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DNA 7 H#RE S3u7z mRNA O HEEVINIEET 27 X BES % & o T2 R e BT il
BEFRE VS, FEROWEE T, mRNA OEfiT 5 3EDHEEZ a R nwHn, Znboa K
2, 20 FXEOT X ERO ERUTHIET A0, T8 1 kB EE SRl L rpidng-.

1960 4E1RIZ, mMRNA OIS & % L R0 B DT X/ BEECS| & OxIsER N el figat Sz, &
WZIETH D “C BIEO—FRER"T 7 LLTELEDHNTHD (< bTHronnss).
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DNA O HESN 4 FEO L FTEDPNTZLETHH L A0E 5. & RO DNA 13559 30 (B HEE T
NH7e%. ZOEMOBRHRTHLIEBEEHRET /L0, D95, DNA ELOKX L\ 7'E
WX T D HE 2 — RIS BT & RS DNA O EEECFIS & DB AR, ¥ o /X7 BNy
PRIGETC, MBS, MEeEAE AT D L O ICHETT A 7D ORI, (RNA (RT A7 7
—RNA) OIS EOFERLEEN TN D.
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RIRENE, [ 2 oBiatEmfgaciiEl, £720%, [+ —nT 1 U ZRIE] LT T 52, 2k
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B URTEDT —IVT 4 TBEOMEE TH D L — b0, ZBHEIREE - FREDREE - ERBIRAE
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S, BEEREAYE S LToO DNA &, ZORROEZENLLRBBSFTHH X R I'E
DA S LTS EISH SN2 R TH D EVnWz 5.

ZOEMBROTEREE LW D H URTES I, BEOWAME(LOBEER T, “20 fEOT I R
( Appendix C: 20 D7 X /R R ) % L IRGTWIZR T X JRES &35 2 & 12 k- TREAHE
EEARRL, EaxofiEr b omn & L TAEAINTEE. X U XV EOIEFOHIL, Amiis
DOWNW=DHEZAIZEATNS,  DNA OEFEESE WD 72577 4 SCFETHERR S LT SCFEFOFER TH
A7 2 R E VD 1 IRTTIEIRDY . AT U OIS & W ) 3 IRTEIR A & B A S U TRE & 7%
BBEHLHBELIOTHAIN?

B URTBEDT 3 —IVT 4 THIROEEMN &2 kT O OH| 2 R~E .
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HUINTIED T F—)VT 4 T EEIR ORI E R TH - 77
JRYYE TH DFEESCHRFI CITHENFRRTH Y, F72, oA ARBA VANV HFR IV A LA
WRETHD.  HESCTA LA TNT L EAOBRKREHREZ D, i (DNA, RNA 7o&) %H
LTWDR, ZIHOMIFER T A VA TIERL, BEICRoT8 T ENEIYEDIRRWE Th 5
VD ELH LUWEEDIFK DI BASKE D 7L 2 - —1flid: (1997 45, /) —~VVEZRAZE 2% H)
WXk oThENE., ML OF-2FEREE 74> Lk Lz,

TV F L ORERRVEIIERE TV A2 R TH Y, DNA O X ) 2RI E T Tunen., R
WSV A L Z NI, Tk, HEROPIAEET DEE T U A& "7 EONREE (TR,
EFRe hOT VA H R T EONAREED VAR K THD. PDB ID : “1QLZ”) MELLTZH D
Thb. DF0, FVAIREE, WMNICHET HIEFR T o2 R85, MLrORKT, o
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STHRFL, #ITME - BEEETH IR TH D Z ENDON> TND., TORFDOA DT =AY, F77,
RARHPEERIE B RTIZICHESL L TR, Bl—07 2 JERESITH Y 2035, EOXIRAN=ALT
EFTVF BRI ERRGE T VA2 N TBIZEAT DDA I 0?2 TS, 74—V T o
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2020 L VA, “Pflaood oA L AKYYE” (Corona Virus Disease 2019, COVID 2019 ) T, &
BEDNRT I PRI -TWD, BEIONRCT I v 7%, “Glant A LR ([ZHPiT 572
DDGIE S AT AHPIEFIEH LZ2WTeDIZBAEL TV 5.

