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Acacia mangium superbulk

Genetically improved planting materials

Produced through plus trees selection over 30 years in a      

tree improvement program

Main tree species planted under Licenses of Planted Forest 

(LPFs) (PERKASA, 2009)

Up to 2009, 25,380 hectares in Sarawak 

have been planted with Acacia (Ta Ann 

Holdings Berhad, 2010)



Potential uses:

plywood, veneers and fine furniture 

construction of building

paper and pulp

Understanding the structure and composition of

Acacia wood is vital for better utilization of this 

wood material
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C4H & CAD

 Any up- or down-regulation of lignin biosynthesis 
genes will resulted in altered lignin production 
(Baucher et al., 2003)

 Abreu et al. (2009) had proposed that the high ß-
O-4 (Alkyl Aril Ether) bonds in lignin of 
angiosperms may possibly affect the wood 
properties

 Therefore, extensive study (e.g. association 
genetic study) is needed to be carried out in 
order to determine the association between the 
lignin genes and the wood properties



Candidate-gene-based association study which involves the

identification of causative polymorphisms (SNPs) for excellent

traits has been proposed as a promising approach to dissect

complex traits in forest trees (Gonzalez-Martinez et al., 2006)

Advantages of SNPs: abundance, stable, ubiquity and

interspersed in nuclear genome (Fusari et al., 2008)

Traditional linkage-based approaches is time consuming,

laborious and often expensive process of establishing the

mapping population (Myles et al., 2009)

Why Association Study?

New 

opportunity



(Fusari et al., 2008)

Causal 
SNPs in 
specific 
genes

Gene 
assisted 
selection 
(GAS) in 
breeding 
program  

Quantitative  
Trait 

Nucleotides 
(QTNs) of 

quantitative 
variation



(Fusari et al., 2008)

Causal 
SNPs in 
specific 
genes

Gene 
assisted 
selection 
(GAS) in 
breeding 
program  

Quantitative  
Trait 

Nucleotides 
(QTNs) of 

quantitative 
variation

save time & money

early seedling

selection is possible

better wood quality

& quantity being

produced

better economic

outcome

Maximum 

resolution and 

identification of 

exact allele !!!



Yu et al., 2006

Detected the 
association of the 
cad-n1 allele with 
increased stem 
growth and wood 
density in 15 years 
old loblolly pine

Literature Review

Thumma et al., 2005

2 SNPs found 
in CCR gene 
were 
significantly 
associated with 
microfibril angle 
from 
Eucalyptus 
nitens

Gonzalez-Martinez et al., 
2007

Nonsynonymous substitution 
for CAD was in strong 
association with earlywood
specific gravity and causing 
lignin modification in Pinus
taeda

“multigene association genetic 
study in forest trees has 
shown the feasibility of 
candidates genes strategies 
for dissecting complex 
adaptive traits, provided that 
the genes belonging to key 
pathways and appropriate 
statistical tools are used”



Objectives

To identify the SNP that might present in 

C4H and CAD genes from Acacia mangium

superbulk trees

To determine the genetic association among 

SNPs in C4H and CAD genes and an array of 

wood properties from  Acacia mangium

superbulk trees



Materials 

& 

Methods



• DNA
isolation

1

• Polymerase 
Chain 
Reaction 
(PCR)

2

• Cloning & 
sequencing

3

• Sequence 
variation 
(SNP) 
analysis

4a

• Association 
study

5
• Wood 

properties 
measurement

4b

http://rds.yahoo.com/_ylt=A0S02020rgJKZRAARFqJzbkF;_ylu=X3oDMTBqaXBrN2duBHBvcwMzNwRzZWMDc3IEdnRpZAM-/SIG=1hmul01es/EXP=1241776180/**http:/images.search.yahoo.com/images/view?back=http://images.search.yahoo.com/search/images?p=dna+sequencer&rs=2&fr=yfp-t-501&xargs=0&pstart=1&b=21&ni=20&w=250&h=222&imgurl=awcmee.massey.ac.nz/nzgc/img/sequencer.jpg&rurl=http://awcmee.massey.ac.nz/nzgc/services.html&size=9k&name=sequencer.jpg&p=dna+sequencer&oid=c7a9f1a3b9e3adda&no=37&tt=660&b=21&ni=20&sigr=11dcni60a&sigi=11aacehas&sigb=13akspgvj


Results 

and 

Discussion



M    1     2     3     4     5     6      7     8   9    10  11

PCR optimization: Ta

Cloning of Partial Gene Sequence

Sequencing

Blue/white screening
Purified PCR products

SB2  SB9  SB6  M1    M2

Colony PCR

M      1      2       3       4      5      6       7      8       9      10     11     12     13  

Plasmids DNA

M1     SB1     SB2   SB3     SB4    SB5    SB6    SB7   SB8    SB9  SB10  SB11  SB12    M2

DNA 

extraction

M    SB2  SB3  SB6   SB7  

SB9

63°C



Data Analysis

(a) Sequences Verification

Sequences were analyzed using BLASTn

(http://blast.ncbi.nlm.nih.gov/) to find out all possible similar

nucleotide sequences
Table 1: BLASTn output for partial C4H DNA sequence.

