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(57) Abstract: The present invention relates to: a composition for increasing the nutrient storage capacity of plant nutrient storage
tissues, containing an inhibitor of the expression or activity of a JULGI protein or a protein having 80% or more homology with the
JULGTI protein; a method for increasing the nutrient storage capacity of plants by using the composition; and a plant body of which
the nutrient storage capacity is increased through the method. A plant body is treated with a composition containing an inhibitor of
the expression or activity of a JULGI protein or a protein having 80% or more homology with the JULGI protein, according to the
present invention, such that the development of the phloem, which is an organ serving the most important role in the movement of
photosynthates and eventual storage thereof in storage organs in starch and sugar forms in plants, can be enhanced so as to increase
the storage capacity of plant storage organs, and thus the productivity of various crops including vascular plants in which JULGI
is conservatively expressed can be promoted. In addition, unlike conventional methods, a method for increasing the nutrient storage
capacity of plants, according to the present invention, can overcome conventional limitations by being a method that produces higher
value-added crops into which no exogenous gene is introduced and which are free of GMO problems.
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[Table 1]
Species |Name in tree |No. | Gene ID | ID source Locus Locus
source
Arabidopsis | Arabidopsis 1 QILWI1 Uriprot | 3:5314817-| Ensembl
thaliana 5316617
2 | Q8GWDI Uriprot | 5:8876321- | Ensembl
8877904
Brassica B. rapa 1 | M4CBM4 Uriprot |A03:173394| Ensembl
rapa 73-1734008
0
2 | M4DXBI1 Uriprot  |A01:238141| Ensembl
43-2381479
6
3 M4D046 Uriprot  |A06:176395| Ensembl
54-1764027
6
4 | M4DVF8 Uriprot  |A02:249287| Ensembl
21-2492945
5
Eucalyptus | Eucalyptus 1 | AOAOS9BS | Uriprot |Chr06:3755 |Phytozome
grandis T6 9529-37560
648
2 |AOAO59CPS| Uriprot |Chr03:2883 |Phytozome
7 7096-28838
244
3 [ AGAOS9CS | Uriprot |Chr03:5708 |Phytozome
Us8 5574-57086
309
Medicago | Medicago 1 [AOAO72UG | Uriprot |4:2643799-| Ensembl
truncatula 31 2646573
2 G7JB51 Uriprot | 3:49624495| Ensembl
-49625913
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Glycine Soybean CoT4M1 Uriprot | 8:17009508 | Ensembl
max -17011639
C6SXC6 Uriprot | 7:2538140- | Ensembl
2540048
ITK8WS Uriprot | 6:5362065- | Ensembl
5364532
I1JUE6 Uriprot | 4:5714874- | Ensembl
5717332
Solanum Potato MI1ABJ1 Uriprot | PGSC_DM |Solgenomic
tuberosum v3_219_chO S
8:28837851
-28839101
Populus Popular B9GWDS5 Uriprot | 3:7353724- | Ensembl
trichocarpa 7355235
A9PBS85 Uriprot | 1:14100201 | Ensembl
-14101518
A9P992 Uriprot | 6:24868717| Ensembl
-24870073
BI9IKV1 Uriprot | 18:1420333 | Ensembl
-1421862
Hordeum Barley F2EG93 Uriprot  |Chr6H:1893| Ensembl
vulgare 12796-1893
21121
F2EDY2 Uriprot  |Chr6H:1893| Ensembl
12795-1893
21121
Oryza Rice QI9SNSO Uriprot | 5:2162738- | Ensembl
sativa 2165150
Q6Z6E6 Uriprot | 2:1420333- | Ensembl
1421862
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Zea mays Maize AOAIDONV | Uriprot [9:20521786| Ensembl
S8 -20527702
B4FHT6 Uriprot | 5:11478688 | Ensembl
5-11478811
2
COP4Z1 Uriprot | 4:23699946 | Ensembl
3-23700533
8
Sorghum Sorghum C5Z3T1 Uriprot | Chr10:2492 | Phytozome
bicolor 827-249854
6
Sb04g00711 |Phytozome | Chr04:7132 |Phytozome
0 525-713691
4
Ostreococc 0. A4S2N4 Uriprot | 9:339159-3 | Ensembl
us lucimarinus 39585
lucimarinus
Selaginella S. D8ST26 Uriprot  |GL3776392| Ensembl
moellendorf| moellendorffi 28833-2296
fi 84
D8SY24 Uriprot | GL377652: | Ensembl
363891-367
476
cucumis Cucumber AOAOAOK7 | Uriprot |scaffold009 |Phytozome
sativus 18 29:24359-2
5976
AOAOAOKT | Uriprot |scaffold009 |Phytozome
10 19:2132690
-2134447
Cucsa. Phytozome |scaffoldO11 |Phytozome
162240 44:1943572
-1945443
Marchantia M. Mapoly0019 [Phytozome |[scaffold_19:|Phytozome
polymorpha| polymorpha s0131 1145977-11
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[67]
[68]

[69]

[70]

[71]

[72]

51602
Sphagnum S. fallax Sphfalx0050 |Phytozome | super_50: |Phytozome
fallax s0025 235612-238
551
Nicotiana Tobacco Niben101Sc [Solgenomic |Niben101Sc|Solgenomic
benthamian 101620g020 S {01620:387 S
a 09 421-389889
solanum Tomato Solyc08g05 |Phytozome |SL30ch08:5|Solgenomic
lycopersicu 7180 6220160-56 S
m 220882
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AL, e A= Foll A A7 A
A

Rl B S /3)\
A5 AR ?Jr oF&t T}k Al Bof| 4] A7 S AR BEH o7

R o T
EA8h= Ale Bl B3 JUL Aol 2 d 2d & g8l Al g4l
e s o g4 ZAAR )Rk A

[\®]
e
W

ol RNA 23} ol 27| %717} 328 ZnF &=

A FA o] A b Ao B4 Q& Felstglar, Ay ez
ssRNA 2ol H e 2] & o] &3 238 53l JULe|] %] RNA®] tjgk A4

EolAd & 7t & & 4 At Yol 7k SELEX ¥4 2 o] o) e} =¥ SMXL
familyol] o gk Al 554 & -8l A2 o At 574 02 BEH SMXL4A/S
5'UTR9] G-quadruplex 4] 2E|Z 7} JULS| o4 7| A&

A ATHAA o 3 F2).

Boukbd o] Ik T} E A A] ofj ol A 5=, T}k HE © 7 JUL ¥} SMXLS 5°UTR 9]
RNA G-quadruplex ¥.E] 32 7}o] 275 4 “A3}+-& 53 G-quadruplex A o] F+&
¥-2418 A3 SMXL5 5°UTR 2| G-quadruplex©ll 4 JUL2] RanBP2-type ZnF <}
A A o2 Agstal, o)l gk Aol o SMXL52] 5’UTRI Al RNA
G-quadruplex &/ o] %™, in vivool 4] % JULZ SMXLS5 5°UTR 2]
G-quadruplex X E] 32 9} A at= 1S Gl rh(A A o 4 =),

Bk o] It v} 2 2 A] o) o]l A 1=, SMXL5 mRNA°| o] g+ JUL2] 28-&
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[73]

[74]

[75]

[76]

[77]

TAA R FEEly] e, AP A A A SMXL5Y g EE 2A3S ¥ qaawy

= d
A3}, JUL®] 5’UTR G-quadruplex $12]-8 53 H & 9af dAds)d 2] B &l
th gk SMXL5 AALA o] A2 AA = A2 A5 o, A H o=z JULH
L 2ko] 9]&E2] 0 7 SMXLS5 5’UTRE] %24 3lol ¢)= GFP vl & o] 18] o]

F

ZF 48| JUL1o] S A48= 4 -5-oll &= G-quadruplex &4 o] Ao LpA] ¢hi=
SMXL5 5’UTR EAH o] ol A= GFP d i A o] & 7HA4A7F dojuA] b 59
ZA3}5 Z-3] RNA G-quadruplex 34 FE[Z 2] 217 41 Q14 7} SMXLS5
5°UTRON A ¢ G-quadruplex2] ¢4 871 @& 21 JULL w7/} S A&
WEGLO ﬂo] o}oﬂq_(/\w\] ]5 UJ_)‘

o o] i o & A A Aol A=, A g 23] A ol 4] JUL vl 7] SMXL5 9]
5°UTR G-quadruplex & /g o] W] X]:= F &= A A7}, JULL2S] Hd o] oA
21 2 Aol A SMXL52] Z 8] Aol Z7e AL =& JULL29] 2Ha o A9
ola) SMXL52] " o] F7}ehS #2159 a1, JULTF SMXL4/5 Alol o] A&
ZAFSE A3} JuLoe] A T Lol A SMXL4/59] Aol A 7] 53kt S o
T AATHAE A4 6 Fx).

