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Abstract: This study examined DNA sequence variations of coding regions of Cinnamate 4-hydroxylase (C4H)
and Cinnamyl Alcohol Dehydrogenase (CAD) in Acacia mangium and 4. auriculiformis. cDNA fragments of
C4H and CAD with size 1.5 and 1.3 kb, respectively were cloned into pGEM-T Easy Vector and were sequenced.
Twenty eight Single Nucleotide Polymorphisms (SNPs) were identified in the coding region of C4H of which
8 caused changes in the amino acids or nonsynonymous mutations and 20 were synonymous mutations. Thirty
two SNPs were detected in coding region of CAD. Of these, 12 were nonsynonymous mutations and 20 were
synonymous mutations. Two 4. mangium mdividuals (M20 and M22) and two A. auriculiformis mdividuals
(A6 and A3) were used as parents for generating F, mapping populations. Nucleotide sequence alignment of
coding region of CAD detected 28 and 22 SNPs from A3=xM22 parental combination and A6>M20 parental
combination respectively. Nucleotide sequence alignment of coding region of C4H identified 6 and 23 SNPs
for A3xM22 and A6xM20 parental combinations, respectively. For parental combination A3xM22, 11
nonsynonymous mutations were detected while for A6xM20 parental combination 23 nonsynonymous
mutations were detected from CAD gene. Amino acid sequence alignment of C4H detected 4 amino acid
variations from each parental combination. The putative SNPs can be developed as SNPs markers for
Quantitative Trait Loci (QTL) detection. Selecting favourable alleles from progenies which produce desirable
ligrin profiles would be advantageous m tree breeding programmes for plantation establishment.
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INTRODUCTION

The wood of dcacia mangium and 4. auriculiformis
is suitable in pulp and paper making as well as for
manufacturing of furniture, Medium Density Fiberwood
(MDF), veneer and plywood. These species were firstly
introduced to Malaysia in 1960s and then have been
planted extensively in South East Asia because of their
fast growth, good form and economic potential of the
wood (Sahri et «l, 1993). Spontaneous hybrids of
A. mangium and A. auriculiformis were first reported to
occur 1 A. mangium plantations in Sabah (Sim, 1987).
Acacia hybrids have shown superior characteristics in
growth, adaptation to different types of soils, resistance
to disease and higher pulp yield over the parental species
(Pinso and Nasi, 1991), showmg their inportance to the
pulp and paper making industry.

Lignin is formed by intracellular synthesis of the
monolignol precursors (p-coumaryl, coniferyl and sinapyl)

each giving rise to the hydroxyphenyl (H), guaiacyl (G)
and syringyl (S) lignin units respectively. For the
production of high quality paper, lignin has to be
removed from the cellulose by chemical pulping and
the rate of delignification is proportional to the S/G
ratio (Piquemal et al., 1998). The benefits of removing
as much lignin as possible to avoid residual lignin
causes discoloration and reduces paper brightness
(Chiang et al., 1988). Cnnamate 4-hydroxylase (C4H) and
cinnamyl alcohol dehydrogenase (CAD) are two enzymes
that play important role in the beginning and the end of
the lignin biosynthesis pathway. C4H catalyzes the
hydroxylation of cumamate to 4-coumnarate while the
CAD catalyzes the final reduction of cinnamaldehydes to
p-coumaryl, coniferyl and sinapyl alcohols (Tewis, 1999).
Down regulation of C4H in Nicotiana tabacum was
reported to reduce the lignin content by over 90% and
decrease S/G ratio (Blee et al., 2001). The lignin of plants
with low CAD activity was more extractable in alkaline
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chemical pulping process (Baucher et al., 1996). CAD was
demonstrated to be a useful target for paper pulping
quality improvement in dicotyledons (O’Connell et al,
2002; Pilate et ai., 2002).

This study was undertaken to determine the
feasibility of using two lignin genes, C4H
and C4D to find Smgle Nucleotide Polymorphisms
(SNPs) in parental combmations of A. mangium and
A, auriculiformis used for generation of segregating
mapping populations for fibre length and wood density.
Presence of single base differences among the individuals
of same species can change the coding of amino acid and
protein function resulting in changes in lignin content and
composition. SNPs can serve as genetic markers and can
be used to characterize genetic resources, map plant
genome and specific genes (Dreher ef af., 2003). SNP
markers have been developed in Eucalyptus wnitens
and demonstrated that linkage disequilibrium mapping
of lignin genes can be wused to identify alleles
assoclated with wood quality traits in natural populations
(Thumma et al., 2005). SNP discovery and estimation of
linkage disequilibrium have been completed in loblolly
pime (Pinus taeda) for mneteen candidate genes for
wood formation meluding C4H and CAD (Brown et al.,
2004).

selected

MATERIALS AND METHODS

Inner bark tissues of two individuals from
A. mangium, M20 and M22 and 4. auriculiformis, A3 and
A6 were used m this study. Parental combmation of
A3x M22 and A6xM20 were used 1n crosses to produce
Acacia hybrid mapping population.

