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The studies on developing the new cultivar
of roses against various stresses, such as
salts, cold and pathogens, by using
transgenic rose overexpressing SAMDC
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Characterization and utilization of rose transformants
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SUMMARY

The problems such as salts, pathogens and the cost to heat the green house,
have been the major needs in the foriculture in Korea. We have developed the
transgenic tobacco overexpressing SAMDC, which have induced the broad
tolerances against salts, pathogens, and cold stress. Our previous results provide
the possibility that overexpressing SAMDC in roses may improve their capabilities
against salts and cold stresses, and pathogens. We, therefore, have pursued this
possibility with developing the trasngenic rose overexpressing SAMDC.

Since SAMDC gene contains uORF at its 5'-UTR, we have researched and
demonstrates that the expression of SAMDC is under the control of uORF in the
transcription as well as the translation. In addition, the level of uORF or its
function may be regulated by phosphyrylation in a cytosol. Also, SAMDC was
increased at the cutflower when cardinals were analyzed through the incubation
periods. These findings suggested that uORF might be the important factor to the
successful transformation of SAMDC into rose and SAMDC may play the role in
the cutflower senescence.

To seek a candidate cultivar for the transfomation of SAMDC, the cultivars of
Roses (17 of cultivars) were screened by measuring the capability of shoot
formation in lateral bud and of callus formation. In order to develop the techniques
to transform a rose, we have pursued the parallel approach, which is the
methodology to research all kinds of techniques at the same time. Roseyumi were
selected for the transformation and its rooting, inducing callus and transformation
were successfully implemented. However, its shoot inducing from the callus is not
successful, yet.

And the treatment of spermine and some of plnat hormones (BA and GA)
increased the longevity of the flower after cutting. Specially, spermine seems to
induce the tolerance against pathogen. Unfortunately, however, the levels of the
internal polyamine, such as putrescine, spermidine and spermine, did not explain
their correlation with cutflower longevity because of the microbial infections during
the incubation periods.

After the transgenic plant will be developed, the tolerance against salts and cold

stresses, and pathogens will be defined. Also, the enzymes for the anti-oxidation,
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the flowering, the color and quality of petals, and longevity of cutflower will be
examined by using the transgenic rose. After these test, the transgenic plants
overexpressing SAMDC will be used to produce the saplings which are induced
by grafting or others and their botanical traits will be tested to apply them into
the field.
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SUMMARY

1. Trait study and cultivar selection for the transformation of roses

In order to obtain UPOV trait data 314 rose cultivars were selected out of more
than 600 rose cultivars. Eight important traits were selected and examined such as
flower shape, flower color, length of peduncle, length of petals, fragrance, thorn,
powdery mildew. As a result 261 standard and 53 spray rose types were collected,
and majority flower color were pink, red, yellow, scarlet, white, doubled-color.
Plant height of thirty-four cultivars including RedSandra were more than 7lcm,
and two cultivars including RoyalDream were without a thornless and fifty
cultivars including BlackBeauty showed either small sized or less number of
thornless. Eighty-three cultivars had abundant petals and nine cultivars including
Mr. Lincoln had strong fragrance. Three cultivars including Sangrea 94 showed no
symptom of powdery mildew. In addition, fifty-nine cultivars including
Yvessanglaurent showed strong resistance to the powdery mildew. Sixty—four
cultivars were selected for the rose-transformation.

Twenty-seven cultivars including kardinal with superior traits, eleven cultivars
including Tempera developed at jellanando agricultural,

research and extension services, twenty-six germplasm were provided for the

transformation.

2. Effects of polyamines for the quality control of rose cut flowers

kardinal cultivar ranks in 10 major rose cultivars in the domestic market. Thus it
was used in order to test the effect of polyamines. When cutflowers were treated
with concentration of 1mM putrescine, spermidine and spermine, and nursed for
eight days, the quality of flower was extended for two days. Meanwhile the
non-treated samples showed rapid senesces, dryness and curlness of petals after
seven days.

The activity of SAMDC was measured throughout the vase lifetime. The activity
of it showed highest at 1 day of vase life and then decreased.

Unexpectedly the activity was increased when petals started to whither and dry.
At the moment of cutting Cardinal and Vital rose cultivars polyamine contents
were measured, and then putrescine content was highest among other polyamine

in both cultivars.



3. Acclimatization, propagation, line development and simplified trait observation of
transformants

Transformants are being developed under the process of identification of
transformation and acclimatization out of in vitro culture. When the system of rose
transformation is stabilized, transformed-plantlets will be acclimatized and
propagated. Then transformant lines will be developed and botanical traits will be

examined.
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1. 71&

Z 2 okRl (polyamine) A7+l = AEA7F 27 Fratal e thrb Fol9
EARA obF vt AeA Ao #ejstar dvk (Galston, 1997). o] 2]gk & ofrl
2 putrescine, spermidine, ~12] 1L spermine &% JFE I =4, ¢l A stA 3 siAEgHA]
of #ofatH, MEEAI AFENGE B 1 9 BN AExEste 7Hdd 2 23t
ol #As7| e gk EEjolrlo] M} =& TR FAEHE A7 Fo] Wddles A
71elm, 53] HZoll= Eeloldl o] w35 JAlst= Z-go] Bt o8 tEo A=
A 7F & 54 A F, % T Yol 2FHE 4
of AstA HAS .

F2uky 9t} (Yamakawa et al.
1998).

Zgokwl g #HyY &@4E  arginine  decarboxylase  (ADC),

= .
2Ed 2y ¥dd 49 2 Z

ol o

S-adenosylmethionine decarboxylase (SAMDC) % ornithine decarboxylase (ODC)7}

dHA At ol FHAe] HHALS (29 1) EE transcription T 9} translation ©

Aol A 2=d=a vk ME W Eefolvle] && JustA 24s7] YA ol 4
=

A wRe 2As7) SF Bd slge] Wetthn puAch Aw A TH 24

o

=9 32 5'-untranslated region (UTR)®l| upstreaming open reading (uORF)
A=A} (Lee et al., 1997). uORF7F 2838t WS codedta e v do] 3

geol Zeloln ¢4 HAA translationS A FozH BMA AR FE A7)

2| , THAR] 2E A8 S Aoy e A9t
glom E3 ol &2 A7)t wgke] Jhw o dojub AHE A Q] AER A9
o B 7o) A A selok gt} olel gt ~2E Y AE AT GAMY A E sl Fad A
goto g 283 ghow AE A2 2 AS AgstE P Fag 8oV E Bkt
ol gt FAEA ~EH e tEo] AEo Aot W] Fagh 210 g = wto]e
2=, vre|gof, #3o] T e AEATL At o5 A= ASAAES AdfsteE &
o= Agatal vk
ojggt FAEA ~E s Wddo] 7S Holvl e &g WS Y. 53], &
gloll F 53| putrescine® ol 71 402 FUtelA H=d ol#g Y ~E
g Agozs K o A9, 4EF ol ¥, 92 pH HH, 4544 ~Ed~,
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7h=w Y, olAtsts o9, FARAAE, Ao AL oF od, R HAdE 4 T
497 Haso] 9t} (Kurepa et al., 1998).
2EY 2 2ol FolR0E w AlE Wl S Egjopil o] ofgol] disi= A
SHA ¥ral 7 vl gloh 23y F <9 ODC -2 A7} overexpression® @+ &2 231
Axes 1GES 249 ez digh AdHo] w7 vewth AEAddA Ze
P

o].r‘z_]o

|m
&
[>
=2
=
[
)
otk
o,

o

S UellE 2249l 71zto 2 ol o] oxidative
stressoll ™3 protector4] ZFg3l7] W&ol AoE oA Urt (Galston et al.,
1997; Ye et al, 1997; Kurepa et al, 1998; Yamakawa et al, 1998). ©ul 2] & A7}
tobacco mosaic virusell 795 A2 ] pathogen-related proteins®] =% +=d o] ol
= salycilic acid9}+= = HA 2 2 spermine®] PR proteing =3l ZHo = e
(Yamakawa et al, 1998). wetA o g 71| 2E# 2 A3 79 Zgolile] ~E#
of ojgk a7t ¢tE = AS F LA vk & ¢ Utk

m:ea cycle\

L- omithine L-arginine
ADC
oDC Agmatlne

/ SAMDC ACC synthase
putrescine \

dcSAM S-AHC
MTA ' l

. qe L-HC
spermidine
deSAM / ethylene
MTA —»>»—>»» | methionine
spermine

I 1L AEA YelMe) Eolna oldd f4 mAE
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24 o) B J1%0] AR TAR

Arabidopsis thaliana®l oxidative stressE 7| 984 paraquatE A& 3HdA
putrescine®| o] A A F7}8}H paraquat 54 L 23kA]7) =14 spermidine®] 7Y &
7491 protectante] G &S sFF T (Kurepa, 1998). Convza bonariensis 9F QoA =
oxidant stressZ #1239 putrescine®] A XU o] I A FUlsll o EHg ol A
A E/\CA A% A FU7FsEAE (Ye et al, 1997). 3+ oxidative stressell # &+
L& Conyza bonariensis® biotypeol A= ADCS ODCel &g o] A aA o]
o Zxuo 2L Z9koen putrescined T HE Y584 =4 e

e 2 zbo] 3 vloly A7) A @l 2 E A ol A pathogen-related proteins %
3] W+ =& 9o] spermine®]™ necritic lesion-forming leaves®l| 4]+ spermine®] o]
Ae du 208 ol =S Fo] BAEES o (Yamakawa et al., 1998), 2 A <] -0
A A2l e spermine> PR-1, PR-2, PR-3, PR-5 %< PR ©¥W @9 %4& o}7|AA
B3 TMV ol oste]l dA € 3915 spermine®] #2lol] ¢fso] HA¥ o
wHEEAY 2 9] FolA ZF2d ODCO s Iebdd A7l Feo] g v A
It ugE 2E29 FEAY 2E2dd Aol =A YeEbgtt (Minocha and
Sun, 1997).

Zeolyl FAAE FHehdd A7 AU FAA Al FEHAS A=A 7F Kumar et
al. Toll o8] AxE o] AFHE7I= gou o529 AFolM= Eelotwle] AFAG T o
dallvte] oA 2 =sAd e el o
ol #g A4+ F3E Bk gloh

oA A AFEAYE dHA HasEL JAT F9 AA Aol AAHQ] A

TAFHEL ofd B g uprt glth 2y 9o A7 AREd A BEo] o 34

29l
of rEAE 453 W Eefobulel AL WE FEHE Audzo] 4G
e EES A0l g EFnn Edobue ol A tehtn] o) elx £
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oltl S Heldte] FH FA~EY Y WU o =& Ao FEHE S AL
Holrt, whetA olE AdE Zeolyle] PR 2EH A AP S F T NI
%5—“‘6}43 Hoj it

1, polyamine?} ZA&#-89] SAS Holw FAAALE ¥ FF3k= ethylene
kv Z22 Y gshe] ] Klee 247} 199813 9 Plant Cell
& AA A E3le &AM o)A (ethylene-insensitive mutant,
T (Lund et al., 1998), 7ivttte] 91815 digre] B.R. Glick 157}
4%l ethylene deaminase -2+ Fopatd A EA o A9 UH
UER T (Grichko et al. 2000). 181y etr—1 F+3A7F =91 = o

o
[411

!
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!
i

o Mo

U
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=
oF
oX
2 o
>

2,
e
=3
o
,

nr)oll A ¢

I (
=
ol

4
o
o
2
il
)
M

IS

o
x
2
fols

7

bl

e A:MS QA EA Kot FH] Bl AEAdAE 2388 vH A FFol o
WA o] ey TE (Knoester et al., 1998). whetA A &3 WA 7he] Aazkgof upzt
WAool 2 A Yehte Ao AZtE. olE AFIES T2 dHAe g Sd
A WA, 2EHE AE & ATt don ols FAAS A=A ot
o] ARt A= FEst A Frh 1Yy 2 A% 2 schemel® F
s Aol oA oﬂ@_aﬂ A 5126l ACC synthase?} ACC oxidase?] 239

A AgAN AL oo 2B a7} Fol o) wel ol Aol o AW T} Ao
Eelopyle] ghapol FrhstAon oA MARE B Uehd

&7 v} catalase, peroxidase, glutathione S—transferase 59| 34t3t &4 7S o]
L3 A 38 ABA, salycilic acid, jasmonic acid 53 ##H FHXE o] g3le] Ay A
A3 ~EH 20 o

NAe ATeta AN ABAZ o §3te] WIS MES B

g AFE WS FAH T Yot A ol F ol §F AgsE oA

3 9A ek e o] ok ATk v Bwals) WEe] ke gelel g5t &
7

o] U M 2 Aow Az

o
£

X,
£
u
2
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H AFAE A EA oA dojhs Zjotwle] A Ay Ay Jate dfsto]
W AGE FYste] goh BAAETSH AdF7|HE =Yste] FhvlelA, EvlE,
Zgolyl BEA FHAEQ ADC, ODC 2 SAMDC 5& #g3

o
=
AAE S Fulell A A Zejobdl o] A o] S7hd d4

ol
32

» M

2

o

= Aol ol&d Fho]lAde] SAMDC cDNAE whufjo] g4
3 AlA SAMDC frxztEs #rpbdd Azl 4 putrescine? spermidine®] A §H4d wFo]
2Eg o] g AgAo] =A ettt A 574 SAMDC