ZOREDID, BIEDOEZ A, “A v V¥ —RNA U7 F " (MRNA U7 F ) BNEHTH
HERBRINTWSD., Z0O “mMRNA U7 F 27 (1%, “Gilant oAV R” OREIHD “ANXA 7
B URIE” BIERT DEEIERE b AL XU ERRK” THY, ZhEHERET D L,
U7 FroROMial b MNla & e L2k, Moo U R Y — AT, mRNA Oiffs=— R3EER
ENT, “ARA T 2RI PAERSH, MlROIMIRNHTZ &b, Fox OFIKORE R
X, 20O AL 7 ZNRTE HRYE UTRML, ZOHUREERT 5.

L AT, HaITFIINAZTVTOME, VTANAREOKEIZS LI TV, 95 LIHE)
HBEDI L TEESFSTNDDIEA I N ?

Fex DIRIE, AN DEDONNT T ) TOME, VA NVAICKPLT D720 DGE S AT LEH o> TnD.
HOLIACZRMRL, FFECE “BY” & UCTHERRT RS BEBEZHNT 2 008 0EEHTH D, “R
WX, T U TOME, VANATT TR, BB EDT VARG ESIEZRITHO
2, AT A VA LTS laZze b EEnS. AR, i LTHE EIEAC & 2785k
LTCWBDIEA D M2

HE LA CE 27T 2@ &1L, “MHC™ LIEEN 2O 7= AMELS BOBEAERBPHE-> TN D
ZERbroTWh. RERIBEOBIZIT )56, =it d 20 LRt s Mo MCH 23— L
TWenE, BRSNS B~ LAk, RERICESNEIY, B S iz fikiiaio
HCHEEINTLE Y.

** MCH : TE/ kA PR (Major Histocompatibility Complex)

bt hOFEMEBEAPURIL, & <12 HLA (Human Leukocyte Antigen, t  FLERFUR )& FRIEHN,
ARMERZ BR AZIFENOT X CTOMPBOREAFAET DRI REH DO 2 LRI BETHD. NENLEN
GO 758N RH Y, E AT AN TAL) & [3EAC) Z2XKBIT 5700 AIE LTEWWT
W5,

IR, R E AT Z © > T D Bl D2 Tk 72 DNA IS, #1705 SARS,
MERS, M2, B7-5< AR, =1 X, A 7AW, Flaa 7 EO-DITEE S -HiEn
HHDOTIF L, L THHHIO T, MinDMAEOE TR HENTBR2EHOF D, i
TNDTANVAIZHK LT HEEHEI OFRTHRE TE PR DEN TR LS.

ZOHURE “GEsa T " LW AKRDRYRTF RENS X I ETHD. T DR
REILY 84 LTWT, JURZ BT 5 DD M/ O FIZEREIZ BT, S O % 7
VH DA E DR T, WRARFEEOGE /a7 ) U EAD HT#iEE L > T D, oI, F
RINME (1987 47, / —~VEFAFHTE) IZX o TR Sz,

ZD XD, RERIT RS Z AR M THEEL L > TWD, 29 Lo, #3778
INFFTEDOSTIAEIE 2 & D72 i 7 ST U 6700 T 2 BRECHIDOSMENH DT, EinD T v
F LI AEOE TOVMEEAHEE CEL L2 E®T L. ZHUX 74— AT 4T - A =X
LD THY, X XTEDT 5 —T 4 THREOEEMZ R LTV 5.
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1953 4F, WE7 TV v UV KFOEE AW FE D 2 — LK T N U EPEEET TV ATy
712X ->T, DNA ( 74 % URERE, Deoxyribose NucleicAcid) @ “"H b AME” 1ZBIT 5
D000 FORILA, BEFMEERA Fr—iZBflicniz. “Bobo THoBIEHERD, EDX
D) IR CZIERBITIB A HILD DD E NI RV T HEZN G2 oNT-DTh5D. o 4EWF
DFAETHDH. T bV 3, H0FEE  [The Double Helix] (19684) OHI T, D XL HITiBRTW5 ;

[« « < When Iasked what the pattern was like, Maurice went into the adjacent room to pick up a print of the
new form they called “B”structure.
The instant | saw the picture my mouth fell open and my pulse began race. + - - the black cross of reflections
which dominated the picture could arise only from a helical structure. =+ -« | P .

