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Abstract To study the transcript levels of epigenetically
regulated genes in tobacco, we have developed a transgenic
line OX1 overexpressing NtROS2a gene encoding cytosine
DNA demethylation and a RNAI plant line RNAi13. It has
been reported that salt- and H,O»- stress tolerance of these
transgenic lines are enhanced with various phenotypic
characters (Lee et al. 2015). In this paper, we conducted
microarray analysis with Agilent Tobacco 4 x 44K oligo chip
by using overexpression line OX1, RNAi plant line RNAi
13, and wild type plant WT. Differentially expressed genes
(DEGs) related to metabolism, nutrient supply, and various
stressed were up-regulated by approximately 1.5- to 80- fold.
DEGs related to co-enzymes, metabolism, and methylation
functional genes were down-regulated by approximately
0.03-t0 0.7- fold. gRT-PCR analysis showed that the transcript
levels of several candidate genes in OX1 and RNAi lines
were significantly (p < 0.05) higher than those in WT, such
as genes encoding KH domain-containing protein, MADS-box
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protein, and Zinc phosphodiesterase ELAC protein. On the
other hand, several genes such as those encoding pen-
tatricopeptide (PPR) repeat-containing protein, histone
deacetylase HDAC3 protein, and protein kinase were
decreased by approximately 0.4- to 1.0- fold. This study
showed that N#ROS2a gene encoding DNA glycosylase
related to demethylation could regulate adaptive response of
tobacco at transcriptional level.

Keywords DNA demethylation, methylation, microarray
analysis, NtROS2a transgenic tobacco, transcriptional level

9Jsto] of B &4 7| Eo] &85 L Qi o
B}(epigenetics)-> DNA Y 7]