Vg o] I v E A of| ol A=, A2 Al =
o] Qli=A A3 Ax} JjuL12e] wale] A | A B Aol A A Al E
T7F S 7bskal A B g5 o] <
W71 hel A A=A FAE
4ol A7) ¢} FATE f-ol Al F
T AR G5 Fol et 77}
_gixhﬂqg o]_Q.gH JULl qx}g
SV ~7Po}111 *XH 3719}’% A7k
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oldel BEde iz dAS s T"rﬂ A Eeehis A= VIGS(Virus

Induced Gene Silencing) " B, RNAi-& W ¥, == CRISPR/Cas9 W B = 3l a1,

U] $-0] ZFN, TALLEN#} & §731 2 AR 7]'H-& o] 83 4= 9l o1}, 47] JULGI
bl o] vk = G S AAI A = = Aoletd 1 F5F71 A g A
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[78]

[79]

[80]

HewE 19] ofn] it AL R o] ol Bl A e Bl Ao, AW E
4] A7 G e A AME 29] op Al H AR o] F ol =
Hdoluh, i3k, 7] 7] ML el ol A7k ¥
TFAR o A FAAE AN E I EE AL 2
o1, 1% uhgFA el 7= 80% o1 4, T U5 vl 8 A 3= 90% o4, 7H4
ul A 8l = 05% o] el AL AFA S THAE A7) D £ 5 et
Folr2e o s tit A AEA % Tl Ao
SEERECEENELEEREDERMNEECEEE

T

Eo) 52U E s Aol A= T AL 4wl o @ i AL

= AAE EgskA] 8ol vlsl =71 = A, D) E 2SS vk
471 VIGSi= vpol & ol o8l f 55 = 7 iA A5 A o= vhefd A=
A, TE5, A5, o, 71 5ol 2 Lzl AALF F4 A5 Aol
UTO 8, vpol a7F A=Al Hdste] JHAlshz G M 4 A=A ol
Hpol & & F A A o} A4 = WA AR o WA Fd Aot
Hpol & 2 A Al o] W} 5 A 7F Al A M= Adoleka & ¢ Q. =,
ahol 2] 2 7135 ] cDNACN 7| F=oll M w2l 54 3l zke] dF 2 AAE
Arletar 1A RNAER Al 2hste] A2 Aol A 719, 58k 7159
RNAZF 33271 2o, 71| 715 A2 Aol A= 54 3 Ake] e ol
AAH A 2 g e 2 A 54 A Vs b es =4S
At HRol 2] & -5 F- A&} - E(VIGS) 7] 22 vlol & 2x0f] th @slo] RNA7}
w7 ahE A & Wl vl ko] AdFoletar e A e, 1 A2 A5 2)

)
RNA A3} 3) 72 LEHE A Eololet= EH S 7FA

7] ks = ,o1E ] B = = o] F 9 3stel] o 8
sty dd S W sk A2 E XA Sk Aotk Al 2T Al = AT
AlFES] A FEol A= AR A = FAA = FAA AdE, Al s
SPEIAI ) & shub = e o vk R A2 A= A dE e

A Zo A A= FAAE A D 5 o, ey Y] A mEE
Ao RA A AN Febol o3 A X W] A=) Aot

1 (1)_1

S, Eog o A ARG E = o] “H B = Al E U2 AP s DNA HHH((E)

& o] Ag-E T} W E = DNAS SR A7) a1, <524 Eol| A
Sy Ao R AQYLE G ) B ol A Al 27 W o apA gk o =
ol 12 Hle| 2] 5 £ A ol 2 (Agrobacterium tumefaciens)S} -2 2 3l <20
SAG W 1 AA o] A, AN T-F S A= AEE Hol A4 = =
Ti-Zet2~n = e olth, th& /-8 o Ti-Edh 21 = W E &= d A 2
L= 35 DNAE A 59 Alw ol AAstA A A7 = A2 2
T AT A A = € DNA A D& HolA7]=t o] &5 a1 .
Ti-Zet2n = e o] 53] npgha gk & g = &9 vlo]l ] 2] (binary) ¥ E] o] T} &
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[93]
[94]
[95]

[96]

[97]

3l719] A A eli= Bk S 1) A oalsly] Yste] AlaEE A By
A Al eof] ofaf &g of W&ol gF = S ot
[2A] 4]

AR 1. AFFEE 2 A

1-1. 4 & 22 £H|

B A Ao o) A o) 7] & tN(Arabidopsis thaliana) 2] col-03F WS-2 A B &-& 2} 2F
of A X FAX S AT R ARSI T B F A= 1/2 Gamborg B5
salt(Duchefa, Netherlands), 1% <~ 2 2.2~ 2 0.8% phytoagar(pH 5.7)7} ¥
Hj Al ol A 24°C 9] 4D 27 (16A] 1F W8/8A 1k ehystel] o] 5 &F i A5
T 8EE SR S Ha sdetA Y 22 A AFAIF T smxld/5

A&l A smx15, smx14/5, pSMXL5-YFP, pSMXL5-SMXL5-YFP+= &5 ¢
&to] | 2 =1 th 5}9] Thomas Grebol 7| #5122k, jul (FLAG_293A10;
57227UTR 4H9)) 2 jul2(GK-268A03-015068; 5??7UTR 4 1)+ ABRCZF-E AT,
g, A A A = A =S dd ZA0AIRE H/14 AL ZE ehyoll A Al 8t 5z
3~47H AlEo A3 G ol oY Felste] ARGt Hl(.
benthamiana)= & AHE B8] 31 26°CE] AL 271 A 5~6 &t A W5k o,
E v} X (Solanum lycopersicum cv. Heinz 1706)% 22°C2] U 2710 A 5~7 &9t
Al a3 et

1-22. T2V = AF D FFAAS HEA Ax

VIGS #41-& 9138, NbJUL, SJUL = NbSMXL52] ¢cDNA ©#H-& TRV2 4 E o]
Z 2932 th RNAIL -2 4 2] 7-$-0ll &= AJULI(AT3G15680) 2
AUUL2(AT5G25490) 9] A M A& FFH A 7] 3L A A(ligation) $F th-, A H
AE-S 5Z3Fal pCR8/GW/TOPO ¥ H (Inv1tr0gen USA)ell =243t}
229 H cDNATE MI3 T 2 oJulbgk Lejo| & o] 851 SEAZL T
pK7GWIWG2 (DE 2] Alo] Ego] & ‘é o] AF&3}9th. CRISPR/Cas9 -3 7)) 2

A5 AJUL1S] 539 1 F9 71 €0 GGTGATTGGTACTGCACCGE
sgRNAZ 7} = pHCas9GM-AtU6p HEH & & 2 8}3 o],

T3 AUULL 2 AJUL2E 27 Eo] % o ;cz AT 7] A8l oh 7178 Al
DNAZFE 1 A2} H-99] 1.5kb A E - FFHE TF A 7] 3L pCXGUS-Po
Za233st9

3hH A A A 2 £ E A8 9dl, SMXL52] A7 5°UTR 2 JUL1-S GFP,

F A 24 (luciferase) 2 HAZF E3H5 2] &4 @& W g of] S22y 8%t
A2 e & A7 JULL 2 JUL2 cDNA S pGEXS5-1(Promega, USA) &
2+ A L AA ST JUL1S] 351 o] JULIR0A, JUL1RSA, JULL
R146A, JULlRZO/SOA, JUL1R20/146A, JUL1R80/146A 1;1_; JUL1R20/80/146A) =4 SMXL5
5'UTR[mSMXL5 5°UTR(1), mSMXL5 5°UTR(2) 3= Scrambled SMXL5

1l
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[98]
[99]
[100]

[101]

[102]
[103]
[104]

[105]
[106]
[107]

5’UTR(1-3)]<> QuickChange Site-Directed Mutagenesis Kit(Stratagene, USA) S
ol g3te] Azt ol F FAAH A EAF A£3] A3, JULLIUL2 T
JULL A EdA ool A% cDNA A ES 358 T2 X E 2 HA | 3 B e 17}
F.3H¥l pCB302ES WE o] 23 T 47| T2A S ol 12 ute 2] %

- 3 A] )l 2~ (Agrobacterium tumefaciens) GV3101°l & A A3k A 7] a1, 47|
A A3 AL rumefaciens S ©]-8519] floral dipping %H S 53 off 7| & o
HEeRaas A

1-3. of 7] 3o QF A A oA LA H i

%] S (Mesophyll) ¥ &2 4| 9} &2} 210 = DNAS 28] 8 t}S-, 2 x 1047)
AP AA ol 20 pge] Ee} 21| = DNAE FATAA 7] 21 A2 A 6411 &<t
wFatolet ek gl 2 E A 98, 2 x 10471 9] AP A A o =
2] B [SMXLS5 5'UTR-LUC, mSMXL5 5°UTR(1)-LUC, mSMXLS5 5'UTR(2)-LUC,
SMX14 5’UTR-LUC SMXL5 5’UTR-GFP, mSMXL5 5’UTR(1)-GFP, mSMXL5
5’UTR(2)-GFP, ®=3= Scrambled SMXL5 5’UTR-GFP(1-3)], &37|(JUL1-HA %=+
JUL1R0s0146A_ HA) 2 p35S-Rennila 2 3F0. 8 T4 ¥ & Z 2} A1 = DNA 20 g
FAZAA F T

RNA HY 2 H-& 98l 4+, SMXLS5 5’UTR-GFP ® 3= mSMXLS5
5°UTR(D)-GFPE T4 ¥l Za} 21 = DNA 40 pug 0.8 & @ 7-al gl 9184
JULI-HAZF Y 9l 822 3% 209NN A B8 A48 2
33 S E o BE Aol A FALg Aurt dof R

1~

B 2
TN

1-4. VIGS(Virus-induced gene silencing)

pTRV2 -2 ®E & A. rumefaciens 75 GV2260°. 2 A A3 A7 th =,
pTRV1 EE% pTRV2 :rLZXﬂ £ ¥ 8ol A tumefaciensS 28°COll A §HA) Wl &Fshar
3]473F 3 10 mM MgClL, 2 10 mM MES®l] A & €A Z ). 3 A4S 200 uM
o} M| EA] 2 (acetosyringone)e F 7}olal A 2ol A 2~4 Al ZF & QF Hl 4k gl o 2 A
FEHAY B o2 pTRVI = pTRV2E i?} Sh= A. tumefaciens M| EE
1:19] Bl-& = Z9hstar, 3529 @l A= 9] Sloll I FAI AT EvtEC A VIGSE
A& =, pTRV2—SlJUL T-ZA 2 A. tumefaciens 75> GV3101E 3 2 A 3R 71
b=, pTRV1 H pTRV2E 3hidte= 7] o5 TS 27H EvtE A =9
A0l AFAZE, e AF 345 F A A2 4 R0) A

1-5. A1 52 A 52 (Phylogenetic analysis)