AAAA constitutivedt Al bR AAIZ AEAE HEE= AT

T ORE AE5e AEAE 22 XAk olH e Ao Aoz A=A o 1 W=
=4 witel] 2o EAfo] Aljte vp vk LYy AR AT

o A} ol gk SAMDC f##te] Zakdkde] Aaet vl QlEd o] 59 Eoinl fHxt

rN
_|_,
i
w
a1
w
k=]
=
o
3
o
=+
©]
=
=2

E 1L oopEy §AA% HEA 9 AW SAMDC 24 9@ Eejobul

Tobacco SAMDC activity Free Polyamines (nmol g . fr. wt)
Line (nmol CO; mg ' protein h'') Pytrescine Spermidine Spermine Polggrﬁlrles
_ 0.155+0.024 57.1+1.8 18.0+0.6 5.6+2.2 80.7
oFAl
(100) (100) (100) (100) (100)
SI6-S-4 0.296+0.038 296.1+75.0  142.6%15.2 174.7£18.3 613.4
(191) (519) (792) (3120) (760)

% S16-S-42 SAMDC Hupdtd A% 2 &4

gy 2 AFE A=A el A FulskA EElobrl Aol A E = V)
2 uORF7} &gttt A2 w3 o] 20008 =0l Plant J.ol 2% 3F v} 917] w ol
(Chang et al, 20000 SAMDC ¥}t}etd constructE #A|x2E o= A H oz
translation @Aol 4 SAMDC frd7e] #dS& x4dst= SAMDC uORFE 37 o
Az o Za Aol A MESAHE JErWA &S FF9 Zgotvle] F7tstes o

2

S
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Atk kA uORFE 83 SAMDC Fxxke] Hujitd gdd3 2 EAE A 33}
inducible promoter& A}F&3}A] & F 2 Zg ool Aol Hy 76w =
S7he FAAS AEAE AT 7 AT GE D. o] F2A Axd FAAS A=A
A B3R FAE T4 o ;‘%ko] R F7hsk e

SAMDC #thdd 2 &9 o) AHAo] oxidative stressoll thah A &4 S el
7he] AR5 ZARSH] f18te] HoOx5 A2k Aol oshd op o] AZAnt =
EAol dEetA wokrh weh Watel dalE = e A o EL oo &
AL HwA A2 Holqrh (19 2). e vx9] ASUHERFS Agste] 1dE ~
A5 A stiaAl T1 progenyE AFAIA 2 23 AFHE7F SAMDC g
PG A AT AP BT vl Aol w=A FAEJT (2" 3). 2 9] 100 uM
ABAE A#g A5, AHEAS A AF, 52 4TCA LA 45 oA 1A
FAAG A EAANA AW o AEEFH w5 7F A A A=A

B ol tig AFdAHE As7] fleke] ofAdE o o3 SAMDC Frhddl
A% 2 E Ao 371FH (Powdery mildew)e] & 3o]H <l Shpaerotheca pannosa
£ AYPE o e = AFEAS b (2" 4). =3 & 3] HddEd
Phytophthora parasitica pv. NicotianaeE A2 S Woll = =2 A4S B (29
5). 28 3 dre o} WYl Pseudomonas syringae pv tabacis 79X HS =
SAMDC g ”%Zﬂﬂ =S AAEE BAY (29 6). A 3F7F ¥

B UBAS el en® & o tdet Hads o yHAgdSs A B
Fs Welle =2 AFAHS UetdiA I w9 52 o7 e A3t E slew

A7k,
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Ar of8E el o] d¥
B: SAMDC bt =49 o &9
C: ofAE 2] E Aol 1 mM spermidine * 2]
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ER AR
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219 5. Phytophthora parasitica pv. Nicotianae°l] ™3t # a4 ZA}

A& ofAY, L& SAMDC #Hrhd A EA (S16-S-4)

70

Bacteria (x10° CFUs/ml)

1 5
Days After Inoculation

1Y 6. Pseudomonas syringae pv tabaci 7+l thak WiHA
Wbk ok Y, AFAEY S16-S-4

A A F12¢l ACC synthase?t ACC oxidase®] A= antisense ko

Fs oF 3 A% =o] & FAAS A=A

- e WS dEdlY (2" 7).
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19 7. Phytophthora parasitica pv. Nicotianae®l t3t = 3dA ZA}
9% ACC synthase && A 2 &4 EZ: ACC oxidase &d | 2] &4

olfe] Aol A AL Fobdl AP F7F A=A SAMDC FHeptd o
2547} A2, oxidative stress, G E 2 acidic
stress 59 $HA2EY 2 g WA 3 T8 2EH2VE Folxs W ALl &

S YetA Y. =3 oA E A E Ao spermidines F-olA A st
2EY 2 Aol Yy =4 #EHAY. kA ol5 A2 32 E o) SAMDC @t
T AEZA7F oY 2EY 2 R Ao A
spermidine®] A A S FE3A7] WEQ Ao o ARTH AAY7A Q& ou|AdH}S

[e)
o
EgZ SAMDC #Hohtd A EA o AlxHEs Ss|Edstitt (& 2).

2 AFYL e olfE o 8 A% FD

53 S99 2000 A 65043 (10-2000-0006504)
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M 3 & dA7Hg = 8 2 Azt

14 A7 gy 5 A

1. A JAA3E construct A%

2 A% uORF 2} translational inhibitorE 3+-3FaL 21 7] wiZol SAMDC ¥}
thid A xF constructE 7FAaL low, o FHAIE FHAE wHl AEA=
polyamine2] <] ¢F 750] % F7Fgtt}. o2 spermidine?] A 2ol o] sto] Ank &
Hio| A el 2Ed 2~ Adade 37 FEHAEA A e

mepA 2 ATl ol gwata 9l 7ol SAMDC uORF 3! SAMDC
X 9+ Construct 12 Fulo] A AZIAA SAMDC Fopgs A EA =

AR oz AL ¢ uORF7F A|AE SAMDC construct (Construct IDE A3}

SAMDC #etd A EAo] A=PAZ oz SAMDC HedL & o F4A712

A4 &tk (29 8). el #Al F3+ 7l A Construct 119 Az H o] djsho]

=9]3}o] Construct 1o F 538k = AAE A kA Construct 12 v ol

FAAgs = A5 T A

9
P

et A EFQ 22FH FFE o] &ste] Ave] FJuEdxg ot 719 node
S22 o dHA Agrobacteriumes FAAZ F FAAZ AEAE FEIILA SFATH

SAMDC Fvpard #nl o] o A oxidative stress® T3 5% 9] H,0, 93}
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100 uM ABA, pH 3.0¢] 5 mM potassium phosphate (acidic stress), A< 52| 3t
sEdsg Aelehe] A%e £4% AAAE So AP 24 HAT £

WS 28] HalAd e dr Aol A 7Hg EA7F 3 = 87FEE (Powdery
mildew)®] &3o]H 3¢l Shpaerotheca pannosa, T2 F%0o] ¥ 2 Phytophthora

oM.

parasitica pv. Nicotianae, BF8]2]o} ¥ <12l Pseudomonas syringae pv tabaci® 7%
AN A Bzt stk Mz 3de 7E AuE 2 e Fv] 33 vaste] £
A el A7), Eule] o], #9 4 To A A& B £ FHY 8 ¢

AFHE BASTA Sk

(

_;

4. 94 Fabst g st 8 PR Ao A 2 24

rzi
o

v o

o
-

21 Eo] WYdoly zEdzo AHPS o AHHE SAPLAETS superoxide
dismutase (SOD), ascorbate peroxidases (APXs), glutathionine peroxidases (GPXs)
9 catalase 5o &AW 19 Bl EAH ] Wl &3 detoxification 7] 2l
s aytdom AAAG. Zeloprle] Aol A SrkE FEAE A=A

, a4, Lﬂ?ﬁéa A flskA naHos Y] feiA s S840 2EH 2
o B E Gl AAEHE Zo] RtEAl dasty] wiel FAAS g 4

E A ol A %L/&i}§i%° EAAESEH By WstE ZALE e Aol At Ascorbate

=

peroxidases (APXs), MSR, methionine sulfoxide reductase; GPx, glutathione
peroxidase; CAT, catalase; RSH-Px, thiol-specific peroxidase; NOS, nitric oxide
synthetase; SOD, superoxide dismutase; GST, glutathione transferase 59| &Ak3t&
A frAe] MES mRNA FEelA BAsnd s,
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1. A 1 AF3A

7F. SAMDC uORFe] &4 % 7584

1) GUS &4 =4

Promega®] transcription? translation coupled (TNT®) wheat germ extract
system AF&3F2 v} Cold methionine (ImM)S 7122 30Tl A 90% E<F wk$-3h
T oA E AAE 200w GUS assay buffer (50mM NaHPO, pH 7.0, 10mM [
-mercaptoethanol, 10mM Na:EDTA, 0.19% sodium lauryl sarcosine, 0.1%6 Triton
X-100, 2mM MUG)E #7Fste] tha] 37°Cel A 607 vH&& AlZth 02M NaxCOs
e HUlste] HkS-S X5l 4L spectrofluorometer (365 nm excitation /

456 nm emission)E o] &3t PSS =AsA ).

2) PCR (polymerase chain reaction) 29

5-UTRe¢| *¥3%% construct® #|Z3st7] YsiA Sacl 3 BamHl site7} A2F
sense®} antisense primer?t pCSD(C9E ©|&3te] PCRE 4338ttt PCR WS

pre—denaturex= 94Col A 5%, denaturation= 94Co|A 1%, annealings 60ColA 2
£ elongatione 72Tl A 28, post-elongatione 72TCo A 1089 Z2Hdo =2 35 cycle
Tt PCRS Hdl AF8% primerd A7 ES sense primerd 7245 5 -
CCGCGGATCAAATAATTTCTCCATCT - 37°]%3, antisense primere 5 -
GGATCCTGCAATGTTCTCTTGAGGTT - 3'oldtt. PCR A EL 1% agarose
geldl 719 3ste]l DNA d¥1e] =75 &Sl qith

3) In vitro transcription/translation ¥F-$-
Promega®] transcription? translation coupled (TNT®) wheat germ extract

systemS A3t T3 RNA polymerase®t wheat germ extract® AF-&3}e] 30T
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ol Al in vitro transcription/translation ¥r-5< 333t o] wW DNA+ lugs A&
sl gAEE @A P[S]-methionine  (1000Ci/mmoD&  AH&-3ho]
radio-labelling Al t}. SDS-PAGE sample loading buffer®} 49¢] Zwl= 100T ol A
1087 #olal SDS-PAGE #719%S F3dsdrt. A7|d% F gel2 Coomassie
Brilliant Blue R-2502 A3t &3 23 A ML 5% methanol®} 7.5% acetic acid
golo A BMA T 282 amplify (Amersham) &9 30&E7F @7 FA7) gel

dry3t & -70 ColA X-ray filmell 733Xt}

4) In vitro transcription ¥k

Promega®] riboprobe® T3 in vitro transcription system< AF83-90th T3 RNA
PolymeraseE AF-&3to] 37 Col A 1A 7HESE in vitro transcription §F2S 89l om o]
W DNAE 1lpgs AH&39th 42 3 RQ1 RNase-Free DNaseZ #H7}8lo] 37T ol A
158 ot w24 template DNAE Al A3 th. DNA A1/ & phenol extraction
¥} ethanol precipitatione F=33}% 1L, ¥ mRNA+= DEPCY} A 2] ¥ "ol &4 &
Al A Aol AFEE wj7bA] -T0Col B st

5) In vitro translation Y%
Promega®] wheat germ extract kitE AFE-3}$ T} In vitro transcription HH-g-2 2
%3 mRNAZS AF&3}9] potassium acetate 53mM, RNasin® ribonuclease inhibitor

A0uE H7 skl 25Tl A 208 =< WES A AT

6) % RNA 3

Chomczynski@r Sacchi®] W (1987)2 FAsIY A&t wEgo] FAH
sample®] 0.5ml RNA extraction buffer (4M guanidinium thiocyanate, 25mM sodium
citrate, 0.5% sarkosinate, 0.IM [-mercaptoethanol)E H 718} 3027+ £33 & 3M
sodium acetate (pH 4.0) 0.0omlS @il tA] 30%3 AEFstat. 53 xste o=
0.5mle H7F3te] 30%7F 41 chloroform : isoamylacohol (24 : 1. v/v) 0.1mlS ¥
Al 303 E&3sle] Aol A 3000rpmoZ 207 A EE e e AE A=
tubeZ &7 T F<9 cold ethanols H7Fsk F 20Tl A 24A1F WA AT o] A&
10,000rpm e =2 4TCe|A 207 A4 28 sta, IdES DEPC 05mlel =<1 % 10M
LiCl 150pb& 3 7Fete] 4TolA 1A13F &<t WAsk k. 2L 5ol 4TlA 15000rpm . &
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AARFFF] Ao AHFES 70%9] ethanol® 2¥ AL H ol diethyl pyrocarbonate
(DEPC)oll &3 A A AF&3).