(2D X MEERBILE AR RONLERT 5L, T— U AXBEOH
Bhb, o 1B &) fiEs LATWDLIHEEZRTTED Y v M
boTE. ZOFEE R LT, FATMIR (E!?ﬂi/u) & LT BggED
EVCEEDDERZ . « -« BEOBRNMTOHBIZARMGHR BN +T0
FEHE R AMEEDD LVEL 2N D7 o7z« o) (Vz—LA-D-
U vy [ZELEA) ITE, FRER) i

HEIX, Franklin ®B-L DNA gt O X#EIHT5E (19524F) T, MER TR b EERFHTE] &
EnTnas.

Be & DFRICT, FHEROD X5 IZH~TND

'We wish to suggest a structure for the salt of deoxyribose nucleic acid (D.N.A.). This structure has novel
features which are of considerable biological interest. |

(TA XU AR (DNA) OHOREEZIRR L2\, Z OREE XA TR e 0 BLIERZEROHT LW
Rz £, )

KD XD 72, BEHIRREELRELTWD ¢

[If it is assumed that the bases only occur in the structure in the most plausible tautomeric forms (that is, with
the keto rather than the enol configurations) it is found that only specific pairs of bases can bond together. These
pairs are: adenine (purine) with thymine (pyrimidine), and guanine (purine) with cytosine (pyrimidine). |

GEENE b2 72 EERMA ($hbbx ) — A AT < &7 M) O CTORFIET D LAUE
TAUL, FEEOEIE R LOANFERT HZ LN TED. ZNLOMAEDLEIE, 7T7=v (FVY)
EFIV (BUID), 77 =y (FUY) &by (BUIPY) THD.)
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[t has not escaped our notice that the specific pairing we have postulated immediately suggests a possible
copying mechanism for the genetic material. |

(ONONDFRT DRFED T U 7 (HHsxt) BSBIWE OB L EH I ORRT 5 2 L1
HETHLRRMNLTES D)

PeHid, TOmLITIHNT, 2 KO DNA BN EWICHGAITETLTWDH Z AR LTS, 2
D LN, UBOHEELREM, DED “DNABERD A =X L7 X W7 Z 7 A 1 ORERE S
75T LD, DNA O ZEL AL, EWIZEE Lizai#Ez LT, ZEOL AN
HEHEOE RUERTOKRERD., DFED, RTOEH EITH LRI RO BN, b EDXRT)
HHLWART RO bivd &, 221212 OF L DNA ZHOLEANFEET L &), BIEEH
IZEDAMO “AEE VAT LAORRTh-o7-. ZOBRE, #Hr LW AEMENTEAE LTV i
LTHHD.
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MOLECULAR STRUCTURE OF NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

We wish to suggest a structure for the salt of deoxyribose nucleic acid (D.N.A.).
features which are of considerable biological interest.

A structure for nucleic acid has already been proposed by Pauling and Corey’. They kindly made their
manuscript available to us in advance of publication. Their model consists of three intertwined chains, with the
phosphates near the fibre axis, and the bases on the outside. In our opinion, this structure is unsatisfactory for
two reasons: (1) We believe that the material which gives the Xray diagrams is the salt, not the free acid.
Without the acidic hydrogen atoms it is not clear what forces would hold the structure together, especially as the
negatively charged phosphates near the axis will repel each other. (2) Some of the van Der Waals distances
appear to be too small.

Another three-chain structure has also been suggested by Fraser (in the press). In his model the phosphates
are on the outside and the bases on the inside, linked together by hydrogen bonds. This structure as described is
rather 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 the same axis (see diagram).  We have made the usual chemical
assumptions, namely, that each chain consists of phosphate dieter groups joining f-Ddeoxyribofuranose residues
with 3, 57 linkages. The two chains (but not their bases) are related by a dyad
perpendicular to the fibre axis. Both chains follow right handed helices, but
owing to the dyad the sequences of the atoms in the two chains run in opposite
directions. Each chain loosely resembles Furberg’s 2 model No. 1; that is, the
bases are on the inside of the helix and the phosphates on the outside. The
configuration of the sugar and the atoms near it is close to Furberg’s  ‘standard
configuration’, the sugar being roughly perpendicular to the attached base. There
is a residue on each chain every 3.4 A in the z-direction. We have assumed an
angle of 36° between adjacent residues in the same chain, so that the structure
repeats after 10 residues on each chain, that is, after 34 A. The distance of a
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 we would expect the bases to tilt so that the structure could become
more compact.

