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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.). This
etructure has novel features which are of considorable
binlogical interest
2 A structure for nucleic acid has slready boen
proposed by Puuling and Corey*, They kindly made
their manuseript available to us in advance of
publication. Their model consists of three inter-
twined chains, with the phosphstes near the fibre
axis, and the bme on ﬂm outside. Tn our oplmon.
this

Ago - part 1 -
YT kI

(@ The novel feature of the structure is the manner
in which the two chains are held togethee by the
purine and pyrimidme bases. The planes of the bases
are MW to the ﬁ::::xh They are joined

togother in pairs, & single ono chain being

hydrogon-bonded to n single base from the other
chain, 2o that the two lie side by side with identical
2-co-ordinates. One of the pair must be a purine and
the other & pyrimidine for bonding to ocour. The
hydrogen bonds are made as follows : purine pasition
to pyrimidine position 1; purine poeition 6 to

m’rumdlm position 6.

If it is assumed that the bases only oocour in the
strueturo in the most plausible tautomerie formsa
(that iz, with the keto rather than the enol con-
figarations) it is found that only specifio pairs of
beses oan bond together, Thess pain aro : adenine
(purine) with th (pyr and

(pumw) with o osum (pyrimidine).

(&  In other wonls, if an adenine forms one member of

o pair, on either chain, then on thess assumptions

the other member must be thymine ; similarly for

ine and cytosine, Thcar.-q-mmeurbuuuns

[

4

¥ for two
ll) Wo believe ﬂm' the material which gives the

X-ray disgrams is the salt, not the free acid. Without
t-he acidic hydrogen atoms it is not olear what foroes
would hold ﬂw pecially ns the

god near the axis will
wpel ench other. 12) Some of the van der Waals
distances appear to be too small.

Another three-chain structure has also been sug-
gosted by Fraser (in the press). In his model the
phosphates are on the outside and the bases on the
inside, finkod togethor by hydrogen bonds. This
atructure a8 deseribed is rather ill-defined, and for
this reason we sha!l not comment
on it.

. @ We wish 1o put forward a
radically different strueture for
the salt of deoxyribose nucloio
acid. This structure has two
helieal chains each coiled round
the same axis (soe disgram). We
have made the usual chemical
mssumptions, namely, that cach
chain consiste of phosphate di-
ester groupe joining &-p-dooxy-
nbofurnnme rosidues with 37,5’
The two chains (but
m\t their bases) aro related b
dymd perpendicular to the fibre
axig, Both chainz follow right-
handed holices, but owi to
the dyad the sequences of the
ataoms in the two chains run
in opposite directions. Each
chain  loocsely resembles Fur-
berg's* model No. 1; 1hat is,
the bases are on the inside of
the helix and the phmp}nl« on
the The
of the sugar and the num-
near it is close to Furbe
‘standard configuration’, t
Ay bei hly perpendi-
gto!h’;sauwuhmlhm There

e
1

togetdar. The vesticol

1w mmaria mclﬁnuh

is o residue on each chain every 3-4 A. in the 2-direc-
assumed

tion. We have an angle of 38° between
adjacent residuce in the same chain, so that the
steuoture repeats aftor 10 residues on each chain, that
is, after 34 A, The distance of a phosphors atom
from the fibre axis is 10 A, As the phosphates are on
the outside, cations have easy access to them.
struoturo is sn open one, and its water content
is rather high. At lower water contents we would
oxpoct the basea to tilt &0 that the structure could
become more compact.
inted by p from S

®

R,

Nature

single chain doss not appear to bo restricted in any
way. However, if only specific pairs of basos can be
formed, it follows that if the sequence of bases on
one chain s given, then the sequence on the other
chain is sutomatically determined.
It has been found ux,wnmonmlly‘-‘ that the ratio
of the of o , sad the ratio
of guanine to eytosine, are -huyn wry cloga to unity
for deoxyribose nucleic acid.
1t is probably impossiblo to build this structure
with o riboso sugar in place of the deoxyribose, 88
the extra oxygen atom would make too close s van
der Waals contaot,

@0 The previously published X-ray data** on deoxy-
ribose nucleic acid aro insufficient for & rigorous test
o(ourmnletum So far a3 we can tell, it is roughly

patible with the i tal data, but it must
ho regarded as nnpm\ed until it has been checked
ugainst more exact results. Some of theso are given
in the following communications. We were not awarns
of the detatls of the rsults presonted there when we
dmuod our stracture, which rests munly though not
ly on § ! dnta and steroc-
ohem»e.l urgumenu

12 It has not escaped our notice that the specific
pamng wo have postulawd immodiately

ism for the genstic material,

@ Full details ol‘ lhe ammu.m. including the oon-
ditions her with o eet
of co-ondinates for the u.om: will be published
elsewhere,

)  Wo am much indebted to Dr. Jorry Donohue for
constant advics and criticiam, especially on inter-
stomie distances. We have also been stimulated by
# knowledge of the general nature of the unpublished
experimental rosults and idens of Dr. M. H. F.
Wilkins, Dr. R. E. Franklin and their co-workers at

King s Col , London. One of us (J. 1. W.) has been
aided by & elluwlhip from the National Foundation
for Infantile Paralysis.

®
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J. D. Warsox
F. H. C. Crick
Medical Research Conneil Unit for the
Study of the Molecular Structure of
Bmlngu,nl s)w.t'mn.

Ige.

C

April 2

® 'l'hnllu l nml e B.. Nature, 171, 518 (1868); Proe. U.5.
oad. Sef., 39, ﬂl( 053).
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CWyatt, O, R., J. Gen. Phyisl., 38, 201 (1952)

* Amtbury, W. T., Symp. Sce. Exp. Blol. 1, Neclede Acdd, 06 (Camb-
Univ, P'resa, 1947)

-wn:.ln- M. Ia“y and Randall, J. T., Bioskim. of Blophyr. Acta,

. and




Chapter 1 The Structure of a Scientific Research Article
M Read an Original Paper Half a Centurqy Ago)I part1 -

Text A |1, Nature

¥ i

Text A

{8# (1953 ¢
‘.',,f;ﬁtm (DNA O##1%) | D3

No. 4356 April 25, 1953

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest a structure for the salt

of deoxyribose nucleic aecid (D.N.A This
structure has novel features which are of considorable
biological interest,

A structure for nucleic soid has already boen
proposed by Puuling and Corey*, They kindly made
their manuseript available to us in advance of
publication. Their model consists of three inter-
twined chains, with the phosphates near the fibre
axiz, and the bases on the outside. Tn our opinion,
this structure is unsatisfactory for two reasons :
(1) Wo believe that the material which gives the
X-ray dingrams is the salt, not the free acid. Without
the acidio hydrogen atoms it is not olear mhnt foroes
would hold the structure together, especinlly s the
negatively charged phosphates near the axis will

ropel each other. (2) Some of the van der Waals {

distances appear to be too small.
Another three-chasin structure has also been sug-

gested by Fraser (in the press). In his model the _

phosphates are on the outside and the bases on the
inside, finkod togethor by hydrogen bonds. This
structure a8 deecribed is rather ill-defined, and for
this resson we sha!l not comment
on it.

