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Characterization of dnnamyl alcohol dehydrogenase gene involved in lignification 
for improving timber quality in Hevea brasiliensis
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IN T R O D U C T IO N

W ood q u a lity  re lies  on  seco n d ary  xylem  fo rm ation , and  m ore p a rticu la rly  on  lign in  d ep o sitio n  in 
secondary cell walls. Lignin is a pheny lpropanoid  derivative and  heteropolym er of three m onolignols: 
p-coum aryl, coniferyi, and  sinapyl alcohols. D eposition of lignin reinforces p lan t cell walls, providing 
rigidity, im perm eability  to  w ater, and  protection against pathogens. The potential of rubber w ood as 
tim ber for various industrial uses has been well established. But m ajor lim itations preventing utilization 
of ru b b er w ood  are  the p resence  of u n lign ified  o r  p a rtia lly  lignified  tension  w ood fibres and  h igh  
susceptibility  to biological deterioration . Significant in form ation  on ind iv idual genes involved in  the 
phenylpropanoid  pathw ay  w as obtained by  altering the expression of the genes and  their consequences 
on lignin content and  com position. C innam yl alcohol dehydrogenase (CAD) (EC 1.1.1.195) is found to be 
one of the  key enzym es invo lved  in  lignification, w hich  catalyzes the  final step  in lign in  p recursor 
syn thesis  red u c in g  the  c innam yl a ld eh y d es  to the  co rre sp o n d in g  alcohols. T herefore, c lon ing  and  
functional characterization of full-length CAD gene w as carried ou t as initial steps tow ards im proving 
w ood quality  th ro u g h  enhanced  lign in  b iosynthesis in rubber.

MATERIALS A N D  M ETH O D S 

C lon ing  and  characterization  of CAD gene

Reverse transcrip tion  polym erase chain reaction (RT-PCR) technique w as adopted  to am plify the gene 
from  the bark  specific RNA pool derived from  the popular Hevea brasiliensis clone RRII 105. A n RT-PCR 
product of 734 bp was amplified w ith a degenerated prim er-pair (CADL: 5'-GGTi'CCiGGRCATGAAGTG- 
3' and CADR: 5'-CATYTCCTCTGTYTCCl l CA-3') based on the conserved regions of the CAD gene sequences 
from other plant species existing in the NCBI GenBank. The fragm ent was gel-purified, cloned and sequenced. 
N ucleotide sequences of the clones w ere subjected to hom ology search w ith  the GenBank sequences. 
M aximum sequence hom ology (85%) w as detected w ith Populus deltoids CAD gene. Cloning of cDNA ends 
of CAD gene from rubber w as carried out using RACE technique. Two clones each of the 5' and  3' RACE 
products w ere sequenced in both  directions and  full-length gene sequence w as deduced. Based on the 
sequence data generated  by 5' and  3' RACE, a prim er-pair w as designed and synthesized {CADFF: 5'- 
CCAATCCAAAACTTCCCCCTCT-3' and  CADFR: 5'-GGGCCAAGTTGGTATCTTTCATTG-3') to clone a 
full-length cDNA of CAD, designated as HbCAD  from  bark mRNA. The identity of the clones w as inferred 
by hom ology search. A phylogenetic relationship was established for HbCAD  retrieving the CAD cDNA 
sequences of d ifferent tree species and  w ell-studied herbaceous plants. A long PCR w as a ttem pted  to
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am plify the  genom ic sequence of CAD gene from  RRII 105. A m plified  genom ic fragm ent w as cloned 
successfu lly  and  sequenced. Sou thern  h ybrid iza tion  w as perfo rm ed  w ith  the partia l CAD cDNA as 
probe to obtain  approxim ate  gene copy num ber.

