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Kinase ) F'Ljﬁ?ﬁ T - BEIRD 'JFJ“”‘%‘F‘E T [[I#AE Y DYRKs AP0 S R 55 |
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E‘Wlﬁﬁ’ﬁlﬂﬁ BT GUS AT R 53T o [ KRS T i‘“ﬁﬂ%ﬁﬁ%ﬁ*‘fﬂﬂf Hipy
GUS %o &~ #7574 75 58 37 2.5KUSE 53[5 ?‘.ml 0.5 kb v 5°ZHEEE 4 ( 5°untranslated
region, S’UTR) FlTo E JD“"”F fIhiAZ (Upstream Open Reading Frame, uORF ) - ? BIpRL -
—r%’ﬁlﬁ”“%% » UORFs £} {4%53@ IHI]E_J [TF & EIYQF (re-initiation ) ]":FI F&ﬁfi ﬁl[ﬂp SN
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Abstract

AtYAK1 (Arabidopsis thaliana Yakl-related protein kinase ) is the first DYRK ( Dual
specificity Yakl-Related protein Kinase ) family member identified in the model plant —
Arabidopsis thaliana and exists as one copy gene in Arabidopsis. Previous studies showed that
many eukaryotic DYRKSs are involved in regulating the growth and development of cells. However,
the study of AtYAKI in Arabidopsis is lacking to date. In order to understand where AtYAK1
expresses and functions in plants, a 2.5 kb fragment which is located upstream from the major ATG
of AtYAK1 (termed Upstream Element, 2.5KUSE ) was previously constructed to drive the
expression of a reporter gene, GUS ( B-glucuronidase ) , in transgenic Arabidopsis. Much to our
surprise, no GUS expression signal could be detected in such transgenic plants. When further
analyses were performed, we found that there are four upstream open reading frames (uORFs) in
the 5’untranslated region ( 5’UTR ) within the 2.5KUSE. Many studies indicating that the uORFs
can regulate the translation of downstream ORF encoding the major gene product through the
procedure of translation re-initiation. This action represents a mode of translational regulation for
gene expression. Indeed, GUS activity could be readily detected in transgenic plants expression
2KUSE::GUS, a construct lacking the 5’UTR of AtYAK1. In this study, I have tried to elucidate
whether the uORFs of AtYAK1 can regulate the translation of the downstream major ORF. First, in
order to construct a 5’UTR fragment of which uORFs have been mutated ( AuORFs) , we apply
site-directed mutagenesis to substitute ATG with TTG for the four uORFs and examine the
expression of GUS driven by this mutated 2.5KUSE. After analyzing the results in both Arabidopsis
protoplast transient assay and transgenic Arabidopsis, stronger expression of reporter genes in both
systems were observed when the four uORFs were mutated. We have also confirmed that, in
transient expression system, the increase of reporter gene activity was not due to the excess
accumulation of the corresponding mRNAs. Rather, it is the four uORFs which play an important
role in negatively regulating the translation of AtYAKI, possibly via inhibiting the translation
re-initiation of major ORF. A genome-wide examination of uORFs in all Arabidopsis genes was

also performed to assess the possible contribution of uORF in regulating gene expression.



R f7 +oeeeeereemsessns st s 1
TIR - LIPS NN 2
e P T 3
L OSSOSO OO 4
B F e 6
B FERIBHRI R oo oeeevsereseses st e ~
B+ B oo 8
N @%ﬁg,gré[j ............................................................................................. 8
T R e 9
T A 9
I e 9
BN v FFRIZE A I v errereere et et eteete et et ete ettt ere et e ettt 10
O v 10
R T et e 1
(= )~ %A@V uORFs * BEpuggif - %ﬁﬂﬁ@ (site-direct mutagenesis ) «-eeeeeeeeeee 11
N 4 e 13
DR 2= R R M 13
2.) A FAE T ose oo 15
30 BN EIR T o eeesseeesss st 15

4.) BARMY (mesophyll) »RWZAF1¥ (suspension cell) L+ FTH
(Protoplast) FIUIIIU -+ eseesssreseussrssint ettt 16
5. TFUE BVBE VY (fransfection ) «-eseeseeseessesseussnssnincissiisnicie, 16
6.) THGUELE BB RNAJFITU R ST 16
7.) EsE @@ﬁ{é& 53H7( Dual-Luciferase Assay )« -«+-«++seerseesseereeenensnes 17
= )~ GUS (B-glucuronidase) FEGBYEET 53 Ferreeerreeemmreenneeninrennneiniee e 18
L) PR oo veees e 18
2.) AR AL FTII s veessse oo 18
3.0 U EIAE T rrvvess oo 19
4) B B (T FR I e 19
5.) ﬁﬁﬁfﬁ’[?ﬁ{%é’@ﬁ‘?%@ﬁﬁﬁj/g TN 19

4



Ly

B e

6.) I {17 SRR GUS AR S5 fTrevesseeevvssssennssnni 20

. ﬁ%wgﬁﬁﬁ ....................................................................................... 21

-+ AtYAK1 $L[{V uORFs sﬁﬁ;ﬁ[*@’rﬁ B U B e 21
T ACYAKT FLPIZIGE e ceeeeeee e 22
= e I’E‘ﬂﬁ HE: I%EEL AtYAK1 %ﬁjuj/%ggu ...................................................... 22
s T - R S PR 24
BT et 25



FENIES

[~ ~ AtYAKI S'UTR % uORFs I/%“EIF{,\/“ .......................................... 27
[~ AUORFs A B8V A H BRI oo X
qgﬁl_: ~ %7~ DNA F/—‘F’}g_é‘:ér@ : (PCR) I/&[gggg;ﬁ?ﬂ;p;qgﬂl .................. 29
[P ~ Fi AuORFs #{! intact uORFs acfﬂy FHL PN LUC Sf ITE’T Ry VY 30
qgﬁlz, ~18 #k T1 _ﬁ'@yfgﬁyﬂwﬁ% DNA & PCR @T;%\f}ij/'%i;}a[ﬁ[ ..................... 31
i~ T2 5 PSRRI JF/_\; G b2l T 32
il ~ IR KRR GUS A AT R oo 33
R g (s U U N e e 34
qg,z, Jus RS ETFB@?T%&‘IEUJT,TE,@EIJJ/ pJD301 yﬁ)ﬁ?’l .................................... 35
[~ GUS A= 53 HTd0 R pCAMBIAIZSIZ T - vovveveeseeneeneeene 36
R R IR AT R BRI oo 37
2.7 18 F AUORFs JERED T2 % (oot S st et ST E e eneneeenne 38
Fe= IR IET LR STUTR FA[ AT o eeeeemeensenmenseseeseeeeeeees 39



B-ME -Mercaptoethanol

bp base pair

dATP Deoxyadenosine 5’-triphosphate
dCTP Deoxycytidine 5’-triphosphate
dGTP Deoxyguanosine 5’-triphosphate
dTTP Deoxythymidine 5’-triphosphate
dNTP Deoxyribonucleotide 5’-triphosphate
ddH20 Double deionized water

DEPC Diethylpirocarbonate

DTT Dithiothreitol

EDTA Ethylenediaminetera 5’-triphosphate
EtBr Ethidium bromide

GUS B-glucuronidase

kb Kilobase

LB Luria-Bertani broth

LUC Luciferase

mg milligram

ml milliliter

MS Murashige and Skoog

PCR Polymerase chain reaction

PEG Polyethylene glycol

PLB Passive lysis buffer

rpm Rounds per minute

RT-PCR Reverse transtription PCR

TAE Tris-acetate-EDTA electrophoresis buffer
Taq Thermos aquaticus DNA polymerase
TE Tris-EDTA buffer

Tris Tris (hydroxymethyl ) amminomethane
uORF upstream Open Reading Frame
5’UTR 5’untranslated region

