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A METHOD FOR REGULATING BIOSYNTHESIS OF MONOLIGNOLS

FIELD OF INVENTION

The pfesent invention relates to the specific genes encoding for a series of enzymes
involved in the biosynthesis of lignin in the plant of Hevea brasiliensis. More
particularly, the present invention provides the polynucleotide sequences of the genes
encoding for fhe series of enzymes invo_ived in the biosynthesis of the lignin
precursors, monolignols, Which allow specific genetic intervention to be conducted for

regulating the biosynthesis of lignin in H. brasiliensis.

BACKGROUND OF THE INVENTION

Lignin limits various applications of plant material for fibre, chemical and energy
production,' therefore, .str'ategies for its down-regulation are of considerable interest.
There are three different levels of lignin biosynthesis pathway in plants, namely, the
biosynthesis of monolignols, the transport and Storage of the synthesized monolignols,
as well as the polymerizatioh of the transported monolignols at the targeted sites. In
plants, the biosynthesis of lignin precursors, also known as monolignols (p-coumaryl
alcohol, coniferyl alcohol and sinapyl alcohol) takes place in cﬁoplasm through -
phenylpropanoid pathway, these monomers are then transported into the cell wall and
oxidized by peroxidases and laccases to phenoxy radicals that coﬁple to form the
lignin heteropolymer. Therefore, the biosynthesis process of monolignols is of
significant importance as the presence of monolighols initiates the formation of lignin

heteropolymer.

Ten enzyme families are found to be associated with the biosynthesis of monolignols,

in which phenylalanine is the first precursor molecule in the biosynthesis pathway.
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The first enzyme involved in the phenylpropanoid pathWay is phenylalanine
ammonia-lyase (PAL) that causes the deamination of phenylalanine producing p-
cinnamic acid. The second enzyme involved in this pathway, cinnamate 4-hydroxylase
(C4H) which belongs to a cytochrome P-450-linked monoxygenases family, catalyzes
the hydroxylation of p-cinnamic acid to p-coumarate, which is followed by subsequent

hydroxylation and methylation steps and the pathway becomes branched.

The hydroxylation steps are catalyzed by two cytochrome P450 enzymes, coumarate
3-hydroxylase (C3H) and ferulate 5-hydroxylase (F5H), which respectively perform
the C3 and C5 hydroxylation processes. Another two enzymes, caffeoyl-CoA 0-
methyltransferase (CcoAOMT) and caffc_:ic acid/S-hydroxyconiferaldehyde O-
methyltransferase (COMT) carry out the methylation steps. Hydroxycinnamoyl-CoA:
shikimate hydroxycinnamoyl transferase (HCT) catalyzes the convérsion of p-
coumaroyl CoA to form caffeoyl CoA. There are only two enzymes which are specific
for monolignols biosynthesis pathway to form the lignin subunits, including
cinnamoyl coenzyme A reductase (CCR) and cinnamyl alcohol dehydrogense (CAD).
CCR éatalyzes the reduction of the hydroxycinnamoyl CoA esters to produce

cinamaldehydes; whereas CAD genes catalyzes their reduction to cinnamyl alcohols.

Besides, 4-coumarate CoA ligase (4CL) catalyzes the forrﬂation of CoA thioester of
cinnamic acids in the biosynthesis of a wide variety of phenolic derivatives, including
benzoic acid, condensed tannins, flavonoids, and the cinnamyl alcohols.
Coniferaldehyde 5-hydroxylase (CAId5H) is the enzyme responsible for the last
hydroxylation of the syringyl-type lignin precursors, it catalyzes hydroxylation of

coniferaldehyde to 5-hydroxyconiferaldehyde.

Some of the enzymes involved in the biosynthesis pathway of monolignols have been
studied and characterized using various biological sources derived from different plant
species. Significant progress has also been made in recent years towards an

understanding of lignin biosynthesis through characterization of lignin biosynthetic
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pathway enzymes and genes from both herbaceous and tree crops. However, the
complete lignin biosynthesis pathway of rubber plant, H brasiliensis, is thus far not
provided by the prior art Past efforts to reduce tree Hgnin content by down-regulating
genes encoding caffeate O-methyltransferase or cinnamyl alcohol dehydrogenase did
not succeed but insteéd modified the lignin structure. Therefore, a mdre innovative
and effective method is required for regulating the lignin content in plant by genetic

intervention of its biosynthesis pathway.

In view of the fact that the ten enzyme families associated with monolignol
biosynthesis, namely, PAL, C4H, 4CL, HCT, C3H, -CCOAOMT, F5H, COMT, CCR
and CAD play sigriiﬁcant roles in regulating t_hé biosynthesis pathway of lignin in /.
brasfliensis, it is therefore desirable for the industry to completely identify these
biosynthetic gehes and their encoded proteins, thus utilizing the molecular biology
and genetic information to regulate the synthesis of lignin in this plant. Even though
these enzymes are also present in other plants apart from H. brasiliensis, it is known
in the art that genes encoding different enzymes from different species are potentially
specific and exclusive. For example, genes encoding the PAL subunits were found to

show tissue-specific patterns of expression in several angiosperms. A species-specific

: app'roach is hence preferred in order to yield a cost-effective result consider'ingvthe

rubber biosynthesis pathway and genetic makeup of each species of plant are

potentially varied among one another.

SUMMARY OF INVENTION

The primary object of the present invention is to provide the polynucleotide sequences
encoding for a series of enzymes, including PAL, C4H, 4CL, HCT, C3H, CCoAOMT,
F5H, COMT, CCR and CAD which are involved in the biosynthesis of lignin,

particularly monolignols, in the plant of H. brasiliensis.



10

15

25

30

WO 2012/158016 PCT/MY2012/000014

4

Another object. of the.present invention is to provide the molecular biology and
genetic information of the genes and-enzymes set forth in the primary object to be
exploited for the regulation of the biosynthesis of lignin or monolignols in the plant of

H. brasiliensis.

Still another object of the present invention is to provide the isolated polypeptides or

the enzymes encoded by the polynucleotide sequences provided.

Yet another object of the present invention is to manipulate or regulate the
biosynthesis of lignin in H. brasiliensis by genetically intervening the biosynthesis

pathway of mbnolignols. _
Further object of the present invention is to produce a transgenic plant of H.
brasiliensis with reduced monolignols production, which, potentially, demonstrates

increased yielci of rubber.

Another further object of the present invention is to provide a potential commercially

~ feasible way to increase the yield of rubber in order to keep up with the increasing
- global demand on rubber-based products. '

20

At least one of the preceding objects is met, in whole or in part, by the present
invention, in Which one of the embodiments of the present invention describes a
method for reducing the synthesis of monolignols in cytoplasm of the plant of H.
brasiliensis, éomprising the step of down-regulating expression of a nucleic acid
template containing ét least one nucleotide sequence set forth in SEQ ID NO. 1, SEQ
ID NO. 2, SEQ ID NO. 3, SEQ ID NO. 4, SEQ ID NO. 5, SEQ ID NO. 6, SEQ ID -
NO. 7, SEQ ID NO. 8, SEQ ID NO. 9, SEQ ID NO. 10, SEQ ID NO. 11 or SEQ ID
NO. 12 in at least one cell. ' | |

In one of the preferred embodiments of ‘the present invention, the down-regulating
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step is conducted by introducing a dsRNA having a polynucleotide strand containing
nucleotide sequence which is at least 60% complementary to the nucleic acid template

in the cell.

Another preferred embodiment of the present invention discloses that the down-
regulating step is conducted by transforming the cell with a recombinant gene
construct encoding open reading frame containing nucleotide sequence which is at
Jeast 70% identical to SEQ ID NO. 1, SEQ ID NO. 2, SEQ ID NO. 3, SEQ ID NO. 4;
SEQ ID NO. 5, SEQ ID NO. 6, SEQ ID NO. 7, SEQ ID NO. 8, SEQ ID NO. 9, SEQ
ID NO. 10, SEQ ID NO. 11 or SEQ ID NO. 12 and expressing the nucleotide

" sequence of the gene construct under expression control of a lignification-associated

promoter.

Still another embodiment of the presént invention is a transgenic plant of H.
brasiliensis with reduced monolignol, or potentially lignin content,.characterized in
that expression of a nucleic acid template containing at least one nucleétide sequence
set forth in SEQ ID NO. 1, SEQ ID NO. 2, SEQ ID NO. 3, SEQ ID NO. 4, SEQ ID
NO. 5, SEQ ID NO. 6, SEQ ID NO. 7, SEQ ID NO. 8, SEQ ID NO. 9, SEQ ID NO.
.10, SEQIDNO. 11 or SEQ ID NO. 12 ih at least one cell is down-regulated. |

To down regulate expression of the nucleic acid template containing the nucleotide
sequences as set forth in the preceding embodiment, antisense inhibitory or RNA

interference (RNAI) system can be applied.

Yet another embodlment of the present invention is an 1solated polynucleotide
encoding enzymes for catalyzing blosynthe51s of monolignols in the plant of H.
brasiliensis comprising nucleotide sequence set forth in SEQ ID NO. 1, SEQ ID NO.
2, SEQ ID NO. 3, SEQ ID NO. 4, SEQ ID NO. 5, SEQ ID NO. 6, S'EQ ID NO. 7,
SEQ ID NO. 8, SEQ ID NO. 9, SEQ ID NO. 10, SEQ ID NO. 11, SEQ ID NO. 12 or

any of complementary sequences thereof.
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Preferably, the polynucleotide is isolated from the plant of H. brasiliensis clone RRIM
600. Still another preferred embodiment of the present invention discloses a
recombinant gene construct containing the isolated polynucleotide as set forth in the

preceding description.

Further embodiment of the present invention is an isolated polypeptide for catalyzing
biosynthesis of monolignols in the plant of H. brasiliensis comprising amino acid
sequence set forth in SEQ ID NO. 13, SEQ ID NO. 14, SEQ ID NO. 15, SEQ ID NO.
16, SEQ ID NO. 17, SEQ ID NO. 18, SEQ ID NO. 19, SEQ ID NO. 20, SEQ ID NO.
21, SEQ ID NO. 22, SEQ ID‘NO. 23 or SEQ ID NO. 24. These polypeptides are a
series of enzymes involved in the biosynthesis of monolignols, including PAL, C4H,
4CL, HCT, C3H, CCoAOMT, F5H, COMT, CCR and CAD.

“With the full availability of the rubber genome sequence, an. in silico bioinformatic

approach can be taken for the complete identiﬁcation of lignin biosynthesis of H.
brasiliensis. The present invention is capable of providing the appropriate molecular
biology and genetlc information of the genes and enzymes involved in the
blosynth651s of monohgnols a comprehenswe step toward the blosynthetlc pathway
as well as a basis for further functional analysis. The functional characterization of the
polynucleotides and polypeptides of the present invention allows for potentlal
production of plant biomass with expected lignin content and composition for fibre,
pulp and biofuel industry. Besides, the present invention also provides in silico
methods for identification of all related genes and their encoded proteins or enzymes

involved in the biosynthesis pathway of monolignols in H. brasiliensis.

‘One skilled in the art will readily appreciate that the present invention is well adapted

to carry out the objects and obtain the ends and advantages mentloned as well as
those inherent therein. The embodlments described herein are not intended as

limitations on the scope of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of facilitating an understanding of the invention, there is illustrated in

the accompanying drawing the preferred embodiments from an inspection of which

when. considered in connection with the following description, the invention, its

construction and operation and many of its advantages would be readily understood

and appreciated.

Figure 1

shows the nucleotide sequence SEQ ID NO. 1 of the polynucleotide

~ encoding enzyme PAL 1 of the plant H. brasiliensis and the amino acid

Figure 2

sequence SEQ ID NO. 13 of the polypeptide encoded thereof as

described in one of the preferred embodiments of the present invention.

shows the nucleotide sequence SEQ ID NO. 2 of the polynucleotide
encoding enzyme PAL 2 of the plant H. brasiliensis and the amino acid
sequence SEQ ID NO. 14 of the polypeptide encoded thereof as

~ described in one of the preferred embodiments of the present invention.

