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A full-length genomic DNA encoding the light harvesting chlorophyll a/b binding protein (CAB), expressed
mainly in green leaves, for which the expression is reported to be directly related to the juvenility of the
plant tissues, was cloned and sequenced. Initially CAB gene was amplified through PCR from the genomic
as well as cDNA of Hevea brasiliensis using primers designed from the conserved regions of the CAB gene
reported earlier from related plant species.  The PCR amplified fragment (0.5 kb) was eluted, cloned and
sequenced. The sequence revealed the presence of 525 bps that showed 91 per cent  homology with CAB
mRNA from Ricinus communis.  Further, full length CAB gene (0.8 kb) was amplified from genomic DNA
using Ricinus communis specific primers.  The sequence revealed the presence of a fragment of 802 bp which
showed 90 per cent sequence homology with the reported cDNA sequence of CAB gene from Ricinus
communis.  The region amplified in the present study contains the full protein coding sequence with no
introns.  The phylogenetic tree showed the close relationship of the CAB gene of Hevea with Ricinus communis
and Populus trichocarpa apart from the other eukaryotic plants. The amino acid sequence deduced spans an
open reading frame of 265 amino acids with predicted molecular weight of 28 kDa and iso-electric point
(pI) as 5.45.  A protein model was also predicted for the amino acid sequence.  This is the first report on
isolation and characterization of a full length CAB gene from Hevea brasiliensis.
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INTRODUCTION
Hevea being a cross pollinated, the

seedlings are highly heterozygous.
Through conventional breeding elite clones
have been developed and are propagated
commercially by bud grafting.  Plant
regeneration systems in Hevea need to be
developed from clonal materials which are
physiologically mature for use in genetic

transformation experiments. The explants
collected from mature clonal materials are
highly recalcitrant to in vitro culture when
compared with seedling derived materials
in Hevea.  Despite these limitations, plant
regeneration systems have been developed
in Hevea from different explants and these
are being utilized in  transgenic plant
development (Thulaseedharan et al., 2014;
2017).  Somatic embryogenesis and plant
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regeneration were also achieved from leaf
explants of six month old, glass house grown
bud grafted plants of Hevea (Kala et al., 2006).
It was observed that physiological age of
the explant source determines its
embryogenic capacity which decreased
with maturity of the source plant.  With
leaf explants collected from plants of
different physiological maturity, variation
was observed in the rate and time taken
for embryogenic callus initiation and
embryo induction (Kala et al., 2009).  It is
also reported that the frequency and time
taken for embryogenic callus initiation
was  influenced by the explant source in
H. brasiliensis (Lardet et al., 2009).

Juvenility of plant materials is a key
factor in micro propagation because the
regeneration ability of woody plants
decreases with maturity (Huang et al., 2000).
Juvenile - mature phase change is associated
with changes in gene expression.  In several
crops, comparison of cDNA libraries made
from RNA extracted from juvenile and
mature shoots indicated differences in gene
expression which in turn influence the in vitro
culture response (Hutchison et al., 1988).
Among the several genes differentially
expressed during phase change, genes
encoding elements of the photosynthetic
apparatus such as the chlorophyll a/b
binding CAB protein have also been
reported. The largest class of juvenile-
induced genes was comprised of those
involved in photosynthesis.  It is also well
established that photosynthetic rates and
related physiological attributes differ
between juvenile and reproductively
mature individuals in many species
examined (Bond, 2000). Higher expression
of the CAB gene is an indication of the
juvenile nature of the tissue which imparts
more regeneration ability in tissue culture.
The CAB proteins of the light-harvesting
complex of PSI and II are encoded by a

nuclear gene family, synthesized as
precursor polypeptides in the cytoplasm,
and transported into the chloroplast. CAB
proteins are located in the chloroplast
thylakoid membrane where they bind
Chl a, Chl b, and carotenoid pigments to
form pigment/protein complexes that
transfer absorbed light energy to photo
system reaction centers (Chang and
Walling, 1991).

