National Aeronautics and Space Administration

ZAhONNCAFOS—

FERICEMEVETH?

BEKEMEFER ( NASA)7A2ONIA0S-7055 4

IJ)NAAQP—RUFZAMONAAO—-BRIS0AFEEZRLER




TAba N Frr —

KEMZEFEE (NASA)
Y Fal =LAt Fual —DREE

ZDAIVI Ty IEFERIIBIREMOYEE. DIl INETILOD > TVAFEHEMICOVT
DYETT, RIEHEILIX EYHEATOIRIER. A YLBRIBLOBROEBRIIBD TaELI,
ZLT 7 A e 4 el — O EEL L. ERLEG T IO FEUCFEHEL2APSD
RIBPMELTEELI,

2010&F. KEMZEFEB (NASA) i3y " fFdus—titfic 7 Abr " {Ful—0D
M. FHBEHL»CS50FEDHBER ML LI, SRR, TAMN N ARS =T s SAF— Ak,
DAy Ty R EIELELIC. 2Dy s Ty TR, =y 3 fFud—L7 Abr 3 {rud—0
MEEDHS>TEEELRRESL. MR LOERBFEHrhTVET,

MREDELRIIOTHS0FLEBRWBH RS F TTH. 7AM A4 ud —OMFAE H R
LISEL T35 ABY INE T EZBRY TS ERRDTT,

JR1E (FEE
1BE
AT7V—RAFvr7 YoR-EYTR F—ar-rurAb—w

A5 A
7—ar-JuyAb—nv

B
7—ny-rurAp—n

fREE
VR YT R

AAEIRE

ElG|om BN HEE BEHT

Ty —s —_
ERTEAY RRESTAA VFreni s Y MU RTF

RRIFERFHIRE SRR (ELSD W F by 7V VIR R 7254 (WPI) ORLR D
QDT WP RS CE—ROMAEHIERLL BNUIARRBELSOMEKELE
[BIRABHM R O E BIE T XERIFEEDEET. 2007FEIHRED . REL1SVPIOHRH
HYET, 201 2FIRE LICELSIOME T —=id. Ik E SR OREIR. ZL THIERL A IZED LIz
FEBERIEZLEVCENOEL TELLOIZLTT NASAHFIMELILAZ DRI D
ERICBETARA LR SBAINTOETH, 2213 ELSICPTB T3 ZKDMREHBEHLET,

22T ELSIVHARREFETAIEANASAIZL-TRBHONELI,

Copyright 2019, NASA Astrobiology Program




BTE
FaRE A0 FIRBLEWOREIR

NASADZZEANAFAAY —T AT I LIEZ bEDLEI190FICTIYNAFOT —T AT T A
ELTRIUINELIL1990ERICE>TT AT SLRBZILAL . ZANANAARS =T 555
ANEFEEL.2010FIC50@FE%2 WA L7,

EHRICHEIZMEZTSRLTC.2OIIY I Ty 2 TR ZAMANAFOY —D
DBENPEDLSICHEBLTELDON . ZLTEDDOERIPNASADFEHRERED R Z 0
BELTUWNICEELRERICAS O EEALIELTLETS,

AEWRF. . —EOIIVITYIDETIETTZAMANAAATY =, WSHRFBFH
EDLSIZBIULINTELZDOD TR TEHEADIFETHHLLWTIDN B EATEER
ERXPF—N—VYVIIERZHTTHEHLTLET,

wEE Yvy eI




TRRANAFAT —
FHTEDNEEND
AR ZMET 2D EH7,

FRAEANAFOY —DHEE Z.
RABHZNBFOHEE THERINTWLS,
ZLTC.FHICEIIZ2EH0&®RE %
BRETI-HIC.HODEHEE
MELTHRZED TS




Erobid, [Edbidfmh ] 2Hbie,
1h6 . HEKPAB R KBS D
EEPRGLTVIREDMAEY
LT3l
FHZITL-N—T

RRIEKRZE
3 IR A b B 5% P

ZD3EY! IS DR D
Pt 27
HERE IOV THIL LB eh,

AL—F-XXTw /7
RRIEKRF
3 IR A &b B 2% P

HIKE A ORRLHZT T L.
ESBHPFHRIDISNTVENEI»Y
BRAILWTIBD, EWmOEFL
MEFBILIX
TFTAMINAARS —D A F—= L,

ATY—KAF T
FRPONAFOY—
TOTT LT LTS —, NASAKER
RRIEAS
IR A& AT ST AT

TOFEIEBIOIDEID
DETHEMFIRAIZIE, IR T
IR ThEMmPRELIIZ
HBUENDHHD!

NI KZ

€7-vxr—h—
7 FMIZKFE

LIVEIBS R

7EEGRBELUMOLCFRRE
EwmDER

. [FhicbHH->TwS
Eat3fAH» ] #ETR



ERORRLIERET LI,
MO HIMEHEDLIIZ
EbNT. RO Lotch %
BRETAILRALL,

EORIFOMFT L. —FE Bk
LIA [HR] P OIRDTALD

EYOMILITXTRL
MHEPETESTVEDR

(Xik1,2)

Jr7U—N—%
2oy TR BHEMRT
AVTALZTREY YT TITKR

ZO1HIIE MHEMEHEZ LS
RoTEDDEHIMNELH S,

2O T AL,
EwmRERTOHRL
TR S FuT —h
DLEWBAL,

IR TEMPHEETEHLNS
{bFERIZ>VTIE. 1953451
AR —I5—HRERLIAXIE LD,
(3Z#R3,4),

FrOl-sY—FF
JASRKRE
ALY —&

BRAAEREYS2T.
I5—EMIHEL
HEAXYE (oA lith

RGP p=cFF=

SUZ-FoAn T 1930-2007
PARF I PN
FhDEERH AL
MAEHIREDE>H T
Lolchfid.
TR ZNETDEER
RYIB-THL, | B8




roBEEMEER LTI,

ZY—FKJE-Jx—3—(1800-1882) (FEHRTIELH THEEY

(6:4:3)

VTV TR LY
MBS BLRFEHNTEBE!

HYOBREI LTS
RFEHONBAK!

