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AT BRI, ANERREABAR A HDE Y BAT IR T B AR TR 26, RERAGREF AL, MR
Ar AR LR IR IR AG IR, B ARG RERES R ON, R, ahiA, iR A —A¢
MRS, fEZEhE, Mkst, RS RIERIBIEN). BoE M AR
AR, MHEESCRMEREATRSEFRIMEIR, DA HAMEEAREST S e it
IXEENEPORE 1 B 3 TR (T ST fe 45— ML e iR
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HARERER S EAREMNI A ANER], (A AE N T EMNRE T AT 09
FIt, AAZBTNRAE DU & E T2 R UESE R HIT, ([ERBMCAF R B RERE S A

Hgox; Tt S BRI R MRFECR, M AE BN TiX—r. B
WEREERES BRI B, FOVAEIRIAIE, SIVERAABUR 2, WX HEX T REs
R, —BAO R ZNEA— N7 R DU SN RPN DA%

2, ERDUERIZ— /. FrbA, TEEM— e e R, DAE—U

RS INAAE H RO -grh, SR RARER RIS, e EAE S-Sl i

RIFHl =, XK, R—PIRPrReRRIZERMRIR RN E S, WA B QR ta, — B
RAFEFIPIRRIREERZE R, BE S B AR R R E R,

BMEALFD], ZRERWN, EFPNTHRRBABEEER., | hoiE), B 70
IIATERE AR T XA e IR R E— IS TEAR L SO A R
RN E—— =282 T RIS RAVIER, IEANTTA PR, ERGEERES BRI 72
B, F HRERESGHE/DRIFFRRZRRIR A R K, HRYRIXLE R, FRATEAT DA
R RS YR TCBE VRIS O R DA I A AR X, XA &7 AT S
1, —RENER Tt er @ SR T —— RI—DI R0 R AR — s
1Y), ARRIp & RE, TRUHORHK, EWNBAIZIEAE2IRIEREE, ——HIRMHY
LRIARIRRREY], R8BI R R B A5, T9ERRIX
(section) NILJE; FEAVIRAEXZREGZ, HHERXRICEREARR, T
IR B B R, AT — NIRRT L NRIEERFER A RESI AR —1TH1, 24
EIGHEUN, REFXIAGE I, MR X, JUFRISMRAR. R
PIRR N OISR, XA RENRESRIRRE, (B2, MRIEEE, PIAARIES L
KAMPEAR B E PRI S 2B, nBRATTEEIR AT SR, X — s n] DS 2]
iR



Al =N — IV RSRG R R T — RO EoR,  BAREIXA L RIE RO |
RIKTHEE, s, AR IEA] RGP, DR KRR
AT DMRER KR, ERAa KR, R —ERMF, —UIAE KGR EM
BTk, I HIR B SEMSEALE BRI s, FIREHD, PIRRIPIRIRREE E R
AUARTE S, BERSERTE @I MYIR, BN R, FRED 7 ARV NS,
SRR NG, AT — BRSO IEG RXRPIEEEAET S o BORIRES I TETE, 1R
A AR —DIZ K YIRMIIF REE 0 28, ENTHEREZ N hfE, HIXRE U2
—IRREMIN, FEVFZ BRI, HAEM=DEFERKNIAT, £HFES,
FH s Atk ss, A EAZ AR IR R IX A, BNSh AR
B NIFRIZRSR THEM, MIZRTHAA R DR, V12 BERRREHR B2 m 22 B
VT XA TR RNRERORER, FTRMRINE IR B N AR R OAE T
ferikEsreH. ekeE, ENBMEXESGREERIN, — MUV, JIZHY
MY N RAEAE SR, FFHBTEMENINS, E5EREIAKE,
IEANE I BATTE SN TS0 B el KRIa07), ENTHSRGORILEVIRI RS AL
SRR, FFE TR RIS, ISR R BEEER, FlRTAERmA
HHTEF, XU, Wi RGBSR 2Rk, ATDABME, X
ERKy “Eanzit” (Tree of Life) FEHMERHHRIZAE, IXARAMR R HIA
FHEFETHISE, HEM BRI AR BRSSO T i,

71



Section 2. Text 4 (DNA: i) ik

(DNA: & frHIRhE )
& 9 TR

R BUEAREIR: W REUREIR R

EREEHYE- R (Bonnie Jean) MEERE, DUBIMARTIMEZMGENE, INESR 1
S, Ha ST REFIME SRR, WA NBMERERR, BNV EEL&R it
RIACKR, (Efth =5, A S G M EHTEE (Glasgow) 1T
SKIZUAITIAE =M. BRVFIERIANLL, WA R SOCRRAE s, S E T iui

I

eI, RERRRSEFHIERME (nature) M#GE (nurture) FEFAIHIREH 2
PRI A R E, BIANNBORE TR, REEEN T2 2EREAC

T, EEERNBAEEAONUE, T RERIRERMARTRE, R

RIS AR R, AR ATRES M, A, RIEERMEME, RUfAaR

R rgEEARN, Mt e, RAER. REBEEHCHRERRR, Blant
R, MARARAME, B “FRAESEO FRARIE, SRRERRERD

F, AMIERX R, BAR T ARG T, MBJLFAE (Duncan) XAK TR

Ho
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ANFHERE URZ NI, BmEK, AR—ERR2R, Hhiganpl T
Z—friE “BteE” (Hapsburg Lip) RUIKEIFER, iXAbaE R, TE FER
FHEARFE, RIS AT B sie & v B E EE R R AEREE, mHIXMREED
JEEA GG T 23 B L,

NTFHNER. REPEISHOIXENEN.

MESRIBASFENG A 68 RIS BRIZRIF RS, XPMRREHENRNSRSIENR
ZIAIZHEW, AU BOREKH, MR EVIRESM S, XA ATER, (E2 M
REIM AR, Al — R AR, SR el RESBOREION, Mt Sy it
TSR, AT SR P RS — L8 &R it (Charles D), A
EEMRIVRZRER (WEETTEATHEEY), Be2aRE, RESEMIR
U, AR MMEAT .



ALK, BUERIHR—EMNEE NI, TEEH T IXRME T, EEXNGRERERE
R, JBINSHEH, 1ESRERAZ ARG PR 200 RRNX N E RIS E TR =it

(George I, BA—MFFNEBUE (porphyria) AIEEHIN, BUEMAR K
Blo HLEPIHRER, Rl REAIP R EE NN, FHREERPE L, EEAAREEY
B PR EEMA, RERFR AR PR H AN - BIRIE RGN, HEAZ FRI5R
Wsz i g R SRS, ANEEMEES, BEFIFAIUET TN AS T
PGB, RN T AR R — SO IS RGR L PR B IR A BRI

BATRIRE A M B REA AR RN, 260 BB L HNS RS 7T, ANSRIR
ASGERERTAT IS E—FF, BIETEIEAERAR, flink REEMEY (CAEmt
AIFLE, PERERARNES), SCRIEFARPUX AT 5 WAEN, st R ar—
Fo MENODMBERENRZG, AT AELTAAE “BHITIE” WY, N8 “gRb°
RARYIFRIE SRR, RIEIUEE A R SRR SRR RN, XRIRAR T
TSR TR, RN R RNERTEN: ~RReNEE2E F'ERENR, R
SERHUSR Rt SRR R SRR, (Rlitk, BT A ERBHOR IR, (HIgE DL
g 20 s 21 HEOFTMER, BARES 1909 4, EEAY)ER UK
(William Bateson) A X[ £ HZ NELY: (genetics), TMH/RE DNA #ant
ZIFQI BEA T B RSoRETR, (HESS B, RIS DT, BETEARMTE
FHEBA TG LREEIER AN A, BATBIAEATIZA AR, KR, WIEAFLHI®
5, JUFERREMTN T RN, fERNEE 2 FIRSHZER, XEREE, #i
RIRIZ IR AL I

B2, THRERERSIRE, BIENESH, —HE 1866 F, ®HfE/R (Gregor

Mendel) A#XIIEA R TELHIE (HERFEFR B T ERIE 34 ), Mft
IAE VIR AN E? Hegs, e BRI EZR RN, HEERE, RIMEEETRS
SMEEE: WEAN BRGNS BRLEERIEER,; Fra R e A B EME
JLz 5 ESHKE CRIRHE. ZFTARTEX 2RI, A — AR IRE: R EALHISE
FERE . &N ISR HAURE, PRI ERE, 5, FORAEICE
RHER) “IREW”. SFREZNE, FHREYARREDH 8L (heredity) 5
“k&” (development) BMMAFIERANIRE. 4 HEKNELHEZNEINSHKE
REXOTHIREE R, A ARERNZ S SRR IUE ZRIRR, XL, Hi5ia
HIBEERAEREAR “KE7, JRH—MEE, AN (R KRRt
RRIIERE, HRMNFERRPHIE, BEFERTIRERER, KAV AUEMRLER
RN . FHINRARRERES ZERN K, MBI, REMRIEHEESS



AT R AT R, NI, BT X246, ARECH L7 XD 771E
%o

AE NG EE B, EEAE AR (Hippocrates) 7MW, ff1AIEH “IZ
48”7 (pangenesis), EMMEAT AN ESAIAER RS —MME: “BR. 15
FH. ERfk. sk, AURS B, JIAXER RN, FIERI, fERKEEY, &
MEBWBSE D E,” XMBIEERGFE S5, KIS NIRR Oy FR 2 A— AT
B (L R IR SRR B SRR Mt 2 FRIe,  [RAAE 19 thED /5 E4R iz A e rE
IERRA, #HIORRXHIBE, IRE. S5 a8REE— 1 8E, Mtaii/ R Y
%7 (gemmule), ENTERNIER, RESEEENSEETY, REEEHEENEES
BT, HT XM REAEYRR —4 Y hfilER, FHIKMRSCER MR A
RAWFRERER, BINKIUER T IZ& SRRz T, #RRefea F—HK, A&
i, PURIEZ, 9T UERHE BRAERIRIS, KR OGS HEEREY) AR S5

(Jean-Baptiste Lamarck) AXGRMIRAVEEEIS, X MAIEHLICR 1 HER
HI&, IRR AR AR S s LI, MRRAEE B RER RS G, H
i BARERRTE 247 PR FIBER, Q054N IR/RSCHIE & /R
OR/RH) COIRREETRD) A, SRR R THAISER, (IR —E&TE
BEED, WVFEeT DA BAE G ISR S v i — L& 5 ) SRR A



ARG R H—H A NI T TR, 5 — N EEE “SeRie” ?
(preformationism) W—28EH THESHIHE: WFEREFHH—D (ZT2W—

A, MgHEFZHE0 BET “TMEmR” eBME, 19 “4ERAN"7 (homun-

culus), MRE B EHANTRREKBRIN ELRBIEKITRIFER, *4HATER
BEPIRA B2 R, BT ERFRVETT, SRR S BRI CEIER], AR
MNRAGER ‘M”28 BB BRIEMN 2N A&7 FngRiER, EWey
SRR IEGE IS S \TF, HIERIATIR AR A K TCTE LA B T B R e H N,
AIREIE UG LT, AR, IXEEB DI IC T A D B BRI T .

