturation 94°C 4 minutes

Step 2 Denaturation 94°C 1 miiaute

Annealing 50°C L3Otmis0tes

extension 72°C 2 minutes

Step 3 Repeat step 2 39 cycles

Step 4 Final elongation 72°C 7 minutes.

The selection of transformed clones was performed by agarose geltdectioplraresis using 

colony PCR products.

LB plate containing 5 different /independent transformed cloiKsvwrae’Sselected for 

sequence analysis. The complete sequence of each cloned fragmentinssctibtaiiried using 

Automated DNA sequencer M/s. Banglore genei, Banglore, India. ThdMOlN^-.^s^uence was 

analysed for homology in the GenBank database using the BLAST N pi^pinmie;"(Altschul et 

a l, 1990).



Fig.l Collection of latex by tapping the scion portion of mature tree of Hevea brasiliensi



RESULTS AND DISCUSSION

RESULTS

The present study describes gene expression profile of latex collected from two 

different scions of the two mature trees of H. brasiliensis , clone RRII 105. It also 

explains the isolation, cloning and sequence characterization of the cDNAs specific to 

scion leaves of two growth chamber acclimatized plants. The mature trees were free from 

disease as well as TPD syndrome. The leaves collected from growth chamber 

acclimatized plants were free from disease and also of same physiological maturity.

Total RNA isolation

It is important that the total RNA used for differential display must be absolutely 

free from DNA contamination. Total RNAs were prepared from latex as well as from 

leaves, treated with DNase 1, checked for the integrity by formaldehyde agarose gel 

electrophoresis and used for RT-PCR. The quality of the RNA after DNase I treatment 

was assessed by the appearance of large and small ribosomal RNAs, which appeared as 

sharp intense bands (Fig.3).

cDNA synthesis by Reverse Transcription polymerase Chain reaction

Total RNA isolated from latex as well as from leaves was used as template for the 

reverse transcription reaction. The first strand cDNA synthesis reaction was performed 

in 20)il reaction volume using oligo dT primer (H -Tll G) in the presence of MMLV 

reverse transcriptase at 37°C for 1 hour.

Differential Display Reverse Transcription Polymerase Chain Reaction

After the reverse transcription reaction the first strand cDNA was used as 

template for PGR amplification using 8 different arbitrary primers (HAPi- HAPs) in 

combination with oligo dT primer (H -Tll G) for gene expression profile study of 2



samples (sample 1- two different scion latex; sample 2- scion leaves of two growth 

chamber acclimatized plants). PCR was performed in a DNA thermal cycler as follows: 

94°C for 30s; 40°C for 2 min; 72°C for 30s for 40 cycles and finally 72°C for 5 min.

Visualization of amplified cDNA fragments

Differential display experiment was repeated two times for the confirmation of 

the results. The amplified cDNA fragments were separated on a 6% denaturing 

polyacrylamide gel containing 7M urea and visualized by silver staining according to the 

method of Benbouza et al., (2006).

From the combination of one anchored oligo dT primer (H -Tll G) and 8 

arbitrary primers numerous amplified cDNAs were observed for all the 3 samples. On 

the gel with each primer combination only the differentially expressed cDNA bands were 

recorded for two samples.

Identification of differentially expressed cDNAs

Out of 8 arbitrary primers 3 primers produced differentially expressed mRNA 

bands for samples 1. With the primer combination of one anchored primer H -T l IG  and 

arbitrary primer HAP2, a total of 4 differentially expressed cDNA bands were detected, 

Whereas 3 differentially expressed genes were noticed with the combination of anchored 

primer H -T llG  and arbitrary primer HAP3. However, only one differentially expressed 

cDNA appeared when the combination of H -T l IG  and HAP5 was used (Fig.4).

Among 8 arbitrary primers used, only 4 primers produced differentially expressed 

cDNAs for sample 2. Three differentially expressed genes were identified by H- 

TIIG +H A P5 whereas only one band was noticed with H -TIIG +H A P3 combination. 

The other 2 primer combinations (H -TIIG +H A P4 and H -TIIG +H A P7) produced 2 

differentially expressed genes each (Fig.5).

Reamplification and cloning of differentially expressed genes/cDNAs

A total of 8 differentially expressed cDNAs were selected and purified from the 

gel. Purified cDNAs were reamplified using the same primer combinations. Reamplified 

products were purified and cloned into T-vector. The presence of the cDNA inserts in the



plasmid was reconfirmed by colony PCR (Fig.6). After PCR confirmation positive 

clones (plasmid with insert) were selected for DNA sequencing analysis.

