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Abstract

COBRA gene is involved in the regulation of cellulose deposition and orientatiaelloéxpansion. Any
single nucleotide differences may influence the functions of this.geence, this study was carried out to
isolate the partialCOBRA genomic sequence and subsequently, to determine the nucleotide variation of
COBRA gene inNeolamarckia cadamb#. cadambaalso locally known as kelampayan is one of the fast-
growing deciduous and indigenous tree species with great commeiuaied wa Malaysia. The targeted DNA
sequence o€OBRA gene was amplified with the designed primer pair by using RoBge Chain Reaction
(PCR) technique. The parti@OBRA genomic sequence (517 bp) was subjected to BLASTn analysis to
search for homology sequence and validate the identity of the sequemaghtiNCBI. Multiple alignment
was carried out by ClustalW for manual detection of single nucleotidenpgbhisms (SNPs). Five SNPs
were detected in the exon region and two SNPs in the intron reg@®BRA partial genomic sequences. Of
these five detected SNPs, four non-synonymous mutations and omysyus mutation were discovered in
the COBRA amino acid sequences. Based ointlséico restriction analysis, one possible restriction enzyme,
HpyCH4lll was detected to restrict at a SNP site (384 bp) which could be useful feticgerarker
development, such as CAPS marker development in the efforts of gemgopypjact.
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1. Introduction

Plant cell wall plays a vital role in human life as it provides large scale of diebams fand raw
materials for textile, lumber, pulping, and potentially for biofuels. In esidngoint of view, understanding
the regulatory mechanisms involved for biosynthesis of cell wall and figagtiregulatory genes such as
cellulose, hemicelluloses and lignin are of obvious important (Zhang, &089). Cellulose that composes
40% to 50% of wood is an essential component of the load-bearing kdiyproviding strength required in
cell walls through cellulose deposition. The physical properties of celluloseletisomine the orientation of
cell expansion (Brown, 2003). The presenc€0BRAgene in the woody plant species is essential as it plays
the role in the regulation of cellulose deposition and orientation of cell emlange

Identification of COBRA gene and sequence polymorphism controlling wood quality traits itmle v
especially in forest tree breeding programmes. An improvement nbetacally important traits such as pulp
yield can produce large gains for a pulp and paper mill industry. Tinereghe present study was the first
molecular study to isolate tBOBRA genomic sequence and to determine the nucleotide variat©@®BRA
gene inNeolamarckia cadambd. cadambaalso locally known as kelampayan is one of the fast-growing
deciduous and indigenous tree species for areas from India thBmugheast Asia to Papua New Guinea.
Due to the fast growth rate and great economic value of its timber, plastaficN. cadambahave been
established in India, Sri Lanka, Myanmar, Indonesia, Malaysia and the Philippihas.deen proven as one
of the best raw materials for the plywood industry (Lai et al., 2013; ldb,&014; Tiong et al., 2014a,b,c&d;
Phui et al., 2014; Sim et al., 2014; Pang et al., 2015). The leaves andhaagkbeen extensively studied and
reported to have high medicinal values (Joker, 2000; Patel and Kumar,Z24y et al., 2014a&b). It grows
well in freshwater swamps and it is commonly found in loggirep af lowland dipterocarp forests (Nair,
2007).

2.0 Materialsand M ethods
2.1 Plant materials and DNA isolation

Fresh young leaves were collected from six randomly selétteddambarees from the Kelampayan
Trial Plot at Landeh Nature Reserve, Semengok, Sarawak. Total genomic DWAadambavas extracted
by using the modified CTAB method from Doyle and Doyle (1990 isolated DNA was purified by using
Wizard® Genomic DNA Purification Kit (Promega, USA) based on the manufacture’s protocol. The
concentration of purified DNA was quantified using Lambda 25 UV/VIS Spelettometer (Perkin Elmer,
USA).

2.2 Primer Design

One primer pair foCOBRA gene was designed based on the EST sequemtecaflamba536 bp) by
using Primer Premier 6.0 (PREMIER Biosoft International, USA). Basetthe primer pair designed, the pair
with  highest pair rating was chosen. The sequence for forward primer was 5’-
GGCGTGTTAAGATTGCTGTTACS’ and the reverse primer was 5° GTATGAATCAGGAGGCGGAAG-
3.
2.3 Polymerase Chain Reaction (PCR)

PCR amplification was done in a Gradient Pagtler™ (Corbett Research, Australia) for 2 minutes at
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95°C, 35 cycles of 45 seconds at 94°C, 45 seconds at 50°C ang°C minutes at 72°C. It is then followed

by final extension of 10 minutes at 72°C. PCR reaction mixture wasg3® DNA template, 5 pmol of
forward and reverse primers, 0.2 mM dNTPs, 1 x PCR bufférmM MgCk and 1 UTag DNA Polymerase
(Invitrogen, USA). Ultra-pure water was used to top up mixturest@ul2 The PCR products were checked
using 1.5% agarose gel and run simultaneously with 100bp DN/Adg&domega, USA). The verified PCR
products were cloned into the pGEM Easy Vector System (Promega, USA) and the recombinant plasmids
were isolated and purified using the WiZamllus SV Minipreps DNA Purification System (Promega, USA)
according to tb manufacture’s protocol.