Table 2: BLASTn output for partial CAD DNA sequence.

Organisms GenBank Accession No. Similarity (%) E-value

Acacia auriculiformis

x Acacia mangium

EU275980.1 98 0.0

Sorghum bicolor AY034143.1 86 4e-8e

Salvia miltiorrhiza EF377337.1 84 3e-100

Rubus coreanus EU123531.1 82 1e-98

Organisms GenBank Accession No. Similarity (%) E-value

Acacia auriculiformis x 

Acacia mangium

EU275982.1 98 0.0

Leucaena leucocephala EF611250.1 94 0.0

Populus tomentosa EU760897.1 80 2e-79

Eucalyptus urophylla GQ387647.1 82 3e-66



A. hybrid full-length C4H

cDNA

A. superbulk partial C4H 

DNA sequence
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Figure  The exonic and intronic regions found  in partial C4H and CAD DNA sequence from A. superbulk. 
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DNA 

Sequence 

Variations 



DNA 

Sequence 

Variations 

C4H CAD

Total Number of SNPs 2 8

Transition mutation 1 6

Transversion mutation 1 1

Deletion mutation - 1

Total length of partial gene (bp) 457 1147

Occurrence of SNPs in partial gene 1 in every 229 bp 1 in every 143 bp



Synonymous & Nonsynonymous

Mutations 

Figure: Multiple alignment of C4H amino acid sequences.

Amino acid 

position

Nucleotide 

changes

Amino acid 

alteration

15

142

T → G

C → T

N  → K

A  → V

Table 3: Nonsynonymous mutations in partial DNA sequences of C4H.

Total number of nonsynonymous

mutations

2

Total number of synonymous

mutations

-

Total number of amino acid 152

Proportion of nonsynonymous, dN 0.013

Proportion of synonymous, dS -

Table 4: Number of synonymous and nonsynonymous mutations 

detected in the open reading frame of C4H.



Synonymous & Nonsynonymous

Mutations 

Synonymous mutations: caused by degenerative of    

genetic code but will not change the amino acid   

composition of the encoded protein 

Nonsynonymous mutations: 

changes the encoded amino acid 

may show functional or biochemical effects, 

therefore possibly lead to the changes in phenotypic 

characteristic of the trees (Bromberg & Rost, 2007) 

Decision on the popularity of both mutations can only 

be made when full length sequence of C4H gene is 

studied



ASSOCIATION ANALYSIS

 General linear model (GLM) provided by Trait Analysis by 

Association, Evolution and Linkage (TASSEL) software-

available at http://www.maizegenetics.net/tassel

Table 5 Significant association between marker in CAD gene and wood properties 

(SG=specific gravity; WD=wood density; CWT=cell wall thickness).

Significant association: p<0.05

Marker Effect

Trait SNP F P r²

SG M5 5.0755 0.0479 0.3367

M6 5.5964 0.0396 0.3588

M8 5.0755 0.0479 0.3367

WD M6 6.7770 0.0263 0.4039

CWT M5 9.2438 0.0125 0.4804

M8 9.2438 0.0125 0.4804

http://www.maizegenetics.net/tassel


 Findings (CAD + specific gravity & wood 
density ) were similar with the previous 
studies done by Gonzalez-Martinez et al.
(2007) and Yu et al. (2006), respectively

 Thickening of cell wall is affected by the 
arrangement of biopolymer aggregates which 
comprise of cellulose, hemicellulose and 
lignin(Haygreen and Bowyer, 1996)

 Single nucleotide mutation in CAD gene 
might alter the lignin biosynthesis and thus 
lead to changes in phenotypic characteristics 

ASSOCIATION ANALYSIS



Conclusions

2 SNPs were found in the exon of C4H, of which all 

the SNPs caused nonsynonymous mutations

5 SNPs were identified in the CAD exons along with 

one deletion mutation. In addition, 2 SNPs were also 

identified in the CAD introns

SNPs in CAD gene do associate with the specific 

gravity, wood density and cell wall thickness(p<0.05)

However, further study is needed to validate this 

finding



Conclusions

Combination of SNP genotyping strategy and 

candidate genes approach in association 

genetic studies is feasible, especially in forest 

tree species with unknown and large genome

Identification of quantitative trait nucleotide 

(QTN) through association genetic studies 

will lead to gene-assisted selection (GAS) in 

the tree breeding programme, which is more 

cost effective and time saving



Recommendations

Discovery of the full length C4H and CAD genes 
which including the promoter, intron, exon and 5’/3’-
untranslated regions is advisable

Population structure parameter should be included 
in future study by using an independent set of 
random markers (Zhu et al., 2008)

Sample size (200-300) and the number of 
populations (natural population/ full-sib family 
mapping population) should be increased to obtain 
more powerful data for association mapping 
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