ng microgram

ul microliter

X-Gluc 5-bromo-4-chloro-3-indolyl-B-D-glucuronide




T 1
- W%ﬁ#ﬁ?«]‘:
TR A ;’E[*ﬁ (Arabidopsis thaliana) f[1 > # A"‘ gES fH T HELP o [MEOT
= d st pu e E Il ( Central Dogma of Molecular Blology) VPPN Rl T AT A
(transcription ) Z=H=8 (translation ) (&) > }[f]’ & & Q%ﬁﬁr"“*r EIRT [ﬁ KR S 1B )
lﬁ{[};{[}; rﬁl[ﬂuJ flT> AtYAK1 (Arabidopsis thallanaYakl -related protein kinase ) fLf! IJ rﬂfﬁ’
¥ (Fro f‘F ME— FEFFP DYRKs (Dual specificity Yak1-Related protein Kinase ) [ &F 175
TR » SR D I PP g
= AR Fy VI G [ G (OB SR RS )
FUEY2% (Kentrup et al ,1996) o ThEE - HEEF 1T [ﬁ fYLL > DYRKSs i'"ﬁjﬁ’\ﬁfzﬁgﬁfﬁrlwﬁ
E iﬁ Mo A E) Tﬁ A [l B 5L R )] - serine/threonine FY tyrosine & FL A F 1A R [~
(autophosphorylation) PJ?F" s F ) ([ ST I J@"i@@ i (Kentrup et al.,1996;
Himpel et al.,2001 ) = [if DYRKSs EJ[fH’FIﬁTE I (homologs ) 57 i T‘j SET f [Poraf] o X HIUIJfF'
FERTA[Y Yakl ~ U849 Mnb (minibrain) ~ EEAIFY YakA ] bp;" ﬂ“‘hf}ﬂgu DYRKIA/B/C >
DYRK2-3 » DYRK4A/B = (Becker and Joost,1999; Campbell and Proud,2002 ) »
T3 P1049 DYRKS 7 o RS 1 o (8 sposhe g - e
Kipy DYRKs - ﬁl M4t % %F&?ﬂj’“ﬂ“d E[H'Jaﬁgﬂﬂ E]- lﬁ[p iJE_'EfPJ ( isoforms )
(Campbell and Proud, 2002) » I') DYRKIA ) » [IFS Pl SIS 570 A — fiegecifig b o ]
751;’573’?’[ S down syndrome DRIH BT A~ RGCERIGE % B ﬁ' Vi fﬁl‘fjﬁ"[ﬂ FHEH DYRKIA
' “lgﬁ*ﬁ[ &%Et%%ﬁﬁ}% SLT] 15K = 3 (Lochhead et al.2003) 3 P~ 1 & %;;[
DYRKIA [l ERESE 7 i » A i > 557 DYRKIA Tﬁjﬁ%’,fﬂgﬁ?ﬁ
(Altafaj et al.,2001) « [1|#'##° DYRKIA F’, d—i%'if"?‘ﬁﬁ [fJnii'i?& » DYRKIB H[Jf{ &?ﬂﬂi
’Fﬁﬂ‘—"E[ﬁu’F I} Eﬁf{ﬁ PUAIRLED > B &?ﬁ‘ﬂ’%ﬁﬁﬁiﬁﬁwﬁ o HEE ﬁ'[ |/ %5 (Leder et al.,
2003 ) o &= l?ﬁﬁﬁwa'ﬁw_i ~#EF) U - DYRK “J‘ifgjg‘hiﬁfﬁ%é l”I k'EJIE’*? A RYAYER I (von
Groote-Bidlingmaier et al.,2003; Skurat and Dietrich,2004 ) - [F[JE\JJ: e J’ﬁ@ﬁﬁﬂﬁ » DYRK T;'TE‘FL
PEEER ST 50 2 [R5 ] [kl CREB( cAMP-response element-binding protein )( Li et al.,2002 )
& Forkhead (von Groote-Bidlingmaier et al.,2003 ) °
MEREIF] 2 B - L 7 Mnb E\jj a fﬁ'?@%ﬁﬁﬂﬁfﬁﬁgéﬁﬁﬁ'ﬁ' ’i"ﬁ}rﬁﬁi“ e e N
NSl | BTN éﬁ%ﬁf“‘ beﬁﬁ*f i B A (Tejedor et al.,1995) o ﬁlji’!ﬁé[ﬂlﬁfj
VakA G T TG R B%’J'iﬁ’?‘%'“\E“iﬁﬂ S5 UATEE R
B T I bl e YakA ST F PRIATTEATA S S 0 ST ETS R0 (Souza et
al. 1998) —fii"l?’ﬁﬂﬁl[ﬂ jJ ‘.%%HJI}[ ; Yakl S BT T A R P L ’f'_”é‘l”’ o ALY
L riE?JEEIi A;E{HF 1> Pop2 &f 1ETRORH [ ﬂllﬁﬁ‘yﬁJ%IiT‘i#ﬁﬁ“ | A E- W
ke p,}p*pﬁmﬁ ' Yakl R (™ Pop2 i VEVRH (™5 Tl sirf 0BT NI
Yakl FIE ALY YakA A - o BURLF 12 (7 S [ S 2 ~EHIHIY =71 (Moriya et
al.,2001 ) -
ﬁﬁ.[‘u‘ﬂ/%&ﬁ » DYRKSs %E’FE*?F%‘@{TJ”"E'%FW% Eg’?éﬁjﬁ‘ ’ FWFI P - AYAKT ==fie fF
e SO B » OB 3 S5 R AYAKL R fEH FLRIEERS I K
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AR R 0 B E‘*EJZ#BE’}‘HEIT{[ |V AtYAK] [EH[RILDV A PF' R AV J%[J
o= BT AtYAKD L ATG HlE= 2.5 kb fIvH=j]) > 3] Upstream Element (2 SKUSE) ™
}H =k F /[«/ﬁifﬁ_ - A"‘ ﬁ£$§ F1 5L (B-Glucuronidase, GUS ) ELJ%&?E' (vector) flI e

Es;?fﬁféelt Gk ST ’}H I'*‘?EB 2.5 kb % T ”F&;ﬁi_[ﬂ | GUS £L[H » 48 (transformation ) =% F'JBE’
ﬁlﬁ‘f el 5 M GUS ﬁi[ﬂ&[ﬁ’ﬁm“ E Al JE%?HF ﬂ‘fp‘a BN ] AtYAK] 1; ¥
i_i/DIH ‘Fﬁz%ﬁi%%‘ o fTEECEIINES FRE - WEREE AR I IS o IRy
AJIVIF'EJF&TU%F?E' VL 1 3T GUS L - HGEAR AT G L T TUi_4 ANAUETEHAL T
[l SR FR IS 5 A SECHEL GUS AR T fgﬂ]zﬁfj'f%i}és * Elwﬁgﬁiﬂ 113"‘ * o
A S Ly ACYAKI FLEORE A S S SR IRE - A 4
P fﬁ”%fﬁ‘ﬁﬁ“lfﬁ [T [ 0 By L TR 98 P FER
B (it iR -
P9 o 7 P SR - A G 0 & 2.5KUSE T B0 5 2R Y B
(5’-UnTranslated Region, 5’UTR) f[1* | PURE B G SAE (Open Reading Frame, ORF ) » [A P
WL F3EE (upstream ) > FT'V’E’, uORF - %’;if Yt o B "z’lf’?"*ﬂ R PR
o7 PEE 1) uORF &Y agﬂéi*”““%ﬂl S (re initiation ) [E*'| E[[JfQ_JH Flifiy— 7 ( Taisuke
et al.,2005 ) o [RIFZ% (FHESHT AtYAKT 5° UTR Hlpj uORFs * pJ 3%&'1&% f pr?ekﬁ‘u%é/%ﬂ H N
YT 558 PR I3 RO BSRR OR SRR IR - 1% € IS GUS 3
ey

Pl= HEe R F SFH RS M IJ}‘&T|J£_7\IL—PE’ 'J R qu'JF’?‘E?VEl@ 2KUSE A B (==
2.5KUSE #1511 g iy 7 5] 7\—» {| SUTR . 5 ) £ 24 pﬁ%&*ﬁﬂ b R AR 0 )
#r GUS 3 AESENEE %JI/ [ FEREN H ﬁli«ﬁ“ 2.5KUSE - [F=2KUSE {#5iff GUS L PpY
7 %&iwlz’ﬁtw% Aty F ‘& [FEJ[E%F% IF=5"UTR #-3]] (0.5kb) » 555 AtYAK1 $L[H 1 &

Fu]FF ﬁl?@]ﬁglp Hé/%ag%r'\j . ﬁljjﬁp“l"t’ uORFs ﬁ?ifijﬁ%'
| FROEEEE I ﬁt,;;r PRI N o262 J@F:fs T E R ﬂﬁﬁjlg%ﬁ
[ft o+ 2] ES UTR PR uORFs L 2119 B4 ACYAK Sl -

=N W{JE IE[fj :
FUP L0 A L PSR S A » SR ({1 ACYAKT BP9 STUTR. FlIpopase
uORstL ﬁﬁ FE AtYAKI EE’-E'IE’T]EIUFL‘[W °

P PR

ELIE % AtYAK fi9 uORFs fj\%ﬁ St f_\gf VERRS £ 0 1 25 PR T UK
P45 uORFs [l ATG #15% TTG - Eiﬁiﬁféﬁ | uORFs 2 5°UTR ( AuORFs) HE: - [r[
Eﬂjwﬂﬁh =R @T‘ﬁﬂ@ﬂﬁiiﬁbw P (protoplast tran51ent assay ) & GUS 7= m3lc 55 fr o & b
i NP A {%‘\ (intact uORFs) ./ uORFs %[E 3’%}%?%&[4&1&?{’!@?%%%% o
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P71 AtYAK1 5’UTR f[1f9 uORFs $FEL AV it

‘

FURLES B = HAE 2.5KUSE::GUS TV 1 AR [ oV T

v v

'l DNA F’—‘ B (PCR) )L ﬁjﬂ Ty =) %,U ( restriction
N NN o - [ G enzyme digestion ) ™ JEEIH 5
(primer) » &F5HYGE uORF 1% S B GUS LNV E&FE} (vector)
FAd (ATG—-TTG ) FII[FlT V[
s 4 - 5 2.5KUSE v
( AuORFs) DNA H F& & Z}F}% &~ e (ligation ) #H &
2.5KUSE ( AuORFs) Eia- ¥V »
¢ TR A TTREESE (clone) R
_ ) HE(] "’_f[ "EH' GI&
I'} PCR $:#& (primer + W) Fl f?{; j—?lp'”iﬁ%‘f?j{ E R
SR KV BV SUTR ikl il a0
( mutated and intact uORFs ) L
DNA S @ = pl- 5o &5 GUS AZ RSBl 55
%gﬂfﬁjiﬁ%ﬁﬁ;—pﬁs e
H kIR (Tuciferase ) 1 #E ¢ ¢
-~ % 2.5KUSE ES T
S R (I R ( AuORFs ) fi aRCENCES
BTN ATE: FitE GUS BN A1 GUS
VR 2 {7
= 2KUSE -
] Fi AuORFs = intact .
2.5KUSE [i9 5
uORFs IV fE351 a LUC LA B it =t
i
[V RNA = 5 BTGB -
SR ol
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~ R
(= ) ~ @ uORFs %F&E@Qﬁﬁ : %ﬁﬂ:’@ (site-direct mutagenesis )
A. [4i%V 2.5KUSE::GUS/pCAMBIA1381z Ei52 7T ]
i ‘ifEﬁ GFX™Micro Plasmid Prep Kit ( Amersham Bioscience » Cat.27-9601-02 >
Piscataway > NJ > USA ) »
B. [DNA %ﬁ@@#"@% ( Polymerase Chain Reaction, PCR )]