2.4 DNA sequencing and analysis

The purified plasmids were sent for sequencing in both forward ardseedirections. The sequencing
was performed using an ABI 3730XL capillary DNA sequencer (AppBémsystems, USA). The DNA
sequence was checked using BLASTn (www.nchi.nlm.nih.gov) to séarblomology sequence in GenBank
(www.ncbi.nim.nih.gov) and to validate the identity of the DNA sequencen The DNA sequences were
subjected to alignment using ClustalW software (http://www.ebi.ac.uk/Toolslel@étadex.html) to check
for consensus sequence. From the alignment, differences in nuclantdg the sequences were manually
checked. Further analysis of the DNA sequences was carried out withy l{l@e/w.ncbi.nim.nih.gov) by
comparing the DNA sequence with other species to check for intronbordaries. The identified intron
region was then removed manually and checked again for validationBISK&Tp (www.ncbi.nlm.nih.gov).
Detection of non-synonymous and synonymous mutaticasalgo conducted by translating the consensus
sequences into protein sequences by using ExPASy translate tool (htgsylexg/tools/dna.html). The
translated protein sequences were aligned by using ClustalW softwasifico restriction of the consensus
SpCesAl sequences was done using NEBcutter V2.0.

3.0 Results and Discussion

The partial COBRA genomic sequence was successfully isolated fronNtheadambarees. From the
BLASTnN analysis, the 517 B POBRA gene sequence showed moderate degree of similarityQ@BRA and
COBRAlike genes fromPopulus tomentos68%, GUO053565)FEucalyptus niten{67%, FJ213604) and
Ricinus communig65%, XM_002514582). It was observed that the amplicons have codingoancoding
regions. Further analysis on the intron-exon boundaries was cautiedth bl2seq (www.ncbi.nlm.nih.gov)
by comparing the sequenc€DBRA gene with other species suchRspulus tomentosaA gap around 162
bp between two consensus sequences was observed from thesatigasult withPopulus tomentos®NA
(GU053565) and mRNA (GQ410777) (Figure 1).

In Arabidopsis AtCOBL4 is identified to be implicated in the cellulose biosynthesis in the secondary
wall through mutant analysis (Brown et al., 2005). The expresgiegnCOBL4 is found to be similar with
Arabidopsiscellulose synthaseM(CesA) genes that are involved in secondary cell wall synthesis (Persson et
al., 2005). In a study done by Zhasitgal.(2009), aCOBRAlike protein PtCOBL4)was successfully isolated
and identified in poplar when comparison of nucleotide sequence was conditbtéide known full-length
of Arabidopsis COBgene sequences. It is confirmed as one of the members of CORly, f@A{COBL4
shared 72.7%, 64.8%, and 65.3% similarity wAtlabidopsisCOBL members, rice BC1 members and maize
BK2 proteins respectivelyPtCOBL4 is suggested to be an ortholog AiCOBL4 as they shared high
nucleotide homology (70.9%) and amino acid identity (72.7%). Other tharPti@®BL4gene is found to be
expressed dominantly in the mature xylem fiber cells during the latecftagh wall thickening. This further
shows thatPtCOBL4 is involved in the secondary cell wall deposition in the stem of treemgzbgal.,
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2009). According to Roudier et al. (200%¢abidopsis mutants of COBRA gene has shown to reduce
cellulose content and cause the cells to swell due to disorganize cellulose milictefibsition. However, the
disorganization of cellulose occurs before the depletion of cellulose comtid cell wall. This shows that
COBRAIs involved in the orientation of deposition of cellulose microfibnitsle the reduction in cellulose
content is likely caused by a feedback mechanism that reflects the alreamdieidid deposition of cellulose
microfibrils.
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Figure 1 Comparison of sequence structureRapulus tomentosgenotype 38COBRAlike 4 protein DNA (GU053565)Populus
tomentosa COBRAKke 4 protein mRNA (GQ410777) andOBRA partial genomic sequence from sample A (COBRA A). CGaldu
cylinders represent the exon region and black cetbaylinders represent the intron region with nuntdfdrases indicated below them.
Intron portion as predicted from 517 BBRA sequence is shown in solid yellow. The dotted linemeoting different genes are the
conserve intron-exon junctions. 1 unit axis: 200 bp.