HEhEhLO
DHLL

1828F DRAY RV EFER

BREOE7ZRIAXR
(xxik6)

N7 FYTHEEREDREOF BRI
RETAILEATEV, 75RA2D&ERDIT
BLE T TVT RN ADALALL,

COE. Fr—ILX-F—71>(1809-1882) &,
HnBEARBEDELREZRIB L.,

TIVAANBRZEEILA -
ISR —)L(1822-1895)
[$1859F ICKEh—%%
Bad L

A SUAY)
VILRYXKE

F—=71VIE EBMORRISOVTIE
BoBRN LM MHELLL G
FWEER T, (>X#R7)

CHIZBARESIC
ReniT 8% 5257

INRY =L TERIEEI NS
EBHRCRNZDIFTlEALY,
EWSTEERERL

7522 ONMA->TVBL
NI FVTH AR, 16RO
BN EEDIRIRBAL,

bHEHA EHCEVERS
MRELLD D RLBN 2T,
(xik4)

HierL?

1871FE DAY R,
TILE VI
(1825-1907)

EHEFEPS

PRARLLLIC
FoTEAK

EWLARBE

EAV R

RTpYTTLZTUR
(1859-1927)

NIV -T A2
NILLRILY

(1821-1894)




HRADEZEEDZ A PRI
ERDERYEE (D l KEmEREDLMfaA VL

EZERGZEMELIECDT LD TED, HARDIEED?
REMMOEFEA?7LIH<

EMOEFROFHILYES

1902 XF> 027«

TINT A2 NLT
(1868-1942)

FEANPO—ANG VETLDELEE
FLIYYRIL-F)N=>---

EMRELFI-TEBBLEND
FRAREE [ A—7 | A H LI,
EWRIOLEHA—T 56
HELLIZISE VL,

Fo1{Z2DLEYHIE,
IR\ A—T 1R

"E#s 2 —7 (primordial soup),

EVWDSBEEIZ1929F D

MX T TELN
(Hk9)

/NN pplinne, 25053 FHHEERIED
[ [}

HEL. BECENL T

DIEAD, (3Zik5)

LF—k-bA—5F
(1889-1932)

ZLTC REEEFNOAYRA
ME&HE JBSK—LTY
(15858) (X #k8,9)

°

REMONTVRLTORY 7B,

*/—RLEFEXEE

(9N BORERBERITEDRTE)
ROy —- Ry

(1910-1994)

s> o B> TIRG NI DT,
ENHIEFEA TV 12D,

(37k10)

X5 15 & 18 S R AT
INAAZTTH5
Jav - FREVR-NF—L
(1901-1971)




STV TR PBREEDT — 714>
YalFavH—(1887-1961)H
RAZENRREYZIZDWT3DD
BERETo1

Ewmeld?
i B o> ) 22 B9 A

1943F . 7)) v D
rI=ZF 1 ALy

EMLOIMERDOPRTRIZERIE. YIERL
EZTREDIIHRHATIBDTLLID?
(3Zwk11)

BRI RICES LK

FR—UrDREHE
(¥hTKR%E)

FAOMEETIE. R OMEHRIRIE R
BRLCERTERYOEHRERL-T
Hizht HF o Ldrotz-

SHIRZED
NEJLE -2 —1—
(1893-1981)

HUT7FLZTKRE
N=—IL—RD
XNT 4> AT 4>
(1911-1997)

H. 2!
[RIRE=1 3= AR TRY A ol

FTcbiE EYH LTS
BRACEMOERIETRET
HBILETRS LTI LI A,
1o T BADHRIZHEYH
HBATT G,

BRASERD
TEADHEK %
ETFNMELTAIE

WAWALREREADPFORZEE LA
HBADP > TELLDERPHMEL:

mb-TNiz,




1950FRIChD e BIEYMMLE%E
METHREENDFEYMEEL
NEEHLERDI,

EaoRFOMEY
BRR T BICIZ.
HALECbReR,

ELMELLKTR
[RIY2/{AN

SRR ZDETEGH
Bhtoichdlivzosrod,
(Zik12)

NASAIZHH» 6L HD
E2rRMLTVEbIA,

BEICL-TI
LoThEED -1,

TEYE-F1—%—
HI)T7HIL=ZTKE
Yry oL —IK

FHEROEKEEISS
2T —b=ofB EIFE

1Y =N
EmORRFRICHIEFNR
nEnt
AT -=Za— ‘
NASA FHERTEHIRAEDORBEY
*4*5(‘y°/3)‘/¢%ﬁ ERLHEAFIE LA,
SMD

U EamoEIRD
MEAELPIIbL,

Rbhky—LL-AHF—L
TUIFKRE




ENT. -1 D?
HIKDERMAPEINIDHIE.

STHEERDH>TVIRVLD,

FZYR)a—-X74—)L
N —*F — R

VOLEIT EIRHT 2L TRY

Y. [y
PoIRDEId.

RTA4—=T R} —

FAME™

ROEAR L TR B ED
AWML TEELTVS0,

B DR TOBERITIE.
HIFME (37 7Y7).

HHE(—%7) . BEREY
D3IHDEEHHBHDL,

BEREMI. N7 TFVTRT—]T
RO LB E R AR AL
HoTbb,

EREMOFDODNAY

IRAT Bl ZDVLD,

| KT FE SR |

]

Fi--- a3 fArEnS
JLIRFLEI DT

wivak,

(3Zk13)

EalidAh2ESR
FBIIT—MDOARN

* FAME:

ISR FEATEE
Foundation for
Applied Molecular
Evolution

ROFVTRT TR
Himfazo0,

ERZAEMICIIERBEOLD
BLBITE . boLEMIELL
LTWED8H5DL,

EREMCIE. SHR0
LDbHEDL.

ZHR- TS DI RILD
B —oDEY %
fEBHTVHZLLD,




ERENDBE. MRS/HILT
RDIILKRSHBHLEY
EBILD TEBATIL,

AYr—-Ea—Avy
P22 N

AYvy—HEYX
Y Fa—tyy
IRKRZ(MIT)

A7Y—-FOA—H—
HUTFL=TKRE
YN—HA

VL) —TR
HRIEKRY
3 3R & A B 52 PR

ZLT.85A AMHD
ZHREMOOLED,

HALBEHLE WK
DR,

(————— —~

FrOry-OY¥vy—2
Lyte3—
EREPN-

N
LIBEALTE
A= /N=
NASAY z v b
HE & B ST AT

Th. EdmidbLdLEH
Kolebleivoh




BEiffa-TREATA?