CAB protein gene was differentially
expressed in juvenile and mature plants.
Steady-state CAB mRNA levels are
relatively higher in newly expanding shoot
foliage from juvenile plants of eastern larch
compared to mature plants. In both larch
and English ivy, a comparison of cDNA
libraries made from RNA extracted from
juvenile and mature foliage indicate that
there are differences in gene expression
between juvenile and mature shoots
(Hutchinson et al., 1988; Hackett et al., 1991).
The expression of sequences for the CAB gene
decreased with maturation (Hutchison et al.,
1990; Woo et al., 1994).  Experiments showed
difference in in vitro culture response of leaf
explants which is also a major site of CAB
gene function. In the present work, an
attempt has been made to isolate and
characterize chlorophyll a/b binding CAB
protein gene from Hevea brasiliensis.

MATERIALS AND METHODS
Cloning and partial sequence characterization
of the CAB gene from genomic DNA

Genomic DNA was isolated from young,
uninfected leaves collected from glasshouse
grown bud grafted plants of Hevea brasiliensis
(clone RRII 105) following the modified
CTAB protocol of Doyle  and Doyle (1990).
Primers were designed  from the conserved
middle portion of CAB gene sequences
previously reported in Ricinus  (accession no.
XM_002524570.1), tobacco (AY219853.1),

KALA et al.
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Pisum (M64619.1),  Brassica (AY288914.1) and
Arabidopsis (NM_001036140) aligned by
CLUSTAL W software at the EMBL EBI site
(Thompson et al., 1994).  The nucleotide
sequence of the designed primers was as
follows: forward primer-5� GTA CTT GGG
TCC ATT CTC 3� and reverse primer -5� GCC
TGA ACA AAG AAT CC 3� (Fig.1).  The PCR
was carried out in 20 ML reactions,  which
contained 1X buffer 1.5 mM MgCl2 (pH 8.3),
100 ML each of dNTPs, 0.5 unit of Taq DNA
polymerase (M/ S Bangalore Genei, India),
20 ng of template DNA and 250 nM of
primers. The PCR conditions were: initial
denaturation at 94oC for three minutes
followed by 36 cycles with denaturation at
94oC for one min., annealing temperature of
60oC for one min. and extension at 72oC for
one min. The final extension was carried out
at 72oC for 10 min. Amplified products were
separated in a one per cent agarose gel.

The amplified fragment was eluted out
using the DNA Gel Band Purification Kit
(M/S Amersham Pharmacia Biotech, USA)

and after purification using strataclone
PCR cloning kit (M/S Stratagene, USA) was
used for cloning. The recombinant vector
was transformed into chemically
competent E. coli (DH5 ) cells supplied along
with the kit.  The transformed cells were
plated on the LB agar plates containing 50

g ml-1 ampicillin, the positive colonies were
selected and colony PCR was done to
confirm the positive clones. Plasmids were
isolated from positive clones using Perfect
prep Plasmid mini Kit (M/S Eppendorf, USA).
Further confirmation of transformation was
done by amplification of the insert from the
plasmids.  About 2 ng of plasmid DNA was
used as template in a PCR reaction of 30
cycles with the same primer used to amplify
the CAB gene. Amplification was checked
through 1.5 per cent agarose gel electrophoresis.
The recombinant plasmids were sequenced
at M/S Macrogen, Korea. Sequence was
aligned using the CLUSTAL W software with
the reported cDNA sequence of CAB gene
(Accession no: M60274).  The sequence

Fig. 1. Multiple sequence alignment for primer synthesis
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obtained was compared with the CAB gene
sequences from different plants with the
BLAST analysis programme of NCBI
(National Center for Biological Information),
USA (Altschul et al., 1990).

