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IN T R O D U C T IO N

To m eet the increasing  dem and o f N a tu ra l R ubber (N R ), the c u ltiv a tio n  is  be ing  extended to  non- 
tra d itio n a l reg ions lik e  N o rth  Konkan, parts o f K arnataka, O rissa, M adhya Pradesh w here i t  faces 
w arm  tem perature, h ig h  lig h t and atm ospheric and so il d rough t d u rin g  summ er. Though these areas 
are no t favourab le  fo r NR cu lttva tio n  (V ijayakum ar et al., 1998; Jacob et a i, 1999), we are le ft w ith  no 
option  other than id e n tifica tion  o f suitable clones that can perform  better under such extreme agroclim atic 
cond itions. In  o rd e r to  id e n tify /e v o lv e  su itab le  clones, i t  is  essential to  id e n tify  the genes th a t are 
associated w ith  stress to lerance. In  th is  context, a q ua n tita tive  expression analysis study was carried 
ou t w ith  17 stress related genes o f Hevea w ith  an objective to  id e n tify  candidate genes/factors associated 
w ith  d ro u g h t to lerance. The p rom is ing  genes were id e n tifie d  and th e ir relevance in  the context o f 
d rought tolerance in  Hevea is discussed in  th is  paper.

M A TE R IA LS  A N D  M E TH O D S

Two year o ld  Hevea p lan ts  be long ing  to  d ro ug h t susceptib le  g roup (R R II 105) and d ro ug h t to le ran t 
g roup (RR IM  600, RR II 208 and RR II 430) g row n in  R egional Research Station, D apchari, M aharashtra, 
Ind ia  were selected fo r the present study. The contro l p lants were irriga te d  on every th ird  day, w h ile  
the drought im posed plants were g iven life  saving irrig a tio n  once in  15 days. Gas exchange parameters 
(A , g and transp ira tion  rate) were measured using a portable photosynthesis system (Li-6400, Li-COR, 
USA) on in tact, fu lly  m ature top leaves on 14 day and lea f samples were collected in  liq u id  n itrogen 
a fte r con firm ing  the im pact o f stress by gas exchange parameters.

m R N A was isola ted using  m agnetic beads (Dynabeads, Inv itrogen , USA) and cD N A  was synthesized 
using  S uperscrip t I I I  reverse transcrip tase  (In v itro g e n , U SA). Q u an tita tive  gene expression analysis 
was ca rried  o u t a t least th rice  under standard cond itions using  A p p lie d  Biosystem s 7500 Real Tim e 
PCR System. Reaction e ffic iency o f both  the ta rge t genes and the endogenous con tro l was calculated

VVstopt)
based on the fo rm ula . E fficiency = 10 -  1. Prim ers w ith  slope values between -3.2 and -3.5 on ly were
em ployed fo r these reactions. G APD H  gene was used as endogenous control. Three b io log ica l replications 
were inc luded  in  the qPCR analysis fo r each treatm ent. S ta tis tica l analysis was perform ed w ith  the 
re la tive  quan tifica tion  data using  AN O V A. The ra tio  w ith  a P value < 0.05 was adopted as s ign ifican t 
fo r up  o r dow n regula tion .
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RESULTS A N D  C O N C LU SIO N S

AU the three to le ran t clones m aintained s ign ifican tly  h igher rate o f photosynthesis than RRII 105 under 
d ro u g h t stress w hen com pared to  the susceptib le  clone R R II 105 (data now  show n). The re la tive  
q uan tifica tion  data o f 17 genes in  three drought to le ran t clones as compared to  RRII 105 con tro l p lants 
is furn ished in  Table 1. Am ong the genes studied, o n ly  tw o genes were found s ign ifican tly  up-regulated 
in  a ll the three d ro u g h t to le ra n t clones. H bDRT 5b and HbTPD 24 w h ich  have hom ology to  N AC  
transcrip tion  factor (N A C  tf)  got expressed sign ifican tly  under drought conditions. A nother gene w hich

Table 1. Relative quantification of seventeen genes under drought conditions w ith reference to irrigated plants of RRII 105 
(RQ values)
Genes RRII 105 RRII 105 

D
RRIM 600 

C
RRIM 600 

D
RRU208

C
RRII 208 

D
RRII 430 

C
RRII 430 

D
CD

HbDRT 5b 1 1.04 1.44 14.26*-^ 1 . 1 1 7.16** 0.61 4.30** 2 . 1 0

HbTPD 24 1 0.89 1.34 14.41** 0.69 3.82** 0.60 3.47** 1.90
HbTPD27 1 1.83 2.99 1.99 4.58** 4.97 *• 3.04 9.83** 3.50