Figure 3

Figure 4

shows the nucleotide sequence .SEQ' ID NO. 3 of the polynucleotide

encoding enzyme C4H of the plant H. brasiliensis and the amino acid

sequence SEQ ID NO. 15 of the polypeptide encoded thereof as

described in one of the preferred embodiments of the present invention.

shows the nucleotide sequence SEQ ID NO. 4 of the polynucleotide
encoding enzyme C3H 1 of the plant H. brasiliensis and the amino acid
sequence SEQ ID NO. 16 of the polypeptide encoded thereof as

described in one of the preferred embodiments of the present invention.
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Figure 6

Figure 7

Figure 8

Figure 9

Figure 10
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8
shows the nucleotide sequence SEQ ID NO. 5 of the polynucleotide
encoding enzyme C3H 2 of the plant H. brasiliensis and the amino acid

sequence SEQ ID NO. 17 of the polypeptide encoded thereof as

described in one of the preferred embodiments of the present invention.

shows the nucleotide sequence SEQ ID NO. 6 of the polynucleotide
encoding enzyme COMT of the plant H. brasiliensis and the amino
acid sequence SEQ ID NO. 18 of the polypeptide encoded thereof as

described in one of the preferred embodiments of the present invention.

shows the nucleotide sequence SEQ ID NO. 7 of the polynucleotide

encoding enzyme HCT of the plant H. brasiliensis and the amino acid

~ sequence SEQ ID NO. 19 of the polypeptide encoded thereof as

described in one of the preferred embodiments of the present invention.

shows the nucleotide sequence SEQ ID NO. 8 of the polynucleotide

~encoding enzyme F5H of the plant H. brasiliensis and the amino acid

sequencé SEQ ID NO. 20 of the polypeptide encoded thereof as

‘described in one of the preferred embodiments of the present invention.

shows the nucleotide sequence SEQ ID NO. 9 of the polynucleotide

~ encoding enzyme 4CL of the plant H. brasiliensis and the amino acid

'sequence. SEQ ID NO. 21 of the polypeptide encoded thereof as

described in one of the preferred embodiments of the present invention.

shows the nucleotide sequence SEQ ID NO. 10 of the polynucleotide
encoding enzyme CCoAOMT of the plant H. brasiliensis and the
amino acid sequence SEQ ID NO. 22 of the polypeptide encoded
thereof as described in one of the preferred embodiments of the present

invention.
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Figure 11

Figure 12

Figure 13

PCT/MY2012/000014

shows the nucleotide sequence SEQ ID NO. 11 of the polynucleotide
encoding enzyme CCR 1 of the plant H. brasiliensis and the amino
acid sequence SEQ ID NO. 23 of the polypeptide encoded thereof as

described in one of the preferred embodiments of the present invention.

shows the nucleotide sequence SEQ ID NO. 12 of the polynucleotide
encoding enzyme CAD of the plant H. brasiliensis and the amino acid
sequence SEQ ID NO. 24 of the polypeptide encoded thereof as

described in one of the preferred embodiments of the present invention.

is the electrophoresed agarose gel image showing the polymerase chain

reaction (PCR) amplification result of PAL gene 1, in which lane L is

Fiéure 14

Figure 15

Figure 16

“Figure 17

1kbp DNA ladder marker, Janes 1 to 3 are samples of PAL gene 1.

is the electrophoresed agarose gel image showing the PCR

'ampliﬁcation result of PAL gene 2, in which lane L is 1kbp DNA

ladder marker, and lanes 1 to 4 are samples of PAL gene 2.

is the electrophoresed agarose gel image showing the PCR
amplification result of C4H gene, in which lane L.is 1kbp DNA ladder

marker, and lanes 1 and 2 are samples of C4H.

is the electrophoresed agarose gel image showing the PCR
amplification result of C3H gene, in which lane L is 1kbp DNA ladder
marker, and lanes 1 and 2 are samplgas of C3H gene 1 and 2,

respectively.

is the electrophoresed agarose gel image showing the PCR

amplification result of COMT gene, in which 1 to 3 are samples of
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Figure 18

Figure 19

Figure 20

Figure 21

Figure 22

Figure 23

PCT/MY2012/000014
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COMT gene, lane NTC is negative control, and lane L is 1kbp DNA

ladder marker.

is the electrophoresed agarose gel image showing the PCR
amplification result of HCT gene, in which lane L is 1kbp DNA ladder

marker, and lanes 1 to 3 are samples of HCT gene.

is the electrophoresed agarose gel image showing the PCR
amplification result of FSH gene, in which lane L is 1kbp DNA ladder
marker, lanes 1 and 3 are blank, and lanes 2 and 4 are samples of FSH
gene. |

is the electrophoresed agarose gel image showing the PCR .
amplification result of 4CL gene, in which lane L is 1kbp DNA ladder

marker, and lanes 1 and 2 are samples of 4CL gene.

is “the électrophoresed agarose gel image showing the PCR
amplification result of CCR gene, in which lane L is 1kbp DNA ladder

marker, and lanes 1 and 2 are samples of CCR gene.

is  the electrophoresed agarose gel image showing the PCR
amplification result of CCoAOMT gene, in which lane L is 1kbp DNA
ladder marker, and lanes 1 and 2 are samples of CCoAOMT gene.

is the electrophoresed agarose gel image showing the PCR
amplification result of CAD gene, in which lane L is 1kbp DNA ladder

marker, lane 1 is negative control and lane 2 is sample of CAD gene.
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DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to the specific genes encoding for a series of enzymes
involved in the biosynthesis of lignin in the plant of H. brasiliensis. More particularly,
the present invention provides the polynucleétide sequences of the genes encoding for
the series of enzymes involved in the biosynthesis of the lignin precursors,
monolignols, including PAL, C4H, 4CL, HCT, C3H, CCoAOMT, F5H, COMT, CCR
and CAD, which allow specific genetic intervention to be conducted for regulating the

biosynthesis of lignin in H. brasiliensis.

Hereinafter, the invention shall be described according to the preferred embodiments
of the present invention and by referring to the accompanying description and
drawings. However, it is to be understood that limiting the description to the preferred
embodiments of the invention and to the drawings is merely to facilitate discussion of
the present invention and it is en{/isioned that those skilled in the art may devise

various modifications without departing from the scope of the appended claim.

The following terms used throughout the specification have the indicated meanings

unless expressly indicated to have a different meaning.

The term “gene” is defined as the génomic sequence of the plant H. brasilliensis
particularly polynucleotide sequences encoding polypeptide sequence of the series of

enzymes involved in the biosynthesis pathway of monolignols.

The term “polynucleotide”, as used herein, is a nucleic acid chain containing a

sequence greater than 100 nucleotides in length.

The term “polypeptide”, as used herein, is a single linear chain of amino acids bonded
together by peptide bonds, and having a sequence greater than 100 amino acids in

length.
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The term “isolated polynucleotide” or “isolated nucleotide sequence” used herein
refers to polymer of RNA or DNA acquired from biological sample or produced
chemically via any known method in the art. The polymer can be single- or double-

stranded.

The term “primer”, as used herein, is an oligonucleotide capable of binding to a target
nucleic acid sequence and priming the nucleic acid synthesis. An amplification
oligonucleotide as defined herein will preferably be 10 to 50, most preferably 15 to 25
nucleotides in length. While the amplification oligonucleotides of the present
invention may be chemically synthesized and such oligonucleotides are not naturally-

occurring nucleic acids.

The abbreviation used throughout the specification to refer to nucleic acids
comprising nucleotide sequencbes are the conventional one-letter abbreviations. Thus,
when included in a nucleic acid, the naturally occurring encoding nucleotides are
abbreviated as follows: adenine (A), guanine (G), cytosine (C), thymine (T) and uracil
(U). Also, unless otherwise specified, the nucleic acid sequences presented herein in

the 5’—3’direction.

As used herein, the term “complementary” and derivatives thereof are used in
reference to pairing of nucleic acids by the well-known rules that A pairs with T or U
and C pairs with G. Complement can be “partial” or “complete”. In partial
complement, only some of the nucleic acid bases are matched according to the base
pairing rules; while in complete or total complement, all the bases are matched
according to the paring rule. The degree of complement between the nucleic acid
strands may have significant effects on the efficiency and strength of hybridization
between nucleic acid strands as well known in the art. This may be of particular in

detection method that depends upon binding between nucleic acids.
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The term “hybridization” or “hybridizing” used herein refers to the pairing action of
two at least substantially cofnplementary strands under appropriate conditions of
temperature and ionic strength. The conditions of temperature and ionic strength also

control stringency of the “hybridization” defining the extent of complementary of the

“two strands needed for successful pairing.

The term ‘host cell” or “transformed cell” used herein refers to cell received a foreign
gene material or a recombinant gene construct and capable .of producing a products

accofding to the genetic information presented in the foreign gene material.

The term “in silico” used herein refers to experiments conducted via computer-based

simulations or mathematical models relating to animal biochemistry.

The present invention discloses ‘a. method for reducing the synthesis of monolignols in
cytoplasm of the plant of H. brasiliensis, comprising the step of down-regulating
expression of a nucleic acid template containing at least one nucleotide sequence set
forth in SEQ ID NO. 1, SEQ ID NO. 2, SEQ ID NO. 3,>SEQ ID NO. 4, SEQ ID NO.
5, SEQ ID NO. 6, SEQ ID NO. 7, SEQ ID NO. 8, SEQ ID NO. 9, SEQ ID NO. 10,
SEQ ID NO. 11 or SEQ ID NO. 12 in at least one cell. The present invention is highly
lignin-spéciﬁc “with less inference towards the biosynthesis pathway. In more
particular, the - present méthod merely genetically intervenes the monolignol

biosynthesis pathway in H. brasiliensis, which is résponsibl_e for lignin production.

The nucleotide sequence of SEQ ID NO. 1, SEQ ID NO. 2, SEQ ID NO. 3, SEQ ID
NO. 4, SEQ ID NO. 5, SEQ ID NO. 6, SEQ ID NO. 7, SEQ ID NO. 8, SEQ ID NO. 9,
SEQ ID NO. 10, SEQ ID NO. 11 and SEQ ID NO. 12 are respectively shown in
Figures 1 to 12. These nucleotide -sequencés are obtained from the plant of H.

brasiliensis and respectively encode for the series of catalytic enzymes involved in the

~ biosynthesis pathway of monolignols. SEQ ID NO. 1 and SEQ ID NO. 2 respectively

encode for the isoforms PAL 1 and PAL 2 which can catalyze the deamination of
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phenylalanine to form cinnamate. Cinnamate can be converted by C4H which is
encoded by SEQ ID NO. 3 into p-coumarate; whereas p-coumarate can then be ligased

into p-coumaroyl CoA, catalyzed by 4CL which is encoded by SEQ ID NO. 9.

The biosynthesis pathway of monolignols in H. brasiliensis also involves a seriesv of
hydroxylation and methylation stéps. SEQ ID NO. 4 and SEQ ID NO. 5 respectively
encode for the isoforms of C3H which perfbrm the subsequent C3 hydroxylation
steps. Besides, SEQ ID NO. 7 encodes for HCT which also helps in the C3
hydroxylation steps. As for the C5 hydroxylation steps, FSH encoded by SEQ ID NO.
8 is involved. The methylation step for C3 can be catalyzed by CCoAOMT encoded
by SEQ ID NO. 10; whereas that of C5 can be catalyzed by COMT encoded by SEQ
ID NO. 6. Further, SEQ ID NO. 11 and SEQ ID NO. 12 respectively encode for ’;he
reductases of CCR and CAD. -

The present invention is provided to potentially reduce the lignification process of the

rubber plant, H. brasiliensis, by applying a method for reducing the biosynthesis of

~ monolignols, including the lvignin precursors'of p-coumaryl alcohol, coniferyl alcohol

and sinapyi alcohol, which respectively forms the p-hydroxyphenyl (H), guaiacyl (G)
and syringyl (S) lignin subunits at the end of the pathway. When the H, G and S
subunits are formed, they can be transported and then oxidized af a later stage to form -
lignin heteropolymer. Therefore, reduced availab’ility of the monolignols synthesis-
as-soéiated enzymes in the cytoplasm or the cells of H. brasiliensis is capable of
substantially decreasing the biosynthesis process of monolignols, thu_s_sﬁbstantially

prohibits subsequent lignin production therefrom.

As set forth in the preceding description, the present method aims to disrupt the
biosynthesis process of monolignols by genetically intervening the expression of gene
encoding the ten families of enzymes involved and reducing the availability of these
enzymes. Hence, the availability of monolignols or H, G and S subﬁnits that primes

the lignin formation can be regulated accordingly.
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The down-regulation process of the nucleic acid template expression can be
conducted by two types of genetic intervention approaches. According to one of the
preferréd embodiments of the present invention, the down-regulation process can be
performed by introducing .a dsRNA having a polynucleotide strand containing
nucleotide sequence which is at least 60% complementary to the nucleic acid template
in the cell. This RNAI system is capable of silencing the expression of the related

enzymes set forth in the foregoing description.