7) WA EA| probe Az

Random-primed DNA labelling kit (Boeringer Manheim)Z ©]-&3th. DNA
3 20-100ngS 100ColA 1083 WA AZl $ hexanucleotide mixE £ Klenow
fragment® 37C A 1/\]7J H-S-A1 A [a-32p] ACTP (3000Ci/mmol)® DNAE A
Atk ¥kgo] Eu & QIAqucik Nucleotide Removal Kit(Qiagene)E AF-&3Fo] WAl
5o 2 FAH probet 4=3}5le] A3

8) Northern blot 4]

RNA A7]9%2 formaldehyde ®A gelE A3t Formaldehyde$} =74,
5xgel running buffer(0.1M MOPS, pH 7.0, 40mM sodium acetate, 5 mM EDTA, pH
80)7F1:35: 119 H&o] HEZE AL 1%9] agarose gelS A-&391 21 RNA A&
= RNA9} formamide, formaldehyde, 5xgel running bufferE 45 : 10 : 35 : 2¢] H &
&= 410l 65TelA 1083 WMAAZ F Arlgdss st dA7gEel ¢
Hybond-N+ membrane(Amersham)ol] RNAE Ho]A]# 1L, UV cross linker® 114
Zth. ©] membranes prehybrization &2l o} 42Co| A prehybridization*] % t}.
AlZrol Ak T WAbE o2 F A8 probeE E WAAIA WA 184 o] o] A
hybridization €945 ¥ 23l membranes £ 1 (2xSSC, 0.1% SDS)o &2 2 2-of A
H 89 M(05%SSC, 0.1%SDS)= 65Tl A 307 2 A A § X-ray D&
A 7Tt

T 2]

ro P

OE

9 3 F=

A AR I 10g9] EHl seedlingg 40-50ml 2] nuclear isolation buffer [NIB;
25mM Tris-Cl, pH 85, ImM MgCly, 2.5% Ficoll (w/v), 5% dextrose (w/v), 855%
sucrose, 0.07% 2-mercaptoethanol (v/v)]E& ¥ 1L “}JH?} % 100ume]3te] mesh 6=
< SHAATE 4TAA 1033 1,000g= A= deds 2AZHA #ga
pelletZ 15m¢e] NIBel =%tk o FE4S 25%st 75%° F T2z ofFolzl
percoll (£m]i= NIB) £ 9o A=A €38 % 3 swinging bucket Y E2 7] &

o]

A=)
AbE3le] 4T A 30%7F 7,000g2 HAAEE S Th 25%9F 75%9] percoll & Abolo

ot
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ofs

Lo

% Fokal o] &l =S wide tip2 ©|&3Fo] A} tubeol =%7]x 38 32 NIBeF 4
o] o, ThAl 4Tl A 1047F 1,000g= A2l ettt d5ds #ela 20m o
NIBll pellets =<1 & 3] Aeje} 5 40049 FadAn Aoz glstqitt. 4T
A 1047 1,000g= AAEEE wHEe e, do® o] Fol3l pellets 150-25010°]
nuclear resuspend buffer[NRB; 5mM Tris-Cl, pH 85, 05mM MgCl,, 0.069%
2-mercaptoethanol (v/v), 10% glycerol (v/v), ImM PMSF]el =o]1 wide tipo =
50 EFeke] AAAAE Al 70T R #3FS T

AN
o

10) Nuclear run—on assay

ALoA & FZHNS %3 & Ixtranscription buffer(20mM HEPES, pH 7.8,
0.075M (NH4)2SO4, 25mM MgCls), 10% glycerol, 2tz 05 mM<e] ATP, CTP, GTP,
ImM dithiothreitol (DTT), 100uCi a-[*-P] UTP, 100U RNasin& <Atz #H7hs)
i, de] 7k 5x10°0] HES FRFR HEFVE RFACE 30TA 308 Tk W
SAZIAA 1uel wHSAEE  liquid  scintillation counter® a-[*-P] UTP<
incorporation ratesZ 21899t} 2ug DNaseQ (RNase free)$t 50ug tRNA (RNase

free)& FH7lste] WwES FAAZ F 30TelA 1563 © WgAHT 2009

-

Ixtranscription buffers #H7Fst & 22 F39] phenol:chloroform:isoamyl alcohol
(25:24:1)& ¥ 1837 votexE F33 Fof 13000rpmeZ 10%37F LA EZ 1o
transcripts®  FEIAT. FEAFS A tubedl XV HFEE=7F 2Me
NH, -acetate®} 2.5 39 100% EtOHS ¥ol+ ths -20TCelAl overnight &<k
WA skt o] F 4TelA 2083 15000rpm o2 A4lEe g ok 70% EtOH=
pelletS Az & HFxsto] 50ple] FTHT HE formamided] §3|AA Y. Liquid
scintillation counter® WAFs< #213te] hybrid £0o] 2x10° cpm/mle] B %71 =

% probeZ ¥ AT}

212 93} reverse primer A F

Primer extension 2S& 9lalA reverse WO Z primers T Al ZSEATH
GUS primer= GUS start codon® Z4H-E 80mer Holzl Fo] 93w 5 -
CACCAACGCTGAATTCCACAG - 37°]t}.

11) Primer extension 4]
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12) Primer extension 4]

Wang and Sachs9] H'H (1997)& AF&3FA T 309 translation reaction mixture
(RNA 120ng)¢} 551409 reverse transcription reaction mixtureES #7}3alo] 50T ol A
B o} heating Al7] o] ZA] A&o] Tl 7)ol 1u0e **P-labeled primer
(2x10° cpm)E H7}elal 37°C water batholl 5% 5o WS AIAT 183 0540
100U Superscriptll RNase H- reverse transcriptase (Gibco BRL)E #H7}sta thA
37C water bathollA] 30% &<t HFgA| A G W8 FX+= 10xl phenol-chloroform <
A7rste] 319, FS5AS 3 F 2 F3 9 DNA sequencing stop solution
(91% formamide, 20mM EDTA, 0.05% bromophenol blue, 0.05% xylene cyanol FF)
S I8t Sample 85ToA] 5% F9F heating A7l Fol oA Wzstd
8% acrylamide / 7TM urea sequencing gel°ll loading 34 A7]19 %L AAst. A
7199E0] B geld fixing &Y (10% acetic acid, 12% MeOH)l A 1A17F E<t
fixing AR, dryer® gelS %74 70CoA 2A7F F9F gelS AZXTATL FE3I

A%¥ gelS autoradiographyol ©]-&3}it}.

of

13) DNA 9714424

DNA 9714 ¥ 2l sequenase ver. 2.0 (USB)S A}&3}o] dideoxy chain
termination W (Sanger et al, 1977)S o|&3lA Fa3st3 ). plasmid 5~10ugS
alkali denaturation*]?] DNA sequencing primer 1 pmoles ¢l & A2 x 3~5&
Fet [PSIAATPRZ EAwHE F dideoxyNTPE d7bste] 37CoIA 15~30% &9t
extension/termination Wr-g-& A|Zth 12|31l sequencing gel (8% acrylamide/7M

urea) A719EeS T3 F X-ray 5 A3AA A7 AES AU

14) In vitro phosphorylation assay

Yong-Qiang 59 *H (20000 WA AREATE 4TA 22k gkl A
9l1gs 1mle] TEF buffer (20mM Tris-HCIl, pH 7.5, 0.ImM sodium orthovanadate
[NasVO4l, 25mM sodium fluoride [NaF], 0.1mM phenylmethylsulfonyl fluoride
[PMSF], 0.ImM EGTA)E #7lste] Zxialdbe 48 4o =31 homogenization Al
7l ¥ extracts 2-47 9 A=E A&t filter ?5'}91‘:}. a8 a YA (18,000g, 3
B 4C)3 %o supernatant® kinase source® AR&3lATE = F&E  (kinase

source) 2ug¥} protein 4dpgdl HER3 50u0 [v-PJATP 4uCi, 50mM Tris-HCI

- 44 -



[pH 7.0], ImM DTT, 10mM MnCly, 20uM unlabeled ATPE #7}&to] 2204 30
Zol Wk AIZIth whe =X 4AxSDS sample buffer 1502 #H7bsle] 108 =
boilingdte]l F#38ta, o Fol PeptiGel (Elpis biotech)s <33adcth. 28l
Coomassie Brilliant Blue R-2502.2 44 %o gelS A %3} autoradiography S

Bshert,

Me

2

15) Agrobacterium tumefaciens W= construct St~ =9 =9

5mle] YEP HA|ulA] (bacto tryptone 10g, yeast extract 10g, NaCl 5g/ ¢ )l
LBA44045 HFsko] 28TolA 16413 o vkttt o MigFH T 2me& 50me 2l
YEP A uj Aol H7Fete] ODsoo o #kel 0.757F HA-e wj7hA] vjeksh & A3l A
=3 AT 2 F g AT (4T, 3,000g, 38kl AIEE 78kl
In¢e] 20mM CaCls #H7Fete] AXE @E3te] competent cellS ¥HE F 1000l
1uge] Z&t~v= DNAE H7iste] dAdaz 183 FYAIZAL 37C water bathell
A 5 HEEAIZL F 1] YEP HAMIAE H7bske] 28°C, 100rpmoll A 3-4A4] 1t ui
9F3} 11, kanamycin (25pg/mé)o] H7FE YEP ZAwj R o] =23stdct wjx+= 28T, <
ol A 24 7F i st ok

16) P28 G Ax

shEoll A Almg A%s WT wHel 9lS Lax (Aol a4t YEF) 1%l 53 2
ate] SRTE 53] o] HoFAT s A 5-TmAER HAdste] MS104 (MS
/BAPIppm /NAAO.Ippm /pH58)el & SIW& wjA|o] Hslm== Adsto] 29 <t
25C Ao A wjdkdAt. B Ao kanamycin (25gxg/ml) + rifampicin (50xg/ml) +
streptomycin  (50xg/mé)e]  H7FE  5mle YEP A uwixlo] FAASH
Agrobacteriums  HZE3o] 25T, 180rpmollA 197 ®vi%d & o= 25meE
kanamycin (25¢g/ml)+rifampicin (50pg/mé)+ streptomycin (50¢g/me)e] 3 7FE 100ml
o] YEP o AujAlel tA] HFske] O.Dewol 1.57F H =5 viFatadct. vigFE 100me
o] Agrobacterium W ol ZujeFst JHHS Yo Al FoF 7AAA 7 F T AS
Asta sUxA ] MS104ui Aol =]7dste] 29 &<F 25T ¢iolA Fxwfd st
TxMge] B F dHAAE cefotaxime (250pg/mb)e] H7kE MS1049] &A 15
b Aol A 7]1% F kanamycin (100pg/m)e] H7FHE MSHA™Eu]A| o] &7 U

3 2Fuir; A48 MSAHuA ] Al dte] shooting ¥ rootingS SEdF &

=
Lo
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hardning #4& AA & o= &A FAL

A At AaE g 3 dEdE 3

1)

o

vl

ot

A H38 Construct A=

e

Ao A= 2™ 89 A A construct T °]v] FH S Y= FHlo]A SAMDC

uORF ¥ SAMDC fF#AE x383la 1= Construct ISAHE-3}FS T}

CSDC16
5’ 5.UTR AT 3
| I | | Coding Region
1 156 314 503 1636
uORF
(52aa)

Construct |
RB

NOS-pro NOS-ter

Construct Il
RB LB

NOS-pro
uORF-deleted CSDC16
5’ 5-UTR ATG TAG 3
|: - Coding Region :l
1 503 1636
156 314

a9 8 AZ3¥ Constructs 74 %=

2) Zv] macropropagation A]Z~#l 2

Arl o] wiro A ZolE AF skl Fitd F 3mg/ 4 9 BA, 05mg/ 4 2] 24-D7F A
7hel MS Hi A9} 2mg/ ¢ ¢ BA, 05mg/ ¢ 2] NAA7ZF Z7Fd MS vl Ao x]4ate] 22
et 27 AR A widate] AxFAY Al IHAAEE SASATG A4 T
vl o] FFol wel 3mg/ 2 ¢ BA, 0.5mg/ /4 ) 24-D7} o] H7Fd MS HiA ¢} 2mg/ £ <]
BA<9} 0.5mg/ ¢ ¢] NAAZF 718 MS =] ol A A&o] 2Rk Aol 7h gl ot A
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Moz Nz & FHHE AL A T 5 Atk Ax7 Y B 12T 2
o Img/¢ 9] 24-D7b H7He MS wjA Q) ®e] FEujAe] A gste] Rejuae st
&7 #5412

g o]
Atk Welzh 3 G4 V0 e RN FAE AL A7) i
o}

5 2 s &7 2o A B2e
3) vl AAH Axw g

b v x2Ae @ GAAE Axg g

= RSN

Al FAARe Askel Fule) Hol, o, petiole T 24 g o] g3} FE &
28 204 Ads 34 AR, 1234 AE 52 BB

1}) Somatic embryo %=

MEE FAA7F =9¥ AvE A7) f&8A P =
embryogenic callus® FX3te] A HIs= RS 19
embryogenic callusE F=317] 913l WA petioles &4 MS salts, vitamine, 5mg/
¢ 2] 24-D, 30g/ ¢ 9] sucrose, 300mg/ ¢ ¢ L-proline¥} 4g/ ¢ ©] agarose, pH 5.8%
A& preculture mediumell X AFsle] 28T, Aol A A 3tFTt =S FE 9 auxind
embryogenic callus®] FAAS FEsle=d A&t 1493 wjs & MS salts,
vitamine, 3mg/¢ 2] 24-D, 30g/¢ % sucrose, 300mg/ ¢ 2] L-proline®} 4g/ ¢ 2
agarose, pH 5.8% T4 % embryo proliferation mediumo| *|3}e] 28°C, LA A
FrAEEATE 28Y HAcw A wdS HAASL oF 209 AT F callusE

=Skt

4) %38 A1 somatic embryoel Agrobacterium®
Embryogenic callus @4do] 7} =2 A2~ callusoll o FHAAE 2hal =
Agrobacterium®} 393Fe] FZF W & 1/2MS salts, 0.4mg/ ¢ ¢] thiamine HCI, 6g/
2 2] myo-inositol, 30g/ ¢ 2] sucrose, 0.3mg/ ¢ 24-D, 1lmg/¢ BA, 4g/ ¢ agarose,
pH 58% A% culture mediumo] 200mg/¢ ¢ kanamycin® 500mg/ ¢ 2
carbenicillin®]  FAAE E3IE deEujA o] Agete] W oA wigEd &
X

A=
shooting®] =¥+ AL A wksgdn.