ﬁ%t : W’E@;ﬁ 5’UTR {1 | 4 7% uORFs > 7l |El%if 45 (H8E) 1EJ1 g5
SIS 6 K231 ([~ NPT - BT A ] wORE 19 ATG ) B
uORF | l*ﬂ"ﬁf‘.ifﬁﬁﬁiﬁ'ﬁ%ﬁﬁ@(Elﬂfi ATG Elfw’\j'fgﬁf??fﬁs TTG ) F|# %% PCR
Fe [ F it FVH AuORF fiy S"UTR A B - (7 ]’F"ﬂ’i”?%lﬁ'lfj}lﬁ TR (B fLRT

B~ ) BIRFET 5 IR 2KUSE » GUS S Pt -

&1%f %% PCR Fufrr%?f;'fﬁlw?ﬁfjl— [ =T SE s
(1) AtYAK1-2KUSE-S1235
5’- AGTATTATGTTGCATCACCG -3’
(2) mutated 5’-uORF1-S283
5’- TTTTTATACATTTGTTGTTGATTTTATCGATAGTTTT -3°
(3) mutated 5°-uORF2&3-S362
5’- AGGGTTTGATTGGTTGAGAATAAGGGGTTTTGGGACTTGAG -3’
(4) mutated 5°-uORF4-S488
5’- TGTGTTGTGTTGGTTGTTGAGAGAGTTGGGTTTGGTC -3’
(5) mutated 5’-uORF1-AS318
5’- AAACTATCGATAAAATCAACAACAAATGTATAAAAAA -3’
(6) mutated 5’-uORF2&3-AS401
5’- TCAAGTCCCAAAACCCCTTATTCTCAACCAATCAAACCCTC -3°
(7) mutated 5’-uORF4-AS523
5’- ACCAAACCCAACTCTCTCAACAACCAACACAACACAA -3
(8) At5¢35980-USE-Seq-AS179
5’- CACGAAATAAAGTAATCAGA -3°
(1) ~ (4) % L*fl f4¥d =" (Forward ) °
(5) ~ (8) £ Hjﬁ&ﬂ[—i (Reverse ) » 7~ &1 ?E%ﬂfé&’@ﬂ/ ﬁij'[' °

L 8- % PCR =k (1750 s

FA'I intact 5’UTR 4 F& 1/ ’?’T"S‘Ej DNA( I ng/ul ) 5ul
10X Pwo Buffer 5ul
Primer-Fw ( 10 pmol/ul ) 25 ul
Primer-Rv (10 pmol/pl ) 25 ul
dNTP (10 mM each) 1 ul
Pwo polymerase (5 U/ul) 0.25 ul

H] ddH,0 = i 50 ul
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10.
11.

12. 1

Jl=" 1 ®P1 T ->AtYAK1-2KUSE-S1235 + mutated 5°-uORF1-AS318
&% P2 I > mutated 5°-uORF1-S283 + mutated 5’-uORF2&3-AS401
& P2 I —mutated 5°-uORF2&3-S362 + mutated 5’-uORF4-AS523
& P2V —mutated 5°-uORF4-S488 + At5g35980-USE-Seq-AS179

') T3 Thermocycler (Blometra ’ Geottmgen » Germany ) £/~ PCR ~ & > F%*—Z/Dj\ :
- 195 C 55811 F[
HWEEZ 1 94°C » 30 %"J/ E’r‘%I—SOOC ) E’F‘%H~IV—52°C » 30 FF o, 72°C o MET—1
JiE E’T:E\[[~IV—3017E’J/ 35° HF[

W= 1 72C 558 1 F[” °

(% o e ] P B 4 <)

f BV%JF”W 50 pl iy PCR i P52+ 55 IV —sfd{Aify 6X DNA loading dye 2fi Bz
'} 1% TAE @‘QF[W?E} %< DNA Lﬁ]ﬁﬂl"?
F%‘%Z%:’EP& 100 [kﬁj LS ?‘ﬂr

{ﬁ DNA dye 7j BE=579 2/3 ﬁ%” PHEER - AR T‘Hﬁf’ SRUTIE
TVHERHA FT UV S s '?Elﬁfl ’ FEI?J PCR &% 7V DNA HFEB*‘\'J*J%I_T[I—’F%’ o
THFERHAFT UV A (W= 254 nmﬁ& 365 nm) @l ’?%TPCR EF%’*JHFQ I i fF[ >
}3:415 % /JH AN Fj/?,r“?[_EF[' [/ﬁ%i—lu B 1.5 ml fFEHESS IjP-lul N Hl o
IS DNA 3-8 & PR =V s

] iiﬁ‘ifﬁﬁ GFX™ PCR DNA and Gel Band Purification Kit ( Amersham Bioscience
Cat.27-9602-01 » Piscataway > NJ » USA) o

13 KA = PCR F_‘;Ef}ﬂr 1l %75 1% TAE 2 @uqF,ﬁ%?ﬂ%ﬁrﬂﬁ, IJ"FT:_:F; i T 1

14.

15.1

PRSP0 DN BRI R PR O A R PR S S
ng/pl °

51 ¥ PCR R AT (1518 0
AT T ~ I~ I~ IVEPY (5 ng/ul) 1 pl/each
10X Pwo Buffer 5ul
Primer-Fw ( 10 pmol/ul ) 25 ul
Primer-Rv ( 10 pmol/pl ) 25 ul
dNTP (10 mM each) 1 ul
Pwo polymerase (5 U/ul) 0.25 ul
1] ddH,0 % A 50 pl

914" 1 %P1V —->AtYAK1-2KUSE-S1235 + mutated 5°-uORF2&3-AS401
& P1VI—mutated 5’-uORF2&3-S362 + At5g35980-USE-Seq-AS179
A D1l TP +1pl D& =V
T MEP +1pl IVEP = VI

'] T3 Thermocycler ( Biometra » Geottingen > Germany ) 1% PCR > Jj& » F%Li/[ﬁ :
W~ 1 95°C » 5754, l,hrF[Eﬁi
IR 1 94°C > 307 3 50°C » 307} 72°C » 707} 5 35 WAL -
WIR= 1 72°C 0 55380 1 VIR

12



16. K VEEVLY PCR % P03 [ R 6.~14.0 74 -
17. 53= “* PCR E/%jf-lﬁjr&v[m :

ATl VEEVIEPS (5ng/ul) 1 pl/each
10X Pwo Buffer 5ul
Primer-Fw ( 10 pmol/ul ) 25
Primer-Rv (10 pmol/ul) 25
dNTP (10 mM each ) 1wl
Pwo polymerase (5 U/ul) 0.25 ul
] ddH,0 %?in?%ﬁ?ﬁ 50 wl

=" 1 R PIVI->AtYAK1-2KUSE-S1235 + At5g35980-USE-Seq-AS179
BN 1pl VEP +1ul VI = VI

18. I') T3 Thermocycler ( Biometra » Geottingen > Germany ) 1%5 PCR ™ /[ » F%*—Z/Dj\ :
W 195C » 5558 lﬁ'f’ﬁﬁo
WEEZ 194°C > 307} SOC 30%F; 72°C » 90 ¥} ; 35 HF[
WS c72C 558 1° F[” °
19V 1 ul iy PCR % P5E S 1 % TAE BB 7 - }’p"é?ﬁ@} P AR R
20. PCR ~ ek Prl i (= o
] iiﬁ‘ifﬁﬁ GFX™ PCR DNA and Gel Band Purification Kit ( Amersham Bioscience
Cat.27-9602-01 > Piscataway * NJ » USA) -
21.3V 1 pl 78 (= PCR & P7:% 7 1 % TAE @ﬁﬁﬁ%ﬁg%ﬁﬁ%ﬁ’J‘J’g’gﬁdiféfﬁwkﬁ Bl
AL YRR R BRI P -

(20~ Pt (R BRI A
1.) ﬁﬁ%ﬁi ?F%—pSSS—intact uORF::Firefly LUC % p35S-AuORF::Firefly LUC
A. [Bﬂﬁjﬂz'ﬁy J%ﬂ%&*ﬁ%‘]
1 IR R T

p35S::firefly LUC %9?%} DNA (300 ng/ul) 1wl
10X NEB Buffer 2 4 ul
Enzyme BamHI (20 U/ul ) 0.5 ul
Enzyme Nco I (10 U/ul) 1l
k] ddH2O = ajpiiA 40 ul

2. S AL R 3TC IR T 15 TR -
p35S::firfly LUC E&Jﬁﬂ = I[gmtq\gﬁl RN B}Lﬁﬂ@b 10X NEB Buffer 57 fI New
England Biolab (NEB » Beverly » MA » USA) -

B. [§J|TF Jﬁ HH

1. DNA ﬁéﬁﬁz@%ﬁ@% (PCR) “gﬂffgj—

(1) 5°UTR (intact ﬁ‘} AuORFs) Hi F

13



SHER STUTR A R~ [ [ SR

(1) uORF-Sal I -Fw 5’- ATAGTCGACGGGGAAGCAGAAGAAGAA -3’
(2) uORF-Nco I -Rv 5’- AGTGCCATGGATCAGAATCAAAACAGTA -3’

(2) p35S ﬁf [ B
Gk p35S Fi F&ﬁq{— MG [~ A

(1) M13-Fw 5’- GTAAAACgACGGCCAGT -3’

(2) Luciferase-Rv 5°- CTCTAGAGGATAGAATGGCG -3’
@;{ 2% ﬂﬂﬁﬂ@m%ﬁéﬁqm ﬁ i [;'p Jﬁ i nght FF" 2y pgﬁ SIET ]

A o Fw : j—[r’qugﬁj[g’ » Rv : ’f'[ﬁj’iéfﬂh 0
. PCR T fiife (1992 7) 4

(R Ty s> 3 T2 AR PIRFERS 4C Rl - )

. V2 ul Yy PCR Eﬁ*h i 1 % TAE t@ﬁﬁﬁ??ﬁ%ﬁrﬁﬁ o I J’p’fgl?:
. PCR ~Ed Pl 0~

+ iiﬁ%ﬁﬁl GFX™ PCR DNA and Gel Band Purification Kit ( Amersham Bioscience
Cat.27-9602-01 > Piscataway * NJ » USA) -
B ERI i -

U I )
B TR e

(1)

5’UTR (intact/AuORFs ) * F&
SUTR (intact fi¥ AuORFs) 77 (* . PCR %$7 250 pg

BPu AR

(2)

10X NEB Buffer 4
Enzyme Sal I (20 U/ul) 0.5 ul
Enzyme Nco I (10 U/ul ) 1 ul
] ddH,0 % ApF 40 ul
p35S jﬁﬂ [y

A7~ PCR %44 500 pg
10X NEB Buffer 3 4 ul
Enzyme Sal I (20 U/ul) 0.5 ul

14

£7 intact 7Y AuORFs PR DNAC10 ng/ul) 1wl
fOX Pwo Buffer S5ul
Primer-Fw ( 10 pmol/ul ) 2.5ul
Primer-Rv ( 10 pmol/ul ) 2.5 ul
dNTP (10 mM each) 1l
Pwo polymerase (5 U/ul) 0.25 ul
K] ddH,0 = S 50 ul
. I') T3 Thermocycler (Biometra > Geottingen » Germany ) 3%/ PCR ~ & » F%{L_’Z/Dj\ :

WER- 1 95C > Sough s 1WA -

WERD 1 94C > 307 1 50C » 307} 2 72°C > 457 5 35 AL

W= 1 72C 5758 1% F[’ o

== o
TR



2.
D.

2.)

