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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
(pl) 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

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

regeneration systems in Hevea need to be
developed from clonal materials which are
physiologically mature for use in genetic

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 ef 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 wasisolated 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),
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GTGCAAAGCCCATGAAACTCAAGCCTCAAATCAACTCTTTCTTTTTGTGCATTCAAGAGT 960

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, AATTCGGCACGAGATTAATTTCTCAATTT
_______________ GACAACTCCCACACCTCCAACTACAAACCACAAAGAAAAAGGA
- --GGCCGGGGACCCATCTCTTGGCTCATAAACAACAACCAATAAACGTTTTATTTCGCT
——————————— ACCCATTTCTTGGCTTACAA-CAACAAATCTTAAACGTTTTACTTTGTG
_______________ CTCTCACCAGTCACAAAAAAAAACCCATAAAATCAACAARAAAGA

TATCATTTTACTCCTACAATGGCTGCTTCTACCACAGCTCTTTCTTCTCCG---TTTTGCC
—————————————————— ATGGCCGCTTCATCCATGGCTCTCTCTTCCCCAACCTTGACT
TGTCATTAAATTCCAGCAATGGCAGCCTCAACCATGGCTCTCTCTTCCCCATCTCTTGCC
AAGTTCTTTGCAACAATGGCTGCTGCATCCTCCATGGCACTCTCATCCCCCTCCTTCGCT
CAGCACT---CAACCGCAATGGCCGCCTCAACAATGGCTCTCTCCTCCCCTGCCTTCGCC

CTGCACTACTCAACCTCAATGGCCGCCTCAACAATGGCTCTCTCCTCCCCTGCCTTCGCC
AGAAAC—————- GTTCTAATGGCTGCCTCAACCATGGCTCTCTCCTCCCCTGCCTTCGCC
*k kk kk Kk Kk kK Kk Kk Kk Kk * K

GGAAAGGCGGTAAAACTCTCACCATCTTCCTCTGAAGTTACTGGAAATGGGAAAGTTACT
GGCAAGCCAGTCAAGCTGAACCCATCAAGCCAAGAATT---GGGAGGTGCAAGGTTCACC
GGCAAGGCAGTGAAGCTTGCCCCTTCAACCCCAGAGCT---CAATGTTGGACGTGTICAGC
GGCAAGGCCGTCAAGCTTGCCCCATCAGCCCCCGAAGT-———————— CGGGAGGGCCAGC
GGAAAGGCCGTCAAGCTTTCCCCAGCAGCATCAGAAGTCCTTGGAAGCGGCCGTGTGACA
GGTAAGGCCGTCAAGCTTTCCCCCGCGGCATCTGAAGTCCTTGGAAGCGGCCGTGTGACA
GGAAAGGCCGTGAAGCTTTCTCCTTCAGCATCAGAAGTCCTTGGAAGCGGCCGTGTGACA

*hk kkk * Kk *k kK * % * * % * ke *

ATGAGGAAGACTGCTAACAAGGCCAAGCCTGTICTCTTCTGGTAGCCCATGGTATGGTCCT
ATGAGGAAGTCTGCTACCACCAAGAAAGTAGCCTCCTCTGGAAGCCCATGGTACGGACCA
ATGAGGAAATCAGCCAGCAGGAA—————~— TGTTTCCTCTGGAAGCCCATGGTACGGCCCA
ATGAGGAAGACCGTCACCAAGCA-————~— GGTTTCCTCCGGAAGCCCATGGTACGGCCCA
ATGAGGAAGACCGTAGCCAAGCCAAA-—-GGGCCCATCAGGCAGCCCATGGTACGGATCC
ATGAGGAAGACTGTTGCCAAGCCAAA——-GGGCCCATCAGGCAGCCCATGGTACGGATCT
ATGAGGAAGACCGTCGCCAAGCCAAA---GGGCCCATCGGGCAGCCCATGGTACGGTTCC

* ke ok ok ok k k ok *  * * ok * * kk kk kkkkkhkhkkkkk Kkk *

GACCGTGTCAAGTACTTGGGCCCATTCTCTGGTGAGTCTCCAAGCTACTTGACTGGTGAG
GACCGTGTTAAGTACTTAGGCCCATTCTCCGGTGAGTCTCCGTCCTACTTGACTGGAGAG
GACCGTGTCAAGTACTTGGGCCCATTCTCTGGTGAGCCCCCATCTTACCTTACTGGTGAA
GACCGTGTCAAGTACTTGGGCCCATTCTCCGGCGAGCCCCCGTCCTACCTCACCGGCGAG
GAGAGAGTCAAGTACTTGGGCCCATTCTCCGGCGAGCCACCGAGCTACCTTACCGGACAG
GACCGTGTCAAGTACTTGGGTCCATTCTCTGGCGAATCACCGAGCTACCTTACCGGAGAG
GAAAGAGTCAAGTACCTAGGTCCATTCTCTGGCGAGCCACCGAGCTACCTTACCGGAGAG