_47_



5) Synthetic peptide® ©]&3F &2 A3}

A&o AFEE peptidex Arginine 12mer , RRRRRRRRRRRR, R12& Peptron,
INCell A g3k aL, purity7F 95%0°] 321 Z-& AH&3EATE Peptide stock< 269uM ]
F%7} %% phosphate-buffered saline(PBS)ol| =<l & dAgaS -70Co H &3}
A Th

PeptideE ©]&3 DNA deliveryE 2d3l7] 93] peptide®t DNA<®] optimal
binding concentrations agarose gel retardation assays 3 <13t} Peptide2}
DNA®] binding*] ©lE %F¢] ratiox penetration—effective complexs #A3t=d )
L 03 Aow ad#HA v}t Peptide®t DNAS optimal binding concentrationg =
Ael7] 93] pBI21 plasmid 100ng¥} Z}7] t2 <49 peptideE iced oA 1A1%F
binding3dl 1 3L, ©]= 1% agarose gel electrophoresis® %3] 22439tk DNA%HY
bindingdll & 7%+ peptide® %S peptide?t DNAZ} complexZE o] Fo] <93}
retardation® o] o= ZAAATH

35S promotorE 7}Z SAMDCI16< coding3ti= pBI121(13kb) plasmid”} peptide$}t
9] interaction A goll A&t T2l DNA(100ng)ol WHal 2o+ peptide2] %ol
Z7}d o] wg} DNA-only controlol] H]uldle] pBI121¢] mobilityol retardationo] < o]
Wi, 100ng9 peptideo] 9l& complex’t A E 9] laneol A+ welle] Ho} EtBr
of 93| staining & ol #AHTE ol#gt A= 100nge] peptide<} 100ng <]
DNA”Z} penetration—effective complexE @A 3l ratiod ASo=Z F53 5 QA 3
+th T3 100ng ©]42] peptide’t 7 49 DNAZF surface® =& %A 125
&/d3te] EtBroll ¢ stainingo] 7 e 2= o dHh

Peptide
(ng)

DNA
(100 ng)

Peptide - DNA agarose gel retardation assay
13 9. 100ng 9] pBI1213 o8] 7}A] 5% peptideE PBS buffero Al 1A17F E<t

complexZ A EE W3 & geldol A B



Fn AL Z2HuE ARSI embryo callus®E A3 AE o] 831t PBS

200091 DNASH peptideZ zHz: 2 ng® #H718lo] iceol Al 1417F &<t complexS A
A 25Col A 2425 ¢t shakingdt & A A 7E £ E A S MSHlA| A 3d7E oF

AA 7T 39 F 200mg/ ¢ ¢ kanamycino] H7FE MSHjA| o X A}sle] 25Fwlc} A
el st A #HEskd o
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R 5 Ed 3 Ad A F0E 3 9
A=A« 2% (height) 2t 3 50cmelsl 3% JMSHA] ZAL
s 5 517 70cm
At 7 7lcmo)d
47 D] I 40mell %ol 3/44% S
Aot 3 41770om ® 29 7g 11%e] 47
oxis 5 7.1~
At 7 100cm
%~ =} 9 10.1°7
120cm
12.1cme
EREE oS #c} T 10v00]sF 3zl Shils] Reklse
&= 3 117 20m)
s 5 217 30m)
2 7 317 40v)
o gt 9  41mjolit
i R - et 1 Aol 3/AA% AFHS
oFsttt 3 we] g7] A
s 5
et 7
B ks S
Z17FX(long prickles) : 4= i acy 0 O7H MeAe] =7 10cm
w - A} 1 okelst o wbE 1 A
ke 3 2730
s 5 47770
wrt 7 87970
o gt 9 1074
ke EAAGY by 0 0% ERE PREV
a7k A9 §ls 1 1%°lst Z2A}
7k okt Ae 3 275%
V&7t B 5 6725%
Fa7p AEY 7 267 50%
ssl7 olEAlE 9 51%01%
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1. A 1 AHFFA
7F. SAMDC uORF9] &4 2 7]5 &84
1) SAMDC uORF¢] ©eld g4 oA
7 SAMDC uORF H® point mutations ©]-&3 A %3 constructs #| %

uORF&= @4 A4S JAstE 24dAA2 43 A Ao 28y o] gk uORF7F
code 3tal = ofv|=ibe] ZAol7b w9 Zrolx HE 107) wvholw, XEfFolA =
1E AE 157) Axelth A& ADC 49 709 ofnjx=ite® ® uORF7F +=A) 8}

= Aoz By Ho 9grt. a8 SAMDCS uORF:E A &27h4 R uORFXE.UH
ol = 2ke] Zol7t Ao] 54/ ofn|wAto @ FA o] 9low oF 57kDS] TS

codedtal gtk (¥l 10, A). ©o]¥ g uORF7} @uld d4& JAst= 7|22 o}
At B AA &gk webd SAMDCO| EAdk= uORF7F th& A& Hl=

stA @A FAAE AAT ¢ A=AE B4 A2 vl Fasit
o] E $3le] FHdlolAo A FEEH SAMDCS cDNA % 5  -UTRe| 54712 o}v]
Ao g o] Fo]x uORF(CSDCI9)E reportert-AA¢l GUS gene® A zgatAtt. A

3} constructs® pBluescript SK+ vector® T3 promoterE 7R3 glow, 4717
THE WHEAYY. SAMDC uORF7F ¥3+e construct I, uORF9] start codon ATG
= TTGE point mutation A7 construct II, uORF9 stop codon TGAES AGA=
point mutation A7 construct I, 28] 11 uORF¢ start codon¥} stop codone <4
st ol Al amino acidE shift A% construct IVe]t}.

Construct 18 AAZ<¢l SAMDC uORF sequenceZ 7FA i glo] AAZF
uORF peptideE %=t} construct I+ start codon®] B SAMDC uORF %
7+l methionines codedl”] 7] W&ol o]&4 o2 yORF sequence H%°] coded}
= peptide® TSR A =t} Construct IIE uORFE] stop codon®] {191 7] o
o GUS® uOFR fusion protein®] $A1E Ho =z FAHEY. 183l construct VY
A9 uORFel 93l codedt:= peptide®] o}n] Al xAo] 71& uORFe thE Ao
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2 Aadc) olg)d 4749 constructEE T3 primer®t T7 primerE o] &3] 97

MEEHS AT 23 Az s FdeAdn (29 10).

(A)

MESKGGKKKSSSSSSSSTKSFFAPLGY SIEDLRPKGGIKKFRSAAYSNCARKPS

(B)
R E e UORF —__GUs >
ATG—->TTG
. [ H UORF —__GUs >
TGA—AGA
T UORF <cus >
amino acid shift
v. [13 << uworRF —>=—<GUs >
(©) (D)
1.87kbp 260bp
GUS NOSter
BamH1 EcoR1

3.0 kbp
2.2 kbp

pBluescript SK + (3kb)

29 10. CSDC9 uORF ¥ point mutationg ©] &3k 2% constructs B2 %
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(A) CSDC9 uORF9] o}n =4t 44, (B) point-mutated constructs =21 %=, (C) A=
3 construct 73, (D) AldaL=2 Adst A7]9g%s A - M; DNA size marker,

lane 1; T3:AuORF-GUS

W) In vitro transcription/translation (TNT) ¥+$-S o] &3 GUS &A1 W3td] v
= uORF9] o3

uORF7} downstream®] %1% main ORF9] translations ¢ A|sl=A15 2213}7]
ko] A7lel A Awe uORFe] of2] 7kA] deje] A 27 constructsE ©]-83t4 in
vitro transcription/translation (TNT) ¥H-8 Fo] GUS activity® =438tk 1 23
a2l uORF7F *x3% construct I3 uORF7F A A% construct I19] GUS
activity®= 2zt 41.7 pmol/pl/h® 21959 pmol/wl/hE construct [ 9 2% <2k 504)
A% =9t uORFe start codon ATGE TTGE v construct III, uORF2] stop
codon TGAE AGA=E ©B}HE construct Vol = ZH2F 705.0 pmol/ul/het 541.7 pmol/
w/he GUS activity® YeEFSIT. 281v} uORFY start codon® stop codons ~1TH
2 EAS AHolA o Aike] Mduk vpHo]FE construct V] A $-+ 37.4 pmol/ul
/h= construct I ¥ H]=3 @45 YebAo (29 11).

ol g A= uORF7F GUSS &4 S oAlst= 21S vekdth 3, uORF= &
219 downstreame] EAJ8H= main ORF9] 34& oA ¥ 9 ofyer FAH
uORF7} trans® o2 wheld o] A S AAst= Aol deld Stk o5 gelsty]

A3t 9 construct I 3 construct IS &3%3t9] in vitro TNTS A A 315t}
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N
(2]
(=3
o

2195.9

2000 |
1500 |

1000 ¢ 705.0

541.7
500 |
4.7 l 37.4
0 —— S
' \Y

GUS activity(MU pmol/ 42 /hr)

19 11. Point-mutated constructsE ©]-& 3} in vitro transcription/translation

(TNT) ®b& %9 GUS &4 3}

TNT reaction®] 7-¢ %7] whgx7d RzstA d3Fs H= Aoz defd 7]
u] ol construct I Y3 construct® DNAE 0.1pg, 05pg, lpg #H7rske] GUS
activityE =43tttk AAA el uORF7F £33 construct 19 TNTEHS A= Z+
ZF oF 10%, 40%, 50% A== GUS activity7} A E At (28 12, A). o] A& TNT
JE-g o] H7FE DNA &Fo] dal TNT wbg-o] F+= Jgo] -7k ALgs 23 =

Aol A <ok 50%°]ielS o uatt}. 18] 22 uORF7F A A ¥ construct o] construct

39

N

1S A7et T3t oz HrFeh A9 01pgt H7Fel= GUS activity 7} oF 80% 74
L2 AA dolA= AS 0T F AT (2" 12, B). o] AA<l uORFE *
ghetal Q)= construct I ©] construct Ioll ¢ GUS F4& AT & Avke A&
ol w) gk,
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(A)

(B)

uORF&
H= wulA

Ris

A s

90

75
60
45
30
15

GUS activity(MU pmolif /h)

0.1, 0.5,9 149
WT uORF treated

4000
3500
3000
2500
2000
1500
1000

500

GUS activity(MU pmolf /h)

0.1,9 0.5,9 149
WT uORF treated

12. TNT ®EgelA Construct I (A) ¥} construct T (B)ell <3l
FA L= GUS &A=t 4] WT uORFe 93

o8] 714 deE A% A7) constructsE o] &3 TNT w3 & A
S xAtal7] 918t P[S]-methionines ©] &3+ autoradiography #241-<

S A ES 15% SDS-PAGE (PeptiGel) 713kl 19 139 A

il

=
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[e]
Ao

i

A}k Al 7FA construct (I, II, IDE ©]&3 4§ EF GUSE A7|dx
013193 a1, construct Iol A% uORF protein®] A% 2lth. uORF proteine

4 H23 uORF proteing $A]°) loading 3t¢] 5.7kDa¢] Z7]E 3Heldtdt

o

= A
==
=g ¢

e

N

uORF
5.7 kDa

13 13. ¥[S]-methionineS ©]43 in vitro transcription/translation
(TNT) wk$ %9] SDS-PAGE analysis®} autoradiography
(A) 15% SDS-PAGE (PeptiGel) analysis & coomassie Brilliant Blue R-2502.2 ¢
A g AR

(B) *[S]-methionineS ©] &3 autoradiography
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t}) SAMDC uORFZ *3&3F 5-UTRY %3

T [<]

A in vitro oA o] FoA = AT EL 164bpe] SAMDC uORF7} pBluescript
SK' vector®] T3 promotor®] Z4-& o} GUS reporter gene® A% Aot} 1
#ltb uORF ¥k olygt uORFE X238 CSDC99 5°-UTR HA L g&e] FaA
FwHA 5°-UTRe] £&4% constructE #AZ371=2 AA A WA olv] Alzd T3

AUORF-GUS construct® BamH13 Sacll enzymeo = Aersir ¢k 52Kbpe band

2 Ry e PCRE %3 =ZA71 5-UTRS gene cleang 53 2 450bp9]

bandZ 2|3t} o] ¥ ligations §3] AZ3 constructE HAd3ATE (19 14).

(A) (B)

<
eeé e"\o
M W\

5.2Kbp =9

5.2Kbp =

450bp =P 450bp =

a9 14. CSDC99) 5 -UTR construct A% A(A) F(B)e A7 % AHA

#eo} o] AMEETH 5-UTR constructs= WT uORF, AuORF construct®} 37

in vitro TNTHFSS AAsle] GUS activity® 2A3t9c. 2 23 5-UTR
constructol] 51 & uORF7} &A% % E38t3 downstream GUS activity7} =4 =

AHENoew 53] uORF7F EA3HA &+ AuORF construct®} #5233 35 UER
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At weEbA oledk A= 5°-UTR Weoll 53 internal initiation site’} &A1& 7}
548 AAFEMY  translation inhibitorZ 43t uORFY 7]1%S AA3] 2dss=

Aoz AAZY (¥ 15).

