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Figure 1 shows that TPP aptamers are conserved and widespread in plant species.
(A) Alignment of TPP aptamer sequences from various plant species reveals high

conservation of sequence and structure. Nucleotides forming stems P1 through P5 are
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0. 0.01,.0.01, O. and 0.01 for the boxe ase
Noﬁ'gg @ PIS Sﬂfﬂéafp%% fnéhtﬁa?qu@maﬂemreﬂeetSrth@mobam hiyifosthe
occRRENR Jri bdxle@ bReGhirk e‘?hé’? Q}%lu@f gl &1 3.0 0% @ﬁf O“?'l_| ﬂz{ the

conserved. (A) Oganizatton o the 3’ région o
boxgé hess rsurd nmléaueuRﬁ@dem rfeoms ¢api tptbottyme Shampevadients D&Y, 0. Vhgeand 0.1

or B e B P 3 s el B B RS S0 0.1 or
boxeQ B&e1hd8 dhRPT/ sképg BRBHEPEE 12 m. THR 1Ak £KAILM.4150.01, 0.01,

fol |l onwed b%/ an intron (except in L. escul entum where
0. 01 r@@d Ot rignthedoxpdbase pairs mfb@?és@ny fiom eftomtigf t he

t r rid é %O{IIR)WSM]& ?1{13 z{rcchlEeXtrl)llré:s l#i]%%" ilfﬁgs a{rQ coarllslerved. (A)

Organization of the 3" region of THIC genes and derived transcript types are similar. The

first box represents the last exon of the coding region with the stop codon UAA depicted.
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types (I, Il, 1ll1). GUJ and AG notations identify 5

and 3' splice sites, respectively. Thick [Iines
woovsasmss 1 t hrough 6 designate six regi ons of PERMBES2008/065112

transcripts whose I engths were analyzed as described

Thé E‘toﬁ B%dorﬂ@%lﬁgvéd' ihf2oh @Eﬁ)et ?r?k' ecsczylgntgven Srgzg% nﬁ{an is

di anond y present ranscri pt
locatied emm(e@)ateﬂ\turrbfecvrg ob fherstigl @dbij @didhris tﬂ‘p@:all&@ﬁﬂl&ﬂSn all transcript

A e si.ml; ngst seven | ant
typgs Qt. @gl) Q’H( ‘%‘t‘g‘é ReRUARY el?@m% g@b? owlige ijegi iesnestivale. Thick
lind dﬁnﬁﬂi fddciedhtrgh faf
in sC it (CZR A (lﬁil'gf I‘E[%e{s Ig%ﬂt% gfx' %%né)gf R t?z[n?&ﬁ(})té @Bﬁé&ggngths were
anaé)ézﬁg ,aggl@s@an i (Bl ]gashpd limgsrindicast dp;hcmlg gventsyapeé thd dilhNésd
X ned cts wer e
o e A A 8 T BT L8 P

re gmlns defineded (Ay aﬁtshhddrwmdﬁggrﬁb% $lhdispedics. RREstMeed bars for
m.nation. "M de5|9nates t he mar ker | ane

roglo ARG ARl e 00 0 Basenpapt dilereot Emeies (CYTJR
D B R e DO A A e R85y

type iTRNA§ irt glb@emeaaxhnhlhbd WBCR(@dMs@@RseM&Q&PQ&ﬁg A
RNAs from A. thaliana

S RAS SRSBPATEN A HEURi7p4 by Eichvae hppmide st g iy
illut$redioh OM’RJes\iQfafés@@ Ydrkef BREOCMANR ﬁ%‘fﬁ{]ﬁs ?f RESAENG al(I)‘f

specific ﬁflners hat bi nd near anno ed en

1ncrmp@s< DN RERCR aptivtis wascailutthé uﬁngi theahme hEN&{H a%rﬁ%éd in (C)
t

Wltl?#l‘l%ﬁ%&%%{lg%lé)rn AR ol BB S e BN o (P RS CR
produers 6fd" Uaacfrdra Bypesl nd IH'IQ\IMOWJ WMo, %ngf%‘eﬁlerated with

transcription as a tenplate source. Figure
differgnf Rirpyipers: Rrgers Lﬁ?d forgeks wereqbyld rafidofrelnemtiess ctr(Sequence

spe%ﬂﬁ?%@?rss tf’vhvatsbtuléﬁo u[}}e ag}{gtlatséﬁlﬁpq:of ?’ /QE(? Q,ﬁdl(t%do(\y]l)lsggelﬂ of the end
of therppitanaerostaeti dugmsgeamms §20its déhwRkBeemYT tH@E‘QidLHPthe aptamer) as

ted with O, and.1 nMthiamn. Total
lndlﬁlff)‘g&\?"rrﬁﬂ &“E?%?Ssa COREF Ok@é‘éf%ﬂtl@lfgg thg BBEA without rewvedsel thanscription
as a RSlateebercdet ected using different primer
conbi nati ons. cDNAs were generated using a polyT
pr iFrgsire 3 shownthdoRt He kamseript tppm reigpload tiftsterafy tb ¥Rhges in

ess d.for each riner
BRI N G R GG M r—
front M tamlza’na @wmge@am@fdrqn daw&ﬂm@@ihﬁbsupﬁgln%ﬁt%d 0, 0.1 and 1

%g ages fromthree independent exper nts ror
mM phipriny d 9fal JEHE t@ﬂ%ﬁkﬁ’éﬁr@ddemratﬁl}’dmpesaBﬁ aNd H mm,«ns 'bhmtdetected

s fromthe sane npl es
B Lt e
randamdlexamaﬂsfmentbtmbn of Wp@b%\lf’@d Eﬁipfégs@ﬁ)wh@ﬁmﬁﬁ‘ﬁk&gfor gach

n of THI C, the extended 3' UTR of types |
pnmﬂ londp the waliomessyrediisiggredipn vetbrphianthe SI gnal

suppﬁneﬁﬂti@n%}%ﬂgﬁrs@r@aluéshﬁ%vérg I?fotnz éq%ge 1n§%%Rd<§ﬁt§ﬁm§$£nepts

robe r

and eOrPETALUITOBS dtamETd tllSZﬁlﬁlﬁll OBpNdiZzhera bibt exNPS4I6 €T O'rfﬁanscnpts
or

xt end a npared to 1 day exposure
from\'{ﬁg‘ safil A Gf%?rci%cérgaeg gAh%ﬁ\ g@@a%ﬁy\ggsslo@edtmélane and
analﬁzle&ﬁsﬁg Ipﬁfb‘é@ Bindfigft6 eeScolingt B BALR THICALEBALL R 3° UTR of
types I and III RNAs, or the control transcript EIF4A1. The signal of THIC probes are

shown in the size range between 2 and 3 kb. The 3° UTR probe resulted in weak signals
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THI C transcripts fromA. thaliana. Seedlings were

grown for 14 days on thiamn free nedium and
wamsaspsent | y sprayed with 50 Mthiam n and 0. P&I/D§2008/065112

m-1 Tween 80. Control seedlings were treated with a

an@&lﬁéﬁlhr@ RinfeORAPdxriagd M X%ygvé%ﬁ@n%g to ‘IQ"%Q‘@ te)ngPsPre tg{:ﬁ;e Ogsr

coll ected after 4 h and sub
proggsal (B iaR T-PEBuntlysie bf FieltiGie-depandat EfitSs wethBindh Ale¥aRdt on

N 8 e SV B b Pt L
medapl arfadubSueitly shrAH WitORE MR BT afin aR. 9!§§nsgaiglﬁldTween 80.

averages fromthree i ndependent experi nent
Copfzelscodlipge wern tr@t@ﬂ@éﬁ g seletivratantaining EB)y Reteantd0v Samples were

clSPRRRE 1 ) U8 T Sy SERSSEAEL, LNBERalaruc

trarsOEtK Gtte @Eng&emorrpcpma lgbidR@ed WA D1 dyﬁ%ﬁéﬂ a{ﬁ%onﬁ@ﬁz%d to
r own %%r 12 days on thiam n free nedi um and anounts
theg{ lug picthe capfeql IS?IBPIG\? yibgut applieatign off sln@umkiypqﬂarar@cmalues are
va ues for the WI
e SRkE ) LIS RS AL S PR S ion

(D)d?tqlairvemhmsges epthedevdls of A CatRaREGhtd@ds 3 wdla-tyhd OMT Parth
UTR of THI C causes reduced gene

i bt ho  ersBR BBropHoUa PR OX. bt om DIy Secdlings
WwerS@eRRe ) 23&1?&1515 Hﬁﬁnlmlm&ﬁur[hla@d g gufﬂ??f‘%tr}al}scﬁpt types

generated after splicing in ype
werg lgadlyzadb y GEGPOB. Nt wae nam:lahz%d)o theivalues RRdiROW T samples and
P2 identify nucl eobase

reﬂ@qn Yel &9 gesq‘reol% g}rs%repr‘gat?sh gvltgre g has r%gs'gpql%galgifgfcbﬁ@rlatmn

Bl atkubaxddws tak aRtlbRes f
eneglfl;\t e rru\tNant s M lggﬁd MI\/ERt% Iggiﬁlggglgseg d?ﬁ%ﬁ%’%x?rﬁismn

g
indgpgnqent gf FrteBPmynetinal 4) §eQ§md?m?F8trubuumjmn@sl oy theEPP aptamer

te
SRS, BULOTEG 0B 16,10 e 05 LB S
31).dGgesthadnl mcldmtl%ﬁ&&teﬁils K1Tand, Pléﬂflﬂfﬂl ?ﬁcl@%fagé Bhanges compared
I Tes an wer e

di gestion al $< .
to ﬂ}ipg}ﬁn}afl npspli %&W&B‘I Béar‘r‘ tbﬁéewoé@tléhbwela&te(e@)as slfa®n to
néth@tm t
gendPh@tmuthMgi Mlaﬁﬂd"MZ tf?aq BBk (ngn ine rpgltnig GRalysis oBEPP

Spontaneous Yy cl eave Ver sus once
blnd‘u@g by thesplidedaapthn®eridepic®)l in (A) LhnesvhdlodeERNAGISIded after no

reacfipR YR} 8t s rStion SGR KNase Rkl TR aselrpriondisastcanmith
alkaBf"OM ) Si16O Uiaf@2 WE8E QihnAfied id &Eﬁb%ﬁ%ﬂ {t'ﬁ%'lﬁf ea[s%ﬁ%'rnufé)t JGPlot

Constructs ML and are base
indigatipg pip@gonr@uzedCMQn of RAA spontineausty dbortd viersug dk.

ntai,ns t n rted 3" UTR sequence_ of
conhal ot BORLE o L8 T ot on S r orc
consamats yzeidining tha 3t UARSs N i tiRNa oPRNRRAR fﬁ&fa to the 3" end of

é&gesm on assay and val ues standardi zed t
the cogingpgien eéﬁrqﬂy Ingifosass (GERD Fansircre M1 4ndl. ME)&parlmssd omthe 3’

T e onst r u ng t he
U w\@ﬁﬁp}gﬁg?‘h‘{& guttc%nkﬂﬁthfe @{t V&]W%We&r}elgﬁav@: lgl]és tains the
anetthd é eUTRrsdﬁmmnel efitonexpe ruUmmm M BREpbAG &Mtﬁfctmr% analyzed in

i ent st g@%ard devi ation. (E) gRT-PCR 8
a trang i e DRI O GEPISEEAM Esaysing Yadues s@nd@d;zpd toa

coexbﬁl@ﬁdtlﬁ&fd‘rb‘s% RS frBHlaRen?l?cﬂ é‘i?(b%s&?xﬁwgs né&%?%?% to the (lee

from ei
cons‘géﬁtqqg‘mran@th@ No TR oftype HRMeAsDan showa ateradsi v%ﬁies ofthree

independent experiments and the error bars represent standard deviation. (E) gRT-PCR
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expressi on assay. Expression was standardi zed to a
coexpressed DsRED reporter gene and nornalized to the
W@ 0ustis0884 s containing a type 11 3' UTR Dat a BODWA2088/@65112
mean val ues of two represent ative experinents and the

RYHObF t
O DL e E Rl AR B HRte S PR ol TG Bpgafiidifionas
froﬁw@ﬂmsﬂa‘%h&and (Aeneif /8. rlrmdzaﬁuartaf(albl) afler dxipReSioR X4 88:5idiy
a reporter _fusion of the conplete 3" region of AtTH C
XIFERSER Tt RS Taaih WP @ CaBgErSEbDaRBD reporter gone
and ﬁtﬁﬂﬁﬁ&&ﬁto%é EorsHEtPESHALRS o tPpe MBE BITRODakd sHiRn
uppl enmented with O. OZ%tﬁﬁ%a&\lmg}%e E@P§P&or%sceﬁag%mﬁ%%
vala@sgeféwe depgesengitiie exy@rimentsreahd 71z drrafbasyreBers standdrd dev1at10n
tre e ent ati.ve set .of dat om t
e BIlTES oIS LABAREE TN B HiudRh fPindlt 7y e Rismotaoty
traﬂsﬁaﬁﬁﬂ A tiihaas (hnésf @(?S@Qlﬂg @ répotr fulsBh o S18E 30 R ofdn of
P.fl uorescence | eaves depicted in (A at t hr ee

At Tﬁf §efuﬁf‘é*1 tathe 3 e of g&trd Werﬁwbsce:md and éncabeted vitbrtes petivdes in

h | eaf
TR T A N T
0 hW|8 h.ead 2 h 4fey ondel oPCHtAR| P8 feprédbnth@¥cdet BRI BBE three

THI C ranscrlgés from | eaves incubated for 72 h in
repGass ShewnAng 385 nymbessidentifydifferen lseves fivumens tiassgenic line. (B)

u reHipsch t C C
QuERIRH LD RiorBleh X AR ks AETAEEHTR) ol AR hEho R The
datzgaam:ﬁsetg aviiakel ﬁsol&ﬁ@neﬁ/mtealgleys arffd wandafdodavidtiod Epesade Maf, The

1 aﬁ?eﬁ nts u3|bng {a%e@ent tr ans en| c lines and error
ployaliosdqpidls avessge bagker MYESPFaRE VY T deaves (&P 9BERPCR analysis
of (BRREGSPSna THICT f85@HH:s BomWTRSs AlouEfE R HQ hihwater or 0.02%

transcript types fromA. thaliana reporter

thiapyip, nBﬁ@iCﬁﬁh%IQOlgﬁ-‘b\mrel stanglivdizzl searc mtahal refergeataisscript and

norf Gh A Dara iR ARRT) Sl Do Bl Rt R ERizes hom
four llndép:hndglt ekpd‘rﬁﬁerﬁs?ﬂsueg diB@Zenbtrénsgenio sihéLaN Rfor bR r@;ﬁ@isent

dﬁi?we aptaner) were used as indicated. The forward
Stan,siali @tighr EDAPEN-PER apalysis pedidierrndp” URRS of E6H Pesnd i FOIC

trants(t}gart gﬁ%& {ﬁ%gf 1? gt'\ilzg?%rng re‘;g:éo tllallﬁ{ntlﬂan? -élrill gn {hreI a%h tr)&? oﬁ,e

exogdDous thifroimp FoxgmﬂNAt generati@y Iaqml}ﬁZﬂnrﬁéﬁ raﬁdmﬂiekﬁﬁﬁ’s of two
CR products wer

h d .
dlfférglgta&gfz é%ec%pr\;pgp élplgglrgg %%er%% OF BB atsjdewnpiseam of the end of
the 108G Ed) Rcr®sefas Eﬁ(ﬂéﬁ“[&i Zhe Mrilgsd HIALE Srekd! e%r ifﬁgth%_:{%ﬁ'(? 3f the

contai ni ng DNAs of 100 base-palr |ncre
last exetl efdhe soding U?rgl(motif K@aR (lethhoruBA K (righe), Rhlékew thB@vierse primer

reverse ransc n as a tenpl ate_sour
was f‘ietéer ae% rlgfg BRI {I3kor holggﬁiggc%s fcha %tm%%ﬁynsltrﬁgrp&ﬁ the end
of tHeQdptOMdrng). tHEP@RQﬁo&Q@@Weﬂé REPIrhES Qnd)‘{?ls&fl)llzé& £described in the

respectively. The | owest band in the polyT reaction
desqriptiprpt Figatd 2- Mﬂﬁeamaémhe fnad@r lapas efntaiking DY eof 100RMAS-pair

mchg%‘\ﬁ% ?géngﬁ 113(?]1%%%;21 %J sthl:orl%Sen mgﬁ %@T ﬁ%‘ﬂgtprg‘é‘?rf‘? c
trana:mphoﬁ BEatdngriataSowrod fIJr Ir Jfﬁd Diepedsenntite [RIAS QHUERE LR Gream

