Figure 11 Structure of inhibitors for DNA methylation.
(2) Methy! donor and substrate analog.
(b) Methylated base and its analog.
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Figure 12 The influence of substrate analogs on rice DNA MTase activity.
(@) S-adenosylhomocysteine
(m ) DL-ethionine
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Figure 13 The influence of de-methylating agents on rice DNA MTase activity.
( ®) S5-azacytosine
(m ) N°-benzyladenine
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ARamMInaadly Figure 14 92U NaCl uag KCI fay
|UIUMINAI 100 mM 92 inhibit  activity U84 DNA MTase @40 50 %

Taef KCl Dealums  inhibit 119N NaCl AANUGUTUASITU

=] v 2
Figure 15 4aaddifiudn Ca ion @IN130 inhibit activity 84
[ 2 { =1 as
rice DNA MTase 19an7 Mg ion  Aanmududu@eatu  Tas CaCl, uaz
MgCl, anuidudu 2 uaz 4 mM, MURWU 92 inhibit activity Y89 DNA

MTase aqﬁa 50 %

Figure 16 seraa MM U tri-cationic amine (spermidine) L@% tetra-
cationic amine (spermine) ®IWITIN inhibit activity U3 rice DNA MTase 4@
wuReIiy Teefianududuiies 8 mM @m0 inhibit  activity Y89

DNA MTase @04 100 %

VINHBNITNABDIV AU HAAII rice DNA MTase 919 1H@0In1S
co-factor G?Qﬂ%ﬁl DNA MTase 993 Chlamydomonas sp. (17) é’%ﬁ'awuﬂw $udlu
Avald EDTA Tu assay buffer (@0 wonA IEMASANYINATDY dithiothreitol
no activity U4 rice DNA MTase wud1 vinlula  dithiothreitol Tu assay buffer

9214 activity U994 DNA MTase anad 20 %
2.2.4) Optimal pH
16 sfAnyT optimal pH  w84msiiauvesou eyl DNA MTase
WU rice DNA MTase ¥ optimal pH #duwiz  1ag activity gaga ag

5819 pH 7.6 - 8.0 U@ activity @189 50 % 9 pH 7.4 uaz 82 (Figure

17)

45



Figure 14 The effect of salt concentration (monovalent cation) on rice DNA
MTase activity.
(m) NaCl
(e) KCI
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Figure 15 The effect of salt concentration (divalent cation) on rice DNA MTase
activity.
(e) Mg(Cl,
( a ) C&Clz
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Figure 16 The effect of cationic amine compounds on rice DNA MTase activity.
(m) Spermidine
{®) Spermine
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Figure 17 The pH-dependence of rice DNA MTase activity.
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2.2.5) Optimal temperature

1A% 1M 5ANY optimal temperature  Y0IMITHINUVDUOU T3] DNA

MTase WUI1 rice DNA MTase ﬁoptimal temperature 1 25°C (Table 15)
2.2.6) Enzyme Kinetic

DNA substrate concentration

MANansNAaeIdansly Figure 18 WU Km value ¥94 rice
DNA MTase #9 DNA substrate iU rice DNA 9 50 g/ml uaz9Inkans
naapiFuanly Figure 19 WU Km value 989 rice DNA MTase @9 DNA

substrate Milu poly (dF-mdC).poly (dI-dC) D 16.67 [lg/ml

Methy!l donor concentration
nANanmIneaseraaadly Figare 20 WU Km value 99 rice

DNA MTase 719 S-adenosylmethionine iy methyl donor filo 2.63 UM

2.2.7) De-methylation activity

1§M1A3R51990Y de-methylating activity U84 rice DNA MTase

¥ 3 o . o
Togly H-methylated DNA (114 DNA substrate L@ S-adenosylhomocysteine u
methyl acceptor 18 vary pH U84 assay reaction 551319 6.5 - 85  watling

laiwy de-methylating activity Tu purified rice DNA MTase

2.2.8) Enzyme stability

fy oo

A39oWuUI1 DNA MTase 71 purify 18 Tifin9w sable 39187

e o o ' . i '
maﬁnmmmauwuﬁixmw storage temperature LA  storage time NAD
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Table 15 Effect of assay temperature on rice DNA MTase activity’

Temperature (°C) Relative activity
(%)
20 48
25 100
30 62
37 45

*The purified DNA MTase was extracted from 10-day-old shoot of rice and further
assay under standard assay condition at the different temperature.
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Figure 19 DNA substrate concentration (poly (dI-mdC).poly {(di-dC))
dependence for rice DNA MTase activity.

The kinetic data showed a hyperbolic relationship between [V] & [S ]
obey the Michaelis-Menten equation.
(Lineweaver-Burk plot)

Km = 16.67 pg/ml DNA (poly (dI-mdC).poly (dI-dC))
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Figure 20 Methyl donor substrate conceniration (S-adenosylmethionine)
dependence for rice DNA MTase activity.