The complementary polynucleotide strand introduced, coupled with the RNA-induced

silencing complexes in the transfected cells is able to initiate degradation of the

- mRNA of the related enzymes and thus prohibits subsequent creation of the

corresponding enzymes in the affected cells. Preferably, the mRNA of the related
enzymes can have a nucleotide sequence set forth in SEQ ID NO. 1, SEQ ID NO. 2,
SEQ ID NO. 3, SEQ ID NO. 4, SEQ ID NO. 5, SEQ ID NO. 6, SEQ ID NO. 7, SEQ
ID NO. 8, SEQ ID NO. 9, SEQ ID NO. 10, SEQ ID NO. 11 or SEQ ID NO. 12,
respectively encode for the series of specific enzymes involved in the biosynthesis
pathway of monolignols.
_ v )

In accordance with another preferred embodiment of the present invention, another
genetic intervention, which is the antisense inhibitory system, can also be applied.

Accordingly, the down-regulation process is conducted by transforming the cell with a

- recombinant gene construct encoding open reading frame containing nucleotide

sequence which is at least 70% identical to SEQ ID NO. 1, SEQ ID NO. 2, SEQ ID
NO. 3, SEQ ID NO. 4, SEQ ID NO. 5, SEQ ID NO. 6, SEQ ID NO. 7, SEQ ID NO. 8,

' SEQ ID NO. 9, SEQ ID NO. 10, SEQ ID NO. 11 or SEQ ID NO. 12 and expressing

the nucleotide sequence of the gene construct under expression control of a

lignification-associated promoter.

In this antisense inhibitory system, the open reading frame containing nucleotide
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- sequence which is at least 70% identical to SEQ ID NO. 1, SEQ ID NO. 2, SEQ ID

NO. 3, SEQ ID NO. 4, SEQ ID NO. 5, SEQ ID NO. 6, SEQ ID NO. 7, SEQ ID NO. 8,
SEQ ID NO. 9, SEQ ID NO. 10, SEQ ID NO. 11 or SEQ ID NO. 12 allows generation
of an antisense mRNA which hybridizes to the complementary mRNA having
nucleotide sequence set forth in SEQ ID NO. 1, SEQ ID NO. 2, SEQ ID NO. 3, SEQ
ID NO. 4, SEQ ID NO. 5, SEQ ID NO. 6, SEQ ID NO. 7, SEQ ID NO. 8, SEQ ID
NO. 9, SEQ ID NO. 10, SEQ ID NO. 11 or SEQ ID NO. 12, and thus preventing the
transcription process of a particular monolignols synthesis-associated enzyme through
their natural pathway. The antisense mRNA may not need complete complementary
sequence to successfully hybridize onto the sense mRNA. It may only require at least
70% sequential nucleotides complimentary to the sense mRNA. Preferably, the
dsRNA applied in this RNAi system may have a length of 20bp to a few hundreds bp.

Besides, it is also preferably for the expression of the antisense mRNA in the present
invention to be initiated by the lignification-associated promoter located at upper
stream of the open reading frame. By using the lignification-associated promoter in
the present invention, the expression of the antisense mRNA corresponding to the
expression of the related target enzymes mRNA in the transfected cell can be activated
upon receipt of the particular signal for generating lignin in the H. brasiliensis. .In
other words, the ligniﬁcation-assbciated promoter seﬁes as a regulatory mechanism to
control expression of the antisense RNA so that only in the specific cell types is
signaled by the plant to produce lignin. The present method is capable of controlliﬁg
the generation of antisense RNA specifically in only thbse_ lignin-producing cells, but
not other transfected non-lignin-producing cell types. More preferably, tissue-specific
promoters can be used to drive the expression of the recombinant gene construct in the
plant, so that the desired events can be limited to only the lignifying tissues or lignin-

producing cells, thus preventing the disruption of other physiological pathways in the

- transgenic plant. The transformed genes could then be stably inherited over

generations in the genetically modified plant of Hevea brasiliensis.
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According to another embodiment of the present invention, a transgenic plant of H.
brasiliensis with potentially reduced monolignol, or lignin content, is provided. The
transgenic plant is characterized by its expression of a nucleic acid template
containing at least one nucleotide sequence set forth in SEQ ID NO. 1, SEQ ID NO. 2,
SEQ ID NO. 3, SEQID NO. 4, SEQ ID NO. 5, SEQ ID NO. 6, SEQ ID NO. 7, SEQ
ID NO. 8, SEQ ID NO. 9, SEQ ID NO. 10, SEQ ID NO. 11 or SEQ ID NO. 12 in at
least one cell therein, which is down-regulated. Preferably, the transgenic plant of the
present. invention may possess secondary wall with reduced thickness compared to
wil_d type plant of H. brasiliensis. Such feature may also be able to ease the rubber-
tapping process as well as latex collection from the transgenic plant, thus effecting in

the increase of the yield of rubber.

As set forth in the foregoing description, the expression of a nucleic acid template
containing at least one nucléotide sequence set forth in SEQ ID NO. 1, SEQ ID NO. 2,
SEQ ID NO. 3, SEQ ID NO. 4, SEQ ID NO. 5, SEQ ID NO. 6, SEQ ID NO. 7, SEQ
ID NO. 8, SEQ ID NO. 9, SEQ ID NO. 10, SEQ ID NO. 11 or SEQ ID NO. 12 in at
least one cell in the transgenic plant of H. brasiliensis is down-regulated. The down-
regulated expression process can be achieved by antisense inhibitors or RNA
interference (RNAI) system as set forth in the preceding description. As set forth in
the preceding description, tissue-specific promoters can be used to drive the
expression of the recombinant gene construct in the plant so that the desired events

can be limited to only the lignifying tissues or lignin-producing cells.

In accordance with yet another embodiment of the present invention, an isolated
polynucleotide encoding enzymes for catalyzing biosynthesis of monolignols in the
plant of Hevea brasiliensis is disclosed. The polynucleotide comprises nucleotide
sequence set forth in SEQ ID NO. 1, SEQ ID NO. 2, SEQ ID NO. 3, SEQ ID NO. 4,
SEQ ID NO. 5, SEQ ID NO. 6, SEQ ID NO. 7, SEQ ID NO. 8, SEQ ID NO. 9, SEQ
ID NO. 10, SEQ ID NO. 11, SEQ ID NO. 12 or any of complementary sequences
thereof. Preferably, the polynucleotide is isolated from the plant of H. brasiliensis
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clone RRIM 600. This rubber tree clone is preferably used for vthe production of
natural rubber as it gives higher yield, more adaptable to the environment and known
to be less susceptible to climatic variations. Suitable primers or amplification
oligonucleotides can be designed from the genomic database available to identify and
obtain the polynucleotide of the genes of interest, which encodes the series of
monolignols synthesis-associated enzymes. An example of the oligonucleotides

sequences used is tabulated in Example 1.

According to the preferred embodiment of the present invention, the partial or
complete sequence of these isolated polynucleotides can be utilized for synthesizing
partial or complete polynucleotides of the enzymes PAL, C4H, 4CL, HCT, C3H,
CCoAOMT, F5H, COMT, CCR er CAD. Still another preferred embodiment of the
present invention diseleses a recombinant gene construct containing the isolated
polynucleotide as set forth in the preceding description. Preferably, the recombinant
gene construct further comprises a promoter region operably-linked to control the
expression of the nucleic acid template. The recombinant gene construct can be used
to facﬂltate the gene silencing process as set forth in the preceding description. From
these polynucleotldes or the recombinant gene constructs, polypeptides of the related
enzymes can also be synthesized usmg biological agents such as bacteria or plant. An
example of the isolation of polynucleotides and the construction of recombinant gene

constructs is further detailed in Example 1.

Further embodiment of the present invention is an isolated polypeptide for catalyzing
biosynthesis of monolignols in the plant of Hevea'brasiliensisv comprising amino acid
sequence set forth in SEQ ID NO. 13, SEQ ID NO. 14, SEQ ID NO. 15; SEQ ID NO.
16, SEQ ID NO. 17, SEQ ID NO. 18, SEQ ID NO. 19, SEQ ID NO. 20, SEQ ID NO.
21, SEQ ID NO. 22, SEQ ID NO. 23 or SEQ ID NO. 24. These polypeptides are a
series of enzymes involved in the biosynthesis of monolignols. They can either be

synthesized chemically or biologically. A particular enzyme of interest synthesized can

‘be used in the production of the target lignin precursor orvvintermediate molecules in

!
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vitro for various biological studies or industrial usage.

The present disclosure includes as contained in the appended claims, as well as that of
the foregoing description. Although this invention has been described in its preferred
form with a degree of particularity, it is understood that the present disclosure of the
preferred form has been made only by way of example and that numerous changes in
the details of construction and the combination and arrangements of parts may be

resorted to without departing from the scope of the invention.
EXAMPLE

Examples are provided below to illustrate different aspects and embodiments of the
present invention. These examples are not intended in any way to limit the disclosed

invention, which is limited only by the claims.

Example 1 ‘ ,
Total RNA was isolated from the young or tender leaves of 8 months-old H.
brasiliensis cultivar RRIM 600 using QIAGEN- RNeasy Mini Kit according to the

~ manufacturer’s instructions.. The quality or the integrity of the RNA was checked by

agarose gel electrophoresis and was quantified using Thermo Scientific Nano Drop
2000 as per standard procedures taking. cDNA first strand was .synthesized using
S'lllperScript® VILO™ ¢DNA Synthesis Kit (Invitrogen) following the manufacturer’s
instructions. The gene was amplified from the cDNA by PCR using the gené speciﬁc
pﬁmers for PAL gene 1, PAL gene 2, C4H, C3H 1, C3H 2, COMT, HCT, F5H,
CCoAOMT, 4CL, CCR and CAD respectively, as. tabulated in Table 1. The P_CR
reaction (50 uL) contained 1uL of cDNA, 20 pmoles of each primers, 5 uL of 10X Pfu
Buffer, 5 uL of 2.5 mM dNTP mix and 1.0 unit of PfuTurbo® DNA polymerase
(Stratagene). PCR was carried out in Veriti™ Thermal Cyclcr (Applied Biosystems).

using the following conditions. Initial denaturation for 5 min at 95°C followed by 35
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cycles of denaturation at 95°C for 30 sec, annealing at 54-55°C for 30 sec and
extension at 72°C for 1 to 2.0 min depending on the length of the targeted gene, with a
final extension at 72°C for 7 min. The PCR product was analysed by 1% agérose gel
using 1X TAE buffer and the amplicon was eluted from the gel usiﬁg GENECLEAN®
TURBO -Gel band elution kit (MP Biomedicals) following the manufacturer’s
instructions. The PCR products of the respective genes or isolated polynucleotides on
the electrophoresed agarose gels are shown in Figures 13 to 23. The purified PCR
product was ligated into pCR® 4 Blunt TOPO® Vector (Invitrogen) and transformed
into One Shot® Machl™-TIR Chemically Competent E. coli cells (Invitrogen). |

10 Plasmids were isolated from putative colonies u'sing QIAprep Spin® Miniprep Kit
(Qiagen) following the manufacturer’s instructions. The presence of the insert was
checked by digesting with EcoRI (NEB) and positive plasmids were subjected to
sequencing. '

15

Table 1
Annealing
No. | Gene Primer sequence temperature

1. PAL GENE 1 | Forward ATGGCTACAAACGGAATTGCCTCTG 55°C

Reverse AAATACAGGGGATCTCTCTTTCCAATC

2. | PALGENE2 | Forward ATGGAAGTTT_CCGGCGGAG 54°C

Reverse ACAAATTGGCAGAGGCGTGC

3. |C4H Forward ATGGATCTCCTCCTCCTAGAG 54°C

Reverse AAATGATCTTGGCTTGGCAACAATG

4 C3H1 | Forward ATGGCTCTTCTTCTAATACCAATATC 55°C

Reverse CATTTCCACAGCCACACGTTTG

5. |C3H2 Forward ATGAGTTTTTCTCTCCTGTTCTTTTC | 54°C

Reverse TTGGGTATCTAAACCCTCATTTTTG '
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6. | COMT Forward ATGGATCAACAAGAGGAAGCATG 55°C

Reverse CTTGTAGGATTCTATGACAGACC

7. |HCT Forward ATGGCACCAACACCACCCAC 55°C

Reverse CAAGGCAGATACTATAAATTTGGA

8. | F5H Forward ATGGAAGCTCTTCTCCAAGCTC 55°C

Reverse GAGCGGGCACAACAAACGC

9. [4CL Forward ATGGCACACGATTGCAGCTTC | 54°C

Reverse CACATATGCCATGGGAAATTGCC

10. | CCoAOMT | Forward ATGGCATCCAACAATGAACAGC | 54°C

Reverse CTTGATCCGACGGCAGAG

11. | CCR Forward ATGTCAATCCAAAACAAAGAGCCAG 55°C

Reverse TGATGTTGACATTTTGTGCTTTAGG

12. | CAD Forward ATGGGTAGTCTTGAAACTGAGAGAA 55°C

Reverse GGGATCCAGCTTGCTACCG

Example 2

The nucleotide sequences and the amino acid sequences were analysed by BLASTN

and BLASTP programmes respectively. The nucleotide sequences of the
5 polynucleotides as well as the axhino acid of the polypeptides isoléted are shown in

Figures 1 to 12.
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CLAIMS

1.A method for reducing the synthesis of monolignols in cytoplasm of the plant of
Hevea brasiliensis, comprising fhe step of down-regulatinbg> expression of a nucleic
acid template containing at least one nucleotide sequence set forth in SEQ ID NO. 1,
SEQ ID NO. 2, SEQ ID NO. 3, SEQ ID NO. 4, SEQ ID NO. 5, SEQ ID NO. 6, SEQ
ID NO. 7, SEQ ID NO. 8, SEQ ID NO. 9, SEQ ID NO. 10, SEQ ID NO. 11 or SEQ
ID NO. 12 in at least one cell. '

2.A method according to claim 1, wherein the down-regulating step is conducted by
introducing a dsRNA having a polynucleotide strand containing nucleotide sequence

which is at least 60% complementary to the nucleic acid rtemplate in the cell.