Nucleotide sequence characterization

A total of 5 cDNA clones were sequenced and DNA sequence data were edited to 

remove vector sequences. Edited sequences were compared with GenBank database 

using Blast N programme (Altschul et al., 1990). Among the 5 clones analysed, 4 clones 

did not share any homology or similarity with the reported sequences in the databse 

whereas DD4 clone showed homology (77%) with GA20 oxidase gene of Phaseolus 

vulgaris (U70530) and of hybrid popular (80%) (AJ001326) (Table 2).

Table 2. DD PCR products and homology search results.

DD-PCR clone 

designation

Clone size in 

base pairs

Homology search results E-value

DDl 107 No homology identified

DD2 110 No homology identified

DD3 252 No homology identified

DD4 205 showed homology (77%) with 

GA20 oxidase gene of Phaseolus 

vulgaris (U70530) 0.045

DD5 193 No homology identified

DISCUSSION

Identification of differentially expressed genes

To analyze and identify genes that were differentially expressed in the latex of 

Hevea scions as well as in the leaves, we applied mRNA differential display technique. 

mRNA differential display is a powerful technique for isolating cDNAs specifically 

expressed in particular type of cells or induced in cells by various stress factors. Even



genes that express at low levels, such as transcriptional factors, can be cloned after 

isolation them using this technique.

The grafting technique has been extensively used for fruit trees and other plants to 

improve fruit qualities. Several recent studies provided convincing evidence that specific 

traits of the scions can be dramatically altered as a result of grafting to suitable stocks ( 

Salm et al., 1998; Pantalone et al., 1999; Napoli, 1996 and Beveridge et al., 1996). Most 

recently Zhang et al. (2008) studied the possible effect of grafting on tomato+eggplant 

grafts in which they showed the expression of a number of genes related to diverse 

functions, including general metabolism, signal transduction, stress-response,cell 

cycle/division, and transcription/translation. In their study, they used eggplant as a scion 

and tomato as a rootstock to study the effects of rootstocks on scions from a molecular 

perspective. They also studied the gene expression pattern in the leaves of ungrafted 

tomatoes, ungrafted eggplants and self grafted controls. It is reported that the alterations 

in gene expression resulted from the effects of tomato rootstock because they were only 

observed in eggplant scions grafted onto tomato rootstock and absolutely absent from the 

ungrafted and self grafted controls.

Previously a similar type of study on apple was carried out by Jensen et al., 

(2003), who demonstrated that rootstock influences on gene expression patterns in apple 

tree scions. In this study they performed a comprehensive comparison of gene expression 

patterns in scions of the apple cv. Gala grafted to either M7EMLA or M9T337 by using 

the cDNA-AFLP technique. Scions grafted to the M9T337 rootstock showed elevated 

expression of a number of genes related to photosynthesis, transcription/translation, and 

cell division, while scions grafted to the M7EMLA rootstock showed increased 

expression of some stress related genes.

In Hevea grafting technique has been practiced for more than a century to obtain 

uniform plants. Even though we are getting uniform plants we could not avoid tree to 

tree variation due to unavailability of true to type plants. These tree to tree variations are 

often reflected at phenotypic level (growth and productivity and root system).



physiological level (photosynthesis, biotic and abiotic stresses and mineral nutrition) and 

biochemical level (biochemical parameters and isozymes) changes (reviewed by 

Shobhana et al., 2007).

The present investigation was under taken to find out the changes at gene 

expression level between trees and between growth chamber acclimatized plants using 

total RNA of latex and total RNA of leaves, respectively.

We have observed the variation at gene expression level between two scion latex 

and between leaves of two growth chamber acclimatized plants.

There are chances for environmental influences like light, temperature, humidity 

etc. on mature field grown rubber trees in addition to stock scion interaction. In this 

condition we could not say very confidently that the variation in gene profile pattern 

between stock and scion, between scion and scion and between stock and stock is due to 

only grafting or stock scion interaction. In order to avoid or minimize the environmental 

influences we have kept some polybag plants inside the controlled environmental 

chamber for 2-3 weeks for acclimatization. Since the growth chamber acclimatized 

plants are of two whorled stage it is not possible to collect latex either fi-om stock portion 

or from scion portion for total RNA isolation. So we have collected leaves of same 

developmental stage from two growth chamber acclimatized plants for DDRT-PCR 

experiment. Using total RNA from leaves DD-PCR was carried out with 8 primer 

combinations. About 8 prominent differentially expressed genes were noticed from one 

of the growth chamber acclimatized plants. After reamplification, 5 genes were 

cloned and sequence characterized. Among them, 4 clones did not show any homology 

to the known sequences in the databse, while one clone (DD4) showed 77% and 80% 

homology with GA20 oxidase gene of Phaseolus vulgaris and hybrid popular, 

respectively.