The novel feature of the structure is the manner in which the two chains are held
together by the purine and pyrimidine bases. The planes of the bases are
perpendicular to the fibre axis. They are joined together in pairs, a single base
from one chain being

737-738 )

This structure has novel

e

=
e\

This figure is purely
diagrammatic. The two

ribbons symbolize the
two phosphate—sugar
chains, and the hori-
zontal rods the pairs of
bases holding the chains
together. The vertical
line marks the fibre axis

hydrogen-bonded to a 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 a purine and the other
a pyrimidine for bonding to occur. The hydrogen bonds are made as follows:
purine position 1 to pyrimidine position 1; purine position 6 to pyrimidine position
6.
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If it is assumed that the bases only occur in the structure in the most plausible tautomeric forms (that is, with
the keto rather than the enol configurations) it is found that only specific pairs of bases can bond together.
These pairs are: adenine (purine) with thymine (pyrimidine), and guanine (purine) with cytosine (pyrimidine).

In other words, if an adenine forms one member of a pair, on either chain, then on these assumptions the other
member must be thymine; similarly for guanine and cytosine. The sequence of bases on a single chain does not
appear to be restricted 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 other chain is automatically determined.

It has been found experimentally®* that the ratio of the amounts of adenine to thymine, and the ratio of
guanine to cytosine, 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 close a van der Waals contact.

The previously published X-ray data>® on deoxyribose nucleic acid are insufficient for a rigorous test of our
structure.  So far as we can tell, it is roughly compatible with the experimental data, but it must be regarded as
unproved until it has been checked against more exact results. Some of these are given in the following
communications. We were not aware of the details of the results presented there when we devised our structure,
which rests mainly though not entirely on published experimental data and stereochemical arguments

It has not escaped our notice that the specific pairing we have postulated immediately suggests a possible
copying mechanism for the genetic material. Full details of the structure, including the conditions assumed in
building it, together with a set of co-ordinates for the atoms, will be published elsewhere.

We are much indebted to Dr. Jerry Donahue for constant advice and criticism, especially on interatomic
distances. We have also been stimulated by a knowledge of the general nature of the unpublished experimental
results and ideas of Dr. M. H. F. Wilkins, Dr. R. E. Franklin and their co-workers at King’s College, London.
One of us (J. D. W.) has been aided by a fellowship from the National Foundation for Infantile Paralysis.

J. D. Watson
F. H. C. Crick
Medical Research Council Unit for the Study of the Molecular Structure of Biological Systems, Cavendish
Laboratory, Cambridge.
April 2.

1) Pauling, 1., and Corey, R. B., Nature, 171, 346 (1953); Proc. U.S. Nat. Acad. Sci., 39, 84 (1953).

2) Furberg, S., Acta Chem. Scand., 6, 634 (1952).

3) Chrgaff, E., for references see Zamenhof, S., Brawerman, G.., and Chargaff, E., Riochim. Et Biophys. Acta,
9, 402 (1952).

4) Wyatt, G., R., J. Gen. Physiol., 36, 201 (1952).

5) Astbury, W., T., Symp. Soc. Exp. Bio. 1, Nucleic Acid, 66 (Camb. Univ. Press, 1947).