* % * khk Khkkhkkk Kk hk Fhkkrhkkhkk kk Kk *  kk khkk K kk ko *

TTTCCTGGTGATTACGGGTGGGACACTGCCGGACTTTCAGCTGATCCAGAAACATTCGCC
TTCCCCGGTGACTACGGTTGGGACACTGCCGGACTCTCTGCTGACCCAGAGACATTCTCC
TTCCCTGGTGACTATGGCTGGGACACTGCTGGGCTATCAGCTGACCCAGAAACCTTTGCT
TTCCCAGGTGACTACGGTTGGGACACTGCTGGGCTTTCCGCTGACCCAGAGACCTTCGCC
TTCCCCGGAGACTACGGATGGGACACCGCAGGTCTCTCAGCCGTACCCGAGACGTTCGTG
TTCCCCGGAGACTACGGATGGGACACCGCCGGACTTTCAGCTGACCCCGAGACATTCGCA

TTCCCTGGTGACTACGGATGGGACACCGCCGGTCTATCAGCCGACCCCGAGACCTTCGCC
kk Kk kk Kk kK Kk khkkkkkkk Kk kk Kk Kk Kk Kk Kkk KKk Kk Kk

AAGAACCGTGAGTTGGAGGTGATCCACTGCAGATGGGCCATGCTTGGAGCTCTTGGTTGT
AAGAACCGTGAGCTTGAAGTCATCCACTCCAGATGGGCTATGTTGGGTGCTTTGGGATGT
AAGAACCGTGAGCTTGAAGTGATCCACTCCAGATGGGCCATGCTTGGAGCTCTTGGGTGT
AGGAACCGTGAGTTGGAAGTCATCCACTCCAGGTGGGCCATGCTGGGAGCCTTGGGCATC
AGGAACCGTGAGCTAGAAGTTATCCACTGCAGGTGGGCCATGCTCGGTGCCCTAGGCTGC
AGGAACCGTGAACTAGAAGTTATCCACAGCAGGTGGGOCATGCTCGGAGCCCTAGGCTGC

AGGAACCGTGAGCTAGAAGTTATCCACTGCAGGTGGGCCATGCTCGGAGCCCTAGGCTGC
d kkkkAkhkhkkk ok kk khk kkkrkhk  kkk kkkkr kkk x Kk kk Kk kA

GTCTTCCCCGAACTCTTGGCACGTAATGGTGTCAAGTTCGGTGAAGCTGTATGAI TCAAG
GTCTTCCCAGAGCTTTTGTCTCGCAACGGTGTTAAATTCGGTGAAGCTGTGTGGTTCAAG
GTCTTCCCTGAGCTCTTGGCCCGTAACGGGGTTAAGTTTGGTGAGGCCGTTTGGTTCAAG
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GTCTTCCCCGAACCCTTGTCCCGCARCGGTGTGAAATTCCGCCGAGGCCCGTCTGGTTCAAA
GTCTTCCCGGAGCTGTTGGCCAGGAACGGAGT CAAGTTCGGAGAGGCGGTTTGGTTCAAG
GTCTTCCCTGAGCTTTTGGCTAGARACGGAGT CAAGT TCGGAGAGGCGGTTTGGTTCAAG
GITTTCCCTGAGCTCTTGGCTCGTAACGGAGT CAAGTTCGGAGAAGCGGTTTGGTTCAAG

KRk kkkkk kK Kk KEkk K * kk kk kk kk kk kk kk kk kk kkkkkkkk

GCTGGATCCCAAATTTTTAGCGAGGGTGGACTTGACTACTTGGGCAACCCAAGTTTGGTC
GCAGGATCTCAAATCTTTAGCGAGGGTGGACTTGACTACTTGGGTAACCCAAGCTTGGTC
GCTGGAGCCCAAATTTTCAGTGARGGTGGGCTTGACTACTTGGGTAACCCAAGCTTGATC
GCCGGTTCCCAGATCTTCAGCGAGGGTGGGCT CGACTACTTGGGCAACCCAAGCCTCATC
GCCGGTTCGCAGATCTTCAGCGARAGGAGGACTTGATTACTTGGGARACCCTAGCTTGGTT
GCCGGTTCACAGATCTTCAGCGATGGAGGGCT CGATTACTTGGGARACCCTAGCTTGGTT
GCTGGTTCACAGATCTTCAGCGAAGGAGGACT CGACTACTTGGGCAACCCGAGCTTGGTC