3.A method according to claim 1, wherein the down-regulating step is conducted by
transforming the cell with a recombinant gene construct encoding open reading frame
containing nucleotide sequence which is at least 70% identical to SEQ ID NO. 1, SEQ
ID NO: 2, SEQ ID NO. 3, SEQ ID NO. 4, SEQ ID NO. 5, SEQ ID NO. 6, SEQ ID

~NO. 7, SEQ ID NO. 8; SEQ ID NO. 9, SEQ ID NO. 10, SEQ ID NO. 11 or SEQ ID

~ NO. 12 and exbréssing the nucleotide sequence of the gene construct under expression

control of a lignification-associated promoter.

4.A transgenic plant of Hevea brasiliensis with reduced monolignol or lignin content,
characterized in that expression of a nucleic acid template containing at least oh¢

nucleotide sequence set forth in SEQ ID NO. 1, SEQ ID NO. 2, SEQ ID NO. 3, SEQ |
ID NO. 4, SEQ ID NO. 5, SEQ ID NO. 6, SEQ ID NO. 7, .SEQ ID NO. 8, SEQ ID

'NO. 9, SEQ ID NO. 10, SEQ ID NO. 11 or SEQ ID NO. 12 in at least one cell is

‘down-regulated.
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5.A transgerﬁc plant according to claim 4, wherein the down-regulation of the nucleic
acid template containing at least one nucleotide sequence set forth in SEQ ID NO. 1,
SEQ ID NO. 2, SEQ ID NO. 3, SEQ ID NO. 4, SEQ ID NO. 5, SEQ ID NO. 6, SEQ
ID NO. 7, SEQ ID NO. 8, SEQ ID NO. 9, SEQ ID NO. 10, SEQ ID NO. 11 or SEQ
ID NO. 12 is conducted by introducing a dsRNA having a polynucleotide strand

containing nucleotide sequence which is at least 60% complementary to the nucleic

 acid template in the cell.

6.A transgenic plant accordihg to claim 4, wherein the down-regulation of the nucleic
acid template containing at least one nucleotide sequence set forth in SEQ ID NO. 1,
SEQ ID NO. 2, SEQ ID NO. 3, SEQ ID NO. 4, SEQ ID NO. 5, SEQ ID NO. 6, SEQ
ID NO. 7, SEQ ID NO. 8, SEQ ID NO. 9, SEQ ID NO. 10, SEQ ID NO. 11 or SEQ
ID NO. 12 is conducted by tranSforming the cell with a recombinant gene consfruct
encoding open reading frame containing nucleoﬁde sequence which is at least 70%
idenﬁcal to SEQ ID NO. 1, SEQ ID NO. 2, SEQ ID NO. 3, SEQ ID NO. 4, SEQ ID
NO. 5, SEQ ID NO. 65, SEQ ID NO. 7, SEQ ID NO. 8, SEQ ID NO. 9, SEQ ID NO.
10, SEQ ID NO. 11 or SEQ ID NO. 12 and expressing the nucleotide sequence of the

gene construct under expression control of a lignification-associated promoter.

7.An isolated polynucleotide encoding enzymes for catalyzing biosynthesis of _
monolignols in the plant of Hevea bra@iliensis comprising nucleotide sequence set
forth in SEQ ID NO. 1, SEQ ID NO. 2, SEQ ID NO. 3, SEQ ID NO 4, SEQ ID NO.
5, SEQ ID NO. 6, SEQ ID NO. 7, SEQ ID NO. 8, SEQ ID NO. 9, SEQ ID NO. 10,

| SEQ ID NO. 11, SEQ ID NO. 12 or any of éomplementary sequences thereof.

8.An isolated polynucleotide according to claim 7; wherein the plant of Hevea

brasiliensis is clone RRIM 600.
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9.A recombinant gene construct containing an isolated polynucleotide according to

claim 7.

10.An isolated polypeptide for catalyzing biosynthesis of monolignols in the plant of

Hevea brasiliensis comprising amino acid sequence set forth in SEQ ID NO. 13, SEQ

ID NO. 14, SEQ ID NO. 15, SEQ ID NO. 16, SEQ ID NO. 17, SEQ ID NO. 18, SEQ
ID NO. 19, SEQ ID NO. 20, SEQ ID NO. 21, SEQ ID NO. 22, SEQ ID NO. 23 or

SEQ ID NO. 24.
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SEQID NO. 1

ATGGCTACAAACGGAATTGCCTCTGTTTTTGATAGTGAAAATCACCCCTTTTGCAATCCT
TGTGTGCCTTGCCCACCACATTGGAAGAAGGCTGCAGAGTCTCTCCAATGTGCCCATTTT
GATGAAGTCTCTCAAATGGTGTCCCAATTTGCCAATGCCAAAACAGTTGAAATCCAAGGT
ACCACCCTCACTGTTGCTCAGGTCACTGCTGTTGCTCGTCGGGTCGAAGTAAATGTTTGC
CTTGACGAGGATGCTGCTCGTGGCCGAGTGGCAAAGAGCGCCGATTGGGTTGCGGTGAAC
ATCTCTCGTGGGACTGACACTTATGGTGTTACCACCGGCTTTGGTGCCACTTCTCATAGG
CGTACCAGTAAAACTGGTGACCTTCAGACAGAGCTCATTCGGTTCCTCAATGCTGGGGTC
ATTGGCAAGGAGAATCTTCCGACCAGTTATTCCAAGGCAGCTATGCTCGTCCGTACAAAC
ACACTAATGCAAGGTTATTCTGGTATACGGTGGGAGATTCTTGAATCTATTGCCAAGCTT
ATGAATGAAAATTTGATCCCTAAGCTGCCTCTGAGAGGGACTATCACAGCTTCAGGCGAT
CTTGTGCCATTGTCTTATATTGCTGGTTTGTTAACTGGCCGTCACAATTCCAAGGTAGAA
ACCCCTCAAGGGGAAGTGATTACAGCTATTGAAGCTTTGAAGAGAGCAGGAATTGAGGCT
CCATTCGAGCTACAAGCGAAGGAAGGTTTGGCTCTTGTGAATGGAACAGCGGTTGGCTCA
GCTGTAGCTGCAACTGTTTGTTTTGATGCCAATATTTTGGCTCTGCTAGCAGAAATTCTC
TCTGCTTTGTTCTGTGAGGTCATGCATGGAAAGCCAGAGTACACAGACCCACTTACTCAT
GAGCTTAAGCATCATCCTGGCCAGATTGAAGCAGCTGCTATCATGAAACACCTGTTAGAT
GAAAGTGACTACATGAAAGAAGCAAAAATTCGCCATGAGAAAGACCCGCTTACAAAGCCT
AAACAGGACAGATATGCAATTAGAACCTCTCCACAGTGGCTGGGTCCACAAATTGAGGTT
ATTCGGGCAGCCACTCATTCAATTGAGAGGGAGATCAATTCTGTCAACGATAATCCATTG
ATTGATGTAGCTCGAGACCTTGCCCTTCATGGAGGAAATTTCCAAGGAACACCAATTGGT -
GTTTCTATGGACAATCTCAGGATCGCCATTGCAGCAATTGGAAAGCTCATGTTTGCTCAG
TTCTCTGAACTCGTTTGCGACTACTACAACAATGGGTTGCCTTCCAATTTGAGCGGAGGA
CCTAATCCAAGCTTGGACTATGGATTAAAAGGTGCAGAAATAGCGATGGCCGCATATTGC
TCAGAGCTTCAGTACTTGGCAAATCCTGTAACTACTCATGTTCAAAGTGCTGAACAGCAC
AATCAAGATGTGAACTCTCTAGGCTTGATTTCGGCAAGAAAAAGCGCTGAAGCCATTGAA
ATCCTGAAGCTTATGTCCGCGACTTTCATGGTGGCACTTTGCCAGGCAATTGATCTAAGG
CATTTGGAGGAGAACATGAGGGAAGTTGTGAAACAAGTGCTCCGCCAGGCGGTAAGGAAA
ACCCTATATATTTCTGAAGATGGAATGCTGCTCGAATCGCGTTTCTGCGAGAAAGAGCTC
TTGCAGGTTGTTGAGCATCAACCTGTATTCTCCTATCTCGATGACCCAACAAATCCTTCT
TATGCACTTCTGCCTAAACTCCAAGAGGTACTCGTCAAGAAAGCACTTAAAGATCCTAAA
TCTGAACGTGCTGATGAAAATGGCTACACAATATTCAAGCGAATACCAGTTTTTATGGAG
GAATTGAAGGCAAGACTGGAAGAAGAAGTGTCAAAAGCGAGAGGGAGATTTGATGGTGGA
GAATTTGCAATAGCAAACAGGATCAAGAAATGCAGGACTTATCCAATATATGAGTTTGTC
AGAAGTGAAGTGGGGACTGAGCTTCTTAGTGGGGAAAAGAAAGTGAGCCCAGGAGAGGAT
ATAGAGAAAGTCCACGAGGCTATCAATGAAGGGAAACTTGGGGAGGTTTTGATCAAGTGC
TTAGCAGATTGGAAAGAGAGATCCCCTGTATTTTAA

SEQ ID NO. 13

MATNGIASVFDSENHPFCNPCVPCPPHWKKAAESLQCAHFDEVSQ MVSQF
ANAKTVEIQGTTLTVAQVTAVARRVEVNVCLDEDAARGRVAKSADWVAVN
ISRGTDTYGVTTGFGATSHRRTSKTGDLQTELIRFLNAGVIGKENLPTSYSK
AAMLVRTNTLMQGYSGIRWEILESIAKLMNENLIPKLPLRGTITASGDLVPL
SYIAGLLTGRHNSKVETPQGEVITAIEALKRAGIEAPFELQAKEGLALVNGT
AVGSAVAATVCFDANILALLAEILSALFCEVMHGKPEYTDPLTHELKHHPG
QIEAAAIMKHLLDESDYMKEAKIRHEKDPLTKPKQDRYAIRTSPQWLGPQI
EVIRAATHSIEREINSVNDNPLIDVARDLALHGGNFQGTPIGVSMDNLRIAT .
AAIGKLMFAQFSELVCDYYNNGLPSNLSGGPNPSLDYGLKGAEIAMAAYCS
ELQYLANPVTTHVQSAEQHNQDVNSLGLISARKSAEAIEILKLMSATFMVA
LCQAIDLRHLEENMREVVKQVLRQAVRKTLYISEDGMLLESRFCEKELLQ
VVEHQPVFSYLDDPTNPSYALLPKLQEVLVKKALKDPKSERADENGYTIFK
RIPVFMEELKARLEEEVSKARGRFDGGEFAIANRIKKCRTYPIYEFVRSEVG
TELLSGEKKVSPGEDIEKVHEAINEGKLGEVLIKCLADWKERSPVF Stop

