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ÌAbstractÍLignin is the second abundant biopolymer and less then cellulose present in the 
plant cell wall. O-Methyltransferase (OMT) plays as a key enzyme for stepwise biosynthesis 
of lignin. In this study, 526 base pair DNA fragment of OMT were obtained from Chamae-
cyparis formosensis. Then the 5’ and 3’ RACE (Rapid Amplify of cDNA End) coupled with 
the Genome walking were used to clone the full length of CCoAOMT, named CfCCoAOMT. 
After combining the sequence data, there is a total of 1721 bps in full length including pro-
moter sequence. The coding region of this DNA fragment was 750 bps, which encodes a pro-
tein of 249 amino acids. Moreover, the developing xylem from C. formosensis has the most 
abundance expression pattern by Northern blotting analysis. The CfCCoAOMT was con-
structed into the E. coli to produce a CfCCoAOMT recombinant protein and then the poly-
clonal antibody was prepared. Finally, the CfCCoAOMT’s coding region of C. formosensis 
was transformed into tobacco, a type of herbaceous plant, by using Agrobacterium-mediated 
transgenic method. Due to the biosynthesis pathways of lignin in woody plant and herbaceous 
plant are quite different, there is no significant difference in the total lignin content in sense 
transgenic tobacco, but in antisense transgenic line had slightly increased. On the other hand, 
the G/S ratio increased dramatically in both transgenic lines. 

ÌKey wordsÍ Chamaecyparis formosensis, G/S ratio, Lignin, O-methyltransferase, Trans-
genic tobacco 
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DH5α Competent cell$GeneMark1*,7

�6| AmpicillincIPTG G X-Gal + LB

ÀS56¤%!"ÁÂ,5�]+"Ã
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5I 
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�¶·¸¹º,Ö�7�Õw¡Ö�-

RNA ¡ÖÀ+$×ØÙ5,7�[&sk
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´,ÃÄ��ÑBXY�¢|���XY
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Û Ü , ! � a CDP-Star, ready-to-use
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b"cd�¿,5Ð�./ CCoAOMT

¤�_`�l,-O¡�âå¤ª�_`
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·¸êë��,7�ìíîïÍ

$TOMY1ð�,ñ��òÝóôõ¾�,

7�ö�½÷OÏ 8,000 x g -Oø�ab

a}Oø�ab$Inclusion body1?�,

Ö°-Oø�abùÏ His-select Nickel 

Affinity Resin$SIGMA1,5ú�çè�

¾é!"�A¢| His-tag +Mnab,-

3 mg��ACCoAOMT øF 1X PBS buffer 

ûüýþtRCÿ!"#!"$@�èn

Úâ�I 
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Bio-Rad Mini-PROTAN ïÍ,â� 0.75 
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mm,12%� Discontinuous polyacrylamide 
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ÍF 105�3��þ,-.,�no7�4
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©8,20011+7!"#67,57�

Pyrolysis GC-MS �$Camarero et al., 19991

?^ G/S �67I 
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M 0.2 mg �w�6� Pyrolysis GC-MS 

(Agilent)*,$+¯°¥+-ÕPyrolysis

89ø1� PY-2020 D,"º- 550�,

GC - 6890N,":Æ- 5973N MSD 5Ï

70 eV $+,?½;I1� DB5$30 m × 250 

µm × 0.30 µm1I"º¯°+¥+-ÕÇ�
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275�I=>?"º 270�,@1�A@,

?B6 20Õ1,B-Õ20 mL/minIFAB
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`ÍÎ,FÉ./ CCoAOMT mRNA ��

z_`,G¦ 1103 0H¤v$I 11

$GenBank accession number: DQ3059761,

�*/6 5’ Êp 3’ ÊJ¡á_`K 79 a

274 0H¤v,O¡áab_`G¦ 750

0H¤v,5O¡áâ¢| 249 0å¤ª

�ab",·¨ab"�l $ExPasyc

Motif Scan1�L$,å¤ª_`*8 78

$ 193 0å¤ª- SAM-binding motif,�

ab"�bw�+§[%+Qa SAM

$S-adenosyl-L-methionine1®ËB,5Ã

ÄÇ¤¡üý#!"(A;UË+ Methyl 

group �%D$Ferrer et al., 20051I±B

Genome Walking �Ë<,OÉ�¤��M

Å@_`G 588 0H¤v,�q?�_`

·¨�l $Plant cis-acting regulatory 

DNA elements16v?^,�d promoter

Ob¢|��bN�,c 1,/à8OPc

GA ¥¦cM9]XYcQXYcþRÛc

�����cS4aT�OP88Ýj�

Ob�w�I 

( II ) CfCCoAOMT ¤�Q./*+UVÉ 

-«/ÐôÑB?^����,V´

�â�Â� C Êab"¡áwa�Î 3’ 