*k Kk W sk Medr ek dedk skl ek dedke skokl dek Cdekdekok e de okskiokivede Wil * L 2

CACGCACARAGCATCTTGGCCATTTGGGCTTGCCAAGTTGTGTTGATGGGAGCTGTCGAA
CATGCACAAAGCATCCTTGCCATCTGGGCTACTCAAGT TATCTTGAT GGGAGCTGTCGAA
CATGCACAAAGCATTTTGGCCATCTGGGCCACACAGGTTATCTTGATGGGTGCTGTTGAG
CACGCTCAGAGCATCCTCGCCATCTGGGCCACCCAAGTCATCCTCATGGGCGCCGTCGAG
CACGCTCAGAGCATCTTGGCTATTTGGGCTACTCAAGTGATCTTGATGGGAGCCGTTGAA
CACGCTCAGAGCATTTTGGCCATTTGGGCCACACAAGTTATTTTGAT GGGAGCCGTTGAA
CACGCTCAGAGCATCTTAGCCATTTGGGCTACTCAGGTGATCCTCATGGGAGCTGTTGAG

ek, sk skvk  deskededesds . dede ek ksl Sk ek * de keskeskdesk  sede  dedke ek

GGTTACCGTGTTGCTGG-=--TGAACCTCTCGGTGAGGTTGTTGACCCACTTTACCCCGGT
GGTTACCGTATTGCCGG---TGGCCCTCTTGGTGAGGTGGTTGACCCACTTTACCCAGGT
GGTTACCGTATTGCTGG---TGGGCCACTTGGTGAGGTGACTGACCCACTTTACCCAGGT
GGTTACCGTATTGCCGG---TGGGCCTCTCGGTGAGGT CACTGACCCCACTTACCCCGGT
GGTTACAGAGT CCCAGGAGATGGGCCGT TGGGAGAGGCCGAGGACTTGCTTTACCCAGGT
GGCTACAGAGT CGCAGGARATGGGCCATTGGGAGAGGCCGAGGACTTGCTTTACCCCGGT
GGTTACAGAGT TGCCGGAGAGGGACCATTGGGAGAGGCCGAGGACTTGCTTTACCCAGGA

R kR @ * * ok k * * * K%k kEkkk * %k *kkkokk k&

GGCAGCTTCGACCCATTGGGCCTTGCTGAAGAT CCAGAGGCTTTCGCTGAGCTCAAGGTA
GGTAGCTTTGACCCATTGGGCTTAGCTGACGACCCAGAAGCATTCGCAGAATTGAAGGTG
GGAAGCTTTGACCCATTAGGCCTTGCTGATGACCCAGAGGCTTTTGCTGAGCTTAAGGTG
GGCAGCTTCGACCCATTGGGTCTCGCTGACGACCCAGAGGCTTTCGCCGAGCTCAAGGTC
GGCAGCTTTGACCCGTTGGGTTTGGCTACTGACCCAGTGGCCTTCGCGGAGTTGAAGGTG
GGCAGCTTCGACCCATTGGGTTTGGCTACCGACCCAGAGGCATTCGCTGAGTTGAAGGTG
GGCAGCTTTGACCCATTGGGTCTCGCTACCGACCCAGAAGCTTTCGCCGAGTTGAAGGTG

*% kkkokdk Lhkkk Kk kb ke *E kdkok *k Kk kX k% * kkkk¥

AAGGAAATCAAGAATGGTAGACTTGCTATGTTCTCCATGTTTGGATTCTTTGTTCAGGCT
AAGGAACTCAAGAACGGTAGATTAGCTATGTTCTCTATGTTTGGATTCTTTGTTCAAGCT
AAGGAGCTCAAGAATGGAAGACTGGCTATGTTCTCTATGTTTGGATTCTTTGTTCAGGCC
AAGGAACTCAAGAACGGTAGGTTGGCCATGTTCTCCGTGTTCGGGTTCTTCGTCCAGGCC
AAGGAGATCAAGARCGGAAGATTGGCTATGTTCTCTATGTTIGGATTCTTTGTTCAAGCT
AAGGAGCTCAAGAACGGAAGATTGGCTATGTTCTCTATGTTTGGATTCTTCGTTCAAGCC
AAGGAGATCAAGARCGGAAGGTTGGCTATGTTCTCTATGTTTGGATTCTTTGTCCAGGCT