A2 B-gM(Viridiplantae) | 4 JULs 2} SMXLE] -5 A& ZAsH] |18, 71

t]] o] B] W] o] 22(EnsemblPlants release 36, Phytozome ver.12, Solgenomics ver.3.1,
Klebsormidium nitens v1.1)°l| A4 #H A Al A E & 717 2382 341 ¢
RS B of 71 tel A 271 2] JUL @A 2} 871 2] SMXL wA
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- Z+7k o] ?_}B 1 A< % LASTn@*%-‘H} Ao 2 AL-8-31S 31, e-value <1010
o] 491 3 E 1070 W) & A o] AL AF #7182 3ol L e}<l(phylogenomic
pipeline)°l] l a3l e 111 o 717 %‘E—% A F & TAIRON A ). 2o

[108]

[109]
[110]
[111]

[112]
[113]
[114]

[115]
[116]

# 2] 2 H-E] tBLASTn 3| E(e-valueZ A 2)2] A9 1079 thete] F5A4 FHE
eV el e oR Zd ERar o w FAS T A2 712 A A sholl A JULe
A d AEL ClustalOZ ©]-&3LaL SMXLE] 4 $-¢ll 3= MAFFTE o] &3t T}
U Aeeh A d e el @ d A AE L2 wimAlE ] &8 TE ITT
g 718k 2 elle)] 7 38}o] ML(maximum likelihood) E&] & 75311 a1, +-4
M EE = IQ-TREEE AH&-310] 1000 F-E ~EFH JARE(-bb 1000) S & Z= 51457
FE 2B ZAL ] 5 AREete] A AT 74 A EH ol o gk &4 e
olu] =4k %] 3 2. 92 Nearest-Neighbor-Interchange ML ] 5% WH &
ekl

1-6. 35 A} 8] ol A SMXL &9l

EQ Alw 29 2 G A(GL377574 : 2177376-2180294)-2- AtSMXL5 A5 A
(SmSMXL)9| 54 5] = ORFE A/ 433t} A7 M L& vt o2, s a1Ak(
S. moellendorffii)(http://www.xplant.co.kr, Seoul®l| A T-¢])oll A F5& 3+ = cDNA?]
o 3le] PCRE A A&t 47| SmSMXL ORFE £ &Y 3%t} SmSMXL 2]
CDS+ fr Azt 5ol 4 Zefo| & A iAlsto] glebgitt. gk A7 A&
grFaabg o FAH Al 4 Este] SNPE A4S ol F BLAST ¥4 &
A&l 2371 79 SmSMXL2] CDSE @9 d A d 2 i o 3F5 v} SmSMXL2]
A A= GL377569 : 293451-296918 (EnsemblPlant)©| T},

1-7. 22 84 &4

Aot An g #EE Al 6578 =71 AES 0.1 M IV ESR &5 9(pH
7. 2)01] 3] A3k 39 2 FEH2 2 ) 8] = (glutaraldehyde) ol A 341 7F B oF A A

o, TAHA 02 oA EE o] &gt @ E et y] Ao 0.1 M JIMYER
Qhzol 0 7 23] 7}, o] F A AHS A FA| 7] aL Spurr <A (Electron
Microscopy Sciences, USA)°l 65°Coll A 48A] {F &t Yl st ot tf&- 0 =2,
RM2265 7}o] A 2 & (Leica, Germany)S- AF8-3F0] 2 um 771 2] 24 A H &

W= 31 0.025% = 7] & F(toluidine blue)= ¢ A 3t 3?— Axioplan 2 @ V| 7 (Carl
Zeiss, Germany). 0.2 &SI TH Ylol B H Al o] A g HIEd-g o]
2 ﬁv}%} L AAS RE F005% FFOlY EFE 1% o kAL, 30%
ot SHTE AT UL 50% =M EE nh&w e T Axioplan 2 u]H o7
%“Lo}oﬂu} T Ax @A #Eg el 2" 24 S E5A 7] 7] Aol

050,01 A 2] skl

F

2|

1-8. Quantitative RT-PCR
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[117] 657 F 2] & 2] 34 = 7]l A TRIzol A F(Invitrogen)< ©]-&5}o] F RNAES
H-g)al 3 A7) 228 RNA 1 g, oligo(dT) S 2ko] ™ 2 ImProm-11 <} A}
8.4 (Promega)E AH8-3F] A HAL A AA S (RT-PCR)S 2 Al 3HS T
gqRT-PCR-> SYBR Premix ExTaq A 2~ ¥(Takara Bio, Japan)< ©] 83}
LightCycler 2.0(Roche Life Science, USA)oll A& x| ol uwte} 4=a315] o, &
23 o] A& PCR 2Zetol ] A d-2 &7 3% 240 VFERU AT

[118] [Table 2]

A2 T A E(5-3) Mz
SEORI(AT3G01680) | Forward |[TCTCACGGCCTTGGTTCATC 5
Reverse |ATCGACCCCAACCAAGTTCC 6
NEN4(AT4G39810) Forward |CGGTAGGATTTGGGCAGGTC 7
Reverse |CCAAGACCAAAATAGGCAG 8
CC
HB8(AT4G32880) Forward |GCTCGCTGGATCTCTCACTC 9

Reverse [TCTTGAAGTGCCACCAACGT 10

TDR(AT5G61480) Forward |TCTCGTCGGAAAACCTTGCA 11

Reverse |ACCACCGTCGACTCTGTTTC 12

IRX3(AT5G17420) Forward |CAAAGGGTCCTAAACGTCCA 13

Reverse |[ATGGATGATTGCCCAAATGT 14

XCPI(AT4G35350) Forward |TGGAGAAAGAAAGGCGCTG 15
T

Reverse |[ATGAGACCTCCATTGCAGCC 16

TUB4(AT5G44340) Forward |GCTAATCCTACCTTTGGTGA 17
TC

Reverse |[CAGCTTTCCACGGAACACAG 18

GFP Forward |AGCAAGGGCGAGGAGCTG 19

Reverse |GCACGCCGTAGGTGAAGG 20

YFP Forward |GCAAGGGCGAGGAGCTG 21

Reverse |GCACTGCAGGCCGTAGC 22

[119]
[120] 1-9. A2 S92 A A
[121] GST7F €389 A= A S-S AA 57| 9 8ll, GST-fused JULL, JUL2, JUL1
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[122]
[123]
[124]

[125]

RZOA, JULlRSOA, JUL1R146A, JUL1R20/80A, JUL1R80/146A JUL1R20/146A T J‘T: JUL1R20/80/146A-§—
Escherichia coli BL219l| A ¥-& A] Z 51, 4}7] vhe)| 2] o} Al 3 & 200 mL Luria broth
Hlj %] o] A 37°C 2] 271 0.2 600 nmoll A F e %71 0.80] =S wj 7-A]

Hj ettt v 2 2, 0.5 mM

o] &3 & _B-d-1-E] & 2 ¥ & 3] 2} 1= o] = (isopropyl f-d-1-thiogalactopyranoide;
IPTG)E A 2] ¢k F 3A[3F ‘&<t 7R 8t 3Tt o] % GST7F 3 A=
chal A O 7)) 2z AL o] 3 # B SL(GE Healthcare, USA)ell whet A =) 819 o}

1-10. SELEX £4]

e (aptamer) A2 91, A A W AAL R FHS 91827 9] Zefoln
< (5-GATAATACGACTCACTATAGGGTTACCTAGGTGTAGATGCT- (N)
30-AAGTGACGTCTGAACTGCTTCGAA-3; T7 promoter underlined)(PMID:
25689224)° Q175 &+ F-2] A D9 30-FEH LEEE T4 EH 914 ssDNAQ]
ol v e g & A A st} T7 22 B EH W3 ) (PMID : 25689224). 5. DNA
%2 31 Cosmo Genetech (3H=)oll Al 340 3151 T}, ssDNA o] B ] 2] &= i-pfu,
g efoln
(5’-GATAATACGACTCACTATAGGGTTACCTAGGTGTAGATGCT-3") &

o pgf >z efo] i (5-TTCGAAGCAGTTCAGACGTCACTT-3") & A&}

TEAN AT FF Aol 22 A FA & Fal H A S ekl L, F3¥ dsDNA

2lo]l ¥ 2] &)= PCR A #| 7] E(Qiagen, Germany)S AF-&-3to] A A3t} o] &

AmpliScribe™ T7 High Yield Transcription Kit(Epicenter, USA)%‘ AR-g-3}o]

37°Coll A 2A1ZF 5 QF A} 7] dsDNA 2ol B2 2] & A AFA]Z] 3 DNase IZ DNAE

w33t RNA ol B e]= - 22 2 X 5ol ol ez & FE5HS

o] &3sto] QA g v}, ol §F= %A A] 7] 21 NanoDrop 2000(Thermo Scientific,

USA)C & 555 S48t ghol Bl & 14 vl d i} k| wlj ¢Fat 7] Ao,

RNA =2 80°Coll A 53 &<t 7h 8oL A 2o A MM 3] daA e At
245 <% (20 mM HEPES [pH 7.4], 150 mM KC1 ¥ 5 mM MgCL) 2. 2 259 5=

}%E}. GST} &3t ¥4 g d S 338 259125 mM Tris-HCl, 150 mM
KCl, 1 mM DTT, 1 mM EDTA [pH 7.4]) & Pierce Glutathione A}7] o} 7}2 @ 2~

H]| = (Thermo Scientific) ol LA A ZH T}, A3 YA o 72 o] W A &gt &,
RNA 2o Hef 2] & u] =ol) 145l 52 Gl 2 a} 37 2 8ol 4 143k ok
A A 8] LRk A af st

& RNA dhel B efe] o] A3t v &8 2457 F&
NanoDrop 2. & A = 3}8} gl th v =& 100 po] YZH o & 23] A A star, A%Hg
RNA g}e] 2] g] & 95°Col| A 10%- &<k 7k gho 2 M 8 M $-dlofol] &-& A Z ).
€5 ¥ RNA &2 ol gh2 145 F8f 3573 U5 GoScript™ Reverse
Transcription System (Promega)& AF-&38fo] S HAA a1, A H 2|1+
SELEXS| the 2h@ o) ALg ot g om, 74 ehe sz 4719 BAG fg 0w

9 &), B A3 RNAQ] &
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[126]
[127]
[128]

[129]
[130]
[131]

Hhi et loh. Al WA el =8 gk &, 54 A8 8 98] RNA £& A7)
o} 7}E @ 2~ Bl E Alo) 14 3}ehA] ¢Fe T A vl A 1) &7 ) .
AR EoE R A vl W E WY 2 QA A Alojsted, A A o=
chil o] of gk RNAS] H] &2 0.5¢ A 255 F7k; wi oF Al 7HS 1A 7ol A
3090 7 7ha: Al A B3)5= 100 wholl A 200 w2 F7F 2 Al F Bl4= 23] of A
43 & Z7AI ZH ok 2] ¥ SELEX= JULL AFA] whul 2
FETHA] a1, A e E RNA & 7] e 2 duksk ol &
A}g3le] PCRE S22 A 71 t}8- pENTR/TOPO H B o] =21 &3
W] 2 Escherichia coli TOP10 4| 3£(TOPO-TA Cloning Kit, Thermo Fisher
Scientific)E & & A 2 A| Z T} ssDNAE 3} -3 &8 Miniprep Kit(GeneAll,
Korea)E AF-&3Fe] A A&} a1 4 D ¥-4](Cosmo Genetech) &} 2.1, A Bl 3]
RNAs®| 724 f-AM & 43171 918 QGRS
32 2 71 ¥ (http://bioinformatics.ramapo.edu/QGRS/index.php)S- A}-8-3}o] o] x}

FaE 2AFA.