We wish to put forward a
radlieally different structure for
the salt of deoxyribose nucleio
acid. This structure has two
helieal chains each coiled round
the same axix (sce dingram). We
have made the wsual chemical
asumptions, namely, that each
chain consists of phosphate di-
ester groups joining 2-p-do
ribofurnanose residues with 3
linkages. two chains (but
not their bas aro related by a

axis, th chains follow right-
handed holices, but owing to
the dyad the. sequences of the

in opposite  diree
chain  loosely
berg's* model
St et the bases are on the inside of
the helix and the phosphates on
;'i";m‘lra:\l‘-;’ =*”|r."::‘.‘1 the outside, The configuration
rtoas -,n..uxm the of the sugar and the atoms
near it is close to Furberg's
‘standard configuration’, the
1 nehalnt  sugar baing roughly perpendi-
lime mmarka the dbev axis  culsr to the attached baso. There
s o residue on vach chain every 3-4 A. in the 2-divec-
tion. We have sssumed an angle of 38° between
adjacent residuee in the same chain, so that the
struoture repeats after 10 residues on each ohain, that
is, ofter 34 A, The distance of a phosphoris atom
from the fibre axis is 10 A, As the phosphates are on
the outside, cations have easy access to them.

The structure is sn open one, and its water content
is rather high. At lower water contente we would
oxpoct the bases to tilt 20 that the structure could
beoome more compaet.

aisn and the horl
nx:'ll rods

Reprinted by permission from Speinger Nature
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The novel feature of the structure is the manner
in which the two chains are held togethee by the
purine and pyrimidime bases. The planes of the bases
are perpendicular to the fibre axis. They are joined
togother in pairs, & single base from one chain being
hydrogon-bonded to n single base from the other
chain, 2o that the two lie xide by side with identical
z-co-ordinates. One of the pair must be & purine and
the other a pyrimidine for bonding to oceur. The
hydrogen bonds are made as follows : purine pasition
1 to pyrimidine position 1; purine poeition 6 to
pyrimidine position 6,

If it is assumed that the bases only occur in the
structuro in the most plausible tautomerie forms
(that iz, with the keto rather than the enol con-
figarations) it is found that only specifio pairs of
beses ean bond together, Thess pairs are : adenine
(purine) with thymine (pyrimidine), and guanine
(purine) with oytosine (pyrimidine).

In other wonds, if an adenine forms one member of
o pair, on either chain, then on thess assumptions
the other member must be thymine ; similarly for
guaning and eytosine, The sequence of bases on a
single chain doss not appear to be restricted in any
way., However, if only specifie pairs of bases can be
formed, it follows that if the sequence of bases on
ons chain s given, then the sequence on the other
chain is sutomatically determined.

It has been found experimentally®* that the ratio
of the mmounts of adenine to thymines, sad the ratio
of guanine to eytosing, are always very cloge to unity
for deoxyribose nucleic acid
It is probably impossiblo to build this structure
with o riboso sugar in place of the deoxyribose, as
the extra oxygen atom would make too close & van
der Waalz contaot

The previously publishod X-ray data*® on deoxy-
ribose nucleic acid are insufficient for & rigorous tost
our structure. So far a8 we can tell, it is roughly
compatible with the experimental data, but it must
ba regarded as unproved until it has been ohecked
ugainst more exact results. Some of theso are given
in the following communications. We were not awars
of the details of the results presonted there when we
davised our stracture, which resta mainly though not
entirely on published experimental data and stereoo-
chemical anguments,

It has not escaped our notice that the specific
pairing wo have pn-ﬂulnu-vl immeodiately suggests a
possible copying mechanism for the genstic material,

Full details of the structuro, m('lndmg the con
ditions assumed in building it, together with a eet
of co-ordinates for the atoms, will be published
elsewhere,

Weo are much indebted to Dr. Jerry Donohue for
constant adviea and criticiam, especially on inter-
atomio distances. We have also been stimulated by
# knowledge of the genesral nature of the unpublishs ed
experimental rosults and idens of Dr. M, H, F.
Wilkins, Dr. R, E. Franklin and their co-workers at
Kng's Collego, London. One of us (J. 1. W.) has beon
aided by & fellowship from the National Foundation
for Infantile Paralysis,

J. D, Warsox
F. H. C. Crick
Medical Resosrch Couneil Unit for the
Study of the Molecular Structure of
Biological Systems,
Cavendizh Lalmramw Cambridge,
April 2

qulu.: Lo, and Corey, R, B., Nature, 171, 518 (1968); Proe. U.5.
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Chapter 1 The Structure of a Scientific Research Article

M Read an OnLgmal Paper Half a Centu
{8# (1953 1) ‘«.iu'};-’ﬁ"’ l“n(‘

Text A [, Nature &5

[EEBE 05183 (DNA O | ORELTt. Yo

NUCLEIC ACILY
A Structure for Deoxyribose Nucleic Acid

E wish to suggest a structure for the salt

of deoxyribose nucleic acid (D.N.A.). This
structure has novel features which are of considorable
biological interest,

A structure for nucleic aoid has already boen
proposed by Puuling and Corey*, They kindly made
their manuseript available to us in advance of
publication. Thair model congists of three inter- \
twined chains, with the phosphates near the fibre
axiz, and the bases on the outside. Tn our opinion,
this structure is unsatisfactory for two reasons :
(1) Wo believe that the material which gives the
X-ray disgrams is the salt, not the free acid. Without
the acidic hydrogen atoms it is not olear what foroes
would hold the structure together, especially as the
negatively charged phosphates near the axis will
ropel each other. (2) Some of the van der Waals
distances appear to be too small,

Another three-chain structure has also been sug-
gosted by Fraser (in the press). In his model the _
phosphates are on the outside and the basee on the 0
inside, finkod togethor by hydrogen bonds. This
structure 88 deecribed i3 rather ill-defined, and for
this resson we sha!l not comment
on it.