KKK FhERERE Kk Rk K OkR kkRRkRREE hkkk Kk kREREkE KK Ak KK

CTCGTCACCGGAAAGGGTCCATTGGAGAACCTTGCTGACCACCTTGCTGACCCGGTTAAC
ATTGTGACCGGAAAGGGACCTTTGGAGAATCTTGCTGATCATCTTTCCGACCCAGTTAAC
ATTGTGACTGGAAAGGGACCCATTGAGAACCTTGCTGACCACCTTGCTGACCCAGTCACC
ATTGTCACCGGAARGGGACCATTGGAGAACCTCGCCGACCACCTTGCTGACCCAGTCARAC
ATTGTCACTGGTAAGGGACCTTTGGAGAATCTTGCTGACCATTTGGCTGATCCAGTTAAC
ATCGTCACTGGTAAGGGACCGATAGAGAACCTTGCTGACCATTTGGCCGATCCAGTTAAC
ATTGTCACTGGAAAGGGACCGTTGGAGAATCTCGCCGACCATTTGGCTGATCCAGTCAAC

® ek kk ek dedekokk dek W oWkeakMek kW ke WW Rk * WoHcE W Rk W

AACAACGCCTGGTCTTATGCCACTAACTTTGTTCCCGGARAGTGAAG-ATCTTARATACG
AACAATGCATGGTCATATGCCACCAACTTTGTTCCCGGARAGTGAGT -CGTCGTATTGTG
AACAATGCTTGGGCTTATGCCACAAACTTTGTCCCCGGGARAATGAGC-ATAGGCAGAARAA
ARCAACGCCTGGGCCTACGCCACCAACTTCGTCCCCGGARAGTGAGC-GTCAACAGAATG
AACAATGCATGGGCCTTTGCTACCAACTTCGTTCCCGGARAGTCAACGATGTTTTATCTG
AACAACGCATGGGCCTTCGCCACCAACTTTGTTCCCGGARAGTGAGCCAAGTTTTATCTG
AACAACGCATGGGCCTTCGCCACCAACTTCGTCCCCGGARAGTGAAGCTTATGTGAGTGA
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Fagus AAAA-TGCGAATTTTACTTTTTGTATTGATGATGATGTTGTAAATTATTTGCGARARGTAR 915

Vigna ACTTGTGCCCTCGAGAGTTTTAGATTTCAGTTTGTTGAAGTATATGTTAT-ARATTGCARA 923

Brassi LPEALTIGEE ————— e TTCAGTATTTGCTTCTTGTGCGAGTGTAAARGGAGRARRAGA 941

ara EEFEFIEE—————————— TTCAGTCTTTGCTTC----GTGAGTGTGAGAGGAGAARGAGA 931

7.ea GAGCCAGRGRRAGRAGRAGTTTETTTGTGETCTTTCCTATGTARATTTGTGCARTTTCCTT 936
&

tobacco =00 0—--mmmmmmmmm e

Pisum TGCAACTGAATGTTAGTGTTTTTTTCAGTGTTTAAAAARAAAR —————————————————— 916

Faqgus TGGAGATTACCTTTGGTCTTATARRATGTTGTGTCGTGTAACTTGTAAARTTTCCATTAT 975

Vigna TGTACTTCAGATAATGTGAATCATCTTGTGTATTCGATCCARAAARAAAARAA -~ —————~ 975

Brassi TGTTGTTTACATGTARRATTTGCAAGTATTTGTATGATTTACCATTAATCCAATAACTCT 1001

ara GCTTGTTTAGATGTAARAATTTGCARGACTTTGTATT-TTTTTCATTAATCARATARCTCG 990

Zea TGTCGTATCTTTGTATGATTCATCAGAAATCGAACCTCTTTTTCTCAACTGTGTTGGTGT 956

p =i e o i e e i i

Pisum = 0 e e e

Fagus TGCATCTCTACTTGTAAACTGCGAACTATGCCATG-———————-——————————— 1010

Nlpmme, 0000 e R R

Brassi 1''GLCI TAGGAAAAAAAAAAPARAAAAAAARARAAAAAAPAAA-———————————— 1042

ara TTTTTCTCTCRAATTATCTGGCAATTACCAAATTGGATTCGTTTTATGTCCTTC 1044

Zea TTTACCTGAAGACTCGAACTGAACTGAATAAAAAAARARAAAAAARAARL—————— 1044

Fig. 1. Multiple sequence alignment for primer synthesis

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
TCCATT CTC 3 and reverse primer -5’ GCC
TGAACAAAGAAT CC 3 (Fig.1). The PCR
was carried out in 20 ML reactions, which
contained 1X buffer 1.5 mM MgCl, (pH 8.3),
100 ML each of dNTPs, 0.5 unit of Tag DNA
polymerase (M/ S Bangalore Genei, India),
20 ng of template DNA and 250 nM of
primers. The PCR conditions were: initial
denaturation at 94°C for three minutes
followed by 36 cycles with denaturation at
94°C for one min., annealing temperature of
60°C for one min. and extension at 72°C for
one min. The final extension was carried out
at 72°C 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 (DH5a) cells supplied along
with the kit. The transformed cells were
plated on the LB agar plates containing 50
ug ml! 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
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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-I1I"
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 Clone™ vector (M/S Strataclone,
USA) and transferred into DH50 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
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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