[V TE%- T EmbiEghich
PREEAT A1, Bl A
EReYTIBENDHEDR,

HIRDERRREFLW-TLKE,
E@wHEIR-TI1RE-1:
DHRRBIEH TIBAK,

ROGEMLHRRE YL
LThaE- Tl b BEfEELBIC
B oA,

RTA—T EAT ¥R
aASRKE
ALY —

Th. EMORYOMADIL BRI LVATILRA,
REEYDOBEDILAETEZH->TVHDIZA,

TETFAIL-
F—=ILIyR
NASAY = v b
HER R

TH. HEELAICHER E
holcERERDOIBDIE
HLOALRRV?

Fizid, Abr=bSA DL
BESLCZNLFRIIZERD
FUIRLTORBEDLV2,

ERORBIEHT
BoTROVAL,

HIRDEEINTHLA6BED
2o TBAKHD,

Sr—g F—z—
NASA I —FK
FEEYH—

RPDEDEHDEFRIIFZ-> TR
ATZIE KISBRERNIAEdH
FELTORILP DY TSIAL,

ERmPOOPLIRE- DY
ZOWVT KFEB LA
bhoTalATIL,

Fov-HrF— X—0 - FT149YF—
H)TFLZTKRE NASA T4 LXHELY 5 —
FAERK

11



CHRKEROEGI L, IL&RA.
COBRICHIR ETRA»HRET
ERHPRELLALRLODL,

BERIZRAILY
TahE EBRES
rEot:irbiradi,

Ced. BE~

ToTHELL!

foLbic,
R TELAI L

60FEMRDFbYERIZIL.
BADELTORKEOHIREIC.
2ODKELEBA HHILH
RSN TOIAR,

AT DHER~
dozer

35 TRMRLN,

IITHEmH
RELIAKL,

vy ->arRyy
N—/)N—FKZ

I *6&ESH I

A DRI, HERDK TR EH
508Dtk FhtcbidE s
Mouvntia,

RECEYOMEEER AL,
AHRFLOELDER. Lk
HKBEBA A A ED AL
Lol D HbHhB0,

21 H’ . DNA.RNA™E,
g7 ER,

BEL,. 2h S
2V ALALRILY
FRIOL,

WACHLGAEN A EDEST.
ERrEULERISHEST
ATZb DR,

YU I NEFEST
MEENFEVZLL!

* ok R R

12



DNAS &Y /37 E AT D Fid.
FTRTOEY DB KEL
EALNTVBALL,

P YARESN/02 NS i
Llrep FriF-Torad e,

BOIFFDIH KD DDEDE.
RPDEYHFE->T0 DY
Lsu,

ZLT. Zn6DHFH,
IR EDTXTOEYOET
ZUMHPNTSAL,

VIR FHEIRH-T
TEDHhZRRATHILS.
EWmOBRLIERTS

gizusmrblinivbi,

fhicd K SREEMAH-T
VwaL, EaiEENE
[E9%0- T 8aE-T2D»?

=t 0 SPACA N
Pa—-Y7IHKZE

ZORBEICERYHET eIz EIC

2207 7Tu—FhHhHbAIZLN,
b T E L BILRNAT Yy TRID
T7a—F1L,

13



b T EY BT T u—F T,
WEESTOREY DS
HORROEY T,
EROERETRAILLTVBAKL,

BB L IVRARTE,

FEEMHOLEIR- TGN DH %
I A0E LV bR,

O—Ly -1 YP LR SobEVIUE &REOMA
Ja-—IFIRKE DILBRE->TV VLR,
EYMFERENE
BLI6?

Ced.EH%-T
HORRIHEED?

1{3ADEYDDNAZ
KT BFfELEbIC
BFHFERLIPE
B TEBAK,

DNAREHDEEE
EEbh TV,

DNARHR#BAT
ZURHINTOED6H,

FNEWSTOST. 2TD
tBEDLL 51 TTDDNA%
BRIEOVOAL,

25>95ILT.LUCA
(24EYORHEEHEE)
FTWBILH TEEDR,

14



DNAWRHRAED T
By ERRDTVS,
Tb. DNAZ LBzl
RN EHBERAL,

IR,

PAZAV4-1F N
DNAR{ERLEIC
BEELCZERIGOME
LLTHEBEL TV AAT L,

FEHFEH . INTED .
EVSRTRER,

RADPBCBEC.ORFE

ZLT.3ADRZEN . TN T
BEERTAT7EBULDOW I,

E3%R>T2HKBDPLL?

(3 #k5)

DNARUHMIFRDENE
Koleb3lelv LS,

h—L-v—X
(1928-2012)

L LT . RYIDE I
DNATI372{RNAZEZXK
IZLTIALR 0D ?

TSVIR- Iy
(1916-2004)*

RN EDIIRDFIE.
EYDEDEE R
ERTAILY
TIBALRRVD,

LXY—-F—=4
(1927-2007)

INEBEWEALS IR RAZERNTZ -7,
LAL . HRESSICED TWCE BT
yoNIBEOMAIN ERDEICET BIER
RO TWBIENHELNIZR T,

15



FEIBIE YARY —ALFEIENhS
BFHEFORNAZFALT.

RIFFEOIDI

RRZLOIBDEMMELTVBAL, EYDEEERD
BERU#HINTOoTh %

RBLIcEHRb0, "

YRy —LDHIZHBRNA
DPIGIRVIREESTVS
TRTOMBIZR DR
bDORALE,

Ced. RYDHILZDO» IR
FoTuikdhrbLivsvbi,
(k1)

2D Ea DR | 2 F51HD
BIRBREELI. SESTVS
EYrosT0EDLA,

EYOBEHRIESL.
[EmDREEH | 2EE2L
HTEBAK,

25, 1206, [ERORBH | Lo-Th,
AYIIKBOZILL DI > TOREVAL,
ROL. EMEoBRHBORHE
RI:WTasbAK L, (THR14)

R HERLTLES I EDD
DNAH > 7w HFIZANIL.
ZOEHRZEBIMNLIZYTEZD LA,

16

ZNEFNDOEMIE LI
BEERPF-TVBRAILIE,
ZOBMIZVLDED [R=T | 56
TETOT LRI D TEBERC
[R—=2 | HZ I NTVLAL,

b OBEERD
[AKRIZEE-TVAL
WHZER,

* Yy -v—F211)2(1938-2011)
ERETH) EVFE EVELD
HRICOVWTERDBELH 7o




RTE. b A et [ DAL I,
KS32OFHH5,
ZLT. £ THEBOBRIIOLH > TVS,

Tb. B2 #l-> TRREY
WRDIELZHIER.