»

Km =2.63 uM Methyl donor (S-adenosylmethionine)
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activity V94 purified rice DNA MTase HAMINAGOIWY I activity Y894 DNA
T od a "
MTase 3$AARDINTIRTUALHNA activity 1Uaelu 3 3u 914 °C uaz 2
{ ' o 4 =1 . . : =
oY N1 -20C o1t 5 NeuLiaInY purified rice DNA MTase 149 80 °c 1flu

a1 5 Ao AYNT0 maintain activity 1318 82 % (Table 16)

o FT] X VPN ar

mﬂm‘imaawzmullmw rice DNA MTase ﬁﬂmammﬂﬁ’wﬂﬁqﬂu

DNA MTase 910 Wshdsigan 1aun 411918 67 uag Chlamydomonas 117
g 4 o & oAn wd & = o o

Bulainnndad  FFORUI Wre19Y DNA MTase 9uw1zlun1snin DNA

. o A 1 < & a o o A -y Vel

methylation Tuginuuduwizuesiy eo1elsinwnslu@eunes duiylubosn

1MINTLUAIVDY methylated base MANA19NUIN genome 9AITIMITANYIMS

o d’dy Y= cg’ tdg‘
NINIU uazmiﬂ’mﬂumu‘lcﬁuu Gl'ﬂﬁﬂ“]ﬂ"llu

2.3) mﬂm'ﬂ‘”ﬁ .amino acid sequence U3 DULY Sj DNA MTase

U%qn;ﬁ

Qe o

435018 mswSon purified rice DNA MTase  WuSquilmi uasf
YSuamnaiganednsuae 11 amino acid sequencing Lﬁammi’fauamm N-
terminal aa 'l smﬂimgmmﬂmsm purified rice DNA MTase "lﬂm N-terminal
amino acid sequencing 1f| Pastuer Institute ﬂi”&ﬂﬁﬂﬂsﬁﬁ ’VN 2 ﬂ‘:N UMIne
blocking U89 N-termindl amino acid sequencing reaction Mt lua mﬁﬂ”lé’fﬁi’fay,a

T dy
e uil
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Table 16 Stability of purified rice DNA MTase activity at various storage

temperature
Storage Temperature (°C) Storage time Relative activity
(%0)
Newly purified enzyme 0 100
4°C 24 hrs 39
48 hrs 48
72 hrs 0
-20°C 7 days 51
1 months 22
2 months 0
-80°C 1 months 98
2 months 98
3 months 95
4 months 88
5 months 82

“The purified DNA MTase was extracted from 10-day-old shoot of rice and stored in
various temperature. The assay was done under standard assay condition at different
times.



s

=y, o
3) mmaﬂ?]u DNA MTase lay AATIZHAQLIUE

@

A5suunnmieniaion toral RNA 1inoasauvadtney 10
fu idesninnamsnaaeuiieafuniin voaseuveaiiiety 10 Su i specific
activity ¥89t0U l43] DNA MTase gage 33A1A11A25921 mRNA 483 DNA
MTase M transcribe BOAWININAIY sniuinsedon polyA-mRNA Tagl¥

oligo (dT) cellulose column Y94 Poly(A)Quik mRNA isolation kit (Stratagene)

cDNA 9AA3o1910 polyA-mRNA Iagld cDNA synthesis kit U9
Stratagene (Figure 21) 49 cDNA Aesnldn dauniTaune cDNA gnlddmsy
19383 cDNA library 1a81d A- ZAPII vector UaY packaging kit (Gigapack 11
Gold) V03 Stratagene (Figure 22) G?;Qm?ﬂllhlﬂy titer 1 X lngfu/IJ.g of vector

3.1.2) mMsa3EU probe §M3UAADDN rice putative DNA MTase clone
» cé ,
¢DNA Bndrunilagnlddmiuily templae Wi PCR Taold

primer 0 design 970 specific LLa% conserved region U3 SAM binding site Ha¥
active site U893 DNA MTase iﬂﬂ‘ﬁ}ﬂy‘a‘uﬂd Arabidopsis DNA MTase cDNA Falu
NINARDIL Hf%%ﬂﬁmﬁ design 4 non-degenerated primers {01¥ 2 degenerated
primers AanaAalu Figure 23 1191 PCR Tau 14 rice cDNA (T4 template
Naﬂﬂﬂ{]’h degenerated primers F2.2* 119z R2.2* 1 expected size YB3 PCR

A o . & Ay vt v
product ANaunu 1 vuiatsyuns 0.3 kbp (Figure 24) &4 PCR product 11 1A%l 19
1) subclone (€7 pGEM T-easy vector (Promega) MNTATIVADY sequence RIETRY

diouiudeyalu database wu1 Jd2UA homology 11 DNA MTase cDNA 84
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Figure 21 ¢DNA synthesis flow chart.

c¢DNA Library Construction primerflinker

TTTYITTTITTTITGAGCTC S

IS A6 3

Reverse Transcriptase
5-methy| dCTP
dATP, dGTP, dTTR

CH3 CH3 CH3 CHa CHa

Xho |
S TTTTTITTITTTITTGAGCTC S

RNase H S FYVYVVIVEYVVE

DNA Polymerase |
dNTPs

Pfu DNA Polymerase
CH3 CH3 CH3 CH3 CH3 Xho |
R : ETTTTTTTITTTTITGAGETCS

3

AAAAAAAAAAAACTCGAGS
EcoR | Adaptors
T4 DNA Ligase

CH3 CHa CHa CH3 CH3

EcoR | Xho | EceR |
3G, TTTTTTTTTTTTGAGCTC. . .CTTAAS
5'AATTC

| AAAAAAAAAAAACTCGAG. .. G 3
Xho | Restriction ,

CH3 CH3 CHy CHa CHa

EcoR | | Xho |
3G..  TTTTITTITITITTIGAGCT S
§'AATTC =
AAAAAAAAAAAAC 3 C?‘HNA
ﬁszet cDNA

Completed Directionai cDNA

=ONA
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Figure 22 ¢DNA library construction using Lambda ZAP 11

cloning vector with Gigapak II packaging extract
(Stratagene).

