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APENLER LTI, BEAEMORUA 103 b O 2 R T 272012, 57 FERIIREEIIC® 55t (L% ORF)
ZRFExiG L L, T LEE ORF AAIH SN2 LET L ORIE] 3 X0 TRIARHIE & 13587 2 e #l 2 6o k
it ORF DK 1T 20z ~Tn 5,

1B TIIAMREON A7 L, BEEMCRT 5 Lt ORF 0% LRk, AW ERERRS KOS T 0
BURIZOWTE L DTV D, 2000 FEAROKRBUEH AT AR OFEIC LY v ~ 57 FERRREEICIZN 6 T Lk
it ORF BNFEETHZ &, TLTINHD B ORF OL < BREBICHREN TS Z EBHLMIRY . ki
ORF (2L % A A > ORF (annotated ORF F7-1% anORF) 75 OFHRRHIHA LE 22l 5 R BT HsEH 5 =
LEFM LTS, £O—FH T, ki ORF B L THMNREAL TRV 2505 [ Bt ORF OE(LAvENR] & [H#
FREIEILIAL O Lt ORF OEENE] 22817, 2 BIZ O WTIRE TS 2 &2, ik ORF oW ErERE L v
T DT OICHETH D LR TND,

HowETIX, b M AOELOMBET, T ARY UFAICL - TR SN Bt ORF 2% H L, ki
ORF OH#EALAIH A I =X LADOFEERIEL TWD, FT ARV L ETF 7 ANTa B —HE LT HBK 1 C
bV, 57 FEFREIEA~OEBIIAIZ L > TH72722 B3 ORF 21EV 5, AL TiE, NT7 VARV v oAEkT
— & ~X—Z RepBase &\ TIEMAEMFZHIENT 217, & b2 Bt ORF O 10%I12H 72 % 3,992 il Ejit ORF
MWEFUARY VHKRTHDLZEEZTRLTNWD, £70, 2B M7 AR Y HKO Bt ORF Oz B & 7>
FTEHEDIT, T URARY DTt Y ZFEF & ORFILEIENT 21TV, R T AR Y L ESK BT ORF o)
60%0%, BB EOERICI s THRIND I LERRITND, EHIZ, ZDOEL DOERN CpG A F e 2D
TIMUZ Lo TRESNTWD L) LIt ORF AIEET VERET HICE STV D,

%5 3% TlE, TanORF OFHFRGIE] L1382 %% % &> Lk ORF 2 5% L T\ %, anORF Bk % HlfH 9%
k3% ORF OFFR &L, Lt ORF OFFRE L AOHENH 2 H/BAEN LV E VI IBEDOH R A5 EIZL T, anORF
LRBEORR L~ ZH D EEORF 248 E L TW5DH, ZOBE, IR L2 EBTEA VR —a7a 7y A
VU EOT =22 ANWTWD, 7 2 BESIRGEE L ZE LR, 43 o LK ORF A H 6T D
b LR ORF 072709 B FHEENMW) € 1 7 i CRAIMRAFME D i b 8 ARHGEF9 A 1 0 1 ORF (SPICA

) (IR R &AL Y D% OIEBIENT 21T > T 5, SPICA & v /37 BTt L CHERL L 7= hifk & 7z
VxAZrTry h (WB) IEICL Y. SPICA WSERIICHR S, ZEICHFELTVND ZERLTND, &
bz, VAR—=F—=7 vt AI2L Y SPICA (X anORF OFERHMEICED > TV Z L 2R LT D, b D
Fin . SPICA IXFRHIH LS OFRER & D, FRICHREMESY L /7 B a— RL TV D AalfEE 2 5 & LT 5

4B TIZ, SPICA KB~ U AZAER L, SPICA OAFIERED A A MFT L T\ 5, ~ 7 AN T SPICA %
KILLTH Arhgef9 & > /37 B OFHRECHIEICRFE AR E T2 &% WB TR L, SPICA 2MEKNT
HEIFREIEICRE D > TN Z L 2R LT 5, Arhgefd & SPICA O lj ORF % KiB L7z~ v A x4 5 £H




TERATIZBE T 2B EOWMEEZSHZIT, SPICARB~Y U AEZA =TT 4 — /L T A MT Lo THIT L. REREAT
FOWEMAEE TS ZLERLTWNWD, SHICZORBEN, A—7 74—V BT A LS OITEMENT ik
CE-oTHRBRSINTZ L bRE LTS, ERLHITEIOHEMICMA T, SPICA RIAA A~ ¥ A LH R HEE
T LM MED TE <. SPICA BREBTBHICHLELG LTV I LEZRLTND,

EH5E [ ik, UEOREZ LD, SBROBENHMm S, F6 % [FERFE TlL. KwLTITo
TEEBROFEMR T 0 ha— L ail L, HB 78 BB T, AR TIHALEXMOERE LD TWD,
PLEoimy | REamX ik, Eb7 mt 21281525 LK ORFAVAEDEH LWA D =X LZMHTH & & i,
L3 ORF Hsk & "7 B AERIGMAE & O RN AZ R Lc, ZRHEAIE, THETIIER S TW o7z
L3 ORF OB LWl A2 S LT DO Th Y . 4% O Lit ORF AFRDFEOHEI /2D Li LT\,

6% FSCE B IX, FI3T 2000 - & 53 300 354 1 #9235 2, & L<IEHST 800 §5% 1 MM L T2 &0y,
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This thesis presents studies on evolutionarily origin and functionality of open
reading frames (ORFs) located within 5' untranslated regions of human messenger RNAs
(mRNAs), so-called upstream ORFs or uORFs. Chapter 1 describes the current knowledge:
uORFs are accepted as cis-elements that regulate translation of the downstream and
annotated ORFs (anORFs), more than 60,000 uORFs are present in human genome and
many of them are translated in vivo. Subsequently, two open questions of mammalian uORF
biology are introduced; (1) evolutional creation model of uORFs and (2) physiological roles of
uORFs other than the cis-acting translation regulation. In Chapter 2, human uORF creation
driven by transposons is investigated. Bioinformatics analyses demonstrate that 10% (3,992)
of human uORFs are derived from transposons. By comparing the obtained uORF sequences
to consensus sequences of corresponding transposons, a novel uORF creation mode is
proposed that transposon-derived uORFs can be generated via the evolutionary arms race
between host epigenetic mechanisms and transposons. Chapters 3 and 4 describe the
discovery of a uORF having physiological roles distinctive from translation regulation of
anORFs. Bioinformatics screening in Chapter 3 leads to a collection of uORFs that are
translated in both human and mouse brain on polycistronic mRNAs. Of the uORFs, Arhgef9
uORF (named SPICA) is intensively studied in the following section. It is demonstrated that
the amino acid sequence of SPICA is highly conserved among vertebrates. SPICA protein is
stably expressed in mouse brain, suggesting that SPICA translation plays crucial roles in
brain function. To address this hypothesis, as illustrated in Chapter 4, a mouse model lacking
SPICA is generated and subjected to 11 different behavior tests, revealing that SPICA is
involved in anxiety control and maternal behavior. In Chapter 5, implications and future
directions of uORF research are discussed for our better understanding of gene functionality

expression through uORFs.
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