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Construction and Verification of Useful Vectors for Ectopic Expression and Suppression of Plant
Genes. Young-Mi Lee, Hye-Yeon Seok, Hee-Yeon Park, Ji-Im Park, Ji-Sung Han, Tae-Sik Bang and
Yong-Hwan Moon*. Department of Molecular Biology, Pusan National University - The phenotypes asso-
ciated with a gene function are often the best clue to its role in the plant. Transgenic plants ectopically
expressing or suppressing a gene can provide useful information related to the gene function. In this
study, we constructed three vectors - pFGL571, pFGL846 and pFGL847 - for the Agrobacterium-medi-
ated ectopic expression of plant genes using pPZP211 and modified CaMV 355, UBQ3 or UBQ10
promoters. The three vectors have several merits such as small size, high copy in bacteria, enough
restriction enzyme sites in multi cloning sites and nucleotide sequence information. Analysis of trans-
genic plants containing GUS or sGFP reporter genes under the control of modified CaMV 355, UBQ3
or UBQ10 promoter revealed that all of the three promoters showed high activities during most devel-
opmental stages after germination and in floral organs. Furthermore, we generated a RNAi module
vector, pFGL727, to suppress plant gene expressions and confirmed that pFGL727 is useful for the
suppression of a gene expression using rice transgenic plants. Taken together, our new vectors would
be very useful for the ectopic expression or the suppression of plant genes.
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CaMV 358 T2 REE A&, 53] A4 EN A A4
o g 7 g A EE ZRRE oot gEtoR
AHEE T QIE CaMV 355 TR REE oF 350 bpe] 271
7HAH, A 9190~ +8)F B =M 91(-343~91)¢] F =w]
lo g F&4 EH2] B Eﬂﬂﬂﬁ ThAl 570 9] MEEHICZ
Us 4 2 core FE02 4#A 3= mini
tH3,4,10]. B =H <1< 570 HHC

713X o] 22 RE 843}
=l R s e
Yol dt34]. A =<1
HtAE ¥ 9kelal 9lo, B A
S AAE
EA o] T 2H A
Z BiEo] rH3410]. wat
ZZ Ao o] Jagh F9 AY AF
| Agk WE o ALgo] sty @A tiREe Aol
474 CaMV 355 Z2REE AM&3t1 9rh

UBQT multigene familyZ 4] &
o}ﬂlhﬂ MEO HEAS Holm, A X ol dalge
HI 23 of 2] 2Hg-of #eI3ti30]. UBQ FrAAES
ZA A thEo 2 HEH BR8], A8 A9 7
% ZEREE AREE I JATH30]. of 71l = 1470
Q #4 }C o] Hirs]of glowle], =1 T UBQS, UBQIO,
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5-untranslated region (5-UTR)<] Z-2 $X]o EAlte JE
2 FAA &d 248 glojA] 4 EEo Tt ok
HEE= AEA

2 2#A ATH29. ©] = UBQIO f-4zte] =2
FRAe Fargel g o] &1 TH12,32].
TRz TE IA A=A A Ve AFE FIA

R A E 01‘9“0}7%"} W oAE WHE Ax3)
o o]5 FAAINA 5 F Utk HZo| T-DNAY F2+9]
A EdWolAE q]ako 2 A2t knock-out & o] A
Hs FHeta A9 E T-DNAY FH M E& gelste] H
oJEIH o] 25 THE O Z AN, thekst %;ﬂx}—a—"ﬂ st EAR o
A FRrI} ug Lol Hth24]. ¢, 54 A HHS
AA st At & 749l antisenset} RNA interference (RNAI)
HEHE F2 A8l JJ=H, antisense WHY A FHA
Y A o] Z&o] ¥ A9t Bol RNAI S ¢ &3
ARGl ATH20]

RNAi e Ao e A A28/ HuH T Y+ mi-
cro RNA (miRNA)Y small interfering RNA (siRNA)el <] g
gene silencing Y] & ©]&3Th. miRNAY siRNAo| <3t
gene silencingoll A ## 5= ©]F 7} RNAE RNAY 5]
HA HEE 7 FAAe TH S WAL 5 el M A
gogn 54 FaAe] dds AT F AH26]. ©]F ol &
al wES AAAT| Ak s FHAE] o]F 7HH RNA7E gt
=02 F 3 WHE Axsta AEAd FEASNNA 54
TR o] dAd FAAEAE AxS F Yok A&

A RNAIE ©]-&3 gene silencinge hairpin +2& ¥ A3}
= RNA (hpRNA)E HdA7] = HEE A28t A& ¥
AAgsle W og o] FofAaL It} hpRNA- 4 #H <
TES AR, SR FR2 Mo AA Be AR AR
e BAYE spacer AEE Atold] Fal o2 HhEE o
New, O]“H AubE A Ao o] spacer® QJEE X ES A
LA A FAAS A EA A gene silencingo] 79
100%] 7%‘741 Yetd A=z 1 a8 vl ¥ His
o th27,33]. = FAAES Foll SAHONAE AFeh=
H gojx @ Fo] tH o b At7EA o]ojA & A=
)¢ 3 234, hpRNA-F =% RNAiE o} 713l A 5 Alth
THAE S8 g H g Buso] 9lom[28], HellM:
LGC-1 (Low Glutelin Content-1) f%1#}2] RNAi &1 o]