(o3

1-11. EMSA(Electrophoretic mobility shift assay)

PP ¢}o] H 2] 2] 2] RNA-EMSAE F35t7] 913ll, pcDNA3.1 A0 EE
ApalZ A3 8}3}31 DNA 53 8.4 I(Klenow) W¥ (New England Biolabs,
USA)C ZE 3 S AR o2 Fd 7} RNA PPE Al X383t ofs o =2,
[@-32P] UTP(10mCi-mL1)2] <4l 3}l RiboMAX Large Scale RNA Production
System-T7(Promega)S A-8-5F0] AALE =851 31, RNA 22 H &= 6%
F-#o}-TBE A& o] &3 2 A7 &S &3l XA A QA3 th SMXLS
5’'UTRE RNA-EMSAE 2 A15}17] 9] &, SMXL5 5°UTR G-quadruplex &4 4 <
2 SELEX ZZ =2 H 9] ssRNA &8 1728 LE =8 A8 T ssRNA L2 H =
37°Coll A 304 59t T4 2 & 772 ¢ LElo] = 1443} & 4 (New England Biolabs)<}
A Fgt e 24 [y-2P] ATP (10mCi-mL1) 2 3248} 3131, ¥l 4] & WA
¥7-& @ & E] =+ Illustra MicroSpin G-25 Z ¥ (Amersham, USA)= A}-8-5}¢]
A A3 T}, GST, GST-JULL, GST-JUL2, GST-JUL 184, GST-JUL 18804, GST-JUL1
R146A, GST_JULlRZO/SOA, GST_JUL1R80/146A, GST_JUL1R20/146A 51_:_3‘—:— GST_JUL1R20/80/146A
i A8 20,000 cpm @] ssRNA 2 H & Z2F= 23 ¢4 (10 mM Tris-HCI [pH
8.0],2.5% =& A&, 0.5 mM DTT, 50 ug-mL-' BSA, 100 mM KCI, 250 uM EDTA
D1 pg Al Tsh)ap A 2ol A 20+ & vl skt o] & HEg- £33 0.5X TBE
SN o 345 6% Ee]olHolrtol = Ago| A Hel ekl i, A Typhoon
FLA 9000 Phosphorlmager(GE Healthcare)E A}-8-3}9] Phosphor 2= =13 A4)o]]
Nzttt

1-12. 99 F o] A A B4 (Circular dichroism assay)
RECD =M EHE FE 07k 2.0 mmS! 4 F & ARg5Ee] 25°Cel A



21

WO 2019/190081 PCT/KR2019/002907

[132]
[133]
[134]

[135]
[136]
[137]

J-815 Spectropolarimeter(Jasco, USA)l A A T}, Zh7ho] 2~ 9 E 7]-& 50 nm-min!
270 £ 52 220 nm WA 320 nm @] 3 oA VIS, HE A ER]ES
=3l AL o] 5§ 290 Aato] Hgko 2 59t} %Lxg_?_] RNA
S FEYLE =G uM)E A3 2459110 mM Tris-HCI [pH 8.0] 2 1 mM
MgCl,, 100 mM KC1 &4 HE1= 1] FE Aol A 95°Col| A A 20 = 3% 3]
WA 7] 0 2 M G-quadruplexE A 3= 5 819131, CD 54 Ao 3o
LgetE 83tk 100 mM KCIE &-f-shi= Al A E SMXL5 5°UTRS 2.5 uM
JUL1 @A 3} & 3k51a1 CD £ Aol 303 &<t &+ v oF3te] SMXLS:JULL
E_l%]—jﬂ oﬂ }\1 RNAQ] G—quadruplex rrLZE i]—ilg}oﬂq_ s 6} r/}uﬂ 7\1 1:11 %%gllgl
AFS A A7) 98l JULL A S hfats AHEGS 9kEdl 0] 25uM
JUL1E 7|22 B A3 T ol t]sle], JUL1°] RNA G-quadruplex <]
*J“E%Oﬂ QIS M AA] &S dFsH] #8l 2.5 uM JULL @His e

= 4

2o e S 7559,

1-13. RNA | A

SMXL5 5’UTR#} JUL1 A}o] 9] Miﬂfl% zg Z3517] 93, SMXL5
5?7UTR-GFPE JUL1-HAZ} A71u 9l A @ A Aol 35 A2 A2l ol &
IP ¢+59%(100 mM KCl, 2.5 mM MgCl,, 10 mM Tris-HCI [pH 8.0], 10% =] Al &,
0.5% NP-40, 1 mM DTT, 100 U-mL-' RNasin RNase <} Al| #l| (Promega), 25 mM
MG132) 2 A& A3 F%8 93 protease & A Al Z-H| A [Sigma-Aldrich,
USAD<E o] &8l dd 24 &=l RNA- A 534 & F=8k30 ot o] %
4°C, 13,000 goll A 104 &<t A w2l sto] B84 zbal| =& A A & o2, 300 1l
AE FEE5 1 g9 HA-ZA|(Roche) 9} B S0l A 241 3F B¢ /MR 2= A
=&t w gt o, Al FEES 30 WA LAl o] 5 A2 913
80°Col Haatgith A8 Al vhulA G ob7E S 2 mk1u| €] H] 1 (Bio-Rad
Laboratories, USA)E 25 <4(100 mM KCI, 2.5 mM MgCl,, 10 mM Tris-HCI [pH
8.0], 10% glycerol, 0.5% NP-40 2 100 U-mL- RNasin RNase & A #]) 0. 2 33]
A 2 &k u}% B HAZ YA H =55 10 ) g A GolrtR A nfiidE

| =9} SHA] #4520 2 W RESHH A 4oCol| A 24| {5 ¢F 1l &t 3l Tt o] of A,
HZE | mL 9}%@19_3 83] A% s+ 3 TRIzol A F o & SEA] 7|51 HH
A E RNA 2 @A S qRT-PCRE ¥-2131 31 HRP7} A 8Hd 1313544 3-HA
&

1-14. T 4528 24

RNA G-quadruplex 2 JUL19] 3 28-S 7FA8}sh7] 9 8l, 5 uMe] RNA
EEH 20 S 95°Col A 5 Fot F & %‘r %= N(10 mM Tris-HCI [pH 8.0], 100 mM
KCI, 100 mM NaCl &= 100 mM LiCl, 2 1 mM MgCl,) 3Foll A 714 3 v},
25°Co A 1241 3F & A A1 3] W ZhA] ZEM. +o 2
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[138]
[139]
[140]

[141]
[142]
[143]

[144]

= FEFE| - A 3} 2 9 22 (Glutathione-sepharose) 4B H] =(GE Healthcare) & -3
sl o & 23] M EFaL 4°Coll A 1A 59 GST-JULL 2 GST-JUL 1 R0s0/146A
(1.0-2.5 uM)oF G| mlj F3rt. o & il vl = B34 & & s 0 ' 23]
A A st B35 20 w2 F7HA oh, A E G 23 E RNA 22 H &
wl A = BEA ] HIbstar kA 2t A 105 & e vl sl o,
ThT == NMM-$& RNA Z 2 H Gz v = 55k 3 o] & <E 557} 4 uM7}
HEE Hrbsth th& o2 vl = o) 2 3% G-quadruplex T2 E
AlZ¥estz] 914, Bl = Ao ThT B NMM 9] & 3-8 717} CFP E B (460-500
nm) % RFP ¥ (630-690 nm)E AH-&-3te] #Ha3kgi .