PCR amplification of CAB cDNA

RNA was isolated from leaves of glass
house grown bud grafted plants of Hevea
brasiliensis (clone RRII 105) through a
modified protocol of Kush et al. (1990) and
checked for DNA contamination and quality
by agarose gel electrophoresis.  First strand
cDNA was synthesized from the isolated
RNA by reverse transcription reaction with
oligo-(dT) primers using the �Improm-IITM

Reverse Transcription System� (Promega,
USA).  RT-PCR was carried out using gene
specific primers of CAB gene used for
genomic DNA amplification. The amplified
product was cloned and sequenced as
described earlier.

PCR amplification of full length CAB gene
from genomic DNA

Since the sequence showed 91 per cent
(maximum) homology with Ricinus
communis, an attempt was made to amplify
the full coding region of the sequence by
designing primers from cDNA sequence of
CAB gene reported in Ricinus (Accession
No.XM_002524570.1).  The forward and the
reverse primers contained the start and
stop codons, respectively and the sequences
are as follows: Forward primer 5'- CAA
ATG GCT ACC TCT ACA ATG G - 3' and
Reverse primer - 5'- CTC ACT TTC CGG
GGA CAA AG - 3'. The amplified product
was cloned and sequenced as described
earlier.

Amino acid sequence and protein model
The amino acid sequence was deduced

using ExPASY translate tool (http: //web.

expasy.org/ translate/). With the help of
ProtParam tool (http://web.expasy.org/
protparam/) the characteristic features of
the protein were identified.  The
Myristoylator tool (http:// web.expasy.org/
myristoylator) and Palmitoylator tool
(http://web.expasy.org/ palmitoylator)
predicted the myristoylation and
palmitoylation sites, respectively.  With the
help of Plant-mPLoc tool (http://
www.csbio.sjtu.edu.in/bioinf/plant-multi),
subcellular localization of the protein was
virtually determined. The protein model
was also predicted for the amino acid
sequence. The protein sequences were
submitted in the Protein Model Port
(http://www.proteinmodelportal.org/)
which generates protein models using
Swiss-MODEL workspace (http://
swissmodel. expasy.org/workspace/).

RESULTS AND DISCUSSION
Cloning and characterization of CAB gene
from genomic DNA

The genomic DNA (Fig.2a) isolated from
the leaves was used for PCR amplification
of the gene using the designed gene specific
primers. Forward and reverse primers
were designed and synthesized using the
nucleotide sequences from the conserved
regions after multiple sequence alignment
of the CAB sequences reported earlier in
other crops (Fig.1).  A single band of
approximately 0.5 kb was amplified (Fig. 2 b).
The amplified product was ligated in
Strata CloneTM vector (M/S Strataclone,
USA) and transferred into DH5  competent
cells. Positive transformants were
identified through colony PCR (Fig. 2c) and
these also showed amplification of the same
0.5 kb fragment.  The isolated plasmids
from the PCR positive colonies were
sequenced after PCR confirmation of the

KALA et al.
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Fig. 2.(a- d) PCR amplification and cloning of the 525 bp CAB gene from genomic DNA
a. Genomic DNA (Lane 1-Marker,Lane 2-DNA)
b. PCR amplification of CAB  gene. M-Marker,1-Cab gene
c. Colony PCR of the 0.5 kb CAB gene insert from the transformed colonies
d. Isolation of recombinant plasmids; C-Control, 1&2 recombinant plasmids, M-  Marker

Fig. 3. Nucleotide sequence of the 0.5 kb CAB gene amplified
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plasmids (Fig.2d). Sequencing  was done
using M13 forward primer.