Lambda ZAP® If Cloning

3

¥
Sac
Not |
Xba |
Spe |
EcoR |
Xho |

AT7

Directional ligation to Uni-ZAP XR arms +

13»

Gigapack Il packaging extract i

1. Construct DNA library
2. isolate positive clone

3. Excise the pBluescript plasmid
containing the cloned DNA insert
by co-infection with helper phage

Terminator

pBluescript SK-
(=

phagemid
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Figure 23 Primer design from conserved regions based on
Arabidopsis thaliana DNA MTase cDNA.

1 3295 3312
5’-ATG----==-- TTTGCTGGTTGTGGTGGCmmmmmmm = mmmmmm = o
(SAM binding site)
3568 3606

——————— GACTTCATCAATGGTGGACCTCCATGTCAGGGATTTTCT-
(active site of DNA MTase)

4605
---------------------------------------------------------- -CCTAG- 3’

Four non-degenerated oligonucleotide primers and two
degenerated oligonucleotide primers were designed to be used
for PCR amplification of partial rice DNA MTase ¢cDNA

region.

F1 5’-GGGATGGTGAGAGTCTAGG-3°

primer specific to Arabidopsis

F2.1 S>-TTTGCTGGTTGTGGTGGC-3’
SAM binding site

F2.2%: 5-TTYGCNGGNTGYGGNGGN-3°
SAM binding site

R1 S-TTTTTTTTTTTCTAGGGTTGGTGT-3°
primer specific to poly A tail

R2.1 : 5-AAAATCCCTGACATGGAGG-3’
active site

R2.2%*: 5’-WRAANCCYTGRCANGGNGG-3’

active site

* degenerated oligonucleotide primers
R: A/G, W: A/T, N: A/T/G/C, Y: C/T



= 0.3 kbp

Figure 24 Expected PCR product of 0.3 kbp was obtained
by using F2.2* and R2.2* primers with rice cDNA
as template.

2
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3 )
Arabidopsis 398 4%971 pPMI (partial rice DNA MTase cDNA) 1197192811150

145y probe Tuns screen M1 putative clone U843 rice DNA MTase anllld

3.1.3) 113 M529H1 putative cDNA clone U493 rice DNA MTase 911

cDNA library

Ej’: 98117 screen 11 putative cDNA clone U84 rice DNA MTase
910 ¢cDNA library Vll,ﬂ'i‘c’}llulﬂ Tae75 Plaque hybridization A28 0.3 kbp fragment
V93 PCR product clone pPMI1 ﬁma‘fﬁll}"ﬁﬁ"ﬂ"lﬂ“ﬁ}ﬂ 3.1.2 ﬂ‘i’]ﬂf,]ﬁ? 9110017 screen
1 X 106 pfu WU 3 positive clones

Lﬁﬂ“ﬁmﬁ excision 1A helper phage co-infection Ml la
pBluescript SK 1131 cloned ¢DNA insert 8 1M3ATINADUVUIAVEA insert 1A
¥i1 PCR %18 T3 uaz T7 primers 1183 EcoRI digestion HUN insert 890 aataaelu
Figure 25 11510001 insert iuMAYTEAN 4.7 kbp Difed 1 clone w34
dido pRM1 (rice DNA MTase clone #1) F9UIACDNA 4.7 kbp duvunad
a1ANAsIziiy Lﬁaﬁmmmﬂmumwm purified rice DNA MTase enzyme

= o d'l 1
(lszanm 130 kDa) 3918%1M5 sequence tons1980UAD 1)

]

3.2) MTIUAIIZHANLIUAUDA putative cloned cDNA UBA rice

i 3

FPUMINITNAT NG VIU VDL putative cloned cDNA 984 rice DNA

e

= b o .
MTase 11 pRM1 1o s primer walk sequencing Fautums sequence 1A design
. g s d' 9 EY dl- ¥ » .
primer n overlap NU sequence NNITUVDYALAT IND sequence G]?Jblﬂﬁlu direction
= % 9 ar u'; = d‘. ar ad dyu v oy
IRE3IAY a7l sequence naduIUnNIEaNYaen overlap Y Tﬂ&ﬂﬁuﬂﬂﬁllﬂ“ll’ﬂyﬁ

sequence M1 full length A151 4.7 kbp (Figure 26)
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Figure 25 Putative lambda clone was excised to be
pBluescriptSK containing the cloned ¢DNA insert
by co-infection with helper phage. The putative
cloned ¢cDNA insert in pRM1 was checked by
PCR using T3/T7 primers (left) and EcoRI
digestion (right). The result indicated the 4.7 kbp
cloned ¢DNA insert in pRM1.

1 2 1 2
kbp
5.09 __
3.05— <7 kbp
1.64 — __ pBSK
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Figure 26 Primer walk sequencing was employed to
assemble the full length sequence of 4.7 kbp
putative rice DNA MTase ¢cDNA cloned in pRM1.