S
GTACTTGGGTCCATTCICTGGTGAGCCCCCATCCTACTTGACCGGTGAGTTCCC
TGGTGACTATGGCTGGGACACTGCTGGTCTCTCTGCTGACCCAGAAACCTTTGCC
AAGAACCGTGAGCTCGAAGTGATCCACTGCAGATGGGCCATGCTTGGAGCCCTT
GGGTGCGTCTTCCCCGAGCTCTTGGCCCGCAACGGAGTCAAGTTCGGCGAGGCA
GTGTGGTTCAAGGCAGGAGCCCAGATCTTCAGCGAGGGTGGTCTTGACTACTTG
GGTAACCCAAGCTTGATCCACGCACAAAGCATCTTGGCCATCTGGGCCGTCCAG
GTAGTGTTGATGGGTGCCGTTGAAGGTTACAGAATTGCCGGTGGGCCGCTCGGT
GAGGTCACAGACCCAATCTACCCAGGTGGAAGCTTTGACCCATTGGGCTTGGCT
GATGACCCAGAAGCATTTGCTGAGCTGAAGGTGAAGGAGATCAAGAACGGCAG
ATTGGCTATGTTCTCCATGTTCGGATTCTITGTTCAGGC 3'

Forward primer- GTACTTGGGTCCATTCT
Reverse primer- GGATTCTTITGTTCAGGC

Fig. 3. Nucleotide sequence of the 0.5 kb CAB gene amplified
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Accession Description

Ricinus communis

Max Total Query E Max
score score coverage value ident

Links

XM_002524570.1 chlorophyll a/b binding 732 732 100% 0.0 91% [

protein, putative, mRNA

Populus trichocarpa
light-harvesting complex
IT protein Lheb1 (Lheb1-
3). mRNA

Populus trichocarpa
EF146739.1 clone WS01213 BI15
unknown mRNA

Ricinus communis

XM_002307689.1

3
\O

19 719  99% 0.0 91% [

719 719 99% 0.0 91% [

XM_002519678.1 chlorophyll a/b binding 715 715  99% 00 91% [E

protein, putative, mRNA

Populus trichocarpa
light-harvesting complex
IT protein Lheb1 (Lheb1-
2), mRNA

Populus trichocarpa
EF147785.1 clone WS0125 AO05
unknown mRNA

Populus trichocarpa x
Populus deltoides clone
WS0137 MO02 unknown
mRNA

Populus trichocarpa x
Populus deltoides clone
WS0134 120 unknown
mRNA

Populus trichocarpa x
Populus deltoides clone
WS0137 J16 unknown
mRNA

XM_002306891.1

EF148774.1

EF148596.1

EF148766.1

~
w

1 713 99% 0.0 91%

13 713 9% 0.0 91%

|
B B

708 708 98% 0.0 91%

708 708  98% 0.0 91%

702 702 98% 0.0 91%

Fig. 4. BLASTN analysis of CAB gene sequences producing significant alignment

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
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Distribution of 101 Blast Hits on the Query Sequence &

<40 40-50

|
0 100 200

Color key for alignment scores

50-80

Query |
I I I |

80-200 >=200

I
300 400 500

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 Oryzasativa (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

525bp

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

cdna

cdna

cdna

cdna

cdna

cdna

cdna

cdna

cdna

cdna

cdna

cdna

cdna
g.

CTCACCCCATCTGCCCCTGGGCTCATGGGCAATGCCCGTGTCTCAATGAGGARATCTGTT

—————————————————————————————————————————————————— GTACTTGGGT

GGCAAGCCTGTTTCATCTGGAAGCCCATGGTATGGTCCAGACCGTGTTAAGTACTTGGGT
K kk ok Kok ok ok ok ok

CCATTCTCTGGTGAGCCCCCATCCTACTTGACCGGTGAGTTCCCTGGTGACTATGGCTGG

CCATTCTCTGGTGAGCCCCCATCCTACTTGACCGGTGAGTTCCCTGGTGACTATGGCTGG
hhkkkkkhhkkkhk bk khkhkhhkhkkkkkhhkkkkkkkkkkkkdkhhkkkkkhkkxkkk *