12 20MH7F AV = Ao 2 Edno] FAS e
o A ATH21]. RNAi HE 9] 79 hpRNA 333 91

of

& AMuEzY WEd F2Y 3o Agste Aol f8E
& =, hpRNA #95 229 & F o] 443 o
AZA O wet AN E Ev GAEAE Jid Wz
=714 7] “ﬂ-cv"‘)]r/}

A2 G A E 2 FAHT = AgrobacteriumS W7 E 3=

o] FE o]&HmH,
fr}. A 7129 binary WEHE 9

%
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o] 93} 4% W& binary ¥}
olgHE

>
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PBIN190]L}[5], pGA482, pGA492 [1] 5-& =717} 231, e
o] Mol &3] A A @er, s 229 T4
(multi cloning sites, MCS)¢] Agt& 4 H‘I‘E TEA %1,
B 2jo} ol low copy® EAd= 5 Hdke FdAe 22
ol ol &o] e @3S 7ML Sl oldd gs S5
3}7] $13k binary W ¥] = pPZP binary ¥EE°] 7|25 =F
[13] °]& WHSE 27]= IWHAR] binary W e vl i
o7 2, vyl o} Lﬂoﬂ/‘i high copy@ EA3}7, MCSl
G At as MEs 7hAa glan, W A4 HEE Al
ZHE 59 AL 7R Yt} o]# AHE o] 85l pPZP
HE S 408 s AeA FEEE WHE Adste] 54
FAAS FEE A7 A7 2H7F Bad up 9lou14,34],
ol Folle Axd I WH a8 FHY B5
= A9 §la, 53] AR bE 2eREE 3 et pPZP

B QAT A E, pPZP211 WE S FAOZ 33 CaMV 355
=2 R EH¢ of 7174 the] UBQ3, UBQI0 ZZRHE o] &5}d]
%X}%ﬁé‘%oﬂfw A HurE e 93 W
AR, o] FHA wE Aol AHEE
HE S TAE Axs 1 AHE ZASIA

mlm
B
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HE] HZ

AA, ARG ES HEE HHE AFd7] 98, intact
CaMV 358 Z2 R E (351 bp) [2], 17140 UBQ3 Z&XE
(1.25 kb), <1717 h UBQ10 ZZ=E{(0.9 kb) [29] ¥-$]S PCR
2 FE3to pPZP211 HE[13]9 Hirdll-PsA X1 E24
hAtk 90~47 F-917F AIA® modified CaMV 355 Z 2 LE|
E AAs7] Y3, -46~+829 core F-ES PCRE FE 3514
pBluescrpt II KS (pBSIIKS) E|(Stratagene, Netherlands)gl
EeRI-Pofl $12]0] 224 st1, S22 € ¥ Himdll-
EcRI 9o CaMV355 L2 R E 9 B =H1(-343~-91)& &
24 39t AZFH modified CaMV 355 X & XE|(B-core
THQl)E pPZP211 HA]EH Hindlll-Pol 9130 22 3hath
pPzP2119] 27 229 ® UBQ3, UBQ10 18] 2 modified
CaMV 358 ZZEE| 2| 5| 9] Sad-EaRl 94|l Nos termi-
natorE 24 3to, AIZE WEE 747} pFGL847, pFGL846,
pFGL5710]2} ™31t} Modified CaMV 355 Z 2 X.Efol| tf
ot 27 WE 2 intact CaMV 355 Z 2 K H:omega ] E::Nos
terminator& pPZP211 ¥WEle] F2Y 3}o] o|& pFGL7728}t
HE AT Omega X B2 FHAHe] A= F&s PIAA
gor 359 a8S Hole Ve e AR HilFo
ATHIL]. AZE HEHe Z2rE 48 sy A3, p-
glucuronidase (GUS) X179 <¢tast F9E5 pFGL84s,



pFGL847, pFGL571, pFGL772 W] &} BanHl-Sad Al 242}
g24 s9eH, & ZEH fFHAZ synthetic Green
Fluorescence Protein (sGFP) [7] #3Ate] ¢zt H9E
pFGL571 MEj 2] Psd-Xbd Yo 24 stk

RNAI ¥E Azxs s, #W OEMFI F374
(AF326768)9] Al WA JIEE F-9] 5 204 bpE PCRE 5353}
o] pBSIIKS ¥ E o] Hindlll-EcRl $1X]0 24 3] RNAi
WE g AME § Qe pFGL727S Aze3. o 439
PCR #40] AR-¥ Zeto]m= Table 16 Yeh AT

A NE 3 4E =

N 713t (Arabidpsis thaliand)= Columbia ecotypes AH-&-
3tttk o 71 A 2= 70% ethanolol A 18, 10% cloroxell
A 108 258 5§ SHFE 33 o) A, dHE
4£°CoM 2 T Fol £3HA S A2l th, vitamin B,
1.5% sucrose, 0.7% microagar”’t %% MS (Murashige and
Skoog) [22] iAol Totatfith. wotd of7|F FA=
22°Ce] & ZZ(light 8 hr/dark 16 hr)oll A ¥} %3},
10-129 & Fo2 &7 Fd=ZH(light 16 hr/dark 8 hr)ol A
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[171% 43+ Agrobacterium tumefaciens 75 GV31012 =
Y39 1L, floral-dipping '[9S o]&3to] f71Zd= F4
Aghebitt. 25 mg/1 kanamycin®©] E3HE MS Hj A oA A}
£ oA FAREAE AdEstgh

