HSYHISA H34AE Hss
J Plant Biotechnol
Vol. 34, No. 4, 323-329 (2007)

SaX ENENM Cytosine Methylation(f] Q)3 SEXILN K|

M3, DMt 0l4eN, BiX|Y, S Javad Davarpanah, H3Ix|, MME QA MU
BRI BHATL, AERHAATAL

Gene Silencing Induced by Cytosine Methylation in Transgenic Tomato

Seo Hee Jung, Sung Ran Min, Soo Young Lee, Ji Young Park, S Javad Davarpanah, Hwa-Jee Chung, Jae
Heung Jeon, Jang Ryol Liu, and Won Joong Jeong’
Plant Genome Research Center, Korea Research Institute of Bioscience and Biotechnology (KRIBB), 111 Gwahangno,
Yuseong-gu, Daejeon 305-806, Korea

ABSTRACT Transgene expression was analyzed in tomato plants. Four lines of neomycin phosphotransferase
Il gene (NPTII) and the trehalose biosynthetic fusion gene (TPSP) transformed T, plants showed kanamycin
resistance on selection medium. However, the analysis of phenotype (kanamycin resistance) and mRNA
expression in T; plants indicated that the expression of the NPTIl and TPSP transgenes was down-regulated
to an undetectable level in two independent lines 1 and 11. Southern analysis demonstrated that the lines
1 and 11 had multicopies of the transgenes, whereas the typical transgenic lines 2 and 10 had 1 or 2 copies.
DNA methylation analysis using methylation sensitive enzyme detected accumulated CpG DNA methylation on
TPSP coding region and CaMV35S promoter region in the line 11, but not the typical transgenic line 2. These

results suggest that multicopy transgene in plants is attributed to down-regulation of the transgene expression
via transcriptional gene silencing.
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FUHBYBANA 27bsohn HgAQl e o) oot TS 50 tneelld nptll a7} W=
o] MEe BX8EH Fa8 oleolg. T Sos o911 (Meza et al. 2001), chitinase@} [3-1,3-glucanase?} =
27 9 A HEE o) L5l E YALE FAMTAES UE Y 7 Ta Aol A 7HA| 2 80% A Rzt whd
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(De Wilde 2001), & copy?] elai-f-4247 ZUH Sl
@o] dojdr} (Hobbs et al. 1993, Jorgensen et al. 1996, Wang
and Waterhouse 2000). A A&7 o2 copyl <)
FA27F HAA Q] § locusol] repeat X inverted repeat 2
2 wjg=o] =UEAL}; (Pawlowski and Somers 1998, De
Buck et al. 1999, Muskens et al. 2000), single copy2}% H|A
A AAE U E =&Y (position effect), 0]3L0.2
T8 442l mRNA o] = v 34l Q] mRNAZ} HA}
El=d, o]23t v]7g42 mRNALE transgene silencing®] Al
39S 817 Fr} (Hannon 2002). & =GR 2 EE A}
H v 9 mRNA (aberrant, dsRNA )]l 23] transgene
silencing®] =59 Dicer, Ago, methylase 5 thokst T4
0] A= RNA interference (RNAi) 7|2-& B30, H]H
AFE mRNA ©]9Jofl= 4/4F22) mRNAE EfE|=2 3= post
transcriptional gene silencing (PTGS) = & W] chromatin
HPAG 2N FTAAS] mRNAZE HALER] 2514
Sl transcriptional gene silencing (TGS) @Ato] WHAsl= A
22 dBFrh (Mette et al 1999, Muskens et al. 2000, Sijen
et al. 2001, Hannon 2002, Fojtova et al. 2003, 2006, Brodersen
and Voinnet 2006). wetA Qel-f-d27F FAFH o)1 oky A
© 2 WAL F6}L silencing B L AE FAHS A
9| & FofEo] itk olet 22 oJH-HALY silencing
S B es sty PAATY LS &ol7] 9
A= silencing 2 E F4LE A3 Zo| Dasith
2 #+2A & TPSP
TR HAFATE E43t0] BEulEoA transgene silencing
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HA7% wlEj = pCAMBIA 2300 vectoro] CaMV35S promoter
9} not terminator®] £4-& W= NPTII &-#A} & TPSP &-#
A7 AR pHC21-TPSP W (Figure 4012 ARSSHSICH A}
S8 TPSP f-Ate PRSI 5T TpolAd Hopol
Tk MS ufixjollx] dwolE Wk Enle (Lycopersicon esculentum
Mill cv. Joyful)] QAWM pHC21-TPSPHIEE 7}zl
Agorbacterium tumefacience LBA4404-& 51|95l 7
S 3SIAT) 2 mg/L zeatin, 0.1 mg/L IAA, 350 mg/L
carbenicillin, 100 mg/L kanamycino] A7} MSujx|ofA] uj