1-15. HEK293T AN X o A LA 4 ug

HEK293T A 3= 10% A Elo} 8 % (FBS)©| 7% DMEM Hl <] (Welgene,
Korea)©ll A 37°C 2 5% CO,Z71 & & v ka9 ar, A thu] ok Aol =
E G2 (trypsin) S o] &3] A X E FElE it} S A=
&) A 5= Q] (transfection) < A| Z2AFS] A] Al of] w2} Metafectene Pro(Biontex
Laboratories, Germany) & AF-&3to] =8 5Fgl ok, Bo} 474 4] @ & A 3£ <] JULL
2l &2 221 (500 ng B3 1000 ng®] pCMV10-JUL1 %3= pCMV10-JULL
raosonsos W E]) B GFP 2] B (1 g2l pCMV10-SMXLS5 5°UTR-GFP H1=
pCMV10-mSMXL5 5°'UTR-GFP)E G Al ol 8 ATl 5ol 48417 & A 25

8551 91220 B2 #4 & LA S,

1-16. T2 A UWE TH) £4

Polysome 3 2 3} -2 Col-0, JUL1/2 RNAi X.& 2 JUL-HA7} iAWY A48 o)
SMXL5 5°UTR-GFPE W& ah+= off 7] 4t A A 2275 AAv}. 1hetst7,
Al 3ol 100 pg-mL! A 22 3 Al 1] = (cycloheximide) E 30%- ot A g8l a1 E )<
lysis buffer(200 mM Tris-HCI [pH 8.0], 50 mM KCl, 25 mM MgCl,, 0.1 mM DTT,
0.5% NP-40, @ 100 pg-mL! A S 23N 1 =) & H7lste] gejr] 7). tp& o2
7 A Eol dsl] 250 ub Al FEES E8F ¢35 H(200mM Tris-HCI [pH 8.0],
50mM KCI, 25mM MgCl, 2 0.1mM DTT)oll A SW4I1Ti & E & 347+ &t
30,000rpme] YA E- )& A& 5to] 5-45% A2 Q 2~ ) Aol E-3 A AL
°] % 0.5 mL-min'9] 2l A 60% (w/v) AR L 2F 2H A 9 5 ALE-5}o]
T Y= 538 7] (Brandel, USA)E 53] 025 mLe| ¥-& 2 ~538}3) ), ket
Econo UV 5.1 E|(Bio-Rad Laboratories) & AF-83F2] 254 nm 2] &3 5ol A
A &A1 RUH H S ST ZF -8 o A & RNAT= TRIzol A 9F&
AL&-3Fo] F2319 a1, o] & o] 838 qRT-PCRS A A3 & 7} F-F o] ] GFP Ei=
TUB4 mRNA FA} 5§ GFP ®23= TUB49] A A 9] mRNA #F0. 2
H st
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[145]  1-17. 833 £ & o] &3 3] F+ &A

[146]  H& &g Ao 2 FF HAHE ol &8l 5483t ZERNAAES
ARE Aol 95°Cell A 53 FoF 7hA g T 1A Fob A2 0 2 A A8 WAl A
At gbg Mo A A YA FH T}, FF 2 # Al ) (Fluorescein; FAM)-H & ¥ RNA
AEE 100wl A 4502 o83l 0nMell A 500 nM7HA] B4 et 552
gl A gk b JULLZF 1 | w1 8 vl =) E3Eek gl ar, V] 23 ES
Ao A 1A ZE FF A 2ol A ZH Al X' vl Fetgitt. o] % A% A E

}% sto] Al #] % RNAE 23] Al A th-, RNA-JULL #3141 & 500 mM
2]

thE£o] Ha¥ 100 w A% Sz &5 R 8599 I3 e
Synergy™ HT multi-detection microplate reader(BioTek, USA)E ©|-8-3l| 528/20nm
UE HE(48520nm g3 BE| LIHE AREske] S4BT Kd %5 OriginPro
9.0 &3 E 9|0 (OriginLab, USA)9] ‘exponential decay 1" 2.2 1 7] v| €] 2.3 <]

gk3=of AlbeEi .

[147]

[148] 1-18. F =4 dv|7 4 (Confocal analysis)

[149]  MS2 ¥+ A o] co-localization ¥-41-2 93l MS2 & o] - &H SMXL5
5’UTRZ} JUL1 @82 GFP Y mRFP & 42 3 %74 7|74 (LSM510, Carl Zeiss)
shol A &3 Th GFP= 488 nm 349 o} 2% #| o] ] ¢} l-& AF-§-3}of
Ero A 89 31, mRFPE 543 nm 373 2] HeNe @l o] A 2218 AF&321 T} 500
nm} 520 nm Abo] o] W 9bS GFP & %0 2 71259 31, mRFP & % 580
nm%} 645 nm A}o] ol A 7] & % T} GFPF mRFP9] co-localizationS ¥-41 3} 7]
Al AT Z-stack Al 2] == 3D JEHAEH 18 o7 vHEQIT JULL
chl A o] A3 2l 22 & HAE 7] fal, Aol 0.01% NaN; = 108 E¢t
Al skt AP @A A o ThT &3 A& A&, 10 uM ThTE 405 nm 349
ofZ & ol A& =] Aol 10+ 5ok A Zoll A 2315 3L, 450 nm W A] 490 nm
Abol o] Hh 45 =385 th YFPE el ahi= el 9 o] v & 514 nm 2]

ol 2 g o] ] & AFE-31 21 520-540 nm <] 34 W 9ol A &g AE5 S

[150]

[151]  1-19.CFDA A& 2 =4

[152] 15em A% BE@ dd BFoA Ao A& debg & 5uM9
CFDA-SE(Thermofisher)& 2 % A €] 3} t}. CFDA A &) 3, X555 5%

o} 7FR Q 2~ Ao Fol xE = AS WA k3l aL, e] &9 CFDA &3
CFDA A ] 20,2 % 339 GFP ZH 7} &2h¢l 3 3 1| 2 (Axioplan2) & 2
el o 33 7F = imagel £ o] 38 A 23}

0

rrﬂN

[153]
[154] 1-20. Reverse transcriptase stalling assay
[155] A8 #Y RT A A] ¥4 (In vitro RT-stop assay)<> 3 A ¥ WS A3 H 33510

AA G, A7) BAS 9 E RNA T3 H AT T2 REE L6
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[156]

[157
[158
[159
[160

— e e

[161]

pre-annealed DNAE A}-8-3}o] =H] 5131 T} RiboMAXTM Large Scale RNA A4t
Al 2~ E-T7(Promega)< AH&3ko] Al al] AAE X8 2, A =2 PCI/CI
A =2 g A g thE- G25 Z 7(GE healthcare) & AF-&-31o] -0 35
AAEA T} T 2 2 LiCl, NaCl, =& KC19] # &5 5%7F 10 mMo] ¥ =5 10
uMe] 9] 2] 5 2 EFE (pyridostatin; PDS) 1 40 7F &A1 8711k &A1 814 3=
Z 7190 A nuclease-free water®ll 83l ¥ 150-200 g2 -3 RNAE 8§ ul 7}
A7betar, 5 umMe] WA o] A E Zaloln) | WS Hrbetdch o] & L3RS
25°Col| Al 203 &t oflb] Hl F & T}, 70°Co A 333t 7D )AL, 4°Ce A 103
ot Okg}oﬂ TRl gk Zefoln] o) dH & 3 53l

RT ¥F-8-2 150 mM 2] LiCl, NaCl =+ KCl1 2o A =333 o, F &
%L%% AR 7171 918f 25°Cell AT 1032, o] o1 Al 50°Coll Al 203 & <F
FstAdtt. o] RT BF&& A AIA1717] 98l, INS| NaOH 1 u, 2X
g ]—H]»O] = Hﬂ/H 9]-2 ol g =] 7].3} 95°C°ﬂ}\1 25 Eo]— HH O]:ﬁ}— Iq_ o 0—1 0
o| A W7 Al Zlth RT-A A &2 8M UREA denaturing gel’d-ell 7] 0]’.]__ 20%
of| Bk, 5% o} | EAF S 2 31 X[ 71 ¥ Typhoon FLA 9000 PhosphorIlmager(GE
Healthcare)E ©]-83}©] Phosphor screen & = A| Z}+ 3} &} S T}

=
&l
9]

AAd 2 AP F3lo] S XEAAZ A JULGI 891

2-1. JUL A &} &2l

o B e A L B e ) e o e S B [ s B R e R e e )

HAUZS d-stax} sh9l o, ]Uﬂ B ]l D<>1r(suga1r)°] A T
W3S 2dete] A=A HARE g Bl S H A A A Alolgh= 7Hd &

AR A7 7S ASstr] sl %—EL 2=l X E2(P opulus tremula) S} Z2-
21591 o) 7178 N (Arabidopsis thaliana)2] A #1384 5 91, 2 o 7] th 2
TARLE A FHAAEY AAAE Bl A8tk 1 A 3 & 1aol YER
vie} o]l T FAE F Mo & 24 2120 A3gl156807 At2g28790°]
N7 el ZE e o] A/ ATl A E HAE = A S Flakgl

t}S-0 % Wil (Nicotiana benthamiana) A1 737 2 Al o] 1-42] ®HH of) ula}
Hlol & 2~ {5 J- A A 2 ) A (virus-induced gene silencing; VIGS) WH &

A7 27HA] TR f A dE AFH 2 A A4S e A #
AN H vt o 2 AE e 24 F A V52 3 2AbsE AT
A3}, 7] FAAE Tl A 3702 RanBP2-type ZnF =W ¢1S 2h= 2 & &
A g ¢k g s)el= wWll f A AT Niben101Scf0620g02009(At3g15680
ortholog)®] 23S ) A(TRV-NbJUL) 3+ 7-¢- &= 1bel] LRl H}Q‘r ol A pF
A3 F=of A T mhA 72 2191 APLS] el o] A A 3] F 78t

S (WOX4) 3= &7 (XYLEM CYSTEINE PEPTIDASE 2, chz) 1}
FAAE S HAE FUEetA] B A o= eyt 2 8 AE S AV Alarg
Z A1 ALE “plant shoot” = “stream”S 2| V| 5F= NbJULGI(NbJUL) Z
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[162]
[163]
[164]

[165]