6) Wilkins, M. H. F.,, and Randall, J., T., Biochim. et Biophys. Acta, 10, 192 (1953).
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DNA 7 G#RE S 372 mRNA OSEIEFRSINTEEST 27 XV BES A b o T2 ¥ VB AT Dl
BREFRRE VD . HEROIEFE T, mRNA OEifid 25 3EOEK L 2 Ko b ). 4 FEOHE A 3 E
W RDIGEOENT, 4X4X4=64 580 HDH. ZNHDa R, 20 FEOT 2 /RO EUCxind b
735, OFV, MRNA OIERSI D= KoL, ZonN7BOT I ) BEES & ORISR 2R LTZ D0,

“Bina— RER Thb. ZoOXRIE, Z<bTHrofls (2 b= KU 7O DNA) ZRWT, £
HETHHELTEEDLNTVS.

o
U C G
ary | 7B B AES 73/ ary 73/
UWU | Phe(F) ucu | Ser(S) UAU Tyr (Y) UGU Cys(C) | U
ZlU| uuc ucc UAC UGC cC| &
1 UUA Leu (L) UCA UAAX* #®it UGA** &1k Al 3
X UUG ucG UAG** UGG Tp(W) | G| X
F CUU | Leu(L) ccu Pro(P) CAU His (H) CGU Ag(R) | U | &F
B|lC| cuc cce CAC CGC c| B
D CUA CCA CAA Glu(Q) CGA Al D
i} UG cCG CAG CGG G| &
H AUU Tle (1) ACU Thr (T) AAU Asn(N) AGU Ser(s) | U | £
Al auc ACC AAC AGC C
AUA ACA AAA Lys (K) AGA Arg(R) | A
AUG* | Met(M) | AcG AAG AGG G
GUU | Val(V) Geu | Aa(A) | Gau | Asp(D) | GGu Gy(G) | U
G| acuc GCC GAC GGC C
GUA GCA GAA Glu (E) GGA A
GUG GCG GAG GGG G

*; AUGIETRASE 13k THH 5.
*x o THIE ARy (B LEaRV) I, 3AFBY UAA(F—H—), UAG(7>/3—), UGA(F/3—)L)

Fo#EEa RUROFIZIE, T BUNOLDOERRETHHDOLHD -
O TAUG] ; metionine (A4 =2, Met M) \W\WH 7 I JRAIEETHa R THHA, [FIFRC,
Btz Ry (Z RO B~OFREZRET 52 Fy) THdh 5.
O TUAA, UAG, UGA] ; 7 /& faEdd, B T2EET 5 Kik=a M)
(F721%, Bk Ry b)) THD.
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I APPENEIXC

20f8fAED 7= /B

8 sovmizn+s 088507/ BOS5E?
B R7EE, 0MEHOT 2 VR NEA LT IRITICORN TR Y XTF R THDH. ¥
VORI BORIMEEZBNT, WOXHI T I /BROMEENRED L HIZHLG L TNDLDIEALH )2

C BOKMET R BRFREL DS, BUKMET R ERFE )

S WRVET R ERFR AL, FEMRMET X BRFR AL

S ERMET X ERER AL, HEEMET X EEERAEDS, B AVITTMET X D
- ASH D IKEAE S TERRE T 2

- DRSS RGREI ?

IO R Z XX 2

c ZDT 2 BERISIAREEONENCH D7y, FEITH DD,

- 2R 7R RRYE D T X BB B,

- KFREEREOD DM E L OT I VBN D D,

- BEREEROL/N & D Do,

a7 AEER LT WT X BB ORTZIZE D).

FRio, lxo7 I BobO8KE, 773 7 BEST &) SUIRICIKIET 21 &0 9 RO F17)S BLBRTR
VN BRSNS E - T <R U S D7 X BEFRIEN G IR D50, 542 R ETlEa~U v 7 A
UL, B2DF 7 BTl B A TERR T D F )

ROR—=TDFRIT, 7/ BOWBEULERHEIETH D “BUKPEE” ORZVIEIZ, “20 FEHOT I
B 2RI DTHD.