ÊJ¡áw$3’UTR1,!"V´â�,

ÑBË<ÝWÕÐ� HindIIIcEcoRI a DraI

�skË<UâdÆ¾É%OÏ_c

CCoAOMT ¤�Q¤�©ª*U¢|�

UVÉ$copy number1,¨I 2 �Ë<,

OÏXY�·¨©ªÒPý#U9£¸�

+©ª,·¸V´�ÑBXYâd�¯Æ

Z- 2 ¯,ÝW CfCCoAOMT ¤�Q./

+¤�©ª*Ob¢| 2 0UVÉI 

 

! 1 CCoAOMT"#$%&'()*+,

-!./0+1234 SAM-binding 
motif 

Fig. 1 DNA sequence of CCoAOMT and the 
coding sequence of CCoAOMT. Un-
derline indicates SAM-binding motif 

(III) CfCCoAOMT ¤�Q./}Ñno�

cd 

7�àôÑB?^,´v 12 êR�.

/+�2*!"qc�2*�}qcµ@c

[\c 1 êRµ@c 1 êR%q!"

CfCCoAOMT ¤�cd7ÂF�XY,Ë<

,I 3,�*Ï�2*!"q+cd7À

>,[\E�,�2*�}qÀ]�µ@

a%q*^_`|cdI 
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5 1  CCoAOMT " promoter 6 PLACE 72389":;+< 
Table 1  Functions of CCoAOMT gene’s promoter region predicted by PLACE analysis 

Box Position (bp) Description 

CCAAT -264 Heat shock element 
CAREOSREP -78 Gibberellin regulate 
CURECORECR -520 Copper response element 
GAREAT -116 Gibberrllin response element 
GT1CONSENSUS -184,-212,-235,-299,-341, 

-368,-378,-471 
Light-regulated 

GT1GMSCAM4 -184,-235,-341,-471 Pathogen and salt induced 
MYBPZM -260 MYB-related element 
MYCCONSENSUSAT -44,-159,-412 Water stress 
WBBOXPCWRKY1 -516 Early defense 
WBOXHVISO1 -436,-477,-541,-581 Defense system 
WBOXNTERF3 -436,-477,-541,-581 Wounding response 

 

 
MÎDIG-labeled marker (bp)ÊH?E?D �Ï-

HindIII?EcoRI?DraI ÐE,ÑÒÓ;YZB

e¢Ô�U 

! 2 =>?@ABCDEF CCoAOMT
GHI#$JKL"MGNO 

Fig. 2 Southern analysis of CCoAOMT in C. 
formosensis’s genomic DNA 

(IV) ¡Ï CfCCoAOMT ¤�Qhæ*+c

d 

1. ¡¤�hæsk 

¡¤�hæÐ�sk¥¦,GÂÏâ 

 1 2 3 4 5 6 

 

Õ� 15 ug ;¯5 RNA £¤Ö�×®?Lane 1
-ØÙ8ÚÛÜ<;��!*+�?Lane 2 -
ÚÛÜ<;��!ÝÞ�?Lane 3 -ÚÛÜ<
;ßc?Lane 4 -ÚÛÜ<;àá?Lane 5 -
âÜ<YZ;ßc?Lane 6 -âÜ<;YZR
ã��äU 

! 3 =>P@BCDEFHIQRST

" CCoAOMT 5UVW 
Fig. 3 Northern analysis of different tissues 

in C. formosensis 

*+�_`¡Ïn 10 0Ea$line1cX

+�_`¡Ïn 8 0Eacp�b¡�»