Total RNA was extracted from the mner bark tissues
using RNeasy Midi Kit (Qiagen, Germany). Total RNA
was used as template to synthesize the first strand cDNA
and further amplified using a specific primer by reverse
transcriptase PCR (RT-PCR) approach. Two primer pairs
were designed from full length ¢cDNA of C4H and CAD
from Acacia hybrid (Pang et al., 2005). The primer pairs
were forward primer (FL.-C4H-F: 5° GTC CAC CTT TCT
CAG CAG TAT CAA 3)and reverse primer (FL.-C4H-R: 5’
CAA TCT CCA AAT CGC CAA CA 37) to generate the
sequence of C4H. CAD was amplified usmg forward
primer (FL-CAD-F: 5> GAC ATT CTT TCT TCT TCT TCT
T 3") and reverse primer (FL-CAD-R: 5° GAC AAA CAT
CTG TGA GGC AT 37). Eachreaction consisted of 2 pLL of
2.5 p-mol forward and reverse primers, 1.0 pL of ANTP mix,
2.5 ul. of 10xPCR buffer (200 mM Tris-HCI pH 8.8,
100 mM KCl, 1% Triton X-100, 100 mM (NH,),S0,,
1 pgmL ' BSA), 0.75 pL of 100 mM MgCl,, 0.04 U YEA
Tag DNA Polymerase (Yeastern Biotech Co.) and sterile
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distilled water to make up 25 pl.. C4H amplification was
performed in Eppendorf Thermal Cycler (Germany) for
2 min at 95°C, 35 cycles of 30 sec at 94°C, 30 sec at 55°C
and 45 sec at 70°C, followed by final step of 10 min at
70°C. CAD amplification was carried out by initial
denaturing at 95°C for 2 min, followed by 30 cycles of
94°C for 30 sec, 46°C for 30 sec and 70°C for 45 sec with
the final extension time for 10 min.

PCR products were ligated into pGEM-T Easy Vector
(Promega) and transformed into competent cell of DH5¢
from Escherichia coli. Positive clones were cultured in LB
Broth supplemented with ampicillin (50 pg uL™") for
overnight. The recombinant plasmids were purified using
Wizard Plus SV Minipreps DNA Purification System
(Promega). Six to eight positive clones per gene per
mdividual were sent for sequencing using ABI 3730 DNA
Analyzer (Applied Biosystem, TTSA)

The C4H and CAD sequences for the four parental
trees (M20, M22, A3, A6) were aligned using the
CLUSTALW (www.ebLac.uk/clustalw/) and wvisually
inspected for base changes. The nucleotide sequence
alignments were translated into protein in all reading
frames using ORF finder (hitp://www ncbi.nlm. mh.gov).
The open reading frames of both genes were aligned
among four individuals using CLUSTALW to detect the
nonsynonymous and synonymous mutations.

RESULTS AND DISCUSSION

cDNA fragments of C4H and C4AD of 1.5 and 1.3 kb,
respectively (Fig. 1) were cloned mnto pGEM-T Easy
Vector and were sequenced. Six to eight complete cDNA
clones for each gene and each individual were sequenced
and aligned usmg CLUSTALW. A3 did not show any
nucleotide variation while the others (A6, M20 and M22)
showed variations among the clones for C4H. CAD
nuclectide sequences showed 20 heterozygous loci which
were from A3, M20 and M22. A6 did not show any
heterozygous loci.

The consensus sequences of A3, A6, M20 and M22
for both genes were aligned together to detect the SNPs.
Intotal 28 SNPs were found in the coding region of C4H.
Of these, 6 SNPs were detected m A3xM22 parental
combination while 23 SNPs were detected in A6 x M20
parental combination. Within the coding region of CAD,
32 SNPs were identified. Of these, 28 SNPs were detected
mn A3xM22 parental combmation and 22 SNPs were
detected in A6xM20 parental combination. The ¢cDNA
sequence of CAD was more polymorphic than that of
C4H. On average, one SNP occurred for every 53 bp in
C4H compared to one SNP for every 39 bp mn C4AD
(Table 1). The occurrence of SNPs detected in this study
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