H FAAZS 98] A2 HEE freeze-thaw WH[17]S
o] 83} Agrobacterium tumefaciens 15 PC27602.2 =93}
AL, ¥(Kitake)2] Bl/Ad< embryoZHE F#H Aejzo] 3§
278t tH16]. 30 mg/1 hygromycin©] ¥ MS H 24
A FAE oA FAASAE At
GUS 24
GUS &4 48 93ll, 413 A=A E Xgluc &94[2
mM  5-bromo-4-chloro-3-indolyl-B-D-glucuronic acid, 0.5
mM KsFe(CN)g, 0.5 mM KyFe(CN)s, 50 mM phosphate (pH
7009 H7H 1087 AF A2 g & §F, 37°ColA 6417 T
oA wEAIZ T ko] £ &A= 50 mM phos-
phate $+%8-9(pH 7.0) 2.2 A H s} X-gluc 4L A A}
31 ethanol (100%):acetic acid (91, v/v) §4& 3FF 5t A
gt Aa g4 g s Az

Hj et Sl

T

A

pFGL727 W E]7} 22 W@l oAl o] &4 4 1=~ & GFP A
A7) A1 FAAE AEA=E B frdAkl g RNAI GFP 28 248 T, 3EASAE td oz Fahs3on,
FAASAE AMESATH23]. o] FAASA AXE S fluorescence phase microscope (Zeiss Axioskop, Carl Zeiss co.

OsDEG109)
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Table 1. List of primers used in PCR

A FAAgs sy Al

53 B9 RS pFGL727 ¥ el bzt owt
gog 7Y 3 F RNAI HHS A%s ¢T3

12 freeze-thaw

RNA £2| 2 semiquantitative RT-PCR

Jena, Germany)E ©|-§-sto] GFP 35 #H#33th GFPol
e S 395 nm, 'HEE-E 508 nmell A S48k T

Trizol reagent (Invitrogen, USA)E AM8-314] 2] &4 ol A

Amplification targets Orientation Sequences Purpose
CaMV 355 promoter Forward 5-GGGAAGCTTTGAGACTTTTCAACAAAG-3 Cloning
CaMV 355 promoter Reverse 5-ATACTGCAGCAGCGTGTCCTCTCCAAA-¥ Cloning
CaMV 355 promoter core Forward 5-CAAGAATTCGCAAGACCCITCCTCTAT-3 Cloning
CaMV 35S promoter B domain Reverse 5-GGGGAATTCTATCACATCAATCCACTT-3 Cloning
UBQ3 promoter Forward 5-GCGAAGCTTTGTAGACTAAAAAAACATAG-3 Cloning
UBQ3 promoter Reverse 5-GCGCTGCAGCTGAAATAAAACAATAGAAC-¥ Cloning
UBQ10 promoter Forward 5-GCGAAGCTTTTCCAAGAAATTCACTGATT-3 Cloning
UBQ10 promoter Reverse 5-GCGCTGCAGCTGTTAATCAGAAAAACTCA-3 Cloning
OsEMF1 3rd intron Forward 5-AGAGAATTCGGCTTGTCTGAACAGGCTAG-¥ Cloning
OsEMF1 3rd intron Reverse 5-GCCAAGCTTTACTAGTGAGGATTCGCTAG-3 Cloning
sGFP Forward 5-CGCATCGAGCTGAAGGGCATC-3 RT-PCR
sGFP Reverse 5-GTCTTTGCTCAGGGCGGACTG-3’ RT-PCR
GAPc Forward 5-CCAGCTCTTAACGGAAAGTTG-3 RT-PCR
GAPc Reverse 5-CCTGTTGTCGCCAAC GAA GTC-¥ RT-PCR
OsDEG10 Forward 5-AGCGGATCGACAAGTTATTG-¥ RT-PCR
OsDEG10 Reverse 5-AACACAACCAGCACCTCATG-3 RT-PCR
Rice Actin Forward 5-TCATGAAGATCCTGACGGAG-¥ RT-PCR
Rice Actin Reverse 5-ACTCAGCCTTGGCAATCCAC-3’ RT-PCR
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RNAS 39} 5 pg RNA©) 2 unit RNase-free DNase
I (Promega, USA)S 2|3 &, 100 pmole poly-T Zz}o]H,
10 mM dNTP mixture, 200 unit M-MLV Reverse Transcriptase
(Promega, USA)E ©]8-3}] c(DNAZ #/J3}9t}h RNAS] i
s sty e, g DNAE 0|83t semi-
quantitative RT-PCRE &3} t}. RT-PCRO| A& 2t ¢
HAA-Eo]Z ¢l Ze}olmE Table 101 YER)UTh PCR ¥H$-
2 1 pL ¢DNA, 1 unit F-tag DNA %% & 4 (Solgent, Korea),
25 pmole Z ko] ™ (H e, 9H3F), 0.5 mM ANTP mixture,
5 ul 10x %T%@H oA 35t Ath PCR ¥H8-S 94°Col| A 51
WA 3, 94°Col A 45%, 56°Coll M 45%, 72°Coll A 4529
PCR cycles—E— 25-303] whEsle] 3 stgint

o
T

|
=
o
o

k5| BIE] 2 RNAT BIE] %}

A& 54 A4 AESA 7)5S AT87] HeiA,
O A Fad T By gz FAASA 7} v &
E3HA ARG o5 3l f71FU Y Al TR ZEZREE
o] &3 d FAHE W 2 RNAI WHE AX39C
m, o] o] &%t ° 71%“44 2 W FAAIAE EA5 9