) We wish to put forward a
radlically different struoture for
the salt of deoxyribose nucloio
acid. This structure has two
helieal chains each coiled round
the same axis (soe dingraum). We
have made the uwsual chemical
asumptions, namely, that each
chain consists of phosphate di-
ester groups joining 2 DOXY -
ribofurnnose residues with 375" 4
linkages. The two chains (but
not, their bases) are related by o _
dyad perpendicular to the fibre 3
axig, Both chains follow right-
handed holices, but owing to
the dyad the. sequences of the —
atoms in the two chains run ¥
in oppasite directions. Eaoch
chain  loocsely resembles  Fur-
berg's* 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
T IEphve— B near it 8 close to Furberg's
outal rods the '.m‘:g ‘st un-l}z:nl l‘(!nhgl}l:’d' ion Hi\v
Iﬂlllvidmll!ul-\,\ S sugar eng roughly  perpendi-
o anerucal  sulsr to the attached bane, There
s o residue on each chain every 3-4 A. in the 2-direc-
tion. We have assumed an angle of 38° between
adjacent residuce in the same chain, so that the
steuoture repeats aftor 10 residues on ench chain, that
is, ofter 34 A, The distance of a phosphorns atom (1
from the fibre axis is 10 A, As the phosphates are on
the outside, cations have easy access to them.

The structure is sn open one, and its water content
is rather high. At lower water contente we would
oxpect the bases to tilt #0 that the structure could
beoome more compact.

Reprinted by permission from Springer Nature
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t urg is the manner
I togethee by the
planes of the bases
— . They are joined
m one chain being
n e from the other

sido with identical

st be & purine and

- e to ocour. The

hydrogen bonds are made as follows : purine position
I to pynimidine position 1; purine poeition 6 to

_ pyrimiding position 6,

f it is assumed that the bases only cocur in the
structuro in the most plaunsible tautomerie forms
(that iz, with the keto rather than the enol con-
figarations) it is found that only specifio pairs of
beses can bond together, Thess pairs are @ adenine
(purine) with thymine (pyrimidine), and guanine
(purine) with cytosine (pyrimidine).

In other wonls, if an adenine forms one member of
o pair, on either chain, then on thess assumptions
the other member must be thymine ; similarly for
guanine and cytosine, The sequence of bases on a
single chain doss not appear to be mstricted in any
way. However, if only spevific pairs of bases can be
formed, it follows that if the soquence of bases on
ons chain is given, then the sequence on the other
chain is sutomatically determined.

It has been found experimentally®* that the ratio
of the amounts of aderune to thymins, and the ratio
of guanine to eytosine, sre always very close to unity
for deoxyribosa nucleic acid,

It is probably impossiblo to build this structure
with o riboso sugar in place of the deoxyribose, as
the extra oxygen atom would make too close & van
der Waals contact,

The previously published X-ray data** on deoxy-
ribose nucleic acid are insufficient for & 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
sgainst more exact results. Some of theso are given
in the following eommun ions. We were not awans
of the details of the results presonted there when we
davised our stracture, which rests mainly though not
entirely on published experimental data and stereco-
chemical anguments,

It has not escaped our notice that the specific
pairing we have postulated immodiately suggests a
possible copying mechanism for the genstic material,

Full details of the structure, inoluding the con
ditions assumed in building it, together with a eet
of co-ordinates for the atoms, will be published
elsewhere,

Weo are much indebted to Dr. Jerry Donohue for
constant advies and criticiam, especially on inter-
atomio distances. We have also been stimulated by
# knowledge of the general nature of the unpublished
experimentsl rosults and idens of Dr. M. H, F
Wilkins, D, R, E. Franklin and their co-workers at
King s Collego, London. One of us (J. 1. W.) has beon
aided by a followship from the National Foundation
for Infantile Paralysis,

J. D, Warsox
F. H. C. Crick
Medical Resoarch Couneil Unit for the
Study of the Molecular Structure of
Biological Systems,
Cavendish Laboratory, Cambridge,

Nature, 171, 518 (1968); Proc. U.5.

Nat. gead. Sei., ).
, Acfa Chevs. s..mv 8, 34 {14
2., FOr references wee Zameadet,
Chaniad!, 1., Bioohiw. ef Biophps. .
fWeat, O ]l J. Gen. }Aw: 88, 2 H')
. Exp. Blol. 1

Rrawerman, (. and
2 (1952

welede Acdd, 06 (Camb

W ||Idn

M. ¥ « Al Randall, J. T., Biookim. of Blophw. Acfa
10, 102 (1053).




Chapter 1 The Structure of a Scientific Research Article
M Read an Ong'ginal Paper Half a Cent?}ggAg&o -part1-