2T 19 tHedh), HRRAEMBEER Toie, RATIRZ S, WITEERFEOlE 10
HEIMEFENAEN, BARZAIRIX MRS R I, BREAIN AR MmRA, %
BHEIRE, IXBRNMAF AR/ NTE ARG, ERAEEEYZZBE  (August
Weisman) RS 7izEie, Bre TREEIRRTHRZFEMB  (germ plasm)
RS, R MA—AE PR SRR L, ToiARIBAIE M T RIBRAYSCR:: fiir =
RIEREEYIW, RIERRZAR, RARENERSHNIENER “TR” I

#, FeENF izt EEEX T A EERRAREHNIE, TSR T

R 2 ARE R R EET, o —IERICESKIEREE, 2it, ZAIRLT 5
AE,



BRIGHHIEE RN &R, RMITCIE R —FRERE, MR MERA SRR H
ER, &ff/R 1822 FHATHAHUENIRRRE, E£2 FMARKERRMTS, 215

HUHE BT T BOREE TAR/RIEE (Brinn) AVEIERL, EREEERIXELIIBRER

Ja (EAEEARTEZ MEHUSAEMEATED, MW EHUER, AR NS REm, (2
REBNEIEREN, PsiEd K, et TREERERbE KR

(Napp) IRMEIAERNAREEE, BEMOVERT NI, BAELEMNN, HERE

Vg RIS LR, EMERREE IR, ERk—ERREHEEURE,

SH[HOUH[UOH

-

AA,E T ¢ t.rl P & Y, "{‘ - 18 3 :I';x,{. AN

NARRLE R, R "HMBA



1856 /A, ERERKIEICT, &SE/RIHAEI TS EHRINRI AR, thiE@E
Bt B T pAr st EAMESRMEY), IS MEY A REMIR, 1865 4, fRIEM
ORI, [ IR BB AR R R,  — 8 )a XAE AR LR RS
Ro XR-MEHEBIIR, LKRAGZFORT, FEHRITRNESGED, LR
KREE R AT NIRERE R, MRS 2SR, BIRRMBERT 7 B SR A T
Wk, ROMASRET 5 I EEY ER RS, PUE g7 A ACERE, A st
7., AARRERE SN —Ea TR, EERHEENEE, KR
BT A EERE Y, F EthARntt, AIRERIESOXSA S NARHRIER
JG, dlE/RAK I SR ST RN, MR 5 R AR A B IR, S
EEMINRAE RN, FEREYAZRIRE  (Karl Nageli), 1EfiES HCH
K4, IOHS L 140 EERAREIR T, HSOXRZ M2, ROVARS EIANIXAERBOC
ERE L RIZE B OfsesR, ARSI REMIE AT, FItfibf B DR EZ /L
%Rt (hawkweed) MHURFIAGARAVR, RMZEXNAELUARPREIL A DK
KIeER, HalEET2MER, WM REYHFNESH TEE & /RIS =S58,
XS R IR BR 1 AR AL

BB L. BN, (ERMREAETRE 1868 FERAGL, ZERER
Kidtt, &fERIRENEERRR, REMTARST R EGRES <, ETBEERAD
(ESAESE, Rl BERSCEARBRIZ S, Sl EHMREE, 9565 7 a2
M. &m, S AEREICERSAEHEI T TR, thEEE, EEOXAE “EX
PNENTEFAERMES, MRS I EAE A EETF AT 2 S A,
it MEASSR, BRI 20 IREH, X5 EE/R—HZ, AdILmEIREAZ M
W, 1884 4F, HE/RIAVOMES BMERIFHFAIEMT, =4 61 %,

FREIFTFE RN Z NI AR, HY AR HEIR AR ath T
TR RS, MRS S S RE BRI, EF 20 e, BEA 20
AR BRI, = BRI AR AR, BRI SR
wige, I EIE e, R TIRS HE XA E LB S S,

12

13

14



FRREIGRASRRERIR T (factor) 41X, JEARIXEH FRLBFR LA
(gene)o MAYWIF R RIXER T RO HEBL, T H OB MPI RIS 52— DA T

fEMgRm G As (G) 58 (V) WAMAFRNEEE, HZERECH S RBGEEREEM
Fh, BEBIGERBCNSRE, MAEAD G BUEEE, FA PR B Ry
GG, HIt, BEHEREMN—EREBRE— G BitakRE, A, Eamellz Yy

5YGHE =Y, RBEE DY St R e~ Edams, Yomd G Fhy
£ YG BT, Y RS & G IS, &I Y A “8%” (dominant), HALSS
) G BB ENFR N “FatE” (recessive).

BASRARB EEYIE W DB E S R, HRSIKHP—MATR, FRI5—
PEEERNGR S — DR 4. DUEYINB, Rt S Redint, X2t otk
BRI, SMEAEER S I sEEOER, BF YCAHAIRABE, 2liE
HEE Y G HEOERAE T, HEREINXMEBOI R : YRR T4
i, S0%HIFEFRA Y B0ER, S0%2FE G kR,

VP HE 2 BRI ERATR, DAE LR (F5E B2 50%) ARGy B, BN
MR R N R, HAERE LE/REAE BEHEREMAITER, NrTseRkE
Mo BUREMEERRTE, MRS AP DBEMEEER, A RERMH HAHN AR, (UEH
—DERAME, FOAHRERHE  (carrier): MRS ASHBUAEHMEER, (B2 LK
BHERIESE T —Ke FOVESHATCIERINGE R, Mg p s kS B & A T2 I B G EHE
(albinism), /g LUXF7T SUALIBARIREIEMIR, Hi, BEEERELEGH 5K
HRGEI EERE R, XN BCE AT RE— LB S A XL, an iRt 18 A —4
B (XAMEREE R, AR HEE, mXMERE0 g 7~ —1
BARET 2 AN (William Archibald Spooner), fg AWIERE, HAMt
AL B — AR R ATE STREL (RINAIXFHRRIERTREURT &), Bl a
well-oiled bi-cycle ik a well-boiled icicle, fE>RiXFheE & B #ATINS AR 44 5
N “WANIME” (spoonerism),

15

17

18



FERIITREE R R, AR AAEE, mEHRSRRYIR, (HiXE) 5 19
A

FEER M H AR RAVEMEE, APRAERIMNEtg, H BAE SRS 1884 4/ 20
fi, BET “Rtufk” (chromosome) XA, ADMEFRAIMUEAN I KLY
A, —EF1902 4, 1A SRR RO RIBARAE —k,

urosowroayn

SFEMRTOAEXRER,

EME R AR AR 240 (Walter Sutton), KIMZ A FHE/REHRE 16 21
MR, BT RRRA AR OAA, IR Z B0 HE,  BR /R A RO R

—Fo AHEBWHAINE — MR ORI, TR, MR A —

R OK, MARBOSHINA, RX5HE/RITRRE 2N, iR, BiEEy)
HoksaiptrR, S SRR E R T R — ), RfE/RAVERIZA 5 (RIELEBATIA b5

KD AN TREA L,



TEPEEMSZ B TR AR R] (Theodor Boveri) WASSIFIRIWAHRIASEE, fEkMMT 22
RIRFFE R (e AR s, AR B — B AR RSB L BIE, BRI RIRON SEFr A7
FERMIE, T EALT H At n] DASEPRE SIStk b,

SR, FFAEATA ARG R — R b ABG, R EHME LR 2RI B (Thomas 23
Hunt Morgan) St2HEAz—, MNBHME LB SR IRIEERR, SSERERGE

MR ERZ RIATA SR AERRR, WA EREHTIE G AR b, TTE Rl
JREASMAAEE, P2 RO E S — g S, NEXEERERTR, RO
NREAERBATER BARATUERINER, 5K, BERXARARNSER T, Al—
MHIERBIIXMER, B ER, Z58E (Drosophila Melanogaster) SRSk

K, MRV NEYI OB LA R R Z

MABRMBERORMVERRT TH, BRAGONEN,

Thomas Hunt Morgan



FEROFANE S — L RIS BT IR AR, IXEA N IZE TR —RISRE, 24
fATILE 1901 4R HI SRRV EIT AT, A FUBRERE AR A S, IR IFIAYI T EERAIAT

Fo RBAFFEAMATRELR., EMREZIK (HEGEEREERNERENE T2

A, BEMERRLER). RESR (EHEERENIHITT), RE My

AT DARREE R (BRI ARG B IR, AT 2RI B & I

TIX, ffsEEEPBAEN LAY - mE BN AR EE OkE) 10 Rata]
PATEREE AR, B R R NN, TR 1907 4EJT4G, BERRANMRA)-AE

(il “BEMRIIEZFAT") AAEMUT T DU, SRR T AN A RIRE AR L0 s (WERR

o CIREEE ), RITRIERT

FIRRK S T ARSI SR PO R, BB S A s S5, 9% 25
5z oy, (HERAENTR RN, A EMCEMZ ARG ZER A, (B2 E5T
B, Wubifs bt — SR AR, el HERZ RIFRE A

170 RILEERRA 2 H b2 SHCRIEAZR M, A TR OERRRIm ., = SFHAE
HHDGEEPEIR, PRI HBIRIREAE R

PERRURSE R — NEMAEE A, EWRIERLAR, ZARENE AR, htkME 26
ARSI A R A, I SRR R R DUE,  ARRIMAIHE R, e

AW X R tufk, HERNE —4 X REARI—FMIZH Y ROK, 727 HXEER

Ja, BRMIZERFALRER, JUEIREHORERA T X Raff b, e IR SRR

W ONREE, TR A —5 X R OE, A RIERREIT, BRI
Fth=Ha e, BRI, FOVETEE A -1 W, FitEI2 R

R, EARENHIARME R LB R 5 X R Z IR SRIR S, RAEWITTAaIN A5 A Frff

W, BENOCRAEROESS T BRI, MtgBl T “MEkEfE” (sexlinkage) )