9] methylation & histone THl & 0] o} 4] & $}(acetylation)5 2]
THA R A of oo FHAE ] A o] ¥ L, T H Aol
oo 7HA] 52 B = AR Wk, o] = DNA 2] methylation
I} Z+2 DNA modification, DNA 2} histone 2] 23t & x| & H
3}A] 7] = chromatin remodeling, histone modification®] =3}
Sof 93l 2=t (Sano et al. 1990; Zhang et al. 2006). A &
9] A9 553} H] <=3t DNA methylation7] 2 0. &2 A3}l
om, dd ZAH ol A & o]-§-5ko] Alth 7k methyltransferase
9 demethyltransferase &] 2F-g-0] BX51A dojubal Qlckar
S} TH(Li et al. 1992; Reik et al. 2001; Law and Jacobsen 2010).
Z < £9f Tilling ¥ microarray 7] & 52| 7l|'¥ =2 DNA meth-
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ylation @ histone modification 2] ¥ 3}= A= A A 5=2=0] A]
A& 31 §] o™, DNA bisulfite sequencing ¥} next generation
sequencing2 £35Fo] Al A 2] methyl cytosine 2] 9] 2] =
A3 A =4 71531 A = 9 ohLaw and Jacobsen 2010). TF
oF5t epigenetic regulator 2] = HH o] | of| A 9] stress A 3HA] &+
012 E-3}¢ biotic/ abiotic stress A A2 HSFA] 7] += epigenetic
regulatorE- 57 5} whole genome bisulfite sequencing 2} microarray
£ E3}o] Ttarget gene ¥} 24 7| 2 45} QI th(Steward
et al. 2002; Choi and Sano 2007). T3 A & 2] AJ A3} ¥h-8- 1}
4,8 AR, AEY A A T A2 & A=l 9B
dojf=whE Al S A 717 of A] = DNA methylation} Z+
2 epigenetic 24 o] uf] 9- = Q 3t &S 311 ¢l tH(Choiand
Sano 2007, Boyko et al. 2010). 2] E-o] 4| DNA g9 &3} 7] -
+ DNA | 2 31} 517 g o] oA H Aol = 33
7} DNA & 2l 3H5 wte} 2493t E o] AAE wf 74A] 9] 2
42 geokA W A A& oby . 121 DMESFROSI 5
O] Atoll X DNA & e 3t 42 Qs 47| Al A =57
77} DNA 2| g3} apg o Al WEEA] F o 51, A 2nbE
o] 715 W3t e I @ 3brhal B 3% 31 Q) Th(Aguis et al. 2006).
A= ol 4 DNA g2 skel -2 Sd 24 of| = DNA &
] & Sfofl DEMETER & 233 917 4] A 428 7] 7.9} FACT
S| AF H oA} HokA| o] -4 thel 2 o1 SSRP1 7} 8 5}t
= A3 7} B 115 9l th(Morales-Ruiz et al. 2006). SSRP1 =
Ho A= F=H Y FWA 73 22] DNA g2 3}7} =5
A 7] wfj ol 2|43t DMETERE 233F A7) A A =5
7]9-REC 2 = DNA g " 3h= d oj b A ¢FaL, SSRP12J%H
QA2 o] Babera g o] whe A] £ e At of A gl e
3}7} A of dth(Morales-Ruiz et al. 2006). T=§F DEMETER DNA
dlycosylase= of 7| e o] HjuHy 2ol A ] A E AL
Al E A S 2 tj A A 7]+ DNA demethylase & a2 5} vl
o] A MEDEA, FWA, F IS2 §- A 2}9] A4 o o f- A Apek&
W A7) = G A A}F ZH¢](gene imprinting) o] A4 2 ¢l ogh
&FaL ITH(Huh et al. 2008). o] &} o] T4 {54 A4
2 A7 G wste] 7] Q18R] ST et fAREE
At s Foto] AEZA £ 7hA 7HetdH o=
AR A Y] MY W o] 4% 7] &= ghth(Goldberg
etal 2007). 0] Hofl 2 AFE L& 4 Zo] chopat 217 ~E 7
2o 4 ol TAGAT 2Ho] )¢ FRBHTIT
A zkstol Biol Al QhEnl ol vt A 5 AL AE A
gl of] 93] glycerophosphodiesterase-like protein (NtGPDL)
Z1 2} 9] demethylation& 3 &= 8}= Al o] X 115} 9 tH(Choi and
Sano 2007). L2 12 THe3-elf Shu = 5} e 92 RHNROS2a)
FAAE #e 2 UEEA A, FEAASA E &4
Slo] A9} o B A E #| A of 9] 3 DNA hypermethylation
S r5l= Ao 7 B sk th(Lee et al. 2015). whala] & o
TFolA=gvEstas® defA Qe MROS2a 1A A7t
= Q)% =Hl RNAL Y overexpression & 21 4 213)| ©] microarray

o > A

e =3t

He Sote] SAFAEE FAREY AE W EE A
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el 2 5 e B2 E A EA g 93t NROS2a (Nicotiana
tabacum Repressor Of Silencing 2a)-3- &5 A E(Nicotiana
tabacum cv Xanthinc) ol ZHEHE (overexpression) A| 7] 7] 9514
pBI121 M E] & ©]-8-5} ¥ © 1, RNAI (RNA interference) & 2
A E 9I5te] PDK QIEEE 713 1¢HE PCR S5 4l
=2 pKANNIBAL HEl o] 22 sttt A Hd =
AE 9t ZE2HE = F ¥ H 25 CaMV 3585 AHE-819)
Ch(Lee et al. 2015). 4] & 938 vector 7+-50] Q15 plasmid
£ Agrobacterium tumefaciens LBA44040] & 21 [ 3} A] A o
ol 15191, WA ABE AR A2 MEHS I3 HE CaMV
358 ZEuE o o3l Aloj&= NPTl fHAE ©]-835}5]
11,355 L2 W E] G 9(F-5' TGAGACTTTTCAACAAAGGGTA)
7} NiROS2a (R-3' GGGAACTGATGAGCGGTTTG) & <] 9] sz}
o|H Z o] g0} YA A et o F-5 &5} tHLee etal. 2015).