R -EH<

Text A3, Nature 35(248# (1953 %) SNAPEERLMELGLO—>, T hYS 7Y oo D
lEp 513 (DNA OME) | ORI TT. FOLIRMRICA>TWAMFELAVEL L 3.
: TextA . e April 25, 1953 NATIIRE
2448 (Tide) T RH(TIte) o, - SECHARLERC £ D T s e e i e
itle " oN—N pl purine and ryrimndum bases. The planes of the bases
REMNBBTE, REZE5I< are p;rpem ivular to the ﬁman}(is. They are joined
togother in pairs, & single rom one chain being
3 h gon-bonded to n single base from the other
= . ‘E(Abstract) ch.ny‘li;\u. 20 that the two lie side by side with i:iml:zicnl
5 (Abstract) MOLECULAR STRUCTURE OF z-co-ordinates. One of the pair must be & purine and
100""300*&& the other a pyrimidine for bonding to ocour. The
OB RorE MorS “- NUCLEIC ACIDS hydrogen bonds are made as follows : purine position
or or. ) 1 to py_nmidiqnv position 1; purine poeition 6 to
A t! e ﬁ ! pyrm.ud_mn position 6.
1. F#hi (Introduction) B L RELER " E wish to suggest a structure for the f it is assumed that the bases only oocur in the
@ﬁnorﬂgwﬂ§ W of. deoxyrib Jeic id T structuro in the most plausible tautomerie forms
= yribose nucleic acid (D-NA.). B8 0¢"is " with the keto rather than the enol
X —~— structure has novel features which are of consid o { 3, with tho keto rather than the enol con-
B ~ biclogical interost. figarations) it is found that only specifio pairs of
~ - FFi&(Introduction) S 2) A structure for nucleic acid has already h  Dbados oan 3’"{"1 ;"'P‘"'.h"' Thess pairs aro : adenine
Im. ﬁ?ﬁ (MC‘hOdS) - * FFRATTHE 5 XIERA p 18 proposed by Puuling and Corey*, They kindly @ (purine) with thymine (pyrimidine), and guanine
OHR. XITHR. BHRBA . ERORETE S XWIEE their manuscript available to us in advancdl f . (Purine) with ovtosine (pynmidine).
3 isati : : oM In other wonls, if an adenine forms one member of
®muag ﬂﬁﬂ)ﬂ)!ﬁ - l&ﬁ 5 publication. Thaeir model consists of three i - 3 S 5 -
A, . M pa2 twined chains, with the phosphates near the p A Pt en e“hf; chain, then on thess assumptions
@ﬁuo&ﬁ: axiz, and the bases on the outside. Tn our opivfo 1, the. other ":"" € 1w h‘ Biymaita ;- stralleny-fur
1 \ this structure is unsatisfactory for two reasgh : g.““'l"m:, e dc_\'(mme. The sequence of basea on &
" ~ (1) Wo believe that the material which gives [ o '::g" ;‘::;';m‘:’“ir":;]:';m:ﬁ;"}:‘;l:‘:;’m ::nmb:
o i WA LTA X-ray disgrams is the salt, not tho free ncid. Withlh t s e ¢ ¥ o o
a, v *ﬂ(BOd)!) g’jﬁtj 2 the acidic hydrogen atoms it is not olear what fole & ﬁ";m :;,'“:: :‘lgl?:’n n:::;.:fxl‘:d:}-ql::rmoﬁftllj:*zh?:
could hold the struc her, especi & e s A 9 P 0¥
. (Dﬁt&!i-&ﬂ?‘éﬁ%. HRIT " g ,]_&_':‘& 5 TR p63 :;;“:’“‘”‘]’v‘ c'h':rg\.ff",',;:ﬁ,;:ﬁ‘l; l‘; P :Ik\; i':, I(; __chain is sutomatically determined.
i ROBE, Y R—+T5 F—A R ropel each other. (2) Some of the van der Wk & (@) It has been found experimentally*! that the ratio
@ﬁ 0} N " T (T2 IMLES pe9 distancsa appear to be too amall, . of the smounts of adenine to thymins, sad the ratio
i 3) v s 1 f guanine to eytosine, sre always very close to unity
u. HiEDRE, I8 (3)  Another three-chain structure has also been fn - © A Y ¥ ?
/\ m oAl / gosted by Fraser {in the press). In his model[pl ¢ _ for deoxyribose mucleic acid. : 5
.. phosphates are on the outside and the bases onfpl ¢ 10 1t i8 l‘.’l"‘""“bl" impossiblo to build this "I'“‘“"'""
. _ inside, finkod togethor by hydrogem bonds, L :‘;:;hn:‘; “‘i gm!ga:i;!: E!?::rlurl;ml';'k): ‘sl::gx)]:-:)o s ‘::
H e structure #s deseribed is rather ill-defined, andff r - " ) b
b >- Engl.Sh SC'Q"C s, this resson we sha!l not com ‘IQ_T‘TdTM‘mVI-‘;Tp“?lh-ﬂ :‘“-(h:‘ -d!’:
: 4, p24, ously ishod X-ray on
ERORTE pl4. p24, p73 .- e - . riboss nucleic acid are insufficient for & rigorous t
2. WRIEEHE - HiEZURT D = radically differeris structure ¢l  of our steintane. o fhe M. wa onn del, 15 I Tongh
- fuE - B FHEL T D p37 the salt of deoxyriboss i e ¢ compatible with the experimental data, but it mu
B W - seid. This strusture hing B .I bo regarded as unproved until it has been check
: helioal chaine esch colled roluikly (L 00 SO0 TR, e W vns ok e
. . | B A 3 .
RO ;;l:\-e Wﬁ:’:;r‘::mm;;:," ‘c of the detatls of the results presonted there when w
RARERNDS e o, it ] G or st v s iy g o
% - p chain consiste of phosphate ¢ . . SEpeae
Im. ﬁg& (Resulls) P estor groups joining 8-p-doi I chemical arguments, A 7
ribofurances residues with )" .f,lr 15‘ has not escaped our notiocs !hnl the specifis
. %Eﬂi:#ﬁ"‘6 p37. p30 linkages. The two chains :I pairing we have postulated immodistely suggests
LWRGIARTE  pat p7s b0 o i ) o i 10y Pl i b o s gt mtec
. A Tt I ot iyad perpendicular to the | b i & oo L UR0 STy, - nelung - £he 00K
V. #ﬁ (DISCL\SSIOD) s SMICERTD p58 :\))m«. Both chains follow ri T ditions assumed in building if, together with a e
&AM ERTS p 8o handod holicos, but owing o S I
o - the dyad the sequences of th. . = 7 .
= » BT XIEFNL atams in ll’n t:\l'nl rl:ninx ':m 40 Wo am much lm!"bh‘.",“.) Dr. ""'"'Y Donohiwe for
£ (C lusi ) pé6 in oppasite directions. ¥ wh eomat_mni‘adwoe nn‘a;l' c!nucm:; ':g-comlly uln x:t;r-
- on chain  looceely bles ] ur- atomie distances. e have also been stimulated by
V. %5 (Conclusio ﬁ - §51R(Conclusion) |- « EIOME S RIFRM2 Do o] Nor T s “hat 1. & knowledge of the geners nature of the unpublished
== 4 Sy ¢ i al rosults and idens of Dr. M. H. F,
Bf% EDESIZRFLEN. RE pss the bases are on the insid of experiment ] ;
the helix and the phosphate on Wilkins, Dr. R. E. Franklin and their co-workers at
) ‘:‘I:: nt:::“-»bu'] '!:A:r:; 1he ,I:,"l,.,-d(,_ T'Ml‘("n:t‘a"':‘ ion l\:‘r:zl nbcolu}gv.;i mx:l('lm;. One ;:!‘ “{2 !.[ « l).|\\r'.) hae: beon
A3 R 3 of the and the at B y & fellowship from the National Foundation
HiEE (Acknowledgments; + i (Acknowledgments) 0l KA THFRIE S & Toboes Saites ha of the wger snd e S O e Fae,
5”0![?#6 é’d)lb—ll«p,'] ::m‘?'u;mm.:r ‘standard configuration’, ?\o J. D. WaTsox
bolding the chalss  gygar being toughly perpe di- F. H. C. Cricx
fffﬂn u.:".l.\'.‘.ii’?.' cular to the attached base, I ere h!“dml l?i‘"l:"‘"?h Couneil Unit for the
is & residue on vach chain every 3-4 A. in the 2-di ec- Study of the Molecular
§§Xﬁ(Rcferences) . #%ﬁﬂ(Ref@ml‘lCOS) AT CHFRIERS & tion. We have sssumed an sngle of 38° bnu: :n Biological Sy
. FIALE=-RHOU A b “ adjacent residuee in the same ochain, so that he Cavendish Laboratory, ¢
al m xﬁk (Works Clted) = TO—N p? steucture repeats aftor 10 rosidues on ench chain, ¢ 18t _ April 2.
(RFBERRFELLEHOTHEE is, ofter 34 A, The distance of a phosphorns a0 03 ¢ puuting, 1. and Corey, B, .. Nature, 171, 518 (1868); Proe. 0.5
-O from the fibre axis is 10 A, As the phosphates arc on Xot. geat. Sei., 39, 81 (1053).
3 _ tha outside, cations have easy access to them. S oa AR O oty B 56 (900 I
s - . () The structuro is un open one, and its water con! nt Chariad, R, Bioohiw. el Biophgs, As, §. 405 (100).
i‘ém g E@(Prcscntzmons) - &N E!(Presentations) “‘ is rather high. At lower water contents we we ald CYFyath, O. R, . Gen. Phvsiel, 38, 81 (1952), ;
OmfER. RRA2—%% oxpoct the bases 10 tilt eo that the structure ecald  *Astbury. W, T., Symp. Soc. Exp. Blol. 1, Neclele Ardd, 06 (Camb-
beooms more compact. * itk M, H. P, sl Rasdall, J. ., Bioskim. et Biophye. Act,