N o U A e

©

Enzyme Bam HI (10 U/ul) 1wl
k] ddH,O = FfiFh 40 pl
S 5 L S 3TC ISR AT 3 )
[E&?ﬂbjﬁ“ 2% DNA 71 (]
4 iiﬁﬁfﬁ@ GFX™ PCR DNA and Gel Band Purification Kit ( Amersham Bioscience >
Cat.27-9602-01 » Piscataway > NJ » USA) o

(&) E';I;?jﬁ R Tl iﬁ}% F~ e (Ligation )]

. F— 0.2 ml Elfjf%’(fghii%@\?ﬁ[l"{lj LRl &FE‘ DNA - %7‘ g A (rl intact uORFs

J 5’UTR A EE % p35S HEE ) -

¥ pl—= 0.2 ml ElfJf%‘élFﬁ%@\*Eﬁ[ P Sl EIEVEL DNA jﬁ TR ( FA[ AuORFs I/
SUTR 5 p35S HF) « (BN DNAE"?% CER R B L 0 5)

™ Fh JiHIIF] P " 5 pl Y Solution I ( Takara DNA Ligation Kit » Cat.6022 » Otsu-shiga »
Japan ) » ] ddH,O ?Zﬁ?ﬁﬁf%g 10 ul > féJ:JiE.LF [ HE16°C YR 7MF‘,’§"E§ 45 ;56 -

AR A A TR
}{fj’%‘a’ﬁ*}iﬁ%’@%y ’?’T‘EE‘,, DNA iﬁiﬁif&( 10 ul) ™ 100 ul A (Escherichia coli >
Fﬁ#lﬁ DH5a) 5 A anff1 » i“’fféi%iffifl
RARVEEL P 1 30 576 -
I 42@%?:‘3[’71‘_5& (heat shock ) 30} o
FIBSEP - 90 7 -
it 1ml LB iﬂﬁ%iﬁz s HE 37°C‘§$Eﬁiﬁ§%ﬁ[ﬁ@ﬁ 250 rpm Eﬁiﬁ% 45 ;564 -
I 1\@ (13000 rpm ) #E= 1 558 > F= HEIk (3% 1ml) o
I BBl e it AV EFTRM A e ﬁ“}{ﬁj”"’?ﬁ "Elﬁulifi Skt 5“*‘3[%)5" | 100 pg/ml Ampicillin
VLB m%ﬁ%ﬂ o
i 37C 'E’fﬂfﬁ%ﬁfﬁ%?fﬁ@ °
E[Bﬁﬁﬁiiﬁ ﬂ’ﬁ'?ﬁ%%ﬁlfﬁ%ﬁ%6 (= [RITS > ST PR AT p - F ) 100 pg/ml

Ampicillin V LB [aﬁ"ﬁ%iﬁ%ﬁlf I 37@“?1’@%%&7%%_ Brij‘fz o

10.

1.7

B.

HEVETED -
HE ‘ifﬁvﬁ GFX™Micro Plasmid Prep Kit ( Amersham Bioscience » Cat.27-9601-02 >
Piscataway > NJ » USA ) »
[S«Lﬁflj Iy~ Jl[] 5“” RSl T > AV ’?’T‘Eﬁ‘ DNA 54 1 pg bﬁﬁl VA= B
W e ﬁ:ﬁ’?ﬁ R TS LR AT F P54
Al %’Jnﬁ p358-5’UTR (intact or AuORFs) ::firefly LUC Eii ’E’T?E‘,I
[ A EHfIZV p35S-5UTR (intact or AuORFs) ::firefly LUC ﬁ[%’i’ @T‘ﬁ%‘;]
HE ‘ifﬁﬁ PureLink™ HiPure Plasmid Filter Purification Kit ( Invitrogen » Cat.K2100-16
Carlsbad » USA )
[T J*U gf«ﬁl AL i ]
ﬁﬁﬁﬁﬁﬁ*%m;
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4.)

it oyt oL R (Protoplast) EELY

L. flfﬁf Sk cellulase & macerozyme Elfii?ﬁf?( 10 ml (il {3 52 R -

2. ﬁ”&,ﬂ*ﬁéi"ﬂ L 55 2 ml Elfipﬁii?ﬁfi ; ?gﬁi% 40 H PUEN (RaF 12 2055 ) Y
CHAGE TR
3. fiﬁs&”%qﬁ}ﬁiﬁ* 2% 0.2 mm’* A E FURRIERD sk 1#‘ ] * o RS fF
”iﬁi"%il  JiE A 15 556k -
R ROIR [ SRR 2771 3.)
4 ARG (3035 pm) 1S LB > PR (]
5. PRIEE 70 rppm > 153 > FUAYIURCE TR LR OB
6. H— 50 ml ST > J<7E 100 pm VIR (nylon mesh) gt VELE BT -
7. I'JEGH 100 g 77 4°C ™ EES 2 N% » BE S i I T
8. I'J 10 ml fiY W5 i?\‘mg FIEDED > IR 100 g /% 4°C S 2 556 > BE e i {s
TEfk o FIETH - VIR -
9. F|IJ5~10ml pJ W5 1% REI PO IRV IR - I TSl 30 57
10. 5V 8l pu bty » FIP T 5RGHYEES . (hemocytometer ) mLEVLi E’T?E}J/i LA
SRR T
ll.ﬁj’FLi FIHAT 4C M 1100 g BE< 25 ﬁ”g A MMg1FL sz[ﬂ'#’* EHB R
5] 5%10ml (T2 3 E‘ﬁu@r w107 AR (i) e g
HERIE ] -
5) [fFif l’"jﬁ e ’E’T‘FE}J/Q@% ( transfection )
L7 15 ml Sy (R0 LR E) 007 20 Wl BT DNA (7 p35S-5°UTR
(intact or AuORFs )::firefly LUC 10 pg » p35S:: Renilla LUC ’?’TFE 1ug) Fop* 200 ul
HE ’@’TEE‘ (?"%‘FA'*J 10° fl5Fa ) » 9™ 220 ul fiv 40 % PEG (Polyethylene Glycol
4000) il s I fUETIHER A A S B o B R 5~10 5 6 <
2. 800 ul iU W5 1#& s YRV H*Jﬁ‘E.LF 4T 100 g#ﬁfﬁu 2 578 5 EI R IR
50 TIPS PEG ik -
3. & &}{ HE ﬁﬁﬁ‘[pwg»ﬁh 500 pl fiv W5 1ka§4
4. Wﬁﬁf@}i 5% myE (Calf serum ) » PEEAPU R = (0.5 ml/well ) o
5. &— (@ well 70t HWER 3.;'/315-1?,?{[4&?%; P BT PR ﬁ@'i“fﬁ% ’ é‘{%E@E'%@ﬁF‘[EJj
b > T UEIVET 16~ 19 & 24 'J‘Eﬂj%ifﬁ[h » M35 = Total RNA F 2V 0 G550 iy
ST H R -
6.) HHRURLE WY RNA F 2VE55 4
A. [JEGIRCE BT Total RNA V3 V]
1. I'}65C ‘NF}’FEE [VEIZ Pine-tree 2 TJW?\\'?T& 15 5564 -
2. 3V 500 pl £V Pine-tree "TWFWF 7x10* FFH@F 1 AR IS ERT 65T
oI 10 536 o
3. 9 500 pl Chloroform : TAA (24 : 1) ?Fkﬁ‘z ﬁjﬁﬂﬁifl,‘d‘im4(j » 13000 rpm EE

20 S5 o

16



2.

7.)

W © 2 W

g»

Vil Fehfk Pl- 238 LS ml BERVES S 2 STRVEREY Chloroform © TAA
(24 1) 1#&?&@#@ 201% 4°C > 13000 rpm S50 20 554 o

EIRHIRS.