W), CaMV 355 2R E], UBQ3 ¥ UBQI0 ZZREE
ooz Iy WE S A 25 Ytk CaMV 358 T2 RE =
71E B4 FAA BEdo R 4R glon, A 22
EHe B = A =HdeZ A5 o] Qlth(Fig. 1A). 8t
A9k CaMV 355 ZZFE ] B &7 A £H 2 AAE o]
8 Apolle GF 7ol AMTt g frRAte) Bdde] Y
U234 A =W core FETS B =WR1T AAAA

modified CaMV 355 X2 EHE A3} $thFig. 1A). £
NG A T Aol A A& Tk BHHE
TR 483 UBQ3 ¥ UBQI0 ZTEXE|9]S E3Hs}
© 3dd HEE Ak AR E BLEE HEE
A|Z238}7] 93k binary WEZ pPZP211 ¥ E 7} AHS-E S =H),
o] ME= A7|7} A MCSHl B2 F9] Agar 7AE
7FA AL glew, wheglob Well copy +7F Bohe S 7HA
3L 94TH13]. Modified CaMV 355 Z & % E|, UBQ3 Z & KE,
UBQ10 Z2%H 7Z7& Nos terminator2} 37 pPZP211 ¥
Ho 249 st¥on, T2 X E 9} terminator Alo] ol 571
= 77 AgEL: F9E 7 MCSE Fof g stz
e FAAE &4 229 T & AFE - th(Fig. 1B).
Modified CaMV 355 Z & %, UBQ3 ZZRH, UBQI0 Z&
BEle] o AZE 7749 WE S-S pFGL571, pFGL846,
pFGL8470]2} ™3l ATh(Fig. 1B).

AzE W7 AEA WelA FHA4E -] i A
A=A gotr 7] $18te] pFGL571, pFGL846, pFGL847<]
ZERE JFE gEH FHAQ GUSE 224 3o

o

= 1

I

(A) Intact CaMV 35S promoter Domain B ‘ Domain A ‘
343 90 +8

Core (minimal promoter)
-46 +8

Modified CaMV 35S promoter Domain B [TAT.

(B)

pPZP211

pFGL571

pFGL846

pFGL847

pFGL727

/|
(C) pFGL578 Kan® T | GUS [Puoasases]—{ RB]

pFGL1089 Kan® T | GUS | E.
PFGLS8S Kank =

PFGL849 Kt | T, | Gus [ P

woise [l o Hral as | re

Fig. 1. Schematic maps of ectopic expression and RNAi vectors
generated in this study. (A) Subdomains of intact and
modified CaMV 35S promoters. (B) Schematic maps of
MCS regions of pPZP211, pFGL571, pFGL846, pFGL847
and pFGL727. (C) Schematic maps of promoter::reporter
gene::Tnos regions of pFGL578, pFGL1089, pFGL586,
pFGL848 and pFGL849. Black box in pFGL1089 repre-
sents the omega sequence.

pFGL578, pFGL848, pFGL849E 717} A 3} 4 th(Fig. 1C). ¢
# modified CaMV 355 Z2 2 Hoj )3 iz ZE2REE
intact CaMV 355 X2 X E]:omega Al E& ©]&3tHoH, o
A gl GUS A7t A2 % W E, pFGL1089E Al ZaHith
(Fig. 1C). =3 sGFP9| 53} 79 E pFGL571¢] modified
CaMV 355 Z2 2 E o] AZAA|7] pFGL586 ¥ E1S #2844 L
(Fig. 1C), °|E o]&3l GUS W9 2745 & JEH 4
A2 Abgsto] Aletaat 6}%} ojFgA AAd WHEL
B ofd Y 7)o d2HSE

RNAi #E1¢] 39 A= 3 dAgA g 27 AR
& 4 SlE RNAi 7]& HEE A 4stgieh 71E9] Aol A
28] JIEES spacerZ AHE-T 79 RNAi £47} v ¢ =
o gelA 7] wZol[20], spacer DNAZ W& OsEMFI

FRA A WA JAEZS pBSIKS WEY 24 3,
o] & pFGL727°]2} ™4 33 th(Fig. 1B). pFGL727—8— JAEEZ 4
% 9 Q2% Zt7 57 2 879 AFEL S A1



0101 =93 /ﬂcﬂoﬂ ;Hg‘_} odut 5'_
o]q_ ziu 5] o:lu]-sl k]% o= 5@-2]—?3}\]% =
HAEE B WEE $A AE FAHST F St

Modified CaMV 35S ZZE{Q| LTI &AM 2A

pFGL5780] B AAgE A7 T, T; At B2 -8
0]8-3}9 modified CaMV 355 2 R E| 9] tdtiAd &
GUS %3 248 &3] delstyth. olw, intact CaMV 355
EEE’H“Omega Yo £3H JAAZAE X1 E T2
2E 24 £48 wasich

WA, To9 Ts At FZ2AE A EAELS o § FARE GUS
Y %S Bt Modified CaMV 355 EEE_HQ] A,
A 79 H F2AEA 9 A GUSTE oF3H Al B2