Ko T BIZFHFOEOD
RISA-TREELTEDY
TREVAKLD,

LALOBERFRENCFRICRVH#A
BRI TIREVAL, BIZFHFESL
BRIV DEYDHRIZAYVZATLED
[KFRIE | LI IEHRIDIBAT

AN R A
ENOLIOP YT s 3% [0
RIBERFLEALDY
TR TEBAL L,

bI—O DB KD D
&OEVERS A HhER LI
BRINTVRV-TIEA,

ZHU b LA BE,
ToLRNHERL TLESTARSZHT
Hahblnkk,

E5%50% .
RI&pohgni---

KWL DB,
X#R152 R

17




HBEMILBR,

EROARDRUZA-> T 2L
HIRDEYMHESEL TTDP %

PHVHBEFR—LEOEYE-T
UL L BEERLHIXA 7D
EYliotcorblini,  (XEk16)

ROEDEYDEIETF
KEoThhbdiic

LBhbLivzv,

bHotald T,

EZERIE>TVIDIE

ERERRL TV,

AP LRI,
RIUDILZRRISH

ESTeailROKH D

ZhUs. br oI
LBADEEFIRY
Lo,

JrILR-TYafR
V—UMRM

BRI RERERC.
ERCHERE DB R,
FTRTOEYIZHBLTVED,

L LRI BUB
LEMELIFIENTVIRA
12, (3Ci#k16)

DFh EARMLAH RIS
LTdmLELIZER,
BEZOHER EDTRTD
EYoF-BEKIET
WBILIZRBTLED,

LAY O BHFTETHELUCAHY
Einkoix. H3I8EEHS
S5EFEF TRV R LT BIE
HELTVRD, (SZHR17)

BEFLAHZEHTAILT.
LUCAREDLI LD TH-Tch %
MBIENTEBET L,

18



AOFETEBILLIIEE 16,
RNARYRY —LD L5553 Fb

&34,

2007412,

NASADT Abms 4t us—7ns 'S L1
TAVAHELRFEE (NSF*) LRHEL T
Ta—U7 IRKFOLEEL Ly £ —
(CCE™) B EPRMLIALL,

*%NSF:National Science
Foundation

%) %kCCE:Center for Chemical
Evolution

b, RNAI. BERL
FECLS@ENIZE,
£t TRELRIS
PRDBLILHTIBD,

SOFEMAEEIZ. RFEH B
RNAHHERER O R 5% b 52
ZLERERLI,

(X#k18.19
Y=o B =/8=
Ya-—YT7IRKE

\

Z5VIRNA%
YRHFA Lo TIERAL,
(XZ#k20)

Foy R ===
Pa-YTIRKE

B Twadh

CCEDMRIIRI LY F e
EZ O ROIEMEY

=57 057N
ToOYKRE

FEENTwab,

SLRNAS R A—70 T %2 7zv2 P chcosfEmRy
BTG B P HoTUR TR
MEOEBMBEO RS bHaih,

BIR LRl EE A H BN, SRZ—-FLRT>

1I— LK%

ST HREADIZLALDRIG
PR TADEK NV ERD,
Tb. RNAY —FBRIN- Tl
FIREME > THRTshzvbia,

(k21-23)

D IR _EDIEL .

bbHA. FTREMEW
(3 ONMINAEUINI)

19

RNAESDRE, CHHADORBOMELT.
BALHDEREERI LTIk LLVD,
(Zfik24)

RNADEFHotzbrd
21k, RNAT— MRS

ZDUEDH
RNADIRFE L,

—A$HDORNAD
BERYES. REFELTVS
ZLEBAGHILICAT,

P

IRiAz

YRy — 2D TFETHILE.
RNADBIGERERTFTS
RODORYDEGDFT
Dol FJREMERERL T30,

Z+UZ. RNAIZDNA
BEEMTEOL,

o5 -y HIvLYET—
IRKZE




T7AYR—-TzLF VTR
CCE, ¥a—Y7IRKZ

TH. EDORADBER AT LI
BSLTVIzDIE RNAK U kuvdda,

CCETR. b7 EYr 77 a—F TORBLLTVBAL,
YRV —LDHIZHBERNALX T FFOEHI {7 F~ T
EDEAH T XTOEMIZEBH LD LD H» ZIEE

LEELTVBAT L EHIVHIINHAED IS T, BEfEL
LBIZEIELL Tl ATEAD 5 Th,

YRY—AIDOTOEDTTORR DAL,
BRAIZ A — Lo TOHIDR. AR T
RIEACDNALESAINIBEERY
RNAZBELTHRTIDTOILIEL,

YRy —LIERNAL X 3 &
HPOLTETVBAKITE,

YRy — LA EwI
HEELLVATL

20

R7F WA DREIZRI LI
PblizuDdi, X7FRE, 7 EH
BYSTTIBALRGE AN DS
1 TOvD, (3Tik25)

B TS T AHD
BB RILTOIONY
Lhzvadi, (3Cik26,27)

I—-FrrTL
CCE,
HUTHL=T
RUFo =y I MIKE
RNADZ DB HEAL LD
1Eo1eDh 2L T Z0H LIS AU
TEOhZHYIz0bA,

23T RNA7—F
WhHolcDIrES>D.
LeAtbhBIT TLL

YARY — L BRI
BIZTHLI.