% 1709 ©]% kanamycinol| AEAJE Ho|m YA shootS
350 mg/L carbenicillin, 100 mg/L. kanamycin, 0.5 mg/L indole
butryic acid (IBA)o] H7Hel MSH| Ao A FLE| & R L5}
27 Astgict. o] 3 A kanamycino] A 3d& Hojn A
TE fAEAE R A4 ASAA T FAE 52
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eazANN WY EoiE 4BA S A5
DNAS} RNAS E&3to] B39t} Genomic DNA £,
PCR, 719%, Southem £4& ZELHE ARSI
(Sambrook and Russell 2001). FA A& EntEZEE] Hg
3t 60 ugel genomic DNAE Hindlll AZtEAE X adho
copy number2AFS $J3} Southern EAdof o]-&3}% T} TRI
Reagent (Molecular Research Center, Cincinnati, OH, USA)E
AMg31o] A RNAS E2J319, 30 uge) A4 RNAS Northen
Aol AMg-skgict. A RNAS 7195 % Northern &4
S #FZHHE ALME3FQITH (Sambrook and Russell 2001).
ProbeA|2hS 913 DNA T2 g2 ghdle pHC21-TPSPE
F¥ o 311 g primerE o] 83} PCREPHOZ ZH|
3FGIL). 700 bpo] NPTII DNA H-2 NPTI-F(5-GAGGCTAT
TCGGCTATGACTG-3")2} NPTI-R(5-ATCGGGA GCGGCGATA
CCGTA-3’) primerE ARE3}AL, 750 bp2] TPSP DNA HH 2
TPSP-F(5’-GAAAATATTCCGCTACTCTGAC-3")¢}
TPSP-R(5’-GATACTGAGCGATGACTGTATG-3") primerS
AHg3te] PCRYH 0.2 Z-E3to] Bejstdrt. oI F [o-7P)
dCTPE. EA|5}0] probe® AME-8151.0.1, Imaging Plate (Fujifilm,
Japan) B Xaay filme o]&3dhe] w=23}9ch

DNAZ| CpG Methylation =4

FRAAE FAALS] CaMV35S promoter ¢ ¥ TPSP &
Az 299l CCGG F7]| A B A9 CpG methylation 7]
o RE AT FAMSA oA EE3E 60 pge] genomic
DNAE methylation sensitive A|3t&E A9 Hpall A 2
methylation insensitive Ajgta 491 Mspl A &]dle] TFHHH
© 2 Southern £4-2 33} t} 04 ~ 1.1 kb2] TPSP probe
£ AMg-3}e] TPSP coding regiono| A 2] CpG methylation B
312 A o] & membrane 1% SDS 1 mM EDTA
7} A7 95°C 2] deprobing &4 of 308-7F A7) &, CaMV
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35S promoter THH O re-probingdto] EJ-3AA+Q] promoter
M9 CpG methylation ¥13}E RASIAT}E Probef
TPSP=, 2.24 kbo] TPSP cDNAS BamHUBglll AJ§h& 22
Aze3to] B29 04 ~ 1.1 kb27]©] DNA THHL AR&-319ch
Probe-& CaMV35S promoter= pHC21-TPSPE &g o 2 311
358 For (5’- ATCACGCACAATCCCACTAT-3")/358 3(5°-ATAGT
GGGATTGTGCGTCAT-3’)primer = PCR-S -83}o] ZE x|
oF 800 bp2] DNA T2 AMg-aHict.
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vk & shooting X rooting ¥} o]l A kanamycinof} %34
= e A EntE PAA8= PCRE A}l %, 3}
£l EAA 5=t SREof A} 83k 2242 Kanamycin
off ot Aurerelo] Al 2A0 A, ojFA AT TO
Aol NPTH f+312F & TPSP -7#Le] HdS B4t
Z5ol, A ol whebA fzte] 4 FARE northern
L2 AAHA & Y W RN 5 HHALE
A ShFsHA vebgt (dlolE ulAA)). 3AHE EnjEl
A = AR Fdo] kg Aol okl Azke] Az}
of whet I d o] ¥t A2 PTGS E+ TGS A} 1
£ Aol oj2gh AME IS AXA FAHEH
€ FEIE 2RI FAZY] U F 9 A T
&8 4 Y vehdch 2 Ao A& Kanamycino] A
FdE Holm ALEUL, PCRE NPTH {472 =)o)
lE Eute FAKAIAEA 1, 2, 10, 11 line2] T, 2] E0|
A| southern £-4-& 4=3)8}o] NPT &-# A2 copy numberS
Z AL tHFigure 1A). NPTH @ TPSP-8-AA}E probe® £