Bl FMBTEBGE &R s — MRE BYRFELE — R B e 51 i



QIR EEARA IR, 4EZ AL L EAR MR R B I, Wi —D X Rtk BAIMA 27
7% (hemophilia) AYZRZLER, FEIXM “FK" FINTCEIEF B, HTHE%
—HRORIER, MMAORERZREME, FtlA N GEARSRE, H2HRE, il Lth
RIS, RRUMIFEDER —PIEFER, (HR24E2HER) LA ERIX 4 3s
To WRIFTARIEENESNY) (RARHESURAEN), AR LFHRA —54% X ROk,
1M HIX RO B R L AR (11 Y SR HmTRER B 4E 22 SR UH
Rk E) . HEZANEA —PREERM—DEFHIER, K& LFEA 50%0 1R
FEBIMAIR, FIBEEMEE T (Prince Leopold) #t#E T R RAE: M T Mk, 31
IR/ INR— BRI S, HEZAMNE AR 20 LA (Alice) 5 EERIRE AR YT
(Beatrice) #RMBERE LIRERISRALER, KA HRE, SEA MEW AR
K LZ, SCIlHahy, BB R NER I 7arbil (Alexis) wifedifk
A, SR ERE AN /R A ARREIR SR T, M E ths Rl

PR SR B 55 H LA PR, EERRAIB A~ 2 A CE R SR R S AR RO RE (RIN, IRAE 28
FEZmA S IR FE L R, REOIRRSEWrR, MR, Rt b BRI A
XM SN ETE, HITGHARE, DGR G AR, XA E

Fr ) “EHIEM” (recombination). RO REARZ HFERERLE A, HA)E

Wi, BIHUNBRMBEREERIEE 12 SHREE G- DURREBCR), Khr ER2EER
AREMZE 12 SRORRTREY), WX mRk A BINEMBI MR, FHEER
TERDE NIRRT, IXMEE 12 SROERAEE CGHBag), REMRN TR, FitFk
MEERAR) LI L BIREE 12 SRR, AR R ISMEACRIIIE 12 SREORPHET AL

M, 48R, FREEEMIRIMNEIR) LIBIEZIREE 12 SRk, NERhibsMERRIEE 12 5
QA PHEMIRRAY, IR,

HAMFERS A A REBAER TR O, EHRERERNME, EHY RGO 29
R (DAEHTERS), RIOVEREEHSIE RO ERIER T, MNSIHIRCRE, 7
MHRFRIZ AT N R Z AR A PR A RTRENE, 12 TARRRRIE AN D EER (R FRIZ A
PNEEEZ AT RERZAEMTR R ) . (Kt WRBATAIIEER AR LERN D ER 2
RIRVELEDUR 2, SRl DB ENERRE; EHRED, RERREEREL, X1

A AR, BOVRHIEEREE R, F2FE2)E, 25 AEERAHRIIR

PR, DRAEPURERIRATS R R A AT — PEETH, B2 YF/EE

AE EENE RS AIX RO A SR 2 o 5 FR HH RN, IRE B SR AR 2R L B “HE
FHER” HEREHTER, AR LR AEER S HAAE R QR i 7 B



BRI SRR B TR AT, A SO B L A R SOSEEE ., 72 18 30
THe0A 19 tited, RARE D ERSRE RIS, mERANHZERY] “BIEMZ"
(degenerate class) *+EEFERAITEE, FriE “IBIHMEZE" FERETHE. Bk 5H
RN IR EIXEE AE? BB RHON ], IR THERMAE, &7
HIBTEAN— BT AE NN NER, CRARIEXEARNEE T, Kz

I ZR A ARG A IR % - (L] T 2N RR A AN, 2T I S X e
EHINETIRAREN BRI, KA & A,

1859 FEIR/R (WIRmEE]R) —HHihRE, XEBGEB I ARFTHE H R, BIREIR 31
IR NSRRI, O AR S H i BEN RSOk B, B4
RS S), NS mn] DR B ARG RS E AR S b, BRERIE AR
FETABEZRIIE, X2 U R SRR IRIE S LA IR RS, sl
BN NBEIZRENIZER

BRI TR RV BSEIE 11, AREENBI, SREESER — MU 10 K, -k 32
ATRUR 300 200 CHAE —2 ), —XRIEITR, HE—1MH (=
MERZE) WERTPASE] 150 X 150 X 150 HURME, JREN—X SRR 7E—H st a] DA%
FEHEIE 300 5 SR, IR/RSCERE DASEFANE 2R b 59 — SRR B A B

NI AGAE T CHIEIY T EIH R CHI ) Tl TP T RANGTE H %
HATER ) ATREEF . Bell TAT ARIRA R 15 30 LT ESH, IatF2EEIHF] 90
&, XA F=X DR FRYUE, B THA L, F=F 1500 7H
AGEF AR



XL RUR BRI AR F/NRIEF NRESRE AT EI R R, (K, fE#ie b, BH T
FRZMBYIEK, ARB4ERIXAIS ST, 4R, Lhn L BYIHIKEEEIRE 2 A RRAY,
FARFTE )/ NRIE R NREBRE R IR K R, RIVIRIH IMAZ [Al 2 B SE X e 05 R, TRE
WERERISIX L TTRVR R B 47 RSRH, B RARE L MATEMATIER “4
7524”7 (the struggle for existence) HEAMHE, PAMIERFERES - WEIHHARLESS
#NBI, BABENE BIaSEANAIGFREZ S I R R 2RI T) BIME, EFE
TER LRSS, i, BAMBREEER, A R/ NELSRK, A RTREIE S
T SRR HRERME TR ERNRE, RAEEdEBrIEAE, Yk
IR R ER B A X MR

HZFEN RN HRIRZEERENES b, MTIERBYE, RIS AL,
TEMUESE, TEEHIEME. TESmAT= g, BATEREE A, NEREXWER T
EWeR. MATAN, PO, TEEIETEMEN HISEME, AR, NS WiE RS —
FERMACRIE, XML BARENE, RIS AMRANS, “EE” 5
RERET BRI DB R RN, R TI R EEER kg,
MANEERE B BERFHEEM, AERREK! NRXBPTAEE, Fh
CRTERET HIBE R R R A M

/R (Francis Galton) SWIA/RXAIHLIRMRE,  FIMIE/RSCRAMAIR AT,
ALE RIS 1) KB RS RS20 AR Ko Ath 13 B IIIRR G R, (HJE SRR TE (WFhiEd
) —BHBELRT, ARITT it 25 8ENSEEEE, FREERRIENRE R,
1883 4, 1ERWINRXILE—F, R/RIIRTX Mashiyaiie: A

(eugenics),

33

34

35



A2 IR BRI AR 4B 2 —, PR AR B2 2 4, HEPPE HE A Dy
RN, L L, MEHEE AE DERE, BB RRESRIIFEIURTTI
HE, HEICTRAIUR, NHESUOMNTBEE TR AR AR, S/RITH AT 1822 48,
KIEEM, M EANEE, HEGTIRONKE, 21 SR, MIHIERACER
A, FHIRIFPIAE, FRIE/RIEE MIZ XM R, 1R 7% 6 FIUHATER
FEFRTEITENNERG, ®RMATZE TR, BV TESHERNITSHNZ,
JRARRTF, 1850 4EE 1852 4R, AhRWT—STHRIRBN, A4 =00 A KA IE NP4 e
X, R, EMERIRS RS, AL BIRER M 2 480 HE R AT — 452k
R MR REANEETEY, SR ERMR AT, T 2EIIMR,

R/RIHE — MERLRIIER, IBFESE (steatopygia) HIEARFEA, JXFMER
EIARIREREE, AT ZHMXHRERERASHE (Nama) B2 b, ZH
XA KA L I AE R R TR R, M —AO2E5I7E T RRN YSRGS TS A T

(FOFrZEAED) MIBIRL, A RENE P QIE H A PR RIS,

FEFIFE, TFHEBERIFMAZENI LT, (BRI 72, PXTE B
(Hottentot, HZHIF=4) HIES 518, RILTZFTR L LAEFER
IR ENEATEr, TRBTHCER B TR 6 B L TN TG B9
B, B, EEWR SN, BT AR, S ERHIA 570G T
XAV, (LITEEE A L LI EZTTHIE T HIEZEYY), R GES
WO T, BCEERAT PRI e T, ZolEt, RPN & 11
BB EENBHI N, BROI—5), ML, KR WHLFET
TTTIIEAEAT IR, Oy TIERLLITIHIR, (AR 7S i — KA L, F
A, BANHZL AR, THGIE BRI I 7 R 2, 1TE T
KHIAE G, BRI =r5ERIXEOETF# ] T4 5%,
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/RO BALRIRE, BEMRSELRGTT AR 2R A R, 5| — s R E4s
o BN, MSMAYHFRITIRL, MABMRYTHEA S, &REATHEIIANZ S AL
%, AT MR, MOFEITREER N &Ew, SRR, KEEZESEM
LFER, B AHRRR b "W TET/ ATRE, 20, meNE"s &
IRWHEIL, FrARITT R RRRCRNIZIRA M. FX L, FreslPRaR: Bl
B Y P H AR A B3 L

HTIR/RCHIRR, @RI TR MR A LRI Z RIS ARE BUE; 1R
IRH AR TR - JX/RX (Erasmus Darwin) 24 REIRERE, 1869 4, fthkk
TREBEHMAM S Z KERIIE, &0 GBIERA: HENSERZHETD
(Herediary Genius: An Inquiry into lis Lavs and Consequences), eS¢+ 3
SUHUER, A BB AT B B X K R FR A LR, I STER IR IRE, Hlanfts
i, AR HTEE, AT RIS AR RN, SRR TR
¥, REEZ FRMRLEBRANSEONEE, MBERAIRERE, SCEICEIEERTIA
WREA N, I SR AR T 2 BRI R, “ KM/ B AR e S
RHAY, (HEBATRER ST I R RERERAPE (Caliban): “HBEE, K4
AEEE, BMEBFF AN RN " (518 (BAW) —&ED
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SRIM, R/RITCEERE AT D TEE R, MhEE:

HLRR BRI, (255 LA s FCE R el ], 2L LR TF
W, TTERBZZ AR BN Z G22I —RIA, SLE 2@ 5/l
BB, XTEEF L E AT F TN,  (HBRT XTI A 7%
BZ BIERR KA FFIEHIIENRT 5K

E/RIURE X MR IR R FTOUER), B, IRICEATEA RN, BHIEA TR
THINERT, WiRE “2E” AEMIMmSE,

HEBNOIESE, Bell lIRBZHEAT LG B HF IS, BiE KIRLEF A1
BHVRA i, IS B E LB CHTE HIEW, 2 A B/ E I
B AT THY,

EURETE HE “AE2E” —id (eugenics, TREMME, 7N “EmtR” [good in
birth), HPHSIREEAR R ERENIN AEALS b, FERIUAEAHENRE ‘BT
M AL (self-directed human evolution), ftA22&E NN, HEZIEIEEHE
AN, RRETHBRAEZ FINEN AR NFRIRIER “RAfEiL”, Ml 12 At A IX AR
%, BEVYNFEREMARNAE TR, mISER=RUbEE =2/ N5 E,

[...]
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=V,

C|

so1uagn

AR TR o X = Y
(TN E © R
7 i NS | W
IR LDy ) \*‘

‘

d EUGENICS IS ThE

3\

4

SELF DIRECTION

LIKE R TREGE

GUGENICS DRAWS ITS MATERIALS FROM MRANY SOURCES RND ORCRNIZES
ThEM INTO AN KLARMONIOUS ENTITY

20 HERTH M, RAIARESRAXBTEE
#HEHNE, ALOBEXFEIR: RE¥
B~—#AW, NFSERBREKES, BH—A, #
WMEARH T /IR, AR, BB DENR.,
BB, H2¥, RE%%,

ERR, RES-AREMY, ENTHRZNVNARAE, MFRELL EMFRBEORBELN. ATRN
iR, EI9HE. 0B, REFFRFUTE, YNFSAUNTRARENRS, FRAENR
e, HRABHSBHTFSIA, UNANEHRESNA, BESRTRLBKY "ARERAL . TK
AN R IT AR R R E X H (Fobian socislist) B UM B —LBMK, MINRRBAPRER, 6
BERREBREA. FH. "RESOHPSR/EMARTBHAR—FiE, RNERNSRFHEMIEBEHK )5
ENARMO." MAKEREXTZEFOA, BEH2 LKNFENQE, MRERUTFRBMRZE,



5B NUEE: A an 2 e

BAEZ B A=A, 2 B TR, ARSI 2R, Ak HERERIT B4R
KHZhErREX, S5 A BRI & RN AEE, EROER), JFR2EAL
HERHIENT, i 1944 F R — AR N CEmRTA? ), (5 2BEHFIFER
Weah 1122 REEE (Erwin Schrodinger), XA T fthai—F L AR =55
W7kt (Institute for Advanced Study) &RHEGEY, XAHEKNYHER RS
TERT RS A0, 51 T IRISE, YRFRMAZEI AN, (S YEAs
2 “HIER” B, MEYECEEZ R,

BEE I, BATRTLAMBEE SEIB4AYE RO ER B, Fit, REKEZEE
BRI E, BTE8 MM ERNXAZHER, FIIX (S B4 i E 5 i
THI “BREHLIHA” (hereditary code-script), M ANFEIRII S TEEN, BT R
Ao, FRARUXLE S, RTINS, ML, TR A (EAEERE A
) BAERELERA Y N AT E A, HERRXAEENENEE, HEFZ
e TV E I T mH B EAAY), GRS E (fhoEaT 2R
H) 1EN, #FEPOEXAS, IRz,

DBNB, EEEEims) 7 REPLSZ, FONBOSEaRA FHRIEGE, R DR
FRINN, L Erel BRI T A, A WMRERAZEREN, b
IR, WRIZRD A" BRERBIENESE, BB RESHRATTERT
fdean, Rz, —REIAMRTREE I —A DU S RAMHE S BIMKE KA, MM
RBo M 2FERI T FEMREN SR E R DIMEIR R ZHEmand? A 288 73 H
B, ISR TE S IR RE A I — AR AR R ?



Section 2. Text 4 (DNA: EmmmeE) il k&

TEBEE TS THMMRTE VRS, RZBBHVEYEZEINN, BEAREAXIEHEAFUZ 4
BETECH EEHENE, EEPUZH 20 fRREEET (FER) Frdsin ¥
Bk, HT AR > T HEHESIRIN AT LAR A TR 2R, IRt _E & H PR A AT RERS
BIERAEMUZAR B EE R, BR DNA BT RER |, It AFTEIE 75 48
2, (HERFFARR DNA MONERS AR AT RESHH, 1869 4F, fEfEE TrERvH L4&
K RUR (Friedrich Miescher), MHIEERERsRAIAIH L7 & tH—F ),
HARz R &R (nuclein), MRKZ HHBA YR H MBI (ZLMBREA 4
%), HitBEAHE DNA RIREAE, KEURETEITREAAN T DNA £ REFRIE,
MG LA ER AR EAIGE] R N, MAEECH TEARLEL, 1893
F, MEE: “BEWRPAREIAIES:, X —YIREIRAE L0 IR R R,
BERAE S AL FREH N, [RlItE, TSP I,
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Section 2. Text 4 DNA: Aaniyns) - ki

ST, BHEE, SAHNTCIE TR EZ4E) DNA 0¥, —EF 20 el 30 48, #
FZEAUEH] DNA J2 YRR R AR T R A K 0, BIBRIERS (A), SIERS
(G). Mapmng (T) SiEmEnE (C), NIRRT IS ZRBERAENR, B mAIHE
DNA 73 BRI (ROl E B H TR [deoxynucleotide]) EfL Ean{a
HERE, thAHIE DNA 70 FHIPIRME AR PR A 2 5. Q1R DNA HAZREE ST
TERVERLIIA, AL FMIZARZMARER, FEEYN, — RIS
DNA B¢A ATRER H— MRS (FI140 AGTC) —FE = BRI,

£ BIBEVE: EBHIMAT B

‘ DNA % & 0 i e i IR MBAB, ofE
MYMEDABRA, CORIHBE
B, BEithRHDNA, EREMAS
RIANBENONBHBEE, BE
#toth,

B 1944 4, DNA ABOBRERER, YNHE (Oswald Avery) FEALIE
JEIIFT (Rockefeller Institute) FYSZIGZE LRI T, ili SS9 B A NIELH A ] DA

BAE, IXAEERHEFAAZZ 5558 (Colin Macleod) 5% 42 (Maclyn McCarty)
XL B A e R = ket

SRR NAAE T 10 RN R, FREOBERE A RRYE R BEIESN (Fred
Grittith) 7£ 1928 FWER IR A RIMR . 1% BIEA AT RAREGER, 78O T Iz A3
R —— i XERE (Pneumococcus), XN THIIRAEREAFAES, KREL]
BB RSN “SFE” (smooth) 19 SHLE “FHKE” (rough) MR A,
BEARIMIAFE, FHEHAFE, ¥ STEAEZRAEN, JLRNERMSESE, HEEA
R B RIMKIEEERE, 5k ABL S B4R 3, nT ARG IEZ RN R RGIAHE
EANRE. RN ERER, FiSZs# K% R2anr it

5
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BHEIFMNS 5 /L DAL R, B RmAS ARG H 2 MR, 8
IR, AFEZURTRRES IS RS BRI B, ek thE—MAS BF
TEAREH: SRR S Bk (ERSIE) MEFER R AER (ST

&) FREAEREAR, BRI, MIMTENERERSE, B EResm

We? Jeskfthor B A iR B ERIIMZONERE, ZHMEEATER S E, LRTZHI,

TEFER R AFEPIF2 M ESERT S RIEBS AP Ty o], CRR=6 R A
FEAIENBIER) S BIRAER, HADNERRTA S &, MEAETMEE RS LIEE
HERY S BYEE, IESOXARR L AIIHAFAE : IXEEAH I BHEAR S AU, WEME(TIERR S
R, TEAERANN R BEEEET “BIHE” 2L,

RUEIX TIN5 I T AT, EAS B AR A R 48 SRR RAE R 2 5L 0
EEAKHER, H2ERETH B R TEERR, RERRS, s 0SMER

W, A—UGERAERN ARG AR RV, AR FRB % b, RS

JT, SRJG DAE s i A i R, R R A E A Y SR R R 7T, e ik
ARRNANEE, =247, FFAERTHE AR RBALS IR I 2R

S EE N i 28 AOBR B AR O TE R AR 4, th & ik B AR S5, IR o0 Bt 10
R BRI AL S BIENYIIR, B ERRHME, 1944 4, XobE, ZnylS5E RN
TAHATTRIRREE SR AT DS O T — 2 SCEGRARHIIESS, DNA s soax s ki
“B{F” (transforming factor), #HE&KHFF/ NI ERFRHE, mA2H
ER, FHEASIEIMRBGR S WA, R MY RR AR+, iER
Gisth—— WA IRAAE AT S BUBE ARGy, BRI —Rha sy, A RERH-4EHY
BA, EFEMUTE S TR ASE UK R, EFERINIREA, IXUEBABERE I AL
To HEMAUER PR (RS AR [trypsin] 5 L & FEE [chymotrypsin]) KR
G, XAERESBIAEAR, SR S BENEHR L2, HeP 1R
K, FBARIRER A, T IR — RS iR (ribonucleic acid.RNA) #J
BibERIRRS (ribonuclease.RNase), {HR2¥LENAE, RNA th2—MER, 5
DNA 8L, 1 HAJRE S EEBRIE A X, REMIHEEFRSUE DNA, 1EM S BUHH
HIZEE il =R DNA YR SRS (deoxyribonuclease.DNase), iX{Xfth
MEEGHER, RMESEERY S HE, AR THZ DNA,



SR, EIEOIES 2 RRAE 1944 4F 2 ARG, REASURNA—, 05
RETIRWUL BRI RN ARG PR EZMANEEE, B DNA fEF M REMN
FERASE], e AR REREEY? H2, WAETFZAMNFEEA DNA »FREE
RENREREFIREARRIEMER, Tkt M, RESUESEFRIV RO
RHEARA BBREYR, HSAERAEMRFRIX LA, FOEA LEHRE 20 1
FERR TR DRI ERIIER, XELRE 4 MUIRTRH) DNA B 5152, B
HRER AR TR E A B 2 Sl & (Alfred Mirsky) HR2EZR DNA
RIREY AL, NN HE A EERTRASR, SR 7 FrRfl A 65
% IFIRIA,