Nucleotide sequence of Rice DNA
Methyltransferase

— 1 _
walk from T 3 [ "———m—— ———2 —
promotor

walk from T 7
r promotor

m— 300 bp

Primers Sequences —’

5 TGCTGTGGAGAAACTGG 3
5 CCGAACACTCACGACCC 3
5 CGCATGCGGGCAGCCAC 3
5 CGGACCAGGCAGCGCAGT 3’
STGCCTGGGCTGCCGGGT 3
5'GCTTCCTCGTCGCTCCA 3
S'GCCATCCACCTCCECAA 3
5 GAATGACCGAGACCCAG 3
STYTCGTGGGTGGTTTGT 3
S’ AGCCACTGAGCCACCAC 3

Leel-aen U &t |-

—
=
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Total nucleotide sequence ‘ﬁ clone 14 fio 4,712 nucleotides LAY WU Kozak
sequence N9 Ua1g 5 @0d0 start codon ATG WY stop codon 8% poly A tail
e Uae 37 uaas AT clone 1@ full length Y949 putative cDNA clone 484
rice DNA MTase Figure 27 LAY open reading frame U84 nucleotide sequence ‘Ifii
4,506 nucleotides lAa¥ UTAY inferred amino acid sequence ‘ﬁ,:\‘i 1,502 amino acids

VB9 putative cDNA clone U84 rice DNA MTase oA IUINAIY molecular mass

A1592 14 rice DNA MTase enzyme YUIALIEUNY 167 kDa

oy d . R .
3.3) MIUATIZH functional domains 4183 conservrd motifs YB3

rice DNA MTase sequence WanfSsuheuiie known sequence

=y 4
NaN1TUAT1EN functional domains U0 rice DNA MTase inferred amino acid

sequence WordSeufousy known sequence teraa lu Figure 28 WU rice DNA

P

MTase amino acid sequence 1 linker (GKKKGKVN) #ailugatitls N-terminal

©

region(2/3 @IUVDY sequence NIMUANIIUAE §5) ARpUTUANANAUTEH IO

T 3
L e L B 1 ! ar

9
o =Y [
"lc}fﬁmmmmmmazﬁnm Y C-terminal region (1/3 AIUUBI sequence YNHUA

a Aas 1

k] { 1 o 1 a’dy =y
matlate 37) AfeudnanToususzuauen i ndFaliFiauaasviie

WU Lys-Gly repeats (KGKGKGKGKGKGK), conserved motif 1 (SAM
binding site), conserve::l motif IV (Active site), conserved motif VI, VIII, IX U@y
X U151 C-terminal region ﬁﬁﬂﬁ%'ﬂﬂ’hlﬂﬂ DNA MTase Lfl"ﬂ‘lfch alignment
#1U conserved motifs Y99 rice DNA MTase amino acid sequence nfseueuny
known DNA MTase amino acid sequence ¥oanizdulaun §17Tna uason uzide
1Ne E%’J Uy Arabidopsis aauaaslu Figure 29 W11 DNA MTase amino acid
sequence A9 conserved motifs 99§17 ¥ Twe uasen wudomd 7 uas
Arabidopsis T identity 54 061013fim 300z TinszvinvazBeaduqiiiman

ao 'l
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Figure 27 Nucleotide and inferred amino acid sequence of
rice DNA MTase cDNA

5 ATG GCA GAC TCA AAT AGA TCC CCA AGA TCC AGG CCC AAG CCT CGG GGA CCC AGG
M A DS N R S P R S R P K P R G P R
AGA AGC AAG TCG GAC AGT GAC ACC CTT TTT GAA ACT TCA CCT AGT TCC GTG GCT
R § K S b § p T L F E T 8§ P § § V A
ACG AGG AGA ACC ACC AGG CAG ACC ACC ATC ACG GCT CAC TTC ACG AAG GGC CCC
T R R T TR Q@ T T I T A H F T K G P
ACT AAA CGG AAA CCC AAG GAA GAG TCG GAA GAG GGG AAC TCG GCT GAG TCG GCT
T K R K P K E E 8 B E G N § A EBE § A
GCA GAG GAG AGA GAC CAG GAT AAG AAA CGC AGA GTT GTA GAC ACA GAG AGT GGT
A°E E R D Q D X K R R V V D T E § G
GCT GCA GCT GCT GTG GAG AAA CTG GAA GAG GTA ACA GCG GGA ACC CAG CTG GGT
A A A A V BE K L E E V T A G T Q@ L ¢
CCG CAA GAG CCA TGT GAA CAG GAA GAT GAC AAC AGG AGT CTT CGA CGT CAC ACC
» BE E P ¢C E Q E P D N R S L R R H T
AGA GAG CTG TCA TTG AGG CGG AAA TCA AAG GAG GAT CCA GAC AGA GAA GCA AGA
R E L § L R R K S K E D P D R E A R
CCG GAA ACT CAC TTG GAC GAG GAC GAG GAC GGA AAA AAG GAT AAA AGA AGT TCC
P E T H L D E D E D G K X D X R § 8§
AGA CCC AGG AGC CAG CCC AGA GAT CCA GCT GCC AAA CGG AGA CCC CAG GAA GCA
R P R S § P R D P A A K R R P Q E A
GAG CCA GAG CAG GTA GCT CCC AGA GAC TCC GAG GAC AGA GAC GAG GAT GAG AGG
E P E Q ¥ A P R D S$ E D R D E D E R
GAG GAG AAG AGA CGA AAA ACG ACA CGT TTA AAA CTG GAG TCA CAC ACC GTT €CC
E E XK R R K T T R L XK L E 8§ H T V P
GTT CAG AGC AGA TCG GAG AGA AAA GCC GCT CCA AGC AAA AGT GTG ATC CCG AAG
vV ¢ § R § BE R X A A P S K S§ V 1 P K
ATC AAC TCA CCA AAG TGC CCC GAG TGT GGC CAG CAC CTA GAC GAC CCT AAC CTG
!1 N s P K € ¥ E ¢ G Q H L D D P N L
AAG TAC CAG CAG CAC CCT GAG GAT GCT GTG GAT GAA CCC CAG ATG TTG ACC AGT
K Y Q Q B P E D A V D E P QM L T S
GAG AAA CTG TCC ATC TAC GAC TCC ACC TCG ACC TGG TTT GAT ACT TAT GAA GAT
E K L s 1Y D S T S T W F D T Y E D
TCT CCC ATG CAT AGG TTC ACT TCC TTC AGT GTG TAC TGC AGT CGC GGG CAC CTG