Reprinted by permussion trom Speinger Nature




OR3% -@H< GEXDEFER)

. oo A po 2 _ 0 % X ! 5
TR b FOaw (Lefua nikkonis) MIiTEI#R
~ETatORBORS ~
£ &
i o ¥ P4 - A 1 EL] '
ANHE W) 41 RBWRY ¥
| ' | ) ) ;
ikkonis und Misgurnus angiilice ics belon to (¢ | | il i
Cypriniform. It is considered that they C ating. habitat, and so 4 3 ¥ i Pl <o
I oweve 1e ecology of Lefua nikk i ially thei (R 8 [} t
behavior., W ned « a v diflerence elweer 1ese 1w wieiwes behavs kin I N )
their behavior in v fi Iy ) First. mikkoni e
water and angillicaudal 1 | I i wat \ i ’ I
id the distance between individunls of the me (H
Vi miirmed 1ne i
e same environment We discusss 0 3 ¥ ) ). MR
M
ZC ol
Y B 3
BE " y
| ) f o 4 J Tl
f H : o
" " 4 =
i i e B4 Z@®&mo K
f ! M7
¥ \ ' ' | (x 5 =i b b i K N
T i ¢ "
a 5, W2
. 1 ) il 81 | ¥ 117
" A '
lakeuchi It w [
i ' I en je
» i Joss f T |
! it f i f 3 ¥ UMAT racker | Guid
" ' ) = kar gidbe v '




OR% -EH< GEXDOLFIEK)

MR 1 SREBRAN il WS 4 i

TR by FPaw (Lefua nikkonis) MDiTB#R b " : . . 5 ‘ A B g
~FIavtDBORS~ e vy ; & ‘ | f - o

“5 o ¥
N4 L W I L ! ) HRl Wy W) o0 8. FEHERE
LA NS F LR B ) 4 ERAR 1 Lon W re IR i e .. MW T oy o Ik i
ARNWNE BARK 41 RBWSR ) ! 1 7 1 ] i (K5 @ WHALR
K il 20T, MU 50~ 150 K% 12 m kb MoWTiMmLTY b 0P <0, a0 W54 C 4, (i1 R T
Lefies nikkons sdatus are similar species on KS B 2 M o R e il v Moyt LI i i >
Cypriniform considered that they have almost same ecologics cating LT 11 W Pi<o010 o #
on. How 1e ecology of Lefua nikkonis has not been clarified i &1 TS T ol
be We tried to clarify difference bween t wking x 14 00 T A0 » oW

ehavior in Aguarium, w ered 1wy upper part o o R £ 5 b iz 8k 1
¢ stay lower part of w ity MBOESICEY+ 5 S N Y
sen individunls of the same species was shorter in nikkonriy than € 4
sty 1t was confirmed that nikkonis and anguiliicaude w diflerent <4
srs even in the sume environment We discussed how these two species vid thel Dol +10 $ () o
' by ¥ i n, W4 (A
o] " A SIF R y
= s Mk (LR R Xdts) oAk hsll
1. RU®BIz =’ y 2 - o’ | !
r o/ 3 (Lwsun . Yo TR BENESNSE WoLealls

pikkonis) T4 H EZa o8k | BEDFIN: 1" ) oot Y m B WMo o

T8 1 2021 T RFEMAHORKROR 4.3 MMF—2 D " o— )  ARRATHER AN
i Y it e 0 S 00 i o & i T d 5 ' 4 ) RIS 11 — = SahOBR. KERH
) 2 ) . v : SR (e
i h ] { 1ok t W Ui

a4 Z@&m il 92 8 R S 47 W2 B

R =5

{ Biscutni T i 2 4 TN A
I f | Nk it B0 | 5 ® EMI-HENABERN 7. B 173
N . 2 i y | e | (M WL TR cHEE
! 6 VIR g WA A 1 EfiWE £
e 5 { W if | ] | |
TTOEN . | i v 6 i o
" 0! Wil AT } 5 2 ] fl ) ¥
54 W 1% Wik Ad cn R4 o | i ) # & 5 )
A int i { | | Eeg VB Y o
Wt ) 1 1) A [N R | i i | 1
¢ 12 N ) (] J ' o A1 manal/ wd/quir hiwl Fumatrack n