32 Mk ru%
o

on, 119, 149, 2148 42419 A 3 oA 3
GUS Wdo] #&=|QUthFg. 2A). ¢+, #ad¢t BE L2

(A) Modified CaMV'355::GUS

Intact CaMV358:0mega::GUS

7DAG

11 DAG

14 DAG

21 DAG

B
( ) Modified CaMV355:GUS Intact CaMV35S:omega::GUS

[

Fig. 2. Analysis of intact and modified CaMV 35S promoter ac-
tivities in T, transgenic plants containing promofer:GUS
constructs. (A) GUS activities in 7, 11, 14 and 21 day-old-
seedlings under short day condition. (B) GUS activities
in floral clusters of mature plants.
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ol A He]ellA o] g o] #EE ATHFig. 2A) Ehd o] in-
tact CaMV 355 L Z X E|:omega A€ 4, d2uAdE
GUS &4 732 modified CaMV 355 Z & 5 H 9} H| S35
ou FA Axt diFH o= SkthFig, 24). o8 Age
modified CaMV 355 L2 L E7} £E4 449 5akd o uj
+ F&HA AHEE F AFS YrE

Modified CaMV 355 ZZ 2 E XS sGFPE g XH 3
AR o]gste] ALY TE WA T §AAE A=A E e
E GFP9 #}&dE RT-PCRE Faliste] ZAkgE A3, of ¥
M= sGFP o] #AHA FRAT, MZ T 574 TiA
EA M= sGFPe] HAME ol ¢S 4 SItHFg. 3A).
ol T1 2iIEY T, AEAE IO E sCGFP 245 %
frd oz F43 A3, doldha] 8d 3 159€ F4EA 9
2+, 8l =, shoot A 791 B #2jol A 733 sGFP signal

(A) Modified CaMV355::sGFP T,

GAPe

(B ) Modified CaMV358:5GFP T,

8 DAG

Fig. 3. Analysis of temporal and spatial activities of modified
CaMV 35S promoter using sGFP. (A) Semi-quantitative
RT-PCR analysis of sGFPin the T; transgenic plants con-
taining modified CaMV 355 promoter::sGFP. GAPc was
used as an internal control. (B) Analysis of sGFP activ-
ities in modified CaMV 355 promoter::sGFP T, transgenic
plants and wild-type plants. Cotyledons (a, b, c), shoot
apexes (d, e, f), hypocotyls (g, h, i) and roots (j, k, 1)
at 8 and 15 DAG.
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1% 4 AXTHFig. 3B). o|H s Ao GUS &3 A<}
Abah, etk A modified CaMV 355 TERE+ F241& ©
S X3S g2 wddA oA 9] A f-&3HA A
2 F e A2 AAK.

d 2 % i

Modified CaMV 35S ZZRE{Q| Z0j|AMQ] &AM 2N

Ae3t FAAS A EA 9 LA GUS &8 S
3%tk Modified CaMV 35S Z2RH 3¢, &, 9&, £
QA S A drgo] #&EF WA intact CaMV 355 2 R E+
T3 heolA GUS wdo] #25 th(Fig. 2B). ol 2|3 2

I} modified CaMV 355 Z2 2 E 7} £ 7| #ol| o] Futg
1= &3t AHEE = ASS UEdth

=

S~
bt

d

|

2

UBQ3, UBQI0 Z2RE{Q| BTy & 24

pFGL8487} pFGL849 # |7} 21z FAHSe of 714 T,
FAAS JEAE oz dEaAE GUS E4& B3t
o} UBQ3¥ UBQI0 #4Ae Z2WEHE 77 Tgshe
pFGL846, pFGL847 W E] 9] f-84& EAPO}%%D} AA, M2
O A V) T FRIA FaS T, A EAES FARE GUS
o A HYon, UBQ3E UBQI0 T2 X E1 ag@aiﬂ
BT 3EE BE wddA o] Bl Fe GUS 45
ﬁﬂﬁg@»UMBMiEHA@%7%ﬂ$AQﬂQ7aﬂ
A=A 9 A e GUS &40 A ##E A gkoton,
1198 F2E59 A97 149 2 2199 A=A A9 2

#ejoll A GUS &4do] ## 5 Ath(Fig. 4A). UBQI0 ZZ KF
o A%, 797 FAEA L AGoA B3 GUS EAo] BEE
o] UBQ3 2 RE Rt &40 o W] Yepds & 4 AU
(Fig. 4A). o} 3 119, 149, 21 @A) 214 2 Aol A
°] GUS &4& UBQ3 22 RES; frAtet 385 B th(Fig.
4A). o83 23S v o2 UBQ3S UBQI0 ZERE 5%

O:

o

¢

i

fl

r

i

)

FAzLY] o) &3} *Fw o, dol & % 1
SARE §Aze Bide dss A4S UBQ Hu:
UBQI0 Z2XRE7 o & J% & dAd.
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Fig. 5. Semi-quantitative RT-PCR analysis of OsDEGI0 gene in
rice T; transgenic plants containing OsDEGI0 RNAi
vector. Rice Actin was used as an internal control.

