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o FI1E  EYEIAH

o F2E MM EEN/LE

o EI3E HBELFEMP TETEL!
o FAE  ZLTHFIIR<EN ST
o FES5E :RNA N TEE>TNE=DM?
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o FE7E EGTFII DNA [TfEH /=

o FERE BRI SEEK
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o ENNTER

o 5| Ak

o ME—EYODIER

[2UHIC

COXETIEEYORIRICEAL TEBDSMBLLILEBNLEVWERBNET, EYMBEHORE
DI EDEILTRELZDD, EHEDABANEIANPSEYMBHIRT BIRELNSTENHYZS
DI IEERZLDADBEBICBST—TY, LOLADS, REHICREL/CIBEDEYF THZD
RERICIZBAMEREZ D EE TOE R A, ED5EV>TEYDERENE<EDHRICHZDNEE A,
RIIZ5THHYEHA. 1950 FROBFRIEIS—DRER (Miller, 1953) ICKY, YD R ERER
ZBUTRNBIEDSHEKBEEZEZONDLIAAVELC, —AT,HL 1950 FRICEEDSRESN



=

7= DNA OFR RS £ PERICESNMMEIELTERDLIBTHDEEZE<STH)BRBPTESL
WOEZBZDNREBLELL,

IOLTREF S/ MDEEIRICE T S RIS BICEYIOERME (73 /B BRI R 5 4) DHKZE
RIS BAREDS, RTIIMBESEDLIICHKF o/l EFVH T IOICEBEL DD ETND
MAETHREOESZRBETOET  AFTIZDEYMDLYT / ADBERMBLEE TESLIITY,
ENEFIRL TRIDENDEREEHLLOILTHRNBAEFHO>TNET,

REEYOEBROMRIRLEZBOFESELOTNWSRETYT ., LOLENTH. BZOFIC I IYH
MEDPATNS,EEZDEREICITMBEEAL TETVET, COXEEZBLTIVEDAN,ZD
VIVITYbERBIENHENIT, ZL TN IYybORZSVBBRICEE BT ZEMSERNTEE ST
Y.

ZOR=ZDhyTA

BUBHICHKROMEZEZR 1 [TRLET,

1:590C

ETTE1R AEYERMAPITE, EOEOHIMBBEN THS,EFEINSIBLRDD, EDLSIRHFH
ZEGBITNIT BEYDOSEY o/ EERBDNEZEZTHICVWEBNET, COETITOEND
EED HEDHERDLBICIEVET,

ME2EAMPEENERI T EVHRELCRHREZORAOMBKOHRFERBNLET. £YI



BES< 40 BEIFERLEZBENTHS 5 BFIFEZE o/cthik E TRELAEHBENTOET, &
HOEYRIUC DN TIIEDEBZEK > TERDHYE T, ZDFMRICOVTHENLINERNE
ER

ME3E MEEFRY P TETEL T, 7S/ B 0 RBRIE R E A Y BE DB AL/ DB
BRI FHEDLIICL TRIBHIKICHIRL /DM DNWTEBRLE T COXIEES FORHEY
(BE/7NLEWNTED>TY /RO BEO#%EL (DNA X RNA) EE o7 KUBMARB RS FEEDE
fIICIRVET,

ZLTCOIUNROBORBEIEEDEYARRAIRIEB D F N TEROHICT, B/ I—DPRBEDDLE
BHYVET, COLIERIS(BEERIS) BEDIIICL TR SIEDODICET DM ALEIFEIR ELTH
FIIRSBD>TITHENLET,

BRFILBIZEARITEM TRESTH, ETNETTIIBALESIDFTHO>TENEIIFRE A, —
BRI EMERRIENB/=DICISIETEL L TEIEDSHETT . INSDERFITEWNIENIFE-oTHE
TS BIEERDIEEEZZLNTNET, $5IC RNA (3, G FEL TEKZEB DL RIEEBNTS
RS L TEIKCED IR DO, RUDTESDLOL IR FEmTREENHYET. RNA HEIETF
CEMEDE A DEEEFR N TN LR ES IO EE FIFAREGIEFL TV REAKE
RNA T—)LREFUET M, IESE RNA B TEE>TWE=DM?ITIE,ZD RNA 7—)LRRER %
FERbEOHTERUEVNERBNET,

RAERLDHOTOSEMIMRICS L NIE (BR) EFATHRALTWEY, VNI EIERF
CRENZNERBDNBDT, RNA D—)LRBREL TOWHESMICEHLS S [ASHDBIEF 1 EE
REARL FIATERLIN Ao/ BRASFELLIRT TY, E6R KHBES L /NOEDHHITIE,
BIZF LR DRI 2DYECRHIN EEFIMEDEREHEHT DLICA/EBIRICDON T, RED
EYMFOEBEERENLETS.

HLU,.RNA O—)LRSEVDRIF o7& S & EYDIEIEF(3 RNA 705 DNA [CEESN/=ZEIC
FVET, DNA Z2TOREEYMPEGFEL THO>TOE TS, EYDEY THH/OICIILE
THoleEZEZONET, [FE7E HEGF(I DNA [CEEITIREEFH RNA 75 DNA [T o7-=
HEBECDONTHNET BEZOEGFAIRALILIOBERCZ, EMPBEMSLIEo /B R, &
YIRE DBRBEFRIENSHEEDTLLD,

EYHHELTHOOBELRIIEEET, BOIRVEBEELEL, FLTRVIDER LIRSS
NBTEITBVET . BELEWMESTD 3 DO=ZKS IV —7 (EEHE, SHE, EZREY) DRE
DOHBEENEDLSIBEY THO DN EEEREEYDLERICE DN TEHR T IHA N EAT
WET, B8R {EAAIEMBERITII.CORAZEE>THET.

ZOR=SDhyTIA

BI1E P43 MM

TEYIDRERIENDIT =L, BLoEMRMBETEINSFERIFIESLNDNEDIEZANHYE
. TOEBAD—DII,THZTHLENMEIEARODEDNPRLICIFEBRINTIVRNZETY ., €2
T,COETIIEYDIERICOVWTREZO TEYMDEREZEZEZ THIEVWERBWET, CCTEZLEE
BEEDLEIRDENSTDLIOBEMMEDIIIL TEEN DN EZRL TOKTEITHVET,

ETHPVREICABRIICHEOEREZL TEEXLLD, JKTEBDERFIENSTV—XZBICLEY
BDXEDZAMVITERDEIRITY . RINICBEEBALLIZBRDHYET,

r£4n (Life) IEOWDAERETHLENVER TEDONTOT BIZ LTIk E 6 1, T AT AR 1EEL
MR EZEHERNLIE, FEETINEIHHDLMSENLIABDICHEDNE T, —ATIEY



(Organism) 1l o& EERZR B8 BICL TOSEEY), DRUISMh kA a1 2353 7= 0ICfED
NET, BEAABINBHYES D, CABRICR RN T HEZR/BLLTIEEHD T AMIMER IEME
MIZXRNTBIEICLTOES . SERBIZEOBEEDRLEZEZT —ICLTNVET M5, MHbEkERD
HEI=TEWMOREIDZDOXEDIAMIVICIVET,

T8 1DEERIZ<DADEABITTEY, REITRENLZBDIHSNTOER A, &RIETIE Luisi
(1998),Koshland Jr. (2002),Ruiz-Mirazo et al. (2004) *° Oliver & Perry (2006) ZEMT4E
WIDERETO>TNET, £/ NASA(TAUNMEFEHR) DAWVCERDLFE B TESGIAShET
(Joyce, 1994),

SZF TIC,NASA OEE Ruiz-Mirazo 5ICLBEEE LU Oliver & Perry (CLBEFEES|I AL ERE
LTHEELELLD,

o NASA ORAWV=E % (Joyce, 1994)

Life is a self-sustained chemical system capable of undergoing
Darwinian evolution.

(&L, =D ELER(FTHIENARELL, H R TFMNAEE R THS)
e Ruiz-Mirazo et al. (2004) [C&BEE

‘A living being’ is any autonomous system with open-ended
evolutionary capacities.

(TEZTW\AY &S, BRICEL T 28EHEB L, H50 2 BENERTHD)
e Oliver & Perry (2006) ICk2EE

Life is the sum total of events which allows an autonomous system to
respond to external and internal changes and to renew itself from
which in such a way as to promote its own continuation.

(EfELINELIVANZEICIEL, B CEDFREHRES L5405 ETH
CZEEHTHHBREARELCTILINEROLNTHD)

SHICHMRBRREERDBITONTOET D, Z<OARTIHERTESRIL VDS ETIRIVLF—%
o THREEBL TS (DFEURMEITOTB)EWND 2 SDBERDOEAGEEEZZOSNTIVSLD
TY . UDLIAEBIIREICFHEEMENDDER I EMHVER A, hDERGEDLLEALUICTEE
TWBIEWSTEEBBTEENEALEICHEZTLLON? TEBIDEEDHLIIIZAKREZAICH
HBHRHNHDLS5TI (Cleland & Chyba, 2002),

FARTES OFTHIENRBEKREF DDISTHERE R |, TADEIEMITLLS, TEMICD
WTIEFAZ=BIZIEBDICRSH>TOET, TEMIDBEDLIICLTEFEL, EDLDICLTHEEL,.ED
SOICUTHEALL TOKD DL S EFEDEMEDFEICL > THEYDEBR B R P> TEEL=, TEY
WEDELSIEARATIEETINDDDPI RPN TERLENOTHNNWTLLD, TS, EMITDINT
=M TWAIEERICTEYIEERL TOEELLD, I=ENTEYIEZEBS TS TOD
DBFE > TR, ZLTENDRITNIETEETINFANL S E RO RIS TEYMIDEE
WTEBIITTY,

TEYICIS B E SHREMDFELE T, BHllEYESHEY TIIEREDOBL S IE)E
DEEHESITEO>TCWTCRUIEMIELTEETIDIE—REHTT ., LOLHFEICE AL, EB5H
HRMNSHFETNET, VMV RAEESHRBEEIFbETAD, VMV R IR BETHOT, D4k
YDFHTHD,HDHNIthOEMDOREITHEo/=EHE Z 1TV =D, —RICIITEM 1 EIEEZOENT
WEHA. RO TTEMIDOEEO—D B, MOFEARFEROMBEIS sk TOWT BEEL TS



HRFLTOSICENBEITFONSTLLD, HIBBICDOVWTRINMSERLE T MRS EEYD
RBDIZTHHLEEAET.

MR TEZIEVVSDOBTEY I OEBLRFHTT N, ZDEDHICITBEEDFHESHAEB AT &4
PN, ZOBEBTEERNPRELAITNEIAVERA, CNEESTOSDMEGEF T, COELFHH
FAICEENTOET, BREM TIIH R MREADBGF B EDHBDFIEEZRODLICHEVE
TU, SR TS, KIKIE1 (X308 0) HifahoFEZRIBL, ZDMBOBEFBEDE
DREZRDTNET, TLUTCEGFIIREEGE T THEADZ<LOMBICRIFIN, HREBATH
FlEMBNBILITARVET, o T TEMID = DB DRI ME&POHBASGEEFRICE
DTNWTOKENBICEEEZET,

MEEEEDHDE TEYIILTOLICEETESDTLLO(E 2),

o 911 DF/3EHOMBEIS 50K T 24U CTHEAREL TEY, 20k il
BASGEGRFRICESLWTOK6NSH0,

49 BEF

sk
VNN

N
2:-4%Wé MR

ITRIITHRR IS (IA D EZ ZBTNSBRVERA, EOEETIITEMIDEF DIRTUT REME
ZHBEoMEELTLENELE, T HEBIZEDLSIICLTHETHBATLLIMN?SEITD FH
B DMECEDWT, MR ISV DOBEEEELEL LD, MBBISHRAE D S5 RER>T
HRTWBETHRIVEEMICHHZONE T, CIHSIIETHEBEOME, Zh S ENSDORB D%
DIEICERBEAL TWVEE T,

HRISERALGERD FOERSFNSHETOET N, P THRCEEZLDDELITD3DICHET
EFEYT, INSERENHBHRBOEFICLERAREBDTY,

1. UVEEH:UVER, IV THRIEFKIEDEERE, RVBRIK DR REDPOEDEER NS
O TWBRFTY, #MilREBATOSHIREDOERS T M MR EDOMEDS A
TWEY ., —HRICHRIRZED D FI3BKEDERS LBKEDE R ZR A FOPICH>T
WBIEMDBET, ZDLIEN FIREEHTRBBR S F SFENET,

2. 9 NRVE TP RSENY BHLEBEELSLOIE/EERFTY . HilBOHRAT
BRARREIZRELTOET ., MIRRROBRERICHAVETH ML TOEEIRDEE
SNET, MR TIIERDOLZMENERDILZRICERILTOWET N (b Z2 RSO ERK
FICEI>TWTIIRVET, #Mifa3 s /OB HOME (B R) [CL>TREDILERISDER
EEROTAERLOFREZIMO—ILLTOET,

3. Bl UERIE R RV BSRABRIVATFRBRSBN O /IEERFTY IBEDHEMROFED
BN RILS, RNA(URIKER) & DNA (T A FLURIKER) DD N F A HYET

o RNAHEELLTTZT=V(A),I7=2(G),9Z2 IV (U)o b (O)EFB EEL TS
DR—REFE>TNET, EEATIIAEEL TEWEY, 9 0 BDOERKICEETS
BREDEZRENERELTVET ., 2/ VEDERKIZHENVTIZ,DNA DIFEREMHNLTT
S/ BEI R D8RS mRNA (AP +— RNA)E, mRNA D LICT7 S/ E5% &
A TLB tRNA(FSR77— RNA), 7 /BRI L5 DRIFBURY—ATEE R EE



%185 rRNA(V7RY—< )L RNA) D3 B D4HICEE T,

o DNA:HEELLTIF AGC &EU DEDVICFI(MBFENTWT EELTITAF
JUR—REFES>TVET, BILFORETHY,CORFLOBEEDAEUNNS > /N0E
DT7Z/BOLEVERDTNET, F2 /N OEDERDEEICIE, mRNA DOHREL T,
ENICERENDI L NOBEDTI/BEHERDTNET.