The sequence analysis showed that the
amplified fragment had 525 base pairs after
deleting the vector sequences (Fig. 3). The

sequence comparison using BLAST N analysis
of the isolated sequence with the reported
cDNA sequence of CAB gene from  Ricinus
communis showed 91 per cent sequence
homology in the 525 base pair region (NCBI

Fig. 4. BLASTN analysis of CAB gene sequences producing significant alignment
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Fig. 5. BLASTN sequence alignment score of 525bp gene

accession No: M60274). BLAST N analysis also
revealed sequence homology with CAB
mRNA sequence from other species like
Manihot esculenta (88%) and Oryza sativa (79%).
Maximum sequence homology was
obtained with Ricinus communis belonging to
the same family, Euphorbiaceae (Fig. 4 & 5.).
On comparison with cDNA sequence of
Ricinus communis, no introns were observed
in the amplified region. The genomic
sequence has been registered in NCBI with
the accession no: HM803119.1.

PCR amplification, cloning and sequencing
of CAB cDNA

Good quality RNA was isolated from
moderately mature leaves.  First strand

Fig. 6. (a&b) PCR amplification of CAB gene from
cDNA
a. RNA isolation , Lane 1 M-Marker & 2 RNA
b. CAB gene amplification from cDNA

CHARACTERIZATION OF CAB GENE IN HEVEA
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cDNA synthesis was done from the isolated
RNA by reverse transcription reaction.  A
0.5 kb single band was amplified using the
primer pairs used to amplify the 525 bp
genomic sequence of the CAB gene (Fig. 6.).

KALA et al.

Fig. 7. CLUSTALW  multiple sequence alignment of cDNA and genomic DNA sequences of CAB gene

After cloning and sequencing, it was
observed that the cDNA also contained 525
bps as observed in the genomic DNA.  On
alignment with the genomic sequence of
CAB gene from Hevea, 100 per cent similarity
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798 nucleotides including the stop codon.
Comparison with the reported mRNA
sequences for CAB gene from other species
showed that the 802 bp full length coding
region isolated in the present study also
contained no introns (Fig. 9).

The CAB protein genes are members of a
multigene family and the 3� and 5�
untranslated sequences of these genes
diverge from each other. There exists a
diversity of molecular species among the
CAB proteins suggesting functional
specialization which is brought about by
the expression of a large set of different
genes. Most of these genes contain no introns
(Tyagi et al., 2012). Possibly intron is not an
essential factor of the CAB genes and it has
later got introduced into the gene during
evolution. CAB genes can also be grouped
into sub-families based on the presence and

CHARACTERIZATION OF CAB GENE IN HEVEA

Fig. 8. (a-c). PCR amplification and cloning of full length CAB gene from genomic DNA
a. CAB 802 bp CAB gene amplification, 1&2 CAB amplification, M-Marker
b. Colony PCR of transformed colonies
c. Isolation of recombinant plasmids; C- Control, 1&2- recombinant plasmids

was observed and no introns were present
in the isolated region (Fig. 7).

PCR amplification of full length CAB gene
from genomic DNA

Using genomic DNA as template, specific
amplification could be obtained, using the
primer designed for full length CAB protein
gene from cDNA sequence of CAB gene
reported in Ricinus communis, after
optimization of PCR conditions.  The PCR
amplified product had a size of approximately
0.8 kb (Fig. 8. a-c).  The fragment was cloned
and sequenced.  The amplified sequence
contained 802 bps (Fig. 9). The region
amplified in the present study contained the
full protein coding sequence. The start codon
�ATG� was at the 4th position and �TGA� the
stop codon was at the 799th position.  The
number of coding DNA sequence contained
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absence of introns. The type 1 gene contains
no introns and are numerous in several
plant species and codes for longer
polypeptides compared to the type II genes
that contains one or more introns (Tyagi et al.,
2012).  Intron containing CAB genes have
also been identified in tomato (Pichersky
et al., 1989)  The transit peptide of both type
of genes are functional.  Gene expression is
regulated in a quantitative and qualitative
manner and chimeric genes under control of
the 5� flanking region have been used to study
light inducible as well as tissue specific
expression.  In pea about 400 bp of 5� flanking
region is reported to be sufficient to give
tissue specific expression (Simpson et al.,
1982).