Total RNA =2|, cDNA &4 3! qRT-PCR

Total RNAE 7] §18 35 o A Z A o Al o1& A 55}
o] AR5} T} Total RNA £ 2]+ Trizol reagent (Invitrogen)
o] A% HpH of wh} o+ A Al £ o] A total RNAS 225}
T} 0.1 g 22 o] 1 ml Trizol o] A] Al &0 5E7F 531200
chloroform& &7} 3t 3 158 F<9F4°C, 13,000 rpm & 2 YA
2] S AE 3] aeto] A 22 1.5 ml tube of o] 500 pl
isopropyl alcohol & 7} g+ & A20f 10& 53 A A ¢t &
4°C, 13,000 rpm 0 2 YA F & skt Al 2 & 42
o2 A 73t & & A & RNA pellet2-99.9% ethanol 2 13] A
AsFR 2, THA] 75% DEPC-ethanol 2 13] A A3 & 4°C,
13,000 rpm .2 YA E ] 5}o] 4-& RNA pellet-S DEPC
(diethy1 pyrocarbonate) treated water 50 ul& g o] €3 A| 71 ¢}
2, smarspec TM 3000(Bio-red, USA)S. &2 12} &5 d 2 =
A3} th 1 & DNasel (Takara Shuzo Co., Ltd., Japan)2 3
7Fet F] 37°Col| A 3027F A 2] 5oL Al R of] whek 4
A5t 5, total RNA 5 = (g/ul) W A260/280 0] 1.80] B = A&
Agste] Aalof FAISHATE A& RNA &= th &3 o]
Oligo (dT) primerE AF&-3F cDNAE FHAddto] H4& A A
3} T}, ¢DNA &= Ist starand synthesis 7] E(Oligo dT primer,
Invitrogen, USA)E ©ol-&3to] Asqith &4 i<
Invitrogen A2 B & 2-8-5}0] L E samples 2] total RNA
9] 5ugE o] &35F% 2 1], RNA sample of] 1xDEPCE 8 ul A7}
13, 1 9] Oligo (dT)(5 pg/ul)@} 10mM dNTP 1 plS &35}



J Plant Biotechnol (2016) 43:231-239

233

0] 65°Co Al 5 F 2 HH-GAIX & 127 A5of Y2HAIA
first strand cDNA §+4) 2 A A] A| F ). gHA] = first-strand cDNA
dh-g-of of| 10xRT buffer 2 ul, 25 mM, MgCly 4 ul, 0.1 M DTT 2
ul, RNase Inhibitor 1 plE &35} 42°Col| A 1 £ 7HHESA] 7]
& strand synthesis polymerase B3 G 45 sample B 5 U2 3
7hoto] 42°Co| A SO HES A|Z 5 12°Co A 1557 vt
4171 5 92 Fe3ke] DNAZ 24 3h ek RNase H
£ 1 ul g2 5 37°Co) A 207t W5 A| A cDNA & &
=25Fo] AF-8-3F S Th qRT-PCR £4]-& 3HA] 31 cDNAE A
3}6] SYBR Green Real-time PCR Master Mix (TOYOBO co.,
Japan)& ARg-5F0] A7t 1 of] o5l 4=3) 5} Gi Tt Threshold
cycle (Ct) o]l ©Jahakalof B 20 M o 2 Aalslg o
AACt2 & 2] A1 & A Q)(Ct target gene-Ct actin gene) - T 221 &4 2
(Ct arget gene=Ct actin gene) 1| 2} 3l Al AFS}o] =] 5} 5} % tH(Livak
and Schmittgen 2001).