RS HREL THEET BOICIL, NSO E BB REELBRER>TVRTNERVEE
o £ MRPREEIBIOCZRISEITVEDS B B EEZ#RFL TOIC AR ERmREEN DD
6, HOEEMEDPYRVZERITTOKBLENHYET , TD/ZDHICEB<DN ESFIIBLTHE S F
[FBEARNEDR, FERZRF IR TY, #iRAICENTIDEIRREBRL TNBD D, KRN/
VEEETHO1EY, —BDI NOETHOIULE Y (MEEMESFTY), €Tl DO% D —
DHRERTRBRRERTFORTRENTNSICLLLEZAET.

HEROFHED MENREETORITEINDOICL BRERIFTHEEF (DNA) BLETY.
TR EDLILBBEBRPHRIFENTVDUEDSHDTLLON?E T MIEHIFT HDICIRKBRD
BEZFORIFERPLETYT, AHOBBBKREDIIBHDTHENEEAL RIECEYHNHA
WTWBRBRIILTLHL2THBEL TOBDIFTIIHVE B A, RICERZIILOHET DI /0E
DEBRRBYLETY ., ZLTEGRFEDODEIE—T H/-HIC,DNA EHEBRVPVLETYT, ChoHE
ELOT HRROFHO DB X IRONBIC, ACHRFICHEELELZRER(RMR) DI /KH
HiE (BE) 5> R VHSRFOME,EXT DNA R 5= DR MIGHRE DNA O 5 PIc
FREBLTWBICETHDEEADTLLD,

ZUC,DNA OESERITEITHE > TNWBEFTIIMEAHYE R A IBIEFDIFHIT RNA 25 /1Y
HORIZERE (DNA DIEREEIC RNA 28/ 952L) -#lIIR(RNA DIFRERICHIV/INOBEERK
TRIE)SINTHIHTEKREIFEET, BE-FIROHDEE,ZNIL RNA L5 /0 EEFLITH
RTWETH,INDHBAICEEL T, ULHHEITHIREICHIFINTORITNIERSZNTLLD,
o T D HND=DBIZTDNA OEMIEIRE RNA, Y RIBODEICER T MIBERERE
A EAIKE THIFL T3] ITBVET,

ST, INTHROF > TV HIIHEEINZLBVEY, COEDFEHELT,SETEZLTES
[#ARE 1D = DO HE DT T, IR OEEICLTHELLO (K 3), ROEMSIT, ZV DA
EDISICHETEDONE,COERICE S IO TEZ TN EICAVET,

o {li2: AR M S TFOETAEN, TONMICACHKFICLELLZRER (RAFR) D
Yo ROBEME (BER) .7 IBERFROME . E5X0 DNA EREEOEAFIRE
DNA DEEHHICREFL TWT,ZD DNA DOEMNEHRE RNA, 5> OB DEICERTS
Al IS & B B v BEAX KB THERFL TLVB %,



- DNA WRHFRE, 471 UM B
+1% DR, RO EE, ONET
RNA

/ 51./1\7ﬁ

\/\/\/\jr

‘mRNA

& (7. SHTROMA

-rRNA. tRNA ot

(—1. 7)1 ) : MW

H 3:MRORELMH=

ZOR=SDhyTA

B2E: EPBEEN/EH

CDENS, FEHICENDOERICETIMEDBNMCAVES, T, EDLIL TEMATEL

DIPERRBI=OICE,EYMPNOD,EZT, DFRVFEDSOMRRRETREL DM EM>THERIFNIE
BVEEA. EMDBEEN-DIEDPHTREFOEDILTHY, B DOEYDIHUI—ITEOTNE
th. ECTHEFPRENAELICEDVWT EYORERICZDOLBRORESHEASNTL
9. (1)

ROEZS,EY AR ETEENZON, ENEOFEDOMDIEFAI TEENZDNCONTHFHED
HYELIZ. LU, FHEICHETOWSFHEDENCLOTMBYFTETHE_LEEZDE KGRI

TEFENEMD BARICKZRICLEVELILRF T EZONE A, HYIBETNIT KIERHD

MEYEREDSERICEYEHIKITEYA AT BESLSNVTY 58 (Crick & Orgel, 1973)&NICD
WTRREDHFTREELHEOHELZNTLLD,

EHOARBERADMDEXRE THAEL THIERC/ZEVR VLT DE, KEDIFEAEH—DIRFHIC/ZY
F9 (Nisbet & Sleep, 2001), K EIL#hIR NS LEERIAVIEBEICHY  BEICB S Ho/=FIHLAIRTE
£FUDDHY, BEDKEIIRIAIRE LUZIRIEEFOTNVEZEZONE T (McKay, 1998;
Malin & Edgett, 2003 (F/H), $5(Z McKay et al. (1996) A5, K 25> TE/= ALH84001 &
SBEADSEYDRMZFRRLUIEREL TLEE, KEDEYHIRZDHIARY LD >TEEL, &
[5,ALH84001 DFIMLD Z<IFIKRAHUTBE T, EZo<MEVEo/2EZ ZONBICE>TNET
SV, 1998; Schopf, 1999 72&) ,&iA TIERIZV K EHRFKNDF - (Nakhla) FBAICHE A 1E>
TELOIEHWE R DIEEE TORNBICE o /=B MM RSN S S Eo/ZRIREEMS RSN EL
7= (Gibson, Jr. et al., 2006; McKay et al., 2006, Kerr, 2006 H&8), FISBEAICDONTIIH
Bk E TEMDIMIAATERTEERH B E TEE AN SEDOXEDRRLPAXEBADM RS EDIL,
FLLWRRDBPHETBMHLNERA,

BiE#T,2D ALH84001 (F X EMSHIKE TUVESHEICH, [ZEAEMBAEZITTVENEE DN
TWET (Weiss et al., 2000), DFEV, K EELMBKOB THAEN D EE/EEE IS RENHH S
MbLnFEHA. RIGHERERIE XK EEVKBO/-EYBNFEL TV=ELES,ETHREANER
WET, LOLZORBRBEICDNTD ZRELEPSRELEZZH T LI EKEFRA, TTNHS,ZOXE



TIREVHZTHIRTENDREL/ZODEL T,REEEDHDHIEICLEL LD,

ST,H 4 ITISRIBHERICE DDBBE L FRERLET, BT ORREICKY,IREFEHDEFRHL
136~139 {EE ThHDEEINTI\EF (Krauss & Chaboyer, 2003; Bennett et al., 2003;
Spergel et al., 2003; Tegmark et al., 2004; Seljak et al., 2005; Dauphas, 2006; Tegmark
et al., 2006; Spergel et al., 2007), ZNH5H 100 EEOBER 45.7 EEFICRAARR
EENS, KBROXGEDTTELEDHFHIEREILIRDHEL = (Allegre et al. 1995; Amelin, et al.,
2002), — =0 KBRAICKF A HERIBHZE,NSETSITREL THXEZEVE T, HXE
BEONIEHELUTONTEEZEVET, #EkOE DDLU TIEKESN, KIERD EHERTHSH
3000 AELAICAZHFN, T MLORRIICEREF DL OIBRAEICETHRRUALEENTOET (Yin
et al., 2002; Klein et al., 2002; Schoenberg et al., 2002b; Jacobsen, 2003).
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4: EiGihERDEE R SF R (BALIEEF)

HER DS ERTHSUILEK DR, ZDOXRAISAKEBE LK RIEo/EZZOSNTVWET, ADIL—F—
PANSREBEDHARENS, ELZ 39 EFAMFTHLLREERISHNZERSNTOET, 2L
T 40~38 BERICREZEDKRELREEFREDE—S (Late Heavy Bombardment: LHB) S#22
U, BOXRMEITILEMICEREZ(T=EESNTWET (Tera et al,, 1974; Cohen et al., 2000),
LHB AS{EZo7=EREEL T, COBHAICIE S o /=& TSN TS, KEE RO EBRE D KR IE/LE
BZEELIEREESNTOET (Tsiganis et al., 2005; Gomes et al., 2005), 7==LZDIREHDISE,
XEEHEEDODRAIKBZROPTHMULVDHBRELZZONE T, AEIL—F—D YA X5
ERBEKBEREDHEICHIEF/NXRENREREBIEFHENTNES (Strom et al,, 2005) (1),
WIFhICE X AE%EE>7/= LHB (SthEkEHEES/=L B (Maher & Stevenson, 1988;
Oberbeck & Fogleman, 1988; Sleep et al., 1989) ,RIEICIAE KW EADHREE DI, Z5(CHIN
BHL DA B RO > TET (Schoenberg et al,, 2002a).

CNSOEHMNS HEKICREL/ZBENTEDIIH 39 BERILBETHAOILEEZZONET, /272
HERNDRAEFEIILVNMRIEE /=T EEMEHHYE T (Arrhenius & Lepland, 2000)., 7= 44.0
BEMLSTNLUBEDEERDILMICKEMF OIS BT HoTOT,COBERITZORARICE
EDTFELTEEMERLTOET (Wilde et al.,, 2001; Mojzsis et al., 2001; Harrison et al.,
2005; Amelin, 2005) ., E#12,43 {& 5000 A~40 EEFI0O /LAY K EEEHEL /=
AR, EERDMEKICT V- T O R DBEEL IRTEDHERE RO HRR OB FE N EELET
EDFAEEINEL = (Watson & Harrison, 2005, 7=7=L&ERHHYE T ; Glikson, 2006; Nutman,
2006; Watson & Harrison, 2006),

ULOURICEEZRISEENFELZEL T REEROEZETE BEL.LHTNEF EH>THE
Z&ETL&ES(Sleep et al., 1989; Nisbet & Sleep, 2001), ik F THRHEDEAEEINDTHR
YERRE (B 5) DRk AL 40.0~40.3 BERITHDHIED, CNKYL FIDHERAHBE/ZIKR T
o=l EE LI TIVET (Bowring et al., 1989; Bowring & Williams, 1999) (| ), 7==L&®H
DihEILH 38.2 BERIDIU—2F ROMEB T EMDFEIL 38 EFERLUEELESONTHE



3 (Moorbath, 2005b), #(C Harrison et al. (2005) &L, FIDEA(L LHB [C&>TTIE
BERBTV—NEBRICL>TERONAEHBILTEY, EEIIERE—EDT LS >TUVIATEE
HHERSNTOET, BURIC LHB SEMZERIZTIZEBLWSDTRMo/ZETNIL, EYIDFET
BRAT 45 BFAIETHIAEEMBHDENVDIETT, 7458,LHB TREFHESER T LAZbIFTIIA
<,30~35 EFREE TRLLUEDNSHIEFEITE STV =ERONTIVET (Sleep et al.,, 1989;
Culler et al., 2000; Arrhenius & Lepland, 2000; Cohen et al., 2000), ChbE/EWDILE
P LICREBE B Z /=2ETLLD,

S5:7hRShRE

EYDRHRIICDERIVIAFVET , VD EBR FZZBEL TERMES KT SEICIT B ORAL
F(120) #BIRMICHMYIADZEDSHSNTVET, TS TAHDHEEDHD 12C &, &VUE 13C
DEELERANT, 12C SBHESN TOBIENRENE, FOBRICEMDSOTREEZEAEL TV
ZEMHHMUET (Schidlowski, 1988; CDLSZRAIAELEDRE#lE R ELAAREEEVET), =
NETICCOAEZRANTREDEY DI PIRRBEINTEELZD, EDH/ERBAETIEL,FV—>5
YRDARTHIETRREN/Z 37~38 BERIORMAILADNREDODEEZEZSNTNET
(Mojzsis et al., 1996; Rosing, 1999), 2D A ,Mojzsis SN FIVICEAL TR EFE T
[372<ERE THY, EYDFIHEES A TNDEIEEZEZOSNERN,ETERBHHTEY H/EBIEEILT
\VE7 (Fedo & Whitehouse, 2002a; van Zuilen et al., 2002; Mojzsis & Harrison, 2002;
Friend et al., 2002; Fedo & Whitehouse, 2002b), =5IZ Mojzsis et al. (1996) OBW=H>
TIWRRDOY LTIV, ZHTHT ST7ANIEENTEST > TEVDEMIIL<E DOMSALN
EVSBERITSETIELED (Lepland et al., 2005),BIOMEE(ZS ST7A DFEEZBHEIL
TLVEF (McKeegan et al., 2007; Eiler, 2007), Rosing (1999) IC&% 37~38 EFERID R
FIERISHEBEROY L TIINTHAIEICIIERBIANEST, LVEMEEEDRAMELGENZE
J (Fedo & Whitehouse, 2002a; van Zuilen et al. 2002), LU, RIEERICK SR ED
BROTEERERBZSMAELSY ERLEYOIMEIIE ZLEVDDOMbIEINERA (Schoenberg
et al., 2002a; Brasier et al., 2004), Rosing & Frei (2004) (3,4 A7 B0t EICSE NS0
RGLEZERNGAERICSOMIBICE L RIRIBE N FELAEIEERUELL, BOHISEMRRESN
EERKEOEREGMEL COBRICEZERERDAEGREITIVT /NOTVT NN TII/A
WNEERRLTOWE T, /272,37 BERIEVDIDIEHEVICHTE DD, 7 /INOTVT7 DLIIEIRE
SRS FELEELITODITIIELOSNE A, RMEEAZEZRLZEMICEL T, SEOME
DERDFENET,

RAE(EG DL EY DRI TIX AL FEDESI=EMDIL A D BAA D DDITESSHICTER OB D
BMSICVET, A—RAPSUT7 TREIN/- 34.6 EEFIOMNE{LR] B, 5DEZIREHDILA
SR EEZS5NTWET (Schopf & Packer, 1987; Schopf, 1992; Schopf, 1993; Schopf,
1999), COLAZSTHEIL, BHRNE THIBELZLBIRSN TOELAED, RETIIBUKE L
DREDEDRIRMIEE>TIET (BIS (F5, 1995; Brasier et al., 2002), 7=72,ZDT#iL A 1D
WTH,AEFDEEEEATNBIERENS, ZTOEXPEEYMICER/BRTHEAIRESEE
T BAEMHYET (Brasier et al,, 2002; Garcia-Ruiz et al., 2003; Brasier et al., 2004;
Brasier et al., 2006), =72, 5D RSB EZE T H1EVVIFHE B TOVEWKIICBZETL AL
ABDHRICHEIFAERDEEHL AN RICAERER(F/OICERIZERBINTNET
(Kazmierczak & Kremer, 2002), SNSDML A DHEDICRRARREZENSHETINS, T
BEYEEZONDEDHARDHTTNET A (Schopf et al.,, 2002a; De Gregorio & Sharp,