B - VRS TV Hhlo T 14 SRR 10 MILICT 4CYIPR RNA = (ke -

7 4°CNI] 13000 rpm Bt 30 554

B Hehfe > BRSSP EERT > PR A RERD 10 MLICT -

F|I') 10 ul .V DEPC-H,O [F"??T RNA % > '] 555048 BB RNA A ©

. [RT-PCR 53 #7241 ]
cDNA fv F’ﬁ 7Y
RS T T
Total RNA 400 pg
oligo-dTV (A/C/G) (0.2 pg/pl) 0.125 ul
DEPC-H20 5ul
70°C » MEI0 i o B '—EW"UJ‘ -
5X reverse transcrlptase buffer 2
0.1 M DTT 1 ul
10 mM dNTP 0.5
200 U/ul reverse transcriptase 11 0.375 wl
%mF’I?E‘ 10 ul

420C = ’I_;E\ 1 ,JE\jJ{

PCR = Jjt ﬁ.l SRy 1 (&1 Firefly LUC & Renilla LUC ﬁl[ﬂ%ﬁ‘ﬂl TE9=")

cDNA I ng
Fw- Primer (10 pmol/ul) 0.5ul
Rv- Primer (10 pmol/ul ) 0.5ul
dNTP (10 mM each) 0.4ul
ST-Gold 10X Buffer 2ul
ST-Gold polymerase (5 U/ul) 0.1ul
1] ddH20 = HpgAf 25l

I'] T3 Thermocycler ( Biometra ° Geottmgen » Germany ) £/ PCR ~ & > F%JLZ/[W\ :
R~ 195 C > 1075885177 F[
WEEZ 194°C > 45%) 5 52°C > 30*’} 72°C > 2 758 30{5{‘/35 MF[
WEES £ 720C 0 10 78 1 IER
Vs WAL 1% TAE S BHELS 7 DNA %ﬁm%
™ I'] Quantity ONE® quantitation hirg ?E‘ (Bio-Rad ) 7 #*7g} [ Firefly LUC = Renilla LUC
! -

ST f{‘%mﬁﬁ[ﬁ 531 (Dual-Luciferase Assay )
R HE ‘ifﬁﬁ Dual-Luciferase® Reporter Assay system (Promega > Madison » WI » USA)

1. Juh F;J;ﬁ BH VR ETRI S0l > 1) 100 g5 4°C T EES 2 558K

B - > pt 100 pl leXPLBzFL& (REBLITER) » E R 12 - 3%
W SRR U T s o RN [ F 11‘”;%??% 2~ 3% e

17



I R E

CESRIIRE IR [ -

B AT 2 s 30 Fpo JUE 20 pl py_HyETRYD T 100 pl Y LAR TV (27

KSR THHUASET) o

J [aien
E LEL

;{»;J’H— BRS5. fﬁ’l f&& | EW”ETH‘]% JiPTE (Lumat LB 9507 » Berthold Techenologies °

Calmbacher » Bad Wldbad » Gemany ) » {7 F e

Hil -

7. E[U07 100 pl fiU Stop & GLO 4 -

(=)
1.)

A.
1.

2.)

. [&

I'ET‘IEH”J‘L?J Fr X k7% (Renilla Luciferase ) AU

SIMTED F R E TN SR T SE s R F A S T P
» GUS (B-glucuronidase ) s=m5%le ;5

’E’T%‘ﬁfﬁ—Z.SKUSE ( AuORFs ) ::GUS

QLSRR
I 4 e il
2.5KUSE::GUS ’@'TFE' DNA

10X NEB Buffer 2
Enzyme Spe I (10 U/ul)

Enzyme BglTT (10 U/ul)

k2T (firefly Luciferase ) f9%

250 ng
5ul
I ul
1 ul

] ddH0 = FEpE

40 pl

5 R S £ e R 3TC IR BT 1l 1 ) -

2.5KUSE::GUS @f’r?ﬂ fi* 3 bR
England Biolab (NEB - Beverly * MA » USA) o
17 1% TAE IR I + I ERIIS

8 Gl EER ST

LI T e
(=1 5’UTR ( AuORFs)

10X NEB Buffer 2

Enzyme Spe I (10 U/ul)

Enzyme BglTT (10 U/ul)

H

DA | T 10X NEB Buffer 97 F1 New

250 ng
4 ul
I w
I w

1] ddH,0 % ApiAh
FUERA BRI L -
CEE TR !

0.2 ml pUfE RIS *E‘m gty

IN4 f{[i‘% ~ it (Ligation )]

40 ul

BV DNA 457 504 B8 (P et 1:5) -

E1n™ 5 ul py Solution I ( Takara DNA Ligation Kit » Cat.6022 » Otsu-shiga » Japan ) »
IS Splp g ga > Jap
] ddH,0 %?ﬁ%‘% EL 10 ul > 159 L:Jiﬁif’ﬁ 0 K 16°C ‘E’iﬁ*’]‘iﬁ’@% 45 ;54 -

IR A TR
R TRl -

18



3.) BV ES ”Tif'r’ﬁﬂﬁlﬂ/
1. ¥ 1.5ml ﬂjr%‘(%u SESTN Fl { » IV 2.5KUSE (AuORFs) ::GUS f‘j%"@ﬂ?ﬁ‘ I pg *'J[IEU 200 ul
IJE;JEEJ&I ( Agrobacterium tumefaciens - Ff[l,ﬁl GV3101) 35 (= A ankp1 > liﬁiﬁi@ o

2. AP AR I 30 T3 g -

3.ﬁ%%ﬁﬁ%W1ﬁﬁﬁﬁﬁ@o

4. FPRAFEAS 37°C‘|§iEL7J‘3'F%HI ’ EI?H%E‘%?@F&[‘?TEEEI (= (%1 5584) -

5. 1 900 ul iy LB Bl » 4 28 C MBS EFIT |1 /040 200 rpm F=i T 28 2 -1 -

6. I 2 L 307 I I (900 ) ¢

7. Jr%"(ilpbg EUPTRE A e T“VI*‘I%@%J 100 pl 5 ’Eiﬁw?fﬁi—liﬂ%}}%ﬁ”ﬁ"‘ | 50 pg/ml
Kanamycin % 50 ul/ml Gentamycin ./ LB [; a““ﬁﬁ”?ﬁ = S

8. 47 28CIVIRES B, 28 2~3 i = 1 Pavs Ll -

9. FURTH B RS EL HRIPSE 6 (Wifl— ATk » ST P 5%) 50 ug/ml

Kanamycin » 50 ug/ml Gentamycin ./ LB E[?E%%ﬂ_" s i 28 C‘If?iﬂiﬁ%ﬁ?iﬁ%%
T

10. FIVETHY -
RIS Eﬁ Wizard® PlusSV Minipreps Kit ( Promega > Cat.A1340 > Madison * WI > USA ) o

DL BRG] el A R b et -

4.) B RIS (Frs Ve ETIEY
JFf 1%] 2.5KUSE (AuORFs ) :GUS FIAZETLLY BURPAT il R a2 [ 42 (it p
%mll(kﬁnﬂlflmﬁa@%’ﬁi FRE RS [V ELHR () -

5) [egbif TEI%’”W?E‘H%EH T
A, [Hod ZgmE
1. 2V El ﬁﬁﬁ V' T1 #="F" 1.5 ml f5EIFE. ﬁf[l 3T T ml 70 Y%l FETEE 5 Tk
o TR B e
2. U 0.5 ml A RN o KR PR 1S T8k -
3. FEPRHR IS ) TR RS B E'f i SEPEE 3 £ 25 pg/ml Hygromycin {19 1/2
MS iﬁ%ﬁil— o
4. W 4°C£—T[Eﬁ§’ﬁ‘{ﬁ 4= FEE ﬁﬁﬁ%%ﬁt 4= (L14/D10) -
5. adns— s o FRETE ) EER }{’—”J’Tidf JiEgEAR A = R < (el R
FEAR S P2t VAR ST ) T i g
B. [ prft k5L IE DNA V5 2V ]
,ﬁ A U GERR T IV HAS 14 A VESTERT 1S ml purrRiEE S 2
Ve 2 -
Wfpﬂj}tﬁr%ﬁj;{:ﬂ o

77 I 250 pl iV Extraction Buffer ™15 Z/jEL f, e
FIEN 2 ESS 10 ST -
RV B (8 280 ) 2Pl 57 250 pl BIT D 1.5 ml RIS ST -
A H“ﬁﬁi Pt o HE20°C RS 30 538k
19
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7. 4T EEEC 10 534 B ik B0 () DNA JEIUZ 20~30 5348 -

ke o
. [DNA % ATzt fis (PCR))

I'I'15 ul 7 0.5X TE buffer (pH 8.0) [Hljfkl NI ?@fﬁpﬁ/\g} 15 554# o
4CTN 2 REES 10 ST P HEIREIVE L 1S ml BORES S T 560 PCR

I SRS PP LRL ) 7 A B

. PCR ’Z/Tgiﬁir[f& (1% g

A W‘ﬁ%‘; DNA 150 ng
ST-GOLD 10X Bufter 2
Primer-Fw ( 10 pmol/ul ) 1wl
Primer-Rv ( 10 pmol/pl ) 1wl
dNTP (10 mM each ) 0.4 ul
ST-GOLD polymerase (5 U/ul ) 0.04 ul
] ddH0 }?F‘i‘ﬁg‘% 20 ul

F”Tlﬁlﬂ [/EL ﬂ%[’ B [TE
(1) 5°-T-USE-S1 5’- ATAAATCCAATAAAAAATAATAAAATCCAgAATACAg -3’
(2) At5g35980-USE-Seq-AS179 5°- CACGAAATAAAGTAATCAGA -3’
I=PCR ~ Tﬁéﬁ’?l’ﬁl 2N Effﬁr\_ o 5 [Efk £% SUPER-THERM GOLD DNA Polymerase ~ 10X
Reaction buffer ( with 15 mM MgCl, ) (Roche » Cat.JAR-851 > Mannheim > Germany ) e

I'] T3 Thermocycler ( Biometra » Geottingen » Germany ) 3%/ PCR ~ /& > ?%Mn :
WRR- 195°C 0 10 534 1 1 IR

WERS 1 O4C » 45 5 52°C 307 5 72°C + 45 F) ; 35 K ITERL -

WS 1 72°C 0 5V 1 VIR

TV 10 Hl E_} PCR Efi:fPh 7 1 % TAE @qlﬁlq%?ﬂ}ﬁ]ﬁﬂﬁ ! J}F’é ig\l %@ﬁﬁﬁﬁﬁfj
FIijElL - Vﬁl A EEHI B o

2§ {7 SR P GUS R 77

1. e [dtSk (Fixation buffer ) » %5k (Staining buffer %Tj’ri%h ) e

i%f'?ii“f"l :