[N NN EVE L 1N
EAREFH 74w LG BRE
HIZOIIRETESEA,

ZOETHAZ4VAIC
H1zADHFmMRNAR,
(37ik28)

ZhT. 3k EH2
BRENE. X308
S>TIED,

YARY — LIS BREIER
LH5YEY7M =70

Bl TE-TILd, (3Z#r28)

TYRL-T Sy s
7V AELRE
Rt~ —(CNRS)

VRY —LDEARIBH OREE
LEYOFTHBALTVIAL,
ZLT. BWVHBEREDLS
ZEboTORVAT,

Cod. YOI
YARY —LDOEKRE L
—#IREo 0,

ETBL YRV —20
EAREBFILUCALDY
bothuvikdich,

(3Zi#k29,30)

Rybk-Ntyvy
CCE, B7RAYY K%

ZLT @y EEEL TV
LT YRy —AlER kTR A
BEinsntcArf

ZDETNVEFEIL TTLDYRY —LhH
FALBDIESTzDh 2 BRIRENIC
REATAZLH TEBN,

A2 —RETFNVEFEST,
YARY —AQERE BN NI

Sh-7Uyath—74
2707 AR

MR ERET LN T3S,

2OTBLEL WAL TES,

21



LI—ODEELHFII.
WERAIEWSIEER S,
(/R31)

SUESTOREYDIZLALR.
KRBT ANVF—2ESTVBIFE

HERPRALLOLEIZLI TSRO,
WERE KERORVIDEEL
RIc#25158IT 0D,

ez ZEbRERY
BDIAATEYICHER
BEMELLILY

TE304,

IR ETRbI(3A
FELTVRR 7 EL
SbhTuwsb,

hb. ava—%
YIiav—rarT.

BRrezarbARRER
LTV DR LD,

1ZHh6. T8I
ZLDBEEDVE A%
MELID,

Y3ab—valT AT MR —
Eore2aniEEhEALLD VenT . MEY DI ERIEARY
Piotehrbbhotnd, ANTAHEVA, IR 4 & A FTRT

(XXH#k32)

S )F—Fehy
(X#k33)

. HURROEED
R[4 ioVa A e DES HE ¢ 4
HEBYBL. ORI TR A

HoleheHMBILETEIBAIL,

NG AR DELIC
DL Thbhziiih.,

ZHUC BIDRECEYH
WG E . RERHEIRIC
feordbhrdAli,

‘ Yarv.-nNOxr
P2 PN

\

22



DY b T EYL T Te—FBD
MATIE TEITORENHS
BEOEWIMBAL,

TH RIOBE,CERDERY
RaLEI DD,

D ELT YT
77u—FEROMELDL,

RATI LR
NASA I —K IRT—R-ZIL—
FERITEZYY— PE - =555 —
PRAA PN

Ceb. 7.
tahrbiRH T
AELLD!

e FUNEZ-TY-1))
AHLNEZAD6,
STILE

23



Tb. Z2DDHLIZEINS
ZEHBEIZDOMIE.
FrbhoTRVD,

B ERHIREoTRERLY
boLRTDRHIC AN EN DS,

HIKD TElbLD
NHOERE R TALI,

24

Yy 7Ny R
RYIDTHRE 1D

Bl 138BERDOE Y 7 TTERTRDL.
EREBRTENFHEIRHT
BV SN DIEAI 2L d,

RT -~NAE>
N—FF¥—HRM

A O TTORLD
EBERDPLTETVAALL,

Z0@YNR. Ledb. 37
AERETHE-TAHILLD,

U, FHERIC
YI—EFELLL!



b, -
HERH TS TSI, R2.imH»{T

INSTHIE,

9. ThoelheklicklA
PoRE-T AR,

Hr IS T!

BBa»VALAL
MELEATIN,

BEHIROT, A3y bk-N—)L
NASAY = v hH#E

SRR

EZERIEH
}IoTh,

—EEMERERNED

IHHRISL TV T,
Lot R THEMLARDFH
T&l-Dfh,

INSLBEDFH
Vol AL TAL,

H6NTE,

EWAPEICRRIEE.
ORI DR.

EMOLTOMPTEDN TS 23U DR LR EBEST. LR A O,
BELRBERE-TVIOFHBARTE. N\ ERFEGELBr0 00D, (3zik34)

7Y RY KoLy TAL-Z1FYX
a— /N

. DE Y = -
NASAT A L X R S — 4o R

\ ,

BIDREDAYNT =2 AT VB HKHST
EBONLHTHAL,

25



EAbHE. BEORIB TR RISH
BB TLL, 2HU HBRAA VD LA,
ik [JREaHERE ] > TIEA TR D,

(2735, 36)

RARENE BRIOH TR A6

I LIZRH TEDH 5T, FPA)—> A Fr¥v
EETHLSBOR RIS, N7 TR
YIN—=NTK

F2IE EORBILIEAI T A DED
FNBE-TROEIRILD DD, [RIEHRRE.
BEroboTHEORNEa Pr—VT5
o1&,

Y—-pn—=:
HBEEAT. MBI B, S
25T ALBERRL FRCELT,

HELBTEH TEBINLDAL,

BB ZDO R TIX.
EYMHFEETEILRL.

OHIILTEBRED T2
HKYEFTDOHLZMFELTOBAL,

TRLZ-ZhLyH—
(1822-1871)
(32 H#k37)

22T ANy =R
HHTLS,

EOLHHOVUTEAL!

RATIL Ty [Abyh—RIS] LFIE NS
NASA Y zv b . s
e T R 7 Tt 2hbh oic*ﬂmf\
TIVBROEREED

birotcAl,

REDHMROKR. ST
WALALREDAENB LI
Iotads

26



2%Y, Y —-I5—DFEERIZ
EREREI[A—H =7 27| %.
X—4DRELK
RNV IR

3R> TERIEBERIHEA
AL THNTVRDHRIc0,

A&7y 7R 7 Fu—F0
HRESLVIZLEOR,

BREYFE TR . EWDIATLE
e 6B HHEMELTED,

EmrRESERPAOHIKT
BRI LEMLCERIGE
BRYBLATTE D DH?

RFTFV-TIVR
2a-=-I7
I#& K% (CCE)

FEEBIIR- TR VB ER &G
EMOBEHRY AT LHEIMAILT
NI DHERANTVEAIL,

IRLyh-2avy
7 FMIKRE

ORI FIbDE LT
BN L] B TVED I,

ENTHHADHIKT
BSIILEBFRTHD,

BEBRIIEIP->THRINT
MBI EDNTVWBAEAH?

BEES%-T
T3BAIEAH?

22T EIBIRS.
ERETH L Ea%
fEDH T PIREME %
MELTVBAL,

3% 1biflilRDh TEHCESRY
TBLLBDPLE?

AN E BRI T
FiEoTK?