s P M H R F T 8§ F 8 VvV Y ¢C 5 R G H L



TGT CCT GTC GAC ACC GGT CTC ATT GAG AAG AAT GTA GAG CTC TAC TTT TCT GGG

c PV oD T G L I E K N ¥ B LY I 5 G
TGT GCC AAA GCA ATT CAT GAC GAG AAT CCA TCT ATG GAA GGT GGT ATT AAT GGC
c A K A 1 H D E N P S M E G G I N G
AAA AAC CTC GGG CCA ATC AAT CAG TGG TGS CTC AGT GGC TTT GAT GGT GGC GAG
K N L G P I N Q w W L S G F D G G 3]
AAG GTG CTC ATT GGC TTC TCC ACT GCA.’I‘I‘T‘ GCT GAA TAC ATT TTG ATG GAG CCC
K Vv L 1 G F S T A F A E Y I L M E P
AGC AAA GAG TAT GAG CCA ATA TTT GGG CTG ATG CAG GAG AAA ATT TAC ATC AGC
5 K E Y E P 1 F G L M Q E K I Y I S
AAG ATT GTT GTT GAG TTC CTG CAA AAC AAT CCT GAT GCT GTA TAT GAA GAC CTG
K 1 v VvV E F L Q N N P D AV Y E D L
ATC AAT AAG ATT GAG ACC ACT GTT CCT CCT TCT ACC ATT AAT GTG AAC CGG TTC

I N K I E T T Vv P P 3 T I N V N R F

ACA GAG GAC TCC CTC TTA CGC CAC GCC CAG TTT GTA GTG AGC CAG GTA GAG AGT
T & D 8 L L R H A Q F V Vv € Q Vv E S8
TAC GAC GAA CCC AAG GAC GAT GAT GAG ACC CCC ATC TTC TTG TCT CCC TGT ATG
Y » L. A XK b D D E T P 1 F L & P C M
AGA GCC CTG ATC CAT TTG GCT GGT GTC TCC CTG GGA CAG AGG CGA GCA ACA AGG
R A L 1 H L A G V S L G Q R R A T R
CGC GTC ATG GGT GCT ACC AAG GAG AAG GAC AAA GCA CCC ACG AAA GCC ACC ACC
R VvV M G A T K E K D K A P T K A T T
ACC AAG CTG GTC TAT CAG ATC TTT GAC ACT TTC TTC TCA GAG CAG ATT GAG AAG
T K L VvV Y @ I F b T F F $ E Q I E K
TAT GAT AAG GAG GAC AAG GAG AAT GCC ATG AAG CGC CGC CGC TGT GGT GTC TGT
Yy P XK E,D K E N A M K R R R C 6 V ¢
GAG GTC TGT CAG CAG CCT GAG TGT GGG AAG TGC AAG GCG TGC AAA GAT ATG GTG
E V ¢ @ Q P E € G K ¢ K A C K D M V
AAG TTT GGT GGC ACT GGA CGG AGT AAG CAG GCT TGC CTC AAG AGG AGG TGT CCT
K F 6 6 T 6 R S K Q aAa C L K R R C P
AAC TTG GCG GTG AAG GAG GCA GAC GAC GAT GAA GAG GCT GAT GAT GAT GTG TCA
N L A V K BE A D DD E E A D D D V §
GAG ATG CCA TCA CCC AAA AAG CTG CAT CAG GGG AAG AAG AAG AAG CAG AAC AAG
E M P S P K K L H ¢ G K X K K Q N K
GAC CGC ATC TCC TGG CTT GGG CAG CCT ATG AAG ATT GAA GAG AAT AGA ACT TAC
D R 1 § W L G Q P M K I E B N R T Y
TAT CAG AAG GTG AGC ATC GAT GAG GAG ATG CTA GAG TGG GCG ACT GGG TCT CGG