GACACTGCTGGTICTCTCTGCTGACCCAGAAACCTTTGCCAAGAACCGTGAGCTCGAAGTG

GACACTGCTGGTCTCTCTGCTGACCCAGAAACCTTTGCCAAGAACCGTGAGCTCGAAGTG
B R

ATCCACTGCAGATGGGCCATGCTTGGAGCCCTTGGGTGCGTCTTCCCCGAGCTCTTGGCC

ATCCACTGCAGATGGGCCATGCTTGGAGCCCTTGGGTGCGTCTTCCCCGAGCTCTTGGCC
khkkkkkkkhkkkhkhkkhkkhkkkhkkkhkkhkkkhkhkkkkkxhkkhkkkkkkhkkkkkk &

CGCAACGGAGTCAAGTTCGGCGAGGCAGTGTGGTTCAAGGCAGGAGCCCAGATCTTCAGC
CGCAACGGAGTCAAGTTCGGCGAGGCAGTGTGGT TCAAGGCAGGAGCCCAGATCTTCAGC

SR S S S SRR SRS SR SRS E S S S EEE SRR EE RS EE SRS S SR EEEEEEEEEEEEEEEES

GAGGGTGGTCTTGACTACTTGGGTAACCCAAGCTTGATCCACGCACAAAGCATCTTGGCC
GAGGGTGGTCTTGACTACTTGGGTAACCCAAGCTTGATCCACGCACAAAGCATCTTGGCC

hhkhhhhkhhhhhhhhhrhhhhhhhhhhhh b b hh kb hhkrhrhh bk hh kb kbbb hrhrhhhhk i

ATCTGGGCCGTCCAGGTAGTGTTGATGGGTGCCGTTGAAGGTTACAGAATTGCCGGTGGG
ATCTGGGCCGTCCAGGTAGTGTTGAT GGGTGCCGTTGAAGGTTACAGAATTGCCGGT GGG

EE SRS RS SR S SRR RS SRR R RS RS E RS R SRS SRR R

CCGCTCGGTGAGGTCACAGACCCAATCTACCCAGGTGGAAGCTTTGACCCATTGGGCTTG

CCGCTCGGTGAGGTCACAGACCCAATCTACCCAGGTGGAAGCTTTGACCCATTGGGCTTG
Ak kkkhkkk bk kkhhkhkkhk Ak hkhkkkkkkhkkkkkkkkkk Ak kkhhkkkkkkhkkhxk k& *

GCTGATGACCCAGAAGCATTTGCTGAGCTGAAGGTGAAGGAGATCAAGAACGGCAGATTG
GCTGATGACCCAGAAGCATTTGCTGAGCTGAAGGTGAAGGAGATCAAGAACGGCAGATTG

KEKAEA AR AR AEAAAA I A A AR RA R AR A AR AR AR LA AR AR AR AR AR AR A AR AR AR AR R A&

GCTATGTTCTCCATGTTCGGATTCTTIGTTCAGGC-—————————————————————————
GCTATGTTCTCCATGTTCGGATTCTTTGTTCAGGCCATTGTGACAGGAAAGGGACCATTG

khkkhk Rk khkhkhkrhkhkhArhhhhbhkhbrhhkhhkhkrA A rk Lkt

AACTTTGTCCCCGGAAAGTGAG 802

60 €— Startcodon

120

10
180

70
240

130
300

190
360

250
420

310
480

370
540

430
600

490
660

525
720

780

< Stop codon

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

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.).

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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802b

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 4™ position and “TGA’ the
stop codon was at the 799™ position. The
number of coding DNA sequence contained

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
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5
CAAATGGCTACCTCTACAATGGCCCTCTCCTCCCCCTCCTTCGCCGGCAAGGCG
GTGAAACTCACCCCATCTGCCCCTGGGCTCATGGGCAATGCCCGTGTCTCAATGA
GGAAATCTGTTGGCAAGCCTGTTTCATCTGGAAGCCCATGGTATGGTCCAGACC
GTGTTAAGTACTTGGGTCCATTCTCTGGTGAGCCCCCATCCTACTTGACCGGTGA
GTTCCCTGGTGACTATGGCTGGGACACTGCTGGTCTCTCTGCTGACCCAGAAACC
TTTGCCAAGAACCGTGAGCTCGAAGTGATCCACTGCAGATGGGCCATGCTTGGA
GCCCTTGGGTGCGTCTTCCCCGAGCTCTTGGCCCGCAACGGAGTCAAGTTCGGC
GAGGCAGTGTGGTTCAAGGCAGGAGCCCAGATCTTCAGCGAGGGTGGTCTTGAC
TACTTGGGTAACCCAAGCTTGATCCACGCACAAAGCATCTTGGCCATCTGGGCCG
TCCAGGTAGTGTTGATGGGTGCCGTTGAAGGTTACAGAATTGCCGGTGGGCCGCT
CGGTGAGGTCACAGACCCAATCTACCCAGGTGGAAGCTTTGACCCATITGGGCTTG
GCTGATGACCCAGAAGCATTTGCTGAGCTGAAGGTGAAGGAGATCAAGAACGGC
AGATTGGCTATGTTCTCCATGTTCGGATTCTTTGTTCAGGCCATTGTGACAGGAAA
GGGACCATTGGAGAACTTGGCTGACCACCTTGCTGACCCTGTCAACAACAATGC