.. of RT- PCR products. 9 WO 2008/ 150884

inteopelelostighs goe adon ysplied o6 selirsderesnretiedly Btedowest band in the
lyaeadiRn ifvik Alet:A

pe Second arly S)taltreu c{t@ﬁfogﬁ ?r{i)l gﬁﬁéa\ﬂog %2 (Je%gn%d 2! Mﬁﬁ)w%pqlﬂg primer

remaipmngrfeom fheddil reactidralAdditonal unmarked bands correspond to nonspecific

amplification as confirmed by cloning and sequencing of all RT-PCR products.
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genom ¢ sequence and located in the 3 region of TH C
that was fused to EGFP (SEQ ID NGs: 32 and 33). Bl ack
whoeoosdsmssc] eoti des were altered as indicated tBCT/US2008/065112

generate mutants M, M3 and MA with inpaired TPP

bi of E B fl escenc,

ek 508, 8 PRl Bt o0 oY PRES R g e
Secoagury tsmictm@ﬂﬁdidelu aiidseqaercaiof tHeEQW Ehﬁﬂ/ﬂbtarﬂﬂtMM thallana

sequence or ated versions

conppy SRR Enee et e qe at GeaR DR RN Wa fies HGFP (SEQ ID
NOWZea{ndoﬁ) OB@%?(%BQ&MC%JM@ES \zgre?ltpl%ﬁg dﬁéaﬂe‘&rtﬁ %?Ig%&tg mutants

anal ysi s. ues are averages ron1a east
M2j Miemd idé mtitherpeirechEPR bindgign gBYQifustitatiin o tEGEFR Qmmesz:ence in
Err r bars.represent standard deviation,

ey FOBLA A B T O G R SRS 4 AP IS ON OB s WT

aptdmierAeqidnaé bamatatddanRsi@fsMaNI N3 d8s 844, peshds Qve@cB%xmsed and
Transcrlgé anounts (standardi zed using a reference

incyhatadswith el prieles nbwfan PrALR% @namrraﬁws 2 hpefoab (noeseece

o Bt SO SRR R A S RGBT

trank $S Ged3l Brrbi BeS repkeise@istdddi deGRiies eg@) qLRJT P@Rraﬁﬁal ses of
deviation. (D, E) RT-PCR anal yses of
EGER @ndr{[#¢C {rapsr&ipf ppoents iofn thelianaliegnpfarmants émﬂlwdmr(B&
s were
TrattciBe s QORINRIR0 Wb 2RI BOBRRT Rl hmatigash o

transd:mmraumﬁﬁncd%@rwmdrqaradmemple@emum b@@@ges fiotn twd'® BRd
he | ast exon. of the coding reglon of EGFP or THI C,

1ndeé>ﬁ GO, EXRECARENLS H}g qﬂ}gpren(,\;é@sgerb% 1es. Brphiars yepyeset standard
I
i A ROEPRICICR SS9 AR MR o .

thalpallartmnsﬂérrgamew‘r‘thsmammmméz nemaﬁﬁsﬁﬂmﬁnalyieewd gdiformed as

descgtlljrﬁg & &9 éfels]%g)ltlo ?F Wép% dlcsgg %%g}%gqiw;ﬁg h@nl\lle\)lo gous to
the édiPsXth@nkt dx@h off (iR Jo@fr@&%%@ﬁ‘ of Et?FWr@HIZP&hd the rK¥ye p'r:‘ﬁ{er
in-line probing, a | abel l ed RNA starting 14 'nts

was oty learmer (LR complsplantey &1 2 we(oAD | amadewpemaii g end of
the%ﬁﬁnéwﬁﬁt §$&”EQQWIEHNQB aper  (nucleotides -14-261)

ncubBated in the absence (-) or

pr ésgrre € shows thefmeBadvbnh BIPridosvitdhefufi@founl ih pDts. (A) TPP causes
spontﬁkfous cleava e products were separated b

changss JuRNgY StFRchie 5%ﬁr ethect splifgsitesiiich Wﬁméﬂéntef@%thﬁzlfﬂ@latlon
of mﬁ%@ ﬁwRﬁAg ?é{]ﬁglﬁ%ﬂ drbi E%\'aa @ 37 1abé1Téd>@gﬁ &?ﬁ’?‘%“ n

he grap epicts relative nS|Fies
upstigant dfighé &hedice nité Cet end ex;iaBbhnga(s thep¥aiend oothe APErptater

GBI o Ry SR Mot
of I@HM ?PP'aQ@%e@E&Iﬂ%%H?ane&!s ?etagcfth%ﬁrgéuc C\Q&B' gﬁ?ﬁ%ﬁ)%

nucl eoti des are also pr esent In
POlyané@] geredestroplaoradis. Mbdrkers @) RNAmpdmlallj/ drgea’[blﬂ ®1ﬂi%\1ase T1

f ion,in ants des contr
R S P e S fd%thvcf%ﬁf@ BRE i pfhe Manes indicated.
(B) Bﬁs%%ﬁﬁﬁ@cﬁentiéhﬁé‘tw@&ﬁh@gn§ Hefsftb ké%'ﬂc?n #HIQhd P4 YD stems of the
2008/150884 PCT/ US2008/ 065112 I|ow (left), portions o

PPopier (AEQAR NBs:phtdér mplvm@rnarwn@clsbt@q@|am:@age¢)e81amu1es of
h ran SSIn
comggﬁfeﬁfﬁocgécgégﬁ@é% %\%g#‘so&)ﬁ%g%t i Sagloiiher P aln Zﬁ%%% gces
available. (C) A model for THIC TPP riboswitch function in plants includes control of

splicing and alternative 3" end processing of transcripts. When TPP concentrations are
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aptamer is retained, and its use results in formation

of transcripts with short 3 UTRs that permt high
wexpsassson. I n the presence of el evated TPP PCT/US2008/065112

concentrations (right) TPP binds to the aptamer
lowg(ﬁéafﬁg]g&ﬁﬁhs%f s?ée}l\?/gellr’] an @Per%cg ?\?tgl r}hé)vl 5 ?srﬁl'&:%] %ﬁ?qtséﬁdthrcby prevent
splisintgeTh@phnscnmgorommng smkdcxtedrbe&%eﬁ the 5t E;an:&csrte piid the TPP

rocessi.ng, site. anscri |on c ntinues and

apUIETdF R api g& &%f‘sreﬂgt%mf afipn pganssin adh short GTRTRS that

r@itteh Slpt&stod. THhEptkBRe o LicRNES TPP REndeRfGtich PP bind
pe eadgto |ngreasedQ&NA dg raeatlon cafsﬁné Eéﬁ@?@&f s
to tb«grtmsn mﬁramcrﬂihlb@llyl,:wgwhée@ls :tmmmoglaabahangmm prevents

er NI ST R,
sitel URRbdriptids chbitgiel ofY ARGRAve %foc%&@n Heﬁ:lrpﬂ% RxfeR@Y T‘QUTR give
frane; 1'l and a designate lice sites of

risetth d H/Crtspe 1] m«@nmasmgva DA Rstegdite g)cream&m dreradafign,
sjtes or generation of type Il
(muéﬁgsgﬁ%ﬁé:%?mﬁfﬂ§ %%? pe I? RNAs i's underYPned t he
apt uence |s rI|n The di.spl a
SP AR SRR Rt e Soabne S Porn BlossigRe e
gené@ﬂ@ﬁlﬂﬁff@ﬂ%ﬁt Pl sp@éi@ﬁ'S@QPﬁ) Ndsh@-fl@nmﬂe@iﬁ%ahe stop codon

sati va. For the othe Ehﬁs eci es di s
of th@aﬂéﬁ open wadipl yramet %ﬂd desighaiet fanéqd’ sghcsmtemrf the first

By TR, 30 OO oty LGRS Sl oG opaptei o Hhyoe

111 RXP&EBIsd DUBR lof bype il RNIA@ 1§um1@mn&a @her feqieitis UChold
conS|st|ng of a_ 1595 bp fragnent of the THI pronot er

underlipe. A etdﬁ%?ﬂ%yaﬁa GlRels Off dseéaqwcewrreﬁwért@ die grapannotations for

RS 55D, RO MIET BPSL By
seqmbymlbwﬂﬂreﬁmdmnﬁiadmyRTiPm to the expression
of the reference transcript eEF-1 a in 9 day old

S eaﬁguﬂa@&hgwemt e TPER promoter okt 4.t MhBMas @bt responsible for
plemented with 100 gMthianm n. Data are nean val ues

dowwr@&ﬁlleﬁ%@f HHEG evnspssionrisGiamia supnleaentalind. i/ epnstitielee
conggﬂﬁo@prj% gﬁ%‘l‘%g e THIE ?)E‘OIH%EISfI‘BIEQ‘I ?f?ﬁ{&%a %Jag?&js%a (PO the

eviation OWS circadl an expressi on

repdirtdr @end B\:)glt(i:ﬁﬂfmﬂﬁ@e ghelysidsrabfot@tdinto AHhibAARSES N & GUS
fromplants incubated for 48 h under continuous I|ight.

and gt anggrinds WeicowalyPet DY ARERR pil narghatizadeipkhagraression of the
/ th : ..
refe(fe]n% %raﬁgcr ?P dﬁ@ q fxﬁg?g%y oﬁ‘]s[eﬁctihn %%onv&o{)? Hnlggwg}mw th%ut 6}'11am1n or

supplhﬁlellt%tl Rvithal00 pﬂl’[&lﬁlﬁﬁnrv\@a@ ark haf VelELHoh Ahee Al ffddeiR Y nsgenic
ght and sanples were taken every 3 hours. Expression
hne\?va%d frﬁ@ﬁh@e.lg@ael@@nt fi@eriplents. Biron ves rearppend stgndard ghgviation.
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groxt/ﬂ @M 1ardys vl gteidatikhnaol ek e/ 8l hﬁ@iﬁﬁl@ﬂmﬁf withéut @hiPéH A Gum
qRT- PCR anal ysis of THIC type |11 RNAs. Pl ant

SupI?#ﬁmémeéwﬂélrﬂ&Odﬁ‘tléhIﬁ@rwq thamostngpbthgd 2" dew alantedeteor

tran§f&red to continuous light and samples were taken every 3 hours. Expression was
normalized to the value of the sample at time point 0 from plants grown on thiamin free

medium. Error bars represent standard deviation of triplicate qRT-PCR analyses. The

11



Figure 11 shows the effect of 3" UTRs fromdifferent
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However, additional structural changes reveal that ligand dependent modulation

elsewhere in the 5" flank might be important for control of the 5" splice site structure.
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description. Messenger RNAs are typically thought of

as passive carriers of genetic information that are
wa@edaosdsespon by protein- or small RNA-regul at or pCT/a81008/865112

and by ribosones during the process of translation.
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2006; Fuchs 2006; Roth). A eubacterial riboswitch selective for the queuosine precursor
preQ; contains an unusually small aptamer domain. Nat. Struct. Mol. Biol. (2007), and
numerous other classes are currently being characterized. The aptamer domain of each

riboswitch is distinguished by its nucleotide sequence (Rodionov 2002; Vitreschak 2002;
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the aptaner, although expression platfornms can differ

extensively in sequence, structure, and contro
wore@lamisgim The exceptional |evel of aptamer PCT/US2008/065112

conservati on enables the use of bioinformatics to
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studies (discussed further bel ow) reveal that
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observation that aptamer domains synthesized in vitro bind the appropriate ligand in the

absence of the expression platform (see Examples 2, 3 and 6 of U.S. Application

Publication No. 2005-0053951). Moreover, structural probing investigations suggest that

the aptamer domain of most riboswitches adopts a particular secondary- and tertiary-
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ligand-riboswitch complexes range from low nanomolar to low micromolar. It is also

worth noting that some aptamer domains, when isolated from the appended expression
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al so add to the functional demands on natural aptaners
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results demonstrate that eukaryotic cells employ metabolite-binding RNAs to regulate

RNA splicing events important for the control of key biochemical processes.
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dependent feedback control of THI C expression. The
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e
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B. Also disclosed are nodified riboswitches wt
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v 864,801 ATBla 00 o LR QIR 6 SN e
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for ex anp l e,

an tabl e. manner, includin
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Seledm@nd/%vpblt@n Glho cémseheis sch@nenmﬁrﬂdmtﬂﬂ’@mesﬁﬂn&he tibeswitches is

shol Fer dgnal n is derived can be used to activate,
‘aeac 185t or block the chinmeric riboswi tch. Also
di salk@aRelodddeart ARAIfieda{tREwItERe WM AR re RIARIMTHERES1ation
can be inactivated by
of a riboswitch can be altered by operably linking an aptamer domain to the expression
platform domain of the riboswitch (which is a chimeric riboswitch). The aptamer domain
can then mediate regulation of the riboswitch through the action of, for example, a trigger

molecule for the aptamer domain. Aptamer domains can be operably linked to expression
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covalently altering the riboswitch (by, for exanple,

crosslinking parts of the riboswitch or coupling a
wa@oeowpasnsss t o the riboswitch). Inactivation of BCT/US2008/065112

riboswitch in this manner can result from for

o AR A 3k B RGT ATRL8R o
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prof@id thRSseARE as WEIsliBvol MdSIA pfdein@ a8kl SanBediskd 9!31\119(5 by
derivative ribosw tches that recogni ze new trigger
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weli@riant riboswitch of a desired activity, specificity,
conbi nation of activity and specificity, or other
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I do a adapted for, use wi.th
o oNr A POB A EOP T 1R, P bl BB o ALTigser mglegules
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be conplenentary to the control strand of the aptaner

acceropiedhad by foe exramplg@irgducingtreses eﬁq@me V@flamth@ :apb@ﬂvetch
asse%g 91% oegatc'ﬁ%tlosnt ortqﬂéj \§ar10afnt A% %ptcﬁ‘es in the presence op a compound of