VAV YRy Ir—F
NASAT ¥ — R
FEMRTEYY —

27

AR HYRR
TAVNBERER
FARRANAFAY —

ITRMRE




2—)—-3I5—DREI
KNLT YT BT TR—F0
oo fldh,

IRl I nEERY
BRLTAIDA,

REDHMEDLHIT T
RARALS o TEdR,

VCAOALYBEEREEDET.
ERLBRTAEEH TS
HEVIERHEINDGDEID R
KERLIATS,

HERD LIRS
HLORBPEALA
BhenTh,

B4 D77 u—F THEH
EATOBIE, O b3
QLD TEE L%
BARTRLTBAL,

HORTHEKCT
ALK LD?

M7 ET L BILR ATy 7RIS
AMLcD77a—FLh,

L. ER,

a—Y - FIAL-T-LET>
NASAZT ¥ — R
FHRTLYY —

BARCEIZR SRV HBITE.
Zhear ha— i BRR Al DIX
HHEDM?LVIRERMIE L,

R ARMTY TR T T u—F0D
IR T KSREMH LD,
bLTarALL,

ZIDOH VAT LELED
HELR,

VAT LEFEVI DI,
AMEYRLEI B TH TSR
FRBIfEbN LI,
FLOELHE L,

28



AT LMEFEDL AR
ERTAIDIZ ALY)
EMEHDHorLLED,
(3Z#k38)

Z LEYEBE
WHILDHRHTLS,

@tﬁa%gzmﬁm: ﬁ@ LT HR A ER T

2 AT LE

LTRAEED
RAVMEIIIE,

DHHLEMALR D2 ED
SOHLLVHSMEERHEIS
LN YANESE SEoAE S ploVnl it N
HEERE2 r—v§5ERIE
D LSRRI KRBLAL
(3Z#k38)

1LEYMEHT{SADS
BAEEIEBBILTVAA
Ceind,

FIREE. LoVl b2 E 16
RIST 5D HHVREFHR ML DL
ERBLVITLIZL,

S v Ca—x—FEMEFALT.
IVEHLI AT LDV I —Yay
DTEBINLHTETVWE,

A ORFICEET RIS 2E
BRETADIRILOP bR, RNADZE b Brbia,

29



RNARESH»EENBFN DT b
LEWFE CoHZDRMNE?RNAZE-TVA
EBERIIEIRHTTST. EIPHT
HABRDISIAIEAI?

BRI D H DT
HICei{T.

[R¥EA—F LT
EET0lzorbLigw

Jarv-N—VILYR
RRERIEKRF
IR A WA

ZALIEVE
BHLALLRA,

30

FTIEMLLZRIGIEAITE,
AT LMEEHRAL TS DS
Lhigofa,

bLATHE RICHhKRELERERLD.
RNADEA Tz DH DT D
bl EmOEBHHRED HIC
BENBANEIZIVIBDHES TV A
Celtn?

(3Z##39)




EaDELE

Lhigoda,

FYMT—2DE5%EDNY

AEHLY

(XZ#R39)

1o T EETFI.
HIFEDEYIZID
LDV AIZVIEL,

JI—LR-RYY

IVFIRY—KZE

J ==

MEBEZHI O AL,

I

U ESTEBYRE- I
HLld. $THBLRILH
EIoTwabdi,

27!
BIRPHEFEPICeLOAL,
EHHFTELTTCOEICIE.
MAPHEELRITVA,

BHRsizcEEEREL TV

ML LB AED DI LSO TS T,
HEINIDFHEI->THDTIKERKL
HEEREESTVEHSTHI PG,

enh . SETELL
N3N 2310

RRKZ

M EBE

bl

31

NSRDFLOIERPLDUESHH T,
[VAF L2 B RTABL. The3 ¥
BoTVAR—TDOEMEPLEBLT 0%
ROE—MRERFEELHE LR,



VWALARLEHEH
EF51LSDEFHLLHDIL.
EAERTRATHUT S,

BNe 2 3B0HD HELWIET B,
ZMZhOEEIIV—T2EDTE
2rM—nTE->TLE).
Tb. 20RbYiz. S v—724H
DI RSTITEILEAD B,

TR NFUT
BIVBBALR?
(32#R40)

TAXRFAT TIRERD
‘BRIEb»OEVDS,

YA EY - TA4TH
Yy 7 R

i ABD DR D
HEERLLBEFRLTVEAIR,

32



AADITEZFRT AL TELVIE,
BRLB DL IUZBL T, FRlEReL 2 —k
WIHILDHRZ TS,

bLhLio,
ENHEGOERRTIHTIIZIADPY,
BFLRVTRICDALLVITE

LRERBL XS

5513k

A\

[BFEDDFHEIR->THELNT.
EL TSI REERATAZLIXBBAA
BELH. 2MRYTRERORRD
%OMLREBR R TELV, |
STHPE- TN, (3THr41)

Eho Fhicbid S,
EsrliREER TS

INSERFOEI>A%E
RIkLTV3BAK L,

7

EarDRERY
HMBIDHIZIE.
Lo RELBRRD
—REY L RIEH
bardlhvon,

2014 FICTEBMORIRDET ILILIMOL),
ERIENDEBNRE ST,



20125 . BROXH R F R EHORIR
EOHIREN L FIRECERVAR L oD DER TR
OLBILILRDIAT,

RFBIF.TXVAE
BARTHM N
(xxmr41)

| 20156 8A. R I MILRF
RRIEKRZE
3 IR A A B 5% P

RYIDEONDORFETIX

HA0NDHREEH

ZLT.ELSIHYZ X

RIKIEI-D,

Gwb7—2 (EON) HTEfD,
OB ETAMED

AR FRPIIERTS

DFrLT1EF
RRIERZ
3th R 4 A BT 5T PR

ZLTRILSNIDH
RRIFEARZOHIKERHFFRT
(ELSD #2&,

BINELLR EBOERDOMAED
Wiy Tu—F 2B AT HHEY
FLDIAL,

(Xik42)

DABEMLDSL,

ZNETOLIA.