Y Q K Vv ) I D E E M L E W A T G S R



TCA TTT CCA GAT GAT TCC TCC AAA CCA CTC TAT CTA GCC AGG GTC ACA GCT CTG
S F P D L5 § K P L Y L A R Vv T A L
TGG GAA GAC AAA AAT GGT CAG ATG ATG TTC CAT GCG CAC TGG TTC TGC GCT GGG
W B D K N G @ M M F H A H W F cC A G
ACA GAC ACA GTC CTG GGA GCC ACC TCC GAC CCC CTG GAA CTG TTC CTG GTG GGC
T b T vV L G A T s D P L E L F L V¥V G
GAG TGC GAA AAC ATG CAG CTT TCC TAC ATC CAC AGC AAG GTC AAG GTC ATC TAC
E C E N M Q L 8§ Y I H 5 K V K v I Y
AAA GCC CCT TCT GAA AAC TGG GCC ATG GAG GGA GGC ACA GAC CCT GAG ACC ACA
K A P § E N W A M B G G T D P E T T
CTG CCT GGG GCT GAG GAT GGC AAG ACT TAC TTC TTC CAG CTC TGG TAC AAC CAG
L ¢ G A B D G K T Y F F Q L W Y N Q
GAG TAC GCA AGG TTT GAA TCC CCA CCC AAG ACC CAG CCG ACC GAG GAC AAC AAG
E Y A R F E 3 P P K T Q P T E D N K
CAC AAG TTC TGC CTA TCT TGT ATC CGG CTG GCT GAG CTG AGA CAA AAA GAG ATG
H K F C L § C I R L A E L R Q K E M
CCC AAG GTC CTG GAA CAA ATT GAG GAG GTG GAT GGC CGG GTC TAC TGC AGT TCC
P K VvV L E Q I E E Vv D G R Vv Y C 3 S
ATC ACC AAG AAT GGT GTT GTC TAC CGA CTG GGT GAC AGT GTG TAC CTT CCT CCC
I T K N G Vv vV Y R L G D § v Y L P P
GAG GCC TTT ACT TTC AAC ATC AAA GTG GCT AGC CCC GTG AAA CGC CCA AAG AAG
E A F T F N 1 K vV A 5 P Vv K R P K K
GAT CCT OTG AAC GAG ACC CTG TAC CCT GAG CAC TAC CGC AAG TAT TCT GAC TAC
D P VvV N E T L Y p E B Y R XK Y 8§ D Y
aTC AAG GGG AGC AAC CTG GAT GCT CCA GAG CCC TAT CGC ATC GGT CGG ATA AAA

I K & 5 N L D A P E P Y R I G R I K
»

GAG ATC CAC TGT GGC AAG AAG AAA GGC AAG OTC AAC GAG GCA GAC ATC AAG CTG
E I H C G K K K G K v N E A D 1 K L
AGG CTC TAC AAG TTC TAC AGG CCT GAG AAT ATC CAC AGG T2C TAC AAC GGA TOC
E L Y K F Y R P B8 N TH kR & Y N G 5
TAT CAC ACT GAC ATC AAC ATH T Tal T30 AGT QAL TAG GAA GOT GT3G OTG aAl
Y H U D I N M L Y W S D E E A Y Vo i
TTC AGC GAC GTG CAG GGC CGC TGT ACC GTG GAG TAC GGG GAA CGAC CTA CTT GAG
F 8§ D v ¢ G R C T v E Y G E D L L E
AGC ATC CAG GAT TAT TCA CAA GGG GGC CCT GAC €©GC TTC TAC TTC CTC GAG GCC
N I Q DY S Q G ¢ ¢ T R F Y F L E A
TAC AAT TCA AAG ACC AAG AAC TTT GAA GAC CZA TCA AAC CAT GCC CGC AGC CCT

Yy N § K T K N F E D P P N H A R s P
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GGG AAC AAA GGG AAA GGG AAG GGG AAA GGG AAG GGG AAG GGG AAG CAT CAG OTG
G N K G K G K G K G K G K G K H Q Vv

TCA GAG CCC AAA GAG CCT GAG GCA GCC ATC AAA CTG CCC AAG CTC CGG ACC CTG

S B P K E P E A A1 K L P K |L R T L

GAT GTG TTT TCC GGC TGT GGA GGG TTA TCG GAA GGA TTC CAC CAA GCA GGC ATC SAM

D V F s 6 ¢ ¢ G L s 8 G F H Q A 6 1| binding site

TCG GAA ACG CTG TGG GCC ATC GAG ATG TGG GAC CCG GCA GCC CAG GCA TTT CGG
S E T L W A I E M W D P A A Q A F R
CTG AAC AAC CCC GGC ACC ACA GTG TTC ACA GAG GAC TGC AAC GTG CTT CTT AAG
L N W P G T T v F T E D ¢ N V L L K
CTG GTC ATG GCT GGG GAG GTG ACC AAC TCT GTG GGU CAA AGG CTG CCA CAG AAG