SR HEERRY, MUBRRGRE. v E ORIV BCRAHP NS, Mtk T RS TE L
IRHIHLZ, B0 DNA B FRUZIRE, MESARGREER, BT iEURKE
REMEENLINR 50 FEE2AMICE, MAEFATELRE Y RBHRY S o AR5 R)E
RBION, RImEE R 2GS (FEinar Hammarsten), SAANS Sk
P 3 R T RE A B PR A (R DNA FEA, (AP AR S B R 2 F2R M AR IR
HoRVER B, FX L, BMEELINIRGEE, —E%| DNA BARIRIHIH e 2 A A,
e B S0 e A7y s S AN ARSI DURSE, SO LT 1955 Fid tit, #HRMmEZE/L

F, HEAAEEE VURKE,

o

HY
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1947 4ERK, WBNENELNNRE, HRICIFREEIE e E, ANRAIEHE
MHEH HEANE S, SN ERA NSRS RAVIERTE, g e thh
SRR, SREHR KA RERME AR RBRE R T, B, R
KT R —IRE RS BFRAE DNA b, JEE SN TR A R T E

(Alexander Todd) HHEHEE, FFIASEEEESS DNA HRAL R, 27T 1951 4F
1, MASEES 2 UESX S SR MR, 7RR1 DNA 70 7898 TARF RN, F—n
W, EBUAIEAE, JERRFIEE, (FHRTEHME I KA NN BRI A R

(Erwin Chargaff) {HHE4UENTTE (paper chromatography) IXFHiA, #KH
HZFEHESNY SR DNA FEA, JUlE DNA PIPIRMEREEIAEN & &, AR, Hi
PR DNA DABRIERS 5 fRisne fE 2, A Leyrpnl g S 5 iumne iz, Hit, A
AJREAEMTN ™ DNA 73 FHIAH R A Al

TEENSERINKE, BIMA—/ N E R A R . BRIZWRER 2 H,
IR R R a5 “WER A" (bacteriophage, fAi#R phage) MIZIHISRE. JEk
BRI HEFEIN, R ERARRZINMET A BT (Salvador Luria), PAK
fib e E AR A EE Y RO K AE/Rf B 5. (Max Delbruck), FISEEBL A RHH/R
7 (Alfred Hershey) #FE1E, B THEREIARFF/NH (the Phage Group). 7E58
TR SRR, REPORE R BRSO B TEER AL, R A R
XTI SO AR, BB I ET, A BRI R E R A S R R Rk
J1o BREFRHER, EMINERESBRREEREEE I TE (FBTAEEEZNR
o, RN B R NITETEEHURFERYY), IF HIEOE L BRI R SR = ST
WREAIASEER, 1943 4F, MAI15 AR ETTERTE S HOM/RA S0, MINH/RT IE1E 28K
G AR A R
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WEE AN, WNRIFFE R, WA SRR (REiiH R — & 15
HESMEEEZIR), FHRIEX MEZSRHIBAIPTTR TR, X MRS FErRE R

&£ 2% (Herman J. Muller) T 1922 /42, =F)5, fRIESE X ER5l#E

R, (HEET 1946 1F, BEPREVERZNKAEHAAZIG, ARG TIRKAIEVUR

R, FEE, EREVMEER, TASENZEMBE, BEZERERIT R RITAIR
VAR, JRETAE 20 HECRTEMAL RIS, IRAUSERRE, RAES — AN

WO AP AR R B K, AT, e SRR AR, MERmMSCPRETE X, miER

K, RHBAREESEL BRI FRANES, JERPOER T BRI ASLR, XSk

B R HRIPUS 2 WERRIRIEZE (genetic cross) FRAERRRALA] LOEAT

I3MTo

NT SERREIE ST, AT A ESR R ERBEMMATD R, BF7T XOLamERIEg Rk 16
Ko WITTAERT, FRAmEREUERIRELT R KRR (AR DNA EEIBPA, HEEHRA
1SN, BEYSGTTIREAY BKIETERRISAPINE R, HesSalAay7 Lrg

B, BARMERERRIEREERIRR, ERFERERE AR N ERRER, EaE
R EA BIFE], DNA AERE—MESNHT 2IE, TSR Er) 7
FEHIFIFTA B A 1T,

SERIEE, WEBLACHITCIERE, HEER AT DAEIRATFT DNA L PA RS E, A& 17
i, ARG, HTHRILF2IHEIR RIS, SRS AL 2 e
BRI TIRESEIR SIS, JERAE 1950 ik, REIELFWIRREE, 2t

W HERI/RF (Herman Kalckar) 7EEPAMMRATSCR Z(ENIT, YN IECERTFIAIRL

DNA BN FBIERAER, (EERRPEULI, A ETT 2K TR R R A B
FEMARRE LR —K, MM —K T DNA g &= .

i, BRIEEFARGIRIGAT—ENARIKGE R L. N TRIFFIERSNER, BEMUHA R 18
RITERARRACA G R T, (EAENRG—E, B’ T —5/ NS, £8
FELA X EATTE (X-ray diffraction) RED T =450, X EATHNERT AFFFAEA]
REMSTE BCR IR 70 TR P45, XOUTEE i iRE, STEfs| RTINS msct. M
X EHTHUN B AT DARTSA X FE RS . (R HEE XOF, M2 PARRIRESH 1 [F)
W, WCEEAE “FE” (phase assignment) HIEIIMEE, SRACH S TR
(wave properties), ZfER “t8” WAEH ARG, LN HAHEERKIRARER
HAIXFPk AR, DATSHERII RN R, K22 U E R o



JEARBRIZIZI N SRR R, ROV ERITE Bk DNA [ =4E254, el
EE 10 #9055, MRS AKRER XOtRAER, 2@l X OERIEIT DNA R,
JEHARTRE, RERMEERMBRARR, RSN AT, 107278 DNA 7
FINGZARBHF, FEREAENUAE T, DNA 41K E) TR rTRErZ I
HEERIBESTHIH, X et B R HIETRRI,

Ht, 4FITEREEBIET 2B (King ‘s Collcge) ZE¥PyRRSZEG 2 A2 [ A BUR

&7 (Maurice Wilkins) fEffa k6 5% DNA FUEHN, REARERMN, 34 Z IR
REFRYMHYR, SNYSS5H0EEFHN B (Manhattan Project), Xf

AVFZ S 5PN HRIRERNS, R BRI, NIz s TOER
A, SERIXANE SRR BRI K, BUREBHTE H BT 2HEERY, FIEREY
H%, HAEYEGIE T A —— S E B, YRR X ek
fi#IT DNA FIRLE,

HREl, BTREUEISERN
XEE,

19
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BURGEHHEB P RR — SRR XOUTHE, LmaWw MmN ES, 2R
B EEMNEE SR, HIEAT DS H, DNA 2 BAMNIEEH, NSRRI g
1, st DHEEEAER AR, FAZRIFGZEE CREICEE, HBIEUREITHIXA
ik, WP E, IEMPGE, EA—TLFR, MENERER, RKIEHELIRFER
TAEZ,

WETOESMEBER, AN T2 =B E PRI A5 (Linus Pauling) B4R
TEARRIHE: AIE PR EERE FRVZAK [polypeptide]) HIHEFISE ), FF
HARRXANEEMGELA N a 180E (alpha helix), X PRI HIESHRGHIGFAES, 1t
RSN E R, ATER (L ARRIAT) B8N 7 IR AR, #EI R
FREBENEL, ERAFHEREA, MAEMRBNMK, OB, 9 Zh, Ok
BEES BN R, WEXNTTREREMARL A BRI AT DA IR FEE, &3
fth) ¥ EE B RARIA RN (PRI, HRSCRA=E, KPATIEAR
B, (HRXAANRTIC AR AR Tk, AHSXERERT 5,

T EIFEAIR, SRR TiESA K a BRI, @ ANRIFHE, MRIFIERYE X
JERTHT RIS BURHEIC R, TR MR S NS AR FE LS, KA
RINVSRBEE A BRI & 2 K BERIL 2R, T EE B By T AR B EE B, X
HRTRERY =HESEAE, flos B (L — R =4EDE TR, Bl s SRR

a BRGERH N 2N, (HIMTER R T EREIEM, ME—BE, TEHTER. &KW
X Ytk (X-ray chrystailography) #1915 4% DURYIHR-AAG F AT WIAS B+
(Sir Lawrence Bragg) RENEFARIGHR, MEHELM, HMBIRFESE, SR EE L
FRIMER (Max Perutz) TigbbH &M IKIESE TS/ a BHEZ2 IEMRY, AATHR
RSOl SRR Em S, X2 DERSEMER, ROyRT—F M e Sch a8 2 Ik EE
ATREE A HISHEE AN, TR MMFEL,

21
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AR, A RS R HE R SOl SR g R RER AL, RGO T8I, 2R 25
FHEREANLKE, SEE (Emest Rutherford) mti2Fix B oA R R8s

¥o HINABRATMIRS IR IR, MERNLHEREE 2R ETEE (John

Kendrew) 523, >4 Z AR (myoglobin) JXAME H BRI =4E45H,
BEPENERR R RSOl E, RyEMEEANTEEE, MEXSHRRRE

M. BHEBSMERFLY —EEZEFRZERS (Medical Research

Council. MRC) 1EAAEYRFEEHIRFTHI HAL,

—MAEESIE, EXABERIE, FHRIRERTIEOZR) X SENTEie, MiztRp 26
FLRERE A B ZHIRFRANL, BARN T —HR, EAMIHRE RN BREY 25 57
miageFk, MMsts, MEMNDAETIRE TR T,

AL 10 AUHRIESINF R EIF 7R R R ARz, BT 23 &, T 35 Z AR 27
FPHRIUTHTHA AR, MERN S REBENRITKE, RedRE, w8
SUEATHRIBAEETT RO, BAEFFR TR sH (Eameita? ) &, Eit
PR e, IR RSOl S0 S DA ST 8 H B = RS54 0 18

v N EH AR R R ARRE R R, AN, R Z A, AR CE A 28
) LEARERAM, AEAEMEMATET L, SRXRMibtha L2,
HIRREE, MERORE, FrARSEE NI, M Hi, BERRhiRIE,
Hie—EIE2A — MBS E ML, HEUERRM AR,