2003),INEIFTIIMIL B DBEMBER THEREMZIEHMED S 2 F A (Pasteris & Wopenka,
2002; Schopf et al., 2002b; Brasier et al., 2004), /=72, 2D B HSDHIL A DR EIIBICH
BHEHYETDT(Ueno et al, 2001), ZNE5HBLTRELIE>TNAEHZ ZHI\DTIIANVTLLD
. —EBORETIIMALE P DR ZRAIALESRANSNTEY, 13C BHPLTNBIEDTRENT
WET (Ueno et al., 2001), ENEZAND, ARPICHACZHONZHBORK[BAY &G H, FAL
BEEEDSIEEDAG U ISAYVEKREICE > TERSNZEDL T LN TVET (Ueno et al. 2006a,
7=rELESRbHYE T ; Sherwood Lollar & McCollom, 2006; Ueno et al., 2006b).,

ZZECEEADME NS FEEDORME L ADRYBRESINTEY, M 35 EFFIICT TICHEET
EHFELEEZZ5NTIVET (Shen et al.,, 2001), 7 7YUHDRIZIVH 35 EERIORENS
3, RERMAEDIMELS Lo/, BEP TEEFETHIHENDILADHEBHYET (Furnes et al.,
2004), A —ARSUZ7 DRPEVHE (¥ 34 & 3000 AER) HSDREDHILAEEDLNDE
i& (Brasier et al., 2004) ® X EBRFEREDNBRICEAELH>TEKREINSAMATRSAREND
#& (Allwood et al., 2006) PESNTWE T, 7 7UADSIIINLVDTHNITE N 34.2 EF
AICEBERICHEM YN ERRL T LT R A HY (Tice & Lowe, 2004) ,ZZTILix BN
SEBIBICESETOLEVNREOHMENEANSNTNET, 728, Tice & Lowe (2004) (F1ESHEH
NRIEWEMIBRIERER DA EREITOMRENIZo/=EHERILTOWET, REDKXEBRMA T
Chloroflexus DE N RVEICHIEL/ZRIEHE THHEEZS5TINSIED (Cavalier-Smith,
2002a), ZDHEEEFMFFITOET, BB RICTNSDOHMILAZEL TEILREALRTIHE HERICIR
EAEYELEBTESMIEAIT 32.4 EERIDRIKOBEIC/AZY (Rasmussen, 2000; Knoll, 2003,
19 EEROMILADSREEDERBHYET ; Moorbath, 2005a) LW hict L 30 EELLEATIC
EMDPRELTN=EDHRMBE AT,

ZNSDORBHERILADIREID LT DZLLIEYDDH,38~37 EEFICEDIETEHRL WIS
5T, o T, AWML 38~37 EEFFILYLIAEITERCHAEL TV =EZZTENWTLLD,

ST TIREYDEENEFEENDIBERDHIKIIEDLSBRIRIES/I=DTLLOD, KSR,
BEICDITTEATRELLD,

HhIKIIKEDOHZREDERICK>THAEINEL /= (Matsui & Mizutani, 1977; FL1L BLU B,
1998), COBIETERLMEPEE -BADEHRICL>THTSER MRS (Owen, 1998),
ZLTEICKLMSEEN/=H R (Kasting, 1993; Kasting & Brown, 1998) L MEIBATD
FRDCHSIEEZZONTVET, EGMICII B LR ECEE ARG EITROELTE R, M2
BAELTIZ—BLIRFRKRFLREEZS AT EEHESNTWET (Kasting, 1993), E/=,45>
[IRBARRF TRIARE TN, BukEHILAELSEIFIN/=TREM A HYET (Holm &
Andersson, 1998), CO#BARIIIREDEREZECSUBLBEARICHL T HETEATE
FEIENET ., SHICREDOHRNOIL RIBERTPICIIRELVEKBZNEELPTL,30% LLEHD
kFEEATWNERTRERE DRI TUVED (Tian et al., 2005; Chyba, 2005), 7=7ZLZD{RE
[CDWTIIEEZ RO HYET (Catling, 2006; Tian et al., 2006), EESDIRFDIBETHEEL
DI, FIEHERICIZ D FIRDEEE(ZIFEAEFELRE N o/2ENDTETT (Kasting & Brown,
1998), BBRIIRIGHEDSENVD,HLHFET HEBRERLEBEENERIGL TEMLSETLUENE
T, BEDODKRERELKEGRY, BENTFELAED O EENEYDORECENTYREES/=DTT,

KEPSBEEMMPER T BETIE, HIVURMEEBEDTAEOARPICHRIESNIVENHUE
T RIVAT IV TERRL T ALKBRDBINICHIZVETH,NVTNE (7 ALKEDERKICIIHED
AGVISWE) FREDFTHEIBAIMNSERKLIDEEZ ZS5NTIVET (Kasting & Brown, 1998),

RICERICEAL TTE D IAERKDOKEEC DV TIRIFEAEMBO N> TNEH A, BxDKFEZRD
SEHLAY 44 EERIICTEEL (Wilde et al,, 2001; Mojzsis et al., 2001; Harrison et al., 2005;
Amelin, 2005) , 7D DIIHLEEETEE 40 EERIICITERCKEEERZHOMNEELEELST
9 (Holland & Kasting, 1992), 7=/ZUBREDKELLEER T HENRIELE /=L BN TWET
(Galer, 1991; Lowe, 1992), IRF I BAREMBRDOERNDSOHEE TIE,35 EFELLERIIEKBEED



BIFRED 1% RiGrEoieEEbNTHET (Lowe, 1992), LML, FROLIIFHAIRIZ(T A
YMORRICES U/ REEMSIEREENTOET GRH XU A, 1991),

AR 7= DIC,39 BFAIICIIT TITBFBEFELALEEZONTOET, LML, BFEDRIEICONT
b, B ERERICZ UV EEHIL RSN THES T, ELL TERIRAEMSEERIBAESHERENT
WET, EREZOMIXKRAIISECHEML TII I -2+ VICBON TN EEZZONETH
(Matsui & Abe, 1986), /B F SR IIL/EICIZ T TISHRIBEIL 0~100C BETHO/EFTAE
T, RIGHIKDBREZRETHEREL TE ABADBELBEZNRAADNT Y X, L TREE
RIEEBBIFSNET ()], 2004),

KA DBEILBEICIFIRECLERTE M 2/2EZZ5NTEY, BENREARAD AT NEHERRE
IR BITEHEL=EEZS5NTIOVET (Kasting, 1993; Sagan & Chyba, 1997; Nisbet & Sleep,
2001), AT DT, ZEMLIRBDRZENRAREL TEBWNEZEZONE TS, IREDH
TIXZENSDEELLICDWTIZE S TR TETLVEHA (Sagan & Chyba, 1997; =1, 2004)
(1) RAEBEILBEEZ—RFNISHLNALE T, EXBREDOERDHO/IGE BESEDH
B3 3i58HE 250 (Maher & Stevenson, 1988; Sleep et al., 1989), 2000~3000 F(F&
BUWRENERELET (Sleep et al., 1989),

EF ARSI D<ED 35 BERIICIIHRBED 57 CLTFEo/2lEMNRESN
(Holland & Kasting, 1992) B3k RIAI& LD R MSIX LA TUT7 R D#EL 70~80 CHE
EEo=EbEbNTIVET (Karhu & Epstein, 1986; =11, 2004; Robert & Chaussidon,
2006), F/=, A DKAIDFIHLAS 25 EFERITHHIENS, KU DORER DS R IK/IKET
Hor=Ll3EZITKWEENTIVET (Holland & Kasting, 1992), LMLV NOBFZEH T Hr 8975
BEIHUCEDWTHY ik A DREEREIREICH/>TERTAICIIBEE S HUET (I,
2004), BFERAMNEITREL TEY, XEBHEODEZRCKILEDLEEDREDFKSE B ES /=I5
TOHKEADBERERETNZENDEZD, THICHYZI=TLLD(Bada et al., 1994; Nisbet &
Sleep, 2001),

BEFOHEBRICDONWVTHIERIIZ<HVE R A, BRECDVTIHIRELSIFIEEDSIEM oI EHERE
NTOWETB, AN DLARR TR VADA TV BEICDVWTIIENZEILEI DM >TONERA
(Holland & Kasting, 1992), 7£8,pH [CDWTIZZEB{LIR RDBREICK > TREDESITT N, FD
fE( 5.8~8.1 BE ThHo/=LZN TI\EF (Holland & Kasting, 1992),

KWEEDRELVEER /720, Bk RBIRELVENCES Mo/ LDTT, ThSILEFICUY
i (Yamagata et al., 1978) ®BITHZH R (AT EZT K F; Il XV /Ih#k, 1988;
Holland & Kasting, 1992; #il)Il, 1996) ftiEL/xdEELELE W XV /I#k, 1988; #ill,
1992) EMDREICEBZZMEEMIBLIEEEZISNET,

LlE, RAEEENELID EMPBEENEDRIRICOVNTIIEREEZFA—D0MNoTVERNE
WSDMIRIRTY ., ULDUERLICIEEN TEAHRICE D E RIGHIX TEDLSICL TEMDREL =
DI EBH DG - FEICONTHREINTVET ROE TS FIaH Ik D ED L D/GFR - FMH4TH
HAABFEMDERLIZDOD,.HBHNILIED 72D DI DONTRBAMLETS,

ZOR=SDhyTA

FIF:HELAFRPS TETEL!

EYOREBERDEHEME EMOFE LRI TICHEK EICHFEL TV EEZZO5NTVET, &0
S0H, EMIBEMIRZICIIFETEE AL BEMIIIEEMNICOER T HEHBMENTINSH
5T, R THRIBICHEM D ERL TH =DM DNTIL, RERMCIREE T B LM HFEE
T, VIDICEFDLDEREEITo/=DH Miller (1953) TUL =, Miller (1953) (F24BE z 5N THL



ERIBARRDORSZT7ZAARICANTHEZRITHLICKY BIERDT7I/BEFELL, EOR
BRKDETIIRBREBL TEHBOBFBRYIDEREINTNET,

BIEEELLTL BUKkEHILEEL=HD (Hennet et al., 1992; Yanagawa & Kobayashi,
1992; Marshall, 1994; Huber & Wachtershauser, 2006) 15, K& _FEBEDOEKEGEEEL=DH
® (Miyakawa et al., 2002 72&) FTHRAEFHEDRANSN, TRIVF—FEHRERICKIE L GFICE
SHER) HEE, FE AR BLEHR, KL N2 (B0K)  RAEEELRERLEANSNTHET (Miller & Urey,
1959; Mojzsis et al., 1999),

ECATRIBERRDODERMEREE Z SIS BEABAT[EEETHEATONTNERIIBK
K[DETIWELTERATAIDICE O TRESER DN ELDEDS D> TNET, HMETEATAD
MEDAMBERERTAINDMEICLER TLUNENICT I /BEDERPEISEVDIBERDB/EONT
LVET (Schlesinger & Miller, 1983), £/MEREDIZESHRKIC BB ETBERINSIEIFEAETS
JEMBSNTIER A (Bar-Nun & Chang, 1983), 772U, FHEDBEICL>THEETE R L
SHEEMMSERTIENERESNTEY (Kobayashi et al., 1998; Kobayashi et al., 1999;
Takahashi et al., 1999; Miyakawa et al., 2002) .55 2 TR AKX RI NS L<HEHY M BSNZEN
SDhIFTIFENKDITY, BIDEZAELTHERBEARDHETIIHKELILICHIF5FHEMAERK
WEELZRENERALEEORBHEEL (W XU /4, 1988; Yanagawa & Kobayashi,
1992; #)1l, 1994; #)11, 1996) , #KkEHILEEL/ZRGE TOERMERDRANSNTNET
(Hennet et al., 1992; Yanagawa & Kobayashi, 1992; Marshall, 1994; Huber &
Wéchtershiuser, 2006),

IR DREHFEDOBIGRELTEEEINTIVET (0rd, 1961; Anders, 1989; Nakamura-
Messenger et al., 2006), &% (KB 6:Cronin, 1998) %#/\[&4 (Maurette, 1998) ,EME
(Bernstein et al., 1999),& £ (Delsemme, 1998; Sandford et al., 2006) L E DS ELDH 1
MHBRESNTOET, BEYDREICER T30 THNIE . BEDLOLEREREEHEN RO
RPRPEEVDERDBHY (FEE, 2000), 4T LHLETOREBDENLEZEEMOBIGRTILZ
Mof=hblhE A, BICERLERESHEKICEHRELSE ERECABOFEEMDBEIEINDS
AEEMDHE<RS=0, EMEDOH PHRIEFREL TRVEEN KEN2ETEHRADHYET (Chyba
& Sagan, 1992; Chyba, 1993), X&EXIIEICHED BN EBEA LT TII AL EEITEL
TEEYOERICHBELEEZ 25N TIVET (Chyba & Sagan, 1992; Miyakawa et al.,
2002), ZNII AR T DOEE{LETTIREEL(SBFZR DS ENES T, RIIVEER TR OBIS R/ o/=D
HLNFEHA (Chyba & Sagan, 1992; Chyba, 1993; Miyakawa et al., 1999a; Miyakawa et
al., 2002),

6:7 I rBADNH (kFEEI/FSAMDH, I-ELOBARMSEB 7 /EBEIBREINT
(87 7(RY]

BRMAERU BB ERICERL T EEZZONET., LHOL, AEMIILZERISICE
THRLTWEE T, TS THEBYNER T50IC3EEDRENEETHEANEELIEEN
TWEF (Miller, 1998) ., FBKRICIFUIEUIESILEDILMMTEEL TOE T, 20T
(< 1Tmm) [CEMEEE YD BRSNIRRPI|MESNTEY (Baaske et al.,, 2007) 2Kk R TIEH
BYOEREBBPAEITLTITOh =DM bINER A,