1nterest selecting variant riboswitches that were activated (or, for example, the

riboswitches that were the most highly or the most selectively activated), and repeating
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that the control strand is conplenentary to a
functionally significant sequence in an expression
w@b@sfismsss Di scl osed are RNA nol ecul es conpri sSP@US2008/065112
het er ol ogous ri boswi tch and codi ng regi ons. That is,
thes%%‘t:é}s ‘fih'ﬁ a[Tpal.r gtjhﬁoc'svﬁ{ f o%qgsn%e a&%wgf rs g&nglﬁﬁmn of
ne-source an din m t sour ce.
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‘coding region" refers to any region of a nucleic
expeaspidn phtformodes for amino acids. This can include both
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an al so. i n¢cl ude_.i nt er nal ncodi ng reg uch as
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nol ecu t amer tamers are nuclelc
anawntthegrrents and structures that can bi nd sel ectively
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ac1cpﬁi1atacddéé ﬂﬁl%ﬁnﬁ@&&&y'ﬁni @a‘htihéluél@bcﬂh ﬁﬁh@@t@ﬁ a!cﬂi duhed $la@t&htains
or structure of the riboswitch. In functional

the podsas @ theriemplatehier eadgneawt the complemeat off suche nbsdpicasil stiand in
the P s%toff ?HI%IF gt(t) IeH Il{lélnllé %gdtrg%lggu a g%ans 0981?(?610 a&ﬂ?ﬁ%‘?%e not
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coddrgrraglnns &mtk&fl’efenféﬁ mfaamomt)dmg BQsoMs! M@SengalnRN@t deletviesas
from any source, including, for exanple, natural

tranamb&ﬁévpl%bapﬁlgd%tlorwpélagmle% bohythe pianf gl endst Sakryotic

mREG) Bl e oo SR e £ PRI IERfions. Some

typaarfid A moptudaseiosiot imcludie lfmmtwohaihnedmg o, lsqphtaa\ﬂéNAt and
Rl\teast1 pe portion that can interact, such as by
FIY9Y'°4 stem structure, vvlthaportion of the

hi NkKEAnfFSRsineN Pl atformdomain. This stem
structure wll either formor be disrupted upon

bi niptagefare hrecl¢ic pgdeegmaiteand sruc@oessbaisas bandtsaleetively to
e W TN T
that208tr K1R8I3R 91 a aicheLDRVHRTEsUNER @icRange in the state or structure of the
riboswitch. In functional riboswitches, the state or structure of the expression platform
domain linked to the aptamer domain changes when the trigger molecule binds to the
aptamer domain. Aptamer domains of riboswitches can be derived from any source,

including, for example, natural aptamer domains of riboswitches, artificial aptamers,
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These aptaner domains (including all of the direct
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fonnﬁf?&pl)i? Hﬁ%ﬁé%l&%‘égﬁa ory struc%ure. An expressiopn regulatory structure is a

structure that allows, prevents, enhances or inhibits expression of an RNA molecule

containing the structure. Examples include Shine-Dalgarno sequences, initiation codons
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pl atf orm domai n and the aptamer domain. B. Regul at ed
Constructs As described el sewhere herein, ribosw tches
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The disclosed constructs and RNAs can include a riboswitch, an intron, an active

3" UTR sequence, and a spacer 3° UTR sequence. As described above and elsewhere

herein, some of these elements and sequences can overlap. Examples of such constructs
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constructs are described in Exanple 1. Alternatively,
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an analbgsﬁﬂie@figger molecule that does not activate the riboswitch.

Also disclosed are compounds for altering expression of an RNA molecule (such
as by altering spicing or processing of the RNA), or of a gene encoding an RNA
molecule, where the RNA molecule includes a riboswitch. This can be accomplished by

bringing a compound into contact with the RNA molecule. Riboswitches function to
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reduce or prevent expression of the RNA nol ecule or
pronote or increase expression of the RNA nol ecul e.
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blogisa Hhpswitchs dlenexampess sorprungs thahactivateta ihoswitclacan be identified

vy GRS a8 BSOSl 83 Sa o SOTAESh ot
ribaseashir Hitkatibeswitvh tihaisitvated ethel f8t @mpbube iy identi fREIH8Y cBmpound
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expreasine tevel-or clngepl exprassioadsay otthn rdpertpeR Nar i befmdasured in
th assessi n& @Ct i vafté}ﬂo% or deactivati gn of a ribosw tch
° PITTIE 9pY BLERLE 'dre ESLORmBURG RASUHNE'exaepley diedibgwitch can

incld@@s bonfaineatfoRQlepérld@Sab & ha 8idnkiTrdnh %hﬂ!h%ﬁ%ﬁ%@ d.géerﬂin on the
test conmpound. 1f activation or deactivation i not

actippiparsiaselo bihe wibaswitdhe Solok eribesiviteh priferabiisases en eptatieedomain
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activation of a riboswitch can be performed with the use of a control assay or
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then the test conpound is identified as a conpound
that bl ocks activation or deactivation of the
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deaglivaipy @ bledkpaiheayitendyaandersuning thp rdentfiedycdnmpannd. This can

: u ! ' i sSsessin

be S8BT the R R ATPL Rl Roh B o3P ER B0 as,

dis¢lesedalisewhtrechebyin With mahmdsdefmﬁlﬁffdctuﬂg@g’lmfs a@eﬁuﬁb@ tg%rhﬁkﬁmds.
t est d t hat tivates the riboswitch as e

For e AR 0 RRHEICR Py L oAb Eie iniq sRa4<! st samypatd and a

rib&%ifcﬂ?és@essﬂg ACtidafidh o f e oSG cif gﬁﬂ,qpﬁl\énrﬁoggvﬁcq % rkag%\&aged by

both 1dentification o conpounds ’previ ously un

the et eenpamdemangfactuiivathe test cdrhpaladahatiabisitdsttbdriboslvitc as the
assessing the ability of a conpound to activate,

COPYEXEYi vate or block a riboswitch where the conpound

VasARD daR ibged @ WBmbBurdiz inh MRS chB&RES AcYidhGor0 ﬁe&ﬁ@gﬁ%nt &e
ri boswi tch. Specific conpounds that  can be used to
blogldng oba @b%i“bt@g\kmacqwmoanéamd menfacalinsthd checRodrpaupalsmd. This

B T OB G S vt o
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t he conpound can bind a TPP-responsive riboswitch or
magaqiyarg the cherked sompaiids-e Forrramplep enpeunds yarchramgealyy

T 5T 5,6 98 o RERPRITL L S B S
riboR®iticls, aBH3if tehithos@kch BHctivatedby ide@se cipdiidCmadifabluriadi the
test%%ggﬁ%@h@ctiggggthle r;i % v%?ghear;tt}llg cgn?lt?({u%ae r&tlleg(h?gl Qo%gou?lils for
their ability to activate, deactivate or block a riboswitch refers to both identification of
compounds previously unknown to activate, deactivate or block a riboswitch and to
assessing the ability of a compound to activate, deactivate or block a riboswitch where the
compound was already known to activate, deactivate or block the riboswitch.

Specific compounds that can be used to activate riboswitches are also disclosed.

Compounds useful with TPP-responsive riboswitches include compounds having the

formula:
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vector can include a promoter operably linked to riboswitch-encoding sequence and RNA

to be expression (e.g., RNA encoding a protein). The vector can also include other

clements required for transcription and translation. As used herein, vector refers to any
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The vector can include nucleic acid sequence encodi ng
a marker product. This marker product is used to
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ve been e
a vilg) SR e R 5heE A esih oS ) VRRARS the IR tgwons o the
host\284r$r8, A I
RS TR R
codipg gegionssiohfrderiduk sy Olgléhus or tr Opl srrs Ret r OVI ral

LS iR R0 Bl AT ST RS it

mosMledngibil @k pBYysidd 8Rethodd & M@oaﬁ&%eﬁ&(lﬁ%“cells Typically, viral vectors
PCT/USZOO8/065112 Aneri can Society for M crobiol ogy,
Comﬁﬁl nonsguotsal e%}é&?ﬂ@@t%ﬁcw{ai%%geneNﬂndﬁ\IAmlymerase 11

tran%cgl‘lf)e RURH eniial Iﬁr&f ?tr %@&%sﬂ & | erhca é%rggqqi gﬂéﬂ,ﬂ‘%:og ° gr?d

usi ng retrov vector
promi@snsrtd) berdrdl thelrSBscriatoanid mﬂlcatﬂorsﬁaha&@alageﬂorﬂe 980,386,
plications WD 90/02806 and WD 89/07136; and

engll%ﬁf?‘? @‘g Yol s idRsd YR 6t ydge gnoor mewpshe earrlygen@%r@mowgt and
a gefd oMBEneHréhSiet OSQUHRGY fﬁts%sedrlﬁtroqh le:}i g{l\ﬁérﬁ% ﬁﬂﬁ&e {heremoved

retrovirus is essential a package
viralj DNA. @oqqtmcttepﬁthesdypb capanagy.up To ebcmn Glkbiof faeigh geasi@omaterial.

The FRSFE ptcltheuty B fRe EF ot Sl s v SwpBied o1 cotmgs
wh1cfh&ﬁkfageéh tgirtertdlth 8xBGHRG L PR ductsb f tl?éj%'rlé/ Lﬁ%ﬂest i} tfaﬁ

package signal, there are a nunber of es mhlc
ar b sexiralVeetors  for the repllcatlon and packaglng

Of ALRGVRR!L 81?51?9121‘[/{/{1‘1[1" elor}/g? | 3 tflley vifus rtnglg\(l)lfketroxglrlg

including any types, subfamilies, genus, or tropisms. Retroviral vectors, in general, are

described by Verma, LM., Retroviral vectors for gene transfer. In Microbiology-1985,
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contains the gag, pol, and env genes which are

involved in the making of the protein coat. It is the
w@aggs/1psB4 and env genes which are typically re@l/asmds/o65112

by the foreign DNA that it is to be transferred to

vir t -t ypi I ont ai n
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the BRI Sl Ihcel PR Tp PR B B BlPRicc B "SRy IREEE eoe
pol,raad Rhn @enestlows G@dibbi LktSordifiesd@émeko Bin¥éted into the viral
2008/ 150884 PCT/ US2008/ 065112 cell. The genomes for
geNPIRG. BESEINE ARveysedfaas@bed R kipge Epbistndi nepkagetl vk anke
_ ) - : _ or & Th
renQGREpATE: oMM ol hug ACRHITN BheUR S gy ate o
martyegenegidependibg dn t{eBerdofenctetrambript. Jt is Yrafedabigyo include either
61:1213-1220 1837 ; Massie et _al., M, Cell. Biol.
posigive g Begabiyaselgcieplg narkgrs alopgywih gthepgenes m thejinssitogy
57: 2Rk (B fepli 9B ma i ARM, s M -
61:1226- 1239 ( 198n712)1:;ﬁmzépang Ekadhe protkins Wiuhl ARbviral vectors
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i nietdoad i t 4 are unahle to formnew ..

t .
O TR 58] e Ml AT I e
and packaged into new retroviral particles, by the machinery provided in cis by the helper

39



adenovi ruses have been shown to achi eve high

efficiency gene transfer after direct, in vivo
waledosusisg4 t 0 ai rway epithelium hepatocytes, VBST/UBENS/065112

endothelluw1 CNS parenchyna and a nunber of other

cell( 1 uﬁ%ngﬁq%éeﬁg m%%lmﬁ}j areao p]aclk e?lzéefzaugség%e% icks,tgegecessary
sighal®93); Roessler, J. din. Invest. 92:1085-1092

(1993); Moullier, Nature Genetics 4:154-159 (1993) La
Sal lie Adsapeiiaky erorsggs- 990 (1993); Comez- Foi x,
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el P50 TGk €O RE st Rana Jes 101 81909

andaigow J. @}eh)/Vﬁolo%Q\ 4'5@11450‘?\(\’[‘993?) HARBMYinaRSRIehoviftses achieve
ec

chronosone tors contain this site
geng pr@md-upeon by blgtrimgu to ﬁpq@rfmltsyrfa‘reerempé(fre,raf@d whigh the virus is

er.r ment .of this type.of
e GRAEED B cobeRbP R SIRRRNT M sl g B8R psor
replEdaaBﬁJd%Q@tlvé:dﬁeth’&h(@@Edonﬁ@trﬁndll]ihlésh &ViReb §L50:56 TR 970);
Vi rus thi;m di ne ki nase gene and/ or a marker

Brogarad Bushiaghags It Yigolgené éﬁ@é&@ 61997t“>h Svgnssemand Pespwsc dnt
virblogd 85040 @Eﬁ’ HB? éeﬂ?% Jiedy, YARESS 185, 5553QP§E)d Seth, et al., Mol.

oviral cdn ai’n ronn ers,
Celemanmersszsmmeusz@ dmrgmht eﬂhe EXEbEE65:006106070M@991); Wickham

n A pronoter is generally a
etag é‘i}ﬁ%ég ?’?%E](???g ces of DNA that function when in a
rel abkoekdd Jitaf Q/gctml @%ﬁ& stféd 'oH ah %gé{o@lrhg)whﬁﬁ has had the El gene

transcrlptlon start sit pronD er contal ns cor
remelechank these virons are generated in a cell line such as the human 293 cell line. In

another preferred embodiment both the E1 and E3 genes are removed from the

adenovirus genome.
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required for basic interaction of RNA pol ynerase and
transcription factors, and can contain upstream

web@saniss4s and response el enents. 2. Viral PronptBUS20881065112
Enhancers Preferred pronoters controlli ng

tra ct.ors ihn nma cel
can BB ANEG AT Sel Cu hrtae SR ak e AA el
deGetiogrpavolirusiis b pagersddolecRs becansd i A in oot Haaf cé‘ﬂ fypes 48 is
adenovirus, retroviruses, hepatitis-B virus
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t L.
ARl RITEL TP T 8300 854 i
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reqbir®® for(hh&iI8 H)tprathort FRR N APdHGHdrRdci 08 tdickiptibH fatctb% mﬁa %an
enhancers can be within an intron (Banerji,

conipin upgiEgam @Smel?@@n‘é 19BASY ek?@%l | as within the COdI ng

ayveng et al., Ml. Cell
SB‘jieo 4: @{g%l%ﬁl Sg&?)lﬁ%ﬁ are usually betvveen 10 and

300Ptsferrad prbmn@rmonanﬂmlghmylsdrmnoh ifiom Vettar i mEBARANGERSst

to,i.ncrease transcr|pt|0n from nearb
cel[§ H%F 8B§une (FFO%h YT QUSHOUE Ch Ptk ap iR, Mergepe@ppelseruses such as:

19b@AESIhSart Vihs 4 H A
P TR 10 rcggﬁlag?\ﬁ%lﬁ% traﬁéélg%%ﬁ“ o Virus and most

preferehty crlomegalaviais or ﬁomtlatqnolpg@pona&me]hmmnmstdrdj atg. beta actin
a [ | atio ri pti on. Enhancers
o e e e R BB ot b S0 Vi Eeimeail ained as an

svg@ Rstricdibh |f1%gﬁﬁﬂb/wl@16h1 a@@ @6ntBAY HRIDER) Af £ oﬂgﬂ’{ JFRGMLafidPFicrs
mmal | an_gene n, elastase, alb

et a"cr Né?“é‘?a Fdtel b3 élrﬁ’((i gDn dip ilfﬁaﬂedllanadalprqm@nleofvﬂw humse an

Pre
ey G EHs f Q Bnic @ s £ S ittt Crepana
P.Jratpl.j Ceatd 81 3H5H0M1981). 100ecir &) prokifers Yoanme abs\cen H§related

ear | r ono enhancer, the polyoma enhancer on the
SPepigt %Pé%g@élsﬁ’%“%?fémr eplicati on origin, and adenovirus

eNhBRGRES- e I&@llff&ggh?ﬁ s og W&%ﬁat? Ry n%ﬂons & no f}xgd

spec:lflca y activated speci f
distapeenfiea thectyansersptioi stnt sumagg ean behelt}rer ‘D'Umimm@ L Qyst QFP’ch