ERoBFIETAMED
EsaegtoiAlidn,

ZO—RELT.
A& (AN R EREMFD
MEEBBLZLIZLID LA,

TVRTF A= NIH —

RRIEAY
3R 4 & R 5 P
TNIVL. S MRETEIRH-T
- . e
Sk HERDAE I Eineolbh . HHEE,

DA ol HRER
BRI 2D DR

HEFR LR ES
ECROFEHERT AL,

RIBEIIZ. THVVLATIITE,

VRT3
IVAVMNIKRE

PRLTVABATL,

\

|

Th. BREMFETU.
E@mr IR ETES
WEotchoTIl%.
HEYTULTRVAL

34



eEUN
HERDE RIS %
ELBALRR,

FEFEEYFEAOLREIR.
EROBFROMBIHLTHI L
BRELTPITOBAL,

LoLEBILIRRELT,
ERERALILLTVBAL,

(2L 1-N
AYa—R—=YIMeADT
EAES

BREMFLROME
DEENDHEL,

Tav Ny — N—IDMFELET
WBAT, (Z7#k43)

Fhlx. F2HED.
FRITCYLTTER
[ZCAE BT A T,

ERDEREVIDIE.
EERLEYENCIRILLT
VALEZLNAPLR.,

B BT

ZLR T VBRI
EHOEEIFEL
Wz A4,

HEBR. ERLOIDIE
BCERTIBERLV2S,

TL—R-Fqg—%— Eicbid. AT&Em (A) 7mrs0%
D EY = N- ] FoT. BIRIEIRH> TR I NT
L VDD S — VBRI
LTBAI,

HERDOFMIZIIED6 v

7a—F1h6 HiEKEES
HRTESHEINSATREM D
HBDOHZHBDIZZI DN,

ERRIZE. 2y’
BERLEEDD
Lgu,

K= FI4E—-R
T FMIZIKE

DNAR. £@mrBETIDI

MERERPERLIY,
BRI TEHELTRE BREVOHBZRFH LIS

EWMPIEETHIDDRLAL,
(Xik41)

LichFaAli

35




ZD1EERHSDNAL RNA,
AR BOENRIESNT
WA TVIHDIXEREC
HyLiizn,

LU AR DB EY
G238 BmICBELCD
hHLivizn,

22— TRTSLD
LILBDEEIL. KA
BEEsNCERR
AR B,

2HVHGA. B
bbb LM LS T
BAE»ELVbR W,
Tb.
ZHOOHEDOYDILNEHESH
SwmtIEEMOECE

R ARIZL AP,

2525
BT

LI TBL A
FribhoTRb,
HHYIEZED

FBHOILEDh Y,

BREMEDORSHHE—T5
eIz LW ERZDER
PRBEPELILVL,

EHoTVHDI.
BHI-ZE SN T,
PO YEHERELS

I—AIELTBE,
IR/ Y % b o R
TaTwabiit,

b EHHHED
—FEE otk LT6?

559, KA

Fuvbih,

HEYMENRNFHMEIL-T
Bk, RiE. DBV TUKIZLS
DERICEHIC.

MEHESTORDPESTOROHIE,
BRI, 2 EFOBROMEIC
Lo THIRFTERD b L0,

(3Z#k41)

36



DEY AESTORENSTLIL,
Bl LERIGHES TS
LWHbUI TR EV-TIER,

DV EMH AP RARNEILD
LOPEIDPELDLLVSTILL,
(Zik44)

EHOBFOMAELSLETIENIG, T
EEMNRFCBITLLOLL TR L.
(Xik44)

FRBZRHE TRV AR,

DFh. RECRIE
LI TEB-TIlR,

DITYESTER DR
ESRETED?

Th BLESTVE L EIDRAETES
ATCELIG (RN E R ERT->TIE
DEKEZEZLTAT,

2 FFD
LIAkN,

ERPEIR-TIHRELDDIC
BAL T I(SARERIM HB L.

ZNCORBEICED A TV S
FHEPFZEE. VAVAL
HHRB»roEE-oTVEL,

4

37



Y —-3I5—DEEHL
HI60F L EbIEOAKR,
bHEAAGESRLTIRVATE,
LRLEMFOMICIEE
R&LF¥ vy 7 HhbiN,
(2#k41)

ZDX %y FERETIED T
VA h e,

2018%Fiz. NASAD
TAM A AR = ns S A,
AL 2L AR ERIR IR %
MK+ 23 ERPCEs%®
IbETkDL,

ZOMEFvb7—2 (RCN) &,
wOREIETIMED

B2, BB
Ao b= BREEETBILLAK,
BRRLLIHBEGE b PERTIILL
HBILLTVBD,

A DERDOMFEIZ.
LERLEYFIDE - LRSL
FIRERR DL b0 vr6t,

60FLI LD, WAVAL
DHBOMEEHIESORFED
MELEDIFE. SR,

HARDHFEIL TR ED T
WA LhRWITROAT,

ERFEH N —LICHELENS

JHRESFHETOLXRMRE
PEDLENRIIN,

AATLDEH
MELALL,

AL—T—t
IN—IHS5KD
Euoalwigbni

38



NASAt WS E . ZLDARATY b

FHMIT L.

ORy bDIEREEXZRDIZBLVELIRS,

LA L. NASAIF. 77X RANAFOY — I
BRYHEGIEICk> T,
MEOERICHAZODNBREMIZEASA>ELTWLS,

FcHFMEBZDN?

LWMICLTIIA
WHEWIDH?

NOoDKERFEHRZEBRTBICIE FERIC
RUVUEBBE» DD B85,

BEZABIEDNBEICDH?

BRESHI,

BEAEHZIET %5,

39

LAOL. RRPBEROBEREZ0VEDT D
BAEIFTWIEICE>T . BB
BEZIZADLTD2BEDIVTWIITBIET T,




Astrobiology

X—8

Further Resources and References cited in this issue:

1. Domagal-Goldman, SD, Wright, KE, et. al. (2016) The Astrobiology Primer v2.0.
Astrobiology, Vol. 16, No. 8.

2. Service, RF (2015) Researchers may have solved origin-of-life conundrum. Sci-
ence. doi:10.1126/science.aab0325

3. Miller, S. (1953) A Production of Amino Acids under Possible Primitive Earth
Conditions. Science, Vol 117(3046), 528-529.

4. Lazcano, A, Bada, JL. (2003) The 1953 Stanley L. Miller experiment: fifty years
of prebiotic organic chemistry. Origin of Life and Evolution of the Biosphere, Vol.
33, No. 3, 235-242.

5. Lazcano, A. (2010) Historical Development of Origins Research. Cold Spring
Harbor Perspectives in Biology, Vol 2, No 11.

6. Schwartz, M. (2001) The life and works of Louis Pasteur. Journal of Applied
Microbiology, Vol 91, No 4, 597-601

7. Pereto, J, et. al. (2009) Charles Darwin and the Origin of Life. Origin if Life and
Evolution of the Biosphere, Vol 39, No 5, 395-406.