Microarray &=4& &8t high-throughput screening

I E(0X) 2 RNAID 3 E - ekA|of| o transcript 2]
uhgl o ALS T 8k7] 18] o 29l wild typest 4 A3
OX13} RNAil3 A Z o A RNAE %3 &, microarray 54
S 29hE0 2 Seahalo] e 2o 48l 3T B2 RNA

probes 2} hybridization= Agilent’s Low RNA Input Linear Ampli-
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fication kit (Agilent Technology, USA)& AF8-5}31.2. 1, Microarray
4L 3t chip2 A-8-3} B 27 Q1+ Agilent Tobacco 4 x 44K
Oligo microarray-2 AF-8-5}¢] hybridization -, image quantification
2 GenePix Pro 4.02 A}-83}91 37, LOWESS Z 132 0] 83}
o] Z} spot©] nomalizationS =33} ch A T2 O
Agilent GeneSpringGX 7.3& AF&5}% 21, Hybridization-S
717k 2 HHE O & 3 Qi)

2t o o

NtROS2a SFXF £9| HEMSH 84 2 AE

Al 24l g 2 3 NiROS2a - AA 7 = sl 2hdd 2
RNAi 3 A A& $42 918t0] CaMV 358 Z 2 K E o
o]l Aloj &= NPTI F-AA7E AFlE Al 3 HE el
pB11212} pKANNIBAL-S- Agrobacterium tumefaciens LBA4404
of FAHALA A Fufjol =Qlste] AdE 2EE 9 RNAI
FAMAGA o IE P nd T A WA " &
SFAH(Lee et al. 2015). wheba] o] 1. of 5o A
X1 A &1} RNAi13 Al 5S ©]-&35}9] microarray &
SF S HFig 1)

X oox o
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Fig. 1 Microarray investigation of various genes in WT vs. NfROS2a overexpression transgenic line OX1, WT vs. Nt ROS2a RNAi
transgenic line RNAi13, NtROS2a overexpression transgenic line OX1 vs. Nt ROS2a RNAI transgenic line RNAil3 under non-stress
conditions. (A) Hierarchical Clustering. (B) Venn diagram through microarray analysis
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(A) 8)

(@)

Fig. 2 Global expression pattern. (A) WT vs. overexpression of NtfROS2a, (B) WT vs. RNAi of NtROS2a, (C) overexpression of

NtROS2a vs. RNAi of NtROS2a

Microarray=AdS S+ TAM| CHEHA

o
Z %] Total RNAE ©|-8-3}9] microarray £4]2 =
W2 5 microarray 4] of| A % reliable gene 5 p-value”} 0.05
0] 5}Q1 5 A A} 4= WT:0X10]| 4] 42,174, WT:RNAi13-2- 38,146,
RNAi13:0X12 38,598 Wk3©] reliable 3t G- A |} 2 HH& 9F o]
HI L E QlTh o H 3 U o 5 Al AlmTboll fFA e
dol F AL Y= A4 & 3417 S chFig. 1).
2 Az A A FAAY] T FE AR SAL
B AR A0 GAA S Gl S SHCR 22
SFaL Ql= Ao & Hol23] HhE A9 o A

(Fig.2). A2 &= A o A A H A&
,red®} green A 0 2 FAJE §AR= 1
Fold o & 783k A 1folt} Microarray 4 2H5 HH S
2 data mining-2 =3 3} ¢] transcript W& FA9] xjo] & AF
i 2 A3} Table 13} Table 22} ZH0] metabolism, abiotic stress,
biotic stress, antimicrobial peptide 2! methylation & 74 &}
=] Z+Z} up- = down-regulation = 1t} & A AEEH 0X1
A= 1} RNAi13 A Zf A up regulation ¥ -G A& Arm R
M, KH domain-containing protein, MADS-box protein, arachidonic