€ S s tetracycline and
Nath gcgﬁe %:géén%% @%@EO fggﬁ%]@'o y§t % @Wh@‘?\‘k 10,37 41108
(198fj3)¢ tcOllhe ﬂ@ﬁ@n@ﬁ@ﬂi 8%l Pﬁh@ﬁn@?&?é}ﬁﬂﬁ@eré &l U @A Lh gﬁron Banerji,
ammlrradlatlon or yatlngcem) (p
J.L. d:,t ab,sCell : 729 (1983)) as well as within the coding sequence itself (Osborne,
T.F., et al., Mol. Cell Bio. 4: 1293 (1984)). They are usually between 10 and 300 bp in
length, and they function in cis. Enhancers function to increase transcription from

nearby promoters. Enhancers also often contain response elements that mediate the
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It is preferred that the pronoter and/or enhancer

region be active in all eukaryotic cell types. A
w@e@Basmsed pronmoter of this type is the CW prpOmUS2008/065112

(650 bases). O her preferred pronoters are SV40

s BRI e IR b U SORL PO RTBAE e
the s¢p@bitioh ©f fragudkption. yElﬂiaﬁmn bRercddterhiinecthe neghiaiod ofisestession of

construct expression vectors that are selectively ,
a geiep MERItIRannCThigReST FEQUCREss jarg Bye ke fomdnanyppligiygapes (globin,
i o ali e ‘ . .
o84, SafReaSbiclo D0, BPEAF ot 1L 4 F e pom
eukbiyotiekéls vivils. Freftred Exaphples 4rx Hee$H\64D¢hhdeek 0f shellsRGiderpf the
eukaryotic host cells (yeast, fungi, insect, plant,
replagatiga Priskan 06r 7l deeatsrgalavirgy e hrprameisr edingernthe
P DS R o ind P e R AR hB R boirus cphancers
r egl'lensomoer abd/ansdrndee darabe getyadénydtatied egbergright on
t.he untransl ated.portion aof the encodi n i ssue
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vecipo Iggracienpyésaion by expepuonto 1@adiaten efidht as ghmint isradiejommri s
lkthat it iﬂ%;ea§§§ the |likelihood that the transcribed
alkyjptme chemotizzany Bi%ssed and transported |ike mRNA. The

| depid drbfepbll eat BRGroMser Ad/Granyadeniteainl RhctldmaiSeukBryotic
expression constructs is well established. It is

cellgypaserA eeeferrerbprometms b fouyre i thaSdRY Peamaer (6P hages). Héther
' t err
pre RS a8 ob ST IO BRRRAT R ol Byl BBlSSb e, and
retrpalal @deoyl . @Fi on region is derived fromthe SV40 early
pol yadenyl at i on si%hal and cagnsi sts of about 400

bag'§as heenjshowp Gt alhsrepdicregplatant clements parsglonsdand used to

r
com g B P e R O RS SOE R RL TR RAITR PR ivbt s s
melabouecebguBrcgsl fihphlayaceicgressi (GIF AR) poomaoter bdsdlekh iiged to
1of.,lthe construct, 3 NErkers The vectors can include
selefiikgle eXprass gpnesi pelief #RLOW Ry a marker product. This
Mar ggiredRfoAdieelord e kbR 0HE hedt REIME(yedst IitEoi ORB&, st
been delivered to the cell and once™ delivered is
anirpeli hgmaxpr msteated celigfcen plsd comtriteequppnessneaessanytfer e
" cou. I%%Z ?eng.mhical eqﬁpdes - gal act osi.dase and
eripgan ¢4 Fgr A PUR Vit R  4hecy TR PERESHI mBRICICRIRRS are
trand@itearas alyaliehydat&Pde@ieat i@ tHeRinkefislatEX porbe 5 f @k mRNA
suitabl e selectable markers for mammalian cells are

enceling Hpwe dtcheTerrpietiu ckhes uptpiskied regingalen weludp iasssription

ternRAMHCHfs. 16 effweaaiﬁaé tﬁgtrsg%gpﬁma{igmo%mw
puronyci n. en suc sel eCta e nmarkKers are

polwdexystsdndebipnt ICardersfited thintcgicn iTemMalina@sasbodt likelilood that
t he tég sforﬂgd manmal j an host cel] can survive if

the Hp%s&g WHEY léq ROESSy Wéga@ap%‘ged like mRNA. The identification and

use of polyadenylation signals in expression constructs is well established. It is preferred
that homologous polyadenylation signals be used in the transgene constructs. In a
preferred embodiment of the transcription unit, the polyadenylation region is derived
from the SV40 early polyadenylation signal and consists of about 400 bases. It is also
preferred that the transcribed units contain other standard sequences alone or in
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There are two widely used distinct categories of

sel ective regines. The first category is based on a
wa@edos/15088et abol i sm and the use of a nutant cel PCT/UR®08/065112

which |acks the ability to grow [ ndependent of a

cmﬁH R 1%2%%@ g?qlul}(@.?ﬁlﬁg S}frgsrseog ﬁor{l’ho s ilit? Sytﬁ%

corgstmw wi t hout the addition of such nutrients as
téwyi{jééji ne or hypoxant hi ne. Because these cells |ack
er Benes necessary for a conplete nucl eotide

syntrhesécoR %Euli‘ Yi‘fé}{rde &K cCRINEY de?lgé }flilc\é)%mgrg ﬁ?&ﬁ%ﬂ%dﬁct This
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mapkes pz:pdumns abeddp latermmetiHths wpmd lexsbatn dkghvbfbﬁ to iietbedl and once

el oI SO Tp B stie PG a e eohf GE MR e hondaczhesne which
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the 'h?\ﬁéf%ﬁﬁ&cr% am :1ahfm H%sg F%@%a?/ngﬁ\ﬁl?\ﬂ% h STy el % Pﬁ}éfg sﬂg@w&r%(segre

The(réimtth/efvﬂday useHldiBesc@ catBroried of MI@G e ré¥REs. ﬁ%nt‘ﬁrst cal'egory is
982)), ngcophenol ic acid, (Mulligan, R C
aS%?I@a CF” s myefabplian pudihe 1aoof 7 moRE) dell lgre wiyigh tanklmhﬁ ablhty to

t Cel | Biol. 5: 410-413
erop FO B ent LS flm% né%édﬁffil@s TigpsKaybbneee GHEp i cells and
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O hers include the neomycin anal og 418 and puranyci n.
for %OIWSG?GE}@}@PB deemtimss svhgssa.rmt SIFVIVBILIOESSIW@cm1SS1ng
ens
nuﬁbg%%xr% I?gglgéﬁgor r |(gm§@\lngt g‘ﬁ’ ale Tr?gsuﬂ?—:lglr“gﬂtmg the

medi f3ae \l\mtr(rdlles at et PHIRIGETR gehed @6t @tk EackingRé re'sﬁbchb@ genes,
ir cognate trigger nolecule. Useful

hudiES en .of t g&
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vi tThe. secd-ﬁdrcawgan'ypls dommahm}:\hﬂctmﬂn edichhraferso@AatseRbtion scheme used
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Con‘éf‘é/ilftg B &esistrace arthwoulidsgrviveethe sdeiont Eamples eX suvhlddntihant

ey SRR AR S0 B4 B3 s,
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act ivat i &ql state of the ri bOSWI tch. Suc bi osensor

or hygramy Gy Chedgh & et dlbiMoluSels Bipl épﬂé%ﬁ élk%é))n The dhreor

f r i Lboswitch. G
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approprlate drug G418 or neomycin (genetlcin), xgpt (mycophenolic acid) or

hygromycin, respectively. Others include the neomycin analog G418 and puramycin.
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For assessing activation of a riboswitch, or for
bi osensor riboswitches, a reporter protein or peptide
wae@anshsosesed. The reporter protein or peptide BEmUBm08/065112
encoded by the RNA the expression of which is
ulateg]!‘Re ri boswtch. The exanpl es describe the
s%yor ot 'ﬁ@?flc reporter proteins. The use of

r epmstoeﬁsomsea atertﬁo@ﬁgbrrmbﬁwms | BiosGisbr rikG:MEha e €Adineered
be adapted easily for use with riboswi tches. The

rlb@%@hﬁ%ﬂlamreé@eﬁsd%e&tﬁbtﬁeﬂg@hya the orespieeer tsaproignete tiigger
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encpiifig et Wlﬁﬁo{@ FrglfcpTerhigsensoy i e segiieiyrads o
ribdgwiRhtat idtGhde8 b8 fot ikt orf d@%feﬂpfabauﬁle @bg'h@ﬂ firSin véRch changes
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depepding ondlg mvmgp‘eﬂﬁ@te nf thlgattbes\sn@o rifush bt gsensod elpemmint
fer . to roduce a..chan
pref T Bachah bty Bynet R S BleaR P BuBuS SR ek Bhgaviten
G. iRepoker Peotein andoPdpeident i on of the nol ecul e or
co ound (such_as a riboswitch) with which the | abe
Fsasegsaing activation b BRODYitclod for hinsenser wegswiglesst a reporter

d. pni
pro e‘ﬁp ?{J}gpgﬂﬁgp 151? %%813 g‘gg%ﬁé}te%{%{ﬁ% (Prﬁysepﬁﬁle ‘f?&é‘[ﬂn% d by the
RN(AI t@am;brlemd?ﬂﬁmmbl@ beasguldiad Mathe ribostash. "Sl@dh’xl@h@ﬁbs descrlbe the
primers, fluorescent triplex oljgos including but not
usequﬁ?% dPcH 14 PRt Profginyol bys of senser mw%a@m%ﬂweﬂ
knd¥WRl SfWabe Q@ﬁﬁ&p&sﬁfl fc‘irrdsplw@tzﬁ rﬁa'gg%tﬁ{egb?ﬁe rngH&r &3%&@%% be
wat er - sol ubl e conjugated polyners, bes "an
anyQPN&inpergisesde @atctanlbabietested anthat pmdpa—:tstal dL“tﬁCHllble digrel.
ri,nciples of r function, ca e adapted fo se
prefr Sy P Bt AL e rearpl R st B Ieiied Rt ot
e €81 rddadifinsu ¢
HRRSTIED, BBl SUISIBEINE SHNEILER s g
actiyi{BribReganceh Bnerescangep fumipescernst ordTiiestom hietpdwq@mreferably, the
levél%@%ﬂe& rgpcgrge? é)r(lt&%rlg ?ehsely qu m%ntfﬁgies s&%ssl L ﬁ‘r@% <ihé11q,u8§ Fﬁéen;ft low

levélsieUsdfungportaipedtyink Snofdeugditerdssd, %rdéh%bf@sééht BttEdind At their
fluorescence fromthe | abel is quenched. Wen the
deriypidyfs; gichias figbetcifeaenFhs frmel’dioanws HEaks ﬂ@hRemlla luciferase

GU%D#%§REhﬂ9r&hﬁnhﬁbel is activated), the quenching

ety is no longer in proximty to the fluorescent
H. [@h&rmtizbnf])epmdsnﬁhﬂmls i ncreases. Exanples of this
can. r beacons, fluorescent

ffect be, f |
Cr | SRR GBS ER: 1P e e L e SaEa BB § Ehtm
ﬂu&&%@nd&ﬁ%ﬁﬁty AR h@thma%?ﬁﬁr élﬁﬁ%e ke ?Jdno&%loﬂformatlon of

principles of which can be adapted for use wt
the piolrsyig arehmwound (such as a r1bosw1tch) with which the label is associated.

Examples of conformation dependent labels used in the context of probes and primers
include molecular beacons, Amplifluors, FRET probes, cleavable FRET probes, TagMan

probes, scorpion primers, fluorescent triplex oligos including but not limited to triplex
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Stem activated | abels, a formof conformation

dependent | abels, are |abels or pairs of |abels where
wo basnsmsence is i ncreased or altered by for naPCDOSINS/B65112

stem structure. Stem activated | abels can include an

cceptor fluqresc abel and a donar ety such

mofE SEPb ety S THR g EB T OB TR RGF Ger 10T forhpaged
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of theinfigiceen.for e adapteddionbie With ribeswitsbept v erahiypesof dpaformation
ey PR ERIBEL o8 e S St B B e AT Suif Bigieey 1221
27 @@obecul es (such as riboswi tches) such that the
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st epFErqugReherdahels, f dpreef qonforppdomdrneadant kabel, are fluorescent

> f - dor ' f Lvate :
b {IE BT ol HBRICRAP LT whfls fn? LIRS onk Bahencping
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the §h&TPhReHGEH i€ nd ForfO inRETREY to RGOk ddEert 18 %4& ffreBnce
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oliggp b B R b seP SRR SR b ol YRR £ o
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' ' j rotein oroduced
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used” herei n, etection S any nol ecl
the damor be thess capit@toadsesitichacoetbreto dluasdsck. Btempecivfedlabels are
ndi rec

directly .or | t|y, and which results in a
tyPIFERCRAI i%belrfél"é’&‘?%l & il cid gpalerales (sich g rpgsveiches) such
thatitAElAdc8ftbt ¥nd AGHBY atWebudhdREd Srod itk RAW . e tslﬁﬁi?ﬁré)ifs formed in

skill in the art. Exanples of detection | abels

the mufil¢ig Beid niadeculss elfithe domer nivety oSedematttadedankel is itself a

di tive isotopes, fluqgrescent l.ecul es, ..
kR0 B OO el ke (BT sirrgigravctenst
tha the @GEscenEX 8NPk @scepior Sihéridten f)ﬂ'Ob&ﬁﬁ%ﬁﬁ)ecﬁlt ack@& @hat is, when
i nclude fluorescein isothiocyanate (FITCO),

a stegn girecivs axyordormyed) f Whendkesem strietregsormes the overall effect would
' -2 - - di | -4-yL (NBD), counmgarin
e Ry P b e nd i 8 S0 Rl ence
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1. DeetBSYhb&schel ates of | anthanide ions such as

quantum dye TM fluorescent energy transfer dyes, such
as Tordid rodeteation ageé qedriitation wf ribesveitahdictreatjonadehctivetion or

ani ne dyes 3 3. 5, .Cy5.5 and 7. Exanples |
bloc Db S ¥ s ekl Priisl oni aTon, deacivaion
or bibckbndlo®Xpeyidhes, Aelcdbh ihbéls St bOmtSrpdfaked inf-dN@tiBX Yrobes or

detection molecules or directly incorporated into expressed nucleic acids or proteins. As
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Tryptam ne (5-HT), Acid Fuchsin, Alizarin Conplexon,
Alizarin Red, Allophycocyanin, Am nocounari n,
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Orange R, Astrazon Red 6B, Astrazon Yellow 7 GLL
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I osan . Bri.l| vin E
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3, Rhodam ne 5 G.D, Rhodam ne
Y8 ATs %, B s Bngh bR e Sulsiignie Acid), Dansa
(RS e FpnOE 95 N ST hen P DR
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I TS (.St ene sot hi osu oni ¢
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Glowgih 1ad. A E Rl S G o i S C i
Leu((oﬁhmamnmﬁubqﬂroe SFeLélrcbbhd?r)WS O ¥t fd th&ﬁaﬁﬁn@ﬁééﬁ RD200),
tetranet?X r hodani ne and
Lumw% (glgye%umfer Yellow VS, Magdala Red, Marina Blue, Maxﬂon Brilliant
Flavin 10 GFF, Maxilon Brilliant Flavin 8 GFF, MPS (Methyl Green Pyronine Stilbene),
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Cy3, Cy3.5, Cy5, Cy5.5 and Cy7. The absorption and

em ssion maxi ma, respectively, for these fluors are:
wWo-bongr160880 nm 520 nn), Cy3 (554 nm 568 nn), BYBUS2008/065112
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Mge@ Thikszol ke, Tinbpol\UBS; TridBYie AVRrafiteS UedrdhEl, Uitex SFC
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Proc. Natl. Acad. Sci. USA 78:6633 (1981)) or with
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PIS%'[ J;ENJ %?ecﬁﬁngb%g %?%%hRd%’ﬂi k%?ea?ch Organics, Cleveland,

scence- es are
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Cyani ne-5 (Yu et al., Nucleic Acids Res
22 A9dFon) gagrflﬁgmtyl)est ipclpfethess Bat pravide Estsiamel ony Mg the
Q?%ﬁﬁ&ﬁm%hﬂh & '
e e v SRR R S A S b P
suchlabelsgnéluds: dmaleoygler baconsi@e dperined miiTiogi &déteet,iNuture