CTGGGCTTACGCCACAAACTTTGTCCCCGGAAAGTGAG 3.

Forward primer- CAAATGGCTACCTCTACAATGG
Reverse primer- TTTGTCCCCGGAAAGTGAG

Fig. 9. Nucleotide sequence of full length CAB gene from genomic DNA

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 Il 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:

XMO002524570.1) 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)
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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

(o s o - I it o i
ricinus CTCCCTATAAGACACCCTCCAAACTCACTTCTATCTTCTACCGCTCTTAAACACCACTCC 60
FoADA 000 e e e e i e CAAATGGCTACCTCTACAATGG 22 g— Start codon
ricinus TACTCGTTCAAGTCTAAAACACTACTCCCTCATTTTTGACAATGGCTACCTCTACAATGG 120
_'**k****************k
g.dna CCCTCTCCTCCCCCTCCTTCGCCGGCAAGGCGGTGAAACTCACCCCATCTGCCCCTGGGC 82
ricinus CCCTCTCCTCCCCTTCATTCGCTGGCAAGGCTGTGAAGCTCTCCCCTTCTGCCCCTGAGC 180
* %k k ok ok ok ok ok ok ok ok ok ok **_****k * ok k ok ok ok ok ok *****‘k**:****:**********.**
g.dna TCATGGGCAATGCCCGTGTCTCAATGAGGAAATCTGTTGGCAAGCCTGTTTCATCTGGAA 142
ricinus TCATGGGCAATGGCCGTGTCTCAATGAGGAAAACCGCCGCCAAGAATGTTTCCTCCGGAA 240
Yekdedkdeddkddkkk *******************:* * * ****..******.** * % %k
g.dna GCCCATGGTATGGTCCAGACCGTGTTAAGTACTTGGGTCCATTCTCTGGTGAGCCCCCAT 202
ricinus GCCCATGGTACGGCCCAGACCGTGTTAAGTACTTGGGTCCATTCTCCGGTGAGCCCCCAT 300
Fhhhkdhkhkdhdt hh FAhdkdrdkhhdhhkdhbrdhhddhdrd o bbb bhddd dhhdkrdr b hdhk
g.dna CCTACTTGACCGGTGAGTTCCCTGGTGACTATGGCTGGGACACTGCTGGTCTCTCTGCTG 262
ricinus CCTACTTGACTGGTGAATTCCCCGGTGACTACGGATGGGACACTGCTGGGCTCTCTGCTG 360
*hkhkkkkkkkx *****.****k *kk Kk k ok kk **'*k*k********** *xkxkkkkkkk
g.dna ACCCAGAAACCTTTGCCAAGAACCGTGAGCTCGAAGTGATCCACTGCAGATGGGCCATGC 322
ricinus ACCCAGAGACCTTTGCCAAGAACCGTGAGCTCGAAGTCATCCACTGCAGATGGGCCATGC 420
')e*'k****."c‘k*\}e************************* B R
g.dna TTGGAGCCCTTGGGTGCGTCTTCCCCGAGCTCTTGGCCCGCAACGGAGTCAAGTTCGGCG 382
ricinus TTGGAGCTCTTGGATGCGTCTTCCCTGAGCTCTTGGCACGCAACGGTGTTARATTCGGTG 480
* k% Kk k ko *****_*********** ***********.********:** **_***** *
g.dna AGGCAGTGTGGTTCAAGGCAGGAGCCCAGATCTTCAGCGAGGGTGGTCTTGACTACTTGG 442
ricinus AGGCTGTATGGTTCAAGGCTGGATCCCAGATCTTCAGCGAGGGTGGTCTTGATTACTTGG 540
‘k*‘k*:**‘k****‘k***‘k*:*k* dhkkdkhkhkkkkkdkkhkdkkhhkdbhkhkbhkhkbhkhksd kkkkdkkk
g.dna GTAACCCAAGCTTGATCCACGCACAAAGCATCTTGGCCATCTGGGCCGTCCAGGTAGTGT 502
ricinus GCAACCCCAGCTTGATCCACGCACAAAGCATCTTGGCCATCTGGGCTTCCCAGGTTGTGT 600
ko kkokok ok |k ok sk sk ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok sk sk ke sk ok ok ok ok ok ok Sk ke ok ok ok ok ok ok ok ok ok ok ok kg kkok ok
g.dna TGATGGGTGCCGTTGAAGGTTACAGAATTGCCGGTGGGCCGCTCGGTGAGGTCACAGACC 562
ricinus TGATGGGTGCCGTTGAGGGTTACAGAGT TGCCGGCGGGCCACTAGGAGAGGTGACCGACC 660
****************_*********'******* *****.**'**:***** **_****
g.dna CAATCTACCCAGGTGGAAGCTTTGACCCATTGGGCTTGGCTGATGACCCAGAAGCATTTG 622
ricinus CAATCTACCCAGGTGGAAGCTTTGACCCATTGGGTTTGGCTGATGACCCAGAGGCATTCG 720
Fhhkhkdkhkdkdhhk bk dh bk hhddhh bk kb kb hk *****************.***** *
g.dna CTGAGCTGAAGGTGAAGGAGATCAAGAACGGCAGATTGGCTATGTTCTCCATGTTCGGAT 682
ricinus CTGAGTTGAAGGTGAAGGAGATCAAGAACGGTAGATTGGCTATGTTCTCTATGTTTGGAT 780
EEREE AEEAEEAERAEEARETAARAAAEAERE AR AAEEARE AR REE ARAhd Rkdh
g.dna TCTTTGTTCAGGCCATTGTGACAGGAAAGGGACCATTGGAGAACTTGGCTGACCACCTTG 742
ricinus TCTTTGTTCAGGCCATTGTTACAGGAAAGGGACCATTGGAGAACTTGGCTGACCACCTTG 840
AR A A AR A AR A AR A A AR A A Ah A A d A A d A h A A hdhkr b A h kb hhhhhkhh ok d kbbb xdhk
g.dna CTGACCCTGTCAACAACAATGCCTGGGCTTACGCCACAAACTTTGTCCCCGGAAAGTGAG 802 < Stop codon
ricinus CTGATCCCGTCAACAACAATGCCTGGGCATATGCCACAAACTTTGTCCCCGGAAAGTGAG 900