= O

acid-induced DEA1 precursor, Zinc phosphodiesterase ELAC
protein, C2H2-type zinc finger protein, receptor protein serine/
threonine kinase, RAB GTPase-like protein 5 9] -3 A}E& 9]
1504 80 = wA Hd = A ch(Table 1). o] 5 +dAk=
R A ) o] & S, U B BB 2 B At
REA Y EA AEH 2 2 methylationd} THAE o] 9 F
2 FE AR dHA ot ESF down regulation -4
Z}-=-2 pentatricopeptide (PPR) repeat-containing protein, histone
deacetylase HDAC3 protein, copper ion transmembrane transporter,

zinc-finger protein, protein kinase, Pinus pinaster early response to
drought 3 (erd3) gene, multi antimicrobial extrusion family protein
o2 SAYATH FAAG A E W 7 e F AR 9
Gdote 284, 18 a7 thoFst A E g A W methylation
34501 0.03014 0.7 2 W2 7 Bl
(Table 2). o] 2|t A& vl o g AE4 gvdsiad
NtROS2a 73 #442] Ik 5l 2 o) A of wh2 mRNA ]
AR WTHE &2 A 2R Zhof| qRT-PCREZ 41 5} Atk
WTZ} OX1 & A A3 Tl 9] microarray &4 o] A NtROS2a
A Q) ol whEk AR o] 2A| 5713 up-regulation
F7A}97l(accession number: FG144206.1, AM845566.1, DQ460058.1,
EB102893.1, FG644399.1, BP131641.1, FG151267.1, FG170823.1,
FS408841.1)5 A1 A 5}o] v] uL E-44 3} A 1} KH domain-containing
protein (FG144206.1), Solanum lycopersicum chromosome 3 clone
(AMB845566.1), Zinc phosphodiesterase ELAC protein (DQ460058.1),
magnesium-chelatase subunit H family protein (EB102893.1) W
C2H2-type zinc finger protein (FG644399.1) AR50 A WT
Hopdre o] 04914 1.2 = &7 UrebgtaL, Glycine max
lysosomal beta glucosidase-like (BP131641.1), O-fucosyltransferase

e o

family protein (FG151267.1), flavin-containing monooxygenase
family protein (FG170823.1), S-methyltetrahydropteroyltriglutamate-
homocysteine methyltransferase (FS408841.1) A Aol 4] WT
Hrt0.0400 4 0.67 =2 e Fo] WA YeEthFig. 3). ©]
= A&l A co-suppression o] 2Fal &ref A FAFT} o] A&
AW EATHE 54 FAAE AEol =Ykl P AL
A WAA A FAA7 EAFAAE R AR R Q14
5Fo] RNAZH] =2 of osto] o] A3 Ad = 3

+ A& WA o glokal A2 gheh DNA # " 3= Al 2
7FEESHA A EATF S 8 7 A o= sk
EAE 73 it &2 A L th(Zhang et al. 2006; Zhu et al.
2008). L& B2 ZH2- AR A Yol A = 2 2] o] A ZHfT: DNA
W2} s el g | G g e A HE
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Table 1 Partial list of up-regulated genes in overexpression transgenic of NtROS2a