“Trees in Autumn”
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o] 7 2/ B4 BOKMEE | ZR#EEMBEE | AE | A
& W 3x=F | 1x=x o B a—y (A3 pK{E
=R | XK ~YyHoz| HEE
phenylalanine Phe F -2.27 1.16 1.33 0.59 135
Fas==T7F=Y)
tryptophan Trp w -2.13 1.02 1.35 0.65 163
R (RYFR770)
leucine Leu L -1.82 1.34 1.22 0.57 124
7K (rA )
isoleucine lle | -1.82 1.09 1.67 0.47 124
i (fvafvy)
tyrosine Tyr Y -1.47 0.74 1.45 0.76 141 10.1
(Fri )
valine Val \Y% -1.30 0.90 1.87 0.41 105
1 (Y )
proline Pro B -0.99 0.34 0.31 1.32 90
(Fa )
methionine Met M -0.96 1.30 1.14 0.52 124
(AF A=)
alanine Ala A -0.39 1.41 0.72 0.82 67
(TZ7=)
cysteine Cys C -0.25 0.66 1.40 0.54 86 8.2
(VAT A )
glysine Gly G 0.00 0.43 0.58 1.77 48
(7))
histidine His H 0.64 1.05 0.80 0.81 118 6.0
(B 2FTV)
threonine Thr T 1.00 0.76 1.17 0.90 93 13.6
(hLA=2)
serine Ser S 1.24 0.57 0.96 1.22 73 13.6
(V)
glutamine GIn Q 1.30 1.27 0.98 0.84 114
(Fnz3v)
asparagine Asn N 191 0.76 0.48 1.34 96
v (T ARTHL)
lysine Lys K 2.77 1.23 0.69 1.07 135 10.5
H (V)
glutamic acid Glu E 291 1.59 0.52 1.01 109 4.3
7K (T2 I UER)
aspartic acid Asp D 3.81 0.99 0.39 1.24 91 3.7
i (7 AT )
arginine Arg R 3.95 121 0.84 0.9 148 125
(TX=)

<SCHR> i 1, ZEE8 S, XL XU B OSSR, EHEREE 1, BEHROMEE L T,
FURG A RKFEHER R R 28T, JES2HIRR,  pp. 59-97, 2006.
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> “ Coffee Break <

[CRISPR-Cas9] RTiBDELEFRERM - - - “BEOR”

1004E I —E D & b TV D EaEHRE HHICRETE S
[CRISPR-Cas9*] (7 U A/N—Fx 2 F 4 ) ORFEED—ANTH
HY =Ty — XU R} (20204, vy T itk ) —x
MEFEZE) 1%, TOFEZETKROLIITHETNSD :

[ - UFERNCREL B T D, ANMIFEEYORIREREZE L T
HILELEE LWHRIZBEE LD . X8I =—a 524
107 U F LIRDNAZE L5 TIRUEH 13, £72BRBAEMNDDEFERY
IZELTTWEe, BRZOKDVEZ LD L35 ABOEY HAIZIX
RANDH Y, FIUTEDORFIIE SN2 T-.

AH, FHITREDY LTW5a. BHEE X oFELKRO 7 a & 2
Z, NHOFERLa b —/L FICELS Z LI LTEDE. WER
AR ODNAZ BAIET DA AT 7 7 a o —05 1727 — V& v
T, NHZEOHERK LORTOEYEZEMT-O LD TV HERTFI—
NEZEEL, BEMICER T ENTES. 2L THRTD, F28
Z5H< bo b EMBE wmEY — /L ThD [CRISPR-Cas9) % ff
20X, 7%k, $H5TUY—TuTEERET DL OIC, HEICE
M ONDHDE.

FEDEE Z RO HBIE T2 — RS 2 DD> TWOHIUICRISPRZf# -
TENREWEY DT ) A CThi, EOREERTZ/EA, Wi, HIER
THZENTESD., 27X FERD EDOBEETHRIERMNED &
IZAMMICEE TR TS, FAEBITESI—®KIZLT, BT L
FEAEYTFRIXBICBIT AHFREHZ S L LTna. Riebofik
TIDFEFT IR BEFR D FTREMEN LD 2 EFHIR R CTH D, « « - ]
(V=77 — - XU R+ [CRISPR— ZEHE D& m - 8 B i o> %
R—1, BIETR, SCGESUE, 20214)

* CRISPR-Cas9 : Clustered Regularly Interspaced Short Palindromic Repeats CRISPR-
associated Proteins 9

T W) FHINHEFORMRIZZZE, NOLHPKREFIZEZSD. [Z0H
WIANFEOERIZORNHD? ] ZFICARIBEL, Ea%2F-o T
AL, REOSBHZIRN T RIER B2WEES .
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