ESTCIIMBERIBIVLEGHICHERYMDERZEELOTHEL LD, VT AIRGE Y ZRMIT
CEBLET L IVNIEDBREAMTHST /8, DNA ® RNA DB ER THIKBERIEER O
H(FHFVR—RELERBUR—R) MFEEDBIEELRENEIFONDTLLD, BEHEIKEDE
BRERELTLEITRESEFBEHOIRNF—RELTHOAVSNE T, CNSDELEMICDONT,

JEICRTWEEL LD,

FTT7I/BETIN,CNILEBNBSICERLEEZZONET, METRHINITHETEDOART
ADE (Miller, 1953; Miller & Urey, 1959; Schlesinger & Miller, 1983; Miller, 1998) % F &
1RDIES} (Kobayashi et al., 1998; Kobayashi et al., 1999; Takahashi et al., 1999),2#/kE
HILEEL /=28 (1)) BX /#4, 1988; Hennet et al., 1992; Yanagawa & Kobayashi,
1992; Marshall, 1994; Miyakawa et al., 2002; Huber & Wachtershiuser, 2006) B85
INBBARDRS (Cronin, 1998; Maurette, 1998) ,2RE (BXUEE) DAERFHEEL /=R
(Kasamatsu et al., 1997; Bernstein et al., 2002; Mufios Caro et al., 2002) ®EEZDH0D
(Sandford et al., 2006) , R E X A& L /=R E&k (Miyakawa et al., 1999b; Miyakawa et al.,
2002) BEDERTITBWVTEZMINLIEINTI/BEHNESNTNET, INSDORBRARETHEONET
S/BOBEEELDDE, KR 1 DLITHVET, RESEITHREFEITHENDPHIETOT,HTL
HRICEETHRIIEREEAN IV TS0 - N - TRANSF V- TNV BEIRE
[FLEBMBBICERL, —ATTINF U EIIEBICERUIC Do/ EMRAE T, Fio /KL
TET7S/BICBNVTH, EDEREBICKERENHO/IEBILFETIVENHSHTLLD,

xR 1-RBEETERTIERTI/BOESE

ME . .
o s |FUSS TSNS ALY AL RUY N A 20 T RS VBRSNS IV BE, T AU
GEETEKRR)
i PULY TS0 UY T RNSEU B, TV SZ B
(FBERTBEAR) A ’ ’ -
T3 HUSU TS N U Nt = T RSSEV B, SIS R, TOU
I SYUL, TS0, N BTV AYALD Y U NA =Y AF A= S RFAV ERF UV, T =)L
RIKIR FSU FANSEE LSBT, T
(¥4 SUSU, TS0, N AL AR YUY, T RN E VB, S IS8, 7Oy
#\BER"C 7S5z
ERE-g52 VP2 b = DV
K AfE"8 SUSU TI=D FRISSE B

*1: Miller, 1953; Miller & Urey, 1959; Miller, 1998,

*2: Schlesinger & Miller, 1983,

*3: Kobayashi et al., 1998; Kobayashi et al., 1999; Takahashi et al., 1999; Miyakawa etal., 2002,

*4: Hennet et al., 1992; Yanagawa & Kobayashi, 1992; Marshall, 1994; Huber & Wéachtershauser, 2006,
*5: Weber & Miller, 1981; Osawa, 1995,

*6: Maurette, 1998,

*7: Kasamatsu et al., 1997; Bernstein et al., 2002; Munds Carlo et al,, 2002; Sandford et al., 2006,

*8: Miyakawa et al., 1999; Miyakawa et al., 2002,

EYDRFEEZDICHI-HTIL, T/ BOBEDH ST AFEMEKICH IR TILENHYE
T, JVVUNDTI/EEICIE D Bl L BIDSEBGEMENSTFELET. L BE D BII—MA7a{LZ
MM EILZERCTI S EYMOEATESLEY, EVNCHBEERTS5AIC3ES TR 8%
RUET ., ZDHEMIIZEAE LBDOTI/BOAHERNTINET, ECAPBERERLETS/ B
PERAFOT7I/EETLELED BEFFEESATOET., FERBRTERLUZEYPPLBRAFIC
[SEMPBEBES/NOBICANTWVENWEIR TS/ BHZ4GREINET, EVDTEFEMDRET
BEICTZ/EED 20 O,ULHd L DT /BITRUIAEN/=ZEITAHVET (Weber & Miller,
1981), XFEMHEDEFBIZICONWVTILRETEMN DI EITHRYET N, ETEETHTHIC
HoFBFHELEDRYDBEIRBEN T, HEMIC L OACEESN/EFREINTOET, RUDEIRS
N5BIEELTI, RETHNIESBELZZISNTOET N BRIIEEEROWHHMS RIS



EORIGE (BIZISHERE) ITIIT7I/BEERTHAZERAERDRRN NSRS EHMESNTNET
(Frank, 1953; Noorduin et al., 2008; McBride & Tully, 2008),

BERRNZEICERFROTZI/EIHDT NS L BENZNENMSNTIET (Cronin & Pizzarello,
1997), ZOMICHARACRBEFLE RBYDHAIRIVF—R(FHEFEOEBHEICHETS)
DHETTE/BERCHBPRIDE AFEEEDLITRUBEL TS IEDD D >TNET (K
%, 2000),

TI/BOBRERDARICENVTBMEREZHI—RB(TELTHEERMEDTI/BENIERICERK
SNITKNENDITETLLDS (Miller, 1998), #kIEHFLOEERREBRDSBHISF IV DBIREENT
WETH (Hennet et al,, 1992; Marshall, 1994) [Eta#hIkD Ik RO EEICHIRENTNSNE
OB DERVET L, BKRTERSINETI/BEOSEMOREICEMUIZDONESIHHRIE T
T REOEYMSIERMEDTI/BEFEHLTICHEL BOBKISERMTI/BOFIAINSLD
[C/RD/=FTREMHZZ DV ENHINOBLNE R A BEMETI/BLUNMNIH,HEVRKEITER LN
T7Z/BIV<DbHY, BERICEY D RNDSIIANEM>F=hblLnE R A, BICEY D RIEICF
RALTW=EZEZ TELRZARWDIR, TV 7520 N2 U T RANSF DB, T VIS TS
ETL&LSH(Wong, 1988),

72/ BEDRITHEE (DNA ° RNA) DIERERICDVWTR TOEELLD, BRI IV FFRERAIE
L7ARUBRLIBIE T, OV A FROKBIGE - 18- UV B DOHR TS DIIE 1 ETHINELE, ZD
DERBIEEDERKICDONTIE, T AMLYOL 7 /7 F L BEELTW LS BMA D EAICT
bnEL.

TTF U T AL MEKERP TS ZEICKVBSNTVET (0rd, 1960; Schwartz et al.,
1984), CORKDHREMEEL 7 o7V BEEERIBSEREICLVITZUbERLET
(Sanchez et al., 1966), CNSDL 7 AALMDEE RISIZFRIVATIVTEREEICL>THMEENS
EVOMREHHYET (Schwartz & Goverde, 1982; Schwartz et al., 1984), S 327 /7%
FLo b7 o BEKPTRIGEEDEICL>T(Sanchez et al., 1966; Ferris et al., 1968),95
IR D DMK SMRICE>TERLE T (Ferris et al., 1968), b DERBERELTIZES
ICRREES T /7NN TERZ BRI E DA EDBHSNTIVET (Robertson & Miller, 1995),

LU 2 ETHESHNEL D RIGHIRICEWN T 7 ALK BRREBEDEREFELODIEEL
<BPO>TOERA(BZOKFETHEELAETLLD) . REMERDERICIIEREDS 7 AL
BEEENTOEIT D HIZIETFRIEEDRETHEE TORBMPIE /LI EZIKNETEDH
Y, Bk RO LI E DI DIRKE/ELE (Baaske et al., 2007)HEDFRM T TOMMLESEEDE
BRSO/ AT BEM(IHBHTL LD,

ZITHEBIERDBEBICODREFBRNSAE<EELELEDZZ ABETEET, EXWEREN LT
AMeEMEMRIEL OO ORBIE R DS ERLUZRIREM T, o7 MbKBRERIVATIVTERIL, EHE
PFELTH(EILIRXA, 1999) BEDITHHEFZRINTVETL (Delsemme, 1998),27 /7F
LOHERBPFELTHMONTOWET (BEIIRXEAE, 1999), REMNSIE ZEIERNEFEHBRINE
AlEEbHY, RBICBERNST T =0 I 7= DT AEEE (Stoks & Sanchez, 1981) ,EUS
SUERDOPTIIHEDDUS )L (Stoks & Sanchez, 1979) g TWE T, REEEDI X
IF—ICL O THREBIER $FCEVI D NERPER LI EERE T HREBHUE T (Miyakawa
et al., 1999a; Miyakawa et al., 2002),

ZOESIREFEMSEENE—BYORKBIERIZIZTAOIERENTEY,INDBF HILEMBIREEZ X
SNET ., LOLIDRICHITETRAIADFHIEBEHFDORENSHIS I (Kobayasi & Tsuji,
1997; Miyakawa et al., 2002) %7757 =>,' 7= (Miyakawa et al., 2002) ISERKL THY,Z5
ICEHUWERGBIED R DODONIE, REERS BT UHEE TR AN 2 EIEMNREINEHBLNEE
Ao

BB (UR—R, TAFIUR—R)ITDNTIL[F 7L THELLERL =D D ES DR DB =N



TWEL VR—REEHEH=—RIRTEREICDNWTIL, RIVAT I TEREZRFHIH L iiE D7
£ T (Gabel & Ponnamperuma, 1967; Reid & Orgel, 1967; Cairns-Smith et al., 1972,
Schwartz & de Graaf, 1993),%2\ EEIMER I T REEDREHIKY (Ponnamperuma &
Mariner, 1963), £ B3 32D 5N THY (Shapiro, 1988) faAhobigHEEnE L= (Cooper
etal., 2001), DF%LZA,RIVATIVTERESZFET NISEBELRWLIICRAE TN, RILESTIE
HVFEH A,

PEECIIEMENIEREICZ VD, LRRDORICTER T AHEFEICITIVA—RISBIENICIZFEAESE
NTWEHA (Shapiro, 1988)., LhHUR—RIIREMEMES BSHICHBELTLEODTY
(Larralde et al., 1995), T M RBICL > TIRMNEDEY D IREEERLL TUR—RPT A+
JR—ZDRDYICHIDMEZER=EE Z 7=V (Joyce et al., 1987; Nielsen et al., 1991;
Wittung et al., 1994; Eschenmoser, 1999; Joyce, 2002b) ,UR—RE D EDFELE/= (T H 2R
MICERESNDBIENHO/=EREL T,EBRMITRIESNTE T (MUller et al,, 1990; De Graaf
et al., 1997; Ricardo et al., 2004), LULEDS, DL EMH S MLER S RIEED, =
BRICEMMRE T BICH > THRSN TN EDMEIDERARBMIL IBEDEZABVER A, T2,
REDQDERKICENT 1 9FOKEEL 1 BEOENSOATETNET D, RIGHEKICHNT 1 83
DVEEZREICFICANDDDHL N o/=DEET DL ZRBEADEM P EEIEDTEN SR> T VAT HE
HHHERTERNLIICEDNET,

HEDHI—DDEZEDUVEEICDNTIE, EHMEL TE 2 ETEINTEY,CCTIIMns v E
137N TL LD,

RECHREEERTAMHEEAIBEIEEICDWVTBNALELLD., EIEED—SIHEAAENDE
SHIEBE I CNETET IV RBDOSIIFENCTERSNTNENESTT (Miller, 1998), LUEEHE
EEEBI=DICIIHKEBN LK D EE A LHIFo>TNSLOM, @Y A XDO\MBRE D F 0%
EITNEIRVWEBDONET, ZCTHEDEEZB LT ITIRLTAHIE BARMSHMBLAEMED,. B
CEALTERBEEEILOIBRRMB R DM >TVET (Deamer, 1985; Deamer & Pashley,
1989), ZLTEKRBADERMIE /2L T EBREDEHR S TINSOmMBEED FE
[FTHLUTLBIEETHTARNSNTULET (Mautner et al.,, 1995), S5ICEBEDET LSS REER
DEBENFSNTVET (Dworkin et al.,, 2001),

LD EDESIC, 2 TLEITEEHANEELRERDFIXMASHOETIVERBRNSFESN TSI LN D
MET, UHLIREDOM R T, EBLEESFOBONIIGEFRIIRSNTEY, T UHE NI
TERSINEDEID P RENTOE A, UDBERIBRTDR D BRERZICRHIREHNES THE
SN TWVEW=DIC BB EHICE>TWET ., B4 FUA DR TIE, REFRICLVELE - GRS
NHERMIRDESHEEICEATEY, L HERYDS RS RE THEONDIENS (K,
2000) , &M NN EEERYMOBIGRICBIET, bEAAFKRICBIT2ER MO REDGE HaH
HIBEESE 25 TLLO(Baaske et al., 2007) . F=FERIERS N EETE Tho/=rTREMMEIFEL TS
B&(Tian et al., 2005), ZDZEILBEN BB ESDRA—T HRETHo /=M REEDHZE
ZoNET, WTNHPERERZTVEDONISEOMESESHILTINBIETLLD,

BARRIC(E MR EBSEDLSIBIRIZTHO>T,EDHRDECTEDHBMDBEDIRERTONI-DMN,E
BRUEBEYMBEDIIITHEERBLIZON ETHBESMTE>TIELLSDTY , LHLLREHR XD
FORDPUBREAEFICASIEORELEVTIL RAERBREFUVIRL, ZOBREDLSTHEY N

BONBDD,EWST—4EBHEL TUKULIOHYER A, o T,COETIIRIGHIKICTFEL /- F %

YOEEPE - REICDVTINLUERAVTHILEHEKEFA, COSIRELE 4 ETIIAA

U= BHAEEISLUTICL TEMLERYT—(BEER)INEDLDP>T(EAL OV DhE

RTWEEWELRNET,

ZDR— Dy TN



FBAE FLTHTFIIR<SEDHT

HIREER T 29 OB L, TNENTI/BEXIVAFROSEGRTT, ELTRIVAF
RIFUR—RE (I T AFNR—RIKBIERL)VBEIEELAEBETYT, CNSIIRIOETRAN
U=B B BMPEEL TERLEEEZONE T, COBIRIFRBIER TR /=00 2o/
ELTEDLOBIRE TR DN DONTHBRAICH RS RSN TIVET,