SR RS, TIERWAMRS, MERRANTEENER, £ RO LR=rE 29
JBp L, EUR A AT EMBRERI R . R EFII R R AR AT EMIER, 1
AV SRE— DA, mERZEE NERE, MERIRREE 2N R AR,

P BRI R, ISR SINE N 7 REF S A R AR ERIATR DARER

fit DNA RIEEHE, TONR%. NAZIE, TR o0 B ra iR O (o A e S OB AL 7

K% DNA Z5HIE TR, AT TRICSMIFZERMTH SR, AREXhn FFEEN
B2y TANPRERATINTST DNA S5 RERE, 50 B raisil B SUa AR IR BUR &

Wi, ERMIRMEBOIRIHETE, IXAEBAAES A B ARSI RS, BURE:
WHEAMRLETE R,

wir

REREFXEM
RUEHXKE,

BUREBHIZRR, A DNA B ZIRHEIR, HEBGRBERIHTR ARSI, 30
ME— PR MEE TRERVEH . I EURSHTHRIE M) DNA 4%, I8

W% =5 H IR, e yjiEs Fanssial, R E 7 — R WA E £ 2R
VB PRI E 22 5e bk (Rosalind Franklin),

31 S HE =R S BIHIYEML AR, W2 A A S ER G TR 31
%Ko £ 29 ZEAR, WHERITH B CHEIURHEAIT (AR 1ENERAL

Pl WHUFSRIZEEAE, T REUXLERRIINA A, A SR POE R R b e
AR, —ERGAER ISR S EIR, RRATEIURES ETEEM (Ronald

Norrish) fidn “EBEE. R, FVE SEES. L7, EXBR=N, WERRBEH
R, KRBT LS, HRTRSEIORYER, e T mMrIHR, £1
EaEE —BRG, WHERSN PRREINE, i EURERBLIR, HRERES,



B M NEEIER,  4E BB XOERIRARIEORITR T 4 SFA0G S, iz
£, MAELFER) DNA HRIN, BURSHNLGEAE, A=02, JERIEXH AR
AETK, BETMIIMERE, HEMNEYE, BURSHIUIER S THE, WIEet
EEE ERURBHHERZIANN FEBLIRTAA, MITMAA RWD—IR, & =5k IE s
TEMIR R 2T EERT, NREE TR, MINEATCEREE, MEE 2T
11 AW =iy 22 i, BUREHITEMSAAE R, NG TSR
R, BUREIRREESHA e E e fifE,

AR B KBCREESIIVHY =, BBIRERTE, MHEFHERIANS DNA BIRH KR
HENE G, BRHIRIEICIZ, M T E =k TaRAES S S/KERIINEE,
SHRNT T 25, JFIATEAR RZRHIRBEMIAs, FFRmERIZA AT AR 2 o0 A A thA]
AR I fAIARt 7 == (Bill Cochran) K JL#E (Vladimir Vand) #2HiEHTREE X e
e, HERRTTIEA TR G B T R TR S

BAT—[ERNRIA, B2 HiR SOl A RIS TSR 7R, DUEA T 58 DNA
RN TR R B SRIXEERALT IS, BATDTAEMIAE T7E DNA 735 H et
GHIRFRTT IR, BAMNESNE TR, MZRILEFER -2 HEENE, 8]
WT MEUREHTIIENE, fEERRE =58 b, JHEP— MR DRA TR ESR
i, sCEITRIRGAEURES, EMIATATREIRE] T DNA HIBAL,

32
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BR, BUREHTSE MRk, ERRNMRR, EXREIN ISR
N, AR T R BT N S, & S Bk BT HE R A S _ BRI
R PR GREH: DNA BATLFAEK, KRB CFFE 7o T ANDT
eI, BAEREM (unitcel) SAXFREAL (asymmetric unit) JXPNATESRH
BT, H, DNAMKESKID, Fit, &E=5amiat, JCRERMIERRPIRE]
WK ¥, B TEISED TN, ARG EIE 7 9R,

11 ARIAR—RSAEARTE, IEARRE LIKIRRARY, & r RN SO EIE R, it
TR, ABELVMZETERR AL, EZAR, Ahstmdis 7, s
SN2 AENE DNA B, JE RIS — 5 ERE, DNA RN AL E £ AR
KM, SR TARSTRE B IR, MR FEREHE AR R RSB L R = mR
ftsagr, SSAERCHIER, FECTHAlHE T, PoRvd By AMEEHIE 25,

TEUEIIRH DNA W58, SSEREN R, ESETEARUREN, Hfft—{ DNA 5
RHITTAE, BORBUREIHEL, FonH ORE B2 RRMERE, (EiRSHSAAR
1S EARHE £ AR BERE, QI RMETRAYIE, RRIEINM B TR B ATHTE X EnTit,

REBFER, BAHHF DNA, RIMKSAEALEEATHIIFR, R SOs S5 258 KAHT
X HH, WFREERIHEELH%E (tobacco mosaic virus), X PMERKEH TIEER
b, BAEVFZINEESINGRZNERE, BREVFRBIEMRIIES, MEITE
DNA H, - IRISEIEA i AR g ) B KB R], T S e U S i I B E A 2. 12T
FX—te—mEeplE, wEARS], f£ DNA SHIN, ARIZEAHARmSIE 2 7 B AT
51, TiREmEENE 5 SIES 2 AR S WA RIS ). HRat, DNA “SER” § LR
WEFS (Blan ATGC) Mize5 “FR7 % ERER (JREI TACG),
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REFEARR R, HE 1952 FEKR, EIRETECRSMERAE LIRS
SN AL, AT SO NTE T i 4 FREAIL A5, ([EEMRAIX B TR
Flo XUTEIBA T, WALETE, nURBERAEECTIVEHN, fER A5, &K
A BEREIES AR A EHE S DNA Z50FF A HK, A v s s g 2y — L&
Koe, SRR SHIIRERE (BSIER S ) fERRPIRAN, ATRESE I 2
¥ =BRT T, (HE, MAYSHIRIRIRISEMIZE R,

WLIREMR—FE, WS TEIRAERRI, BRI 2 MR AT N &4
o REUBHIR/RT 5% (MarthaChase) A MINESE 73098 LA F: DNA #t
RIBEYI BURFANSAER, AR AR AR SE DNA, ERIEH R
#§ (protein coat) BEINE, BHRURIATEIRITEREAIAR, F0MS 1% DNA #Y

o MR GEMBANRZINER 25, HEES R E5 0 2AR,

EHEAEMR DNA IR L,

FUE 1953 4, LA A DNA Z5RIIe~0, BBV 7 AME, KR H
RR=BERR, DIBERFEN B TR EN R R0, FRZT, BIRBAIE 15 DA
FIMSEIRE AR, (HE, A RMAMIEHRAE T (Bla0 Mg2+) RAEH i
HrET, TRRBEAELESRIMNIE, DERERERBRE, N, BESNEVFERIIEK
RA, XD AT TR RIS A WA, BRI SRR R A
PESI s, SAIFOESS TRV PAlReFERARE T 2tRRMFRE DR
FEBRMCAR ARG T PRA R, KR b, 9% THE DNA BACRIRIIHT A
PR 1o FATIFRHIN GO ENEZIR, (ER AR R BB TR TR,
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PALZNEIESCRENCH, HIRBUREITS & 25k, I ERINIE, ERE DNA 42
HARZRN E =M BEENMEERXRE, DRI ERTeaim, ez
o B S ASRHEIC mUE IR SRR, BURBUR SN IRARATH BRSO, I/ E
Tfi€ DNA /28858, N TUEIX— &, st —ak 6 DA, B 2Rt A & i
#& (Raymond Gosling) H X ¢ MR, BIFTIERY B B DNA, 1EAFZ AT, HEE
AHNER BUMFIE, &M KR, EEENEPE AR DNA |, Ky
WA A BLRES AT RESRIS B HIPERL, B B DNA B X HER—MEMI 2. BE
SRTEH IR EA N R EHEIR Y, IXSEA RN EI SR HIRIRPmIE AR, IXTUESETS 2 i
DNA ERIBHER ! HE b, REEZFARRESE, HRXNEIHAHAER, JL
ARG R, Biessty e —KBREINHIT (B140 DNA WEHER) &EHHE
Tie PR WIARDEZ MEFERIINL, WAREE &H 2/ 0k

RT3 T |A14RS0EA DNA SRR, S EE N AL, MR 43
ANEHI T BR, REERUR SN Z RN |, (HR MRS E 2 EIZEER
MIEEIS —FELEE T4 TR, idEEE, ST EE TR A MR, ERIT

A, Wz DNA fFEE— BRI, FHRFZATEIR A A BUR S,

AZ'DNASBEIDNAMX KR A, ARXERREMEBEZN, A TFEUNERIHE ) ONADFREBOZE RAEM,



SIEFISI, PRSI S B2 DNA BRIHEZG, AN AR v B st 44
5t DNA, M HRAE DNA UZ5HRE T RPETHIX — iR, TRIBNTEEE TR

A, BHAIEEHIAT DNA FA 0 5 IR HEE . IXEEFAR o 2 7+ & T LA 4 4
AFIRTTRE: (RN, HIRRmEE, SRS SHmENE) . FRBIERSOBfFAI T BRI —

EB AR, ER A TR RN BRI AR, /e TG ERGUCRET H

FELBE RS PRL,

BERFRE LRI, DNA ) I BE R L e T, mHE=RERURIRISE, (Kt %

PHUETFIRATRERDBURIER . BN EY PR, BmeFife ) TREMAD, mHE=1ms)
RIS, B3, RORBBAIE—FE, B2 AR R E = a7 2,

A

DNA 8L R Fo

PANETCATR TETHE, MMEEEEIMIRALR IR, T T DORFHR AL 46
IR, BRERAATH S B IESS, (HIXIUEE — RS, QI REEAL T2 7
JHIE, AR REIZIR X R BUR T BRI SR SO A, ERENEA R
TERWE? FERIRAIRIRILFBRIHIIRT T, BESN N EZICHR, 242 H 27 H

PN TR B AR 290K (Jerry Donahue) ERSGd@A[R], i HBEH
AUBEIR, TR T EEFIEm YU F R R E,