: ! I 9 21 H~10H HnTiimd ) C 12 p
" . ) v 2§51 o 11 ¢ 17 100 SR TR Y 0 rag e S Y (RemEe ?
1 L ! ' W it € J v i 4 R EIREREN TRALRTF S A—

FimE ML 9mi ). B L Eab ¥ B s WA RS KRR B 0atal 1 /70,0




XHDFE
BMER/RLXIN—TT—7
INGTTT77AT14>7
5 5m X D sk
RERADPOWMXZIRZA S
INGTTT77AT14>7
TN—TT7—25

C1l-BWN =



BY#EE (Sn—77—43)

AN DORDRNDBEEZTFRE D
- FFEIC 5| E,. FEBHIPAPD
1 A AO 2o 1P

- BhEEIC %5 E. BEF (GRE
=T) FEl%EDT3, TERED
eV a2,




« - 8@ docs.google.com/spreadsheets/d/1eKTSOVRV1RL-gGO10goemRottWER5MmIObgdG-FEElk/edit#gid=454071017 = W N | @
HAIZEE]I % @ o O B a- a= O
JrL RE Fr BA EFERER T4 W)L HEEEEE LT

S & F 100% ~ ¥ % O 0 | FI4. - -(10]+|B I 5 A % HIE-E-L-R-A- @ B @E VI H- ~

C2Z:F5 - | fx

& B C D E F G H I J K

! mEEs Ei=Eha MDA FENSATOH BENREROHE BESEHEON

2 @ i

3 @ i

4 @ )

5 @ )

6 ® 3

7 ® 3

& @ 4

L ® 5

10 ) &

"1 g <

12 g g

13 g 0

"ile 10

15

o] B ‘ :

+ = #R - =ERA -~ ToSER ¢
E L Il ANLTER L o & 5C hhFE




OR% -EH< GEXITHITFTHEERR)

no. 23s6  April 25, 1953 NATURE 737

© ig, the manner
B in which .!.he_uuu_dmm t%or by the

purine and pyrimidine bases, e planes of the bases
are perpendicular to the ﬂbma_xﬁw
Ogdther in pairs, a single base from one ¢ 1 > L 7N : riboge nucleic acid insufficient for a rigorous test

hydrogen-bonded to a single base from the other @ W9 ¥ to put forward a

: - A f our structure. So far as can it is roughly
chain, so that the two lie side by side with identical toally differont structure for :(,m ible with the experimantal bu must
MOLECULAR STRUCTURE OF  -co-ordinatos.” Ono of W pair must,be o purine aud he sl of decayriboss wclele  UF % 1 S umprovadt wxall 1 aa b ke

the other a pyrimidine for bondi ’ acid, This structure two
NUCLEIC ACIDS MM:‘“ N (:; folt,:;g p‘::;‘l;m,&: helical chains each vonlmm 4gainst more exact rcsults

the game axis (see diagram) 2 TS . _@-
A Structure for Deoxyribose Nucleic Acid ,',,:ﬁnf’iﬁnm"h':fmm sl e &‘ﬁ%"“‘ ooy °h""'i°“'! el d‘c;t:rn':u?\fottmemgmmt;hpmn:ﬁir{l: ‘Shough not
6 WE w@( 1 to suggest a structure for the salt @ If‘“"%&%@b that the bases only gegys, in the h . m?ml;v’ “h,:w di ontirely on published experimental data and sgtere(»
L of ‘deokyribose nucleic acid (D.N.A.) This structure in most plausible tautomerie forms chain copgisis of phosp i- s argumonts
structure 1)10“:] features which are of c:or;s.idomﬁic (b i.a o wit.-h .th" to rather than "h.ﬁ ennl. D081 ﬁs:,z;- gl"-)upa )OI%mg B;,[:;gm;’f"s'; (ﬂ { dgscaped our notice that the specific
o Diologioal Httorest. e oan oy DORACR, iy comty_specifie_pale of e T twe ks Th wmw B, immodiaoly suggis ©
tructure f I id Nhbgee 2 can sy : : e for the geneti al.
) : 5:'1;“13““;;8":;40}20:;. ndly (purine) with thymine (pyrimidine), and guanine not their bases) by & @ o; :hol;:l:l'l'(:tli)l:) l(:\cgleuﬁw the c:)n
ﬁsuuuﬁr“mt “anusonpt available to us in advance o ® (p‘Il:‘luu:)h;l:lO S;toa;ne (pyrimidine). _ :i'?;l pammci‘l‘(:: '::r ?l )t enf;t‘)]:v J: d:twnom sswiimed in building 'togethor > 'w =
blicat Their model f ter- v if an adenine ES0 TROVS et w f co-ordinates for the atoms, will be shed
f‘:m:: :.‘?l:iﬂﬂ w‘:t;l the pb:;:;) ; om‘::“f:ﬂ"&;:ﬂ * a pair, on either chain, then oX tiSe assumptions handed helices, but owing to ° hereM( Ry Dy B8 P oy
i . . the other member must thymine ; similarly for the dyad the sequences of the - h indeb
axis, and the bases on the nutsud; In our opinion, atoms in the two chains \D are much i ted to Dr. Jerry Donohue for
'J.ua_@ummvmunmtwﬁwtury for two reasons : mm“m" and cytosine. - : l-, led- : ‘Fm constan cism, espocmll on inter-
(n ieve that the material which gives the appcsr to be restricted in any ull OPP;W 0[ lmumu]' 'F& atomic distances. Ve, ted by
X-ray dm is the salt, not the free acid. Without owevcr. e A eai, ;Kmm 2 O(”:;\l \WZ t ol » knowledge of the general nature of the unpu ished
the amrhc hydrogen atoms it Wde&r what foroes 1, it folla thﬁ‘ if the soquwlu,e of bases on J'gs mode n: £ m,a:‘:le l:f experimentsl remilts eud idess of Dr. M. . P.
uoul:l h(l)l(l ctho utxl;m ;t);l: pt}(;‘gte \er, :smmlkv as ﬂ"ﬁ 2;::"‘; AN ig A |ml:v°W on the other S "\ ”“‘ o mhe phosphates on ::'ilkinst. Izr. “1:,3 ?l:?rankh atnd t(l;o:;)c:‘ -workers at
negatively charge it €8 near e axis wil . g P This figure Is purcly  the outside. The configuration mg's College, London. Or us ) h y
repel each other. (2) Some of the van der Waals (9) o(‘%é%md ox} y** that Lm“g S olize the of the sugar and the atoms by a fellowship from the National quu ation
_ distances r to be too small. . - two phosphate—sugar  pepr it i close to Furberg's or Infantile Paralysis.
(3) Another three-chain structure has also . of guanine to cytosis O&&\, l‘"‘y” very close to unity chains, and the hori- | “"?W B J. D. WaTsoxN
8 gested by Fraser (in the press). ) for deoxyribose nucleic atid. gl R A A smndar( c‘mﬁgﬁuwn 't3~° F. H. C. Cxrcx
the 1t ﬁ.,embabl possible to build this structure - sugar being roughly perpendi- " y re o R
re.on the outside and 1 _hg_b&on . © with & Sbose 33"8::: in plllk(:,e of g;::, deo:;'r':br(;:;,u&s s the b aels  cular to the attached base. There  Medical Resoarch Council Unit for the