HbDRTSO 1 1.65 4.58** 3.75* 3.90* 3.15 2 . 2 0 4.72** 2.41

HbNRGlS 1 0.47 4.34 5.23** 74.39** 7.22** 3.25 29.65** 3.63

HbNRG21 X 1.28 4.93 3.23 6.24** 4.27 5.39** 16.45** 4.13
HbDRT 82b 1 0.99 1.40 1.37 2.50 1 . 1 0 0.95 1 .6 6 -

Peroxidase 1 2.195 42.31** 95.74** 1.441 12.84 5.140 26.65** 18.63
LEAS 1 0.856 1.150 5.001** 2.583** 3.219 •* 0.902 2.973** 1.029

CRT/DREbf 1 1.922** 0.827 0.845 0.639 1.404 0.698 0.784 0.581
WRKYtf 1 0.897 2.063 3.778 4.524 3.729 2.258 7.508 * 4.345
Tf MBF 1 1.075 2.448 •• 1.582** 0.957 1.435 1.3421 1.624** 0.524
GPX 1 1.204 2.237** 2.756** 3.198** 4.418** 2.480** 2.852** 1 . 0 1 2

ABCT 1 1.672 2.813- 4.865** 3.034 ** 3.175** 1.068 2.059 ** 0.9718
Hb 33 HP 1 0.631 0.835 1.149 0.694 1.897** 1.358 1.386 0.545
Hb22HP 1 1.54 2.28 4.54* 3.39* 3.16* 2.06 2.56 1.878
Hb 20 HP 1 1.27 1.65 3.86** 3.34** 3.060" 1.308 2.853 ** 1.478
*P value < 0.05 ** P value ^  0.01

got up-regu lated s ig n ifica n tly  in  a ll the three to leran t clones is LEA 5 p ro te in  when com pared to  RRII 
105 co n tro l p lants. This was also found  s ig n ifica n tly  up-regu lated in  RR IM  600 and RR II 430 when 
com pared w ith  th e ir respective contro l.

Peroxidase gene was also found  up-regu lated in  a ll three to leran t clones when com pared to RRII 105 
contro l and th e ir respective con tro l p lants though it  was s ig n ifican t o n ly  in  RRIM  600 and RRII 430. 
Looking  at the o ve ra ll re la tive  q ua n tifica tio n  resu lts, m axim um  u p -re gu la tio n  was found  w ith  o n ly  
peroxidase (about 96 fo ld  in  RRIM  600). Two genes such as ABCT p ro te in  and Hb20 HP were found 
s ig n ifica n tly  up-regu la ted  in  a ll three clones when com pared to  RR II 105 con tro l p lants though  they 
are s ig n ifica n tly  up-regu lated on ly in  tw o clones (RR IM  600 and RRII 430) when compared w ith  th e ir 
respective contro l. The other genes investigated ne ither exhib ited any trend w ith  the d rough t treatm ent 
when com pared w ith  the RR II 105 con tro l nor w ith  th e ir ow n respective contro l.



A m ong th e  17 g enes an a ly zed , on ly  tw o  tran sc rip ts  exh ib ited  s ig n ifican t u p -re g u la tio n  in all the 
to lerant clones (HbDRT 5b and  H b TPD 24). The o ther tw o genes w hich are very  prom ising are LEA 5 
protein  and  peroxidase. LEA 5 p ro tein  is significantly up-regulated  in all three clones w hen com pared 
to RRII 105 control. The level of perox idase is rem arkable by its  m agnan im ity  (abou t 97 fold) w hen  
com paring  the expression  of o th e r genes. The rest of the genes w hich d id  n o t change m uch under 
d ro u g h t could be trea ted  as no t d ro u g h t responsive. Q uan tita tive gene expression analysis of genes 
is only recently  being  a ttem p ted  for the  iden tification  o f can d id a te  genes/factors th a t are associated  
w ith  the d ro u g h t tolerance in  Hevea. W ith the adven t of qPCR technique, it is easier to quantify  each 
gene and  estab lish  their relevance u n d er the  given stress situations. This s tu d y  reveals the existence 
of strong association of th ree genes such as N A C tf, LEA 5 p ro te in  and  peroxidase w ith  d rough t stress 
tolerance in  Hevea for the first tim e. This opens u p  the possibility of u sing  these genes as m arker for 
d ro u g h t tolerance in Hevea.

REFERENCES

Vijayakumar, K.R., Dey, S.K., Chandrasekhar, T.R., Devakumar, A.S., Mohankrihna, T., Rao, P.S. and Sethuraj, M.R. (1998). 
lrhgati<m requirement of rubber trees {Hevea brasiliensis) in the sub humid tropics. Agricultural Water Management, 35: 
245-259.

Jacob, J., Annamaiainathan, K., Alam, B., Sathik, Thapliyal, A.P. and Devakumar, A.S. (1999). Physiological
constraints for cultivation of Heoea brasiliensis in  certain unfavorable agroclimatic regions of India. Indian ]oumal of 
l^atural Rubber Research. 12(1&2): 1-16.