(1) Y&~ M%D“IJ A B well F1AR5 0.5~1 ml [l (1o s e = )

(2) 3HIT 74131/?‘32‘17?[1% (2KUSE::GUS - 2.5KUSE (intact uORFs) ::GUS *
2.5KUSE ( AuORFs) ::GUS) D“R*ﬁﬁf'[ﬁ 105 ff R (1) VU3

(3) 2 1558 » FOAE T N 5 ST 8

(4) PR > 221100 mM NazHPOd%\‘ﬁ% (pH=7.0) BrifE2~3 - *

(5) yt",IOO mM Na2HPO43FL3Tz Ui 0.5~1 ml B4k (37%7& I I s

B )0 AR i

(6) E'J%ﬂ?ﬁ’ﬁ%ﬁﬁﬁf}}iﬂﬁ’ % o fgﬁﬁ” 37°C‘[‘*~’i£“¢ﬁ§ﬁﬁ“%%ﬁﬁ@% 37 e

(7) P84k 20 1] 50 %~ 75 % ~ 95 %V Pk (A-peifsl » IS yufc= 8 ik -

W HIE R g l——ﬁfﬂ;ﬂiyﬁﬁi(ZKUSE :GUS ~ 2.5KUSE (intact uORFs ) ::GUS

+> 2.5KUSE (AuORFs) ::GUS JEffE ) fuiscimgdifl o
20



c W‘aﬁ%%’?ﬁ%‘ﬁ
=~ ACYAKI SNV uORFs Sy V8T 575 1 33

(=)~ BT R IR 4T
EUI i AYAK BLIW SUTR A B[ uORFs RL N EYAFE 378 e 170 5455 » 25 P13
fif * i1+ ( Taisuke Nishimura et al., 2005 )>§*I AtYAK1 ﬁl [ 5’UTR 4 F&(AuORFs FY intact uORF's)
BT ﬁﬁf‘iﬁl[ﬂ (Luciferase » LUC) Vi » 2R MqPe £ BVHE 5 fjiEige= ]Ka’ﬁ[EI
TRV Ef%ﬁ'zﬁﬂwﬁﬁﬂy P N—LUC ORIt (g BT (fRflEA
Tiphs— L h EST R AN ﬁ%ﬂl;@ e I ) intact uORFs #1 AuORFs ¥}l [ﬂifﬂﬁfj
WAL - DI r WORFS SHL MR | FIBEE ™ (- Ffotst - + WERE
VBT R 5V 16+ 1922 24 ) [ORRGIIIVIE T |15 (1S RS BRI
19 [EEL T RIRLE TV IR - v BT fﬂgliﬁﬁ%v ’«HF’?%LIS‘%%;T 16 [ R BBt AT
Fo 5519 - B 57 24 | AR TR REFED B P gl LUC P
Hlib mRNA FURILE ST o [ [T R (q%.ﬁlphl) 1 rilz[[[:_{[ %+ > AuORFs i LUC
3H|$’F“ﬁ ¥ intact uORFs (i’ 4~7 |f| vz Jiiﬁ 16~24 /| EH]:F ﬁﬁj%*ﬂ‘fﬁ%ﬁﬂjf pUtgTp
AuORFs Al intact uORFs LUC Efiifl [ g
=3t » EL&EE*F%AH’?}' P HrEp ZHX S AuORFs f;l ?r'@’ﬂ?ﬁ‘ mRNA EAFf Bl fif 2 A5 > 26 (b
Qr‘ﬂ‘m ,I#l*ﬁiﬂp ¥ total RNA V{2V » =0t bl 5t .#@ﬂgﬁg%&[’ﬁﬂj » ¥ LUC g[ﬂfr%?r
- [EFTERES PCR Mk« BRI B AP ECN [ERHIRRAR S R A
P%_' Q| I%I*ﬁiﬁl mRNA FUFERATRIA B - E“‘E”%ﬁ‘%' (= DI Mp T & i B ™
AuORFs JESF PPy mRNA A2 E ﬁ[ 47 intact uwORFs fHGSE @ » 25, AuORFs §EI)
Jwpy LUC E%E&?F,Iffﬁ,ﬁ? intact WORFs 4% Bl PIHERAY s b o — ﬁ%’ﬁl@%ﬁﬂ% : AtYAK1
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Effect of uUORFs on the expression of downstream ORFs in mesophyll
/ suspension cell protoplasts
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Molecular function representativeness of genes with S'uORFs

Fold representativeness
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Foo | R VBRSPS B USRI -

LUC activitymRNA accumulation| LUC activity / transcript

" AuORFs 2.623979 0.564253 4.650357
16" hrs-11-

intact uORFs 1 1 1

" AuORFs 3.471949 0.696695 4.983457
16" hrs-2 -

intact uORFs 1 1 1

h AuORFs 3.106617 0.624292 4.976227
19" hrs-Df-

intact uORFs 1 1 1

h AuORFs 4.240068 0.620244 6.836129
24" hrs-Df-

intact uORFs 1 1 1

ﬁéf 1) E’l:ﬁ f%{+ ™ > AuORFs # intact uORFs FEG afusy sk if@ﬁ"%ﬁﬁ‘l@*’]‘fﬁ
5 B3P EU%E‘[ ™ - Ewﬁéﬂ@%i“ﬁ'xE'ﬁﬁJEmi@f[ﬁlW mRNA AR BIAVESfil 5 5770 7
HIDRLAY 5= 73 pOATIaf i I 5P = poAtiaffifi i > Bl 1/ f‘[ R PPEfEnsy a5 i
TEIEAR A F‘gﬁ'gﬁﬁ%’if@ﬁ[@*’ffh fill o
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— | 18 £ AuORFs 3 g;azyrjﬁ; VT2 = PR S gk sl JTRER o

Total | Not germ. | Not Resis. Seedling rate Resistant rate
(T) | (NG) (NR) (R)
mutated uORFs #1 51 0 18 100 % 64.7 %
mutated uORFs #2 35 0 10 100 % 71.4 %
mutated uORFs #3 33 0 100 % 78.8 %
mutated uORFs #4 35 0 100 % 943 %
mutated uORFs #5 40 1 4 97.5 % 89.7 %
mutated uORFs #6 30 0 12 100 % 60.0 %
mutated uORFs #7 58 1 19 98.3 % 66.7 %
mutated uORFs #8 31 0 8 100 % 74.2 %
mutated uORFs #9 61 1 20 98.4 % 66.7 %
mutated uORFs #10 | 49 0 44 100 % 10.2 %
mutated uORFs #11 44 0 37 100 % 15.9 %
mutated uORFs #12 | 60 0 40 100 % 333 %
mutated uORFs #13 56 0 19 100 % 66.1 %
mutated uORFs #14 | 38 2 10 94.7 % 72.2 %
mutated uORFs #15 58 0 8 100 % 86.2 %
mutated uORFs #16 | 64 0 19 100 % 70.3 %
mutated uORFs #17 42 0 100 % 85.7 %
mutated uORFs #18 44 0 100 % 79.5 %
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A2 | E(HLPIIED SUTR 2555 ikl -

Molecular Function FJJ SUTRY | {7%] vOREs |5 F FJ vORFs 3]

PG PG P
molecular function unknown 5239 1439 27.47 %
transferase activity 1696 631 37.21 %
other binding 1649 480 29.11 %
other enzyme activity 2173 475 21.86 %
hydrolase activity 1731 432 24.96 %
protein binding 1219 431 35.36 %
transcription factor activity 1103 431 39.08 %
kinase activity 863 407 47.16 %
nucleotide binding 1170 400 34.19 %
DNA or RNA binding 1222 371 30.36 %
transporter activity 870 263 30.23 %
other molecular functions 778 227 29.18 %
nucleic acid binding 549 123 22.40 %
receptor binding or activity 113 37 32.74 %
structural molecule activity 398 33 8.29 %
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(P ]
1X TAE buffer (1L)
Stock reagent Amount
50X TAE buffer 20 ml
] ddH0 %'“Fi?%‘ﬁ% 1L

50X TAE buffer (BDH > Cat.444152D - E'U{p‘d ’ ’F"[:[“" ’F"[ﬁ)

1% TAE 35758 (20 mD)

Stock reagent Amount
Agarose 02¢g
1X TAE buffer 20 ml

}{?]’E?Vi[l H* agarose #5574 ( Seakem LE agarose > cat.500004 > Maine > USA )> " 20 ml 1X
TAE buffer » I'| 545 )12 % agarose 3 = ??T’Ejﬁo 'ﬁﬁ 36 > Fpop 0.8 ul 10 mg/ml EtBr >
[ * 2451481 (short mini horizontal gel electrophoresis system » MAJOR SCIENCE Inc. » %5
SRR DESEEE1c R

LB iﬁ%ﬁﬁ/[}h'?ﬁiﬁ%ﬁl (250 ml)

Stock reagent Amount
LB broth mixture S5¢g
Agar S5g
i) ddH,0 Z FBH: 250 ml

LB broth mixture ( Amersham Life Science » USB » Cat.140058 > Cleveland > Ohio » USA) -
j[;l[ z;, LB i—;ﬁ:{%ﬂﬁ s E[”—T\ ?T%FJJ]:[ agar °

L7 fFrft st g 3 20 ]
Enzyme buffer (10 ml)

Stock reagent Final concentration Amount
Cellulase R10 1 % 0.1 g
Mecerozyme R10 0.25 % 250 mg
0.8 M Mannitol 400 mM 5 ml
0.2 M KCl 20 mM 1 ml
0.1 M MES - pH5.7 20 mM 2 ml
SSTCOMfPE 10 Sh g i > FERIRS Al Fropt
1 M CaCl, 10 mM 100 pl
B-ME 5 mM 3.8 ul
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1 % BSA 0.1 % 1 ml
i) ddH,0 Z FBH: 10 ml

W5 Solution (200 ml)