The sequence on comparison with the
reported cDNA sequence of CAB gene from
Ricinus communis (Accession. No:

XM002524570.1) using CLUSTAL W
(Thompson et al., 1994) showed 91.1 per cent
sequence homology (Fig. 10.).  The sequence
has been registered in NCBI with accession
no. JN986719. The phylogenetic tree analysis
showed the close relationship of the CAB
gene of Hevea with Ricinus communis
(Euphorbiaceae) and Populus trichocarpa apart
from the other eukaryotic species like
Solanum, Gossypium, Nicotiana etc. (Fig.11).

Amino acid sequence and protein model

The amino acid sequence deduced using
the ExPASY translate tool spans an open
reading frame of 265 amino acids (Fig. 12.a).
The nucleotide sequence of CAB genes
reported earlier also shows an open reading
frame of 264-269 amino acids for the
precursor protein (Tyagi et al., 2012).  The
ProtParam tool predicted the molecular
weight as 28 kDa and iso-electric point (pI)

KALA et al.

Fig. 9. Nucleotide sequence of full length CAB gene from genomic DNA
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Fig. 10. CLUSTALW multiple sequence alignment of the isolated genomic DNA sequence of chlorophyll
a/b gene with Ricinus communis

CHARACTERIZATION OF CAB GENE IN HEVEA

as 5.45. With the help of myristoylator and
palmitoylator tools, it was predicted that
there are no myristoylation and
palmitoylation sites, suggesting that the
protein is not secretory, a finding in

agreement with already reported
chlorophyll a/b binding proteins from other
plant species. The subcellular localization
of the protein sequence was deduced using
Plant-mPLoc tool predicting its site in
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Fig: 11. Phylogenetic tree analysis of the isolated full length genomic DNA sequence of CAB gene of
H. brasiliensis with other reported sequences from the eukaryotes.

KALA et al.
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Fig. 12. a & b Amino acid sequence and protein model predicted from the sequence of chlorophyll a/b
gene isolated from H. brasiliensis

CHARACTERIZATION OF CAB GENE IN HEVEA

chloroplast strengthening our claim of the
isolated protein being the chlorophyll a/b
binding protein present in chloroplast.

The protein model was also predicted for
the amino acid sequence. The ribbon
structures are ± - helix and the coils
represent turns.  The carbon ring structures
represent ligand sites for binding (Fig.12.b).
A total of 104 templates were identified and
the most similar template models were

identified as 24. Out of the 24 template
designs, the list was filtered to a heuristic
down to six templates among which the
most important were 3jcu.1.G, 1rwt.1.A,
1vcr.1.A. The maximum similarity was
found to the template 3jcu.1.G which has a
sequence identity of 90.57.  The reliability
of the structures was determined by the
QMEAN values of 0.80. These values are
within the permissible limits of designing
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protein models.  The Qualitative Model
Energy Analysis (QMEAN) score is a
combination of six terms C-beta interaction
energy, all-atom pairwise energy, solvation
energy, torsion angle energy, secondary
structure agreement and solvent
accessibility energy. Reliable models have
a total QMEAN score value between 0 and
1 (Benkert et al., 2009).

CONCLUSION
Maturation related changes in

morphological and physiological
phenotypes are associated with changes in
gene expression.  The largest class of
juvenility-induced genes are  comprised of
those involved in photosynthesis.  It is also

well established that photosynthetic rates
and related physiological attributes differ
between juvenile and mature plants.
Juvenility of plant materials is also a key
factor in micro- propagation because the
regeneration ability of woody plants
decreases with maturity. The same is
observed in Hevea also with leaf explants
collected from juvenile plants giving more
response to in vitro culture. In the present
study, a full length CAB gene has been
cloned and characterized from Hevea. Hence
expression analysis of the characterized
CAB gene during juvenile - mature phase
change can be carried out and this can be
further related with the varied in vitro
culture response of explants from juvenile
and mature Hevea plants.

KALA et al.
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