Fig. 10. CLUSTALW multiple sequence alignment of the isolated genomic DNA sequence of chlorophyll

dkdkdk ko kkdkekkkodkkkkkdkdkkkokkkkhk o kk ko ok ok ok vk ok ke ok kb ke sk ok ke sk k ok ke ok ok ke ke ok

a/b gene with Ricinus communis
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Ricinus
Genomic DNA sequence of CAB gene from H.brasiliensis
i Populus
Euphorbia
Fagus
] S.oleraceae
B Gardenia
N. tabacum
| — N.benthamiana
Mangifera
0T Gossypium

Ricinus : 0.05469,

Genomic DNA from Hevea : 0.03006
Populus : 0.08465 : 0.00628,
Euphorbia.esula : 0.09579,

Fagus : 0.09021,

S.oleraceae : 0.11591: 0.00494,
Gardenia : 0.0913,

N.tabacum : 0.12005,

N.benthamiana : 0.00888,

Mangifera : 0.08004,

Gossypium : 0.0786:0.01517:0.0047:0.00891.

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.
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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

a. Amino acid sequence

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, Irwt.1.A,
lver.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
OMEAN values of 0.80. These values are
within the permissible limits of designing

MATSTMALSSPSFAGKAVKLTPSAPGLMGNARVSMRKSVGKPVSSGSPWYGPDRV
KYLGPFSGEPPSYLTGEFPGDYGWDTAGLSADPETFAKNRELEVIHCRWAMLGALG
CVFPELLARNGVKFGEAVWFKAGAQIFSEGGLDYLGNPSLIHAQSILAIWAVQVVL
MGAVEGYRIAGGPLGEVTDPIYPGGSFDPLGLADDPEAFAELKVKEIKNGRLAMEFS

MFGFFVQAIVTGKGPLENLADHLADPVNNNAWAYATNFVPGK

Molecular weight: 28108.1
Theoretical pl: 5.45

265 amino acids

Total number of negatively charged residues (Asp + Glu): 25

Total number of positively charged residues (Arg + Lys): 21

b. Protein model

The ribbon structures are a-helix and the coils represent turns.
The carbon ring structures represent ligand sites for binding.

Fig. 12. a & b Amino acid sequence and protein model predicted from the sequence of chlorophyll a/b

gene isolated from H. brasiliensis
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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
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