ﬁ?l.i
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Figure 1. Southern analysis for nptll gene in transgenic tomato
plants. (A) Southern blot in Ty plants of transgenic tomato
lines, (B) Southern blot in T; plants of transgenic tomato lines.
PCR amplified NPTH gene was used as a probe.

A3t ATp 19, 11 9 line?) FAATA L o7 copy2] SA
A2 AL AL, 21, 109 line5-L 1-2 copyd) Q&
Az meJo] FRIE ATt (Figure 1).

Ty MICHOIA transgene®| L&t Copy Number =4

1-2 copy 2] NPTII--AALE 714 29 lineT, 4 copy ©o|4H9]
NPTII §4A4E 7HA 119 fine®] $of FA (Ti or THE
Kanamycino] 7} MS Hjz]ofjA] drolA]A YA A3
& ZASHIT (Fig 2). Kanamycino] H74E|A] 952 2l of
A= 24 line} 119 lineo] 2% wild type} 5U3}A gho}
< Asigleh 12y Kanamycino] H7H vz ol A=, 29
line & A3 Holm FAA oz dopsto] GAEX = A
A5G A9 119 line2 wild type™ 5 Y3514 Kanamycino]
AL HolA Fatn fAlEAlz ddshA Eeqitt
(Figure 2). A9 Kanamycinol| A A-&3HA] HE3t 11
line2] §-AEAEE PCR 4 23} NPTII |4 7HA| 1L
2ol ERAIEGIT (BllofE ulAIA). o]Z2 119 lineofl 4] NPTII
TR $h 2 AgEleu, o] AEH oAl Kanamycin
of A|8}4J-& ¥ oJ5= neomycin phosphotransferase 11 THaH2]
o AAPEIX] hobe-S vhehit

Ti Aol A9 copy number H G-A2L0] WS AV
o} 1, 2, 10, 114 lineof| A 22} 1 7WAI4E AE 8] copy
numberE 4% A3, 1T 11HLS FA] o2 copy <f=)
TR ZYE o] jiglen, 2519 492 copy, 10| 7
21 copyE =t} (Figure 1B). L2 Northern -4

Figure 2. Antibiotic sensitivity of transgenic tomato lines. WT,
untransformed wild type tomato; #2, transgenic line 2; #11,
transgenic line 11; MSBM, MS basal medium; MSKM, MS
medium containing 100 mg/L. Kanamycin. Seeds of wild type and
T, generation of transgenic lines 2 and 11 were germinated on
MSBM and MSKM.
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A3} 1-2 copy?] QGHAAE 7FR])= 2 L 109 lineo]| A
= NPTII #24F 9 TPSP {24247t st W s whd, o
& copyE 7HA 197} 119 lined] 7-9-= NPTII & TPSP &
A9} mRNAZE A 9] Tz 23] LERLER] okoltt (Figure 3).
3 114 fine®] o, & T, Ajtjol A Eel7t dojtont
HA] o2 copyR EA3H9 20, NPTI §-42H= GA) A
SAEA] Rkt (dlole mAA). F, o]t FAMEA <
A AR W FA2 FofA FLFGh