Expression analysis  of H bC A D

Expression of HbCAD  in  various tissues of the clones belonging to H. brasiliensis as w ell as in different 
species o f Hevea w as an a ly zed . R elative q uan tifica tion  of CAD expression  in  the b a rk  tissues o f H. 
brasiliensis, H. benthamania and H. spruciana w as perform ed using real-tim e PCR.

D ev e lo p in g  b ac te ria l exp ressio n  cassette

The HbCAD  cDNA fragm ent w as sub-cloned in to  an  expression  vector (pRSET-C) an d  subsequently  
transform ed in to  E. coli BL21(DE3) pLysS c«Us to express the recom binant protein under the control of a 
T7 prom oter.

RESULTS A N D  C O N C LU SIO N S

A full-length cDNA (HbCAD) of 1413 bp  was cloned successfully from bark m RNA of rubber. Sequence of 
the full-length cDNA revealed 1074 b p  long open reading fram e (ORF) including the translation initiation 
codon ATG and  stop codon TGA. The cDNA sequence w as found  to  encode a p ro tein  of 357 am ino a d d  
residues having m axim um  hom ology w ith  the CAD of Citrus sinensis (E value: 7e-150) followed by Populus 
tricocarpa (E value: 2e-146). A t the carboxy-term inal region, a m otif 'Ser-Lys-Lue' w as identified, w hich 
appeared  to  be the  signal for translocation  o f CAD in to  peroxisom e like o th e r CAD. A long w ith  the 
coding sequences of HbCAD cDNA, 74 b p  5' un tran sla ted  reg ion  (5'UTR) at the  u p stream  and  296 bp  
3'UTR a t the  dow n-stream , w hich contained po lyadeny la tion  signal, w as identified . Phylogenetically 
HbCAD  g rouped  closely w ith  citrus, Ricinus and Vitis, w hereas the sam e was d istantly  related w ith CAD 
o f tw o  tree  species, Populus an d  Eucalyptus, an d  m ax im um  d ivergence  w as no ticed  w ith  the latter. 
Eucalyptus. Southern hybrid ization  witii full-length cDNA probe of HbCAD  clearly indicated the presence 
of m inim um  tw o form s o f the respective genes in  rubber.

Full-length genom ic clone w as also generated. N ucleotide sequence inform ation show ed that the HbCAD  
gene is ~ 2091 b p  in  size and the  coding sequence w as in terrup ted  w ith  the  presence of four introns.

Sem i-quantitative RT-PCR w as perform ed for expression analysis of Hb-CAD. Expression of CAD  gene 
w as com paratively  h ig h er in leaf ftian in  bark  tissues of RRII 105. CAD activ ity  w as also found to  be 
highly variable in  bark  tissues of different Hevea species. In RRII 105 (H. bmsih’ensis), CAD expression w as 
h ig h er th an  o th e r tw o species, H. benthamiana an d  H. spruceana. S im ilar tren d  w as also  noticed w ith  
qu an tita tiv e  gene expression  analysis u sing  real-tim e PCR.

A bacterial expression cassette for the CAD gene controlling lignin biosynthesis in  rubber w as developed 
to generate recom binant protein  in £. coli under the control of a T7 prom oter. A bout 49 kD protein (fusion 
protein) band w as noticed on SDS-PAGE w ithin an  h o u r of induction of the transform ed £. coli cells w ith
1 mM  IPTG.

Cloning and  characterization of HbCAD  is a significant step  for enhancing the lignin content in rubber 
w ood th ro u g h  cisgenic approaches. Bacterial expression cassette for HbCAD  w ill facilitate developing 
Agrohacterium-hased transform ation system  initially for the m odel p lan t like Arabidopsis and then finally 
for the com m ercially cultivated  clones of rubber. HbCAD  cou ld  also be u sed  as a  potential m arker for 
lignin content/ tim ber quality  once a linear relationship is established betw een gene expression and  its 
lignin content, w hich m ay fasten the identification of potential tim ber clones am ong both  popu lar and 
wild relatives of Hevea brasiliensis.