L vV M A G E V T N S V G Q@ R L P |lg K
GGC GAT GTG GAG ATG CTG TGT GGT GGG CCA CCC TGC CAG GGC TTC AGT GGC ATG

G D VvV E M L € G G P P? C Q G F § G M active site

AAC CGC TTC ACA CTC CCG CAC TTA TCT CCA AGT TCA AAG AAC TCC CTA OTG CGTC

N R F T/l L P H L § P §$ 5 K N S§$ L V V
TCC TTC CTC AGC TAC TGT GAC TAC TAC CGG CCT CGG TTC TTC CTT CTG GAG AAC
§$ F L § Y ¢ D Y Y R P R F F L L B N
GTC AGG AAC TTC GTG TCC TAC AGA CGC TCC ATG GTG CTG AAG CTC ACA CTG CGC
vV R N F vV 8 Y R R § M Vv L K L T L R
TGC CTG GTC CGC ATG GGC TAC CAG TGC ACC TTT GGT GTG CTC CAG GCT GCA CAG
¢ L ¥V R M G Y Q ¢ T F G ¥V L ¢ A G Q
TAT GGC GTG GCC CAG ACA COA AGG AGG GCC ATC ATC TTG GCT GCA GCC CCA GGA
Y G v A Q T R R R A I I L A A A P G
GAA AAG CTG CCT CTG TTC CCA GAG CCT CTG CAT GTG TTT GCG CCC CGT GCC TGC
E X L ?» L F P E P L H V F a P R AC
TAG TTG AGC GTT GTG GTG GAT GAC AAG AAG TTT GTT AGC AAC ATA ACG AGS CTG
Q L § ¥ VY vV D D K K F VvV § N I T R L
AGC TCG (GG CCC TTC CGA ACC ATC ACC GTG CGA GAC ACC ATG TCT GAC CTC CCC
$ 5 ¢ P F R T I T Vv R D T M § D L P
GAG ATC CAG AAT GGA GCC TCG AAT TCT GAG ATC CCC TAC AAT GGA GAG CCA CTG
E I ¢ N G A § N § B 1 P Y N G EBE P L
TCC TGG TTC CAG AGG CAG CTG CGA GGA TCA CAG TAC CAG CCC ATC CTT CAG GGA
S W F Q R 0 L R G 8§ ¢ Y Q P 1 L @ @
CCG GCT CTG CAA GGA CAT GGC CCA CTG GTG GCT GCC CGC ATG CCG CAC ATC CCA
P A L 2 G 3 G P L ¥ A A R M P 0 I P
CTG TTEC CCA GGA TCA GAT GG IGT GAC CTG CCC AAC ATA CAG GTG €GO CTG GCA

L F 7 G S D W R D L P N I Q v R L G
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GAT GGC GTC ATA GCC CAT AAG CTA CAG TAC ACC TTT CAT GAT GTG AAA AAT GGT
b G v o1 A H K L QY T F H D Vv K N G
TAC AGC AGC ACC GGT GCC CTG CGT GGA GTC TGT TCC TGT GCA GAA GGC AAG GCT
Y S S T™ 6 A L R O v C S C A E G K A
TGC GACT CCT GAG TCC AGG CAA TTC AGC ACC CTC ATCT CCC TGG TGC CTG CCG CAC

C b P E 5 R Q F § T L 1 P w C L P H
ACT GGG AAC CGG CAC AAC CAC TGG GCT GGC TTC TAC GGG CGT CTG GAG TGG GAT
T G N R H N H W A G F Y G R L BE W D
GGT TTC TTC AGC ACC ACT GTC ACC AAC CCT GAG CCC ATG GGC AAG CAG GGT CGG
G F F S T T ¥V T N P E P M G X Q G R
GTG CTC CAC CCG GAG CAG CAC CGG GTC GTG AGT GTT CGG GAA TGT GCC CGC TCC
vV L H P E @ H R v Vv § V R E C A R S
CAG GGC TTT CCA GAT AGC TAC CGG TTG TTC GGC AAC ATC CTG GAC AGA CAC CGG
Q G F P D § Y R L F G N I L D R H R
CAG GTG GGT AAT GCT GTG CCA CCA CCC CTG GCC AAA GCC ATT GGC CTG GAG ATT
Q V. G N A V P P P L A K A I G L E I
AAG CTC TGC CTG CTG TCC AGT GCT CGG GAG AGC GCA TCA GCT GCA GTT AAA GCA
K L ¢€ L L s S‘ A R E S A S8 A A V K A

AAA GAG GAG GCT GCT ACC AAG GAA 3

K E E A A T K E
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Figure 28 Identification of several functional domains based
on homology with other known sequences in the
inferred amino acid sequence of rice DNA MTase
cDNA.