FERER, 1953 4F 2 H 28 H, DNA BRREZRHERE SIS, BRMABERRIE &
IR FBRmEENE, AR K WS- g IX PR X B A < RIS S B — . Sw B v — 4R A
MRIEEINRATRF SSRGS, EAZEFR, PRIERHIRS BEREIEIELS, S

&t 5 eSS, (2 el RE FHARE RS =16, 25 B ek,

AR PRAL 7 g 7RG, FF HIARIFRRIBRESACK (base-pairing) 753K, MiHME Rtk

B, XS ROVIRHERT B AR S 75 TF1EE R

XEESNMESHINZ], BATEIFRXREEN T, X AEALMIEE, XHER T, 48
BB ET BRI 7 ST ACREHES IR ELANR I, L ZANE — 5% ERYFS1 (R
RN, B RREREHERN S — 254k ERYFA, X AR AN RAT R R TR IR,
BRI E TR RERG HEEIRAIE R,  DNA 0 7GR —FF “hiot”, TR ZHIM

JBeo B FRARRT APE BT S BN HORER, T2 — S NURHEM AR R T 5%,



Section 2. Text 4 (DNA: i) i ki

#F
BF2
H 0 ‘
N_C C N \
-
Ces
" bk N —H om0 CH,
Cnmes S e |
H
‘v
N--H O
N € c N
NC\XN H N H
5N C-—-C
CR
H OmmH N H
H

B -« B

ib—-9EENEE REGEREENEHEN,

£ CEafta? ), BRI, AariE s thirmGEREN, 2—RIINRE 49
o RPMUHEEIREREFLN, DNAKIESZEH A, T, G5 CHMIEMERFS,
BENMEES BFEN, WRESATHT 4, EIA, T, G, CIERREOKERII,

S HPN D BAVHIR, IXEERGUR B S A5 50 FRFT— ERITRIRZE, 1EHRY
W, KiZKa, Jim AWM Jam; (fifE DNA #, & T2 C, ATG MZM T
ACG,

Page 98



Section 2. Text 4 (DNA: “EmfIfes) &k

WESH TR, RARRRE.
(A) 5 DNAE RS & 28
WERBMRSE: (B) B5FHf
FRVRLEF 2NN "DERT
mE,

g ‘G)}Cfi
Lt & 4

(PG
&

(A) > (B)

TR MBI ARILRCRE, BURHEARGEL, BATIETCAUEH IR E IS, 2
TR E A A FTRERR ET B A, F L, BEREEHMRS EMA AR
HIFFEA PR, ARG, FERBRSOU S = HEIEIZ RN, [AIRE IS 7
FAMEEIRARZEANNEIL T “AaiBm”, REFMEE), H7T 2 ER
= AERRIN A

EFITER R AR BANTRX MR ANZ — BERIATN AR, BRI,
MM, FHIEMLRE RO EF], At o H ORISR = AR DNA BER)— k45

JG, REEH—DOIFXEREAE =4ER RIA T, Rk AT 2R MY B AR AR
AN AR IX AN FHIAR R, XA R AR R A AN BB T . SR
BilER, IXIERBAIINAICHE, /DR BRI ve E v 2 i DARER Je 3R TR

Hir- K Ax

50
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ferishie, 1ERENHRRZHENLFERINN, DNA B2 7KK, TERMEFE R T
%O

IR, ME—MAEA, FNEZ S DNA =485 ER, OO TR LR 52
B BN ERA R, SN ZNE T H % DNA (LA SCER, FlR &Rk

R DNA BRAEEA SR, 1952 FERNANZIE, ELSMENRIEE R AT

T, MAAIR RS, BT BN, mEAME B O] UHEA R BRI E

e 2R, i BEEFERAER, RN, MEArEE a3 %

At, A—RIELREE, FBI & RBNMEZNERF#EHZ/OH? SHRE

E: RANEIRE, AR,

FEHERLH, MR (BABBIR2RE) MO L) R R, 53
FEM AR AR R, AR, SR AR RIBIERNZN AL RIEXTH

Wio MATXARIXE WC, ZRAHIA T4 E TTRCRTBIIDUR,, B TSI RE NUR

e, 2w,



No. 4986 April 25, 1953

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest & structure for tho salt

of deoxyribose nucleic moid (D.N.A.). This
structure has novel features which are of considerable
biological intereat.

A struoture for nucleic acid has already been
proposed by Pauling and Corey!. 'L'hey kindly made
their maenuscript available to us in advance of
publication. Their model consists of three inter-
twined chaina, with the phosphatea near the fibro
axis, and the Lases on the outside, In our opinion,
this struoture is unsatisfactory for two reasons :
(1) We bolieve that the material which gives the
X-ray diagrams is the sait, not the free soid. Without
the acidic hydrogen atoms it is not clear what foroes
would hold the structure togother, especially s the

gatively charged phosph near the axis will
ropel each other. (2) Some of the van der Waala
distances np{:oar to bo too small,

Another threc-chain struoturo has also been sug-
gested by Fraser (in the preas). In his model the

osphatos are on the outside and the bases on the
insido, linked together by h n bonds. This
structure as described is rether ill-defined, and for
this reason we shall not comment
on it.

We wish to put forward a
radically different structure for
the salt of deoxyribose nucleic
acid. This structure has two
helical chains each coiled round
tho same axis (see diagram). We
have mede tho ususl chemical
assumptions, namely, that each
chain i of phosph di-
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are perpendicular to the fibre axis. They are joined
together in pairs, a single base from one chain being
hydrogen-bonded to & single base from the other
chain, so that the two lie side by side with identical
z-co-ordinates. One of the pair must be & purine and
the other & pyrimidine for bonding to oceur. Thu
hydrogen bonds are made as follows : purine position
I to pyrimidine position 1; purine position 8 to
pyrimidine position 6.

If it is assumed that the bases only occur in the
struoture in the most plausible tautomeric forms
(that is, with the keto rather than the enol con
figurations) it is found that only specific pairs of
bases can bond together. These pairs are : adenine
(purine) with thymine (pyrimidine), and guani

(purine) with oﬁmm’ (pyrimidine).

In other words, if an adenine forms one member of
& pair, on either chain, then on theee assumptions
the other member must bo thymine ; similarly for
guanine and ine. The ssquonce of Lases on »
single chain does not appear to be restrioted in any
way. However, if only specific pairs of bases can be
formed, it follows that if the sequence of bases on
one chain is given, then the sequence on the othor
chain is ically det ined

It has been found experimentally®* that the ratio
of the amounts of adenine to thymine, and the ratio
of guanine to oytosine, are always very close to unity
for deoxyribose nucleic acid,

It is probably impossible to build this structure
with a ribose sugar in place of the deoxyribose, as
the extra oxygen atom would make too closs & van
der Waals contact,

The previously published X-ray data** on deoxy-
ribose nucleic acid aro insufficient for » rigorous test
of our structure. So far as we can toll, it is roughly
compaetible with the experimental data, but it must
be regarded as unproved until it has been chooked
against more exact resuits. Some of these are given
in the following communications. We were not aware
of the details of the It d thore whon we

cstor groups joining B-n-deoxy-
ribofuranose residues with 3’5
linkages. The two chaina (but
not their bases) are related by a
dyad perpendicular to the fibre
axis. Both chains follow right-
handed helices, but owi to
the dyad the sequences of the
atoms in the two chains run
in opposite directions. Each
chain loosely resembles Fur-
berg’s* No. 1; that is,
the bases are on the inside of

the of the sugar and the atoms
chalng 'WEa near it is close to Furberg's
w o ‘standard configuration’, the
Logether. ohatas being roughly i
1 ks the Bbes ach wmw the attached base. There

is & residue on each chain every 3:4 A. in tho z-direc-
tion. We have sssumced an angle of 36° between
adjacent residues in the same ohain, so that the
struoture repeats after 10 residues on each chain, that
is, after 3¢ A. The di of » phosphorus atom
from the fibre axis is 10 A. As the phosphates are on
the outside, cations have easy access to them.

The structure is an open one, and its water content.
is rather high. At lower water contents wo would

expect the to tilt so that the structure could
becomne more compact.
The novel fi of the str is the

in which the two chains are held together by the
purine and pyrimidine bases. The planes of the basne

TR CEBRRREA QA ATRARNEI.

d our str , which rests mainly though not

irely on published experi | data and sterco-
chemioal arguments,

It has not escaped our notice that the specific

i wo have postulated i diately suggests a

possible copying meohanism for the genetio materisl.

Full details of the struoture, inoluding the con-

ditions assumed in building it, together with a set

of co-ordinates for the et will be blished
elsewhere.

We are much indebted to Dr. Jerry Donohue for
constant advice and oriticism, eepecially on inter-
dmwh ic distances. We have also beon nianllm
& knowledge of the general nature of the unpul

results and ideas of Dr. M. H. F.
Wi , Dr. R. E. Franklin and their co-workers at
King's C , London. One of us (J. D. W.) has been
aided by a fellowship from the National Foundation
for Infantile Paralysis.

J. D. Warson
F. H. C. Crrcx
Medical Research Council Unit for the
Study of the Molecular Structure of

Biological Systems,
Cavendish Los%or-un'y, Cambridge.
April 2.
' g, 1., and . R. B., Noture, 171, 840 (1983) ; Proc. U.S
P daad"Sok, 38, B4 (1953). !

* FPurberg, 8, 4ota Chem. Scand., 8, 634 (l“;).

argafl, E., for referen Zamenhof, 8., Rrewerman,
'cncmpg. E, mm',‘:t?m."nu. 9, 402 (1052),
CWyatt. G, R, J. Gen. PAyriol., 38, 201 (1962),
* Astbury, W, T., ag;' 80c, Bxp. Blol. 1, Nuclele Acld, 60 (Camb

nlv. 1

G. sod

Unlv. Press,
*Wilkine, M. H. ¥., and Randall, J. T., Biochim. ¢¢ Biophyr Acta.
10, 192 (1963).
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BAHE 4 AR A IAUREERIR 5 224s (B2R) (Nature) %8, FH+ 3 MEWE, B
Wi 1953 4 4 A 25 HHIH, FEAMRHE =S BURETHE. RIBRKHIE
X, WRSXERVATMNERRBER, 6 H, WAERRBRIEIREFIITE L,

B OORBA AR RS, FU/RAG B 5056 B SR T RIERE — X8R RN,

il TAERSOB RIS =4, SNSRI, B R BRI g e
ME R A AT 0, 1717 L IR - R g B Xt T2 2

T ISREE: 1953 F 6 BIAME
ARALEFRERNR.