[166]

w5l

2-2. JUL 27| 7]55 24
-0 g2 fopda] 2o] W3} g4 o A JULS &S £AEHY] Y ahe],
2 ¥ (chlorophytes), A} %= F-(charophytes), A Bl 2] = (bryophytes),
M WwWWQﬂ@ﬂ@ammmmmfm“%ﬂﬂgwmwme
FE 8= 238 9] ket 2] & <& (species) ol Al © ] JULS] A& A 7}
EAt=AE E/\}ﬁ}?iﬂ}. 1 AT, 5 ol VFER vRe} o] 158 9] At &
oA FEA 7 SRS AL gdekgloh 3
7] B]-B b A 2 4ol A | A A = %E}H“—l%
FollA A H o] Ao, o]= E
FopukA 2o JUL v A 9l S ﬂﬂlﬁ}t Zlol o}, upefA
2l Eo] X8}l whef vhekstE ¢l ar, 9] £ (Selaginella) 7
7 7Nt A E B B A4 HE 2 EA S,
T F(vasculature), 53| A A2 A F %
A A= Aol A A2, EvlE(Solanum lycopersicum) 2
B (Orzya sativa)©| 4] JULL 73 A o] a2 A A 71 49 A B A Ee] 571
Z7retg o, ol = A7) ke WatH o BEY e 9 Fshs Aol
Lhol 7k, A g Aol lo) A JULY] 7] 5& vl & AFAI 3] Lol v] 94,
ol 7174 th ol A JUL1(AB3g15680) X JUL2(AL5g25490)2] a8 A | A] 71 F o] 9
e g FA ST L A3, JULL B JUL29] A S o A4 g g A
AL F el A ofghe] v g o] e vh JULL#HJUL2e] TS B
7 $-(JUL1/2 RNAi)°l = 5 1dol] YERA v} o] oFA 3 (Col-0)3} 1]
AT w3 A% A I mbA] [F-A2QL APLE] o] A A3 SUhshE Al
ISttt o]of] Rhal], =¥ e wrhd FA S Uy 3 v
F A AHWOX4 H XCP2)9] o= W37t gl A o= vt A7 9
o 2 JULI-HA = 43 A[Z1 7 -9-JULL OX)oll &= & 7] ol A A, =37
D HAF AE Hdo| A A ZHgE o] o] UEFREAL A7) APL, WOX4 ' XCP2
Aol A E HA A A
A7) A e uigro g BEouyzee Bl g 8- AHse ¢ s
Arabidopsis Leaves (VISUAL)E ©]-8-3}+= 3
o] gslo] Frpukz= S g Adsl=d QoM JuLe &S
% leol vFERW vle} o) JUL1d JUL29] ¥Hel S B A Al 71 A $-(JULL2
RNAI), VISUAL # % A doll = A 3 vbA F-7d 2121 SEORI(SIEVE ELEMENT
OCCLUSION-RELATED 1)9] ¥& o] 73} §- %% ¢ 31, 3 4] 2 TDR(TDIF
RECEPTOR) = B 73 [RX3(IRREGULAR XYLEM 3) ## f-2 2} <]
ol = 7o g W UEhA] e Al RISt B o] of =
ﬂ%ixﬂ,gi, JUL1E 371 7 9-(JULL OX)elli= 34 Al o) A 27 n}7]

)
N
I
(o]
=
4 dg
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[167]
[168]
[169]

[170]

[171]

FrAd AR SEORT H & v f- AN IRX3 2] 2E 7 57F A 5= A&
grelstgint. whebd A7) A35-S Fal, JULo] Brhdd Zo) A 132 o
BEE AR £3te] 24 24AR Vet As & A

A Ao 3. JULS X3 o 24 SMXL4/5 5°UTR®] G-quadruplex 2 E] X 711

5 2a0 =A R vle} o] JULL T JUL2E 37] 2] RanBP2-type ZnF 591
7FA A gl o Al B9l Zh7he RNA A3t H o3 »EY ol =27
7] (ZnF1, ZnF2 2 ZnF3°l Z+2Z R20, R80 2 R146 &) E 7FA] o 9l v}, whah A
B 252 JULLS| A7) ZnF S| ¢lo] A o F-3lof] H Q%X o H &
ol H 7] 98, ol =7 S dEld o7 X8 471A] JULL W o] A Q1 JULR04,
JUL1Re0A JUL | R146A Eﬂ JUL 1 R2080/146A = y,}gjl—z:sﬂ_A] 7]51 I 3801:% T,‘:_L/ﬁl 3}93\14_. 1
A}, 5 2a0 A B 4= 9l vke) o) 4] JUL13 JUL29] wel

Y]

74 5-(JUL1/JUL2 RNAD° A o] A 3}9} FAFekA|, 7] fol A& wd
22 A ol A oFA & (Col-0)0ll vl 3l A 74 Al 3£7F A A 3] F-71H ﬁ%
gHlst it} o] ¥ & A 3= JUL1E] ZnF 5wl ol )7} JuL1 9] & d 2]
S 2 28351 of A E JULY A 2851 vl A 1) o] AdS PSFZH S ReI=4
vkl st o 2 4 L ER Aol JULLS] RNA 23 84 o] A gkt whek o Ao

réz,:;glo]g olzo}k—_ 740]@

0.2 Mehir S 2okl A S Eekehs

# €} > 2 H (pentaprobe; PP) ssRNA glo] H#{ 2] & ©
RNA A% 58 L= A d 5ol & A HaL Q}bx]-g— ARG ol & #l 8,
GST(Glutathione S-transferase)”} 8- 3¢ JUL1 A
N5t invitro AALE PP M EZ A7 A Ao 1-112] HHA Oﬂ U?}E]r EMSA ¥4 &
AAE T 1 A3, 5 2bel] YERL ukel o] PPs A LA E 7} JULL Ol R
75?%1—3}91 al, JUL1 ZnF Enﬂ ?_] %o] iﬂ (JUL1R2080A JUL [R8W1464  JUL ] R20/146A 1;'_; JUL1
R2080/146A) 3= PP O] o] F/d o] 23| LFERLEA] g9k e, o] = JULL®] ] o] %4
RNAol tf gt M S0l A& 7HE 4= A& AlAFSE= slojtt

Uhe- 0 = JULLO] Q12]38F= RNA X4 A g5 ¢holr 7] sl #Hy
30-7 2 ¥ LEFO] = RNA ghol He 2] & AR-&she] 7] A Al o 1-109] ol
w2} SELEX #-41-& A A8t 152 =7b 4] JULLC 23 ¥l RNA Z2H 5
MBI 0@ sl AV DL Folsk A7, Tu|E A% JULIY) Z3HH
RNA:= G(robd)ol F357-8F A A& EghataL Jlglem, o
G-quadruplexE &4 8} 31 31.(61 7l RNA =l 4] 577] | 4] G-score”} 35 5-(G-score >
20)), 2&F %= Hoogsteen-bonded G-quartet stacks=- 3 A 5} T}, Yo7} JUL1 2]
in vivo mRNA 3% 4]-& g<2l13sl7] #13l, & g 252 RNA G-quadruplex &4
REZE 2= 3l o= FAE =679 ATH 5ol 4 A AEE 4
1 AT, = 2o ‘/}E]'”J Hle} gho] G-tetrads ~F 174 F-3 Z o] o] LA %t
AFH 23 Y &a12]FH(G-score)S 53l ¥4 3 A3} off 7]t of| A A T
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[172]

[173]

[174]
[175]

[176]
[177]

12

d

12

okl T o A 4 AR dHA A= SMXL59] 57H[H (5'UTR)°]
G-quadruplex 84} 7FsAl o] 7Fd & A o & et}

A7 A E vlg o 2 SMXL familyd] A% ¥4& A A3 A3} 1 240
I Q3= vk} o] SMXL3/4/57F b2 Eo| 4] 54 A 0 &2 Bk E ¢l o
212 Foll A AE = O SMXLI = HEE B 5= A S At et
o Fop kA Q1 S 31 ALY (S, moellendorffii) Sl SMXLS 75 A =
el A Zo] A 9k SMXL3/4/5 1302 B HE YO, o] = SmSMXLO|
SMXL3/4/59] Z7Foleh= A& UA gt} S5 A %, G-quadruplexE 34 3=
X D& 248 2] SMXL4/5 5 A 2 SmSMXL  23°&2] 5°UTRI A
AW AR, 7] 238 9] D 3hE A =Foll A o SMXLE| 5°UTRel =
G-quadruplex &/ R E]Z7}F A9 gli= A& F1etql o). whebA

p

Aok Bo w5 A o 7 B EH SMXL4/5 5°UTRE] G-quadruplex & A4
BEZ7} A S 2eEs 9 JUuL B o] ol v A d Ao R A7
olof], & W x}E- whil o o 7]t el A smx14/5 7] 5 3 E AR o] A 9

Fd8S A 1 A, 5 2e0l e vk} 7ol e ol A SMXLS5 2]
18] & o A A 71 7 -9-(TRV-NbSMXL3), A 7 ¥-3}7} 8l A 81 A) 7481

A O 2 Ve T g S E A op A Y Wkt o] ¢ 3] W-skE Al o)
Hlash o), & 2f WA & 2hell A & 4= 9l5= vle} 2ol smxl4/5 ol 7174 o
EdRolA = A3 A AEAE SH7-5taL 9= o] AA| R e

AL A4E 7HAaL o, A vhA f-Hd ZHAPL 2 SEOR 19| &l o] & #] 3]
Ay AE ERlst. TFH o= GV AiES S A B9 238} 7ol A
SMXL4/5 5°UTRs©| AT FA S e REH 1498 A F58h= Aok

A A 9 4. JUL3} SMXLS5 5°UTR2] RNA G-quadruplex ZE] = 7+e] 2 A &
A3S 53 G-quadruplex A £9l

4-1. EMSA £

J7] A Alel 39] AxE wlglo 2| JUL v A o] SMXL52] @< 7} mRNA
3= RNA G-quadruplex©l] 27 2 © 22 Ag}3li=%] o] L& 2ol B 7| Y4,
G-quadruplex & oll F 8 g Zgo] SAeA Y L= EA8HA] o 7oA
GST-JUL1 % GST-JUL2 ¢ A -5 o] &35lo] EMSAE ~aatitt. 1 A3 &
3a0l] WFERY HEe} 2ol JULLC] A thEwr & & AE-¥ SMXLS5 5UTR
I 2 H || A G-quadruplex HA] BE|Z 9] o] o] A A A& Flstqlot. 121
G-quadruplex &4 FE|3Z7} gli= mSMXL5 5’UTR(1), mSMXL5 5’UTR(3)<]
5ol = 4719 & ARz el A &t jEA o] G-quartet®] F 7 S5
A A sh= Mol A 91 mSMXL5 5°UTR (2)¢] 74 $-oll &= SMXL5 S’UTR Eth= &
B8 o= JUL ¢ Aol Asgtetgd et ek, Aby] JULLT SMXL5 5°UTR 2§92