Aol TR 2 B
D5 oleis). & ATl
{

1>
it}
o,

N o
.
r 11‘

2
ol
r1r

©

el SN AT 5 )
FA SR

~

N
ofN I

>orr o> o2
ofo N
=i

Q‘L
R
T
|
= 2L
Anj
> 2
N
Jn
dr =
(o3

s g g 501] A}ﬁﬁ pPZP211% bi-

717} Zta dtelelob Well A -2 copy
T2 EAst £ AFA Axd WE S-S vt ot oA
o zzko] wj-¢ &o3tTi13].

A BAGAZAA FAY HErd A
pFGL571, pFGL846 18]1l pFGL847S ﬂbo}&igu%,
# e} = ZHzt modified CaMV 355, UBQ3, UBQI0 2 RE
¥¥3t 9h(Fig. 113) Al F79 WEH 25 MCSel 57 =
708 AFEL FAE 7HAAL S, WE e HA 71Dl
Ag=ol date FHAAE 44 F29 & F A= FHE
7FA 3L QItHFig. 1B). GUS frAAE 2 EH F3A 2 A3}
of A WH 84S A EA A gl A3,
modified CaMV 35S, UBQ3, UBQ102] Al TZRE 25F of7]
Aje] o ads 2 & 7| A BEES GsAa
(Fig. 29} 4), modified CaMV 355¢] 7~ o] & A5 sGFP
£ 2 FH AR ARt A gl aem, AAA FE
M= A 39 thFig. 3). 53], modified CaMV 355 ZZ X
E9] 7% intact CaMV 35S:0mega ZZFE 9} Bl 1§ S
F o 52 €45 BYh(Fig. 2B). Intact CaMV 355:0mega
Z2RHve HYH A ¢ CaMV 355 ZZ R E | gl ub
HFE wole A2E Hid omega HES H7He Ao =
CaMV 355 Z2RE 1 2o 93 A Heh B3FS o 9
FE 02 BuHo YuH19]. wEpA £ A9 ﬁﬂi
pFGL5710] #37} & o] vf¢- §-&3HA AHE + U+
vetdth 53], CaMV 355 T2 RE= 29 W}"é*‘“

oA A Wl AES Hole AoE 4HA S17] Wil
[19,30,35], ¥ oA Al2Hek pFGL571 W E = t-29] %
AGAEAA TS BLES A F&8HA AHEE
A& Ao g wardd 33, UBQ3 K.t} UBQI0 2 RE Q]
Aol g o] z7] dEwAgA AAEHAY] uf £l (Fig.

I ¥
ol 3o
rir
Z
e
o z
Anj
2 ﬂ.llﬂl
f
Tf
LJ
“
OFO
o?.:
ﬂ-l
-‘\‘1
23

}._

r{r w e ol

_|_4_4

Journal of Lite Science 2009, Vol.19. No. 6 815

4A), BT 27 SAFEY FLdd= UBQ3 Htt
UBQ10 EEUEV} o #8&& AR AAN.
AEAAM B4 fraae] 28 Ao AH-E 4 JE RN
71% wE?2 pFGL727 HE S A 23 ATh(Fig. 1B). RNAI
He HZ AE 9 58 E%OM 4 A 23
AA = v BEHQ PR AREE I ITH20]
# 2.2 RNAi ¥¥]= hairpin ﬁligl °]Z7}5 RNAE &
T =S spacer X E& Atololl FaL th FAA] 5ol
AutE N o] Fasitie]. dd ke 4Es} 5919
of ek AukE Ao 2w FuAo]o|A26], GRHE A
& 5] A AA d5s BAE AT davt gk
pFGL727 W] 9] 7> OsEMFI A7 e Al wis) QJERS
spacerZ AH8-3l41 1, spacer] 9% H Q2% 02 7}7} 57,
87he] AGaL F97} glo] dutE Mg F2o] ¢
4018 Aoz AFHT}(Fig. 1B). RNAI WHE A %357] 9
a, HAE AAA7| A skt FAte] s FLE
° 2—1 F-9E spacer FEol| gutEo] HEE FEY
A , pPPGL7272] 73-%- spacer %ol Al3tah H-$)7}
Wol o TR Zefolnwio g2k ouiE Ngo F2y o]
ot &, FAA-5014 F998 FF3] A% ZetolH

X
=

}

o

O
i 031 o, ret
e o ot T tlo

_‘

o 1

E 0a¢l & o) DNAY 4Zd F2Yd AL Aasr
A7 47 20 FAEHEE s "ok °ﬂ~~ %4
DNAY 9HdE XAd-BanHl FY7, LERANE EeRl-

HindIIT 717} A4 # AEE 3 TR A
zeto]ME FA4F F, SHE DNAS WA B,mHIJJr EaR1S.
2 A7t pFGL727°ﬂ F24 sta, 224 " WHd 5Y
3 ZZ DNAS Xad? HindIZ A glste] 224 shd ot
B 498 7H RNAi 9B S 75 $ 9tk pFGL7279] 2
gutE g 7 tW}% 28 B 9 E
4E10ﬂ A AEAZ FAARNS $ itk AAHAE
ARG 79 B Aol Az pFGL571, pFGL846
pFGL847& TJrHE‘ & HHE ]88 F & Aotk 4
2 W OsDEGI0 F+3AZS t2 o2 pFGL727 WH & o]
6}01 Az v ARG AEA oM Td AA FHE
ZAREE A3, 5709 Ty A=Al F 370 2helell A A dol
gdstA Fage FAskAtiFig. 5. olHF A=
pFGL727¢] RNAi 2}¢] A|ZE 7|2 WEHZ {8314 o] &2
F ASS Yug

2 AT 2345 ¢ o, £ A7eA Ax¥ pFGL57,
pFGL846 12] 1 pFGL847-& 42+ 4] & o] A Zj 2} Tk
of #&3HA AH8E 4 93, pFGL7272 A4 & 2 ©xt
FAENA A HE AAE 95 A8 RNAi 7]E
HER o] &d 4 U ZoE Judnh

T M o~

b‘o]: 1;_! Orhﬂ]-é‘]:

=,

W0 g o
.