Accession Fold Description
Number Change
FG144206.1 80 KH domain-containing protein At4gl18375-like
EB426179.1 15 MADS-box protein SEP1-a
AM845566.1 25 Solanum lycopersicum chromosome 3 clone CO3HBa0257N18
AB035125.1 24 arachidonic acid-induced DEA1 precursor
DQ460058.1 24 Zinc phosphodiesterase ELAC protein
EB102893.1 23 magnesium-chelatase subunit H family protein, expressed
FG644399.1 19 C2H2-type zinc finger protein
BP131641.1 17 Glycine max lysosomal beta glucosidase-like
FG151267.1 16 O-fucosyltransferase family protein
FG140044.1 16 Neutral/alkaline nonlysosomal ceramidase family protein
FG170823.1 16 flavin-containing monooxygenase family protein / FMO family protein
EU375458.1 16 FIE (FERTILIZATION-INDEPENDENT ENDOSPERM)
nucleotide binding / transcription factor / transcription regulator
EB427701 10 3-chloroallyl aldehyde dehydrogenase/methylmalonate-
semialdehyde dehydrogenase (acylating)/ oxidoreductase
EB450851 2 Nicotiana tabacum osmotic stress-activated protein kinase (OSAK)
AF053077 3 Nicotiana tabacum osmatic stress-induced zinc-finger protein (zfp)
EB450851 2 osmotic stress-activated protein kinase [Nicotiana tabacum]
AY081175 2 Nicotiana tabacum osmotic stress-activated protein kinase (OSAK)
AF142596 2 TMK1 (TRANSMEMBRANE KINASE 1); transmembrane
Receptor protein serine/threonine kinase
BP534708 1.5 Hypothetical protein PTH [Pelotomaculum thermopropionicum SI]
Hypothetical membrane protein [Pelotomaculum thermopropionicum SI|
EB428276 1.5 RAB GTPase-like protein A4D [Arabidopsis thaliana]
EB450542 Rabl1/RabA-family small GTPase [Physcomitrella patens subsp. patens]
AB286961 2 multi antimicrobial extrusion family protein [Nicotiana tabacum]
AB120534 Nicotiana tabacum mRNA, transcriptionally up-regulated region
Associated with genomic hypomethylation
AB120530 6 Nicotiana tavacum mRNA, transcriptionally up-regulated region
Associated with genomic hypomethylation
DV162525 1.5 transcriptionally up-regulated region associated with genomic hypomethylation
DV161823 1.5 Lupinus albus plasma membrane H+ ATPase(LHA2) mRNA
AB120523 1.5 Transcriptionally up-regulated region associated with genomic hypomethylation
u71108 2 Transcriptionally up-regulated region associated with genomic hypomethylation
FS408841.1 20 5-methyltetrahydropteroyltriglutamate-homocysteine methyltransferase
BP128744.1 25 Unknown

AL, Z-& Aol

o, A& sE
Aok EqFOE e 3 RA
zt2 3 okl B 11 ¥ ti(Wu and Zhang 2010). 4] & 9]
¥} #ed ¥l DNA 2|2 st @42 of 718 o T4

2l

1 epigenome ©] £ & 4= 9] 01 A DNA 4] 8}&] A DEMETER(DME) §- A 2}7} tff % & o] th(Huh et al.
W3 g et Qlsto] st AP
Q1A Eth(Choi and Sano 2007). A= 2] DNA H €3
v 2 oo} e E 51O A5 of A ¢l §k-3-of) whet
e SmCE A A AT 5
DNA g g3t

©MEA Z 2 5E 2 v 5} ¥l o] DMEo| 2|3 4] % of
74732 A DME7} E A & wf o vk 2k o] FThal B a1 = vt

UERE o= 2008). DMEO]| Hol7} 4 7§ $A4 W Fatt A4
shyle F9] skl - AL -9l d Af(gene imprinting)©] A& O
2= Ro|RoXA don, AnA o7 FAT} ESHE =], o]
U= 2T FHA Zelo] DMEC] &JsfiA A g A o= 2 - et
A ~E1S  (Huhetal.2008). TFah4 DME®] =5 -4 2} MEDEA(MEA)

ER=Y

22

7ol

e
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Table 2 Partial list of down-regulated genes in RNAi transgenic of NtROS2a