RE,COIOBLSERIBALENSKRHEENTEST > TRIRHIRICTFEL /-REULI R IR ER
PoRBELMHBYEEA. CCTROFERYDESBIERNICHKBERISTY . £EMHKPTIHRE
L7edd 5L KR THKRIGEITOIEVIHBICKA DMLY, T, —FREDLIBRRETHNIES
RIGHEEIZDTLLID, #OMEFMEL THEBSN TOSDL, T8, KILDORE:D BokE L, EL
THBEBR(BRIEIEBRUIGE)BRETYT  IRNF—DHFET HIHH.HHIRHE - F2ENES
BIEFIEEDNBEEINTOSLEEIMEZTHRIVTLLD, CNODRFZELRBROSTHRYMOE
BPMEEINTEY,RE—FEDRRBBONTNET, CCTEETT7I/BEHSORIRTFROE
BRMPSRTNEELLD,

TI/BOEAIITI/BAEREREICIIZERE TIIAN2/2LDTT, —HOFIEBNLET L, Ito
et al. (1986) (IBEBDTI/BDEREREBVIRLIZIE - KFISHBZEICEO>TRURTFROER
#RTWET, &IATIL Oba et al. (2005) MR(IVREDKRERMSINK D FEEEDHZHRIRTF
REBTOWET, FBUkEHILORDEELUREDOT TEUOWRTFRBERTHIEHRERAICHE
HHSNTNET (Imai et al.,, 1999; Futamura & Yamamoto, 2005), ZDICHb 7S /BOES
[CRAL TIIHALRREBMITONTOET CRHA LU A, 1991),

RTIFREFEOEREMETIMEIC DN THRRDSEDHSNTEY, EEVUOF A+
(montmorillonite) LW\ LEEMD TS/ BEDE S EMIE TS0 (Ferris et al, 1996), kK ILA
AD—EE Lk (CO) & (Fe, Ni)S BHETBEMET,HANIRIZVKILARDEIL LRIV
(COS) MEHETBEICNARTFREEVERSIND LTI EDITHONTIVET (Huber et al., 2003;
Leman et al., 2004),

BREBRHSERINIEAMRL,SSICREL TEHRRDBEZEAELIHDLZHMONTVET, £
ELTBKERLZBRPTTI/EEZ 100 CHIETMEAT S LICL>THRONIBERT, FHH
FEEo/=TUS S RX—)L (marigranule) ®,FZED Y — A (marisome) EFEE N, (Yanagawa &
Egami, 1978; Yanagawa et al., 1980; Yanagawa et al., 1988),%7= 300 CIZEETHIRT 3=
—~0R7x7 (microsphere) bR 7 FREEDMEE SO EIXEE T (Yanagawa & Kojima, 1985;
Yanagawa et al., 1988; Yanagawa & Kobayashi, 1992),

RESNTOWBRTFRAREEN) OEAEICDVWTIL BT I /EETRE (Imai et al,, 1999) h5E
+7=/812E (Ferris et al, 1996) LR G REDISTIT N EVDEKRT 25 IROBD LS
BT7I/BPSRARTFREBAERRIIAVNESITT, HFHIZI/OR T T HRETIIBL T UHR T FRE
BOSEAGBMEETNSDIFTHAESTT (Yanagawa et al., 1988; Yanagawa &
Kobayashi, 1992), D&V, RikthEk, EEOKIIRBEFTERLIERTFRIL LT UBIRED S
NOEERILHDTIIAESALZEMICIIRE /b DIES=RIBEE BN HYET,

BIREIC/RDDII NS DRIEHER T FROMIEEE T 5,7 NOBDLOIHFEN M DOENELES
72EIFEZITKNVTU LD UDUBL AN )L O EE THNIERBICR T FRES DMK S EE
ENRHENTHY (Oba et al., 2005) BIHRFITIL,2 72 /BMHSEICRTFRTHOTHAIE
EMEFEIBIENTRENTUVET (Shimizu, 1995; iF7k, 1996), £/=BARERTEIRTFRIZ
KRBELRESRIBEELDLICI O TAAREREDMIFIZR BT HEREGRATIENHEKALT
L&D, FICRVY —AD LD EEIE R IBEERTFRMOSLEDLOMEEEIL MREDOFIHELT
E D FETDHRIDO M FTHEEEL TOV/ERTEEE S HYE T (Yanagawa et al.,, 1988),

RTIFROEGRICDWTIIREZICHI—DINTEMEFNIEESHEVEESHYET, EEDT/
B2 L BEOXRZEEEDA PO TETNET N, RIGHEKICHFEELLEZZO5NSTI /B, DT H



IZ LEBNEho7=&LTH(Cronin & Pizzarello, 1997; 3%, 2000) ,HE#ARMIC(Z L BL D 8% FH
BESALSEIAIE/EWWDIETYT (EELRETII R FREEARDOEFPEIVZZEDRAD

#3;Frank, 1953; Noorduin et al., 2008; McBride & Tully, 2008), 554 RNA mSDOEIER

BB T BRIDFIEYMIRTFROBADREGEZSATOEREEHH TR FCHIVET N, B
ERTBRTFROAZEEEFOTNVEAREEEDZZIONE T, BEREVRELTL mHEHEDS
FEREELETI/BMKEICRITEIEICLY,RACLAZEEEDB TOARTFRESNEL,.R
CEMEDHESNERTFRBEREINDENIHDNHYET (Zepik et al., 2002), ZORE(S

HT UHKEICRESNDHD TIZANV=D FIZAISRBOXRAPHMEREME\S/FREIC, TI/EP
T/ BEENEALEMDERL T AZMITERERTFROBER L ZRTREEBIREEICET S22LET
L&D,

ZDEICARTFROEUMECEEL TR EYRICERKL EMOREICIEL TRSH DB DUZE
FolcBAREENTVET D ZKEDAICDNTIIHDOODOEESIEMENTOET,

YD EIITAVIALERIL RNA 7207 EZB A DMA BRI VL DBVEE A REEVMDFIAT 5%
B&IC(3 DNA & RNA D35%UE T 48,589 % RNA T—)LRRERDEILHH>T RNA DAERBIED
FUBLICHRESNTOET, /o, ZAEADKERDIEIA DK YVIADINZHIC RNA ZETIVICLT
MRELTOSEWNSAIEBHIVET,

RNA D#EEBEAIURIILAFRTURIOLAFRIIUR—R U B - HERIEE GREDOEMTIE
TToOT7=2050)b b ) PS> TVET (K 7) RESIEREUR—ZADEEE LIV
FURE BPIZIETUANEEIC DN T IEREVR—REEZIRSE TN T ZETERL TOETH, K
R TOREILENCPENELDITT (Fuller et al,, 1972) (1), ESICXILVALREU BT BE
BT BIZISHERNEMABZLICL o TIIS (DT DIIEGAIERIILFUR) DU B IR E DR
HEEINTOETH, RIFVREFI V720K STT (Lohrmann & Orgel, 1968),

|

0

I
O—-T:O

o

I

CH. Base

5| i

‘l’ 0 0’-—-7:0

] o} OH

I I I

CH Base CH, Base CH, Base

] 0

T HO HO HO HO HO

RNA ROLAFF ROUVAVF

E 7:RNA Ot5i=

RETHEONDXIVATFRORERDV AL RIGHIKTD IV F FRERDEEFIIFERTY . 2D
FREELTEASNSDL, ZHZTORVIDKEEMEIL RNA L32<HID,LVERLPT NG FE
BAIICLTOATRES Y BE TEDRBRRUDPHFVICEHTH S0, RBIEFGETRERNTTHhN
TUWVEWATBEES HHERNET,

HOEBUVBAHIBSNDRMFIIRONTOEY EERROCEC AR EBKOTRERZLRT S
ENVBERICHERTEKICEEND B —BREBENIEN N HPYET (Haraguchi, 1999;

Haraguchi, 2004; Millero, 2006) , it > TE&MITKEE S LR L 735PR(3, U BB E KUBHRMES
NIAGFRIESIEZEZONE T, 5 2 ETHMN/LIIC,RVUVEEIZKILARMSMIGENSER 5N



TWEY (Yamagata et al, 1978), KILED BKRDEDD L OFIRIFLZBELLRERDS, XY
VA FRERICBELIZZREZRDIFTVKLEDSHBTLLD,

EISICRIVAFRBERLIZELTH, ZNHESLAITNIE RNA (FAERLEE A, RNA D4R RER
HER2ITTONTVET D, IV AFROEEALICIZRIIBEOMICA SIS Y — IV is L4212 L EaY
BAVLHEHIEORESHITHONTIET (Lohrmann & Orgel, 1973), &b /=X oL A FR
DERICIIMBEDEFENEELBREIERLIEEEZZ5NTEY (Ferris, 2006) ,REICEEUOTS
AREWDRE 8 (KWK DEALICKVERK T 57280, RIAEKICH B EICTETEL 2SN D) D bR
ELUTEIKE,BAT 30-50 £ RNA AVITv—m4EREL TULVET (Ferris et al., 1996; Ferris,
2006). £BA A HIEFEICLOTIL 20 E455D RNA AUTT—4EREMETHEDIETT
(Ferris, 2006),

UHHOUBRRRELFLEHYVE T, ROVATFRICIZUAR—R 7 D BORMEKE L BORMEG S HBIET
TY, Fo, X0V ATFRRATOFEEERRABUVEDBUR—D 3" IICD<HDE 2" fIICDO<HD A HY
F£9 (K 8), ##BET S RNA S F N KD /=ODICIF, CDLIRRMEENEEL TWTIIMEDLHB7
B,—D20,HBNIEDHTOHDERMEDSBRNICHEETDIENLEENE T, £MIL D BOUKR—

RERBEOTELLTHAL,Z0 3" UL 5' LUV BEESSEET (1), EXEYOFAMIERMSE
ZERTBEENOH AL T, A ZEEL THFHEN TOES (Ferris, 2006), LLED—

ATEEDTTZVDIBAICIBRAUAZREFEDVR-RADIILVFFRELDOBEEN, D5 IV Di5
A2 D-UR—RE LUR—RBELEEBHFENDLDFEDHY (Ferris, 2006) 15—z R4

& m575% RNA VT — (IR BICIFER LGN/ BoNE Y, REEDEFIE RNA DEED
BT BHEEITE STDMBINEH A,

ScH, Base ScCH, Base

0 0
K) 2 ¥ Z
(I> OH OH ?
0'—FI’=0 0'—7 =0
] 0
| |
CH, Base CH, Base
0 0
3 Z 3 4
O OH OH (l)
35 58 265 %8

Ed 8:RNA et

RNA £ DEBIZICUINE DB CE MG DOERENHS L 240D RNA AUVTY—TIIEMDE
EFELTEITELT, REMSNTNSIRY, Ho&b/NEWNT ) AZFo/=E ML " Carsonella
ruddit" (A =7ATANITIT)EVVOEROMBRARERED—IET,15 7 9662 IEEMDT /
LZEF>TUVET (Nakabachi et al.,, 2006), 100 IEERED RNA AT —& 16 FIEETD
T/ LAEDBICIZHYRENHYET , EVOHEDBIETIIZOMICASHDFREERBE NS Hol=E
ZZ5NFET. TORVIDBIZELTE DN TIVAD(E RNA T—)LRRERTT . Tt RNA A5E1E
FEUTEKERBFIC,RNA 288 28R HE/ RNA HFRQTV=ET SRR TT (Gilbert,
1986). RNA D—)LR{RERDIREEILBRAICTHON TEY, FFCZDZE L MHEORIRICIIZEROES £
MWoTWET, 5 5 ETIE RNA D—I)LMRERIEBNTEHEEIC, ZORABEDFEBL THIZOEBN
¥7.

ZOR=SDhyTIA



SE5F :RNA B2 TZE>TWNV-DP?

REDEMDBREOKEZEHK TESHDIL DNA ®© RNA DEREBERER>TI\S/HTY, L1l
GO NOBEDERIIKREDEIIERERICEREINDO KEES D INOBDEBFENELSICHBD
DIREBOZYLERATU, LpUMEEL THEET S RNA(URY A L) BRREENSERNA SRR
ISR BEFZFRQTZ RNA HSEYDEIRICBo7/=£9 % RNA U—)LMMRFHRSEB NS LD
[Z7zUEL 7= (Gilbert, 1986), 3775405,RNA 7S H EEH T HEEAERIT T DM ADEAICTD
NBLITRVELT,

BEFIETH BN UL BZRERICISHRLREECREADNEELET . £055 RNA LISt
BEEDFTSICDWVTIIRIE T A, REBRICRII T BICH /2> TIE RNA ZEFI)ILELTHEL D
ShTWET,

ESTCHRABRDHBEREZSHE, MEHOKEL (FVITXIVFTR) (FRIEHEKICE R L EBEENE
T, REBEHDERICENVTL, COIIBAYTRIVAFRE BRIV A FROB SR P EELAL
UBIDAVT ROV A FREHRICL TERRICHDEALLEZEZOSNE T AUTXIVAFRDH R
OUVAFROBEEKICLHANT, IVREICHBEFESTELERDNET DT HOEAVIIIVA TR
FLOEBICIOT,REDBREDPERSN TN EHBIENET,

FVIAXOLAFRALOEERICOMIE (VH—E) DRFHICITBRENEEDNZEZIONET, HE
DEPHEHZD LD/ RNA EEFIAMSN TIVET L (Doudna & Szostak, 1989),iHERE ML
EVOFEICE>THYH—E - URTF AL LAPEBESNTIVT (Bartel & Szostak, 1993; Ekland et al.,
1995), /AR EDHSNTIVET (Robertson & Scott, 2007),