6000

5000

4000

3000

2000

1000

GUS activity (MU pmol//h)

WT uORF 5’-UTR AuORF

29 15. 5°-UTR constructE ©]£-3%+ in vitro transcription/translation

(TNT) ®¥-& %< GUS €4 #s}
3) uORFe°ll ¢]% mRNA®9| steady-state level Z4

o] A3 A= uORF7F GUS #x7te] 2Hd S AT & d&S deha
ot zejyt o]El3 A7} transcriptiono A Yol yi= ACIA] translationel] <] a)A
doju= A= gEskA &@oh wEkA 4718 constructE ©l&38te] in vitro
TNT ¥2& 2AA3 & GUSY steady-state levelS FAel7] 93] northern blot
analysis® A&tk A7)ol A AF&3F constructsE ©] &3+ in vitro transcription
3-8 313k Sof wkS A& oA total RNAS F&319 3, GUS F A= probe®
AF-&-3}e] northern blot analysisE 33t 2 A3 uORF7F Al AE A (lane 2),
uORF9| start codon ATGE TTG=Z vl A (lane 3), uORFY stop codon TGAE
AGA= vHE A (lane 4)olA= GUS mRNA %ol ZstA vetston gizso= 4

AAel uORFE 78 A (lane 1) uORF9 olv| x4t A EE frame shift A7l A
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(lane 5o E <FstA Yebtl ©]2 3k transcriptse] 92 W3S A5
uORF7}F 1= constructell A of 4u] F=o] F7HE &Qlekqith o AL 23 11 4
B GUSe &4 500 S7HE Addsted FEskA @ @b uORF=
transcription ¥%F o} @} translationg A= Ao 2 ATEEHW GUS mRNA 5
9] v R &= uORF9 92 transcription® &% &2 mRNA stabilitye] ZololA 7]
JPs Ao AzEn (719 16).

A

2 »
o < R e . R
\g ¢ <\
& F & &£ &
S P £ F s

1% 16. Northern blot analysisE °©]&3 GUS mRNA2 ®#3l el

w2l TNT ¥bS A" 2 yORF7F mRNA stabilitye] 93-S F5X &<lsH7)
93] constructs oA AHAAS uORFE 7FdA  construct®t uORF7F A A E
constructs AH&3te] in vitro TNT W& Ulo 4] RNA degradation Bl &S =73
BTt WA in vitro transcription ¥HS -, DNA<9} 2335 RNA polymerase®] €
3 DNA9] HALES whajsls A& 2l actinomycin DS 40ng/ple] w28 wWH$-oH
of 7}ttt Hkgo] F A X actinomycin D& H7Fskal, FA] total RNAS F&

sk Z(To, 02) 3 Alzte] A st wel Ts (5i), T (10%), Ts (30%), Teo (60F)2

2 HES A E oA total RNAE F=3IUtTE o2 =% RNA 0.8ugS RNA A7
E9 AAEY I [a-Pp] dCTPY Y Y2E 21839 northern blot analysisS 53
stk 7 A3 FAF 2l uORFE 714 construct® thE uORF7F Al A€ constructol]

A AAA o= RNAZE ZskA s lom Alto]l ZJatgte] web RNAZE 7H4-8)
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| #&HA} w8 [a-p] ACTPY Y22 label® membrane X-ray
A&l 3¥ band®t Z71E vlwdte] 1 H9INES cutting 3 ol vialol &#H 3L
o] 719l cocktail solutione % 7}3}4] liquid scintillation counter® WAlsS 4 3%
ohooluf Zhzbe] Ty (0)°] #& 100%= ¥ ymA ges %= 3Hitste] L=
2 Yebdoh 1 A3 F constructsell A mRNA zHael F81g o7t gldth (2
g 17). ol Ax= 7] ¥ 16914 YERE transcripts®] 94 zko]7F 38 7F o)

Yeh gl sletel Yehge Ag ejue.

uORF A uORF

TO T5 T10 T30 T60 TO T5 T10 T30 T60

us |- e o= e DEDED WD -

uORF

GUS RNA content(%)
@
o
/.

40 |
0
0 5 10 30 60
Time(min)
A uORF
200
160 A
A

120 \t\

80 A

GUS RNA content(%)

40

0 5 10 30 60
Time(min)

19 17. Northern blot analysisE ©]§3% mRNA stability H]xl
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o] ¢} Zro] uORF7F mRNA #Ael 93-S & + Advks TNT AFHE SalA oy
Aol in vivodl A= dojd & de=AE A ol & #ske] contruct 13
7 z4zt a4 oo A=A seedling25H 3

transcription assays st olwl 5uge] GUS f+HAE membraned #¢ dot
blottinge <33t e, 1 Azt:= 29 189 Yetdth GUS F4AE probe®E
A}k northern blot analysis 2%} o] G422 uORFE 7 A Hd3 ol 2
A GUS #AA9 transcription £=7F 7FF 2t Z18]al uORF9| start
codon ATGE TTGZ vht 2 A% @) AEZA M= uORF7F 9l A v)S=3)
Al transcriptiono] 7t oS Edd = dAvh wEkA uORF7F downstream
GUS 73249 transcription ©Alel 93-S 1A transcription $E52 ZFAA 7= A
o7 FAEY a8y olm uORF w50z zZ83t= A olyw oz 71X
transcription factorg¥ 4% 283t ZAA = ¢ B2 A7 29 Fow A7)

Sk g

o

S #Z%3}9] nuclear run-on

=

et

229 18. Nuclear run-on transcription assays.

4) Zgo}dlo] €3t feedback inhibition =% &3}

SAMDC #Z4°] HFA4E<el Egloprlo] uORFO| A&l WA= FaFs dotn7]
A& T3 promotere] uORF$} GUS genee] A Z3E construct?] TNT HE-S-3}A4 o
st Fre EHgollg AHEstH Y. Put, Spd, Spm= ZHZF 0.00lmM, 0.01mM,
0.1lmM, ImM, 10mMe] F== H7}sted, in vitro TNTHHS o GUS activityS =
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A% A3 Put, Spd, Spm EF FEYEE GUS activity?] ztol:= =LA YEA &9
i, JAIFSE ImM FENA wH AT GUS activity 7} HA4she A4S HA
(29 19).

60
<
<5 |
3
240l
)
=
S 30 | T l T
2
S 20 |
[92]
-}
o 10 |
0

0.001mM 0.01mM 0.1mM 1mM 10mM
Concentration (mM)

OPutrescine OSpermidine MSpermine

29 19. GUS #Aol mAl= Egoinle] s FF

T3 promotere] uORF$} GUS gene¢] #AZ3%HE construct®t uORF& 7fA =
ATGE TTGZ point mutaionA 7] construct® 7} 1 *[S]-methionines ©] &3}

in vitro transcription/translation (TNT) ®WF$-S S35kt HWFSAIE LS 15%
SDS-PAGE #7]9% 3% autoradiographyZ A Alsle] 66kDael GUS protein¥}
5.7kDa¢] uORF peptideE #<135} v} Point mutaion?] 71 constructe] 4% Az <l

UORFE 7}A = construct®th &4 F polypeptided] ko] Eo] %}iﬂ_ﬂ% RE gelg
T ATt =3 79 constructd] 1mMe| FEE putrescine, spermidine, spermine
S Ayt TNTHSS $33 A3} putrescineS &3+ Aol A= proteine] o]
7ol W37l gl oy spermidine®} spermines A3 Ao A= proteine] %o] F7

A wad A fz%a @ 5 At (19 20).

_64_



uORF uORF (ATG-TTG)

o " o ot o . o oo
WO ,,\6‘“\,;\‘“ ,;\‘0“\ WO ,‘\6‘“‘ A Al

GUS

66kDa [T it —

uORF

S

a9 20. Zg oyl A & P[S]-methionined ©] €3 autoradiography

L7
al
]

5 SAMDC uORF-GFP protein® subcellular localization

¥ 16, 17, 2@ a 184 A= SAMDC uORF7} translation 2wk olyz}t
transcriptions AT & ASFE HoFa ok 2™, TNT 2o =2+ uORF7F
gl A2 e & transcription®] AEFES F F A=AE FdodstE AL 1§ o
Hoh Wb uORF peptide’t ow S0z & UA=AE X staa sdivh ol &
9)&le] green fluorescent protein (GFP) fusion construct® A %3t subcellular
localizationS 3F213}91th. GFP7} 35S promotere] 93] FZ ¥ pMBP-1 vector?
multiple cloning site &l A Xbal ¥ BamHl1 sited] PCR ¥+& o & 34 uORF
AAE A2 AAY. AE A Xbal 3 BamH1 S 2 digestiond| A4 1% agarose 7
719% S &3l 270bpel bandE A ow, HFHoR AVINIRAE o F 5]

Az oJRE Felstsint (21 21, 22).
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(A)
Sense primer

5" -GGGTCTAGACTCTGATATTCGTTCGAACA- 3’

Antisense primer
5" -GGGGATCCGGACGGTTTTACAACAATAT- 3’

(B)

<— 270bp

29 21. 355:uORF-GFP construct AlZE |3 PCR products

(A) uORF(TGA—AGA) construct24-E <% A]71 PCR primer sequence
(B) PCR agarose gel A7 (M: DNA size marker ; lane 1: uORF PCR product).
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(A)

270bp
< >
ﬁ uORF
Xbal BamH1

== RB -E_ﬂ» 35S GFP Nos IT LB fum

Hind!ll Sacl EcoR1
< >
PMBP-1(12.0 kbp) 1.9 kbp

(B)

<4+—12.0kbp

<— 270bp

9 22. 35S:uORF-GFP construct 52 %=
(A) AMZ3 construct A Z3A

(B) AgassE Add3t A %FF construct agarose gel AR

ol9} o] wrEo A yORF-GFP constructs, 2-35% Arabidopsis seedlings® &
2 E protoplastsE ¥4 polyethylene glycol (PEG) *#e] 2]3+ transient

u

ut
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expression assay W2 2 transformation AlZ T k= A F8 ol A confocal laser

scanning microscope (Carl Zeiss LSM510)E o83l &34 signalg &A1

g 232 incubation ¢F 42A]17F Fol green fluorescent signal®] A|EZHolA A 3}A
#HAHE AS depa itk o] 3E plant SAMDC uORF7F Al Z Ao EAg}=
AE Ae Wl Aygta AZErt ey uORF7F o= o] 53kA] &S 754
= @AI8H7] w2, uORF peptide”} 24 transcriptions JAE 7hed2 3]st

Autofluorescence uORF-GFP

light Merged

a9 23. Arabidopsis protoplastsoll 5] uORF-GFP A 34 localization
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6) SAMDC uORF protein®] phosphorylation
7}) SAMDC uORF protein® amino acid T4

Pridicprotein T2 19 S o] &3}lo] uORF protein® +%FZ EA3 A3 putative
gt phosphorylation siteZ} 471 &AL, F 54709 ofw| =it FelA 109, 541
serine®] cAMP and cGMP-dependent protein kinase, 17 serine®] protein kinase
C, 289 serine®] casein kinase 2 phosphorylation site® X5t} o]#3t 24 2
= uORFY A|EW 80| phosphorylationd] && Aoy} &7 244 7154
S AT wEkA o]lE B9 E point-mutationA A in vitro TNTwEFE© 2 GUS
activity 2 =A3lgt. 19 24% phosphorylation 2 7540 g oln| =4S
alanine© 2 vl F in vitro TNTeOl o3k GUS &AdwWste] A3 vl&s yEd
Zolth 10, 28, 54H A serineS alanine2. & B constructol 4] WT uORFZ control
2 Ad3t Ao wls] GUS activity7} tYa A=A o™ 53] 10¥ serineS alanine
o2 " constructoll 4= GUS activity7F 28] o] A=t =3 17HA serine
S alanine® & B} constructol]l A= control Bt} ZF =4 GUS activity7} =4 5
A}t wEbA uORF protein® 54702 ofu] At 5 10W serineo] & &to] F Q38 7o
2 AlnEh
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140

120

100

80

60

40

GUS activity (%)

20

19 24. Point-mutated constructsE ©]-8&3t in vitro transcription/translation

(TNT) ¥+-& 9] GUS activity 74

olg]st A& A+ phosphorylation®] uORF9 7|59 A4S = + Jds= AS
ojn| gt} welA SAMDC uORFell 9] a4 wHE0] 2] &= peptides”} phosphorylation |
=22 gelstgr). o2 sl FulolAd o FEE3 uORF proteing [v-p]ATP
(3000Ci/mmol) ¢} &7 ¥+$-A71%= in vitro phosphorylation assayS 33t ch. #+<
AHE 2 15% SDS-PAGE (PeptiGel) gel electrophoresis ¥ autoradiography S %3 A
phosphorylation %5 &lstgick. 28 25(B)el vERd HRel o] 57kDa®]
phosphorylated uORF protein®] phosphorylation ®th= A& eld 4= At 18
L} phosphorylated uORF protein FolA % w3t ofw]:=Akd] phosphorylationo]
oAup=A et oW FF2] kinase’} ©] phosphyrylationell ¥ojsh=Ale] ek A7}

% o Qoo & glolth.
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(kDa)

Phosphorylated
uORF (5.7kDa)

a9 25. SAMDC uORF9] in vitro phosphorylation assay
(A) Coomassie Brilliant Blue R-250 44 A}
(B) [v-"p]ATPE o] &% autoradiograph

1}) Point-mutations ©]-& 3 phosphorylation site &<l

Fhdlo] A FZEE 2l5te uORF protein®] phosphorylation ¥ $17] wj&ol o w3k
serine siteoll 4] phosphorylation®] ¥eolyk=x= A EU uORF A Z 4 w$ 8
g Ao=m Y. olF A EAE7] $18te] serines alaninel = | gk
mutnat =S o] &3le WS ALESE T WA serine 10W, 179H, 28-S alanine
© 2 point-mutationr]Zl A (PI), serine 109, 17¥H, 54¥HS alaninel &
point-mutation*] 71 A (PII), serine 17H, 28, 54 & alanine® 2 point-mutation?|
71 A (PIO), serine 10X, 17W¥, 28, 542 alanine® & point-mutationA] 71 R (P
IV)E expression vector?l pET-28a¢] Ndeld} Xhol siteoll A ZA|ZATH olu] A&
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3l PCR templatet 27 pBluescript SK vectorel] ©]v] cloning® RS AM-&3tth.
a8 AT E A Ndeld Xholo & digestiondl A 1% agarose A719 %S =381 P1I,
PO, PM, PV AxF 22 Fgosdd (2" 26). AMFEE PO PV
constructst protein®. = AA|ste] AA|F P PIV constructoll A RFEo] 7 ¢l =
S AAF T a7 25004 ALEE U3 WH O R in vitro phosphorylation assay S

T A

(A)
Sense primer
5" -GGGCATATGGAATCAAAGGGTGGTAA- 3~

Antisense 1 primer
5" -GGGCTCGAGTCAAGACGGCTTGCGAG- 3~

Antisense 2 primer
5" -GGGCTCGAGTCAAGCCGGCTTGCGAG- 3~

(B) ()

M PI PIl Pl PV M PI PIl Pl PIV

R N B __A<—174bp

<+—174bp

19 26. Serine phosphorylation siteE alanine® %2 W A Z 3} constructs
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(A) PI, PO, PII, PV constructs® 5ZA1717] 98] €23 PCR primer

(B) PCR % agarose gel A7 (M: DNA size marker ; PI1: S10, S17, S28—A ; P
IO: S10, S17, S54—A ; PII: S17, S28, S5h4—A ; PIV: S10, S17, S28, S54—A).