ClustalW software was used to detect the single nucleotide polymorphism (@INPjhe six partial
genomic sequences GOBRA gene. From the sequence alignment result, a total number of seven putative
SNPs were detected. Based on the intron-exon boundaries, two putative &Rs thie intron region while
the other SNPs were in the exon regions (Figure 2).

The identified intron region was manually removed, and the predictedregmon was translated into
amino acid sequence by using EXPASYy translate tool. The resulted aridrsequence was then subjected to
Protein BLAST for further validation. The protein sequence showed dnigl moderate degree of similarity
with COBRA and COBRAlike protein withOryza sativa(100%), Arabidopsis thaliang100%), Rhizobium
leguminosarun{84%) andPhoneutria keyserlingi82%). Out of the five SNPs located in the exon regions,
four of them showed the occurrence of non-synonymous muafRr{AGA) — K (AAA); T(ACA) - A
(GCA); L (CTT) > F (ITT); P (QCT) —» H (CAT)) meanwhile a synonymous mutation (P @©C— P
(CCG)) occurred in one of the SNPs (Figure 3). According to Sloan andofT (2010), synonymous
mutations are sites where changes of base occur, but amino acid secpreaces the same due to the
redundancy of the genetic code. It is often assumed that this type of musat@atively neutral, and it is
used as a basis of estimating mutation rates. As for non-synonymous mot&dR, it occurs in the coding
region that changes amino acid sequence in the corresponding prothictpand affects the phenotype of
the host organism (Kumar et al., 2009).
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GGCGTGTTAAGATTGCTGTTACTAATTTCAATTACAGAATGAACTACACACAATGGACAC
GGCGTGTTAAGATTGCTGTTACTAATTTCAATTACAIAATGAACTACACACAATGGACAC
GGCGTGTTAAGATTGCTGTTACTAATTTCAATTACAGAATGAACTACACACAATGGACAC
GGCGTGTTAAGATTGCTGTTACTAATTTCAATTACAGAATGAACTAC.CACAATGGACAC
GGCGTGTTAAGATTGCTGTTACTAATTTCAATTACAGAATGAACTACACACAATGGACAC
GGCGTGTTAAGATTGCTGTTACTAATTTCAATTACAGAATGAACTACACACAATGGACAC
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CTCTTGTTCCCTACCAATCTATAAGTAAGTATATAGCACAAGATATAGGAAAATCACGAA
CTCTTGTTCCCTACCAATCTATAAGTAAGTATATAGCACAAGATATAGGAAAATCACGAA
CTCTTGTTCCCTACCAATCTATAAGTAAGTATATAGCACAAGATATAGGAAAATCACGAA
CTCTTGTTCCCTACCAATCTATAAGTAAGTATATAGCACAAGATATAGGAAAATCACGAA
CTCTTGTTCCCTACCAATCTATAAGTAAGTATATAGCACAAGATATAGGAAAATCA.GAA
CTCTTGTTCCCTACCAATCTATAAGTAAGTATATAGCACAAGATATAGGAAAATCACGAA
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GAACTTCCACATTTCAGAAACACAARATGACTGCAGATTGATCAACGTAAAACTAATAAA
GAACTTCCACATTTCAGAAACACAARATGACTGCAGATTGATCAACGTAAAACTAATAAA
GAACTTCCACATTTCAGAAACACAAARTGACTGCAGATTGATCAACGTAAAACTAATAAA
GAACTTCCACATTTCAGAAACACAAAATGACTGCAGATTGATCAACGTAAAACTAATAAA
GAACTTCCACATTTCAGAAACACAAAATGACTGCAGATTGATCAACGTAAAACTAATAAA
GAACTTCCACATTTCAGAAACACAAAATGACT.CAGATTGATCAACGTAAAACTAATAAA
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TGACCTCTTGATGGAAGCTGGACCACTTGGAAATGTTCAGTCCGAGTTACTCCTAAGGAA
TGACCTCTTGATGGAAGCTGGACCACTTGGAAATGTTCAGTCCGAGTTACTCCTAAGGAA
TGACCTCTTGATGGAAGCTGGACCACTTGGAAATGTTCAGTCCGAGTTACTCCTAAGGAA
TGACCTCTTGATGGAAGCTGGACCACTTGGAAATGTTCAGTCCGAGTTACTCCTAAGGAA
TGACCTCTTGATGGAAGCTGGACCACTTGGAAATGTTCAGTCCGAGTTACTCCTAAGGAA
TGAC CTCTTGATGGAAGCTGGACC.TTGGAAATGTTCAGTCCGAGTTACTCCTAAGGAA
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Figure 2 Alignment result of six partial sequences @DBRA gene using ClustalW software. Five SNPs were
regions at nucleotide numbers 37, 48, 385 and 3&&iiyr Two putative SNPs were in the intron regionuafeotide