Study of the Molecular Structure of

mslde lmk ogether by hydrogen_bonds. This
: ; : tho extra oxygen atom would make too close a van residye on each chain every 3-¢ A. in the z-direc- : . ot
structure as described is ra'.‘hcr “:‘ l"e:‘. 'l)md for ek atack VAN m llg i ! i an sogle of 36° between ) Biological Systems,

b s RRRRRARR) D The proviously published X ray data’* on deoxy-  8djacent residucs in ‘the same chain, so that the Cavendish Laboratory, Cambridge.

@)on il te put forward a ribose nucleic acid insuffigient for a rigorous test ?"‘_li_'ws after 10 residues on cach chain, that - April 2.
radioallv’ Wifforent structure for  ©f our structure. So'fdr as {ve) can o ic o roughly 18, after +~ The distence of a phosphorus atom (15 * rauliug, 1., and Corey, R. B.. Nature, 171, 346 (1953); Proe. U.S.
the sal; of deoxyribose nucleic ooy jble with the e!perimontnl bu must 2 2 49 4. A&.be‘_phnsphua.mon 'rur‘::- A‘:Ml:la(h“ 32{(!0‘;3'. 634 (1952).
acid, This_structure | two m\%ﬂ’] as unproved until it hags bedn]ohe ~ the outsido, cations fy 7 8008s 10 Shemn. '(hm:.ﬁ E., fora r!'f:t‘:nrc::n Zamenhof, S., Rrawerman, G.. and
helical chains each coiled You against more exact results. 5) n open one, and its water content Chargafl, E., Biochim. et Biophys, Acta, 9, 402 (1952).

A 2
: h . : st — is_rathor high. lower water oom@a S Wyatt, G, R., J. Gen. Physiol., 38, 201 (1952),
'lh‘z °""“:}‘:"““L::‘m"‘""‘ch"),}ni o of the details of the results presented Y. c¥piact the bases to tilt so that the struetifre could ~ *Astbury. W. T., Ssmp. Soc. Exp. Rlol. 1, Nuclele Acid, 6 (Camb.
A -4 L o e R T v, TCSS, i
ptions, namely, that_each our structure, which mainly though not ~ De2OInG more compact. *Witkine, M. H. F., and Randall, J. T., Biochim. et Biophys. Acta,

antiralvy an nmhlichad avnarimantal data and ctaran. 10 109 F10%




O=z3%

- NI 435 (we, you, |) DMEDLNDZBEEIZZ NTTH,
- ANMMREEZEEY E. EDOESEMELDH Y T3,

O :13/71

- WEFEBEBERE GREZTEZEE) 8B OAZNTTH,
- IREFNE srower - werg~sezspy ED LD E ZITHEWLT T H,

:12/71

- BEEFRETERE, DL D ITEVWRITT S ERVLWTT D,

V i 20/71




R3 - -B< GRXIcHBITREERR)

- NI 45 (we, you, |) DMEDLNDZBEEIZZ NTTH,
AR EEY & EDLSEMELDH Y T,

O+ 13/71 73y

ANIMUBEFI DR
- B DER, HRTHHI &z, FRTZT %,
- TERGRIRE LD,
Sz Sk AW
< &
HEHETERT HARFERTIE. ATMURADZ AILET 5,
g% }_I— %5‘7\1 (%Dnﬁﬂ) = Aﬂ\ft%ﬂ i* Z_fd\f)\bfﬁﬁ
SR - ‘ﬁi% = REREF - IT = ATDER




B3 - -H< @XICHITHRERR)

- BAEFEAEE GBEZTEEED) EBLOLNEZNTTH,
- IBEFNL @rone - peeg~zezpy) EDX DR E ZITEWLNTITH,

:12/71 BIEFE A L

WAL ZEY & & ¢
B — R
- BECREY L, RESTVLEFE

- L
2E WX OBE = [MA
Fim : BEIChD > TWBEEIFA. hh->TaWZ &ld@h = BEELER
E - AR T o 7-EEROHBE = WBEREHINER
ER I —RICEADI & = IREF

PoMhs7cl e (WMRBEREFIEHT EF) = BEFP



R3 - -B< GRXIcHBITREERR)

- BEENRE E RENRER . DL D ITHEVWRITT D ERWVWTT A,

V 1 20/71 L9 % Ly

cENRE & % ﬁﬁ LT

ﬂ% IEXICEAZBEVW-RENLAXE =>LEBRPIFEHLZ L

%m'%%@%zéﬁmfm%@i%b# = bR BIRENYZ Ly
EEDEZTHAZ EZHATEALI-L =FEERE

STEREIL. ZHT B EEBEHRATRHEICA - T35, NT AR,

wi




XHDFE
BMER/RLXIN—TT—7
INGTTT77AT14>7
5 5m X D sk
RERADPOWMXZIRZA S
INGTTT77AT14>7
TN—TT7—25

C1l-BWN =



OR% -H< GEXDHERIIL—I)

wf‘@“' FFMXICEH (S EMAL (Paragraph Writing)