ATKDE SAS A7 5 3bollA & = = vkef o] ZEo EA8HA

S o= 130 nM, ZHE 9] E=A4 Aol = 230 nME FH H ¥l o, o] = JUL19]

&Hg ol 1-_0
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[178]
[179]
[180]

[181]

[182]
[183]
[184]

[185]
[186]
[187]

LA 0 = 12} SMXL5 5’UTR A ol Ad3laltli= A& o n|shi= Ao|t},

4-2. B9 F3 4% w4
oo 2 A7) AA e 1-142] ol el vl A o] el H ¥ = 3 9
MA - A AlH o) 4] RNA Z =2 H of] 3l G-quadruplexE 78} SFA 3FA] 7] =

g, oFoh Al eEAH S A 7] Y EF, £ G-quadruplex & Y A 7] #] 5=
HE SHAZ 2H A3 Al 2~ F g o] &-&Fo] SMXL5 5°UTR G-quadruplex £}
JULL ©b A Abol o] Ao 2185 Al Z3}el3ith ol & e, 7414 & 2 & 3¢
CAE k) o] Cy5E E A ¥ RNA Z & H.2el SMXL5 5’UTRS GST-JUL1 S &
AE ¥ = FEE] -4 912 @ 2 (glutathione-sepharose) B] Zof] *} €] 3}aL,
AuA o2 vl = FHA ) 34 ¥ G-quadruplexE Cy5 2 G-quadruplex Al 4] 91
Thioflavin T(ThT)E AF-&35Fo] Aol AlZh3}sFd T}

1 A3, 5 3coll YERW vlel o] ThTell o W d3 N5 ZdH
ZEA(+KCD) 8ol JULLo] 28 vl= w7} ¢4 3]

EF@NaCl) 1= 2l FLIC) 2] &4 Aloll= 833 i el

HE 383 5= Cys 43S HER B g8/ SA A S71sk v ol g gt
A 1= SMXL5 5’UTR ¢] G-quadruplex©l] 4] JUL12] RanBP2-type ZnF&} 2] 5 4] <l
Azto] Aotz A& o n gt} E8F JULL-S G-quadruplexE X 318H= 71 %
Zol2] SMXL5 5°UTR ¥ 5’UTR W W50 A3z A o= el

4-3. 9A A BA 2EY Y

371 Aol Tl 5to], RNA G-quadruplex | & /d ol thste] Brh 2pA3] E2ls}7]
A8l 7] A Aol 1-202] Wi ol whe} U-rich Oﬂod% 258k 6871 1719
SMXL5 5°UTR®] %5 ZAbat At} 1 A3, 5= 3dol] vebdl vpe} ol 7= gt
G-quadruplex 9+ 3} 2] 7F=91 Z-F(+KCl) == J] 2] &= 2~ E}El (pyridostatin;
PDS)2] A 3heoll SMXL5 5’ UTRON A &= 9 AA} 8.4 225 ¥ (stalling) ©|
BEAELS) © U, mSMXLS S’UTR(1)o A 3= Lo X ¢kott}. o]l 23l 258 &
ZHg o] EA) Sholl A rE A2 E AL 2] F(+LiCl) A stell A = o2k A
%o, PDS= g EAl stell A = 258 & AshAl S7HA AT ol e &
2 1}5= RNA G-quadruplex”?} G/U 48 o] 3= 8o H F-Z B U= SMXL59]
5'UTRo A &A@ oh= A& o n| k= Zlol .

A Fo|AAF(CD) FTE FA
E}%P_fﬁ 7] A A o 1-122] WH o)) w2} SMXL5%) A G-quadruplex 34
RE[Z o] Y Fo|MA(CD) F7&S SA T 1 AT, & 3eol] YHERY BES):
o] G-rich B E|Z 9] & B} 98- RNA G-quadruplex2] A| 1A A3 E Q]
240 nmol A &4 3] .9} 264 nmoll Al A ] A& YERRSIYE S E A%,
JUL13} 723} 5] %] ¢F-2 SMXLS5 5’UTR S vl %3k 7 -$-(SMXL5 5’UTR +KC1
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[188]

[189]

[190]

[191]

[192]
[193]
[194]

[195]

[196]

+JULD)o) 3= 264 nmol| A @] 3] A& Z7FA # a1, o] 3= JUL1©] SMXL5 5°UTRY)
A7 AFFsto] G-quadruplex?] 33 & F 58 0h= AL AJAMSLE T o),
JUL17} 5%l SMXL5 5’UTRS &7 vl ¢k 4 9-(SMXL5 5’ UTR +KCl
+JULD)ON 5 264 nmel| A 3] Z27F 274845l a1, o) = JUL1S] 2 3o 28l SMXL5
5UTR® A& S7HA vk 218 ek whebA A7) A3 s S S5
JuLle] =2 & 7} 9] G-quadruplex 34 BE|ZE Q123151 A4 o2
RNA G-quadruplex &4 o] §-5 QA& 7] 53t A4S o 5= gl

T AR AR

m&

4-5.RNA H 83 A

ol 7p B g 252 4] A Al 1-139] W ol uhe) 3 A o ] RNA
AR AH S A8 in vivool 4 SMXLS5 5’UTR I} JUL1 2| 292
Azt 2 Ay 5 3fef] Ve vk} o] mSMXLS 5°UTR(1)°] o}yl
SMXLS 5'UTRE] 73 -$-oll 7+ HA(haemagglutinin) 7} B] ¥ JUL13} 8H7] W %) A

& st

?;fj o g ol A= JULS] SMXL52] SUTRI} 2] 7 291 A5 28-S
3HY, 53] SMXL52] 5°UTRI A G-quadruplex 7 3ol 2F-8-3tchi= A

Ko

Jm J

o},

FN

4-6. SMXL5 tf § JULS] 28 &4

SMXL59l o gk JUL 9] 28 Z=Abst7] 9 8fl, 242 JULL 22 2B 2 SMXL5
Z 2P H e 24 gt g-=FF 2 Y tholAl(glucuronidase; GUS) 2 YFP(yellow
fluorescence protein)E AF-8-3}o] 73} & 7] 9] Az =] o) A JUL 2 SMXL5°]
e ¥ = X & AT 1 A T & 4ac]] YER vEe) o]
JUL1(pJUL1-GUS)#} SMXL5(pSMXL-YFP) 2.5 off 7| & th Z=7] 9 A 2L 2}
AT FHNA HolA o2 ¥ glon, o= JULLe] A& Ud &
SMXL5¢} 37 7|5 skoh= d & szl sk ol 1 H A1 &=, JULL-S
R S7HE, B, A H 58 (funicle) o] FURo) M 5 R ] AT

&0 2 JUL®] SMXL5 5°UTR W 2] G-quadruplex®} A33=4] o -5
ehol 1 7] Y3, ol 714 o) A3 A A o A MS2 &l o] T/MS2 23] el 7]HE RNA
BUE Y A 28-S A28 o] JULL 2 SMXL5 S’UTRS] Ml % W] # X &
FA At FA A o2 24x MS2 A3 F o] el A EE SMXLS 5°UTRO]
GFP7} Bl 715 MS2 9] 3] wrild o) o &) 2] %] 7hA| 8} 5| & sl T A9 A 1,
5= 4bol] YR BEe} gho] SMXLS5 5°UTR AR = of 71t 2 & 2 A of] A
JUL1T} F&8h= A o2 YeER A W mSMXLS 5°UTR ¥ JUL1 RA= 242} JULL
2 SMXLS 5’UTR I} &84 = A o= %E}Mﬂﬂﬂl o] = JUL1°] in vivo©ll A
SMXL5 5’UTR 9] G-quadruplex X E] 3 &} A 3Falt}i= A& eIt

ool tl&}te], 2| T F-3} 7Hg ol A JULH 7I5& Asstr] 98, A

] & (nuclear localization sequence; NLS) 4= 3 ¥ 4| A (nuclear export sequence;
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[197]
[198]
[199]

[200]

NES)# &3¢ JUL1S shd-dsh= A3 A5 13392 ddsqlch 1
A3}, JULI-NESS #}4+& &F 7 -$-(JUL1-NES OX)olli= ok & JUuL19] 3t
DAY FAFSHA Yebst L, A wE wb] g 2be] o] A v,
JULI-NLSE ?er?‘si Sk 74 -9-(JUL1-NLS OX)°ll = 47| A A of 2-2 L 39]| 4 2
JUL1/2 RNAi % JULI ZnF 5=u| Q1 "ol A o] 7 §-2F f-AFSHA A i -3 2
A vk F- A ZHAPL 3 NEN4) 2] &l o] S A2 Felst vt

A Al 4 5. JUL "} 7] G-quadruplex®] F4 & 53 SMXL52] S 4 &9l
5UTRS M| EZA oA H-& 243511, G- quadruplex% 5°UTR 7doll Ao =2

WO oA @48 Foldint wpebA 2oy AE S Al ¥4 JULLO| 5S'UTR
G-quadruplex-ml| 7} 19} 24 & F8f o] <] Fol2 F24 <l SMXL52| 28-S
z43%kt}ar 7FA 8T o) ofl, SMXL5 mRNA®) o &k JULL 2H8-& -4 2 o &

a7 A, A A A SMXLs O] 2B AeS R Y skglch 1
A3}, & 5300 YERA vle} o] JULL o] $HA| £ 4] 8= 74 -9-(SMXL5 5°UTR-GFP
+JUL1), SMXL5 5°UTR®] &5 ¥ GFP mRNA 2] Z¢]& o] & A 3] 743
U o 270 2 AFEE TUB4 mRNA Q| 7 9ol = AR & 718
grol st t}. 3 mSMXLS 5°UTR (1) &< # o] A o] 7 9o 3= JUL1°] GFP
mRNAQ| &2 A2 A 714 &= A2 vehd A& Z3 JULLO]
5’UTR G-quadruplex §124]& &3l W95 &l 2435 gl BEol of gk SMXL5
AALA o] Ajte oA ghrl= 21-E AlAFg