CCTHRENELCDOFERCOWTHEICERPSLEMLNEEU. CNIIBEEOYWE BIZIE
RNA) L8 <HEER (HBIHES) T5L5% RNA EF&ER - LS E 2 HETT . B 9 ITER
BISRUZZLDIS, IS ZERI D /= DECTZ, NERICS 4 AIREL 5 %1507 RNA B FZE2EHICAE
LET, RIC 3' Kim (B) BB AT H0FEIFERERIL, 51 E6E 5 Rik (A) LHEBNICES
TERRFREFERERNLET ., TEHEE-NFIL S DML 3' OB SRENDEH THRELE
HDIZIBIETTY, o4 ARFIDEIBRIVH—EFENHNIE,S' wE 3' HHAEETHAIEEM
EBVETOT,CORETVH—EEEEF BRI B TEE T, SOICEONEEMICEREA
NEHSEIEL, FICIREERVR T ETIIIA—EEEDBVETIHBIIENTEEEVDOMEHE
HTY IRHTERNDA EELRTHETHEDYEICIEE T HRENZEHF o/ RNA FSNE
ER

‘ 52 Y WRBD)
o A , B

9:SHREMELICEDNS RNA

RRENECDBREBONET,HANINERELERINSESNIEVA—FIZF U /0ED
BRICETIEEHEZFOTEY, BCERDERICIE TR /EBDONET, PITITIU I U ESER
WHDX (Rogers & Joyce, 2001), 272/ TV EDSUIIVDH NSRBI H—E - URY A A
(Reader & Joyce, 2002) mEHERINTEY,EINIIMDEVDRIEBENH B EMNREINTNE
ER

—ATARENIRT A LDEZLETBCEEIZTIRNERECIF>TOERA. A LNSUR
YALEFHFRERNQICSFHS 8D B & C EWORKEM R EHSSH BC 28R TIRIEEZ
L&D, CDEEEE,BC (F A EFESETITY . ZLTBC 48 A LRZRDUA—EiEEERF > TV



WBRY,WDET/A>TH A IFERENAZNLDOTYT (K 10a),

BOERMIEISHICIIEREINS BCHBUH—EEREF DVENHIVET, RO TIVIEEE
T3, BC b bEREYN A LRUEIIEHFDIFETYT ., HEHESECEIICEELO4LES %
B RN ESIEFFOETH,COLOLE CHEBNARVA—E - URT A AZEDN, R DE BB
ELTIIEBEMEEZEZOSNET (K 10b), BEHBHNAVH —EICLZERDOREHEICHREENT
WETH,CORERTIIZAEDOIERICEHOSAVMEREN ZH DY, TLICEIKENLZECERLL
EZE A (Paul & Joyce, 2002) (),

a b - b
\_B (_‘/ B <

A \ /

| / \ B;\(‘.

\ —— —
: 2 PO—C ] .\
BC / , i T A

—BC

E 10:RNA lif iy DR

EBICTORIGDIEEC,B ® C DX A DIFLVRSTOHEDIENIT TS, COLEICIT, RISE
MELTIYRIED RNA ERTHTLLD (BWMEEBAREZIONETY). BIRAHIELTL B S
BIC#E o7 H CHHIIEYICKSEESRICORBRNHYET A (K 11;Bolli et al, 1997),ChlIR
REES—BETATNETEIVEEAD T, HEVRENZRE TIIARNTLLD,

M&&)&M&&&lﬁ)&ﬂm&)
@mm@mm

B 11: ATV AFROESEME

CCETIRIHBDHELMBERNDIZEEEZ TELLD, N TR DEEEERFDDISRET
T, BLEIIS BN BRLETTRELS BIORF LICRIILU /BT F £ ESH LBV A—EN
HIRTNIE ARLIZE T - R AR o /R BRI IBE TEBLIITIRBTL LD,

ZDEOBVH—EDRBEL T RIIVKBEERTFRPZZONE T, REEDIHE DS FDiE
BEMIETZVH—E - URY A AIZRARICITHMESNTOEE A, LHULEBSRIADURY A LADOEER
ENETEBONEVRY A LAEZRETEEICEO>THARUA—ENBSNTET (Doudna et
al., 1991; Green & Szostak, 1992; Ekland et al., 1995), 8LV H—EEFERIZURT L LD
RSN FDRICEMBETDVRY A APERL TELETNIEEDIIICLTHIRLAZDNITD
WTHERBATESTLLD,

LHOLIDRBRICODBESDHYEY , RS TIIDE<EHEEHD RNA TIRIDXSIEEEERF DD
DIFFMENTVEE A, KIEHD RNA DIFSICE, SERVUA—EEDODODERSREICEVET, o
FORITNEENLTERGERPERETIL, EHZHEAICHIRT HHEERDERZVET, (LI
R CIERSERENER SIEURT A ADFEETNEINDII TS, RIELTRARICHFELS
TEDMIIEEFETY,

BEEEF o IEURY A AN —RICREE (100 XOVAFRUL) THZZEMNS, ZDOLIIEVRY A LD
BARLEICIIERMNE->TOET (&K, 1996; Strobel, 2001), X L TORIETHNIEZREDR
LA FROERFTRET VAR Y A LABBEETES, LT BB RVMRERE IR RSN TOET A (Vlassov
et al., 2005) ,[RiAHERDBEICDWTER DL (B 2 ), BEBDIZEFTDOMEH A



E&#Z 7 RNA D—=)LRRERICIESD THNIL, 2 TEVRYT A ATHBALIELESDIFTTT N, BIET, R
R Ek E TIIARUROL A FREVBRURTFROAPERLCT ho/eLEMmLELE, £T5ERT
FROUA—EELTEWZATEERBEBLAITNIERVERA. BARNSIL,HIEDIALILZADS
RNA UA—EnEEnTET (Kleppe et al.,, 1970; Silber et al., 1972), =L SIENVT
nH DNA DFFEY LICHE A RNA DS ZMET 5D T,CCTHRELTWVSHDLF#R A RIEST
[FWET,

RTFRH RNA ERICBLIFTTRENREFARCHARIHEVHUE T A, UHLURIAEREEL /=
RIETARLE(NMBRESIEEL) RURTFRB,BULAXIVAFROEEGERETHENVDORENER
LXhTHY(Kawamura et al., 2002; Kawamura & Kuranoue, 2005) ,7/RURTFRIZEHT DU
H—EITIBVBEI =DM bLNEHRA.

ESTCCETRBEBRERDBEDSAVIRIVAFRIELREL TEELLD, AVTRIVFFRERE
[CLEBBICEFFIRERSDBEZONE T, FIRELTIAZREFDER BRBTFONTNET, AV
TAXOVFAFRPE—BEAZRBEBTTETCVDADBIVDIELSEEEND, LOBRMBES /2
RNA ZFAWVTRESNTOET (Bolli et al, 1997). CNIZAFRMEERNEEoTNVEA D LYREL
THE LICRE M TES/2HTLLD,

—ATEESAVIXOVATFROBERIERDPRERICAEDIEETNSHYES (James &
Ellington, 1999). BFIDKERAMNELEEMEHEINTONE RELAEBRMBDOTHICEEN
TOTHRISDPEITLTLESIEEZOND/HTYT, T TRHED RNA HIEHICERTEDLIICA
BIDICFBEICRIVATROEEGRERANWVCESRICOE(LDBVEEZEZISNE T, COLIA,
#HE FORURIVFAFRICROVAFRE—DT DI NS D RIGZAE T DEERERIAS—E LT

VEI (R 12),
a
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B 12:Y7i—E&RIAS—E

HEBRENELTEONEVA—E - VRY A AZKRETHEICKY BUIRUAS—E VR L ADES
hTWEd (Ekland & Bartel, 1996; Johnston et al., 2001), COURTF A AIZERZBSEBEER
URZMD RNA ZEHEICIRE T BICISEEN AR R TT W, EYDERBEDEEICUH—E -URY A LADSKRY
AS—E R A APHELUTRERIZH2CH B TL LD,

S T,RNA DRENPREL TR AHICIE, BECMIENSEVNOELICEELATNERVER A U
H—ETHNRIAS—ETHN, SR LUZEYN D B9 B FDEEICTFELLZORY FEAERT

TEFE A, BUSE - EYMHA BRITKPICEELTWNVEET 2L mEISBARITHIEL TLEDDHH
UESALTROEIBRICERIEIERIFIEAEHDYEFEA (R 132), 2al—a> DM RTSH,
BT (VA —EEIERIAS—E) MR EICREINEIT/20BRY, B R /R RNA BiE(EhUHs

BREINT ERMEEBOERNIFIEAEETHEVEEHRLUTCUED LWV RDSFRINTOE
9 (Szabo et al., 2002),



ZI TR BB DRGSR ICRESN TOWALENHYEL=, BUERMENSETEOXEICHCS
HONTWWNIE, RISEVMDIEEE T 52 L<SBR DB RICBUBHAIENTES/=8H, RICHHESE
BCRECEREEZONET (K 13b). COLIIC, RICENERETHEELL T HIZIELHOR
HEEETEEHTEETL(Szabo et al., 2002) , R E D FOER KBOREGLZEDTA
FT7IREENTOET (Joyce, 2002b).,

a

13 EREXmft

FICRISHOERDSERROERICBEEL/Z,LT5REL MIEEDORERICOERTIEZALLT
BERRNODPHVET, BEER TP FHLBEULEYA I THNIE, THHOEEDEENELABX
ThhIL ERERINIBHACZOHONIHDD, RICDEE (KVIERFDIXIVAFREEER E/-
[FAVITROVAFR)SHAUSEES,EVIERSEKRTESEOTY (KB 14;Deamer, 1998)
(L) (D)o ZOEOHERIIABHSBEEERMVIALFITEZET, A TREDXEEFEKANICHE
JESHBIENTEZLZZONET, SOHITERRALTORMER EROSRICL T, ABOERER
FEAR LT TR -HELEY,REENIEIET 2B ATREICAAVE T (Szostak et al, 2001)., %
LEDOBIEICIIERORESLETT N, CNEFHRICERRLTOMEICL > TEI 27D TLLD,

N T .
Xt

= fS AP o

“s\ 3 W,”’
g rianat

B 14:28ALEEEETN

HEHBHRDEI BLF THIKEK MK THIKBEZ(IMh DS F,ELTREHIFTH/I2HD

R, EVOBERDHLEENLNVDIETIVTEZSENTEDNERNET ., LML RNA [CE L ES

FOAVIRTFRICH K, ZOMBRENICIIRFA B Ho/IEBONES . REDEMTIIS/NVE,

HBNIZ/NOEE RNA DBEEEPMBEEL TEHOTOET, ChiISEAMIREL S /OHIR
F[LIRBTEARD /D TLLD, RETIEIV NOBDERRBEDIIICL THEL TE2DH
[COVWTRBELR FUAEBNLINERNET,

ZOR—=SDhyTA

FOE BESNNIEDRN

RNA T—JLRICEIVTIE RNA & BRARERLUERDF (BIZAEFHIITRTFR) HfEEL THO TV EEZEZ5N
Y, YR A LDEMEBMIALEICHYTRT FRERYAA THEEL TOZRTRERIIHEDBLNE B AL 4
EDEFNEF > IeARURT FREBE TEDLIRBE T, RURTFR G ER A REEEF DI LSRR



MofTLLD, BERRMIEEEER SIERURTFR, S /RO (#5%R) (3, RNA LOBEEFEIZERICEHREN
BT THHTHIRAL LB DONE Y RAEMON TV SERIIMEZRICERFEN ENCHEL, 20
ZETRBORNEBECHEL TOET, TLTEMICHESNABMRIZVLEYORETY . Co=h
LRTHIVNUBEERRDELRIEELBHREF>TOEL,

EYBSONOBEERT BB EGRICHATNIE BUCERURURTFRICT I /BE—DF Dt
LTOUKRIE,ESITENTEET ., COMRRIGIET/NUELE RNA DhoEBERBBERTHBUKRY—A
L TN, RNA RUAS—+ ,mRNAIRNA, 7= /7 )L tRNA &BkEE % (aminoacyl-tRNA synthetase:
aaRsS) MERF, ZLTZHOFHRAFAENSEELTOET, ChHDREFHA L TRBFICERLZIZTIEH
VEBADS, BEOSEDICEMITEBEDSRLICEFBEZTO>THRDOLING U NIEERRDEL
TEEDTLLD,

REDYVINVBERDBIREEBHTEMILT L4 DDEBRRAT YT ERHEENEEET(
15;Joyce, 2002a),

T/
FTI)TIATF=r—Fh
<— tRNA
72T IRNA
<« T I )T tRNA
AT F L tRNA
‘— T I /T 0 IRNA
Ny
ST F I RNA ~
AT F RO

15: 9> 1ROBDERK

FFT7I/BEPRELRTOESITEE{EENET ., ATP OUVEEE BT /BOAIKRFIIVEITEEL, 7
S)TUNTTU—NERVET, RICTE/ TN TT=L—ME tRNA @ 3' REICEEL. 7S/ 720
tRNA BSERKLE T, CORMSDAEED aaRS T,aaRS A 573 /EE tRNA £i85IL, ELLMESED
T7Z/72) tRNA Z2ERLET, ZTHSEDRIGIIEARMICURY —LAEHEIINDS,F /80 EE RNA DE
KIEEEED L TITDONET (K 16), YIRY—ALICIT tRNA BSEEHFITDIERH 2 EHFrbYET, iV
RY—AEIZDIVTIVS MRNA BSHARDERB|ER/ZL BRCERSINIERTFREZELIERTF )L tRNA
ET7Z/T7U IV RNA BSAERSNET (K 16a) ZLTRTF )L tRNA DERTFREM T/ 7 )L tRNA
[SESNFHULWRTFREES P EFRET (K 16b), RTFREDILT N/ tRNA (ZURY—ADSBEN, ZD
PIBICHULLWRTF )L tRNA BBUET (K 16¢), ZHICHE>THLWTZ /7L tRNA 55 mRNA OEE3
[ TURY—ALIESL MIHDOIREICRVET (B 16d),

a

~fP KOS
Q

PESIEIN 737N tRNA

16: 9 RIBDERK

ZDiBIEIE RNAGRNA) X /2ERTF LIV RNA (LT 2/ BEBR T FREEA IS 5@ 1BER AT e



KET. RNA D—)LMMREEEBEEZ TEZS7E5(E,HEHE(E RNA ZERH T BEHAZo/=D TIZARNTLL
55, RNA ZEET2F R DN TIZN< DO D ATREE SIS TIVE T (Joyce, 2002a), HIZ(E RNA
DE BB DI=DDS NIV 7=ATEE (Weiner & Maizels, 1987; Orgel, 1989; Maizels & Weiner,
1999), RNA DR E MZEIEIMEE7/=a k1t (Orgel, 1989) UiRH 4 ADKEEE M) LS /=AT e, S RE
ANDREZE(RAEL /=ATEEM (Orgel, 1989) BERAADT > h—EL TEIWZRTEEN, RENEZEZS5NDMERN
EX 8