(C) Agtasrz A3 A ZF construct agarose gel A7 (P 1, PO, P, PIV).

a9 273 70| serine 179, 28, 54 S alanine® % point-mutationA] 71 PIIS
o] &3 Aol A serine 10 93¢ phosphorylatione] L3 th= AL sk 4
Adct 2y PI ¥ PO constructs7b oFg A=A &k wj&o P13 PO
constructs7t ¢ H Foll A Aol Hadk Zow AdEth Idok EFsta
serine 10¥, 17¥, 28, 54 S alanine® & point-mutation?| 71 PIVE o] &3+ Z 1}
A ¢¥&} A phosphorylationo] Yol A& serine 109, 17¥, 289, 54H & A 93 t}
2 serine¥ ¢ threonine T+ tyrosine F9 oA phosphorylatione] ¥l 7F5A

= WA & Ao

A B
Q‘O\e\(\ Q‘O\G‘o
M PPV NTPU PN
(kDa)
L I
= —=
R
26.6
17.0
14.2
6.5
-« Phosphorylated
35 |'w protein (5.7kDa)
1.0

19 27. PII and PIV protein®] in vitro phosphorylation assay
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PII: S17, S28, S54—A ; PIV: S10, S17, S28, S54—A.
(A) Coomassie Brilliant Blue R-250 94 A}3
(B) [v-"p]JATPE o] &% autoradiograph

7) SAMDC uORF¢] #}-&7] 2 &4
7F SAMDC uORFol| 2% ribosome stalling

uORF7F &A418 A9 F 719 ORFolA oJw3dt #2] 02 translation initiation®]
dojrp=rtell dig F 74A 7HAdo]l A Qlvh. shubE reinitiation model® uORFell
Al translation Al Zte] doju} ribosome©] uORF peptideE W= ¥ 40S ribosome©]
A% mRNASIE stttz A= AUG codondll Al BHA] translations A 2beh= &
dolt}. t}E 3+ leaky scanning modelZA4 ribosome®] mRNA$ = translation
AZHE 7] YA scand W] uORF2] AUG codonollAl €A &= translation
A ZakA] gl Jdste] 7 WA ORFOlA translations Al 2bste= Aot} o]2lgh
2 zo]lH2 toeprintE o] 83Fe] EAE 4 9l&=dl, toeprinti= ribosomeo] ©] =

o]

YA A stalling HEAE FAst= WHoR Eo] AFEEHY. Xholo 2 linearizedA]

2

7 template DNAE capping A7 A in vitro transcriptionS E3 mRNAE F=3}

>

A
© 1 translation extracts®] primer extension® ¢l38]A4 reverse transcriptaseE Ab&

AT Ao AFE 3 primer$t mRNA template® 1%¥ 283 7t}

165bp 2.2kbp Xhot
1
= 93 nt 42 nt 36 nt{
uORF Ca- T3 uORF GUS
ATG ATG
77 nt
GP(24)
2.2kbp Xhot
1
> 135 nt 36 nt *
AUORF Ca- T3 GUS
ATG
77 nt
GP(24)

9 28. Toeprint A g o] AFE-3F mRNA templates®] =A%



e I = B £ Zw3l7] 9184l translation chemical inhibitor &
A 60S ribosome ATIAL] FE LMol g A S A A= cycloheximideE
sttt o] E# & transcription elongation®hg ¢ A|3lE Aot} ulgla o] E
A AHYgt Fo| X initiation ¥oly™ translationo] AlZE ZHe A ribosome
stalld o}, A7) F 71 T AA] A5 TOooA o]jn] wH5olR ribosome complex
7} uORFE uw&} elongation?}d S AX7] W&ol cycloheximde & ¢l F WA
A ORFSQl GUSY translations 93 AUGZHA &5 §lth. wEbA] GUSE
starting codon #9413+ ribosome stalle] TO Lojux] &=th a8y Txpe] A$
cycloheximde”} initiationg& W3alsl#] &7 W&ol 2 F WHA ORFS GUSAA
translation initiations ¥ 4 Avh. ¥ B2 F WA 7HAd el A9 GUSS starting

codon®ll 4] ribosome stalle] AT F it}

o

)
r 1

Sequencing gel (8% acrylamide/7TM urea)2 Ea|A &<lat Ay A%< wORF

7}< constructsE  7FZl A # uORF7F deletion ¥ 2 EFolA TO0lA GUS
protein®] translation®} #HH stallings 2HAT = AT 2 295 T Tayoll A
AvbA o= ZshA stalldl  ribosomes UWERHIL Atk 53] stall¥l  bande
downstream ORF2| start site <** ¢} uORF9] termination site F-<tollAl ZFstA A
=5t 1893 uORF7F A AR constructsoll &= Tyt Cpoll A FEZH o7 v)5=38)
A stall® ribosomes Held 4= AAxL, o]AE E3 ribosome®] GUS proteing
translation®] WAl H = Fioleh= e & F Ak ol A= uORF7F =

429 translation A 2Fe] leaky scanning©ll &djA] o] F oA AL 2wt}
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uORF A uORF
Q ‘\0 .‘qp GI\Q ,‘qp G'\“ ,@“P:e*“

(¥on)yo L

(snoloLv

29 29. SAMDC uORF %9l w2 toeprint ¥ 3}

« : Downstream open reading frame?| start sitedll A ¥ o]} ribosomal stalling

% :  Upstream open reading frame?| termination siteo]ld <Lojy+= ribosomal
stalling

(none) ; cycloheximide Z7}g§le] 20% &<t ¥H&-A)171 A, (TO) ; cycloheximideE %
7Fske] 208 B9 wHSAIZL A, (T10) ; cycloheximide H7Fgle]l 10% ¥& %
cycloheximideE % 7}slo] oAl 108 &9t WESAIZ1 A, (T20) ; cycloheximide %7}
glo] 10 HH§ % cycloheximide® #H7bste] thA] 202 &<t #4121 Z, (C10) ;
cycloheximide #7}glo] 20& &<t Wk3 5o cycloheximide® #H7}sle] ©hA] 10
Qb WhEAIZL A, (-RNA) ; mRNAE H7bshAl ¢Fa 203 s<QF wh&AIzl A,
-EXT) ; translation extract® X 7}8}x] &3 208 FoF wSAIZl A, A7) ZE

HEE-2 25Tl =38kt

R~y
o
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1}) uORF protein phosphorylation site® point mutation®] 93+ leaky scanning

mechanism

#2124 91 phosphorylation site® 7}A]+= uORF protein®] FZE4 23 19 259
¢t %ol uORF protein®] phosphorylation ¥ %17] W&o, AlX W uORF ZHEz
phosphorylation? Ao} 9l& 7Fe/dol wrhal et ey 10, 179, 28,
54 S 247} alanine® 2 point mutation A 7! constructs®] A% A<l translation
initiation &, leaky scang Walsle] GUSS &Aool A UEWYS 7teAS aAT
¢tk wEkA phosphorylation®] ¥ o= serine 1089, 179, 281, 54 S 7}7}
alanine®. 2 point mutation A% constructsE ©]&3}9] toeprintE A A F AT, 1Y
302 AWrH o2 downstream ORFE| start site 2 olA 743t stall®l bandsE& X
1L 9lt}h. Serine 108, 17HS point mutation A%l constructs . Th= serine 28,

S point mutation A%l constructsol A prematured mRNAEo] o] HEFHS
t}. 53] mRNA templateZ #7}38l7] Aol extractsol] cycloheximideE #H7}s A
(Te)®} mRNAS9] translation®] 10+ &9 I &dH Fo cycloheximideE %713 A
(Tw)e 27 Hlugds o asterisk& = EAISH A3 o] Tooll A Holx| & bands
7F Tyl #HZE AT o] A2 28 serine F919F 54 serine F$17F mutation®
constructsol /] ©] %< ribosomal stalling®] #z® ZHo|t} 3k downstream ORF
9] start siteo]A]2] bands9] ZL7]o] Wglo] ¢l Ao ® Hol plant SAMDC uORF

o] zZg 7)zbo] A7) 9t £U3 leaky scanning °lE@tE AL FHald = Tt
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S10—>A $172AS28—>A $54—A
ACGT %0 010 1050 00 0 awhef

Ny - !
= .
Ol mu =
-
g B _
5 _""'#T_ il
—l—-__ !
> | & -
—ll -
O | = pRE——T T
g — .
in’ =
- . '
=

19 30. SAMDC uORF9] 7} point mutant lineg ©]-&3F toeprint

4 : Downstream open reading frame?] start sitedl A ¥UoJi}E= ribosomal stalling
9 leaky scanning

% :  Upstream open reading frame? termination site?lA Yoy ribosomal
stalling

(none) ; cycloheximide #7}gle] 20% &<k WwHSAIZl A, (TO) ; cycloheximideE #
7}ale] 208 E<F vk A7l A, (T10) ; cycloheximide #7Fgle] 108 FoF wkg A7l
T cycloheximide® #7}8te] Al 108 <k w2171 A (-RNA) ; mRNAE #H7}
A & 208 E<F Wk A7l A, (-EXT) ; translation extract® H7}8A €1 20

B ok whgAlRl 3, 4719 BE Mge 25TAA Fask.
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8) SAMDC uORF-GFP constructZ ©]&

o

FAAS Gl 2 EA 9 BY-2 cell A%

19 239 transient expression assay® &34 plant SAMDC uORF7} A EH
A= A s 2 =9 SAMDC uORF7F 574 z31eA
localization®] ¥ 3}7} dojd 7FeA S wiATd 4= ¢loh. 28y Transient expression
assaye T3lA 5FH 27 StollA @A Jocalization WIE Folste AL vl
oldt}. we}A plant SAMDC uORFY localization®] W3l d€1S Awu uzl A
3t el AEA 2 A BY-2 tobacco cellS AFzEA T 29 220014 A x£$H
35S:uORF-GFP construct® Agrobacterium tumefacienss ©]&38to] 22 WT w2u)
(Nicotiana tabacum L. cv Samsun)® Bright Yellow-2 (BY-2) tobacco (Nicotiana

tabacum) @ g AH|Eo] FAHAZS A A T

M 1 2 3 45 6 7 8 910 111213141516

o9 31 FEAE G A EA YA genomic DNAE F&3F &

agarose geldl A7) AG%E3 AR

1>

Kanamycin A x| A A &E3te A3 @8] &A= genomic DNAE &
2ate] agarose gel oA genomic DNAE JEHlE st on (27 31), o1& F
goz PCRE Fdstel NPTH H9s FZAHT 2 A3 355:uORF-GFP
constructs =UAIZL AEA 16709 el HF-ol A °F 800bpe] NPTI gene°] %
e A Felskgirh =38 PCRE §31 uORF 915 SF A1 A% 16719 2
ol HFor F 270bpe] uORF geneol =5 FZF Al wpebA southern blot

0
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hybridizationg <=3 3}

FANSAZ F o F43 ARF dgoln TI - T2 Al
S 3R 3lo] oA AF3 o] 7HA] AES T JAHo|Y (1Y 32).
(A)
M1 2 3 456 7 8 910 1112 13141516
NPT I
(800bp)_>
(B)

M1 234567 8 910 111213141516

19 32, dEdg

Faf 2] &4 2ol A genomic DNAS %3 ¥ neomycin
phosphotransferasell (NPTI) DNA (A)¢ uORF

DNA (B)=
PCR & agarose gelo] A7) %3 A%

35S:uORF-GFP construct® Agrobacterium
tobacco cell®l

& A A3 A

=2 e

tumefaciensE  ©]

£3lo] BY-2
17T 19 339 Aol

taE = HAIE colonyE©l
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kanamycin A ujx e A wjekgk A g Fof oF 1007 A= A EHAT. ol gt
colonyE < kanamycin A8 Ao F GAHE wjete] 19 259 CollA 9 o] <%
AetA A Aejavks Al A A= genomic DNAE E& 87|98 &=v])3tx
2t} weEbA genomic DNAE #73F¢] PCR %+ southern blot hybridizationE %
3 FEAEAE AET F uORFell 9] g cell cycle®] ¥3t siEl& 23 B3 uORF9

287125 wel 7] 913 o] 7HA EARESAR] AYS ST o Hgolt)

9 33 w7zt w2 AR BY-2 cell?] colony 3 El
(A) 3, (B) &, (CO) A
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MS

}_
£ Zo}

3k & 3mg/ ¢ ¢ BA, 05mg/ ¢ ¢ 24-D7} H714
stk 2ERA{v e G A AMEE &

g, w5y, dEas=eg, gols, ~ElEolE,
FOoR oF 40-70% AEe] Az PAES BRATH(TH 34, 35). 1 9 i), 2 E,
A2, GEvtE, AR 5o FFAAE Az A3 A HA FArh 1y
2Dy g EvEe] 49 02mg/ /9 BA, 2mg/ /4 ¢ 24-D7F H7FE MS wj Ao A=

A 27h =

7] glakel Zob A7
wxel 2 gakel 29 Fet v
oA 2z7 gAY 7

jus)
r°*'

O o2

5

T

=
o

P

ojt

el 2" %A A&
b 0.2mg/ ¢ BA,
A 80-90%0] 4+
7he g 2mg/ ¢ 24-D
ZEFH
H| gt 0.5mg/ ¢ BA, —
(0]
] o] 2~ 3mg/ ¢ 2,4-D
e
R Img/ ¢ BA,
2 Eula 40%m) 7k
== 2mg/ ¢ 24-D
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4: petiole

’

o}

ol
ol

Fak (2% 36, 37).