: L, i - pnoal | yl -deo ridi
mio a0 0o B A B NP O T B SRR RS e
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anal og for |ncorporat|on of detection |abel into RNA

i s labstedmuclpogdagpre q picdlifprm of deteptionilahs! for direct incorporation

1nt0ﬁx8}gslsmpéqéa%&/%§ ﬁgﬁg%@@&gg nulﬂlj)ga(rrenp%s ocfhde {Tl cGéh I%%)els that can be

oresceil n
incorporated into nucleic acids include nucleotide analogs such as BrdUrd (5-

bromodeoxyuridine, Hoy and Schimke, Mutation Research 290:217-230 (1993)),
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linked to dUTP for direct labeling. Cy3.5 and Cy7 are
avai |l abl e as avidin or anti- digoxygenin conjugates
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detected by detecting a secondary detection | abe

él@i@fﬂ ddonis Inpe hehalgrsanalsods angwes, pedheis plkaling pla,qspbzﬁase
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detetcviﬁg and measuring signals generated by detection labels are also known to those of
skill in the art. For example, radioactive isotopes can be detected by scintillation

counting or direct visualization; fluorescent molecules can be detected with fluorescent
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evolutionarily related nolecules are routinely applied
to any two or nore nucleic acids or proteins for the
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2444 (1988), by computerized implementations of these algorithms (GAP, BESTFIT,
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a first sequence has 80 percent honol ogy, as defined
herein, to a second sequence if the first sequence is
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nucleotide analogs or nucleotide derivatives in a nucleotide specific manner. For

50



bel ow the Tm (the nelting tenperature at which half of
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Modi fications to the sugar noiety woul d include
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nodi fications include but are not limted to the

foll owm n:odi I catians fi\t t he osi tion:
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thelglag 0618 01% 8 mroél\%:icﬁglo?ﬁﬁg%% sggltrl}gsr}s gfl%glgﬁ%ugnde tgglﬁ ér},ctprporatlon
mtcoéllgamabmgm@uﬁdl gadléidacidand ot her subst i tuents having
simlar properties. Simlar nodifications can also be
maddugeotisterraplopy it aliniaclyde medifisaigens of PR ugeUmaielYy t he

Moglﬁcﬁggﬂsttb s su%gr ﬁgl,%tysxy&]ﬁﬁ xﬁ&ﬁ‘u&f r}ﬁ%tu:l)’al ntl(? a{&%bs of the aib?%eeand

nucl eoti de or lgonuc es an
deosyribgze sk tvietinas @ffntﬁetwtrﬁdsdrﬁcmionmuSﬁ@omoﬁiﬁicaﬁ@w ih¢lade but are not

i S T oS O D -
or I@'&ergxé ; I; U entN Ay SIS O-aaﬂ%h Qﬂ§lk§l4 wiB 088 a W%%ngl and

008/ 065112° can al s6 have $ugar m netics su
alkyrgyl cgmb@mbtsmuteldmr aensubstifured(l laweC 18X akklyorgeéhtodt L dkagy hnd
su a There rou Un| ed States, pa
alkfibdop spal fa?déﬁsaﬁms BTt i Pofe B A Bt e, -
O(CH hlUGHeSO asH4 -8 ® CH, - 34@. 080;
259 044: g %3 878 &EHZJ?AG 13376(@&22%%)1‘17%% 4.
O(@{BQQNﬁgEb)ISCHmz,mre AIBlG T, age froms, tswbomzlﬁ) 5,591, 722;

IR G Or N S

lowef alwhl, mkbstlmtédelb%ﬂalkplg alik o, ik Akly1p@- au@‘rﬂrce@@rallkyl IS}$ SCH;,
entiret eC|f|caII6 for their deSCI‘II\I%[ZI on

OCHo b el darCEE SOCHhe3S: ERbi ONGy Hadohetittrogsionlis
heté}ngc'inﬁia? 1I Qﬁg‘{ggfﬁg%ghﬁ)@ ct,)l gﬂgk‘&gag&#ig!) esﬁkﬁ}g‘ﬁtg d s 1|1}a an RNA cleaving

I gonuc eotl e ana 0gs

grou@na rapater lgeouppai mitarchlabr, lpeoyphios ph;abemgmln@};armm:mmfened
ut ar limte

htermlelesmclude .
proB A EE0l at EEF il e 85 e ke PR hemic
roP&HVESMint Mo RBGERRIL] SRD1ER @ﬁ@tlﬂﬁenﬁ }ﬁb&%@ﬁﬁﬁ&tp%&%& Similar
chiral phosphorot hi oate, phosphorodithioate

moqblﬁggtpiwcm elsco be maémtrmmrlpprslphms@h@p shgsst m*tlcummtyb 3gprgition

or i 3on Sh it RARRIPIR R st praro B B fliefifowa e 5

posnim&moweﬁmndmmomel Nﬂ)ﬁﬁﬂ:d?sugﬁmmdmmbl@ﬂ@fﬂoﬁ'@ﬂﬁt contain

and
modifications at the bridging ring oxygen, such as CH, and S. Nucleotide sugar analogs
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am noal kyl phosphor am dat es, thi onophosphor am dat es,

t hi onoal kyl phosphonat es, thi onoal kyl phosphotri esters,
wap@shsisahophosphates. It i s understood that tPEBES2008/065112

phosphate or nodified phosphate |inkages between two

nucl.eoti des can..be thr SR AT
can UGS E SOGR R BR STk R A SRRl i KR oLl py gty
sugdtiCThead ard nmubierdu8 United 'Stddés pltents thhtGteadh' th@prepMaridOoBsuch

salts, mxed salts and free acid forns are al so
moglifier §eged stragiss St s A8 P> 7 5.4t £80B a1 H A0S0t 2Aeh04bw-198,878;

X : N Nt k4| ifHbe : :

S T ot A S TG L el 722 559795
5,6 8),B8X,53128;053; 8,639,863;5,0H0406; 3018,8'53; 02T 0533 arfsl, 5,700,926 pach
of \ghigS%’ h%g%h irgcbég)g’técgé}’/ regérélg)(%’ ig %tg fent?@tzyzg’ gfégiﬁschﬁ}g ?o’rz}}e?ir’

deserigtrory A3sodi Re @B abdiiictiRes? #fird9rihests, W dkBandtheid EacBBbration
5,541, 306; 5,550,111; 5,563,253; 5,571, 799;

intenE$sotigdest oligemiicko6 3%, @Y Mmuclemwaisidsf whi ch is herein
i ncgr por.at ed reference.i.ts entiret and .
o poSHHP S BEs ot SESueT o B Ph ol Aty Modified
phoRpiRs®RRiRs idchRlebut &¥AbLRSIted tolthederthateen beddiflt@isb that the
i ncorporation into nucl eotides, oligonucleotides and

linkgge betfimeen e Aécleqtides eonfigidies Bhqsphorphagate ghird ghpgpdhorothioate,

o SRS AT S PR TEELE b i
phdispigonates éidlelin®B - diefl wehosshiohfite ra@d thif@ iphbsphenates, phosphinates,

Nucl eotj de substi tutes are nmol ecul es having siml ar
phosplistmisiates inslyHeg ¢ rasing ghospieragvdateiaad  put whi ch do

B S5 B AR U AR o

thiomohlkgiphesphbhrasters, hhd baenghbghatndIthy tridetktaw] thet thisaphosphate

55 . 008{ 150884 PCT/ US2008/ 065112 pair_ to) A
or %%?%HZ%%PQW %HEQHG%P%‘WSE‘? b W?e&“és% cebrhepiodgh 35" linkage or
a 2'H0AERIREMIMENBkageRUA c¥hthiaInvedlcd pblaAkedich @981 @S 53" or 2'-5' to
through a noi ety other than a phosphate noiety.

5'-2Nu¥ hretsi sdls, suibed saltaand frag acididrerstare deminoluded.oNamdmub [United

sl YEB L G0 B MELFIAS BB Bt phosphaesand

inclab® Bl dréth&Sinmit&l BUTEENEOTIAHOIIEBULLENE01d8,(BRANRJS 1 Thade;
have had the hosphate npi ety and/ or sugar npieties

S 10 5 04 R PR s SIS0t HE8e 7 Hi St lodnTAPHOT; 5.405,939;

r S .at ' ) t . )

54 S PRI NE b, 3L OMSLS L  SiR Ay o s

5,56325 03l K\ 1790n5,68 NBE; @0s 5 @25 J0b Akagest whick ethdneih ecoaiopaed by

and al kyl. or cycl oal kyl _ internucl eosi de | inkages, or
refegle o Shion> SROMECHITAN (RS SAPORHOD Qrmarktiet RRates, their

o e R AR A0 81 BRI, i
acigsorti on of a nucl eosi de); siloxane backbones; sulfi de,

sul f oxi de an sul fone, backbones; fornacetyl and .. )
© i s PR o R B e R Aol b S e-singlt ‘R fcation.
but chi &S ESRERIMIIHPRKIPMESond HERONE QPRI iRGsRABKRRRES

_sul famat e backbones; nmethyl enei m no and
diffsgentppetiehydr azi no backbones; sul fonate and

sul I(ﬁ?cqgcmd%%ubstitutes are molecules having similar functional properties to
nucleotides, but which do not contain a phosphate moiety, such as peptide nucleic acid

(PNA). Nucleotide substitutes are molecules that will recognize and hybridize to (base
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backbones; am de backbones; and ot hers having m xed N,

0, S and CH2 conponent parts. Nunerous United States
w@atoensms4i scl ose how t o make and use these typerUsi008/065112

phosphat e repl acenents and include but are not linmted

34. 50 66, 315 5, 214, 134
pait ) P tin Buctgg sddsin 3ol B3 Aickoc HoBRledtimmper g hich
areJindked togbther theodh6, Hidiéty dhet (Ran9BptiosPhASRofefy! ; Nucleotide
5,541, 307; 5,561, 225; 5,596, 086; 5,602,240; 5,610, 289;
substiwtes apejeple & GUEOrDYE;2 duBkGicig typestgqtgrengacn igteggng Foth the
?ﬁ%get 60; 5,677,437; and 5,677,439, each
app"i‘?]ﬁ‘&cﬁ né%glr%%pﬁ i ncorporated by reference its
ent Nueleytideasutlstitsfee aiefiuc Ebligesfon Ihuctlb@tlde anesgs that haoe hall the

SRR Pty SRRt BOEH oAl dh b s pubstues do ok containa

stalﬁia'r(gﬁl%éﬁh@l‘ag hdgs %gtltﬂ% 681 tfie AfdsHRate bin lhéfo‘?lﬁ le short chain
understood in a nucleotide substitute t

alksuga:ryclaalétyt meemtmﬂmmh dinkages| reixieé Setofoatdne ammaikﬁoirucgeloalkyl

f de.t |
RSN Sty o oss et areSio syl
intémcdébsBIinkdgebl AhdstlinciadéithoSo HabthedfdrphSRtdNifQved QorRii8n

and use PNA nol ecul es, each of which'is herein
parf fiearthe sugesgonhpn & @u@msede()selexmeshacmrcmps enlfige, sulfoxide and

sulf%%% %Q&%Oﬁé d&rﬂ%Zet}ﬁa%% tfu%?o%x)az%y iﬁ g’ggg{l&@‘&&%&nﬁwl and

rise

thldfmmdtf bankb@ﬁesd hlkéey @ntaidifPBsckobnddval Rafatdask®inek;he
sape type of nucleotides. For exarrpl e, one or nore of

methpylengirine arq metdylenchysraneyeaciensst suifensa At fonamide
backbBRALEHBE bAABInes i b L Mkl ine hg?&g%egwéﬁa BhnpBnent

m xture o nucfeot S an
partsi H}hmmmblmiﬂm(telsﬂtatabpa.ténts dﬁ?/bt@hmmﬁlal&ﬂ%dafse tHese types of

nucl eot i des can be i nucl eoti des, 2
phoRpais Sereene s and Bl poBtis rebBta! e Gabo ) 663152
5, 195 494; 15 4UUnR; 9516 1 ponuclsensi sless 8l 5264 Goles H@B 938 5434257,
i’bonucl eoti des: ‘abouf 50% or nore of the nucl’eoti de

5 4@@ﬁ77oé KTOB6AUEHEB6T HE541 D075 et B34; SpA%d8ars,eol, 24k s, 610 ,289;

5B BRI, o SIS LER A0S o o s

andfﬂ @UM@ e&hi F@hickeis h@e[@hb&ﬂpofa‘té@l%&@fe@&fcb ‘ij@ entirefy, &nd

m xture of ribonucl eotides and 2' -G
spegifisphutor it drseriptiou et pPhesphas mmlwmed@stham dymthwse.ﬂmr use, and

f | eotid
thelg%{dzglz‘(}]o??[{-bHQ§to:{ﬁlcﬁ%l{l(ggagﬁ%)gﬁdﬁ?tlc%n%né% U%IFCJ O(?1 gcsgloi Id es

supip v 418 @rderssaldiid asmalteﬁu@dﬂmﬁttrtaﬁeeﬁat ObthstHP p@fat sndMhkh
ich mal.ecutl s (such, as ger nol ecul es) and
fop

phosphptepotetifse deatiste C@%hﬁ ¢ h)/sfeaexamplwn phisiedxred
hnklage (a&ﬁlﬁoetﬂﬁgfymg?%ﬁ@} f’[%‘lfeh E‘s&ﬁexﬁég%é §é§§6714 33}; and

bosw t ches "an ther no es can as
5 71/9? 142 tsadh Ibvsioppalret rddise ENW mobculesr; (éacr}emﬂvlrlych Ksdferein

e SRR o FREL B5uh LOE PL ST o

S u RD@gdnu@Feoﬁée%%ﬁﬂ ah&dic aMds Ba&@@édﬂﬁﬁls@@ %Fﬁ&l id¥s and can be
npounds or nol ecul es that bind an anal yt

mademmf different types of iurlgotedes o the§amAsymrufmhelﬁotedeanﬁbe¢xample
onerolr ?x?o%gmof g%%clegtldeg %h 5)19 0 r1]gdontugleot1 e can r‘t)fe %%gm?cfleo%des 2 —8-methy1
ribonucleotides, or a mixture of ribonucleotides and 2'-O-methyl ribonucleotides; about

10% to about 50% of the nucleotides can be ribonucleotides, 2'-O-methyl ribonucleotides,
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support or associated with probes i mobilized on solid
supports. An array is a solid support to which
woriosiipises ri boswi t ches, probes or ot her nol ecuP@FUREN®065112
been associated in an array, grid, or other organized
or aorﬁfxttﬁ@ ¢ r1§8111dc?e0 P@g d?ﬁ’ud%" I@)Sﬁl%ﬁltyiaﬁb(grﬁlrcleﬂﬁ esl 5"00?195’0‘% or more of
ports can inc e an material Wth ~whi
the mdpmrd&:a tan bcanbdumcmead)m at@{dnet]dyl ribotilicfeatides, odia mmtulre/of

This jncluqes S suc cryl am ar ose,
rlbq{’é‘f’]leﬂi%?émg 2 QrIBEtE 3?06@%]‘3’0‘@4653%? aﬁg‘lﬁ géloylg? €ne,
rlb(ﬁﬂk])é@ﬁ(lﬂ%él 2IE-meéthy YiboRkGdodes, OPQW%M@%@ucleotldes and 2'-O-