A B

WI 1. 2 10 11 WI 1 2 10 11

Figure 3. Northern analysis in transgenic tomato T, plants. (A)
Northern blot for NPTII gene expression in transgenic tomato
lines, (B) (A) Northern blot for TPSP gene expression in transgenic
tomato lines. Loading were monitored by EtBr staining.
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2 A9 Ente FAHSA 11H lined] - 4
A7k rE)A o 28 PIGS E TGSe a4 ol
% 9Juk, PGS mRNAZE A4E S0 RaEs Aoz o
¥ 0 2= northern 4]0 A 2E7He] mRNA7} A H7| =
3ot T2y TGS Q| 7% 3 Wolla] HAbrt dofjutr] Aol
B2 mRNA7Z} HANEA] 9F& Aojot. & Aol FAASA
113 line>- Northem/Fofj Al AE A TS & 4= ¢l
7} BZoll TGS= A EH ATk 3FAEAA TGS - 3l
& 272 9 promoter F-9of A CG methylation®] L ojL}A|
Hc} (Matihieu and Bender 2004, Haque et al. 2007). <, DNA
d71d 24 CG Ado] Ve AS Col methyl7] 7}
27 =)o} promoter5-$] o] methylationo] =2 E S Z R RNA
polymerase®] 2]&F mRNA Q] A7} A gk 2 Ao A
2% TPSP §-A=} 2 NPTII §-7ZA9] coding region, 18] 1L
TPSP % NPTI -4 =}-9] promoterq] CaMV35S promoter 3=
Holls AIEAQ) Hpallot Msplo] Ae 4= §l= £l
CCGG A go] o] 7§ EAZtct (Figure 4C). whetA| Hpall
= MsPl 423t & Southern £4]©.2 TPSP -§-24%2 ¢
9 CaMV35S promoter 5919] methylation 55 &H15}+9

t} (Figure 4). 29 line®] 39 TPSP -G-AHAE probeE ARE-

B Hpall Mspl
w2 M

M W21

* * * *

Tomato
Chromosome

Figure 4. DNA methylation analysis of two transgenic lines 1 and 2 by Southem blot after digestion with Hpall (methylation-
sensitive) and Mspl (methylation-insensitive). (A) Restriction pattern of TPSP coding region, (B) Restriction pattern of CaMV35S
promoter regions, (C) A schematic presentation of CCGG sites(asterisks) and T-DNA inserted in the chromosome of transgenic
tomato plant. M, 1kb DNA molecular size marker; W, wild type, 2, unsilenced line 2; 10, silenced line 11.
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3k 79 2 CaMV35S promoterE probe 2 ARE3F Ao 11
Hpall £ A 2|3 A3} Mspl& A3t Zo A T35 ul

& BAoU, W line®) 9= Wi oFibo] s}
TPSPZ probe 2 ARE31H, 2 lineo| A= CCGGA G127}
A 3¢ dAEE= 230, 350, 420, 600 bp<] TPSP THHES
o| Hpall Ti= Mspl 2 2 | Fo)| A FUs Faoz et
STk 22 11| lineoll A4 Hpall 2| Fol A Uehtr]
e MEFO] Mspl Azl A vebgth ojejdt Ante
29 line®] 79 TPSP -4-A= WHo|A CpG methylationo]
doluA] ggto, 119 lilne2) 79 TPSP £-A2} o
A CpG methylationo] &2 %928 eMT) CaMV35S
promoter& probe2 AME-SIH, CCGG H-9)71 9H4 3] Aohe
739~ NPTII 3-22}-2] promoter::-$}of|A] 1 kb, TPSP promoter
E2ollA 0.3 kb9l EnlE flanking sequenceE E33I= T
shute] W=7} ojlAbE|9det (Figure 4). 29 lineol] A 2F 0.3 kb
o M=o} of 1 kb39le] 743 WE Tho] Lehtom, sl
Hpall = Mspl 0.2 Aol A 53t oFAro 2 vhelytet
oA 2 lineof|A+= TPSP coding regioniZt CaMV35S promoter
ol CpG methylationo] Uojukz] hoke-g viehdict. &
203 kb2t 1 kbo]9J9] E th2 WET} LehA] 94 AL,
flanking region& Z33dl= £9]9] 27|17} 1 kbl H|$:51
A Aoz BZhEdck NPTH ¥ TPSP 38719 o]
silencing®l 119 line®] 7% Hpall M) Lo Al Lrehtz]
A3 oF 1.5 kbo] M7} Mspl A=) o A LyEbydti(Figure
4). ol A% Hpall A7} Mspl A2]72] Southern HHE oF
go] & 22 119 line2] CaMV35S promoter £-2]oj CpG
methylationo] g LebdTh &1, 114 lineo] A= TPSP
probe 2 ARG-3F 7491}, CaMV35S promoter probeS AR5} 7
F 27 29 linedhe ohE 37]9) WEESo] Yeltid), o)A
2 Miple] B2 12 Holth. 2 Mypl e CCHGG2) A< 8
S & QOu, G CHCHGGNS} Zo] HPEES) CE oG
methylatione| Qojitel Hekia] Raht B4 oz 4
ZEc). o]Ake] Aulg 119 lineo) A NPTI $-4 212} TPSP
FAATE SR A o= o) fE, QAL o7 copyR
T e §-HA12] coding region L promoter £-$]of| A
CpG methylaitono]] 2J3} transgene silencingT) 20 2 AJz}elct.