Figure 1 :
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SEQ ID NO. 2

ATGGAAGTTTCCGGCGGAGAGATAAATGGAGATCATATATATAGCAATGGGTTATGCGTA
AAGGACCCATTGAAGTGGGGTCTAGCGGCGGAGGCATTGAAGGGTAGCCATGTAGAGGAG
GTGAAGAAAATGGTTAAGGAATATAGGAAGGCGGTGGTTCGCCTTGGGGGTGAGACGCTA
ACCGTAGGACAGGTAGCTGCGGTGGCTACTAGAGGTGGCAATGGAGTAACGGTGGAGTTA
TGTGAGGCGGCCAGGATTGGTGTGAAGGCAAGCAGTGATTGGGTAATGGAGAGTATGAAT
AAGGGGACAGATAGTTATGGGGTTAGTACAGGGTTCGGGGCCACTTCCCATAGGAGAACC
AAGCAAGGAGCTGCCCTGCAGCAGGAGCTTATCAGGTTCTTGAATGCTGGAATCTTTGGC
AAAGGAGTAGAATCAGGCCACATATTGCCACATACAGCAACAAGGGCTGCTATGCTTGTG
AGGATCAATACTCTTCTCCATGGCTACTCAGGCATCAGGTTTGAGATCCTAGAGGCCGTT
ACAAAGCTAATTAATCACAACGTCACTCCATGCTTGCCTCTGCGCGGCTCAATAACTGCC
TCGGGTGATTTAGTACCCTTTTCGTACATTGCCGGACTCCTAACAGGCAGACCGAATTCC
ACTGCGGTGGGGCCTAAAGGAGAATCACTTGATGCCGGAGAAGCCTTTCGCCTGGCTGGT
ATTGGTGGCGGATTTTTTCAGTTGCAGCCTAAGGAGGGTCTTGCAATTGTTAATGGCACT
GGAGTTGGTGCTGGCTTGGCATCTATAGTACTTTTTGATGCTAATATATTGACTCTTTTA
TCAGAAGTTTTGTCTGCAATTTTCGCTGAAGTTATGCAAGGAAAACCTGAGTTTACAGAT
CATTTGACACACAAATTAAAGCATCATCCTGGACAGATTGAAGCTGCAGCTATTATGGAA
CACATTTTGGATGGAAGTTCATACGTTCAGGAGGCAAAGAAATTACATGAAATGGATCCC
CTGCAGAAGCCTAAGCAGGATCGGTACGCTCTTCGCACTTCACCACAATGGTTAGGTCCA
CAAATTGAAGTGATTCGATCATCAACCAAGTCAATTGAAAGGGAGATTAATTCGGTGAAT
GATAATCCACTGATCGATGTGTCAAGGAACAAAGCCTTGCACGGAGGGAATTTCCAGGGC
ACTCCAATTGGTGTTTCAATGGATAACACTAGATTGGCATTAGCTTCCATAGGGAAACTC
ATGTTTGCTCAATTCTCTGAGCTGGTTAATGATTTCTACAATAATGGTTTGCCTTCAAAT
CTCACAGGAGGAAGGAATCCTAGCTTGGATTATGGTTTTAAGGGTGCTGAGATAGCCATG
GCAGCCTATTGCTCTGAGCTCCAATACCTTGCGAACCCTGTTACAAACCATGTCCAAAGT
GCTGAGCAACATAATCAAGATGTCAACTCATTAGGGCTGATTTCTTCAAGGAAAACAGCA
GAAGCAGTTGATATCTTGAAGCTCATGTCCTCAACTTTCTTGGTTGCACTTTGCCAGGCA
ATAGATTTAAGGCATTTAGAAGAGAATTTGAAGAGCACAGTTAAGAACACAGTGAGCCAG
GTGGCTAAGAAAGTTCTAACCATTGGAGTCAATGGTGAGCTTCATCCTTCAAGATTCTGC
GAGAAAGATCTGCTCAGGGTAGTCGATCGCGAGCAAGTGTTTGCATACATTGATGATCCT
TGTAGTTCAACATACCCACTAATGCAGAAGATGAGACAAGTCATTGTGGATCATGCATTA
ACCAACAATGATTATATAAACAACATAGATGCTTCAATCTTCCTCAAGATAGGTGCTTTC
 GAAGACGAATTGAAGTCTGTCTTGCCAACAGAAGTAGAAGCTGCAAGAAGTGGTTTTGAG
AGTGGAAATCCTGCAATTCCAAACAGAATCAAGGACTGCAGGTCTTATCCACTGTACAAG
TTTGTGAAAGAAGATTTGGGAACTGAACTTCTAACAGGAGAGAAACTCAGGTCTCCTGGC
GAGGAATTTGATAAGTTGTTTACAGCAATTTGTGAAGGAAAGATTATTGATCCTCTCCTT
GAATGTCTTAAGGATTGGGATGGCACGCCTCTGCCAATTTGTTAG

SEQ ID NO. 14

MEVSGGEINGDHIYSNGLCVKDPLKWGLAAEALKGSHVEEVKKMVKEYR
KAVVRLGGETLTVGQVAAVATRGGNGVTVELCEAARIGVKASSDWVMES
MNKGTDSYGVSTGFGATSHRRTKQGAALQQELIRFLNAGIFGKGVESGHIL
PHTATRAAMLVRINTLLHGYSGIRFEILEAVTKLINHNVTPCLPLRGSITASG
DLVPFSYIAGLLTGRPNSTAVGPKGESLDAGEAFRLAGIGGGFFQLQPKEGL
AIVNGTGVGAGLASIVLFDANILTLLSEVLSAIFAEVMQGKPEFTDHLTHKL
KHHPGQIEAAAIMEHILDGSSYVQEAKKLHEMDPLQKPKQDRYALRTSPQ
WLGPQIEVIRSSTKSIEREINSVNDNPLIDVSRNKALHGGNFQGTPIGVSMD
NTRLALASIGKLMFAQFSELVNDFYNNGLPSNLTGGRNPSLDYGFKGAEIA
v MAAYCSELQYLANPVTNHVQSAEQHNQDVNSLGLISSRKTAEAVDILKLMS

STFLVALCQAIDLRHLEENLKSTVKNTVSQVAKKVLTIGVNGELHPSRFCE
KDLLRVVDREQVFAYIDDPCSSTYPLMQKMRQVIVDHALTNNDYINNIDAS
IJFLKIGAFEDELKSVLPTEVEAARSGFESGNPAIPNRIKDCRSYPLYKFVKE
DLGTELLTGEKLRSPGEEFDKLFTAICEGKIIDPLLECLKDWDGTPLPIC Stop

Figure 2
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SEQ ID NO. 3

ATGGATCTCCTCCTCCTAGAGAAGACCCTTTTGGGTCTCTTCTTTGCTTTTATCGTGGCC
ATTGTCGTTTCTAAATTACGCGGCAAGCGTTTTAAGCTCCCGCCGGGTCCTTTACCTGTG
CCAGTTTTTGGCAACTGGCTTCAAGTCGGCGATGACTTGAACCACCGCAACCTCACAGAA
CTCGCTAAGAAATTCGGTGACATCTTGCTTCTCCGTATGGGGCAACGTAATCTCGCAGTT
GTCTCTTCACCGGAGTTAGCTAGGGAGGTTTTACATACTCAAGGTGTTGAGTTCGGGTCA
AGAGCCCGGAATGTTGTCTTTGATATTTTCACCGGTAAGGGACAAGACATGGTGTTCACC
GTGTACGGTGAGCACTGGAGGAAGATGAGGCGGATTATGACAGTTCCATTTTTCACAAAC
AAGGTTGTTCAGCAGTATCGATATGGGTGGGAAGACGAGGCGACGAAAGTGGTGGAGGAT
GTGAAGAAGAACCCAGAGGCTGCCACAAGTGGTATTGTGTTGAGGCGGCGGTTGCAGCTG
ATGATGTATAATAATATGTACAGGATTATGTTTGACAGGAGATTTGAGAGCGTGGAGGAT
CCATTGTTTGTGAAGCTGAAGGCTTTGAATGGAGAGAGGAGTAGATTGGCTCAGAGCTTT
GAGTATAATTATGGTGATTTTATTCCCATTTTGAGACCTTTCTTGAGAGGTTACTTGAAG
ATTTGTAAGGAAGTGAAGGACATGAGATTGCAGCTCTTCAAGGACTACTTTGTTGAAGAG
AGGAAGAAACTTTCAAGCACCAAGAGCATGAACAATGAAGGGTTGAAATGCGCGATAGAT
CATATTTTGGACTCACAGCAGAAGGGAGAGATCAATGAGGATAACGTTCTTTACATTGTT

"GAGAATATCAACGTCGCAGCAATTGAAACAACGCTATGGTCGATTGAGTGGGGAATTGCT
GAGCTTGTGAACCATCCCGAAATCCAAAAGAAGCTGCGAGATGAGCTTGACACTGTGCTT
GGACCTGGTCACCAAGTCACTGAGCCTGACACCCACAAGCTCCCCTATCTTCAGGCTGTT
ATCAAAGAGACTCTCCGTCTCAGAATGGCAATTCCTCTCCTTGTCCCCCACATGAATCTC
CACGACGCAACGCTTAAAGGTTTCGATATTCCTGCAGAAAGCAAAATTTTGGTGAATGCT
TGGTGGCTTGCCAACAATCCTGCTCACTGGAAGAATCCAGGAGAATTCAGGCCAGAGAGG
TTCTTGGAAGAGGAGTCCAACGTTGAGGCTAATGGAAATGATTTCAGGTACCTGCCATTC
GGTGTTGGAAGAAGAAGCTGCCCTGGAATTATTCTTGCATTGCCAATTCTTGGTATTACT
TTGGGACGTTTGGTACAGAATTTCGAGCTCTTACCACCTCCAGGACAGTCAAATCTTGAT
ACCACAGAGAAAGGTGGACAATTCAGCTTGCATATATTGAAGCACTCCACCATTGTTGCC
AAGCCAAGATCATTTTAA

SEQ ID NO. 15

MDLLLLEKTLLGLFFAFIVAIVVSKLRGKRFKLPPGPLPVPVFGNWLQVGD
DLNHRNLTELAKKFGDILLLRMGQRNLAVVSSPELAREVLHTQGVEFGSR
ARNVVFDIFTGKGQDMVFTVYGEHWRKMRRIMTVPFFTNKVVQQYRYGW
EDEATKVVEDVKKNPEAATSGIVLRRRLQLMMYNNMYRIMFDRRFESVED
PLFVKLKALNGERSRLAQSFEYNYGDFIPILRPFLRGYLKICKEVKDMRLQ
LFKDYFVEERKKLSSTKSMNNEGLKCAIDHILDSQQKGEINEDNVLYIVEN
INVAAIETTLWSIEWGIAELVNHPEIQKKLRDELDTVLGPGHQVTEPDTHK
LPYLQAVIKETLRLRMAIPLLVPHMNLHDATLKGFDIPAESKILVNAWWLA
NNPAHWKNPGEFRPERFLEEESNVEANGNDFRYLPFGVGRRSCPGIILALPI
LGITLGRLVQNFELLPPPGQSNLDTTEKGGQFSLHILKHSTIVAKPRSF Stop