' ymet hacryl at e, pol yet hyl ene, pol yet hyl ene oxi de,

po
metthl w@}nupban@@ Spdll 9lagmb91nafn®§ and af¢lein acils ooy becrsfasteddo as
co anh ri des, polyglycolic
ch113§§1%011%061| 46 t(l%sc?nggﬁ&ienﬁ y% }égst ers, functionalized

M. SlohalSﬁppoﬁg)l ypropyl f umer at e col I agen,
gl ycosam nogl ycans, and am no acids. Solid-state

su b%qlrdaiuﬁﬁowe Beli staﬁwuleﬁé aglor puppaTts Wethudhelymplscples (such as
tri ggeljbrglglggﬁgﬁ R4 ?bogf Ecthes,e io’r oﬂ{eis ?glﬁﬁborfehgqf’sgd 1n, X\Plyrgﬁuced by, the

disdibdapalddsy bz&Sbe aaﬁooa’nté.‘(b HMIbﬂ@tllltths arbthet-mélbatles can be
substrates _and solid supports can_be porous or

assofapieh B8 galid pumpRTth directly OrTé‘&‘%ll&ﬁ%lﬁl Eor exgmpleg tnal des(ped-4 trigger
mof% gtg rt%{t gl &frfd can F}%BGIEC[ &)dtgé ngs e%?ﬁ sﬂlﬁipééﬁipéﬁ gg gsfsoilated
wit]ﬁ Oa[p‘[ulfeallgelﬁs Gng i ebmpcannés enxhelemﬂtethatsbiad an gnadyte) mnn@blhhad on
In sone enbodinents, a. nultiwell glass slide c b .
SOh@r‘?ﬁPQﬁf@d Asmogﬂey Wﬁgﬁﬁ T bﬁ&\pfﬁ(a]é:s 8%1? l?oéﬂnptt?/th&fsur ace ofea solid
suppbR 88 Wsb&hied Wlﬂlrﬂrglga% mARbALEH 88 solff HPportdTPAREHALR a solid
conmpounds or probes immobilized at identified or
suppem @ewhmb@lulbplambomn@ns,tm@bes 9o pihdr mojspwles havedekn associated
inaglr edef i | ne cat i on a& e solid support generally has

r?éra?y%‘e r ?Réa% 58884 PCT/ US2008/ 065112

Conpsiiestite (smlss@tateb $or &k lin §01@ sappRBANikhale dnhablid material with
| ocation are the sane). Alternatively multiple types

whigh CeBRpRANET28 beapsEtddnthstsitlyioz erdinieﬁﬂx hBhis gigfudes matérials such
o BB PCR00: A en gLl ASURORE b GoR RO

V1n§1pmt31laaal p@l@pﬁﬂpgtenarpoQﬁndhécfﬁﬁtemolmmjmbepbls'euhylehh exide,

id support allo arate dete tlon arug
polysa Gsf P?JX‘E%Y'&‘?W% OFREATOeNS, yton; sligRs TUPBEwi r ed
pol§lmg(thtu?}? ;?cﬂg%gwcﬁ%éﬁgﬁf E)ol?ﬁlcﬁc §él@ o dgﬁ] ésst% fuﬁ&tléo%ﬁﬁiéﬁ%ﬂane,

polymbeydinesatecatiagem gLycasmﬂlm glyq:ams;kaad pobame abidst rSobidiseade

over any nunber of solid . For exa
o hogaory i) SR BhboLAREEM Hirobierog. poige: Hsne Bvers.
WOW&:@J ShdpRapblyaitrd, BRRICRE, Keadd, }ibpartifles, R cO/PABLE. Solid-
beads or mcroparticles. Met hods for immobilization of

state bilptraiee Pabsalwlesyppertsseahibd petaus er Berbpenons. ed chipds wegdtangular
[ , ifcl d S .
or ngl%l‘%glglag Ege%g é)?m : (e% C%r% oe%reg %orglasnfn Bsolfl(ac oue ?ug)é{r?t%s are thin films,

beads]lds bhl@ﬁ es ussfuh @resfoa bélkhaste cObEdaterig a Iifﬁt:ﬂ@ﬁdﬁ disktOn some
exanp sujtable attachnent nethods are described by

emb»}%l@ntéta rgpltiwepelass shiga qan bgemploysdi . USA

An array can include a plurality of riboswitches, trigger molecules, other
molecules, compounds or probes immobilized at identified or predefined locations on the

solid support. Each predefined location on the solid support generally has one type of
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91(11):5022-5026 (1994), and Khrapko et al., Ml Biol

(Mosk) (USSR) 25:718-730 (1991). A nethod for
WO powhsdsseat i on of 3' -am ne ol i gonucl eoti des OPCT/US2008/065112

casein-coated slides is described by Stinpson et al.
conben Rt sl EBroupBhentt R iTh a8 aRae sid” plermdivery
muBiplid Bpsd etdnHobsits adreise ininslEbLdiibad sae priefiaéd Rlation on a

Nucl el ¢ Acids Res. 22:5456-5465 (1994). Each of the
solidesuppnie nEach(lpgtion wahbres mpltiplissaptes 196 ghe giygnggapponents. The

I _ . ;o _

spoll Bl o o BN Lom TR 6 B ) soh TRk A8 <0 decgtion
andridgitdfitanén.t he solid support. The different |ocations

can diif ferent. reaction chapbers Each of. the .
i 1 A sp aliat isRetrentgLial &Pk UBASS be. aﬂnﬁﬂﬁ unit or
strRfRar At f HEyRvRasd, ﬁ’fg%@ﬂ' m&ecultNStdl Flo®IcBRE, B8R and/or

The di stance between the different predefined regions
probés ¢anédesipdtiiohted oypgreny nembertyd selid hippofts. xeah eapmpke ataivlee .

For ex le, in an, array,..each of the conponents can
X5 P O RIORE™ P B RSP AR P BRSAEH VB R O G tRer, or
on §PARGIEAHS oPS:EIEP Q. W th  beads will not be in a

fixed spatial relationship. In particular, the use of

rul Meghlods &aliingnobglizapon of elrgonycl¢dties bxsohidtstate pubistritps are well
es TR Aot BRI b Oyl Suttof 0 B PPTRRRET bt
coupley 6l efitssitriabes usia® BRAMIRAES cAPNND e etHBAOLFbi cx@ehple) shibt®le

solid sugport at a density exceedi ng 400 different

attashmpeiiaeipedsyse desgpbed eRedseratdr Prog PMaylsAetd. Sonpddent s
91(3 ﬁﬂsd}a%%zagggv@,gaamquog& %%{'ﬁ??ﬂ F]\%&rk) g%%&gg'z%m%ﬂm

rray can | ea erent nents
(19p ob idetimedonimmbislisaiond f Sugppve bligatucleeddes dil;a0EA-coated

. different conponents i bilized on 58 008/ 1 4
stideiciy S5 hog PyeB N Fﬁrﬂ_éf?gm- _aélugfﬁf? £ 1 9§a6%§91638§ o0
A Wil BeaRl ¢ RA l%ohﬁ'&_ 10Rideé BB LARHDQIbIRAETis TLRRPES by

or at least 1,000,000 different conponents inmmobilized

Guont alh&uslrid dciduBeor?:5456-5405E99He materi al s descri bed

b [ t terigl be. k
Fobthan 5 torufeBhi B B a5 BeBd RS eeprpthe
mofe@tilePaifnsIbilized on@he il sOfpdricdnR 10@kdd0h MRS enQireddfhed
di sclosed nethod. It is useful if the kit conponents

region of thyl spdid sprorhr EnegbEpigniedcations cadeqdiffarenbieatig chambers.

0 ] ' d t . FQr I
R L
the diffigpent$egiono rMEheatistifve & elw s etsdifferehbDnisié finet @Sgionkshe the solid

kits also can contajn reagents and |abels for
supgeit 62t Phgjthse fixeder vilable. HReexanydein ae AEay, cach oithe geragonents

. . y : . .
T T TR SRt v
beadx aviiphet, bedh adixes ephtat elavioxthip.e i woti@rlarsihe@se of multiple solid

ri boswitches and trigger nolecul es. \Wenever the
SUPRRH HBHS {fwaw 2 mtﬁﬁlmg s g™ b E e
CONPOBpncAitScalbe associated or immobilized on a solid support at any density.
Components can be immobilized to the solid support at a density exceeding 400 different
components per cubic centimeter. Arrays of components can have any number of

components. For example, an array can have at least 1,000 different components

immobilized on the solid support, at least 10,000 different components immobilized on
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conmponents or reagents, performng the nethod creates
a nunber of different m xtures. For exanple, if the
woreaoRashssscl udes 3 m xi ng steps, after each oneCDS2008/065112
these steps a unique mxture is formed if the steps
the ?cgl?c}rg E)Rra{{‘:f%asfc' m téﬁllff%rﬁnﬂo n%%ﬂ&]g% %gﬁg?%e&géﬁjfhg sbid support,
or dt @8y JOEsG00diffaew ¢depdite smikebrizpdof diersetd sdppert.
present disclosure contenpl ates these m xtures,
N. d¥tsai ned by the performance of the disclosed nethods
aS PRl tna@alllaEHbES a6 RRLA WA ofY nilicils Q56 B EAUEN together
conposi tion, nponent, for exanple I sclose
in angreitable Ebmlﬁysttoelms a[msusbﬁﬁ éat paerfermsiygt c&msdiug ef the pénformance

of, &%rf oi&sg@%‘ﬁg}%ﬁ 3 é?&tl]elﬁ,g} B%trfgpgo?lénr{ggféglggréklt are designed and

adagféﬁtfbmstelt@ge%he@ﬁn feldiglRsd Qlfethganp&aésaﬁfp% d1§é18§éd%§e kits for
tructures, nmachi nes, devices, and the |i ke, and

detentimg eginppards, the rhm@ommdsng onepemp moseam rtbhemtcrhce The kits
Such ¢ rrbl nat i ons t are, discl
Al D-PBREN FRBTH #i s 6F gEisr A Bo Bl Oefﬁfa? oostifchy
0. Midltes, disclosed and contenpl ated are systens
cogB_ri Si nqg bi osensor ribosw tches, a solid support and
tsalabed araaikiyragdoinass, by(peroanmESE PIRPETIRS t REsPrm the
LI s
s fhhod A eGSR st Codthi A ERMIERG and
triggiiodeulbt a structures generally are any form of
data, information, and/or .  objects collected,
or gWiheneEr thepsther In¥plYFOMIHRHHITEEINGING COHHASHLIRRSHiass or

corﬁb‘ﬁ'eﬂtg]or gst 4 ﬁ)g%{rﬂjﬁ émagé Hez@0 Sh8Bd A d1fferent mixtures.

oswitc ctures~and activation neasurements
Forstxemett, ifrihemethbd amilwdek Gmmmrgwodps,aeefter pachfefllo6 thesasteps a unique

.Sstorage dis |sat of data struycture. The. i
e A PR BF DTS SeP e HEPedF SOHaR aRP frformed
at thd &l 18on &M d18he & trégﬂrhl%gs ofTRNAUE Step PR eRIREOLWHEE The

assi sted by conputer control Such corrputer contr ol

pregeahdiselosure ompkinglated tlhﬁyze almt@rqsmlmm@bbbt the Ipedeimpanee e e

L N e L R

con§sUBhE, &7 ex&aple! gkdlegdmergesses, data structures, and
conmput er programs are contenplated and should be

P. Sysemst ood to be di scl osed herein. Methods Disclosed

herﬁ sQlo%deargE%%P&qssusfeﬁﬂ f&j J ?f(\)}rbﬁ% %Lﬁ(%ﬁé?ﬂ {13 gﬁfmﬁ%ce of, the

ducin a-construc

dlsammflrmeshmg &zsrdntscmmmnh comblesreejombﬁmOm bibaitlecht msnufacture
capabl e of %ul atjing splici ng{ of RNA, wherein
such é@ﬁﬂ“&t“ﬂféih naﬁc wghidevises ard therlike g CoawpsfonD, LOMARMIRNA,
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Q. Data Structures and Computer Control

Disclosed are data structures used in, generated by, or generated from, the
disclosed method. Data structures generally are any form of data, information, and/or

objects collected, organized, stored, and/or embodied in a composition or medium.
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WO 2iweasiss£h can be a TPP-responsive ribosw t chPCT82008/065112
ri bosvxn tch can activate alternative spl icing. The
can ess alternativ
it

Rivg P e R R TGP By e FicliPais g as i

RAMbﬂéEﬁstgBd@dktﬁfaﬁ%dMﬁiaﬁdgtmuﬁﬁ control can be
found, for exa in loop 5. The region of the

apt Heediseipsed nﬁ@ REapYRarsihETcef eigprerasatanghere oy, cande
co ftrgHP dca{ngge,:cf ?ggﬁ)lleﬁwwé %sﬁ eﬁ'ﬂty%%mgﬁl:? SﬁrgHb.esuai éo?ﬁ‘pfg%%ontrol

can-b]aﬁﬁcclirﬁﬂ)la:ihe& By h@ombeteﬁcor&mﬂe@f)rdcb@ o2 picdiael; carByse and/or generate
‘r egul atln% splicing of RNA" is neant a ribosw tch
daty ﬂ&’cCt‘E&‘h ApG AT B asfﬁmpéquﬁ Grogram pRjch @%%foefa@lspwlaer
I
corfp e E Pl B U TRUAGHS Syt RpBBulel TR AR c LRI b
shonlddesmidestvoddn be fisclogeddmpdin, 1 egul ate alternative
splicing. By "affecting RNA processing” is neant a
ri boswitch that can affe S processing, thereby
C au@is@ﬁs&i lﬂgrélfl%feelﬁtethﬂ'&%r EH&&&Q' FodeSifEof OUARGmpARLg
~ potentially (though not always) altering expression
introfuditginRNAe Rt arcohesmi ¢catprisang a filgoswaibswphearein theghbdsatiteh is
cap%dgl? r%% ?elrglg gl:ng g%hcﬁé? & ont?I(I 1&8 SYlVé%% g{ﬁukﬁgg %% ﬁlgﬁ}gsaéﬁgts processing
of tTeIRNZE ITheirfbokwiEcaal for eRAMSII Sreblhite AREIY@AYd splicing. The
deactivating or bl ocki ng a riboswtch that re ul ates
ribospitel carcRPTRRAN AR danpiacng aRIWﬁpTBI*Sém?e@Qﬁf‘P@ @p@ih, Wherein
VO
theC n{}lac orgﬁﬂ % ghvmét §ﬁ65s1519 Lgﬁ’égnnagﬁﬁl éﬂ er%ﬂ) glgle%oswnch
can2@08 Al DB MRESTR NB2 068 1065wl ficA caﬁ’bb amﬂaesdtﬂyaat tn(ggﬂ molecule,
actjvate, deactivate or_block the rjibosw tc

suckap, SRR TRATEROSHIRR £31be 3 BPPEesReRDYC Heaswiteh p%srsh%wﬂch can
actlt/!% QUG Ra i1 'CHI | Pk QhoshRTRYA re ?fesé‘%ﬁérhzg%r og' ﬂ‘g{egchmg