OFO_l-E‘érBLoLJ

N

FO

[e)3
Of

HgAN F2A49 752 ATl A A7 3



816 A 748k5] =] 2009, Vol. 19. No. 6

Ly A dde] A e FAAMAE T FHA
753 dEEo] g {83 JRE ATdnt ¥ ATelA
£ modified CaMV 355, UBQ3, UBQL0 Z 2 XEE pPZP211

W] 247 224 819 AgrobacteriumS Wi/ Z o Hd
ARG A EA Al F&3HA 0] 8T F Sle
pFGL846, pFGL8475 A|Z38tdth. o] WEES 2717 &1,
gHe| 2lo} Woll high copy 2 EAletH, thg 2249 F9o o
FFATFEL FAE 7L YA, FA Mol ¢ A U=
59 A4S 7HAa itk GUS £& sGFP g ZH fRAE
E3she FAAS JEAE A28 modified CaMV 35S,
UBQ3, UBQ10 =2 RES] &4& T4 23, A ZZRE
B ol 3 iR o] wadA e A AEA Y & 7%
oAA E& S BT 4, AEdA A2 T A
o] 48 & 9l RNAi 7|2 ¥EQ pFGL727S A
pFGL727% o] 43 B RNAi 2439 B4S 3 o
WE 7§ dE Ao f-851A o] &d &
Adetdet. A AAE T HH, & ATFolA

& AEdA Az LA BH A &8 ol &2
AE Ae= ZiYEd.

Z3t9

¢

References

1. An, G. 1986. Development of plant promoter expression
vectors and their use for analysis of differential activity of
nopaline synthase promoter in transformed tobacco tissue.
Plant Physiol. 81, 86-91.

2. Benfey, P. N,, L. Ren, and N. H. Chua. 1989. The CaMV
355 enhancer contains at least two domains which can con-
fer different developmental and tissue-specific expression
patterns. EMBO J. 8, 2195-2202.

3. Benfey, P. N, L. Ren, and N. H. Chua. 1990a. Tissue-specific
expression from CaMV 35S enhancer subdomains in early
stages of plant development. EMBO J. 9, 1677-1684.

4. Benfey, P. N,, L. Ren, and N. H. Chua. 1990b. Combinatorial
and synergistic properties of CaMV 35S enhancer
subdomains. EMBO /. 9, 1685-169.

5. Bevan, M. 1984. Binary Agrobacterium vectors for plant
transformation. Nucl Acids Res. 12, 8711-8721.

6. Callis, J., T. Carpenter, C. W. Sun, and R. D. Vierstra. 1995.
Structure and Evolution of Genes Encoding Polyubiquitin
and Ubiquitin-Like Proteins in Arabidgpsis thaliana Ecotype
Columbia. Genefics 159, 921-939.

7. Chalfie, M., Y. Tu, G. Euskirchen, W. W. Ward, and D. C.
Prasher. 1994. Green fluorescent protein as a marker for
gene expression. Science 263, 802-805.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Christensen, A. H., R. A. Sharrok, and P. H. Quail. 1992.

Maize polyubiquitin genes: structure, thermal perturbation
of expression and transcript splicing, and promoter activity
following transfer to protoplasts by electroporation. Flant
Mol Bial. 18, 675-689.

. Clough, S. J. and A. F. Bent. 1998. Floral dip: a simplified

method for Agrobacteriummediated transformation of
Arabidopsis thaliana. Plant . 16, 735-743.

Fang, R. X, F. Nagy, S. Sivasubramaniam, and N. H. Chua.
1989. Multiple cis Regulatory Elements for Maximal
Expression of the Cauliflower Mosaic Virus 355 Promoter
in Transgenic Plants. Plant Cell 1, 141-150.

Gallie, D. R, D. E. Sleat, ]. W. Watts, P. C. Turner, and
T. M. A. Wilson. 1987. A comparison of eukaryotic viral
5-reader sequences as enhancers of mRNA expression in
vivo. Nucl Acids Res. 15, 8693-8711.

Gao, P, Z. Xin, and Z. L. Zheng. 2008. The OSUIQUAZ/
15D2Encoded Putative Methyltransferase Is a Critical
Modulator of Carbon and Nitrogen Nutrient Balance
Response in Arabidopsis. PLa5 ONE 3, €1387.
Hajdukiewicz, P., Z. Svab, and P. Maliga. 1994. The small,
versatile pPZP family of Agrobacterium binary vectors for
plant transformation. Pant Mol. Biol. 25, 989-994.
Harholt, J., ]. K. Jensen, S. O. Sgrensen, C. Orfila, M. Pauly,
and H. V. Scheller. 2006. ARABINAN DEFICIENT 1 is a
putative arabinosyltransferase involved in biosynthesis of
pectic arabinan in arabidopsis. Flant Physiol. 140, 49-58.
Herrera-Estrella, L., M. D. Block, E. Messens, J. P.
Hernalsteens, M. V. Montagu, and ]. Schell. 1983. Chimeric
genes as dominant selectable markers in plant cells. EAMBO
J. 2, 987-995.