Accession Fold Description
Number change
BP527640.1 0.03 pentatricopeptide (PPR) repeat-containing protein
BP527598.1 0.04 olfactory receptor 52D1-like
FG153834.1 0.05 putative histone deacetylase HDAC3 protein
EB426936.1 0.06 E-Z type HEAT repeats; Present in subunits of
cyanobacterial phycocyanin lyase
AM848898.1 0.07 copper ion transmembrane transporter/ transferase,
transferring glycosyl groups / zinc ion transmembrane transporter
BP128477.2 0.06 TIR1 (TRANSPORT INHIBITOR RESPONSE 1); auxin binding /
protein binding / ubiquitin-protein ligase
AM793818 0.02 Solanum lycopersicum cDNA, clone; LEFL1026BA06, HTC in leaf
FG156522 0.05 ATPANKI1 (PANTOTHENATE KINASE 1); pantothenate kinase
BP527177 0.05 C-terminal domain phosphatase-like protein
EB427133 0.05 probable pectate lyase 15-like
EB428453 0.05 Solanum tuberosum clone RH168B16, complete sequence
DV161823 0.3 N.plumbaginifolia pma4 mRNA for plasma membrane H+-ATPase
AY081175 0.5 Nicotiana tabacum osmotic stress-activated protein kinase (OSAK)
AF053077 0.5 Nicotiana tabacum osmotic stress-induced zinc-finger protein (zfp)
EB450851 0.7 Nicotiana tabacum osmotic stress-activated protein kinase (OSKA)
AY965682 0.7 Nicotiana tabacum putative annexin (annl2) mRNA
AB120529 0.3 Pinus pinaster early response to drought 3 (erd3) gene
AY965683 0.6 Nicotiana tabacum cell-line BY2 putative annexin (annl2)
FG191542.1 0.06 Chain A, Crystal Structure Of Highly Glycosylated
Peroxidase From Royal Palm Tree
EB428276 0.7 RAB GTPase-like protein A4D [Arabidopsis thalianal
AB286961 0.4 multi antimicrobial extrusion family protein [Nicotiana tabacum]
uU71108 0.4 S-adenosyl-methionine-sterol-C-methyltransferase
AY567977 0.2 Nicotiana tabacum cultivar Havana SR1 cytosine-5-methyltransferase (MET1)
U62735 0.3 Nicotiana tabacum caffeoyl-CoA O-methyltransferase 3 (CCoAOMT-3)
FG168673 0.1 transcriptionally up-regulated region associated with genomic hypomethylation
AY567977 0.2 Nicotiana tabacum cultivar Havana SR1 cytosine-5-methyltransferase (MET1)
U62735 0.3 Nicotiana tabacum caffeoyl-CoA O-methyltransferase 3 (CCoAOMT-3)
BP527746.1 0.03 unknown gene
BP132222.1 0.04 unknown gene
DW001629.1 0.07 unknown gene
(Gehring et al. 2006). WTZ} RNAi13 & 2 7 3} whul] ©] microarray hE =S o = AT RNAIE B S AZ 2 EASH 7]
Ao A NiROS2a § AR B Hol et AAfEl Mol 2 ARG 2k 0]F 7ehe] dRNATE HAL B wHA o A] o
A 7+ 23t down-regulation -3-4 2} 97}(BP527640.1, BP527598.1, LA L A= HAFe 2 thoFsk Al &9l 7|5
FG153834.1,EB426936.1, AM848898.1, FG191542.1, BP527746.1, AGtof Fgo] a1 9o} o] 3t L o] 850 ZHAY
BP132222.1, DW001629.1)E 417 5o W] al A3 23} o] Eodhgs SARATE B oA s A st = AL7HA
S TR RFWTEGH 04004 L0 =2 T go] EA Y <= o] Fo{ 2] 3L Qlth(Feng etal. 2010). A 5 7HA] 4] & of A
B} TH(Fig. 4). ©] 3 pentatricopeptide (PPR) repeat-containing SAHG A A= FLCE = 7Sl A AR whe = A
protein (BP527640.1)& & A5} WA el o, histone £ o35t = AF7) th4r o] F o] H th(Amasino 2010; Kim

2

deacetylase HDAC3 protein (FG153834.1)2 0.4 A== W7 etal. 2009; Heo and Sung 2011). FLC+= &3} 2] 2] o 9] afj 4] &t
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Fig. 3 qRT-PCR analysis of the transcriptional levels of candidate genes identified by microarray analysis of NtROS2a overexpression

transgenic line OX1 vs. wild type controls
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RNAIi13 vs. wild type controls
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