Stock reagent Final concentration Amount
3 M KCI 154 mM 10.3 ml
1 M CaCl, 125 mM 25 ml
0.2 M KCl1 5 mM 5 ml
0.1 M MES > pH7.5 2 mM 4 ml
0.1 M glucose 5 mM 10 ml
1] ddH0 2 S 200 ml

MMg Solution (200 ml)

Stock reagent Final concentration Amount
0.8 M KCl 400 mM 100 ml
1 M MgCl, 15 mM 3 ml
0.1 M MES > pH7.5 4 mM 8 ml
1] ddH,0 % BT 200 ml

40 % PEG Solution (g/v) (10 ml)

Stock reagent Final concentration Amount
PEG 4000 40 % 4 g
0.8 M Mannitol 02 M 2.5 ml
1 M Ca(NO3); or CaCl, 0.1 M 1 ml
] ddHO %?ﬁ?ﬁ*ﬁ 10 ml

[FLt BT total RNA V5 V]
DEPC-H20 (500 ml)

Stock reagent Final concentration Amount
ddH,O 500 ml
DEPC 0.1 % 500 pl
LA S 3T F T

TS i A

Pine tree extraction buffer (400 ml)

Stock reagent Final concentration Amount
CTAB 2 % 8 g
PVP 2 % 8 g
0.5 M EDTA > pH8.0 25 mM 20 ml
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NaCl 2 M 46.75 g

Spermidine 0.5 g/l 0.4 ml
i) ddH,0 Z FBH: 352 ml
DEPC 0.1 % 352 ul
iﬁiﬁi@a % ?@f%[[ 37 C ™ %Fﬁ?’i

Py

1 M Tris-HCI » pH8.0 100 mM 40 ml

= FE] 0 B-ME = i £ 2 %

(%%i@?ﬁl@ﬁ 7]
1X PLB (Passive Lysis Buffer ) solution (100 pl)

Stock reagent Amount
5X PLB bufter 20 ul
1] ddHLO = Ffi 100 ul

1X LAR I buffer (1 ml/each tube )
Stock =574 5 ot £ F BEA S0 IX LART buffer »

1X Stop & GLO buffer (1 ml/each tube )

Stock reagent Amount
50X ) Fk ST BT 20 pl
Stop & GLO buffer ~1 ml
(g iAo <)
765 F0 e (10 ml)
Stock reagent Final concentration Amount
100 % bleach 25 % 2.5 ml
10 % SDS 0.025 % 25 ul
] ddH,0 Z 5B 10 ml

1/2 MS I’ﬁ?"ﬁ%‘iﬁ%ﬁl (2L)

MS salt and vitamin mixture — &/ ( Invitrogen Corporation * New York > USA ) - I'] KOH
= pHS.7 %0 W= 2L - %T'J‘)ﬁ{i % Hygromycin §:2 AtYAK1 fiA BRI -
EJUﬁ?ﬁqiﬂﬁ,’JE@“ YRR > '(%f]’ ‘(ﬁ ﬁﬂ% T %o F] 0T Hygromycin = i i 5 25 pg/mle
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L5 {Fr /e ACYAKT FAn T ik, b g ]
Genomic DNA extration buffer (100 ml)

Stock reagent Final concentration Amount
1 M Tris-HCI » pH9.0 02 M 20 ml
2 M LiCl 04 M 20 ml
0.5M EDTA 25 mM 5 ml
10 % SDS 1 % 10 ml
] ddH,0 Z 5 100 ml
[GUS =R 55 47]
[di'3fk (Fixation buffer ) (4 ml)
Stock reagent Final concentration Amount
0.5 M Na,HPO, > pH7.0 0.1 M 0.8 ml
37 % formaldehyde 0.1 % 10.8 pl
100 % Triton X-100 0.1 % 4 ul
100 % B-ME 0.1 % 4 ul
¥] ddH,0 %{Fi’ﬁ%ﬁ?ﬁ 4 ml
YUk (Staining buffer) (4 ml)
Stock reagent Final concentration Amount
0.5 M Na,HPO, > pH7.0 0.1 M 0.8 ml
0.5 M EDTA > pHS8.0 10 mM 80 ul
100 mM K;3Fe(CN)g 0.5 mM 20 ul
100 mM K4Fe(CN)g 0.5 mM 20 ul
20 mg/ml DMF 7 X-Gluc 1 mg/ml 200 pl
100 % Triton X-100 0.1 % 4 ul
] ddH,0 Z 5 4 ml

17 KsFe(CN)g » KyFe(CN)g » # X-Gluc [ 4 i
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Abstract

Protein kinases play pivotal roles in the growth and development of eukaryotic
cells. Yakl-related protein kinase is a kinase family present in plants and is conserved
through evolution. Defect of this kinase causes the minibrain syndrome in fruit fly and
the Down syndrome in human. Interestingly, bioinformatic search indicates that
upstream open reading frames (UORFs) in genes encoding Yakl1-related protein kinase
are evolutionarily conserved. Since uORF functions in the regulation of translational
control, I studied whether the uORFs of Arabidopsis thaliana Yakl-related protein
kinase, AtYAK1, can regulate its translation. My results showed that mutation of the four
uORFs increased translation of downstream main ORF. To further evaluate the possible
impact of uORFs in translational control, I performed bioinformatic search of uORFs in
the whole genomes of Arabidopsis and yeast. The results showed the existence of
uORFs predominates in genes encoding protein kinases, indicating a general
translational control for regulating the expression of kinases. Possible molecular

mechanisms for uUORFs-mediated translational control will be discussed.
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l. Introduction

1. Background Synopsis

There are approximately 26,000 genes in the model plant, Arabidopsis thaliana.
According to the central dogma of molecular biology, through the process of
transcription and translation, a variety of proteins that differ in functions will be made
from different genes. In an ocean of genes, Arabidopsis thaliana Yak1-related protein
kinase, or AtYAKI, is the first DYRK (Dual specificity Yak1-Related protein Kinase)
family member identified in Arabidopsis and exists as single copy gene in its genome.
Although it is such an unique gene, the function of this gene in plants still has not

been thoroughly studied and reported before.

The homologous genes of DYRKSs are distributed among different species,
including the Yakl in yeast, mnb (minibrain) in fruit fly, YakA in C. elegans and the
DYRK1A/B/C,DYRK2-3,DYRK4A/B etc. in mammals (Becker and Joost, 1999;
Campbell and Proud, 2002).

The DYRKs in human beings have been widely studied; there are seven
isoforms been discovered to date (Campbell and Proud, 2002). Since the gene
DYRK1A is located on the 21* chromosome, overlapping with the abnormal location
in Down Syndrome patients, it is possible that DYRK1A may be responsible for
incomplete development or retardation of the brain in Down Syndrome patients
(Lochhead et al., 2003). Compared with mammals, fruit flies lacking mnb not only
are affected in nerve development but also have a smaller brain than average wild
types, thus further affects the fruit fly’s learning abilities and causes behavioral
defection (Tejedor et al., 1995).

2. Motive and Theory

Since the bioinformatic analysis showed that most of the 5'untranslated region
(5'UTR) of Arabidopsis mRNAs are shorter than 500 bp, whether the 567 bp long
S'UTR of AtYAK1 has any specific impacts on gene expression is investigated.
Interestingly, four upstream open reading frames (uORFs) within the 5'UTR of
AtYAK1 have been identified. If uORFs are recognized by a ribosome scanning the
mRNA, translation will be terminated at the stop codon of the uORF(s), and
translation of the downstream main ORF will require translation re-initiation.
Translation efficiency of the downstream main ORF can be regulated by several
mechanisms, including modulation of the efficiency of re-initiation, stalling of
ribosomes due to inhibition of elongation or termination of uORF translation, and
exposure of an internal ribosome entry site (IRES) by ribosome progression along the
uORF.



Since an uORF may regulate the translation of downstream main ORF (Fig. 1),
this study focuses on the involvement of the uORFs in the translational control from a

single gene to the genome-wide analyses.

A. , 80S
m'G 5'UTR

(-uORF mRNA)

m'G

O

(5'cap)

Fig. 1 Current model for cap-dependent translation initiation with (B) or without (A)
uORF. The main ORF (red) and 5" m’G cap (blue oval) are indicated.

3. Project Goal

To investigate the functional role of AtYAK1 uORFs and the generality of uORFs

in the translational control.



I1. Materials and Methods

1. Organisms

(1) Arabidopsis thaliana
(2) Escherichia coli (strain: DH5a)
(3) Agrobacterium tumefaciens (strain: GV3101)

2. Arabidopsis Reporter Assays

2.1 Promoter GUS assay in transgenic plants

Three variants of AtYAK1 promoter region, 2.5 kb (with wild type 5'UTR), 2
kb (without 5'UTR) and 2.5 kb (with mutated 5'UTR), were fused to GUS for
promoter GUS assay, respectively (Fig. 2). GUS only and 35S::GUS plasmids
were used as negative and positive control, respectively.

400 bp

—

2K fragment &’
_ Agr 5"UTR (567 bp)

-~ a1 Wild type 2.5K::GUS
L - i 1 '“:h
h'—'
4 uATGs
2K (5'UTR deleted)::GUS

{, S
\ no 5'UTR
S Mutated 2.5K::GUS

cus Mo | =H

S\ 4uTTGs

2.5K or 2K::GUS
/pCAMBIA138 1z

Fig. 2 Constructs and plasmid used in promoter GUS assay. The mutated 5'UTR
of AtYAK1 was constructed by PCR-based site-directed mutagenesis.

2.2 Transient LUC assay in protoplasts

Wild type and mutated 5'UTR of AtYAK1 were fused in between a 35S
promoter and LUC (firefly) for transient LUC assay, respectively (Fig. 3).
35S::LUC (firefly) and 35S::LUC (Renilla) plasmids were used as positive control

and internal control, respectively.