S

tol 2= Al s

S

°]-&

=
=

0, 224

), Mol petiole, =7], 4o o

R Lhrold AR At 1
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A z7F obd oF 3%9]

ol o} 98

EAES
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h=}

%

1mg/ ¢ ¢ 24-D7}
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19 39 Bl 10 sz A2 s A
A. 2251 B, #" C. 7o

3) #n] 2o 28 ¥ somatic embryo genesis %

7h Anle] %7 5 petioleS ©]-83l9] somatic embryos %

MZE FAaA =9e A% 7H 2842 W o2 somatic embryogenic callus
s fr=sle] g2 Hdasts IS A4S & k. mgetd 2 Ao oA &
sk 19 36, 71® 37, & 6014 & F A% o] petioleo A= FH Y 22 BTE callus

o

=
A = AT ol & nwEFoer WA Fr FFH callusE =
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TS Fgeldly] ¢ WA Awo FFHWE petioleg ZebA MS(Murashige and
skoog medium) salts, vitamine, bmg/ ¢ 2] 2,4-D(2,4-dichlorophenoxyacetic acid), 30g/
2 9] sucrose, 300mg/ ¢ 2] L-proline®} 4g/ ¢ 2| agarose, pH 58% A% preculture
mediumol *|F3le] 28°C, FAolA FA AT LFES] auxine callus®] FAFS
=3teEd AFESATE 1493 wierst & MS  salts, vitamine, 3mg/ ¢ 9 24-D
(2,4-dichlorophenoxyacetic acid), 30g/ ¢ 2] sucrose, 300mg/#¢ 2] L-proline¥} 4g/ ¢ 2]
agarose, pH 5.8% T4 % embryo proliferation mediumo| *|3}e] 28°C, LA A
FrABEAAL, 289 HA o ® A vigs HAASAT old AH A Fk FAHe 1F

400 A== YeR)i

Explant(Petiole)

V1422 2 A0 A B

Preculture Medium
MS salt + 5mg/¢ 2,4-D + 30g/4 sucrose + 300mg/4
L-proline + 4 g/4 agarose

LEAOIA b

Embryo Proliferation Medium
MS salt + 3mg/f 2,4-D + 30g/4 sucrose + 300mg/4
L-proline + 4 g/4 agarose

V282 2tACZ A B

Somatic embryogenic calluse &4

29 40. F7) 9] petiole TS ©]-&3te] callus =74

Zh7ke) grnle] FRol WE callus BAES UEHAT (E 7). delx, 2xfv], 4
s, b, A, g el 67 EFS /WA wFd FFE A0 petioled o] &

3l Aglo| A mlo]xet 2=Fu 7t Aol callusfErt wWEA APE Ao A2
n= 24-D 3ppme] ZEEE o] &3 Hix|ol A Y & regeneration®] 7} @k callus
=

w 2o FAFoR Aol



A 3sto] ulg} callus®E Ut rootinge] FEHAAS
rooting©| v} WA callus7F A2l FA = A Sk}

225 3ppme 24-D= 05ppm-2ppmo =2
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olgA FEH callus® WgFEAS st vk
IAA 2ppmo & A 3ste] vk & somatic embryos %Eé}?ﬂ 3}93\9“4' 238 root
7F FAdo] Hol PAAZ ] A7e A= AT S AT

_92_



W) 27 5 B9x#& o] &3 somatic embryogenesis %=

71 Hao] ot Zu| xS AEIFA 7= 991A node, leaf, immature leaf,
stem, filament, ovule, petioles ] og] F&o] AFEHTE o]# g AEL2 somatic
embryoE FAs=d ol Zdbe]l Hi=d, AAZudA callusE AE JA M

% RIS £ ARE ASHT drh sjuksE o2 giel sl el )

AE A 7 Ao, FAAE A 21 585 =9 F A7 "WiEolth 2y FH 9
A dE Barvt oy 7= v W A Lo A somatic embryo?] A& 3}o
#dE A2 % 2 HAEE FHste Aol oSt ey AARS sE2E A4S
Brrste AL i Ay s fFe oA Fad AL & F Uk of& Y
A ¥ somatic embryo°l 4 shooting

[e)
o
ggoE BPetn e 1 Ao FY
i)

Fich = F T g mEA AE
FAd 2 dFT ol Thesiths o)A wiEel Wit A AEs vl Gl
o] &% Az Z Nt} sk Th 183l somatic embryos FEU I hx7 HF
AN FED g dod 2 AreMe FxAstelA Fieshs WHE AbEsld

o Aol S E24F A2 T AHs I AdE Foke] 2=F1T)
2 A P AFE FFer ddEH= v o] FFE ol &5t Folok EE Tl

|
GA s w&olE AlE-3le] somatic embryoS FEdITh Z]E w24 MS 4.3g,
o

Sucrose 30g/ ¢, phyta-gel 3g/ ¢, casein 05g/ ¢ 3 T =
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wdEHoM somatic embryos FE=stATHIH 44, 1§ 45). 2=4ve] =4

d= 7t AIsld Z2 oA callus7t
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X9 BExAE o] &3 callus A& (% 8 Fa)
callus®] FAAA= A AY calluse] FA4AH =

1 +++ +
2 +++ +
3 +++ ++
4 ++ -
5 ++ -
6 +++ -
7 +++ -

+++3= callus®] FAE0] 80% o], ++= 60%, += calluse A &) 50%,

& 30%, ——& 20%°] 3

a9 45, 2Z /1] A somatic embryos

[e)
o
A. Callus® #%3l7] ga =4S st I

B. RE743 C, D. staA 3}
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Somatic embryoi= explant=FE o] ¥ =t somatic embryo=H-E 3L}
AR 24 plants A steH 7HA HAAE Wol fFiesked oA A Ao
o] g 2R {834 2¢ltl Immature zygotic embryo W plant®FE F2]a)d
T+ e, olAL dxAd A somatic embryoS %3t explantE2X Abgo] Atk
Immature zygotic embryoi= 1/2MS ¥®jA| (Murashige and skoog salt 2.15g/#¢
thiamine-HCl 0.4mg/#¢ , nicotinic acid 0.lmg/#¢ , pyridoxine-HCl 0.5mg/#¢
glycine 2mg/ ¢ , myo-inositol 100mg/ ¢ , 3% sucrose, 0.4% gelrite, pH 5.8)° 4] 2
5C, Fx7 ottfoll A Z+zt 457 A= Alg wjgetsth o] o mjAoll= 2zHzhe] A
AEeEe 1.36uMe 24-D ¢ 444uMe] BAE H7bskado oF 8FAE=7E Ao
somatic embryo”’t AVE A& FAT + AT oW scalpel?} forceps ©]-&3F
o 1mg/ ¢ ©] 2,4-D Img/ ¢ ° piclorame] 7tz H7bd WA= & AFAoh

T Ar FollA m=frjet A9, vlE, A3~ E o]85te] somatic embryo
callusg st ot olFollA Aapset m={19 callus A0l WA W H =
T AATH(LH 46, 19 47). 22y BlEe] A o= callus7t Ao @

239 rootinge]tt HIMIEAY callus7t FEEHAAS B £ gl o

o =
A=

3}

B B S
gol HA &
]

al
2ol Aol AHgtalx F3 ZAow HHT o]lE Ay YA 24-DO
E YUEAY 24-D W4l picloram¥ #ZE U2 3285 AHE381Y] callusE %
[e]

v o A= callusd FAS e &
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A 1/2MS Hj A ol A F A A H T $-2]

, Jo]a 58 e WHOE embryo

4) el A 7=

7hH A=

Plantol A ¢] gene transformatione A 30o] QA3+ FEYstA Ao . o}
kst "ol 93 gene delivery ¥ transformed cell5& selection® #I}A4S 73
transgenic plant® regeneration® 1ttt A FE  ALEEH+E gene delivery
techniques Agrobacterium-mediated transformation, Particle gun, Electroporation
a8 21, PEG(polyethylene glycol)- mediated transformation ©]t}.

ol WWS o]83 transformation> Wt %9 tissue culture’} TAH o2 4

s transgenic plant® Q7|72 Be AJ7knp v go] QFE o], thekst plant
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speciesOl Al WSS whel Ay s A A XSta vk dE Eo] R Fas
ZE5E5S X935 monocot plant®] transformationol| A  Agrobacterium-mediated
transformation> 1 &&o] 53] wug o= e vk olHA e FFEe
gene delivery efficiency ¢t cell wall= <13t o 5 719 methodEo]l #&2= 7}
A= FAAES] S5 o753 Ut

1}) PeptideE o] &3 J@A3V= NE

71&9] plant transformation methodE°¢] 7IA+= @4 2 SAES FE537] 930
mammalian cell£9] transformationlA Z&3H oz AL&F 1 Q& cationic
oligopeptide o] 2t} o] ML cationic carrier® DNA charge?Fe] electrostatic
interaction®] ]3| stabledt complex’} A= Y E o]&3 Aoz o8 IHA
Fl complex? &4 cell membrane< penetrationd}e] &% 2 % nucleus targeting
= @k

o]E cationic oligopeptide % arginine, lysine®Z A% polypeptideE
membrane penetration® nucleus targeting® YA T E&o] ¢ =So] Bl Y
I 9ltl. o] systeme mammalian cellEo] o] A ZFukE= gene delivery
methodZ AF&= 3 low oo that AF+E T3] ©] system©] ©E oJEFY] direct
gene delivery system< WA 5 JQvh= 7heAd o] AAIEIL ).

Gene delivery efﬁciency% peptide length®} amino acid®] %ol whe} @ x}o)

S Uefsd, dEEe A7ELS 74749 factorE2 modificationg F3F % 3td
vectorE 7|Est=d 23 o] WXt} Cationic peptideE-S DNA complex &
4 A] negative charge® nucleotide® aggregationd}l®] homogeneous?dt particles &
AstA e, o] wl A E surface peptide shell®] net positive charge:= negative
charge®] membrane lipid$} interaction®] <23 Ao 2 W1 It}

w0 7 NLS(nucleus localization signal)ell ¢]3F nucleus targeting& &4 4 o]
9] arginine, lysine®] &%= F o] 9&] promote® =1, ©]E cationic polypeptide
52 NLSE ¥33le= %25 7FX2 9], peptide/DNA complex® membrane
penetration % nucleus targeting®] promote ¥ ©] DNA delivery7} dojubA ).

dulE A= PHoRE VEY WS BEF A £ oo ey &

AT E A @ AH 9 AFto =z 23dto] Agrobacterium =AW ¥ PeptideZE ©]
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&3t WS AESEAT FAHE V=S AEety] feke] ARgeh x2Ae Az}
T RBgo] gAE %A I  somatic embryoE o] &I E=d, v FZA o]
embryogenic callus®t} &2 A= 7] wiFo] o] Z2ZS Al&sle] 7]Eo] &
FAAZ V&S HFE5ste] oA e WS gyt

(1) Agrobacterium< ©]-&3 23k

h Az F=HHS o83t Agrobacterium =)

HAAS i oz SAMDC #+AAE2 X33t Agrobacteriums A Z38F L, o]
E ol&3te] Au 27 A AR =TI FAAE PSS st o] o
FHA A ALE3 A RE 220, 8)E, Y 58 ol&ste]l WA Fwe 3z
T wgol 7P A dojue 7l wigHI e G ojdxA s EElshe]
AP FHAE 2t = Agrobacterium™ 7TA 7] FZwjF $ MS salts, vitamine,

0.2mg/ ¢ 2] NAA, 2mg/ ¢ 2] BA, 30g/¢ 9 sucrose, 300mg/ ¢ ¢l L-proline} 4g/ ¢ 2
agarose, pH 5.8% T A% preculture mediumel 100mg/ ¢ 2] kanamycin¥ 500mg/ ¢ 2
cefotaxime®] AAE Fst3t deln Ao AAste] ¥ oA wjYgste] FAA o
AR oF 9 Az JIAAAHAEE BJASIAHIH 48). 1# Y, Agrobacteriums ¥
A7 F oF 5F A AAA A Ax7F F4H 58 vRE AV £

A

o]
A Aol A 2 At AAW Ve (29 49). 2y o 9F 3&7} 5 2

fi
4 A9 Een A WA o TR 8 AN EAS nodeskt] A8
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dulel  FEMEFE Ssted ElHHdARl Fhdleld el SAMDC  FHAE
Agrobacteriums ©]-&3to] Folo| EYPAIZl FAHI AFA = Fne] Folel 9
FAAE zta 9= Agrobacterium®} ] 297k FEFHY T 3 mg// e BA , 05
mg/ ¢ 2 24-D9} &AA 100 mg/ ¢ ¢ kanamycin®} 500 mg/ ¢ 2] carbenicillin ©]
7hE MS dgujA|ol] x]74dste] 259 Fob widste AxPH AEE AT A7

o=
(" 51¢F 19 52) Z=FulolA 7H w2 Axd4E

=2 Al S BRYow A9, v, J}
Hasol g =2 MxPd4 &S Bt a8y 674 %E FstA HW FAd3g
A7l A zxEo] ZgAMo g Wele] = AL st