8. Oparin, Al. (1924) Proiskhozhedenie zhizni. Moscow: Mosckovskii Rabochii
(reprinted and translated in Bernal JD, the origin of life. London: Weidenfeld and
Nicolson, 1967)

9. Haldane, J.B.S. (1929) Origin of Life. The Rationalist Annual, Vol 148, 3-10.

10. Delaye, L, Lazcano, A. (2005) Prebiological evolution and the physics of the
origin of life. Physics of Life Reviews, Vol 2, 47-64.

11. Schrodinger, E. (1944) What is Life? The Physical Aspect of the Living Cell.
Cambridge University Press, 194pp.

12. Oparin, Al, Fesenkov, VG. (1961) Life in the Universe. New York, Twayne Pub-
lishers.

13. Astrobiology Magazine (2003) Life’s Working Definition: Does it Work?
Astrobiology Magazine. Available at: https://www.astrobio.net/origin-and-evolu-
tion-of-life/lifes-working-definition/

14. Gaucher, EA, et. al. (2010) Deep Phylogeny—How a Tree Can Help Character-
ize Early Life on Earth. Cold Springs Harbor Perspectives in Biology, 2:a002238

15. Cooper, K. (2017) Looking for LUCA, the Last Universal Common Ancestor.
Available at: https://astrobiology.nasa.gov/news/looking-for-luca-the-last-uni-
versal-common-ancestor/

16. Woese, C. (1998) The Universal Ancestor. Proceedings of the National Acad-
emy of Sciences of the United States of America (PNAS), Vol 95(12), 6854-6859.

17. Glansdorff, N. et al. (2008) The Last Universal Common Ancestor: emergence,
constitution and genetic legacy of an elusive forerunner. Biology Direct, Vol.
3(29), DOI: 10.1186/1745-6150-3-29

18. Cech, TR. et al. (1981) In vitro splicing of the ribosomal RNA precursor of
Tetrahymena: involvement of a guanosine nucleotide in the excision of the inter-
vening sequence. Cell 27, 487-496.

19. Zaug, AJ and Cech, TR (1980) In vitro splicing of the ribosomal RNA precursor
in nuclei of Tetrahymena. Cell 19, 331-338.

20. Kruger, K, et al. (1982) Self-splicing RNA: autoexcision and autocyclization of
the ribosomal RNA intervening sequence of Tetrahymena. Cell, Vol 31(1), 147-
157.

40




21. Szostak, JW (2012) The eightfold path to non-enzymatic RNA replication.
Journal of Systems Chemistry, Vol. 3. DOI:10.1186/1759-2208-3-2.

22. Doherty, EA and Doudna, JA (2001) Ribozyme structures and mechanisms.
Annual Reviews of Biophysics and Biomolecular Structure, Vol. 30, 457- 475.

283. Lilley, DMJ (2003) The origins of RNA catalysis in ribozymes. Trends in Bio-
chemical Science, Vol. 28, 495-501.

24. Cleaves, HJ, et. al. (2012) Mineral-organic interfacial processes: potential roles
in the origins of life. Chemical Society Reviews, 41(16), 5502-5525.

25. Rode, BM (1999) Peptides and the origin of life 1. Peptides, Vol. 20, 773-786.

26. Cairns-Smith, AG and Hartman, H, editors (1986) Clay Minerals and the Origin
of Life, Cambridge University Press, Cambridge, UK.

27. Brack, A (2006) Chapter 7.4: Clay Minerals and the Origin of Life. Develop-
ments in Clay Science, Vol 1, 379-391.

28. Cech, TR (1989) Exploring the New RNA World. The Nobel Prize, available at:
https://www.nobelprize.org/nobel_prizes/chemistry/laureates/1989/cech-article.
html

29. Petrov, AS, et. al. (2014) Evolution of the ribosome at atomic resolution. PNAS,
Vol. 111(28), 10251-10256.

30. Bray, MS, et. al. (2018) Multiple prebiotic metal mediate translation. PNAS, Vol
115(48), 12164-12169.

31. Kacar, B, et. al. (2017) Constraining the timing of the Great Oxidation Event
within the RuBisCO phylogenetic tree. Geobiology, Vol 15(5), doi: 10.1111/
gbi.12243

32. Kagar, B, et. al. (2017) Resurrecting ancestral genes in bacteria to interpret
ancient biosignatures. Philosophical Transactions of the Royal Society A,
375(2109).

33. Garcia, AK, and Kagar, B (2019) How to resurrect ancestral proteins as proxies
for ancient biogeochemistry. Free Radical Biology and Medicine, doi: 10.1016/j.
freeradbiomed.2019.03.033

34. Deamer, D (2006) The Role of Lipid Membranes in Life’s Origin. Life, 7(1). 5.

35. Chen, IA, Walde, P (2010) From self-assembled vesicles to protocells. Cold
Spring Harb Perspect Biol, 2(7). doi: 10.1101/cshperspect.a002170

36. Chen, IA and Szostak JW (2004) A kinetic study of the growth of fatty acid
vesicles. Biophysics Journal, 87(2). 988-999.

37. Strecker, A (1850) Ueber die kiinstliche Bildung der Milchsaure und einen
neuen, dem Glycocoll homologen Kérper. Annalen der Chemie und Pharmacie,
75 (1). 27-45.

38. Szostak, JW (2009) Origins of life: Systems chemistry on early Earth. Nature,
459(7244). 171-172.

39. Krishnamurthy, R (2017) Giving Rise to Life: Transition from Prebiotic Chemis-
try to Protobiology. Accounts of Chemical Research, 50(3). 455-459.

40. https://www.wikipedia.org/

41. Bontemps, J (2016) Seeking New Insight into Life’s Origin. Available at: https://
astrobiology.nasa.gov/news/seeking-new-insight-into-lifes-origin/

42. Scharf, C (2016) A Strategy for Origins of Life Research. Available at: https://
astrobiology.nasa.gov/news/a-strategy-for-origins-of-life-research/

43. Campos, LA (2015) Radium and the Secret of Life. University of Chicago
Press. 352 pp

44. Walker, Sl and Davies, P (2013) The algorithmic origins of life. Journal of the
Royal Society Interface, 10(79). doi: 10.1098/rsif.2012.0869

3% 5B hR o Astrobiology
| ~7&F2655H05

41




NP-2015-04-1737-HQ