212 (red).
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Figure 3 Alignment of the protein sequences using ClustalW so#wFour non-synonymous mutations were detected aberub?
(R/K), 16 (T/A), 69 (L/F) and 108 (P/H) (red) andeosynonymous mutation detected at number 68 (P/&gr(jof the COBRA amino

acid sequence.
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With synonymousKs) and non-synonymoud<&) mutation ratio, the type of selection that acts on the
gene can be determined (Stukenbrock and Mcdonald, 2007; Berglund 608)., Rccording to Berglund et
al. (2005), the ratio of synonymous and non-synonymous mutagigteen established as a valuable method
to assay selective pressures on protein encoding gene. The neutral theolgcodar evolution proposed that
neutral evolution happens whdfs = Ka Positive diversifying selection occurs whé&s < Ka while
purifying selection happens whe{s > Ka. Positive diversifying is a natural selection process that fixes
adaptive variants and enhances the frequency of the adaptive allele relative to oflegusintying selection
is a natural selection process involving the removal of deleterious mstétion the population (Nei et al.,
2010). Based on Figure 3, it is likely that positive diversifying ocesrshe ratio of synonymous mutation
and non-synonymous mutationKs < Ka. This is due to the function @OBRA gene in the deposition of
cellulose microfibrils is crucial in the development of secondary cell wall. Menv@o association can be
made in accordance to the discovered SNP in COBRA gene and physical charactdritiickelampayan
trees. More polymorphic studies are needed to be carried out to idenéifilexCOBRA gene is subjected to
positive selection.

One possible restriction enzyme was detected for one SNP site of the @aBBA genomic sequence
by using NEBcutter V2.0 (http://tools.neb.com/NEBcutter2/index.php). €k#rigtion enzyme found was
HpyCH4lIl (5’-ACNGT-3") which recognize and restrict at site number 384 bp o€EQBRAW sample
(Figure 4).HpyCHA4IIl produces two fragments at approximately 133 bp and 384 bprdisgdo Morgan
and Xu (2000), this restriction endonucleaie obtainable fronHelicobacter pyloriCH4 which is then
referred to aslpyCHA4III. With the identification of restriction enzyme for the detected SNP, it can be utilized
in the development of cleaved-amplified polymorphic sequence (CAPSgmark

CywikI-1
Alul
TepOTI Sgel
Bccl Setl HpyCHA4IIl (1 sites)
TepGod] HoylSaI11 ¥Avall Hiul551
Apol Bzll Mnll HpuCHAIII Sgel Maelll

5 ... ARATTCTACAATGACCTCTTGATGGAAGC TGGACCGTITTAGAAATGTJCAGTCCGAGTTA ... 37
b3ao F3go 1 F3o Fage_ T F390 | Faoo 1
3 ... LTTARGATGTTACTGGAGAACTACCTTCGACCTGAGCAAACCTTTACAAGTCAGGCTCAAT .. §

=gel -Apol Setl Alul HpuyCHATTT Sgel Hpydda1
TepS09T  ~TzpOTI CwikI-1  -#Avall
Setl F5au%61
MhlI Sgel
Hpul38111

Bsll
Bzl

Figure 4 A possible restriction enzyme for SNP site fromO@BRA W using NEBcutter V2.0HpyCH4lll has been identified to
recognize and restrict a SNP site (ACNGT) ofdGBRAW at 384 bp.

4.0 Conclusion

To best of our knowledge, this is the first report on isolationsatgience polymorphism @OBRA
gene inNeolamarckia cadamithrough PCR amplification and DNA sequencing. A total of seven SNBs w
detected in the partial genomic sequence of COBRA gene, and four namysyous mutations and one
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synonymous mutation were discovered in the COBRA amino acid sequeheg.tn that, a restriction
enzyme,HpyCHA4lll was also identified to restrict at a SNP site. PCR-based marker is onerolbtise and
inexpensive methods in detecting SNP site in other samples of same dpeca@drast to detecting DNA
polymorphism by sequencing, SNPs can also be detected through thegeledvamplified DNA with the
chosen restriction endonuclease. The development of CAPS marker thedagtiod of SNPs is essential in
the efforts of genotyping project. Further studies on polymorphisifaliofength of COBRA gene are still
required as this study compromises partial lengttCOBRA gene only. Besides that, study on sequence
polymorphism ofCOBRAgene on larger sample can also be carried out. Association study dfethetype
with the SNPs can also be done with the identified SNPs. Through thdidagioth of SNPs, genetic markers
such as CAPS marker can be developed to identify advantageous alleles that gssistiénimprovement
activities and selective breeding.
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