200
BEEME AlZ] =
OgEMe AlZI & X2 ME
160 |
120 |
Ol
]
<
80 |
40 t
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%0 O&EME A7l S X2k AlxS
80
70
2 ol
Bl
50
40
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0
X H| & == TLeeA =1

==
AE

[0}

(
A

a9 52 AT EEW FRAS A7 F o 67 Auste] AT Az

jins

() v somatic embryooll F+HAE ESFSr Agrobacteriums =
O Fule] =7 F petioled FHAE 233 Agrobacterium =

Y F-AAQA FRdle] A 2] SAMDC A AE Agrobacterium= ©]-83F petioled|
EYA7IE A HAYES T o] uf FA S AFES FrE= b

Jqe}h, 2lee &5, ZHEH, 2d= Tk A, Ag, 2S5 19

dA el (E 10) petioles #Elste] dHdEd & FHAE Zn Q=

Agrobacterium®  747te]  FZEw¥ ¥ 0 MS  salts, vitamine, 5mg/ /¢ 9

2,4-D(2,4-dichlorophenoxyacetic acid), 30g/ ¢ €] sucrose, 300mg/ ¢ 2] L-proline¥} 4g/

2 9] agarose, pH 5.82 T4 ¥ preculture mediume®] 100mg/ ¢ 2] kanamycin®} 500mg/

2 °] carbenicillin® FAAE T AeujAlol] Agsta vr2 oA wjgste]

A2 FAHg o F 8 Ax =

g EC] =2 2=qr9 45 23] petioled] FEARS A7 HW FEAAE

 EEAY. 240 FEAAE A F Ax
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N GAARANNT ARZE B 5 QAT wad oleld wHen FAARL f
e AL w9 ojde Ao fuEe] AAAB U o4 ALgaA Lt

¥ 10. #Av 71 F petiole2 FZ Ao ALE

T FAAZ 21717 A S ARG A7 F I
= 5 €} 100
RN 122

%
HdEYEF 100 A o 6F A% petioled] A
pes

2k 95
TFAE HHUAREH callus?

e 150 gl AAE WAt AL
3l o] 5] o
7]—q‘é 134 = LO]‘ME]'-
By~ 114

@ Somatic embryo callus®l Agrobacterium=%

NE ATE A wh] wEW v FAAB] Y BEHA PPoms

L4 R4 o

somatic embryos X% & Agrobacteriume FAA 7= Aozt #ATEHT o
ghx A7 7hE A JAEHE 228 AE o] &9 somatic embryos FE3 %
callusel A5 7ZFAA7 & FAA3) oJHE =433t} Somacit embryo @A) o] 7

=0 Z25u 9 callusell YEFAXE 2ta A= Agrobacterium¥} 3L 7re] FF )
& 5 1/2MS salts, 0.4mg/ ¢ €] thiamine HCI, 6g/ ¢ 2] myo-inositol, 30g/ ¢ 2] sucrose,
02mg/ ¢ NAA, 2mg/¢ BA, 4g/¢ agarose, pH 58= TAH culture mediumol
200mg/ ¢ 9] kanamycin@} 500mg/ ¢ 9] cefotaxime?] A A S E3F3 Aeln] x| o] ]}
sto] BF2 Srell A uj ksl

W kS o Agrobacteriums A A 37 93 3 7}x] HFH © 2 A carbenicillin®] o =

F

cefotaximeS FH7}3o =M Agrobacteriums NZEsHA A ASte] A AE H An] =

2e] Als FstArh(yl 533 19 54). 28y FAHE A calluse FAEA

.

rlet
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AZLF ok 4F A & A 7F Hobr 19 539 A, BSF Co] A9 callus7t @4 o] &

=} SAlel el Aol Aol HiE Aol o A

2AY D, ESF 20| callus7t E4d0] H& A9-7F JAAA R 17 540014
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a8 54 FAAS A7 T 8FA T 3 2=H1 9 somatic embryo callus

Cationic peptideE ©]83+ &z A%t

rlo

29 550 vhebd mAwel wel PAA
HE Aoz F451 Ytk o] e oz DNAE A3 $utetr] wjid o2 o
£ DNA delivery methodE°] 242 =E nucleus® targeting & F §lthe AM#}
Hlaa] = w o]=HA %2 efficiency= ©]E& oligopeptide®] nucleus localization
propertydl] ©]8t Aoz FA3 4 gt}
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Low uptake Slow liberation of constructs Lack of nuclear targeting
with limited stahility

19 55. Peptide©] 23 DNA delivery9] pathway
(A) DAN¢} &4 &4 (B) 2 (C) Endocytosis (D) endosomel ZHE W= (E)
Degradation (edosome) (F) Al¥XW 2 AP (G) Degradation (cytosol) (H) Nuclear

targeting. (I) Nuclear entry and expression.

upeba 2 AT A ddgistae] o)A wgd A"l A peptided] ]3] s}
= plant cell &€ tissue® DNAY delivery7} 7FsdlttE AS w3zt 3-¢c). 0]
5 fEte o] 94 wgd AFAHA s DNA delivery Al2~81S o] &3FSth

A ouldEd S g e R gnl 227} somatic embryoE o] &3te] A M-S ’\]1-:—3}

(7}) Somatic embryo?] &2 A3t

Fnl z2AS Z=HuE AL somatic embryos A3 AE o] &3¢t PBS
200091l DNA<} peptideE Z+Zt 2 ng® X 718le] iceol A 1A13F & QtcomplexE A
3% 2 incubation 3ttt a8l WA ZzF 2R3} callusoll JESEE dark’Ef ol
Al 25TCel A 22175 <t shakingdh & FAAZF LA &2 MSH|A| oA 3U3E <t
A3A AT 39 F 200 mg/ ¢ ¢ kanamycineo] F7FH MSHiX| o] X Absle] 25wl
A st A skl o
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CPEE

gt

o] &3+ Ay}~ 9] somatic embryo©l

=
FAE callusE A< %k Ak

19 56. Agrobacterium®} peptideS
A7l % selection mediumoll A 8F 74 3} (3 E=
A 3te] shooting =)

Z¥zy Agrobacterium®} peptideE ©ol-&3to] FAE 5 FAAIE AFe] 39

A A 259 FAo 2 APu]FstHA #F T 8FAHE H A3 AH 9 calluselth(L
56). A EZ FAIH calluse AEl= ¥ A callusZA] shooting©]

7o) AAYE A gl

jus)
==

2

T

S zAolw Um A callusE oFH A 2L callus9

At wekd €% DNAZF callusel o7t Aoz FAHEY. 18 shooting
G o

=
selection® Aol %7 v o] shootinge Fr=+ & 4 ATt

(Lh Arlel 242 ol g8 FAAR

PeptideZ DNA¢®} binding3}o] somatic embryooll A H|E A ZA S FLsxEs= &
FARE 2]5- DNAE callusoll #¥tshe= dl= 43837 vl regeneratione] I &
7 7}k

o] -
BA T

JHE YEld Aolt} Shooting -
A st aE BAlE 22 o] Tt AAsHA o

Juje] Ao AW FAAZ AAT 18 578 A7 T oF 6F AL
S2o] £ 2=euZ AE39 o plated ol

_6‘
L AR AR 2450 AAGLeR 9
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1% 58. Peptideg ©] &3 221 2o FHHdE Azl F selection

mediumell A 957 3}
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(3) FAHZ Wy g5 }A
o] FAAE wj¢ o Aow Z A vk wEkA B Ao FA
Aske 98t F 23709 HFE AMESte], A A HAQ AvE 23 dtazt
stk 2 AFAn 22F07F MY HAe A HFFoF EAHAT
¥ 11 v E o] &3 FHAAS AAZ 257 Y3 39
g AA B3
o 7 Ay v kA A _ . i _
2003. 3.13 (O;% aAh) Ar) ARG BF 2Y 2o
T 7o =1
9003, 4. 4 AR F-sk 9] 1] embryoE |83 32 3k
S (F34 uxh @3k 238 workshop
9003, 7. 4 o) AY v kA A o] SAMDCHZAAE o] &3k
S (fF7d=ddrAl ) FAAI W T TAHA A3 B
9003. 8. 19 AT g SAMDCHAAE o] &3+ A3
C (0] $-A ¥FAh) "W = peptideE o] &3 vFH o] 3 workshop
0004, 1. 5 a2 o &kl SAMDCA#AE o] &38to] Fn|e] FA g
S (A74d ¥kAh SEUH B9
A 0] 7] 24 Zgml o] wE stz oA somatic embryo
2004 4. 14 "0 j;) callus® =% F shooting A3 systeme]
CoelE stk E9o] 9 workshop
2004, 4. 16 Adsdr1sd Zn) 9] somatic embryo callus induction &7
C (O] AR AF) E9 2 workshop
2004 4. 22 AFssd7l=d 5% #Av 9 somatic embryo callusZ
C (o] A A AF-9) Algialstr] 91 =10 B9
9004, 4. 98 AFsd71=d 5% A1 ¢ somatic embryo callusel 4]
S (ol AQA AF-9) shootingZ71& 719 2% workshop
Qb 7] 29l Somatic embryo callus®l] agrobacterium 743
2004. 6. 22 (;];L;HO __j;) Al7]1 3L shooting< #5=3}7] 3
ST se® 9 oz 24 &y
2004, 6. 30 Foistal Fr| A& o] &3k FA oA A2
S (A 1) shooting< inductiond}”] 93 %71
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312, FrE ol &3 FAHE AF
Addg A Z2 () T4 2 A%
Agrobacterium ©]-&3to] ¥4 A3
PFASuA - A7 B ok 25742 Agrobacterium©)
Agrob ] N
2000 19|, CEPUETR L | 50 UT ol e} o= <ls)
= 1 - =] 1o W _
3027 AN T A ZAo] At oA TS
B
gAALEA - e} S FmEtn} o 257}
2002 14 |, . . ﬁiroi?iizr]l”ge ol 682 Ang & 2o AAHowR
s R == Ab - 4=
gaF B A Aoz wgtete] FAE
Z Ao At o= Agrobacterium®)
f*e‘f—ii“ﬁfﬂ : Ui gl Arehikst zHe) Aol
20029 3 |y y i A D ey 5 o5H BALE ke u
T B = A S § L84 - [elre]
BAow ozx W B Aoz Holw o] wjg =g
g o] =7k A}
YL LE Agrobacterium A A3F7] 913
o =2 a .
Agrobacterium shube] W o2 carbenicilling
2002 5¥¢ | &3 : wounding®l <&kl 713 A&t =l Agrobacterium®]
o BAFTFH =4 FF ) A = A 0—"0]— /\gﬂo] AqubA o =
um< A A3 9%
B804 Agrobacteriums A A7) Y3
Agrobacterium hhe] W O 2 carbenicillint] Al
20024 72 =2 : wounding®l 500 cefotaxime .2 W7 st gt 23}
- E(bs)e wE 74 Agrobacterium< A A7} Qo
I 2 Y A % Ao A AurH o walA ol
R
dofd
A A
Agrobacterium . . ~
24 ¢ wounding®l Kanamycin selection®# <
20024 9% E(aks)e wE 698 kanamycin®] &&=7} |5 so}
SUR | gddey 24 Qg BA (75ug/ml)electionstE =5 2 & A 7}
3 oEH ds aEs gl Ao wstedol dof
ZZ 3} &7 somatic embryo

callusZ o] &
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AAANA

Agrobacterium

3 iondA =
24 ¢ wounding®l Kanamycin selection®# %
o002 119 CHE)] 00 kanamycin® s:& =% o4
1= [e}
002 T8 rereyapa 22 g vy (100/n)selectionsh= =% oF 65
* 2 W aA= v FARA G0 Wake] FA}
%23} &4 somatic embryo
callusg °l§, #FA=A
FAHwA
Agrobacterium
=2 : wounding®l B N .
ET(vbE)o wE ZA 3 callusEF AFE=7F UHF
20034 1€ | g FT 24 AF 24 550 gAY A dojA WEE
%oz ws HEE v Hol7 e
%237} &4 somatic embryo
callus ©]-&, wounding A%}
z=A
A A
Agr.obacterz‘um 245} callusE 5 AFEEI} U
2 wounding®ll ; i
CHE)] o callusollA dAAsE H
2003 3¢ | A FT 24 AF 24 720 Ao 2 AR H A= 4] o]
9 x2 e BER g 135 o} shooting®] 2 A
Z 2 3} %l”ﬂ somatic embryo w3
callusg ©]&, wounding
A=A
gdagA 243} callusEF &=L UF
Agrobacterium Fratglen] callusol 4 @408 9
=2 . wounding©l o B o
- = zAo
TE(ups)el] W Aow AFRH A= 240
2003 5¢9 | #E9FEFY 24 dgF 24 690 23tE QT a8y 2R =4S
9 27 Wst @R Fu) o @] 3ted shootingS #=3}H
A W somatic embryo st} YA | 4
callusE ol &, Agrobacterium o = o
ey A A ZEs} 7t o] FAA A S
FAAS A 9 A1 7] somatic embryo callusell 4]
Agrobacterium PAAE FAOE AEF oA =
A 1 o]
20034 6% =+ woundingf 480

E(hbs)e] wE
7499383 somatic embryo
callusg o]-&

shooting®] FE%HAOL} o= =
3ol = Aol W3t ol

dojr} FgabA K3
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2003 7€

A A3 A Peptide
=2 peptide?t DNAE

716

9 A1 7] somatic embryo callusell 4]
FAAZ AR R AsHAA =

shooting®] F=5o T2&9 A&

binding =71 &9, =43} of ) _ )
1212+ & incubation defste] Mgl sole wsha o
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