—n

In
o

3R
=

E0IE MZH0IA Transgene L&o| EQHEA

£ ATl $ARY EohEo)s NPTI f3% 2
TPSP 57279 copy number @ mRNA WH3W3} 1381

DNA methylation 29|25 A} slgich. A ASTA
A kanamycino] AgH& Hojm Aitg EntE FAHTA
o] A, 1 lineZ} 119 line2- NPTII ¥ TPSP %A z}7} o
2| copy2 =UER Y, Tl A of-3H22 mRNA7}
AAER] P kanamycin A3 R ojA) ZFch (Figure
1, 2, 3). 11 line®] - methylation sensitive AtAAS
0]-8-3t methylation &4 A3} Q2| A2} coding FH ¥
CaMV35S promoter £-9]9]4] CpG methylaitono} Z24%E|9)-&-&
It} (Figure 4). WekA EOFE 119 lineoA] NPTII &
A} & TPSP R 2}9] silencing- methylationo]] 2}3) =7}
© TGS 7% g2l Aoz FHH

FAHSAE Adste 4L, =49 Yfaaxe] ¢
T3] A& 7hFof sl oA = HE Ao WUHE
olof gtk T2} & A7 193} 119 lined] EvlE -
A 9] -, 942 copy] NPTII W TPSP {3AH7t =9
Hoy TojolA fAAZE HEER] gtk ol o
copy?] A7 FAAGE ¢ HHo] JA == A4
Ag ofUe SEH BRY 7|29 M IS AXT
t} (Wang and Waterhouse 2000, Brodersen and Voinnet 2006,
Bender 2003). 2|=-5-AR}9} silencing HiEE A& ulg}
B 35 80%9] FERSA )M et Aog g
Sl (Meza et al. 2001, Anand et al. 2003, De Bolle et al.
2003). 18y} o3t ZiES FHAASAR Add o]F
of A ABEA, FARE 27] AUAARH silencing
o] Yy, FAASA Y MI=Fo] YA A4
S YolHgA 3 Aolx, wetd FHHBAR AefA] B
o Aojt). &, HAl= 80% Hrt AN w2 V=R oFfA
AH9) silencingo] Hold = S-S FAY 4= Utk oJHH
FAASA TN -G silencing B ofF 2
Heg st glon, =9E §4749 g4 e
5% 4 oA gk wEbA Y fHATE 2YEo f4
Ao o] A o2 k= PFAANTAE FR3l) 3
Me, g FAASA S BAaste] o7 AdE AR EA
A FHA HPE Hol lineg AWstAY, Q¢
AL HE 9 silencing S AEle o] 2EE £ Qe

7)go] L= ojor & Aojrt

¥ 2

Ente PAATANK NPT % TPSP-377e] 2o
A& A9 47 line EvhE FA AR} AR of



328 - Journal of Plant Biotechnology

A kanamycino] A3H4& Wolo] AAEglc T, 1¥
line} 114 lines] Fofol 4l NPTIG- ko] Wo] oA
{191, Kanamycin A4S 2 oA FE3c) Southern F4]
A3, 19 119 line2 o33 copyd] & FAAE 7R ¢
glom, 2%, 104 line 1-2 copy?] QR4S 7Hx| 1L
itk H2 A% line 11'H-& methylation sensitive Aj3tE A
2] & DNA methylation24] A3}, TPSP coding®¢ 9 =
AR HH S 2HSH= CaMV35SS TR LE F9]oflA
CpG methylationo] ZH=|91g0] BHAF|sirt. weby of
copy®) 1S HAE 717 Bk G278 line 11%16)4] NPTI
A 2 TPSPF-AL] Hh@do] A% A2 transcriptional gene
silencing 7]2}of] 93t Aoz FAHEQIc

A AL

O 35213 o]0 72121 A (ZIS: 20070301034020)
I} AP TSATY 7| BRGAY) NP $HEY
Y.
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