MADSNRSPRSRPKPRGPRRSKSDSDTLFETSPSSVATRRTTRQTTITAHFTKGPTKRKPKE
ESEEGNSAESAAEERDQDKKRRVVDTESGAAAAVEKLEEVTAGTQLGPEEPCEQEDDN
RSLRRHTRELSLRRKSKEDPDREARPETHLDEDEDGKKDKRSSRPRSQPRDPAAKRRPQE
AEPEQVAPRDSEDRDEDEREEKRRKTTRLKLESHTVPVQSRSERKAAPSKSVIPKINSPK C
PECGQHLDDPNLK Y QQHPEDAVDEPQMLTSEKLSIYDSTSTWFDTYEDSPMHRFTSFSVY
CSRGHLCPVDTGLIEKNVELYFSGCAK AIHDENPSMEGGINGKNLGPINQWWLSGFDGGE
K VLIGFSTAFAEYILMEPSKEYEPIFGLMQEKIYISKIVVEFLQNNPDAVYEDLINKIETTVPP
STINVNRFTEDSLLRHAQFVVSQVESYDEAKDDDETPIFLSPCMRALIHLAGVSLGQRRAT
RRVMGATKEKDKAPTKATTTKLVYQIFDTFFSEQIEK YDKEDKENAMKRRRCGVCEVCQ
QPECGKCKACKDMVKFGGTGRSKQACLKRRCPNLAVKEADDDEEADDDVSEMPSPKKL. .
HQGKKKKQNKDRISWLGQPMKIEENRTY YQKVSIDEEMLEWATGSRSFPDDSSKPLYLAR
VTALWEDKNGOMMFHAHWFCAGTDTVLGATSDPLELFLVGECENMQLSYTHSK VK VIYK
APSENWAMEGGTDPETTLPGAEDGKTYFFQLWYNQEY ARFESPPK TQPTEDNKHKFCLSC
IRLAELRQKEMPK VLEQIEEVDGRVYCSSITKNGVVYRLGDSVYLPPEAFTFNIK VASPVKR
PKKDPVNETLYPEHYRKYSDY[KGSNLDAPEPYRJGRH(ENC*&@EADH{LRLYKF
YRPENTHRSYNGSYHTDINML YWSDEEAVVNFSDVQGRCTVEY GEDLLESIQDYSQGGPD
’ Lys-Gly repeats -
RFYFLEAYNSKTKNFEDPPNHARSPGNKGKGK GKGK GKGKHQVSEPKEPEAAIKLPKLRT
I ( SAM binding site)

LDVFSGCGGLSEGFHQAGISETLWAIEMWDPAAQAFRLNNPGTTVFTEDCNVLLKLVMAG
v { Active site )

EVTNSVGQRLAQKGDVEML CGGPPCQGFSGMNRFLPHLSPSSKNSLVVSFLSYCDYYRPR
VI . ViR

FFLLENVRNFVSYRRSMVLKLTLRCL VRMGYQCTFAVLQAGQYGVAQTRRRAILAMAPGE

KLPLFPEPLHVFAPRACQLSVVVDDEKFVSNITRLSSGPFRTITVRDTMSDLPEIONGASNSE]
PYNGEPLSWFQRQLRGSQY QPILQGPALQGHGPLY AARMPHIPLFPGSDWRDLENIQVRLGD

GVIAHKLOQYTFHDVKNGY SSTGALRGVCSCAEGKACDPESRQFSTLIPWCLPHTGNRHNHW
IX

AGFYGRLEWDGFFSTTVTNPEPMGKQGR VLHPEQHR VVS VRECARSQGFPDSYRLFGNILD
X
RHRQVGNAVPPPLAKAIGLEIKLOLLSSARESASAAVKAKEEAATKE

Landmark on the rice -5 MTase primary structure. Several functional domairs
base on homology with other known sequences have been identified. 71
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Figure 29 Alignment of the conserved motifs of known plant

DNA MTase cDNA with rice DNA MTase ¢cDNA
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v
1LJGGPPCQGESGM
WPGEVEFINGGPPCQGFSGH
PGQVDFINGGPPCQGFSGMN
GQVDFINGGPPCQGFSG
GQVDFINGGPPCQGFSG
GQVDFINGGPPCQGESG?

[LEAGAFGVAQSRKRAF
ILEAGAYIGVPQSRKRAF
ILEAGAFGVPQSRKRAF
ILEAGAYIGVPQSRKRAF
ILEAGAFGVSQSRKRAF
ILEAGAY/GVSQSRKRAF

X
DRARQVIGNAVPPPLAKRIGLEIRLC
QIGNAVPPPLAYALGRKLKEA|
IGNAVPPPLAYAL KEA
QIGNAVPPPLAYALGRKLKEA
HKHRQIGNAVPPPLAYALGRKLKEA
HKHRQIGNAVPPPL GRKLKEA
HKHRQIGNAVPPPL GRKLKEA

Alignment of the conserved motifs of plant C-5 methyltransferase
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Figure 30 Southern blot hybridization of rice genomic DNA
digested with BamHI (lanel) and HindIII (1ane2),
and probed with 4.7 kbp EcoRI-EcoRYV fragment
of rice DNA MTase cDNA
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Figure 31 Developmental specific DNA MTase gene
expression in rice.
Aliquots of 10 pg of total RNA isolated from
different developmental stages were electrophoresed
in a formaldehyde-agarose gel. The RNA was
transferred and fixed to a hybond membrane and
probed with 4.7 kbp EcoRI-EcoRV fragment of rice
DNA MTase cDNA. Lanel: dry embryo (D),
LLane2 and 3: 1 and 3-day-germinated embryo, Lane
4-7:7,10, 14 and 30-day-old-seedling, respectively.

= 4.7kb

D 1 3 7 10 14 30 days
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Figure 32 Tissue specific DNA MTase gene expression in
rice.
Aliquots of 10 pg of total RNA isolated from
different tissues were electrophoresed in a
formaldehyde-agarose gel. The RNA was
transferred and fixed to a hybond membrane and
probed with 4.7 kbp EcoRI-EcoRV fragment of rice
DNA MTase cDNA. Lanel: leaf tissues (L), and
Lane2: root tissues (R).

= 4.7 kb
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