TT,2DESEINIBERRIZEDIOCLTHEL=DTLLOIM, I /N0 BDERRIIBD TEMAT
RED T, REICIZERFEBITHELZEZZONE T, E2TLERD 4 DORTYFICDVWTIBEICZZATHE
L&D,

FTT7I/T7ONTT U= DERTT N RNA D—=)LRICBWTTZ S/ 7N T T — B TRE %
FoTWeEL,hEVEZSNTOWERA(L ). ETNIETI/TONTTZV— BT VR A LD HD
T2EZZBKVE T/ T7ONT TV P BARERLUIZEZEZSAMBATYT, CNETOMRARTIE, A4
V—ILDFETTATP L7/ BERVIRLEREZESEAEICLVT I/ TONT T V- ERKRT DTS
MRENTHY (Lohrmann & Orgel, 1973; Sawai et al.,, 1975) ,BARERLI=EDEZEERFITBRIC
EoTWVET,

RORATYT TR 7/ T2 ITTZ—RS RNA (SIS, 72 /72 )V tRNA BER S 518122 E 250
ENHBVET, 7I/T72IHED RNA [CESTH R EES =D THNIE, COBEBURY A AICK>THIEEN
FERTREMDZEZONETL, AVITRTFRIZED RNA LI3M I U/EFICK > TSN RTREMHH ST
L&D, 72 tRNA ICLTHIRTED tRNA O XS EMABEDSTODOFELILBEZONE R A, HESS
EDICEHEE RNA ST/ 72 ML ERIT HERELT RNA DFIF LGS 7bDEBDNET,

DL tRNAIZFAWEREBR T NI ET RANSF VEDEE LIS RTFR(Val-Asp) 573 /7
L ERIE R B EMSRINTNET (Shimizu, 1995; B2k, 1996), BERRNZEITNUHT RIS+
VEEBHLEERMBARERLPTWTI/BETT Mo (Miller, 1998),Val-Asp B HICERKLZEBDONET,

ULILESIZHEDRWT I/ 7 IEIZVRY AL ADMIKIC L > TRRIS/ATEEHbHUET, 7 /7L E
il 9 BURY A AICDVWTIIEHRE NEILDFEICL>TABEMLDOBONESNTNET . fIZIEESH
BO 5 KFICTI/BEMINTBHDH (Lee et al., 2000),3"' KIFIZFH T BHD (Saito et al., 2001; F
B (270, 2002)BHBSNTVETL,INED R FDEEIALILAID RNA R FET7I/ 7L TEIEHTE
5&£5T9 (Lee et al,, 2000; Saito et al., 2001; Fi (Zh, 2002) ., 1428, NSDURY A AIIRTFREH
NS REENISEFT ,H<ET 1 TI/BEMMT2MIETT .

VRS A LABT I/ T IINLEFTIEIIRSIIGE SO XD/ E MR MIRII TS /B FREEDERICDH
BIF-FTREME D HUE T, DRTFROMIFE TIIIFERDER DB TELLREZLL ECHDBEBETYRY
ALICRB|ZFE S/ EEZBRETLLD, BESK RNA DF7 I/ 7V IIALELL /=& E(C, 7S /B A8 L BYICHR
SNBEIRERDEIST=DTL LD,

RNA [ZffinEh /=72 /BEIL, D RNA DET7 S/ BEHDVMINRTFREEZITESNDIEICL>THIRLT
WEET., RNA [RALETI/RE MDTI/T72 ) RNA 23R TF2IL RNA DAIVRFDIVEICET
RIERTFIWNS Y RT77-) 13 REQEMOHITIIVRY —ADFRTITONTNET, UKRY—LDEE
MEBERITORBRICEDVT, RIEDEZSEAIETLIC RNA ICEENTOT, RIGHIESL TELVTINS
DIIZ > INOETIZ/ELSRNA THHEZZ5NTWET (Nissen et al.,, 2000), YRV —LMSEZ > /ISOED
KEBREHRL TORTF OIS R TS5 —EEENE /2, LT IR ROZDHEREZHLTOET
(Noller et al., 1992), LU /0B EFTELRITHRL IS EICITFEE N KON SELST(Noller et al.,
1992; Khaitovich et al., 1999), 7> NNOBENEEDLZELICESEL TS EEMRIIHYET, — A T,9>
INOBIRERTF NN A7 55— BN EIF DURY A AITRBRE NELDFEICL>TESNTEY,
FREBMCZS > NNOBPARBTHBIEERLTNET (Zhang & Cech, 1997), RIAEMICIHIVTIE RNA
DEBTRTIFIINT VR 77—EHEF > TWERTREMHHYET L, AVIRTFREMVIAATRE L
TWERTREMHHSHTL LD,



GONGBDERRBICBVWTIEIARTFOINS RT77—RIGICNATHOI—DEBREZDHVET, T
372/ EDRINTHREINDEIETT, SV AILTI/BPAAEET T B ERMEREEE /28
YINVEIRERTEE AL, BEIERICHESNAZAFEDEINDI NV EEERT HEEADBLEITA
UET, /OB DELSIZEIETRT B BIE mRNA BSRAZLE T, RIGHIZE S TIE mRNA (LEEFEL
% RNA DFEL TWV=RTBEMDHYE T, £7/=,mRNA OEFIITHA>TT I /BEURY —AISESRDIT tRNA
TY ., mRNA DEEFIE tRNA 335 D1FHDH5EREES T,HREDEYTIE mRNA O 3 XFXEYDIRY
EARNA BID7 > FaARV BB WKFREETHIEICE > THEEL TOET, LHOLEDHZBHEEDIEFED
tRNA BREDT7 I/ BZENICIE, 7/ T2 IEDIEITER BITONDIVEDHYET , ChEITOREI
aaRS TTMS, 7I/BETE,RNA TED aaRS BT B EICL > TR PRAE ELLI=EEZ SN
F3 (Osawa, 1997),

BIEESOEREAECICOVTRRAETHERGER S ITONTOEY . BEEESHHEL/ZDIE RNA
T—IVRICBWTEEE LN TEY, tRNA DA DIRED aaRS BER (52 /80 F) LUBRFSNTIVSILZEIR
HLIC, =D aaRS [FURY A AEo/ET B RBAENHYET (Hohn et al., 2006) . BERESH 3 15D
ARV KVURBIEDFHBAEL TIZ, ZHED RNA FHRURY A AN EROIEESEZHITT H70IC 3 BEOF
UIROVAFRERELEL TE>TOT,ZOURY A ADBURY —AICEE D tRNA [TELL LT IR
EMREENTWE T (Line, 2005),

RYIDEBEEGESICDNVTIE,BEZEIRENLIIC 64 DRV E 20 EOT7 /B (BLUMEIETRY ) B3 IED
(FONT=LDIBEMEHDTII G, KVPEOT7 I /BEEBHZOR D IS THoI=EHESNTINET
(Weber & Miller, 1981; Wong, 1988; Osawa, 1995; &, 1999; Knight et al., 1999; Ikehara,
2001; iR, 2006), RNEADTZ/BDH MEHEL TL LEBRMAERKR LR T ho/zERENE5 UL, 75
ZUNUTRANSEVED 4 BHBIFONTNET GhE, 1999; lkehara, 2001; iR, 2006), 2D 4
BOTI/BIITNEIFTEINIBEDEEEZEDENTESLRENTHTGHIR, 1999; lkehara, 2001;
#E, 2006),20D 4 FELITTRVIDY O NOEBESNTOTHEEL TWVEEBDbNE T, F,chb 4 18
DT Z/BITHIET DBEGESHBNT NS G(I 7)) THESZED, BRI BEEEERUTOET (R
2), CTHHHYIDBEEGIEEH GNC TaA—REN TV e&biEsRSNTEY (Ikehara, 2001; jthlR, 2006),
EDEBECESPEBO TEMLEDBD THO>TOHRILFERONET,

& 2: BEEAEGBRSREITV 2, T75=20,020, 7 ANS¥ &

2B
u C A G

Phe Tyr Cys
] Ser
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G Val Ala Asp Gly




A
G

Glu

RI5E97% tRNA,aaRS,IRNA 12 ED S RO B ERREE D RNA DESUART A LAETHE LTV ET NI,
EFDLIBRIEBFBERERZLTOROIDOBLNE . S /OB ERRDOMILICEL TIE, Z<DES 5
RECRRDOBZ HEF AN RIS ROBDERFRE RNA OERFENEVICKETHLI(CANIE,
& DEL LB ERFRRIIMESN, RE> TV /e B ENET (K 17),

—> fil - BEEOAIL)

Ed 17:RNA &5 ROHDE B KFFHILER

CORETIZ, 7 /BORIVATFRIZED S 130 EE RNA DEMEHIBAERLIZHDICFES> TSR
ELTOWET, £/2,R8 17 TIFENEND RNA EZSMIICEHL TODODEL THEXLED, T/ A
RNA EURY A LADBRBNENTZRTRERHH D TL LD, LNULEHDHRI—KEHDKEELDENEE
LA A TURY A LELTIERIEELE LDV EDHOIEBEZIONE T, TOOBENRETELEEE
ZIKK . CDGE, A F ISV B TH ORI EZAONE T (TI/ BT FRICKDEHDATREMED) .

CDEIBZRTEREDYAZILDBEY, ROAIBBDEKD DBIEEL/I=ELET, COREBA TNV ETHAIR
BED HOHEBLICE>TLAL, S RPORMEZE{TOIEN TE/ZTLLD (Bachmann et al,, 1992; Szostak
etal,2001)(l). CORIIEHEZREZZRVRL L TN27/=ZETLLD, RNA &5 OB DIKTER
RIFETETFEY,URY— LAY aaRS,RNA #E8MIEARE X RNAURY A L) EG VRO BDEBKICHES 1=
EZZONE T, BRRDERD DI /0EE RNA DEER (VKRIXOL A4 /808 RNP) THDIKEE
[$,RNA T—)URIDSIRIEDEY (DNA T—)VR)NEZE SRR THo/eEZ 25N TEY, RNP 7—)LRE
BEIENTLET (Weiner, 1988),

RNP O—JVRDFAE (X, AV DR EANRIF = KRELE—HEBoEEZZONET . RETIZ RNP T—)LRHS
DNA D= JLRADEITICDWTHEL TAHELLD,

ZDOR=ZDRyT AN

EB7E HAE{RFII DNA ICHEH

RNA T—)LRICEWVTE > /RO B DEEEIR B 4T REN, VR T A ADBRIEL T 7eie 2 b5 L3I
o TR DNET . EOICINETHAERICHE S TOWEEYDRRAES IV ROBABERK



FBIO o I=EEZONE T, UIRY—AIL RNA L4 NOBEDESERELTIREDHITED

Z RNA ;RUAS—+,aaRS IR ERRURYT AL LADS T ROBAERTLIEDOMBLNE U, XOLAY
R XOVAFR,7Z/8 BEREEBR T A05E 48 EMOREMHES B RERITKEL T =bD N,
YINVBEBRICLSTERENDLIITH/2ZETLLD, CHICH > TEREE S NNOBEREH L E(C
BolbZEZONET,

BICEBEINBDIEXIVAFR=ZVVEE(NTP) DERFR T . MEDEYITHWT HiEATIRIL
F—DORUEVEITIEC(E, ATP BB IELTRVLSNE T, BEMICIELATP £k 2L T
ADP LUV BEICT BRIGTIIRERIRIINF—DREL,NEFIAL THRAERIGBITHONTNE
T, o THBESIRIVE—ERET B0 ATP 28K TIVENHYET, ATP (ZRIBHIX
BEBRDEMETHOHY, TAREBEERDIZHDBRBMOIRIINF—TEEINETRASNAEHRE
nEd,

ZOLUTRNA ZEIGFELIZEMDREL/ZELET . LMLREDEMICIE RNA Z2EEFET DD
DIFMSNTVWER A VAV ZADHICIE RNA ZBIZFETEHHDONET D, VIV RICIZ B RN
IBIERE DS /< B OB RICHIRR N ER DR FHoEIRLICEBDONE Y. REDEMH 2T DNA £1&
BFELTHEOTOBIEND, ECDDERRETEGFDHEED RNA 75 DNA ANEBITLIEEZS
NEY, BITOIAILJCDONTIEHE T A, RAEICDONVTIE DNA 3 FDFH 45 RNA S FLUBILE
HICRE MR Lo/ /e TR ANWMNES LN TNET (Joyce, 2002a).