Conpounds ¢ used to activa eact va
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as as_oth ctjvating conpounds). can be used.to
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that regulates splicing of RNA and/or affects RNA processing. Such methods can

involve, for example, bringing into contact a riboswitch and a compound or trigger
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compounds that block a riboswitch that regulates splicing and/or affects RNA processing

can be accomplished in any suitable manner. For example, an assay can be performed for
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can be accomplished by, for example, combining compound activation, deactivation or

blocking assessment methods as disclosed elsewhere herein with methods for
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metabolite-dependent alteration of RNA folding controls splicing and alternative 3" end

processing of mRNAs. These findings highlight the importance of metabolite sensing by
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TH C- 111 transcripts show little or no change in
transcripts. Also, cDNAs generated with primers binding far downstream of the aptamer
sequence yielded PCR amplification products (Figure 2E), indicating that THIC-I and
THIC-III can extend more than 1 kb downstream of the annotated end of THIC in A.
thaliana. Comparable THIC mRNAs with very long 3" UTRs were also observed for O.
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Most of the thiamin taken up by cells is expected to be converted to TPP by

successive phosphorylation reactions to yield concentrations of this coenzyme that are
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THIC- 111 can extend to a variable length at the 3
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processed THIG 111 RNAs, the unaltered TPP aptaner
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medi ating the response to changing TPP levels in the
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weaken its interaction wth TPP and di srupt thiamn
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74



THIC 11 transcripts that carry short 3' UTRs and that
yield high expression of the THHC gene. Wen TPP
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Two different models have been proposed for how transcript processing and

transcription termination in eukaryotes are coupled. The “antiterminator’” model suggests

that transcription of the termination site results in a conformational change of the
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various plants indicates that this ribosw tch
mechani smis maintained in diverse plant species.
wo pabepsnssent of ri bosw tch-nedi at ed regul at i onpCT/82008/065112
potential for the control of genes by regulating
i ' ] ki RRY & 193D An@Gst, ARd
Um?héﬁgﬁg%gﬁﬁﬁﬁgmﬂggﬁgéa %%gﬁggggﬁlﬁfgﬁt B@ farnhD?e
“tonpedE€SpoéaA dndicntesutkarthotlesvagPeednit i thapserdquisie dgrstranscription
indi.cate that TH C overexpressi on causes detr.i nental .
terrginpidest & onR D Man 398 S R AR PLIRR gLt PR G sms
alsd:llfﬂ'?éh”[ QkisOR bt 2dFohts HRGMCthh O ditdnRl @bascriphbid) cleédV Mtevents,
al so be linked to its recently discovered role as an
whigab braatdownstieapl efithe dicsessg site i sanagaess,(aight @ey akole in

confptmiespitiRy P andEbmtiorogim Phptanf AO% BOIRERFL.

20020 HRlr@dBinSord] ifhds ks delGnstariidhat faGlocaBlEDRIN A cleavage can be
engi neering purposes, as plants serve as pri mar

invelyed int frameniptso gné Lraption (lawaragy al. B9e4uadgn et 41@g8?9?)on
f TPR ribosw.tches in t 3 . regi I S

Ay R Ehpb e Bk s "FELERR iy PPl dgPe
ribd¥n@dhes @htréCdpliathgRha btRBsingksite peddst icCreguilagutadt@ipyion

needs of different organisns. Nearly all known
terrpingeinisicepssieptaithibeteipedpemedel. UTRs™ of bacteri a

( al . er, 2004; Soukup and Soukup, 2004,

meﬂ'er gﬁ'gcﬁ{)g% 2008/ 150884 PCT/ US2008/ 065112

Br edkefindizg0sycad b niaahamidm dorshoof TEP-séilfRg rioswdcheasgan control

regi ons of fungi (Cheah et al., 20Q7). often can..
zong GEPHPERE) PaEE %ﬂpffl&% ?egﬂbag#ﬁﬁgamlaaﬂﬁu)ag{s 3’@’? le}‘%ﬁ% afdtigp.
thid BEE BbRE] &phif)She kiRtfwd 4iDASNY bEhediRAhRMRBbbSwitches use to

obsérved in plants. Although plants can take up o
regtlaicagene exssian. dhe TYP riboswitdy inth ¢radiorrahaimassss migiabolite binding

o GBS APl R CRED FeSmiY dfdlefve ongfhRherdr kG

ultiS ARy Heffes BcMUING R nRICAs. ThRREichsi0a SortsBidhitied b3qtdiRes,
to satisfy their entire requirenments for _cqrrPoungs
structucel elemnenis, and pRacingdwsiweentkshis  pPrl&icaturry et the{/enganes of
i ff.er. t : i an. f iR 1
sl oSO B ARG s Tin s
spebépandependel oPribesedich @sediatePlegnliafomnikk pitential Torssa@sitrol of
Ar abi dopsi s thal i ang ecot ype. Col unbi

gengs ByFeENAing dbpmatiye 2 3ed PHOCCE NG BREHS G B kDR s
genlgraél Hegﬂér{igﬁhh%ht?éCf%qﬁgfe'\ﬂgféMéaa ix@gl,?@a%'fés‘.ji ty unless

therw se state or seedlrng experinments, plants
wer Bretjmivany indings mididyfs thatdiHiidi ovexpees$ion eala_emldﬁkme]gal effects

N TR e R S

mi%lﬁ'ﬂ hRS Be BLRAS 118G &RAS disb&tredVol LRNMMNRI 4GB i) A U cadeOr
eaf infiltration assays were grown on soil for 3 to 5

resigapkes(Ahmd al.cH061 Aboasall, 260t; Warr eiat., 20008 rA déepbr enderstanding
th i. es. deri.ved .f . | f
of @ e BE i3 P FLrrabiS Mg S el B Pesk My

engeeRRpAPBsasSBSplants serve as primary nutritional source of vitamin B;.

The unique location of TPP riboswitches in the 3" regions of plant genes
compared to their locations in fungi and bacteria might reflect adaptations to specific
regulatory needs of different organisms. Nearly all known riboswitches reside in the 5°

UTRs of bacteria (Mandal and Breaker, 2004; Soukup and Soukup, 2004; Winkler and
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Total RNA was extracted fromfrozen plant tissues
using the RNeasy Plant Mni Kit (Q AGEN) foll ow ng
W@ b@ssnssd acturer's instructions. 2-5 g of totBCT/BM08/065112
were subjected to DNase treatnent and subsequently
e tr ribed. ysi Super Scr.i pt TM | 1. ever s
B RSB VS8R BB TP RR T b FBEE 2007

andaftdnf @ supeesseehd stpressioniBost kofipleBPNM BRALRE, Alrh &8 subtle level
ene sgeci fic primers or (if not otherw se specified)

of 3bqsaN i respuiation is ehsrpeyl ivelats S Bpush Dhanés qhertekeueibliagyn
e A 2068 O BRI 4 S P G0 R comrm o
the ahotregdhic difestyTOBPOp [ikts cluagi ang baw/teﬁ‘fli< Qfme(tiriélesi dr6w @aagr raohd
nal yzed sequenci.n HHM = Keck, Foundati on . o

corg t&%@?ﬁﬁ&%ﬁ }he%R@s%Hng’élg‘t‘}fe?ﬁt’é? regpireerds (giicompeyndp)like thiamin

- | | - N
o S50 ASRBESIR S R PO BL SIS Cl
orghhigme Mopi diéidreBt dwysneodljfe. Serial dil utions of the

é?nﬁl at es V@i? coaduct ed to determ ne priner
f FEPENOFRE FEICCaM®Spri mer conbi nations.  Each
reagt ipantd@fid PAHtOriSRds i n triplicate, and the

anplification products were exam ned by agarose gel _
el edrabéfonsis dilmnaseptied €olumbiud plantsrvedry giosvn Wil soilvesr28°C in

IR P Tl R R L T

othtrawigedtattd. 08 e¢ddihg exprsinfeatsBlah &eré Srown®neia8a102S medium
transcripts reported previously (Czechowski et al., '
(Myrggfige adorkogenE¥2hgyp $o9 WIHP27A steioss §d varsinl gaaentrations
- - - o A
o G e ol iy L Pt A b TR pohbhana planes
for Sefjidticasonf assays RleangrownIn soll Rsr T toahwéditls Gntidr dshidsuome light.
cl oned by using RT-PCR with pol yT prinmer and a ,
Plapfgnaeasldtom BIeeECien s He vid o silibes sratm Som sesmeeially
avalllle 6&@dkNg sequence near the stop codon. For THIC 111
transcripts, 3" UTRs were anplified in two fragnents
f r oiin ROOA ysolafioreand BT-RORMnmljsey specific priner

conbi Qns. The 5% .portion of each 3. s PCR . .

a1, R0 et B pffey PSS Sl A\ P Plant Min
Kit (QUAGEN) €glioWin@ i rianulPdchu¥Bs fnb@bctiods. €8 fg bPRARNA were

aptamer. The 3" portion of each 3" UTR was obtai ned by

subjgsteddo DNse traztment disubssquenslyapreaseerangeribed ustigySnperScript ™ 1T
' - n T TA). and .
R O (AT SR
cDXArgeheradors gguesteeificiphihtardidt (ifaidt vasrwiseshebFied 8 bGNT primer
rimer pairs_for anplification of the cor(espondlﬁ%
(Db highisre s GRS oT e RshAS dermmalchdar Rgopapkiacaen g T2/7C and
s e e R s SR
vector Qeluittogen wedenalyoaklty soqdersapU@tdiK eclv FolddatithreBivtdrhablogy
anal ysis Transcripts from A thaliana seedlings were
Ik58W§F. Bigr y?aﬁiﬁﬂﬁ?ﬂ@é1ot anal ysis as described
Pr YRIPERY wahBWiBihtusil. the ABSiRd BBERRESs YRORSRERLS PER
agal nst regions in the
System and Power SYBR Green Master Mix (Applied Biosystems). Serial dilutions of the

templates were conducted to determine primer efficiencies for all primer combinations.
Each reaction was performed in triplicate, and the amplification products were examined

by agarose gel electrophoresis and melting curve analysis. Data were analyzed using the
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coding region of THHC, the extended 3" UTR of THI C

types | and Il RNAs, or the control transcript
W(EDRF®4/A30884/. Agrobacteri um nmedi at ed Leaf | nfiltPEX/Us2008/065112

Assay For transient gene expression analysis, N

t f d | eaf .
PP SR 4E e AT T e p G hasppmatized o
refé¥edde@insA}dbepodal SoRch Ry (CFBchbw ke st 120DOY) fRdn Lhes

varl ous reporter constructs were grown over ni ght In

AT @ edi(BRRA cetehtic ishhugetdl, A B 08 A (prell dptand AcléH 3406 APDH).

v o A pliasatardt i Ffp s Gt Reftpfpees fom Plants

CONSTURE roANHHAUIGOAAL QletAcI¥RIIDY U¥IneST PCRERHAK polyT primer
amounts for cotransfornmati on of constructs Eltﬁ er

and m@dgremrat@e%miqr @lmt tdrgetes Fonseried poriionf it dodjngmeqermge near the

o8, KPP B RRERT o Bl ST By fom

polpT @tdringd cDMRY uﬁxﬁ@ﬁﬁcﬁﬁtprﬂrhdr)towﬁﬁlams Thes plﬁ“h&goﬁeach 3
dual -1 uci ferase reporter assay system tijPr onega). Leaf
UTRavari @R aWBEﬁt?%ﬁl%%P ﬂ%eﬁaﬁatﬁdgt% tggetngine é@dmg region and a

pruh&f th!itttﬁ isQHe ? t%&%fn c}]].e@ p!)ljigg ? Jllc‘hg gglgis‘l 83 lﬂglsl’l?gby
usn@d ]Smneﬂﬁrgﬂﬁng ﬂwplzﬁlﬁ)ﬁ&éd E@Wy[ﬂf‘;ﬁﬁﬁk&l PER bit&luc(sRramepagd

and m t he sa vi gorously.
(T P dudhmandit fres yermogensss Feguidiaedpauence
1nf§rﬁﬁ¥16h W’ atddap dEQ%n ﬁut gi‘ 1ﬁtfoﬂ-§nﬂ%aﬂon e %gﬁégtpt)h(ﬁﬁ

super nat ant 1:40 and luciferase activity
ZENMAEC SABHSIACE ﬁwnsuﬂg@qweﬂ tsolathdi usingrPlaft DM&zal Relagent

- | buf f [ :
GO S ATy Tidviels gt BT nning peB ggpauets
weﬁéﬂ;ﬁﬁorﬁgraﬁ@gé(?l eficddo the activity of coexpressed

luciferase fromsea pansy (or vice versa) or relative

to Woﬂ%ﬂrﬂ}ﬂmtbé@tmnahmﬁnt deternined by Bradford Protein
AS Sf‘l)ﬁnscgﬁltsofR&g) tha?zran}cz 'Féé‘ahﬁé C\%‘er% %Pﬁ%‘eglt tl%rt hern bfo? Qnaefysm as

wWer e sca ned a

desbﬂiﬂfdd| predbusdy (Néimﬂ@n ét aTy pmnPrEBd:sQﬂ'erb aﬁébiﬁ@zi‘g’iﬁﬁﬂeglons in the
Amer sham Bi osci ences). Settin

for EG-P were
codAAe R ORI BESRTIR] [IbR eb T 16 pes ol Wh ey the
CO@B@%& pe%gited at - 532 nmand detected at 580 rim

ves were not significantly damaged by
S C annidggolmutbrisen-enedivted hestiingiltratiohaspat i ol es in H20

after excision. A Stable Trapsformation of A
t hal S4FfASIGY: 45N CEreT 93 et RGN e s s vere ransformed

by 4 fe@pﬁlff@th{ﬂ%g a@éﬁyaas fdkz&h%lad o RIJE%SMH‘ aﬁ@?@ﬁérp 8606). Agrobacterium
previously (C ough and Bent, 1998). Aft

lines tharbofiog teet Vagioys speds: mstmcgerwwn gmmovgmﬂht ireL.B medium,

cenfr 18 6B e P FERRITHR R tach 35, T & R Yo e

sanfeSfalied XD %8 fdr@eR§ BMBHinOR6 Uefdredt cgﬁsﬁ%ﬁ an@ULYdDHCcRBia were
plants were transferred after 2-3 weeks to soil and

mixed pp egul amovnts fareotrarsiergahien phsongBres nEillar lugifeeases from
ﬁrehyr(})p&[nug%?whg) or §elc1 pargy?ﬁ M %m,%%sf%??ﬁ i Sscent proteins
EGFP and DsRed2, were used as reporter proteins.