120 bp

—]

5'UTR (567 bp)

/
35S ’ ( 35S-5'"UTR (wild type)::LUC

4 uATGs

35S-5'UTR::LUC

/pID301 (Firefly)

35S-5'UTR (mutated)::LUC

\ 4 uTTGs

Fig. 3 Constructs and plasmid used in transient LUC assay. The mutated 5'"UTR of
AtYAK1 was constructed by PCR-based site-directed mutagenesis.

3. Bioinformatic survey of uUORFs

ActivePerl was adopted for scripts in performing the investigation on uORFs
in the transcripts of Yakl homologous genes in multiple organisms, and the

genome-wide analyses of 5'UTR sequences of Arabidopsis and yeast.
3.1 Investigation of Yakl homologous genes

The original S'UTR sequences of Yakl homologous genes were downloaded
from National Center for Biotechnology Information (NCBI) database.

3.2 Genome-wide analyses of Arabidopsis and yeast

The original 5’'UTR sequences of the genomes of Arabidopsis and yeast were
downloaded from The Arabidopsis Information Resource (TAIR) and
Saccharomyces Genome Database (SGD), respectively.
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I11. Results

1. Promoter GUS assay in transgenic plants

The results were shown as below in Fig. 4. The photos of leaves and roots were
taken from the seedlings under a high resolution microscope. In the results, it is clear
that when the 5'UTR is deleted, we can see strong GUS activity in the 2K construct,
especially at hypocotyl, vasculature and guard cells, while I can not detect any GUS
activity in the wild type 2.5K construct. However, when the uORFs are mutated, we
can see blue color again in mutated 2.5K construct in the same tissues as in 2K
construct. This indicated that mutated uORFs can restore the expression of reporter
gene and AtYAK1 might be predominantly expressed in hypocotyls, vascular tissues
and stomata.

5'"UTR (0.5 kb, wild type)

(1) wild Type 2.5K::GUS

Seedling

V)’ No detectable GUS activity

(2) 5'UTR deleted 2K::GUS — 0K e GUS  —

Seedling

hypocotyl

';' GUS activity (++) detected in hypocotyl, vasculature and guard cells
(red arraow).



(3) Site-directed mutated

')' GUS activity (+) detected in hypocotyl, vasculature and guard cells
(red arrow).

(4) Negative control GUS only GUS e

Seedling

'f' No detectable GUS activity

(5) Positive control 35S::GUS GUS

Seedli n‘ Leaf Root

Wé GUS activity (+++) is ubiquitously detected.

Fig. 4 The uORFs in the 5UTR of AtYAK1 abolish the expression of GUS in
transgenic Arabidopsis.
10



2. Transient LUC assay in protoplasts

As we can see in Fig. 5, The LUC activity of mutated uORFs construct is about
4-fold higher than that of the wild type uORFs construct. Moreover, The steady-state

LUC mRNA abundance derived from both constructs is comparable, indicating that

the increased LUC activity in mutated uORFs constructs is regulated neither at

transcription level nor by mRNA stability, but more likely at the translational level.

A
5'"UTR (0.5 kb, wild type)
: Control
Firefly LUC =" (wild Type uORFs)
.~ four point-mutation sites
- Experimental
B. Relative LUC activity
0 1 2 3 4 5

Wild Type P4

Relative LUC
[ Relative LUC mRNA

Mutated W—l

2 3 4 5

Relative LUC mRNA abundance

Fig. 5 Effects of uORFs on the expression of downstream ORF in Arabidopsis

protoplasts. (A) Constructs used in transient LUC assay in protoplasts. (B) The

LUC activity and mRNA abundance, respectively, normalized to those of the

co-introduced Renilla LUC gene, at 24 hrs in dark post-transfection.
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3. Investigation of Yakl homologous genes

Fig. 6 shows that uORFs are prevalently present in the 5'UTR of Yakl
homologous genes in multiple organisms, implying the existence of an evolutionarily

conserved translational control for this group of genes.

Tobp S/~ ] HAVAKL (A thallang)
5'- —
- ——{—FIH T D] — 1 b (0. melanogaster)
§'- 1 H—— —{oyi2 (0. melanogasier)/

——S'UTR 5'- —— [ [TH—{Dyrk3 (D. melanogaster)
' <[TT T —{dyrka (0. rerio),/
[ ] uORF dyrk2 (D. rerio

5'- Dyrkia (R. norvegicu
Umain ORF 5"- H{Dyrk1a (M. musculus)/

5'- H 100490602800 (O. sativg;/
5'- —H{DYRKIA (H. sagieng;/

Fig. 6 The spatial arrangement of uORFs of Yakl homologous genes in eight

eukaryotic organisms. Gene name and corresponding organism are indicated.

4. Genome-wide analyses of Arabidopsis and yeast

Our analyses showed that 5,152 out of 16,840 genes in Arabidopsis, and 885 out
of 3,266 genes in yeast have one or more uORFs in the S"UTR regions. Such result
indicated that uORF is commonly present in both model organisms (30.6 % in

Arabidopsis and 27.1 % in yeast).

When Gene Ontology (GO) was assigned to genes containing uORFs in both
organisms, the frequency of the uORFs was apparently higher in kinase genes than in
others (Fig. 7).

(A) Arabidopsis

60.0 %
50.0 %
40.0 %
30.0 %
20.0 %
10.0 %

Average 30.6 %

1IIITITE

percentage of genes containing uUORFs

Gene Ontology (GO)
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(B) Saccharomyces cerevisiae (yeast)

o 40.0 %
L ° Average 27.1 %
S 300% |
=
£ 20.0 %
©
€
8 10.0 %
g 1
g'{’ 0.0% | \6\6\,,\6\&\,,\%\ ""&"-Q)—"%"@"é
5 5 © @ .
5 . \A\ @ x%% 6\‘-0%@&%%\%%% N &%“:’ &‘Q ;b‘b'% F&\Q@a &Q'\Cjb%@&%’%
g O VS TSI LSS IS
g IR N e’ TEST
c (OQ)OQ ‘\\‘ é@\@ Q’Q&‘bﬁ
3 &0 & S &
g\ S 3 & ,&%c}&
K
<
5
@9
Gene Ontology (GO)

Fig. 7 Putative functions of genes containing uORFs in Arabidopsis (A) and yeast (B).

V. Discussion

1. Higher promoter activity was observed in the 2K construct than that of
the mutated 2.5K construct in promoter GUS assay. Two possibilities
are:

(1) The region covering -567/-1 (relative to the translation start site) in 5’UTR of
AtYAK1 may mediate translational repression.

(2) In addition to uORFs, other regulatory elements may be present in the 5S'UTR
of AtYAK1 mRNA.

2. Through the bioinformatic analyses in Arabidopsis and yeast, the
highest frequency of uORFs is present in the group of protein kinase
genes. One possibility is that protein kinases are signaling molecules
which require a more sophisticated regulatory mechanism in order to
act more precisely in response to the environmental or developmental
cues.

3. Mechanistic models which might account for the uORFs-mediated
translational control of gene expression are shown below (Fig. 8).

13



m'G
~ -
(5'cap)

Fall-off B V\I:I =

Fig. 8 Possible mechanisms for the translation of main ORF on mRNAs containing
uORFs.

(1) Specific regulatory proteins are needed for ribosomes to scan through
uORF

(i1) Specific regulatory proteins are needed for disassembled ribosomes to
re-initiate at AUG of the main ORF.

(ii1)The presence of internal ribosome entry sites (IRES) might promote

cap-independent initiation of translation.

V. Conclusions

1. uORFs in the 5'UTR of AtYAK1 negatively regulate the translation of
downstream main ORF.

2. Genome-wide bioinformatic analyses imply that the uORF might
generally mediate translational control for regulatory expression of
genes such as protein kinases.
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VII. Appendix
1. The original sequence of 5’UTR of AtYAKL.

5
aaaaatagaagcaacatctgttttaaaaaacacattgcttcaaaataataggaaagtacaaaatattagatttaactaaag
atattttaaattaattaaaaaagatatttggattatatgataataaatccaataaaaaataataaaatccagaatacagaaaa
aaattgcaagaggggaagcagaagaagaaagaacaaaaatcaggagttggcattttgaagacgaaactcatcatcat
cttcttcctcagacaacaaaaaaagcttttcactttetctccacccttetetetetecttetgaaagtctetetetttgecgteg
ttagcctcttcctacacttggggctgcgattcttccaatectecgatttcaatttcatectctcaatcatagtttgaaateate
gagcttttacggtgctgttggtgtttgacgccgtaaaattcgatccttttttatacatttgttqttgattttatcgatag@gtg
agatcgattttttagggtttcgagtttggcgctgacttgagggtttgattggatgagaataaggggttatg g_gacttq%‘g
caattgggtttgtctccctaatcatcgcaaattcctqaactcagctctttggaaggaattaggattcgttgatttcgagtttt

gtgttgtgttggttgatqagagagttgggtttggtcaattqaggggtttaggtgttgttttactgttttgattctgatc

-3'

Black: Part of 2K fragment. Red: 5'UTR sequence; the four uORFs, starting with
atg are underlined. Sequence of AtYAK1 main ORF coding region,
starting with , Designed primers for site-directed mutagenesis (see Appendix 2)

are indicated as black arrows.
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2. Procedure of site-directed mutagenesis via PCR to construct the
mutated 5’UTR fragments.

1200 ATG
| — f—— 2.5K::GUS
-2583

0000
TPeT

Spel [
T, o e
VHIHTwe 1Bl
VI R
-208,-192 -80 +8 @§§
Jvewm=w
@Spel = BolII
= ® @0 @
VIl —
-1176 -286 -208,-192 -80 +8

®9

Q@ ® @ and X stand for the point-mutation sites.

@ —— stands for the specific primers.
I ~ VII represent the PCR products for each of the consecutive experimental steps.
The black and orange lines indicate the DNA templates. The black line is the expected
fragment of 2.5K; the orange line represents fragment of gusA. All gel electrophoresis
figures on the right panel showed the size of PCR product obtained in each

corresponding PCR reaction.

Restriction sites used for subsequent cloning were also shown. Size bars in bp are as
marked.
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