[ Gene-Associated Single Nucleotide

— Polymorphism (SNP) in Cinnamate 4-
Hydroxylase (C4H) and Cinnamyl Alcohol
| Dehydrogenase (CAD) Genes from Acacia
| mangium Superbulk Trees
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Acacia mangium superbulk

e Genetically improved planting materials

» Produced through plus trees selection over 30 years in a
tree improvement program

e Main tree species planted under Licenses of Planted Forest
(LPFs) (PERKASA, 2009) |

e Up to 2009, 25,380 hectares in Sarawak
have been planted with Acacia (Ta Ann

Holdings Berhad, 2010)




e Potential uses:
plywood, veneers and fine furniture

construction of building
paper and pulp

r Understanding the structure and composition of
Acacia wood Is vital for better utilization of thls
wood material
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Lignin Biosynthesis Pathway
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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 [3-
O-4 (AlkybAril Ether) bonds in lignin of
angiosperms may possibly affect the wood
properties

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



Why Association Study? -

e Traditional linkage-based approaches Is time consuming,
laborious and: often expensive process of establishing the
mapping population (Myles et al., 2009)

New
opportunity

1 Candidate-gene-based association study whic. i&olzs the
iIdentification 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)




Susceptible Plant

Polymorphism

GENE "XYZ" (Allele 2) —T

The order of individual nucleotides identifies the domi-
nant gene and the differences between the genes. Also, the
nucleotides supply the code for protein production resufting in
the plant expressing a particular trait. it's the differences in
these nudleotide strings that modify or alter the plant’s trait
expression.

Altered protein has modified function

Gene and exact polymorphism (QTN) identified

(Fusari et al., 2008)



Susceptible Plant

Polymorphism

Maximum
resolution and

* identification of
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nucleotides supply the code for protein production resufting in
the plant expressing a particular trait. It's the differences in
these nucleotide strings that modify or alter the plant’s trait
expression.

GENE "XYZ" (Allele 2)

Altered protein has modified func

save time & money
early seedling
selection is possible
better wood quality
& quantity being
produced

Gene and exact polymorphism (QTN) identified

better economic
outcome
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Objectives

To identify the SNP that might present in
C4H and CAD genes from Acacia mangium
superbulk trees

N

To determine the genetic association among

SNPs in C4H and CAD genes and an array of
wood properties from Acacia mangium
L superbulk trees
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Data Analysis |
(a) Sequences Verification AN

rSeguences were analyzed using BLASTN
(http://blast.ncbi.nim.nih.gov/) to find out all possible similar

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

Organisms GenBank Accession No.  Similarity (%) E-value
Acacia auriculiformis EU275980.1 98 0.0
X Acacia mangium
Sorghum bicolor AY034143.1 86 4e-8e
Salvia miltiorrhiza EF377337.1 84 3e-100
Rubus coreanus EU123531.1 82 1e-98

Table 2: BLASTn output for partial CAD DNA sequence.

Organisms GenBank Accession No. Similarity (%) E-value
Acacia auriculiformis x EU275982.1 98 0.0
Acacia mangium
Leucaena leucocephala EF611250.1 94 0.0
Populus tomentosa EU760897.1 80 2e-79

| Eucalyptus urophylla GQ387647.1
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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
Seqguence
Variations
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Synonymous & Nonsynonymous
Mutations L

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)

e Decision on the popularity of both mutations can only
be made when full length sequence of C4H gene is
studied




ASSOCIATION ANALYSIS 7™

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).

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



http://www.maizegenetics.net/tassel

ASSOCIATION ANALYSIS

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 biesynthesis and thus
lead to changes in phenotypic characteristics



Conclusions o [7 i

r2 SNPs were found in the exon of C4H, of which all

LR ~ the SNPs caused nonsynonymous mutations
-
*
ﬂ’ . " ¥5 SNPs were identified in the CAD exons along with
- P9 0 one deletion mutation. In addition, 2 SNPs were also
W, # _ identifiedin the CAD introns

. , rSNPs in CAD gene do associate with the specific
Yy ‘ ' gravity, wood density and cell wall thickness(p<0.05)
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r However, further study is needed to validate this
finding
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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
o 4 (QTN) through association genetic studies
. willlead to gene-assisted selection (GAS) in
i 00 «"N the tree breeding programme, which is more

KEPeh “ e Bt '{ﬁ‘n . . .
AR cost effective and time saving

o o




Recommendations i

» 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)

r Sample size (200-300) and the number of

b % populations (natural population/ full-sib family
“"ﬁ;{f;”é?«?m’;;}””' mapping population) should be increased to obtain
KEhis e BIGHR oY)

more powerful data for association mapping
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