Hiei, Y., T. Komari, and T. Kubo. 1997. Transformation of
rice mediated by Agrobacterium tumefaciens. Plant Mol. Biol.
35, 205-218.

Hofgen, R. and L. Willmitzer. 1988. Storage of competent
cells for Agrobacterium transformation. Nucl Acids Res. 18,
9877.

Holtorf, H., M. C. Guitton, and R. Reski. 2002. Plant func-
tional genomics. Naturwissenschaften 89, 235-249.

Holtorf, S., K. Apel, and H. Bohlmann. 1995. Comparison
of different constitutive and inducible promoters for the
overexpression of transgenes in Arabidopsis thaliana. Plant
Mol. Biol. 29, 637-646.

Kusaba, M. 2004. RNA interference in crop plants. Curr.
Opin. Biotechnol. 15, 139-143.

Kusaba, M., K. Miyahara, S. lida, H. Fukuoka, T. Takano,
H. Sassa, M. Nishimura, and T. Nishio. 2003. Low glutelin
content I: a dominant mutation that suppresses the glutelin
multigene family via RNA silencing in rice. Plant Cell 15,
1455-1467.

Murashige, T. and F. Skoog. 1962. A revised medium for
rapid growth bioassays with tobacco tissue cultures. Physiol
Plant 15, 473-497.

Park, H. Y., L. S. Kang, J. S. Han, C. H. Lee, G. An, and
Y. H. Moon. 2009. OsDEGI0 encoding a small RNA-binding
protein is involved in abiotic stress signaling. Brochem



24.

25.

26.

27.

28.

29.

30.

Biophys. Res. Commun. 380, 597-602.

Pereira, A. 2000. A transgenic perspective on plant func-
tional genomics. 7ransgenic Res. 9, 245-260.

Sanders, P. R, J. A. Winter, A. R. Bamason, S. G. Rogers,
and R. T. Fraley. 1987. Comparison of cauliflower mosaic
virus 355 and nopaline synthase promoters in transgenic
plants. Nucl Acids Res. 15, 1543-1558.

Shabalina, S. A. and E. V. Koonin. 2008. Origins and evolu-
tion of eukaryotic RNA interference. 7rends Ecal. Evol. 23,
578-587.

Smith, N. A,, S. P. Singh, M. B. Wang, P. A. Stoutjesdijk,
A. G. Green, and P. M. Waterhouse. 2000. Total silencing
by intron-spliced hairpin RNAs. Nature 407, 319-320.
Stoutjesdijk, P. A, S. P. Singh, Q. Liu, C. J. Hurlstone, P.
A. Waterhouse, and A. G. Green. 2002. hpRNA-mediated
targeting of the Arabidopsis FAD2 gene gives highly efficient
and stable silencing. Plant Physiol. 129, 1723-1731.

Sun, C. W. and ]. Callis. 1997. Independent modulation of
Arabidopsis thaliana polyubiquitin mRNAs in different or-
gans and in response to environmental changes. FPlant /. 11,
1017-1027.

Wally, O., J. Jayaraj, and Z. K. Punja. 2008. Comparative
expression of beta-glucuronidase with five different pro-
moters in transgenic carrot (Daucus carota L) root and leaf
tissues. Plant Cell Rep 27, 279-287.

31.

32.

33.

34.

35.

Journal of Lite Science 2009, Vol.19. No. 6 817

Wang, J. and J. H. Oard. 2003. Rice ubiquitin promoters:
deletion analysis and potential usefulness in plant trans-
formation systems. Plant Cell Rep 22, 129-134.
Weltmeier, F., F. Rahmani, A. Ehlert, K. Dietrich, K. Schiitze,
X. Wang, C. Chaban, ]J. Hanson, M. Teige, K. Harter, ].
Vicente-Carbajosa, S. Smeekens, and W. Droge-Laser. 2009.
Expression patterns within the Arabidopsis C/S1 bZIP tran-
scription factor network: availability of heterodimerization
partners controls gene expression during stress response
and development. Plant Mol Bidl. 69, 107-119.

Wesley, S. V., C. A. Helliwell, N. A. Smith, M. B. Wang,
D. T. Rouse, Q. Liu, P. S. Gooding, S. P. Singh, D. Abbott,
and P. A. Stoutjesdijk. 2001. Construct design for efficient,
effective and high-throughput gene silencing in plants.
Plant J. 27, 581-590.

Zhang, H., C. Ransom, P. Ludwig, and S. van Nocker. 2003.
Genetic Analysis of Early Flowering Mutants in Arabidopsis
Defines a Class of Pleiotropic Developmental Regulator
Required for Expression of the Flowering-Time Switch
Flowering Locus C. Genetics 164, 347-358.

Zheng, X, W. Deng, K. Luo, H. Duan, Y. Chen, R. McAvoy,
S. Song, Y. Pei, and Y. Li. 2007. The cauliflower mosaic virus
(CaMV) 355 promoter sequence alters the level and patterns
of activity of adjacent tissue- and organ-specific gene
promoters. Plant Cell Rep 26, 1195-1203.