)52 2, 5’UTR G-quadruplex®l] 2 3H5}= JUL1©] SMXL52] HH o o]

AAA o =2 JEFg v X =A] A5 Z£AFe7] 98, SMXL5 5°UTR £+
E¢I¥ o] 5°UTRs [mSMXL5 5°UTR (1)]2] o] &tell GFP ] £ 8 ¥-41&
AATEATE T AT, = sbol] YER uhel o] 13 A Aol A SMXLS5 5UTR 9
Z4 3t A= GFP 215 2 whilal dbg a=5=0] JULLS| 88Fof o4 o
2% HH, mSMXLS 5°UTR (1)2] 7 -§-oll = GFP A1 & F vhil -zl vk 4= =0
Hsl7 gl 28 F8ll JULLY A 371 VelhdA] 8= A& %‘?ls}iiﬂ}
gk ol gk A9 JUL1Y A vl 8-l #AIglo] GFP mRNA<S] & o = A8} 7}
=

A= gletint. ol gk A3 el A 23817, SMXL4 H+= SMXL5

5’UTR—%%L%;’— Al H ZALUC)E ©]-&3F 2] 2 H A& A A3 A3, & 5c0
o]l JULL 550 &2 o7 2| FE dAo] ZFAaEd o),

SMXL5 5°UTR [mSMXL5 5°UTR(1)] &= JUL1 RA2] &3 AJof = H S o A7}
L EHA] &= Al o 2 e T ool Yt L g gold 7] &
7FAI A 5t G-quadruplex 34 o] & oji}A] &= SMXL5 5’UTR
&-91 ¥ o] (Scrambled SMXL5 5°UTR-GFP (1) / Scrambled SMXL5 5°UTR-GFP
@)l A #AZ3F A3} 5 5do) A B 5 9l = uhe) o] JULLe] EA)(+JUL) 3=
74 9ol &= GFP & 33 vl of kel o] 74314 ¢f+= 412 &3l JULLel o &4 %]
H A 7F 7525 A e A& Gt ek JULLSY &4 stell, G- Bl 9]
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[201]
[202]
[203]

[204]

[205]
[206]
[207]

271 9] T4 2= SMXLS UTR & 919 o] Al(mSMXLS 5°UTR (2))© SMXL5
5°UTRON A B.v} 2] 28 2o thdh oA g7 A AA 7, o] o] maf= vl
7Fek SMXL5 5°UTR 519 o] 2| (mSMXL5 5°UTR(1)) H.th= A Vet
o] & &+ Z I}3= RNA G-quadruplex &4 F.E]3Z o] 215 A Q1 Q14 7} SMXLS5
5°UTRO A 2] G-quadruplex2] SFA 3171 52 <1 JULL w7 A& F- =g
A AALET, FE8 wkat A, & Seoll A & 7 9l vkl o] SMXL5 5°UTR %
ol o] & AR o] A= JUL1S FAI Al ] 3£E &) of ] gt Zpo] & vER A
). A7l A3E -2 JUL1°] SMXL5 5°UTROI 4| G-quadruplex 2] 34 &

Fr 581, G-quadruplexE SHAH M 1S 2w 8fi= Aot

A A4 6. JUL v 7]l SMXL59] SAZ =4S St A AL g =4 g9l
AT #-3} 74 ol A JUL |l 7] SMXL59] 5°UTR G-quadruplex 373 o] W] X]5=
A &S AT 98l JULL29] dha o] oA Bel el Al SMXLS Z 2 EE 9
ZA o) SMXL59] wFa oF kS B35ttt 1 A, % 6a0l] UEFA v} 72o)
JUL] T2 R E 9] 8o iglo] 243 Ao o A3ty = vy,
SMXL5+= 71 A4 A 22 o Ayt 27] Al Ze A vk A= vk 12
JUL1/29] & o] oA 7 9-(JUL1/2 RNAD), 71 A Bz 95z
SMXL59| HZo] T7F 2 4 5= s o2 VEpgth e B eboll A & 5 =
uhe} Zhol JuL129] o] A H A §-oll 1= 2] & A ol A SMXL59] Z&]&
Agtol F7ketgl e, o]i= JuLi/22] & o Aol o8 SMXL52] W oo
S 7FeHE sk Slo

Lhol 7} A gk K-ghol A JULTF SMXL4/S AFol o] #A & Z2AFsh7] 98, JULe]
HkEl o] oA g A Bo) A A gl SMXL4/5S] J &S BEEY. 1 43 =
6coll LFEFY BEe} o] smxl4/5 =AW o) o] A9 A v F-A 2 APLY]
o] Zhastglon, o3 0 F JULI/2 RNAI 21919 Rd & i do=
3| S A Z T R, 5 6dol] WFERIL HEo} 3Eo] VIGSE ©] 83 NbSMXL59] 3l &
) A 3+ 7 $-(TRV-NbJUL NbSMXL5), il ol A 2| a3 Al £ 5=7F 438k o
NbJULS] Tddo] Al ® md o] FitA o 35 5= A& elsi

ol 2] g A 7= JULS] AT kel A SMXL4/5] A F ol A 7] 58 thE 2e
A3 ek slo) T

)

R

=i

A A4 7. IUL v Fobd A Eo ARV A AL =4 §9l

V=S A B AR o S AR F s Aol A=A E
ol B 12} sk QAtt. ol o] Al #F EF5= F4 8] Hal, & Taol A g vle)
ol ApJol| A Byl E7kA] 2| - symplasmic 4 A1 5, 6 THEA] EF .92
t] oA Bl ©] (5, 6 carboxyfluorescein-diacetate; CFDA)2| ©]-&-& U E & 3} 3t}
A% A7, = 7ol VER vk} o] JULL29] o] o A ¥ A $-(JULL2
RNAI), sl Sroll Al A - M 32 =71 F7FsFS AL, oFA) 3 (Col-0) ol ="
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[208]

[209]
[210]

[211]

[212]

[213]
[214]

H alshe] Hie] Aol A o] CFDA %4 o] -2 4 o2 F7hetal o, o] 3= JUL12
RNAi Al &l A A #7550 28tk 31 ofn ghoh

th- o 52, el of off 7] ol A FAbe) & A A 2] ) tfsho] JULe] A el
w2 Y S AR ST 1 2 T & 7col YER ule) o] el of A
NbJUL 2] ¥Hgl o] & A8 7 -9-(TRV-NbJUL #1, TRV-NbJUL #2), T Z-(TRV-GFP
#1, TRV-GFP #2)1} 8] 1. 3)] & x}9] A7)} F-A 7} ¢k 26-29% Z7Hek A&
TS TE gk & 7de) VrER vhe} o] JULol A ¥ ol A eF frAFsHA
JUL1/2 RNAi o} 7] th ol A oF A & (Col-0)ll H 8] & T A B ahaE2 W kA
ekorot Exte] Ao FATE A2 37%} 22% 571 A2 E2ls At
U] Lo] Ex}9] 79 S8 271 A= 7 RNAi Al Eo A JUL1S] & o A
Aok Aol gl= Ao B UE o, o] = AT A E 9] Stk T4
S A A5 bl oFo A aAIZE &2 v sk Aol o] o tlEteo,
VIGSE o] 83l EntEdd A JULGIY] &d & A& 23 & 7eol] LFER vle}
dol EntE 359 T Aol AR5 Frbet gl o, W ik f ol st
F7He A& Elskai.

rf

AA 8 FAA HFHS o] &3+ JUL v/l At A Eo] AV A AFE =4
51 0]

A7 A el 78] Aztel vlste] {32} HYH ol A F <1 CRISPR/Cas9 system<
o]-&3ato] & 8aoll A & = l&=nkef ol JULL #A A 5°21 5 A7 Fell v
A 7] 4+ (single nucleotide insertion)e -F-5-3Fo] o 7] & of) JULL /A A&

Y o}-%-(knock-out) A ZA T}, 71 A 3} &= 8bol] Ve Hle} o] of < (Control(jul2
)l Blste] JULL A S Yok AR ot (julcriseressjyi2) o] A 571 =17
Z7HE AL glstl o, & 8coll e uef ol A Fafeo] A 7] 9f A 7h
ok 40% S 7+ A& #AEeE T o) = E W o] FAA HYH = A
AEAOE o] EH F Y& HAAFS n| )

THA R, =90 =Agutel o]l JUL A o A3t g At g
Y= Al A7 2] A A 7 S (sink strength)7F S 7FeE A1 ALo] o A AL
A A 8ol Az ST AP A o= At g S A A 8=

=l
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[215]

A3 o] F
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T4

[P 1] JULGI & 3= A7) w5} 80% o] 42l e 2=
ch A o] e = g4 JAAE s, A=Y dF A
Z 2 (sink tissue)2] 4 % #] -5 = (sink strength)& =] 7] ¢ gt
3 E.

781 2] A1Erel SlofA,
A7 AF A 22 S A A, & g, e A Al
Ex o7 sl=, A=

[ -3 3] A 18k o] A,
A7 JULGIL @A S A HTS | i AL T 29] ofr =4t

%473 4] A1kl oA,
2}7] JULGI @9 A& SMXL4/5(SUPPRESSOR OF MAX?2
1-LIKE4/5) mRNA 2] 5’UTR(Untranslated region)®l] ‘2 3}5to] 47|
SMXL4/52] W&l S AN 7= AL EA 07 &=, RAE.
[Pd-1% 5] A 48}o] Qo] A,
A}71 SMXL4/59] ¥F& #]3}= JULGI vh & o] SMXL4/5 mRNA 2]
5’UTRell A3%}3}o] RNA G-quadruplex 342 58S 24
ol FoAA = A& FHALR o=, A=

[7d 73 6] A1kl 2o A,
371 QA A = JULGL @ A 3= 7] bl A 7} 80% o] /<]
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[Fig. 1a]

Orthologs conserved in Tobacco
VIGS : 26 genes
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[Fig. 5c]
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