Figure 3



WO 2012/158016 PCT/MY2012/000014

4/16

SEQ ID NO. 4

ATGGCTCTTCTTCTAATACCAATATCAATCCTCCTCCTCCTCCTCTTAGCATACAAACTCTACTTCCGC
ATCCGCTTCAAACTCGCCCCCGGCCCACGCCCTTGGCCGATCGTCGGCAACCTCTACGACGTCAAG
CCAGTTAGGTTCCGATGCTACGCCGAGTGGGCTAAGTCTTATGGTCCGATCATTTCAGTTTGGCTTGG
TTCAACTTTAAATGTGATCGTTTCGAATACAGAATTGGCGAAAGAAGTGCTGAAGGAACATGATCAA
CAGTTAGCTGATCGGCATCGGAGTAGGTCAGCTGCAAAGTTTAGCAAAGATGGGCAGGATCTTATAT
GGGCTGACTATGGACCTCACTATGTGAAGGCTAGGAAAGTGTGTACACTTGAGCTTTTTACACCTAA
GAGACTCGAGGCTTTGAAACCCATTAGGGAAGATGAGGTCACTGCCATGGTTGAATCCATTTTCAAC
GACTGCACCAATCCTGAAACCAATGGCAAAAGTTTGCTAGTGAAGAAGTATTTGGGAGCAGTTGCA
TTCAACAACATAACAAGGCTTGCATTTGGTAAGCGATTTGTGAACTCGGAGGGCATAATTGACGAGC
AAGGCCAAGAATTTAAGGCAATTGTGGCCAACGGTCTTAAGCTAGGTGCATCACTTGCCATGGCAG
AGCACATTCCATGGCTTCGCTGGATGTTCCCACTAGAGGAGGAGGCTTTCGCCAAGCATGGTGCTCG
AAGGGACCGTCTCACTCGAGCTATTATGGAAGAACATACACTTGCTCGCCAGAAGAGTGGAGGTGC
CAAGCAACATTTTGTTGATGCATTGCTTACATTACAGGAGAAATATGACCTTAGTGAGGACACAATTA
TTGGACTCCTTTGGGATATGATTACTGCTGGCATGGACACAACTGCAATCACTGTAGAATGGGCAAT
GGCTGAGCTAATTAAGAACCCAAGGGTGCAACAGAAGGCTCAAGAGGAGCTAGACCGTGTCATTG
GGTTCGAACGAGTGTTGACTGAGGCTGATTTCTCAAGTCTCCCTTACCTACAATGTGTGGCTAAAGA
GGGACTAAGGTTGCATCCTCCAACACCGCTAATGCTTCCTCACCGTGCCAATTCTAATGTCAAGATT
GGTGGCTATGATATACCTAAGGGATCAAATGTTCTTGTAAATGTATGGGCTGTAGCTCGTGATCCAGC
AGTCTGGAAGAACCCAGAAGAGTTTCGACCGGAGAGGTTCCTCGAGGAGGATGTTGACATGAAGG
GTCATGATTTCCGGCTACTTCCATTTGGTGCTGGGAGGAGGGTGTGCCCTGGTACACAACTTGGTAT
CAATTTGGTCACGTCTATGTTAGGTCACTTATTGCACCATTTTCGTTGGACACCACCTGATGGTGTGA
AGCCAGGGGAAATTGATATGTCAGAAAATCCTGGATTGGTCACATTCATGAAAACCCCATTACAAGC
AGTGGCAACCCCTCGGCTGCCTTCAGAATTGTACAAACGTGTGGCTGTGGAAATGTAA

SEQ ID NO. 16

MALLLIPISILLLLLLAYKLYFRIRFKLAPGPRPWPIVGNLYDVKPVRFRCYA
EWAKSYGPIISVWLGSTLNVIVSNTELAKEVLKEHDQQLADRHRSRSAAKF
SKDGQDLIWADYGPHYVKARKVCTLELFTPKRLEALKPIREDEVTAMVESI
FNDCTNPETNGKSLLVKKYLGAVAFNNITRLAFGKRFVNSEGIIDEQGQEF
KAIVANGLKLGASLAMAEHIPWLRWMFPLEEEAFAKHGARRDRLTRAIMEE
HTLARQKSGGAKQHFVDALLTLQEKYDLSEDTIIGLLWDMITAGMDTTAIT
VEWAMAELIKNPRVQQKAQEELDRVIGFERVLTEADFSSLPYLQCVAKEGL
RLHPPTPLMLPHRANSNVKIGGYDIPKGSNVLVNVWAVARDPAVWKNPEE
FRPERFLEEDVDMKGHDFRLLPFGAGRRVCPGTQLGINLVTSMLGHLLHH
FRWTPPDGVKPGEIDMSENPGLVTFMKTPLQAVATPRLPSELYKRVAVEM
Stop

Figure 4
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SEQ ID NO. §

ATGAGTTTTTCTCTCCTGTTCTTTTCCATCATATTCATCTTCCTTGCTTACGAATATTCG
TACCGCAGGCTAAAATACAAGCTCCCTTCAGGACCCTTTCCATGGCCCATACTGGGAAAC
CTTCCCTATCTTGAACCAGACATTTTCCAGTGTCTTGACAAGTGGTCACAAATTTATGGT
CAAATTATATCGCTCTGGCTTGGTTCCACCTTAAACGTTGTGGTCTCATCCTCCGAGTTG
GCCAAGGAAGTGCTCAAAGACAAGGATCAGCTATTGGCTCATAGGCCAAGAAATAAGCCT
GTGAGTATAATGTCCAAAGATGGCAAAGGCATTCTGTGGGCAGATTATGGTCCTCATTAC
GTTAAACTGAGAAAAATTTGTACTCTCGAGCTCTTCTCCCCAAAGGGTATTGAAGCTCTC
AGACCTATCAGAGAAGGTGAAGTCAGAGCTATGGTTGAGTCAATTTTTAAAGAGACTATT
AATCCTGATAATTATAGCAAGATTTTGTTACTTAGAAAGTATTTGCAGCCCGTAGTCTCA
AACAGCGTTACAATGTTAGTATTAGGGAAGCGATTCTTGTCTAGAGGTGGTGTGACAAGC
GAACTGGGACAGGAGTTTAAGGCAACATTGGGTAATGAAATGAAGCTTGCAGGCTCATTT
TTCCCTGCCGAGCACTTCTGGTGGCTAAATTGGATCTTTTGGCTCCGGAATAACACGTTT
TCCAGGCAGCTGGCACGTAGAGACAAGCTCATTCGAGCTGTAATAGAGGCTTACAGGGCT
GAAAAAAGGAATGGTGCTAATGCCAAGCCAAATCTTTTAGATTCACTTCTTGGTTTCCAA
GAAACTTATGGCCTTAGCGAGGAAAGCATTAAAGAACTACTCTGGGACGTAACAACTGCA
GGCCTGGAGACAAGTAGTATAGTTGTTGAATGCGCCATGGCTCAATTGGTCAAGAATCCA
AGGGTGCAATTCAGGGCTCAAGAAGAGCTTGACAAAGTAATTGGGCTCAACCGTGTAATG
GCCGAATCCGATATCTCTAAACTCCCTTACCTGAAATGCATTGTCAAGGAGGCACTAAGG
TTGCACCCTCCAGCCCCATTGCTGCTACCTCACAAGGCAAATTCCAATATCAAGATTGGT
GGCTACGACGTTCCTAAGGGAACTCACGTTCATGTGAATGTTAGGGCCATAGGACGTGAC
CCAGCAGTGTGGCAAGACCCAGTAGAATTTAGACCTGAAAGGTTCTTGGAGAAAGATGTA
GAAATTAAGGGTCATGATTTTCGATTGCTGCCATTTGGTGCAGGAAGGCGAATGTGCCCT
GCTGCCCAATTGGGCATGAATTTGGTTACGTCGATGTTGGGTCAGCTGTTGCATAATTTC
AGCTGGGCTCTTCCTGAAGGGGTACTGCCTGAAGAGGTTGACTTGTGTGGGATCTCAGGG
ATGGCTAGTTTCATGCAGAAACCATTACAAGTTGTGCCTAGTGTGCGATTGCCAGCCCAC
TTGTACAAAAATGAGGGTTTAGATACCCAATAG

SEQ ID NO. 17

MSFSLLFFSIIFIFLAYEYSYRRLKYKLPSGPFPWPILGNLPYLEPDIFQCLD
KWSQIYGQIISLWLGSTLNVVVSSSELAKEVLKDKDQLLAHRPRNKPVSIM
SKDGKGILWADYGPHYVKLRKICTLELFSPKGIEALRPIREGEVRAMVESIF
KETINPDNYSKILLLRKYLQPVVSNSVTMLVLGKRFLSRGGVTSELGQEFK
ATLGNEMKLAGSFFPAEHFWWLNWIFWLRNNTFSRQLARRDKLIRAVIEA
YRAEKRNGANAKPNLLDSLLGFQETYGLSEESIKELLWDVTTAGLETSSI1V
VECAMAQLVKNPRVQFRAQEELDKVIGLNRVMAESDISKLPYLKCIVKEAL
RLHPPAPLLLPHKANSNIKIGGYDVPKGTHVHVNVRAIGRDPAVWQDPVEF
RPERFLEKDVEIKGHDFRLLPFGAGRRMCPAAQLGMNLVTSMLGQLLHNF
SWALPEGVLPEEVDLCGISGMASFMQKPLQVVPSVRLPAHLYKNEGLDTQ
Stop :

Figure 5
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SEQ ID NO. 6

ATGGATCAACAAGAGGAAGCATGTCTAGATGCCTTGATATTTTCTGGCTCTCATGTATTT
CCTCTGGTTCTTCACACAGCTATCGACCTAAATCTTTTTGATATCATAGCAAAAGCAGGC
CCTGGAGCTTATGTTTCTGCTTCTGAAATTGCCTCTCAGCTTCCCACAACAAATCCTGAT
GCCCCTTCTATGCTTGATCGTATCCTGCGTCTCTTCGCCGCTCACTCTCTCCTCTCCTAC
ACCTCACGAACTCTCGAAGATGGCAGGATTGAAAAACTTTATGGCCTAACACCTGCCTGT
AAATTCTTTATTGGGGCTGTAGAAGAAGGCAATATCGCTCCCATATCTGCTCTTGCCTAC
CACAGAGCCACTTTGGAGGTTTGGTTACATATGAAGGACCTAATTCTTGAAGGTGGAAAT
CTGTTCAAGAAAGTTCATGGGATGTCTATATTCGAGTACATGAACAAAGATCCAGAATTC
- AACACCATCTTCAACCAGGCAATAATGGCTGGTGGTCTCTCTACAGTAGTCATTATGAAT

" GGAATTCTAGCAATTTACAAAGGATTCGAGGGACTCACTTCACTTGTTGATGTTGGTGGT

GGCACTGGCAGGACTCTCAATATGATCATTTCCAAGTACCCTTCCATCAAAGGCATCAAC

TATGATCTCCCTCATGTGATCCAAACTGCACCACCTTATCCTGGAATCCAGCATGTGGGA

GGAAATATGCTCACAAGCATTCCACAAGCAGAAGCAATCATGATAAAGGATATATGCCAC
~ AACTGGAGTGATGAAAATGTGGTGAAAGTATTGAAGAACATTTATGAGGTGCTGCCAAAT
AATGGGAAACTTATAGTGATGAATGTATTATTACCAGAAGAACCAGAGACAAGCAAGGCT
TCTCAATATGTTTCAAGACTTGACAATACCATGTTATCCCAACCTTCAGGCAAAGAAAGG

ACTGC_AAGAGAATTTGAAGTCTTGGCTAGAGCAG,C'TGGGTTCACAAACTTCAAAGTTGCT
"TGTGTTGCTCATGGTATTTGGTCTGTCATAGAATCCTACAAGTAA

SEQ ID NO.18 .

MDQQEEACLDALIFSGSHVFPLVLHTAIDLNLFDIIAKAGPGAYVSASEIAS
QLPTTNPDAPSMLDRILRLFAAHSLLSYTSRTLEDGRIEKLYGLTPACKFFI
GAVEEGNIAPISALAYHRATLEVWLHMKDLILEGGNLFKKVHGMSIFEYM
NKDPEFNTIFNQAIMAGGLSTVVIMNGILAIYKGFEGLTSLVDVGGGTGRT
LNMIISKYPSIKGINYDLPHVIQTAPPYPGIQHVGGNMLTSIPQAEAIMIKDI
CHNWSDENVVKVLKNIYEVLPNNGKLIVMNVLLPEEPETSKASQYVSRLD
NTMLSQPSGKERTAREFEVLARAAGFTNFKVACVAHGIWSVIESYK Stop