[FIFEZ BIEE S ARAZERRE BT R A (Seymour Benzer) tHHE 71X
=, MSZZI T RERIFRAT SR Z I, X TR R R B A A S, I
TEMBRERS DL “BERRAZ AT 12 40 AT R EARR T X, SRR — N
K DNA: ftrA] DATEESAI & AR RN E, U5 S E T SRR A SRR A T E R B A AR
HERWA E, AFRER—E, WSREEHAERRAEFNEEHE, NITEERRAT R
FIFHERRHIEELEALS, BPSRUE AR, AN BRI AR AN [R] 05 B AR [R] I e —
MHIZHEETE FAUM, s DR BN, XA RIS E A B E X BRA — s
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RZMER. EMEAE, BAEH (ORI AN RAEETRRREE
DNA 732, PAMNRZ B, BIFTNERNEHA (recombinant), 7EEEARYE
(Purdue University) AJSHREHE, AREFEEE FAMARANFEERR, MBHlET
WEEE A rIT BRI, BoR—ERRRE GREIAR LRI AR fERa DNA L
RIZRRHEI 7T, XA “AEaiBE" BRI EELIPR, BB 1T

M TIRAEIR SRR A R AR, R R 55hik: (Leo Szilard) IR
RLERARERTE G, fhAF: “PREEFRIELAING? ” H—FE7, FrhimEZEBOCKTEZ
A Z REE R —IE A, fERMEIERMZK (Enrico Fermi) — I 1942
FEAMTEZ BRSO LR, EFEARSE, A SN —F, &
FIRRTERPIKRH, ME5E AEE] DNA B 4EmHiE. T2, FFhifeiy, &
IR FRIBRRAY

LE S 309

ég
|

MR — Y
MR —

£
=

¥ ARRMHR

DNA 8. RRIEENFF, HBEEHN—K,
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SR, (EXUSERIPFEI, R T —8: T DNA “GhiE—FEhiT” MR >/
N, BNEFEATLIRIUEK, /R S Wl AR TRNES, S ORI

A BRI RURRERT, S AERMHRFTE R, 5 FE, BRI ERRG

(Matt Meselson) K [RIFEHEBARIRAFFRERE R FE2E HHE/R (Frank Stahl), &%

T AR TRSKIRETR, — 28R TIXREEE,

1954 EH K, XWAIESFFHEZEMNMIZE/R (Woods Hole) RIS ELEA, o8

LNBAEIENLE, BT AVDTRZE, WAJUEMMNINIZESRRE, NS
TEESRIS T AV ERSERMILRE™ ZHF,

RIFFH4RY
DNA {R& H & ; b
I BIFFHBT 9 “1" DNA

RFRDNA 53 F — é .~
' ‘zls
2

% ONAHF
é 1 I 1

| (AR R ONAR DT | % Rk ¥
——

A @& DNA X%

B—REB BN

B REBEM

@m&f/\}
—

HMRBNLERAEHMEOKE.

fIEREODEOR, ZIRERREMER R ED T ERLIEEE, BENT TR 59
Begr - REmnE R 2L, BIEF (N) /2 DNA Bz —, 1 EEARL
AWMMAFRRIEES, —AEde, A, RIRARN E/REEMS AR E DNA A

B, 1687 DNA fE4NE HAVEHIRE, EVIRTA IAEERE & A BRI R,

IEE R DNA B Lo SRIEHATIMIX MEFRE IR, RS RR N



FrAk,  WOR N —IXR DNA fEE I, HSMEEE. 412R DNA RIS HIUNFE PR 7 e
AT, SRR RURBENIT, RIEHEHI K, IALRAFIEHIND “FR” DNA 7
FREZREM, 8 0 FuUE—PEEER CRA SR 2 FRIENRE), DIR—148
R (IR EHNE HORATHTRD . MRHS RIE/RITE DA BERE P58 UESE T IXAh
e MTAMEODXE D EH="ERXE, 2HlRE—E, B8, UAATHE
Al JeEJERAIAEAR, DNA IS HIT7 sERBATRI R i ) 52 21T

RAF—IE, B ERRHRMERE  (Arthur Komberg) 77T %88 5 i IR £ 5L
K WAL AT DNA SHISRAIAEMATT, RHEMERS A R H — R HI & DNA ) TC4i
KRG, MIMAILT —FFr DNA BE&K (polymerase) UM, IXFPEgZEREAI K DNA
RRIRV/NERTT, JERR DNA & TR EE, RUEUEAS AL DNA BEE L], 2 HARIE
BRE, RBAERELRERIEAEINGE, Mt T 1959 FR1G 118 WUREBIEE 2R
WK, EAMIGRNE, RHEEMEETRIE 1953 FF 22 RIS = XU e & il

TiE & A s

HE 1962 4, wHE, BUREHTIARGEVUREME R, 121 4 Fh, 5=
MEZR BT, 24 37 %5, N E e St SOy R & i AE S JIER
R, EZRME TIRTAR, EEREEIEANEE, Z/EiE RS, £
FEAMBACKIREH] (Odile) AN RI7 77

TEUURZE B2 ARA G R B — RIUREA I =D, i I & rapRin e At (]
PRGN ZEREIX AN MR ML BB R TR AL, F B R RE ST 13 DUR (L3
DARPRIZIHMERR, e, L 2en T IM&E A 1S, M1 n &0 T ML R 5 AL
R =4EE5H,

NURHEHT A PR 7 AENLERIRe s, INERTRIYE R, EERRBGEMIRERTER
B, ERAEMAEREN TR, AHRESTEHIEREE, EafdaEmES kY —R
ERMOVREE MBS, TR TAEREI, At EiEHEETE DNA
FHR B REIAIAS,  ARME 53 FHLES QAT 52E DNA 73 FHERVIVE? F—2/ N, RE
S ORBYBEBALH AN 5 [ FBATRA T IR e B .
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<<7chr'&é SUARrY;

L)

BB, HIHERE

TRz (Tolstol) TEFALULHH, “AWRIFAMRIYE" FEMBE RN 2R THBLMCHIRR

B HTHILAEEKIR LRIMRE, BATEE T A HI, IERR0EN, T2,
BATR] PAEIXAERE R T HA W ar ORISR IEFATH CIAITES, RIsZEk
MSEPRHHRE, THREENTRERNIES EAEL; SHBAMTE ERSIREE AL,
PATHEIE A LI FE R

RIEHE, MHURETZERU, IF—FAHABEARES NG TENREY, MEMTHRANHER
REBEMEZMAT, XTI, T HEETERNTE, AR, mHEZER
HOIETERP RIRRERT ; (EMBR, TIAIRIEZAEAS(E N 215 B 58 & AR P T o

REZ W, TR — MR — A, SRS SERME, REAHRE M
HRRESESE, WATREAEmMFENRE, XMRERFERICTSCEmE.,
RANFEMR R A EE, REEEZTMa0, B U=, WA r~EET
PIW, TSRET M, B2, XESARNEE, NERmRIiennE,



[FIERIRB A R, B 5 EBARTER, MRBAANER SRR TS E R
A, M2ARE “WREMRE, HEREETRAATE, B2, IZAERNIE? T
AN, ARBEIEERE, NEBMRIBESN LW, SRS EEBATIR, BT RENSfe(E
BT SRR AR, S AL RN B T MU TS
Ko MELHRBEAETREZN, NEREEERBRARTZH.

B, BEFME, FREFNAS, Fellzhalffhiiepitss, miraxm, K
NEAREAZERT, MBI ES, MITRZERIRES, TR EANIFZE
Prafeitt, (HREE ARSI, miKA NE—EATERTE IR, B2
TAVRR ST IXEEATINEE], MAREETIH], mEEA SEMEIRA AR
RS PUN

Wik (Mach) Frid, IXEETTRREEAAT IR R 4R B 80 T -SRI NOCEIRTH
RNV HRAREN, MIASGE S MEMTARYSE, SRR ZER, —UIA s
THG. TE, REBAEAZESE, YA MM BIFRAEEN, &iEHHE
&, HMTERBNG, AZHEFEEIR, AREHE S LB S AR 1y
19H, H2, AeRpl, WREEMEZFE, \NEErSHENAEEZHHE, T
2, NTREAZEEFIKY, GRERES, FHRNZXENNERZ, B
RN BB REEE G, KRNt EfitE, vBhkd@gs,

XIAFRATTRE, AN S aiese: BA BRI Bz RS, 1XE2A
A—HEINRPLSIESL, BARr BRI HES R, BREA 2 60 #
JLR, Mg 600 12k, efliAZ bRz, H—E2maR, E5HmhE,.
2, FHBAHGE —BGFINART, EER T alRE ARV ARG, BATATAERY
HAINARE N EZ2ICHA; EF— MR, FOSGHEIL—F; TRt

B, AT BEARMERA TR EPE SRR, R MEAmTCAER, RS &R
TING AT IAREL,  ARAAEYFRFRERIERTCH,



T2, MREHECRRATREEHRYSELIE? efTE oM MR EL, RIEE, EERIHE
K, —TAAFFEENBLE AT, BEREE P rTRERHLSREE el Eis &
R, (Hi2, ARBATHESEIE? RA, WmARere? BaratoRumE, a0l
IR IR A R AR 2 e BATIPTRE LAY —UIsE, FRATIN % w2 P
RERYFES, MAEEARERITARPIAL ORI EL, T2, Rt &
— ECERXAE AR EKRH), SEEREUMIRAER, DETIEX Y. w8
THOUR, FERMEBRXAFE—EHFELITNE, Tt eERR LR, 2
EARBENEREAR RN E ST, E58 _AET, ZAEVIRR S R
LEEIINIEE 2, YUBNIEMATRS, TARIENF R, AAENA 2 2R
EIERRFHARRIRE, EXNRER, LRI PX sy, HasRRER. Fit, &
Kb R FSL— R e DRt —— R E A S B LB E.

ERIX— ] DONRI A A REHICR IR T TR, #E—2 e P i thirzg, W
RIS BAT PRI R R, RtaRIABAIEE el

B2, fRARSEmMENE? REEZEMMionEY FSRke, E—2LHKR, H2
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