"�v�n$pART271acRØ�^

n,ª^F"#*ÏÄsk1�I 

2. ¡Ïhæ* CfCCoAOMT ¤��cd 

7�àôÑB�?^XY¡�hæ^

n CCoAOMT ¤��cd´º,Ë<WF

I 4,�**+�+¡Ïn*,� s5 ¡Ï

ncd+ RNA |>ë+9ødi�,�e

bp

23130
9416
6557
4361

2322
2027

564

M H E D  
CCoAOMT 
 
EtBr staining 
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+¡ÏnZ·¨ 35S MÅ@+fÅ���

Á7cd�¾i$I 4a1�QX+�+¡

Ïn*,� an1can2can9 +cdg-h

|,�e+ 5 0¡Ïni|gè+cd$I

4b1IãäÑB?^�Ë<,I 5,Qab

"+cd´º5,*+�¡ÏnaàôÑ

B?^iOj$�cd,�X+�¡Ïn

5T$É CfCCoAOMT cd�ab"I 

3. ¡Ïhæ*!"#RB¯ 

¡Ïhæ�!"#RB¯¾i,�*

+�¡Ïn*Â] 5 0Ea,�X+�¡

Ïn*Â] 4 0EaI7� Klason’s lignin 

method %$+�7!"#,Ë<,c 2,

cRØ$WT1a»"v�n$VC1+

!"#67J-LM� 8.5%,Q*+�¡

Ïn*�þ s1 Ea+!"#67ÁÁ+h

F�eEa�,�eEa+!"#67i

- 8~9%kl,acRØ�!"#675i 

Ý×+ÂF�QX+�+¡Ïn*,� an2

gh,�e©0Eai- 10%kl,pc

RØ+ 8.5%Ý6,!"#67Ã<JK�

ç�M�m?��I7� Pyrolysis GC-MS

%$+ G lignin a S lignin +6767,Ë

<±£,c 3,U`â�èª!"#�Ò+

n?Ã_c G lignin a S lignin +67,-

I¹�l/Ï:?5¦oâÝvõ:�O

ÏÉ� G/S +6nIcRØa»"v�

n+6nJ- 1.1,*+�+¡Ïn*�þ

s2 ¡Ïn+ G/S 6ng�e¡Ïn-h

�,s1cs3 a s4 +6ni>F 1.3,s6 +

6np>� 1.5,an1can2 a an5 +6nZ

>F 1.3I 

IV!+, 

ç���¤��l Â]öqCª+

CCoAOMT ¤��l,/Ï6v?^,Â 

 

 
 

WTÎå<æÊVCÎç+¢bè�Ês1-s10Î°±²C^ Êan1-an9ÎI±²C^  

! 4X =>P@BCDYZ)[\]" CCoAOMT ^5U 
Fig. 4r Northern analysis of CCoAOMT gene expression pattern in transgenic tobacco plants 
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OMTÎj�������iÓéê;z{ÊMÎprotein marker (kDa)ÊWTÎå<æÊ 
VCÎç+¢bè�Ês1-s10Î°±²C^ Êan1-an9ÎI±²C^  

! 5X )#$\]" CCoAOMT &'(_`BCEF 
Fig. 5r Western analysis of CCoAOMT in transgenic tobacco plants 

5 2 =>Klason’s lignin method7ab"

c)[d^e(fgh 
Table 2 Klason lignin content of transgenic 

tobacco plants 

Transgenic line Klason lignin content 

WT 8.56% ± 1.98 
VC 9.02% ± 0.37 
s1 6.25% ± 0.28 
s2 9.45% ± 3.2 
s3 8.43% ± 2.6 
s4 9.06% ± 0.45 
s6 9.34% ± 0.32 

an1 10.81% ± 0.05 
an2 9.49% ± 0.29 
an4 10.43% ± 3.55 
an5 10.58% ± 1.12 

WTÎå<æÊVCÎç+¢bè�Ê 
s1ës6Î°±²;C^ Ê 
an1ëan5ÎI±²;C^ U 

]�ÎQ DNA _`aå¤ª_`i

¢|>£¤�+w�,¥¦â�n&s�

§@v$Degenerate primer1,�v§@¯

�3Q./\]â CCoAOMT +£¤�_

`I¨ Genome Walking UÉ�� Promoter

+_`·¨�l $Plant cis-acting regu-

latory DNA elements1�?^Ë<t$,

CCoAOMT¤�¥¦ObaGA|j$Sutoh 

and Yamauchi, 20031�=�,Qu¬RÛ

~2��C£4vZ|Obw¥¦
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