Figure 6
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SEQ ID NO. 7

ATGGCACCAACACCACCCACCTCCCTAGAGTTCAAGGTTCATAGGCGTGAACCTGAACTA
ATCGCCCCTGCTAAGCCTACCCCTCATGAGTTCAAACCATTATCGGACATTGATGACCAA
GAGGGTCTTCGATTTCACATTCCGGTGATACAGTTTTATCGGTATGATCCCTCCATGCAA
GGGAGAGATCCTGTTATGGTGATAAGAGAGGCACTCGCTAGAACACTAGTGTTTTACTAT
CCATTTGCTGGTAGGCTCAGGGAAGGGCCTAAACGCAAGCTTATAGTGGAATGTACCAGT
GAAGGTGTGTTGTTTATTGAGGCTGAAGCTGATGTTGCTCTTGAGCAATTCGGTGATGCA
CTTCAACCTCCATTCCCTTGCTTGGAAGAGCTTCTTTTTGATGTCCCTGGCTCCAGTGGG
GTGCTTAACTGCCCTTTGCTGCTTATTCAGGTGACGCGCCTAAAATGCGGTGGTTTTATA
TTTGCTCTCCGTCTCAACCACACCATGAGCGATGCTCCTGGCCTAGTCCAATTCATGTCC
ACCGTAGGAGAGATGGCACGTGGCGCACAAGCGCCGTCTGTTCTTCCGGTATGGGAAAGG
CATTTCCTTAACGCTCGGGATCCACCACGTGTGACACGCACCCATCGTGAATACGATGAG
GTTGCCGACACCAAAGGCACAATAATCCCGCTCGATGACATGGCTCACCAATCATTCTTC
TTTGGACCCAATGAAGTCGCTGCTCTCCGAAGATTTGTGCCGAAGCACCTCCGCCAATGC
TCTAACTTTGAATTATTGACGGCATGTCTGTGGAAGTGCCGTACCATTGCACTTCAACCA
GATCCCACTGAAGAGATGCGTATTATTTGTATTGTCAATGGACGCAACAAATTCAATCCT
CCGTTACCGACTGGATATTACGGCAACGGATTTGTGTTTCCGGTGGCGGTGGCAAGAGCA
AAAGAACTAATTGAGAAACCGCTAGGCTTCGCATTAGAATTGGTAAAAGAGGTTAAAGAT
AGTGTGACGGAAGAGTACATGCGATCCGTGGCGGATCTAATGGTGATTAAAGGTAGGCCC
CATTTTACAGTGGTGAGGAGTTACCTAGTGTCGGATGTGACGCGTGCAGGATTTGGAGAG ~
GTGGATTTTGGATGGGGTAAGGCTGCATATGGTGGGCCAGCGAAAGGTGGGGTAGGGGCC
ATTCCTGGAGTGGCAAGCTTTTATATACCGTTCAGAAACAAGAAAGGAGAAAATGGGATT
GTGTTGCCAATTTGCTTGCCAGCACAGGCAATGGAACGATTTGTAAAGGAGCTAAAGGGT
ATGTTAGAGGAGCAGCCAATTAATGGTGCCAAAAAATCCAAATTTATAGTATCTGCCTTG
TAA '

SEQ ID NO. 19

MAPTPPTSLEFKVHRREPELIAPAKPTPHEFKPLSDIDDQEGLRFHIPVIQFY
RYDPSMQGRDPVMVIREALARTLVFYYPFAGRLREGPKRKLIVECTSEGVL
FIEAEADVALEQFGDALQPPFPCLEELLFDVPGSSGVLNCPLLLIQVTRLKC
GGFIFALRLNHTMSDAPGLVQFMSTVGEMARGAQAPSVLPVWERHFLNAR
DPPRVTRTHREYDEVADTKGTIIPLDDMAHQSFFFGPNEVAALRRFVPKHL
RQCSNFELLTACLWKCRTIALQPDPTEEMRIICIVNGRNKFNPPLPTGYYGN
GFVFPVAVARAKELIEKPLGFALELVKEVKDSVTEEYMRSVADLMVIKGRP
HFTVVRSYLVSDVTRAGFGEVDFGWGKAAYGGPAKGGVGAIPGVASFYIPF
RNKKGENGIVLPICLPAQAMERFVKELKGMLEEQPINGAKKSKFIVSAL Stop

Figure 7
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SEQ ID NO. 8

ATGGAAGCTCTTCTCCAAGCTCTGCAACCTTTACCCTTCACTCTTTTCCTTATTGTTCCTTTACTATTC
CTACTAGGTCTAATCTCTCTCC}TTCGTAGACGATTGCCATATCCTCCAGGGCCTAAAGGCTTGCCAAT
TATAGGTAACCTGCTCATGATGGACCAGTTAACTCACCGGGGTTTAGCTAAACTAGCTAAAGAATATG
GTGGCCTCTTCCATCTTCGCATGGGAAACATTCACATGTTTGCTGTTTCTTCTCCTGAGATAGCTCGC
CAAGTACTTCAAGTCCAAGATAATATTTTCTCAAATAGACCTGCCACCATAGCCATCAGTTATCTCAC
ATATGACCGTGCAGATATGGCCTTCGCCCACTACGGCCCTTTCTGGCGCCAGATGCGCAAGCTCTGC
GTCATGAAACTTTTCAGCCGTAAACGGGCTGAGTCATGGGAATCTGTGAGGGATGAGGTTGATTATA
TGGTTAAAACCGTTGTGGCCAACAAAGGGAAGCCAGTGAATGTTGGAGAGTTGATTTTTACTCTAA
CCATGAATATTATTTATAGGGCTGCTTTCGGTTCGAAGAACGAGGGACAGGACGAGTTTATTCAGATT
TTGCAGGAGTTCTCCAAGCTTTTTGGTGCTTTCAACATTGCTGATTTCATTCCTTGGCTTGGATGGAT
AGACCCACAAGGCCTCAAGCTCAACTCAAGACTTGCCAAGGCTCGTAAATCACTTGACAGATTCAT
CGACTTGATCATCGACGAACACATGCATAAGAGTAAGCAGGGTAATGTCTCTGATGATAACTCTGATA
TGGTGGATGATTTGCTAGCTTTCTACAGCGATGAGCCTAAAGTAAACGAATCAGACGATCTTCAGAA
TTCCTTCAAACTCACTCGAGACAACATCAAAGCAATTATCATGGACG TAATGTTTGGTGGGACAGAG
ACAGTGGCATCGGCGATTGAGTGGGCCCTGACGGAGTTGATGAGGGCTCCTGAAGAGTTGAAAAA
GGTCCAGCAAGAGCTTGCCGATGTGGTGGGTCTAGAGCGGCGCGTGGAGGAGAGTGATTTCGACA
AGCTGACATACCTAAAATGCACAGTCAAAGAAACTCTAAGACTTCACCCACCAATCCCACTTCTCTT
ACATGAGACAGCCGAGGACGCAGAGGTCGCCGGGTATTACATTCCAGCGAAGTCTAGGGTCATGAT
CAATGCATGGGCTATTGGAAGGGACAATAACTCATGGGAGGACCCTGAAACTTTCAGGCCATCCAG
GTTTTTAAAAGAGGGAGTGCCTGATTTTAAAGGAAACAATTTCGAGTTCATTCCATTCGGATCGGGC
CGGAGATCCTGCCCCGGCATGCAACTCGGACTCTACTCTCTTGATTTGGCTGTGGCCCATCTTCTTCA
CTGTTTTACATGGCAGTTGCCTGATGGGATGAAACCAAGTGAAATTGACACGAGCGATGTGTTTGGA
CTCACCGCTCCTCGGGCAACCCGACTGGTAGCTGTTCCAAACGCGCGTTTGTTGTGCCCGCTCTAA

SEQ ID NO. 20

)
MEALLQALQPLPFTLFLIVPLL-FLLGLISLLRRRLPYPPGPKGLPIIG'NLLMM
DQLTHRGLAKLAKEYGGLFHLRMGNIHMFAVSSPEIARQVLQVQDNIFSN
RPATIAISYLTYDRADMAFAHYGPFWRQMRKLCVMKLFSRKRAESWESVR
DEVDYMVKTVVANKGKPVNVGELIFTLTMNIIYRAAFGSKNEGQDEFIQIL
QEFSKLFGAFNIADFIPWLGWIDPQGLKLNSRLAKARKSLDRFIDLITDEHM
HKSKQGNVSDDNSDMVDDLLAFYSDEPKVNESDDLQNSFKLTRDNIKATI
MDVMFGGTETVASAIEWALTELMRAPEELKKVQQELADVVGLERRVEESD
FDKLTYLKCTVKETLRLHPPIPLLLHETAEDAEVAGYYIPAKSRVMINAWAI
GRDNNSWEDPETFRPSRFLKEGVPDFKGNNFEFIPFGSGRRSCPGMQLGL
' YSLDLAVAHLLHCFTWQLPDGMKPSEIDTSDVFGLTAPRATRLVAVPNARL
LCPLStop .

Figure 8
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SEQID NO. 9

ATGGCACACGATTGCAGCTTCGAGATCGACCCGAGAAGCGGCTTTTGCAGATCTAATTCTATTTTCT
GCAGTAAACGCAAGCCTATTCCTCTCCCACACAATTACTGCATCGACATCACCACCTTTATTTCGTCC
CAGGCTCACCGTGGCAAGACAGCCTTCATTGACGCCACCACTGGCCTCCACCTCACCTTCATCGAC
CTATGGAAATCCGTCGATTCCGTCGCCACCTCTCTATTTGAGATAGGAGTCCGCAAGGGCCACGTTAT
CCTTCTCCTTTCCCCAAACTCCATTTTCTTTCCTGTTGTTTGCCTTTCTGTTATGTCCCTTGGTGCCAT
AATTACCACCACCAACCCTCTCAACACTCCCCGTGAAATCGCCAAGCAAATCGCCGACTCCAAACC
TTTATTCGCCTTTACCACCCCCCAACTAGTCCCCAAACTCACCGAGTCGAACTCGAATCTCCCCATCA
TCCTCATAGACGACCATGATTCCATCAAAGCCCAATCCATAATCGTGACAACTTTAAGCGAGATGATG
AAGGAGCCTAGTGGGAGTCGTGTCAGGGAGCGAGTCAACATGGACGACACAGCTACTCTGCTCTAC
TCTTCAGGTACAACCGGAGCAAGCAAGGGCGTAGTTTCCTCGCATCGCAACCTAATCGCGATGGTTC
AAACCATCATTGGACGCTTTAACGAAGACAGAGAGCATAAATTTATCTGCACCGTCCCAATGTTTCA
CATTTACGGTCTAGCATTGTTCGCGACGGGATTACTCGCGTCAGGATCAACAATCATTGTGCTCTCAA
AGTTCGAGATTCATGAGATGCTATCCACGATCGAGAGGTATCGTGCCACGGATCTCCATCTGGTACC
ACCTATACTAGTAGCACTGATCAACGGCGCTGATCAGATAAGGTCCAAATATGATTTGAGTTCGCTAC
" AAACAGTTGTGTGTGGAGGAGCCCCACTGAGCAAGGAGGTGATAGAGGGGTTCATGGAGAAATAT
CAAACGTTGAGAATTCTTCAGGGTTACGGGTTGACTGAATCGACGGGGGTGGGTGCATCAACAGAT
ACTTTAGAGGAAAGTAGGAGATACGGCACCGCGGGGCTGCTGACGTCGAGCATGGAGGCAAAGAT
TGTGGACCCAGAAAGCGGAAAAGCTCTGCCGGTGAACCAGACCGGTGAGCTTTGGCTTAGAGGTC
CTTCTATTATGAAAGGTTACTTTTTAAATACTGAAGCTACATCAACAACTCTTGACTCCGAGGGATGG
TTAAGAACTGGGGATCTATGCTACATTGATGATGACGGCTTTATTTTTGTTGTTGATCGACTGAAGGA
GTTGATCAAATACAAGGGATATCAGGTCCCTCCTGCGGAACTAGAGGCCTTGTTGCTTACTCATGAG
GAAATTTCCGATGCTGCTGTAATCCCGTTTCCGGACAAGGAGGCTGGGCAATTTCCCATGGCATATG
TGTAA

SEQ ID NO. 21

MAHDCSFEIDPRSGFCRSNSIFCSKRKPIPLPHNYCIDITTFISSQAHRGKTA
FIDATTGLHLTFIDLWKSVDSVATSLFEIGVRKGHVILLLSPNSIFFPVVCLS
VMSLGAIITTTNPLNTPREIAKQIADSKPLFAFTTPQLVPKLTESNSNLPIILI
DDHDSIKAQSIIVTTLSEMMKEPSGSRVRERVNMDDTATLLYSSGTTGASK
GVVSSHRNLIAMVQTIIGRFNEDREHKFICTVPMFHIYGLALFATGLLASGS
TIIVLSKFEIHEMLSTIERYRATDLHLVPPILVALINGADQIRSKYDLSSLQT
VVCGGAPLSKEVIEGFMEKYQTLRILQGYGLTESTGVGASTDTLEESRRYG
TAGLLTSSMEAKIVDPESGKALPVNQTGELWLRGPSIMKGYFLNTEATSTT
LDSEGWLRTGDLCYIDDDGFIFVVDRLKELIKYKGYQVPPAELEALLLTHE
EISDAAVIPFPDKEAGQFPMAYVS