Gibberellins (GAs), a group of tetracyclic diterpenes, some of which are 

biologically active, that act as hormones in higher plants by controlling diverse growth



and developmental processes such as shoot elongation, expansion and shape of leaves, 

flowering, seed germination and fruit development through promoting cell division and 

elongation (Olszewski et al., 2002; Sponsel and Hedden, 2004). GA20 oxidase (GA20 

ox) is one of the catalytic enzymes of biosynthetic pathway of GAs. Biochemical and 

molecular evidences showed that GA20 oxidase transcript levels are regulated by

bioactive GAs through a negative feedback mechanism (Hedden and Kamiya, 1997). 

The isolation and characterization of this gene was reported from various sources like 

Arabidopsis- (Huang et al., 1998 and Coles et a l, 1999), Hybrid aspen (Eriksson et al., 

2000), apple (Bulley et a l, 2005) and Citrus (Vidal et al., 2003 and Fagoage et al., 

2007).

Results of the two plants grown in controlled environmental conditions showed 

distinct differences in gene expression pattern by DD-RTPCR. It is quite evident that 

tree to tree variation exist between the plants. It is possible that GA20 oxidase gene may 

influence the growth of one plant compared with the other used in this experiment. The 

exact role of GA20 oxidase gene on stock scion interaction is not known. Further study is 

required to verify the expression pattern of this gene with more number of growth 

chamber acclimatized plants.

In conclusion, the present study revealed that tree to tree variation exists between 

plants under field grown conditions as well as under controlled environmental conditions. 

In addition, one of the cell growth regulator genes was identified by DD-RTPCR.



Fig. 3 Total R N A  isolated from latex and leaf 

on a denaturing 1.2% agarose formaldehyde gel

28S rRNA 28S rRNA

18S rRNA 18S rRNA

Latex total 
RNA

Leaf total 
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Fig. 4. D D  R T - P C R  using two different scion latex 

of mature tree of H.brasiliensis

scion latex A scion latex B 
oligo dT primer H -T ll G + HAP,

scion latex A scion latex B 
oligo dT primer H -Tll G + HAP,

scion latex A scion latex B 
oligo dT primer H -TllG  + HAP,

DifTerentiatly expressed band 34



Fig. 5 DD RT-PCR using leaf total RNA of two growth chamber acclimatized plants 
oiH.brasiliensis in the combination of oligo dT primer H-Tll G and 8 arbitrary primers

I 11

G1 G2 G1 02  
HAP, HAP,

G1 G2 G1 G2 G1 G2 G1 G2 G1 G2 G1 G2
HAP, HAP4 HAP, HAP. HAP, HAP,

G1 -  Growth chamber acclimatized plant 1 

G2 -  Growth chamber acclimatized plant 2 

Differentially expressed band



Fig.6 Colony PCR



SUMMARY AND CONCLUSION

The present study was done to find out the changes at gene expression level between field 

grown trees and between growth chamber acclimatized plants .

Normal budgrafted mature trees of Hevea brasiliensis clone RRII 105 and growth 

chamber acclimatized plants at their two whorled stage were used as the experimental materials 

in this study. We have applied mRNA differential display technique to identify genes that were 

differentially expressed in the latex of Hevea scions as well as in the leaves.

Total RNA isolated from latex as well as from leaves was used as template for the 

reverse transcription reaction. After the reverse transcription reaction the first strand cDNA was 

used as template for PGR amplification using 8 different arbitrary primers(HAPi-HAP8) in 

combination with oligo dT primer(H-TllG)for gene expression profile study of these two 

samples.

From the combination of one oligo dT primer (H -TllG ) and 8 arbitrary primers(HAPi- 

HAPg) numerous amplified cDNAs were observed for the two samples. From sample 2, a total of 

8 diffemtially expressd cDNAs were selected , purified and reamplified and cloned. A total of 5 

cDNA clones were sequenced . Among 5 clones analysed ,4 clones did not share any homology 

or similarity with the reported sequence in the database whereas DD4 clone showed homology 

(77%)with GA20 oxidase gene of Phaseolus vulgaris(\J10530) and of hybrid popular(80%) 

(AJ001326).

The present study revealed that tree to tree variation exists between plants under field 

grown condition as well as under controlled environment conditions.
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