Luciferase activity was measured using a dual-luciferase reporter assay system
(Promega). Leaf material was typically harvested 60 h after infiltration and frozen in
liquid nitrogen (~100 mg per sample). After grinding, 100 ul 1 X Passive Lysis Buffer
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Al'l reporter constructs were based on the plasmd

pBi NAR (Hofgen and WIlImtzer, 1992), which contains
WO b@sasnsss i t uti ve CaMV 35S pronoter. The codi nBCT/US2008/065112

sequence of luciferase from Photinus pyralis (firefly)

[ i 1 i 4
(Prmggaﬁm Iag%e%%nt\@ﬁ{n%g m%tﬁglﬁ]e;sa% {/‘ige\@gggl 3dr epgesa\g e u%utogtred for
1 happeeofotlowtdbs cémefugafiorpfBir admih at 1HOE) N ThHiresdRidgdhpernatant
pBi NARFLUC, t he peroxjisomal targeting. sequence. at the

Waschilé?qﬂ A én%%ucrfar@ﬁ? AN %@%%ﬁ%ﬁ enhssauenadditingef th dual

luc@Ghé S5 inl o Date-rbAAiRY BURNMAG! QFIBE ty of firefl
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lucxf@asteawaa mygmalizrdsd oire wtivityof feexpeesefl ﬂlmrfetalse frioeBseppaBsyy (or
eni |l a reni form Cazzonel |i 03
vieS R s | OIS NP U RRALY DA e i ASSEy

(Blglggé)rl ction, cloned into BanmH /Sail sites of pBi nAR
To prepare pI asm ds containing fluorescent proteins as
r epEﬁrrtféxosesccﬂ% qoaitatpns bqueneas soine&GRRewnd tDsRpalts after

[.e a mers 48/ 49 d DNA 1
i ERn a0y s Pt Lo LT Rne h B oRaT Ties for
EGPP 9@uet:&itall & B8eneshd ¥ tisRBl mﬂr@w ®). DARe® was excited at

pBi NAR. 79 WD 2008/ 150884 PCT/ US2008/ 065112 3' UTR
5323@@| aohdescted i8R nm BRI 30aheavesveranppsignificanidy damagrilihy

seo Pk o R TR B R Uit e

pBi viARt4ldp WirhesToth@son 6654. tE@l\iamﬂ lfy‘lFlbgalGipoYZIEﬂﬁﬂp ondi ng
co%tructs based n 4{90 sequences fro

it aaarasdrang prge Bnflegahdip methpd d‘PSFle%VIWé% (Clough
andSER | foog A"ﬁe& l&ans%ﬂrﬁ%roﬁ JDMy égi/e% oA i dNEve A eEt%ndltlons on

respectively. equences and oriéntation of TH C |
mediTRscontainieg 60 e mlf' kehamyaiotrstetagt fos tesferncam, andr%{) by ml

ceGiITRRS T epHECEDRL Bt thsorgae Pt gy Tl ifer F3 weeks
to s¥illafld Eﬂ}ﬁéss?bn MRk 684 &WasQfeteTxHthla!ftEr fur@ep gﬁ‘owﬂh al i ana

was anplified with d DNA3, and cloned using a
TOPdI. Wmhsmfﬂ@l&ﬂonéﬁwst rogen) PCR nutagenesis was

P o ol Rork e et b &h (Pt bR TR sten 4

Wil REENDINY . WD SR EMRNThE Yondti@iv3' CaNIR 358 @HAAGES ThiebEng
rel eased fromthe vector by restriction with Sall and

seqeqnsp ef lucHese Hemaherisps paeks direldy) vors ampdified pothnsimers DNA44
and%l@ﬁ% g{ld E‘Ptepfegtg%ﬁg &Iﬂﬂ%arrﬁfﬁta?le)%?ﬂt \%ﬁ{'élglgedtl %J ap8¥op£1§ fzsr[es

enom c con ragnen

ofﬁECmARaﬁ bbtam }fBlﬁleFMaja TR pBItRIANEC, thé paomdmll tafgeﬁ'irg C
was anplified fromA thaliana genom c DNA wi S
SCAWCRat e ONABDInGR AT Rierascapes EPIREPY the anlerweaq@@ume IAV

to py&fehpgem}ééo&@l]o%aa 81"1“'5% g}é ﬁgmﬁaiw I @t rao\f@d%mg

oct opi ne synt hase m nat or, that
vergion ef fuelferassi frém rtlndmammszymmumtengfmrmzx t@szélh emim’nldm 2003)

way R BT s AU S R4 et iU gt P
BarRBTTPAE SRR HBirtA R IRNMepLE biad@ifls cCONMGEng ANMER bntWrbRinsRe

appropriate restriction
reporters, the coding sequences of EGFP and DsRed2 were amplified with primers

DNA48/49 and DNA 50/51, respectively. After restriction with BamHI/Sall, products

were cloned into appropriate sites of pBinAR.
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sites resulting in vector pBinAR-term This vector
W t hout the term nator sequence was used for

waaiesespsent cl oni ng. The codi ng sequence of EGHPI/WAR08/065112
anplified wth priners DNA48 and DNA49 and, after

i t h. BanH d [ to
il DA AT T R
with PENFSNONIAQ/SPHIHG THNATIBE AdspMiisclylaH @Bsned idts P Janesitt FPe
TA vector by Sall digestion and cloned into the Sall

pBigiARerepprtergmpsaniEErpeloaingof seesepeding penstpéte hesstios T 1L

BT 1 AR 5SRO0 W SRORSRE Bt vi

primeis APEASSi 53} atﬁS)NAGX/S@ riegdcivel . ISRqU&dce and qrleasimiba of THIC 3°
containing the TH C 3' fragnent and, after sequence
UTRg it TSPREET %ﬁwn@%ﬂt@aﬁsweﬁa@m RMSCAUEBHBE i nto t he

appg eh@ttaﬁor? bf fie Etaﬁlg THESE T ah& VD (1@%' ddnte {3 m%g&g%/

and orientation o nent were con
RNgajjubnwildgypest IR ﬁﬂﬁﬁﬁdeﬁﬁMCFKﬂTfrd)ﬁZ@ 081065 112 amplifid with

DNAF AR A cored e RRQ0s Baansrd i ierpn) Pk
mu%%A&%t%fes% ;ﬁ}fonﬁéd on ARABITAMINKIEIR ¢t tRITOP@ 88 ¥ectof AR the

_ late for in vitro transcription was obtained
nuddgotllﬁi@dlangpa; wf:remnﬁnned byosequeNing ddbsequentlyy drdt €T Rasegjuences

intro SIO |nth f.or d primer. In . )
et e R B 5T Y AR B S i R et s
of tROtpRAEY, 1a§ﬂuae gel electrophoresis (PAGE), and 5

32P-1abelling of the RNA were perforned as descri bed

pr el BIEPREE ces@@tcrﬁacmamn&thealboswgmm)lts gepemicrropfer a fragment

d
o PO B Py AL S Lo IR s o
thaBardu ﬁloﬁﬁ@N/Q@'lthMmMgﬂDNA@mdd DOOA GtV @lonied ihtoehe TOPO TA

abs nce or_presence of varying concentrations of TPP.
veckTeay REE MY BNRINS AR bREe/diH) SETKSA QEPmIR PMHIRSa (96S)

tenﬁ’fﬁ%r tHéter%hi were By witT R SRR fIRIRN ﬁl%d??é_ﬁ%%ﬁférv@s’removed

and quant ated using | mageQuant software
by mpiptien witk[Sallaind ¢/ind1éf 4nddhé neptdriveligateroeintg alinken c«nfsis'ﬁﬁg of

RSP HEA R BPaeq g ARG AR 2 Bty Melebprsiigie reggaction

site§ h%ﬁlfﬁ% i QebiSpBiNARL@EARI THI R @dr Wikidue %Q@(ﬂhﬁﬁbﬂ é?:ﬂuence was
Sequences of DNA priners (SEQ I D NGCs: 31)

usef¥forraRsegrientyedingngr Ahecodingsauadedd g8t was amphﬁed w1th primers

DN%%%W@W %E%AA\%%A T% ﬁcﬁ was cloned into

%@WME&W@% Sl THIA ehgRent VTR
app50pn% 5' - AGCTGICGACGGT GCASAATGCATTTTTAT%AATC Sal | gﬁ?rév

releagezilfrw theSNAROSFA vesagsTontadltierstrnemiriongl gy thedad ste of
pBitNRB P T SENGTRTR SReRash bPhe 7218 fEnERALRY SR by

sequencing. For generation of aptamer mutants M2, M3 and M4, PCR mutagenesis was

performed on the TOPO TA plasmid containing the THIC 3" fragment and, after sequence
confirmation, the Sa/l fragment was cloned into the appropriate site of pPBinAREGFP-
term. Again, sequence and orientation of the THIC fragment were confirmed by

sequencing.

80



RT- PCR anal ysis EGFP DNA6 5' - CGGGATCACTCTCGGCATG f or
RT- PCR anal ysis THIC from nore plant speci es DNA7

WG 2008TREAYTTYTGCTCNATGTGYGG for, end of codi ngp@EUSINS/065112
DNA8 5' - GGTTCAAAGGGACTTTCTCAG rev; conserved aptaner

regk,ﬁin Dﬁﬁ%ngPrgﬂ_ﬁp CCCTTTGAACC for; conserved

apt anmer “r1eglion I"cation of THIC 3" genom c

In-fihe@pobitig 28443 &ebe m&m&;&amm&z% fn@houﬁ? @Sudhdsan et
WD 2008/ 150884 PCT/ US2008/ 065112 DNA1
ol D00 K HAPEA G PAOA EPEB Aol foNARS o transcription was obtained

b;?CR 4 7 58motet &a Feed by inclusion in the
AT R 700t Rt

forﬁ'ard(ﬁfh%kAlBT Wﬁ5(ﬁ’ﬁiﬁ§&ﬁ@ﬁw1\quur1ﬁbh&)n H?Nl%ihﬁturmg polyacrylamide gel

eleé&o}%%&@%%&h%ggf the 2§\IA mpyerformed as described

o T r
preg%o_uj@%é%-[ﬂa_% ag‘%@el '(;"Frr :F 1%‘5’?&@ p}o%%ﬁ AR, the labeled RNA was
Incabate X TOTT TENBEBOETIOGHT NTET i 80 MFais-H{RTpHES atrid’¢) 26 mM

0,5 ~A : TGAATGAAGG fof; THIC tot
My 81 200N PRI S AP ERC e PavEro Pl (ary e GPheepRaons of TPP.
Cléavade ebd oAGHOB TADNBBARA ik ©10% PACE IVisua
5' - CTACTAAGCTTACCAACAGITTGT rev, THIC Il DNA24

PhasphesimazesACT diertibanncand erantipkgdasing Imapp@psit software. The

oo AT RS TL MR P Y5

moBulaEIA GEh 0 XA Aéiniiavd byl plofing thOMNMABlized fraction of RNA
5' - GGTAATAACTGCATCTAAAGACAGAGTTCC for; AT1 GL3320
clegyqd ygrsys t PREPRISIfalon AT1G13320  DNA30

o R bRy SR BN R

RTBDC AR SCOATAAGDROpY ; EGFP

5-GCTGTCAACGATACGCTACGTAACGGCATGACAGTGTT

DNAT FITTTTTTTITTITTTITITT polyT

DNA2 |5-AGCTGTCGACAAGGCAAATGTTTTAAACAAGACC Sall; for 3" UTR

DNA3 | 5-AGCTGTCGACGGTGCAAATGCATTTTTATCAATC Sall; rev +221 nt

DNA4 |5- CAGTCACAAAGCCTACGATCAA rev +882 nt

DNA5 5-CGGTGAAGTAGGTGGAGAAA for, end of coding region

RT-PCR analysis EGFP

DNAG6 |5-CGGGATCACTCTCGGCATG for

RT-PCR analysis THIC from more plant species

DNA7 5-GCACAYTTYTGCTCNATGTGYGG for, end of coding region

rev, conserved aptamer
DNAS8 5-GGTTCAAAGGGACTTTCTCAG )
region

. for; conserved aptamer
DNA9 [5-CTGAGAAAGTCCCTTTGAACC .
region

Amplification of THIC 3" genomic fragment

DNA10 |5-ACCGAAATTCTGCTCCATGAA for; Bsa
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DNA33 5' - GAACTCCAGCAGGACCATGTG rev; EG-P DNA34

5' - AGACCCACAAGGCCCTGAA for; DsRed2 DNA35
W®2008A8885CACCECCTTCTT rev; DsRed2 Probes forP@EMBSIIe$/065112

bl ot anal ysis DNA36 5' - CAAGCGTTTGACCGGEA for; coding

> P n DA N7 ' -rr\r\r‘-rr\r\Ar*-r-rA-r-rTr*'rr\Ar\r\Ar\r*r'r'rr‘Ar‘ rn\l
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DN 13 A H= BT R AR GFAB LT T TATCAATC TeV, ExdERded 3
UTR lin vitro transcrintion TPP apf.qm:r pre enf_Ln
DN O & ﬁ&%‘*ﬁﬁ? TY@U&TN?AHRMO for; Nbe
DNA15 [ A0 (B A CT(JII(:I(:I(:I(JI(:I(,IIG’rorrev Nide

N0 +nv 3 ‘ . f‘f‘m-mm/\m -0 Q') \AD
DNaBg 138%%%%2 TPP apt amer wWidHeS:

DNATANKS GRASATCIT I TCETARTAE to 5 spl i ce sit|egv. BNMA42

Dﬁ§'18Tﬁy:\"1|'—fp@gb"“A"gm“"”b@"m%gmblU| FTCGTAA O T_f'or%bé”‘)t eT
DNA4R 5' - AAACTGCACACTICCCTG Ol oning of reportler

DNAGR s 1 & EAEC PNAMSAS CCAEETHAATCCGCAT TCOGGTACT GTerab? or
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splice junction of the intron.

28. The construct of claim 27, wherein splicing of the intron reduces or eliminates
the ability of the riboswitch to be activated.

29. The construct of any of claims 3-28, wherein the region of the aptamer domain
with splicing control is located in the P4 and P5 stem.

30. The construct of claim 29, wherein the region of the aptamer domain with
splicing control is also located in loop 5.

31. The construct of claim 29 or 30, wherein the region of the aptamer domain
with splicing control is also located in stem P2.

32. The construct of any of claims 3-31, wherein the splice site is located at a

position between -130 to -160 relative to the 5" end of the aptamer domain.
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43. The method of any of claims 35-42, wherein the riboswitch is activated by a
trigger molecule.

44. The method of claim 43, wherein the trigger molecule is TPP.

45. The method of any of claims 35-44, wherein the riboswitch is a TPP-
responsive riboswitch.

46. The method of any of claims 35-45, wherein the riboswitch activates splicing.

47. The method of any of claims 35-45, wherein the riboswitch activates
alternative splicing.

48. The method of any of claims 35-45, wherein the riboswitch represses splicing.

95



97

WO 2008/150884 PCT/US2008/065112

49. The method of any of claims 35-45, wherein the riboswitch represses
alternative splicing.

50. The method of any of claims 35-49, wherein said splicing does not occur
naturally.

51. The method of any of claims 36-50, wherein the region of the aptamer domain
with splicing control is located in loop 5.

52. The method of any of claims 35-51, wherein the construct further comprises
the intron.

53. The method of any of claims 35-52, wherein the riboswitch is in the 3’
untranslated region of the RNA.

54. The method of any of claims 35-53, wherein the intron is in the 3’
untranslated region of the RNA.

55. The method of any of claims 35-54, wherein an RNA processing site is in the
intron.

56. The method of claim 55, wherein splicing of the intron removes the RNA
processing site from the RNA thereby affecting processing of the RNA.

57. The method of claim 56, wherein the affect on processing of the RNA
comprises elimination of processing of the RNA mediated by the RNA processing site.

58. The method of claim 56 or 57, wherein the affect on processing of the RNA
comprises an alteration in transcription termination.

59. The method of any of claims 56-58, wherein the affect on processing of the
RNA comprises an increase in degradation of the RNA.

60. The method of any of claims 56-58, wherein the affect on processing of the
RNA comprises an increase in turnover of the RNA.

61. The method of any of claims 37-60, wherein the riboswitch overlaps the 3’
splice junction of the intron.

62. The method of claim 61, wherein splicing of the intron reduces or eliminates
the ability of the riboswitch to be activated.

63. The method of any of claims 36-62, wherein the region of the aptamer
domain with splicing control is located in stem P2.

64. The method of any of claims 36-63, wherein the splice site is located at a

position between -130 to -160 relative to the 5 end of the aptamer domain.
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65. The method of any of claims 36-63, wherein the RNA further comprises a
second intron, wherein the 3’ splice site of the second intron is located at a position
between -220 to -270 relative to the 5" end of the aptamer domain.

66. The method of any of claims 36-63, wherein the splice site is a 5” splice site.

67. The method of any of claims 35-66 further comprising bringing into contact a

trigger molecule for the riboswitch, thereby affecting processing of the RNA.
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