Figure 9
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SEQ ID NO. 10

ATGTCAATCCAAAACAAAGAGCCAGTCTGCGTCACTGGAGCCAATGGCTTCATTGGATCCTACCTGG
TCCGGACCCTCATAACCCATGGCTACACCACCATCCACGCCTCCATCTACCCCTACTCCGATGCTTCC
CACCTCTTCCACCTCCTTCCTTCCGCTGCCTACTCTAACGTCCAACTTCGTATCTTTGAGGCCGACGT
TCTTGACTACGACGCCGTTGCCAAGGCCGTTGAGGGCTGTCGGGGGGTTTTCCACGTGGCCTCTCC
CTGTACGCTAGAGGACCCTAAGGACCCGCAGAAGGAGCTTGTATTGCCTGCGGTGCAGGGCACGAT
TAATGTGCTGCAGGCTGCCAAGAACTTCGGTGTGAGGCGCGTGGTGGTCACGTCGTCTATTTCGGC
GTTGGTTCCTAATCCTAATTGGCCGGCCGGTAAAGTGTTTGATGAGTCGTCGTGGACTGACATCGATT
ACTGCAAGTCTCGTCAGAAGTGGTATCCAGTGTCAAAGACACTGGCAGAGAAAGAAGCGTGGGAC
TTTGCAAAGAAGCATGGAATGAATCTGGTGACAATCCATCCTGCTACATGTCTAGGCCCACTGTTGC
AGCCTAGTTTGAATGCTAGCTGTGCTGTGTTGAAGCAATTATTGGAGGGATCAGAAGACACTCAGG
AATATCACTGGTTGGGAGCTGTGCATGTCAAAGATGTGGCTGAGTCACAAATTTTGCTGTTTGAGAC
TCCTACTGCTTCTGGTAGATATCTCTGCACAAATGGTATTTATCAATTTGGTGATTTTGCAGAGAGGG
TTTCCAAGCTCTTCCCTGAGTTTCCTGTTCACAGGTTTGTTGGGGAAACTCAACCGGGCCTGACAAC
TTGCAAAGATGCTGCCAAGAGATTAATTGAGATGGGGCTAGTTTTCACTCCAGTTGAAGATGCCATC
CAGGACACGGTGGAAAGTCTAAAGGCTAAAGGATTCCTAAAGCACAAAATGTCAACATCATAG

SEQ ID NO. 22

MSIQNKEPVCVTGANGFIGSYLVRTLITHGYTTIHASIYPYSDASHLFHLLPS
AAYSNVQLRIFEADVLDYDAVAKAVEGCRGVFHVASPCTLEDPKDPQKEL
VLPAVQGTINVLQAAKNFGVRRVVVTSSISALVPNPNWPAGKVFDESSWTD
IDYCKSRQKWYPVSKTLAEKEAWDFAKKHGMNLVTIHPATCLGPLLQPSL
NASCAVLKQLLEGSEDTQEYHWLGAVHVKDVAESQILLFETPTASGRYLCT
NGIYQFGDFAERVSKLFPEFPVHRFVGETQPGLTTCKDAAKRLIEMGLVFT
PVEDAIQDTVESLKAKGFLKHKMSTS Stop

Figure 10
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SEQ ID NO. 11

ATGGCATCCAACAATGAACAGCAAAATCAGGCAGGCAGGCACCAAGAAGTTGGCCACAAG
AGCCTTCTGCAGAGTGATGCACTTTACCAGTACATACTTGAGACAAGTGTGTACCCAACA
GAGCCTGAACCCATGAAGGAGCTGAGGGAGCTAACTGCCAAGCACCCCTGGAACATAATG
ACTACATCAGCAGATGAAGGGCAGTTCTTGAACATGCTTTTGAAGCTTATGAATGCAAAG
AACACCATGGAAATTGGTGTATACACTGGATATTCTCTCTTGGCAACTGCTCTTGCTCTT
CCTGATGATGGAAAGATCCTGGCGATGGACATAAACAGAGAGAACTATGAGTTGGGTCTG,
CCTGTTATCCAGAAAGCAGGTGTTGCTCACAAGATTGAATTCAGGGAAGGGCCTGCTTTG.
CCTGTTCTTGACCAAATGATTGCTGAAGGGAAGTACCATGGAACTTTTGACTTCATCTTT
GTGGACGCTGATAAAGACAATTATCTGAATTACCACAAGAGATTGATTGAGCTGGTCAAA
GTTGGTGGAGTGATCGGGTACGACAATACCCTATGGAATGGGTCTGTGGTGGCACCACCA
GATGCACCCCTCAGGAAGTATGTTAAGTACTACAGAGACTTTGTGATGGAGCTCAACAAG
GCCTTACCGGCGGACCCCAGAATTGAGATCTGCATGCTCCCTGTTGGTGATGGGATCACT
CTCTGCCGTCGGATCAAGTGA

SEQ ID NO. 23

MASNNEQQNQAGRHQEVGHKSLLQSDALYQYILETSVYPTEPEPMKELRE
LTAKHPWNIMTTSADEGQFLNMLLKLMNAKNTMEIGVYTGYSLLATALAL
PDDGKILAMDINRENYELGLPVIQKAGVAHKIEFREGPALPVLDQMIAEGK
YHGTFDFIFVDADKDNYLNYHKRLIELVKVGGVIGYDNTLWNGSVVAPPD
APLRKYVKYYRDFVMELNKALPADPRIEICMLPVGDGITLCRRIK Stop

Figure 11
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SEQ ID NO. 12

ATGGGTAGTCTTGAAACTGAGAGAACTGTGGTAGGATGGGCAGCAAAAGATCCATCTGGG
GTCCTTTCTCCTTATTCCTACACTATCAGAAACACAGGCCCAGAGGATATTTTGTTGAAA
GTTCTCAGCTGTGGAATCTGCCACACTGATATTCATCAAGTGAAGAATGATCTTGGCATG

“ TCACGTTATCCCATGGTTCCTGGGCATGAGGTGGTTGGTGAGGTGGTGGAGGTGGGATCA
GAGGTGACTAAGTTCGGAGTGGGAGATGTAGTTGGAGTTGGATGTATTGTTGGAAGTTGC
AGGAGTTGCAACCCATGTAAATCAGATATTGAGCAGTACTGCAACAAGAAAATCTGGTCT
TATAATGATGTCTACACCGATGGAAAACCCACCCAGGGCGGCTTTGCCCAATCCATGATC
GTAGATCAAAAGTTTGTGGTAAAAATACCAGAGGGGATGTCACCAGAACAAGCAGCACCA
CTATTGTGTGCAGGATTGACAGTGTATAGCCCACTTAGCCACTTTGGGTTGAAGAAGAGT
GGACTAAGAGGTGGCATATTAGGACTTGGAGGAGTAGGGCACATGGGCGTGAAGATAGCG
AAGGCAATGGGACACCATGTTACTGTGATAAGTTCTTCAGACAAAAAGAGGGAGGAGGCC
TTGGAGCATCTTGGTGCTGATGAGTACTTGGTTAGTTCTGATGCAACTCGGATGCAAGAA
TTTGCTGATACCCTTGATTATCTCATTGACACTGTACCTGTATTTCACCCTCTTGAGCCT
TATCTTTCTCTGTTGAAACTTGATGGGAAGCTGATTTTGATGGGTGTTATTAATACCCCA
TTGCAATTTCTCACTCCTTTGGTCATGCTTGGGAGAAAATCAATCACAGGGAGCTTCATA
GGAAGCATGAAAGAAACAGAGGAGATGCTTGAATTCTGCAAGGAAAAGGGATTGACCTCC
ACGATTGAAGTGGTAAAAATGGATTACATCAACACAGCAATGGAAAGGCTGGAGAAAAAC
GATGTCAGATATAGGTTTGTTGTGGATGTTGCCGGTAGCAAGCTGGATCCCTGA

SEQ ID NO. 24

MGSLETERTVVGWAAKDPSGVLSPYSYTIRNTGPEDILLKVLSCGICHTDIH
QVKNDLGMSRYPMVPGHEVVGEVVEVGSEVTKFGVGDVVGVGCIVGSCR
SCNPCKSDIEQYCNKKIWSYNDVYTDGKPTQGGFAQSMIVDQKFVVKIPE
GM_SPEQAAPLLCAGLTVYSPLSHFGLK'KS'GLR-GGILGLGGVGHMGVKIAK
AMGHHVTVISSSDKKREEALEHLGADEYLVSSDATRMQEFADTLDYLIDTV
PVFHPLEPYLSLLKLDGKLILMGVINTPLQFLTPLVMLGRKSITGSFIGSMK
ETEEMLEFCKEKGLTSTIEVVKMDYINTAMERLEKNDVRYRFVVDVAGSK
L D P Stop

Figure 12
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Figure 13

=~ 2.1 kb PAL gene 2

Figure 14

~ 1.3 kb C4H gene

Figure 15
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~ 1.5kb C3H gene 1 &2

respectively

'~ 1.3 kb HCT gene

Figure 18
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4 Wl ~1.5 kb F5H gene

Figure 19

~1.5kb 4CL gene -

Figure 20

~1 kb CCR gene

Figure 21
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~ 750 bp CCoAOMT gene

Figure 22

1.1 kb CAD gene’

- Figure 23
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Supplemental Box

- Continuation of: Box III

This International Application does not comply with the requiréments of unity of invention because it does
not relate to one invention or to a group of inventions so linked as to form a single general inventive concept.

" This Authority has found that there are different inventions based on the following features that separate the
clalms into distinct groups: ‘

¢ Claims 1-10 (all in part). The feature of phenylalanine ammonia—lyase 1 per se (PAL1, SEQ IDs 1 and
13), and the uses thereof is specific to this group of claims.

Claims 1-10 (all in part). The feature of phenylalanine ammoma—lyase 2 per se (PAL2 SEQ IDs 2 and
14), and the uses thereof is specific to this group of claims.

e Claims 1-10 (all in part). The feature of cinnamate 4—hydroxylase per se (CH4, SEQ IDs 3 and 15), and
the uses thereof is specific to this group of claims.

e Claims 1-10 (all in part). The feature of coumarate 3—hydroxylase 1 per se (C3Hl1, SEQ IDs 4 and 16),
and the uses thereof is specific to this group of claims.

e Claims 1-10 (all in part). The feature of coumarate 3—hydroxylase 2 per se (C3H2, SEQ IDs 5 and 17),
and the uses thereof is specific to this group of claims.

e Claims 1-10 (all in part). The feature of caffeic acid/5—hydroxyconiferaldehyde O—methyltransferase per
se (COMT, SEQ IDs 6 and 18), and the uses thereof is specific to this group of claims.

e Claims 1-10 (all in part). The feature of Hydroxycinnamoyl-CoA :shikimate hydroxycinnamoyl
transferase per se (HCT, SEQ IDs 7 and 19), and the uses thereof is specific to this group of claims.

e Claims 1-10 (all in pért). The feature of ferulate 5—hydroxylase per se (FSH, SEQ IDs 8 and 20), and the
uses thereof is specific to this group of claims.

e Claims 1-10 (all in part). The feature of 4—coumarate CoA ligase per se (4CL, SEQ IDs 9 and 21), and -
the uses thereof is specific to this group of claims.

e Claims 1-10 (all in part). The feature of 4—coumarate caffeoyl-CoA O—methyltransferase per se
(CCoAOMT, SEQ IDs 10 and 22), and the uses thereof is specific to this group of claims.
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Supplemental Box

e Claims 1-10 (all in part). The feature of 4—coumarate cinnamoyl coenzyme A reductase per se (CCRl
SEQ IDs 11 and 23), and the uses thereof is specific to this group of claims.

e Claims 1-10 (all in part). The feature of 4—coumarate cinnamy! alcohol dehydrogenase per se (CAD, SEQ
IDs 12 and 24), and the uses thereof is specific to this group of claims.

PCT Rule 13.2, first sentence, states that unity of invention is only fulfilled when there is a technical
relationship among the claimed inventions involving one or more of the same or corresponding special
technical features. PCT Rule 13.2, second sentence defines a special technical feature as a feature which
makes a contribution over the prior art.

When there is no special technical feature common to all the claimed inventions there is no unity of invention.

In the above- groups of claims, the identified features may have the potential to make a contribution over the
prior art but are not common to all the claimed inventions and therefore cannot provide the required technical
relationship. Therefore there is no special technical feature common to all the claimed inventions and the

- requirements for unity of invention are consequently not satisfied a priori.

There appears to be no significant homology amongst the defined SEQ IDs, nor is there any disclosure of a
common biochemical property shared by the 12 enzyme activities defined in claims 1-10. Therefore there is
no special technical feature common to all the claimed inventions and the requirements for unity of invention’
are consequently not satisfied a priori. :

For the fee already paid, this ISA has decided to seareh inventions 1 and 2 insofar as they both relate to
. phenylalanine ammonia—lyase.
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