RNA & DNA DEWNE, XL A FROEBUR—RDTFFUR—RDT,INIIHED 2'-(155 -OH
) -HEEODBWNTAVET (K 18). #>T RNA DiE#R%E DNA [C8173 5B12ICE 2 DDFE
NPBETEET (K 19), 1 DICIE RNA ZE8HFL T DNA [CZE#H] T 21BI2(K 19a) T,H5 1 D=
Z6N3MDIE,RNA #8RILLT DNA 28T %, HIEEEMF(EN21BF2 (B 19b) TY (Gilbert,
1986; Joyce, 2002a),

RNA DNA

| |

7 i
O—FI’=O o--?:o

(I) 0

CH, Base (I',M: Base

] ]
i lzfv 2-fir
T OH T H
LS L

18:RNA & DNA

a b: wizs

g_ - — ’7’?%"/'};!!20[/3‘6‘!’

o8-l = e

ol | 5B 28 L o

& -0 Ei o L)

o1& =M. W T
s = OH OH OH OH

Ed 19:DNA oitiBhEE

AL, EERICIE RNA OED 2'-610 -OH ££:FTL T -H RICEBRTHRIGTT D, ZORIGIE
EDRSURY A ADBITIZLETERLD /=KD T,CDIEMS DNA BILFORRIIS > NIEE



DB DEIILIZER THo=EZZ5NTIVET (Joyce, 2002a), BIETIZS /A RNA EURY
A LPEZRRIERICK O TR AESN TOVZRTREMIC DUV TIEREL L /=45, DNA & RNA DREIDZE
D FEZCTDRAYFITHEL T E=DhbLNE R A, I5IC DNA 288U T DNA 28K T %
E23% (DNA RUAS—) SERL TN, DNA (IRLIEEGEFEL TEIKTEN TESLOITAVE
9. ZLUT RNA & DNA MSZEHML TERTHD TI3/<, DNA #85(CL TE & (DNA &kEHE
RNA 7RUAS —) ICL>TERENDLSITIENIE,TDNA — RNA = 2 /8O- 1E0WD REDHD
ERIVIBERDFNDRILL=EZZONET (F20),

(( )) RNAdKHE

RNA N / RNARY R5—¢

NING NG NG
flze) 3 [za B { ouses

DNA | RNARY 25—

; 1
am ) s ()

P S

4

[DNA# Y £ 57— |

20:DNA T—IVEADEAL |

BEE NS DNA U—)LRDSHELL2ET BRERIS VOV IV RICBW TR RSN EERBRE Y
BONFILAERATEZEZVNDNTIET (Gilbert, 1986; Joyce, 2002a), LMALZDIREHT
L, T7HFINR—ADNEFIICHFETIVENDY, NP ERSNOMDRBPEHETT, €
LAY NN ADBZNIFEETHWMEREF DEIEEZITKWNZENSS,HEVHRB NN HSRFHE
[FEZABNTLLD, LT A FVR—RBBARERL TOVETNILEEDOZERFIDRN
"RNA" &R NEBOTINERYAL DNA 28R U ZATREMEIZE ZONE T, ZICCOEB RN
EMDEL DNA RUAS—F & RNA RUAS—FITH{ELT,DNA D—)LRISHIRL =D hHLnE
HAE 21),

FAXLYRRILAF F

21:DNA 7—IIVE~DFEEAL Il

WIFNDRERAELVEL TH,BRIRAICIZ (DNA K77 14H) DNA 7RUAS—F & (DNA & 7F 1) RNA 7R
UAS—ED 2 BEMNMEL, REETRIHEDND LIS /=EEZONE T, LAY ZDF
DHEEEBRIZOBARICERLZDOTLLD,

Z5LT DNA (LB FELTDREIZF I EMEEL /2, COLETENREDHIIDEARRZLHEA



DHESIL/=EETHY, FECEMHRAEDBEBEN->TRVWTLEO(E 22), RETIIRVIDEMDE
EHERT D010, E MO RFIEBZROIRARICONVT,CNETICHLSMITAEDTOBRIEEBMLIENE
BET,

H 22 :MRICET5iaHRoEN

ZOR=SDhyTA

E8E:FAAI e

HELZBERODEYOZRICDONTILIIMAERSNTWVENENSHEB N EETT, MEDEMET
ICLTHETEIENTEEDIEHZED LB S (Last Universal Common Ancestor: LUCA £7=
[% Last Universal Ancestor: LUA 72EEREN D) LIRVET . EMDO RV DS DB S NS,
FOEADRICHEELTWSREIL LUCA BRI > TV EEHE T D ENTESHTT
(Galtier et al., 1999; Kyrpides et al., 1999; Miyazaki et al., 2001; Wiz, 2003; Gaucher et
al., 2003; Koonin, 2003; Jékely, 2006; Ranea, et al., 2006; Gaucher et al., 2008), 7=7=L
EYE (RAVBITH) CRGFOBIMT IR FEREGEFEHEEINIBRRBESHMSNTINS8H
(Doolittle, 1999 72&) MHENSFRICEEZ (FHEDSN/IERE RO D K EBIEFBENICEL>TEL
ERDEMMPOEFEINEEELRONIEREL TEHLEIIHYE T (Koonin, 2003; Mirkin et al.,
2003),

REAEWNT 3 DORAALY (domain) [CHEET BEZZ M EFRITIE>TIVET (Woese & Fox, 1977;
Woose et al., 1990), EIFHIER A1 (Bacteria) , B R AA > (Archaea) EZEYIR AL
(Eucarya) I3ZENETNEBRBEGCF P RBEMICKEELZ>TOTC IEEDHEKEEICHRELRZED
HYVET, SNED 3 DORAL L DZIFBHRIC DNV TIZIRETHRE I DVNTES T, LD DRSS
RIBESNTOET (L),

BEZEMIL 2 DU LEDEY P EDLEIOTTELEZZSNTVET, HIRBANICHEZ—EBOAIV RS
(EPaVRUTRERE) (FEEHBOMBALAEICL O THRAELZDBD T AHIN IV RUT7DRER
[FIREDEREYDOREDLBALLIVEICHDEZ ZE5NTIVET (Dolezal et al., 2005;
Embley & Martin, 2006; Carlton et al., 2007), SV RUFZ OFTICA>/=EIEMEII AT A/
OFUTRT7IN 777 AT AN TITHOENMER SN TWET (Fitzpatrick et al., 2006).

—ATTZN777aFANOTUT DB EELEIEY, TRHOEEZEMDRDIZIRIC DN TITEER
MEINTVET, LUCA LIFIICEGFERERILIZY /NOET2EVMDRN DM EH#EL -
IBEICIL EEMESBOICHEL, RN THMESEZEY D DPRUEDERPESNTOET
(Gogarten et al., 1989; lwabe et al., 1989)., LMWL HHE DO HERFMCDONTIIEBBEIFS
NTHWET, HHEOPRICZIIZAVT =T FIREIV I T—TAIRD 2 RREFEDPROOSNTNETH
(Woese et al.,, 1990),2D5b0L 07— A5 R (F/=IZTA YA :eocytes, Eocyta) BMEUER
EWIABIEETARBOHUET (K23a;Lake et al.,, 1984; Baldauf et al.,, 1996; Rivera &
Lake, 2004) (). GBS ERKLLTIERBRLICIRGEL, (B23b; Woese et al.,, 1990;



Cavalier-Smith, 2002b), RNA polymerase Il S &#iE TI33EBL T 2 DITH MM TINDZEMEE
fUZBFShTOWET (Klenk et al., 1992; Klenk et al., 1999; Cavalier-Smith, 2002b),

a b

R o R H 5 2 5
i 2 k % iE P & i%
G5 I £ 4 L. ¥ &
L v # # T | k)

x A 2 IZ

2 & 5 *

5 5

H 23:24Mo%EE

BEEAREICIIAVT =T F 0oL 07— F UMD RIZEEDORKEDION TS /=HD
(Barns et al., 1996; Takai & Horikoshi, 1999) i3RI NSDORFEBHHSOHTEXREYE LA
EOFRERARBIVENHBTLLD,

LUCA DEFFERICOVNTIEI N FRIEBINEALARBELLE T A EICL>THHEEE 2D Ik E
I ERIBETY (Hedges & Kumar, 2003), CRETOE TIE LUCA H¥ 32-38 EEFHIICHE
FELEbEESNTOELZD (Feng et al., 1997) 5B D#EMTIE LUCA (3 41 EFELL LRI
ICTEELEEZSNTUOVET (Battistuzzi et al., 2004),

TTREBIDSIIEDIOBIENPHETEZDTLLIOD, FTEZEMIHHE.HANIHMER D
Ik BCEIEMEOREEY (HDNIFASTEY) THY BETHFHELTNDEEZONET ., £
CTEZEY(EEREESHE) DALY LUCA [GEWVHEEZHTNBEHHEINET, EIEH
BEHHBORFBHOPTEBSLVBDERARNTHET L, EIEMREORHFEEL T Shatalkin
(2004) OaHS, HHE DR FHHEEL TIZ Gribaldo & Brochier-Armanet (2006) DA HZRHE H
THDELOICRAET, 7i&(L Gupta & Griffiths (2002) ¥ Gupta (2003) ICL3,7 /0B HFD
BARKETHEL =R FHEE L BICLTOWT, BB/ ARDERD Y OB ERWNRFE BT
X BICLTOWET (EEZLERDBZ<DHY FIZIETHHAEIC D TIIHRIE, Gao & Gupta, 2007 &
MEEDRBERLTVOET),

LUCA DMiFBE CTHo7/=E T BREEZVARY—A RNA /N T 2=y (SSU rRNA) DR FERICE DY
TURI&VRVIRLIEEN TEEL /=D (Stetter, 1998 72&8),—ZBOMREMNSIZRBHHETIE
L7=(Galtier et al., 1999; Brochier & Philippe, 2002), LWL RHFDORFHEZRETE, ELHME
[CEWTHHMRAICEOTHERHAEDORABIFARNSEo TS/, LUCA BFHAR THD
ETBIRRIIUDTEIFEINTNBLSTT (E24) (1),



24 HlE - EEEORERE S BN (KRBT AR FREOE)

R ETTICHEENIER LTI/ BOERINEHTE T HFELHYET, LUCA D rRNA D GC &
(TT7=DENNEREDEIE) EHELEHRENSIE,LUCA (IIFRME TII AN o/EBSNTNE
I H(Galtier et al., 1999), LUCA ®EEMEDIEHILDY /NIEDTI/BELSEZHTEL,C
NZBHUTHARERERARNCHAADSIIESDF A THo/LAIREM S ZIFEINTOET
(Miyazaki et al., 2001; LLiE, 2003; Gaucher et al., 2003; Gaucher et al., 2008) (| ),

LUCA DFEREECHRREEICDWTIIRICBENTOET, LLVODHEFHMEEHHE TIIHEED
FEECHIBREEDR N NESTRAO>TINDHTY, EEHE (CEZEY) DEEEILEELT sn-
V+0O—)-3-U BORBEIATIVCHADITHLU T, HMEDOEEEIL sn-yU+0—JL-1-U
BOAVTV/ARI—FTIVTT (E 25), $FHAZEEEDEN I EHS I UEO—-)LD 1 (1I2D<
M3 AITO<M) (FHHFEELEEHE THNGLKERLE>TVWBIESHSNTOWT, SRRBHEL-
TWET (Peretd et al,, 2004), COZEMSHRED HIR B &S LUCA LU TH%, D%V LUCA
[FHARE > T a5/, EDRE B TULE T A (Martin & Russel, 2002; Koonin & Martin,
2005),7 / ADLEENS(IHRRED &> /328 1S LUCA ICTHFELEEBHESNTOE T, £/-EEE
BOEREBRDORAIZDWTIE LUCA ITHBEEDONTEY M TEAETE,LUCA (JHRREE
HoTW=EBbnE T (Wachtershiuser, 2003; Pereté et al., 2004; Jékely, 2006;
Ranea, et al., 2006) ,ZDIEED BB EICDVTIIBETIDIIHLIVTLLD., B—DIEE
THOT=DM,HBNE 2 BEONXEZEMBEDH /=DM DNTHERDHHEZATY
(Wéchtershauser, 2003; Pereté et al., 2004), — o, St F 2 ERECT NI, HHEEICHIER
BETDERRDIESTFETHEMNS BBHBEIRTIVNAL THZEE LN TIET (Peretd et
al., 2004),



I—TNER(SENE) TS A

' /\A/\)\/\/'\/\/k
CH) -0
(|:H2 o | /\/'\/\)\/\/k/\)\
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TATIVIER (REHRN REEHD)

B 25: 4lEsEEMEOERSE

HREORELEHELEEME CRL>THY, PICITHMREE 215 /220 H IR (Thermoplasma
HE)PEEME (Mycoplasma 715E) bHSN TWNE T, EIEHMEOHBE AT MEREE I AL 4 LT
[ENBEHENRTFROBELIERTFRIVA T, —A THHBEOHIREE IR LICKEL
BIE->TWTRABEITMITITE/LIEERSENTIVET (Kandler & Konig, 1998), ZOEED
HRREEDESRICEHLDERDRAS 1EED LUCA [CHBZEMETEENTEY (Ranea, et al.,
2006), LUCA A DHIRREE A > TOERTRERIIHYE T, LNLEDR R EHE T D (T8
LWWTL&LD,

STHRBITONWTIIEDTLLON (1) ETEARMNLERBOBRIREL TRIERLI IV EEE K (TCA
B (T HHEEEEREORAICHMSNTNET, ELTINODRRISIRELIIBRICZ L 0DEN
[$dHo7=&LTH LUCA ICHFELEE ZSNTWVET (Mirkin et al,, 2003; Ranea, et al.,
2006), FEBEROBLETESRS LUCA [SHSLHTEINDIDDNEDNDIEHEINTEY, EF(E
ERH LUCA ICTEEL /=2 E&REEL TULVET (Baymann et al., 2003; Ranea, et al., 2006), &
DZERFFary (HY) DOREAEREZFIALT ATP 8 %1T5 ATP &EEEN LUCA ICTEELE
FHEEIN TSI EE—HLET (Gogarten et al., 1989; Iwabe et al., 1989),

RERCIIVEREERA TNV =T NIE LUCA ([ZDELKEHRBRENICEEZDI LI TERE
FHREINET, MIIRENLZEFBIONTIIZEZORMAHYET ., HIVEVEEEDTFESL LUCA IC
FHEENTVBZEMD (Ranea, et al.,, 2006) LUCA BREEEE Z1T>TUVERTBEIZ+HICE X
SNETH, ZOIRIINF—RICDONTIELLOMIER A, FIZIEHEKICDOVWTIIEEHMEDOF T
L I=EEZ5NTOET (FZ(E Mulkidjanian et al., 2006), &3 3ELFE SR IR EHE
ESNETN,CNIEHFRLBIITDOHONEEHE - HHEORA THOSN TSI EMS (Martin &
Russell, 2003) ,LUCA ED LSRR EFOTN=DNEHTE T HDILHLZOTT,

DM, IV INOBDRA U 48iE%ET ) AR TLHE LA RN B ISR, 7 /BO A BRI © DNA
DEX-GE -FRROBELE EVP BENICEETUKEHICBLERY RV E(JIFIE—@YAEIST
WesEENTIOVET (Mirkin et al,, 2003; Ranea, et al., 2006), 7=7=L Woese (2002) 315
59 5LDIC,LUCA (Z—D DR THo/=E WV DKV A EICHERITKEEGFREETTOERE TH
TEFTRERIZIZEZONE T, COGE, HBORBOERDPITRKERLEZToTHRIIRENICEET
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