BB EZRALRZTNE T RVBERTIX. DL TLHEALARTL., DROICEDL Z LA TE
5E910, ROFEBELV—NTHLZEDBEE LW E SN TWE T, BERIXOEEMAIL, DHFEED
LD TETNELRNROXERMTH S RAKIER) L IEVET, BE¥ERIHE% (Paragraph)
TXEEZXYD ET2, EXR/NRTXEEZHARTLTHLEZIRYIBEE LT, BEVBEIDT
EBELILLY, BT, KB THERIEZB/L L Z L, »F0@NV—VZERLEL L D,

- ﬂﬁ%ﬁiw&%mﬁi)b—lb L A T ] S ] ] ] ] - - -
O MmX2E%r. Fi. Kia. &Sw CHlkT %,
@ —o0E% (Paragraph) i%. —2>®DFRE (Topic sentence), FNzXFFT 5L
(Supporting sentence) & f&a&m (Concluding sentence) THEKT 5.
FBE ATIZHOWVWTORHA, EFRLEZVODPEZE LDI—I,
XFETAHX  FEXERER - HiZOICHEBALEY, TORBETRLEEY T,
i FELIZERLAZEZ, VR —3
® ZHEEOEIHND—I (Topic sentence) T, HbT LEMKT 5,

PSS P e P Y B 2 2f 2F 22 22 28 S8 S8 S8 £f S8 S8 S8 AL 4

2T 22 22 2dd Jde 25 2 24
»I-I-I-I-I-/-/-/

B2RTiI. 0L BA—ALTEMIMMTVED, EEFEDO—XEHRATITKETT, DL
BRABHREBENTHIONZIBETX BDTY,



OR% -H<L GEXDESEIB)

® |ZoEETETV L, FUIVEREICL ST 2 AOEN 1 DR TR TSR, ZTOREDHRUIZZ
[WETICRVEERH S| HEO IO ABICH L TER T, —HOBEO 1 BOEENE I —HOED 1 &
DIRE - HEE-> TABERBEICL o TRIENAT D, 2 DOBEENRF—O z FEER L OEH EICiFA Lok,
mENERENAEDIZIE, —HFOEERT) . b=k ) I P chithidibizwn, ok kEHEE
[T, 7V DI MECT Do DIl 7V o D6MEE) U D6l L5 Lo I REN 5.

Rl DB EMEIL—IL S R A B A S A A

O© MmX2E%r. Fim. Kin. @ CHBKT 5,

® —o0E% (Paragraph) iX. —> DI/ (Topic sentence) ., Fn & X1 5L
(Supporting sentence) & #&im (Concluding sentence) THERLT 5.

|8 : iSOV TOHE, FERLEVONZ T L Hi—3|
XETAHX: FAERER - fiROICHEALLLY, TORAEZ LY T 53

| &% : FELIZERILANEY,. EVix—3 |

@ HEEOKIFD—IX (Topic sentence) T, HbHbT L EMKT S,

Pl B BT 2T AT TR AT AT T Y Y Yy Yy Py Y Py FF FF 2 FF SF S&F S8 S8 S8 S8 S8 S8 AL 4

A
-

SO 2F 22 22 22 2L 2L 24
b/-/-/-/-/-/-/-;



DNA D&

@
@

ReZ T, FAX LV RER (DNA) OEOMELBRLEV. ZOREITE, SHFOHICRTHEACR
BEAREOET LWL b - TS,

BROMET T 1L, 3 T2 Pauling &+ Corey IZ L~ T 1 lfifRHEATVS, BLOEEIZL- T, BREAMIZ
FREYBETLLIZENTERE, BLOMETFTAREWVCIINEDLEX o 3 XOMTTETEY, MOEL
VRS Y, HENAPIZR STV, Beid, 220H 856 - OWEIZIINBCERVEEITVS :
(1) X@REOBHLL-PHRZETHY, ¥BORTIELZVERLEREL TV S, ROKEFEFNZVE
FTELE, YORIRANZOBMELETISDN, Zo&Y LAV, BiZ. AOREL LY CREIMOR < IZ
HZ0T, EVWEHELHIRTTHS.

(2) W SNORFMOERE, 772 Fh« T=AAARLBThETELRLITHS,

ZEXAOMETT AL, ZOEFENTH Fraser (Lo TRV TWVS (AIBIP), EOEFATIEY ARIAM
ZhD, HERAMIZIS> TAEESTRIIN TV S, BES5KXRTHAMET, RENELVWERVWAT, £
D= ZTitfEh VI T35,

EATRxT, FAF VI FEROEOREL LT, Zho LI RESEMELRRLEY, ReOWET
i1, 2 FOHXA-OWOEDL Y ZFLFRLOEALENTVS (BERE), B4l FEOLSHETLAMEE
Lz, 32bb, 2 XOMEZEHLER, VRT7F ) —ABEE 3ISRHETOLRS Y RV ATANLTETWVWS
LE2OTHS, HETIRARLT) 2 X0#), GHAOMIISEALHFIZL->TRHUDFLATVS, Y55
DHLEBEOLHALRZSTVEN, HiZRoTVEED, 2 XOHORFOWUHIDIMETL>TWS, X
EMNZV I L, FAFRORIT Faberg DEF A Nodl (ZEITWS : T4y, HETLEAONMIZHY, Y
BIZAMIZH S, MOUURBERCEOZTH) OFFOEIT Foberg @ [EMAER) (235<, WEFRITHSLE
HELZIZFEMIZ STV, TAFRORITT, zWHMIZ 34 AZLRR 2 LAF FRENEETS. Ry
DOEZTE, BILHADEY G- 2 2OX 2 L3 F FRENMELSAKII 36" (TR-THHEWN, Z0oWER, £
NFEAORHTI0RET 2L 34 AT LTV EF Z L2225, VrBFiE, SEAENME 10 AR TS, Y
VEENAMIZETVWARD, B A IEMBLIZ Y BRI T LA TE S,

ZOWEIIMVWEBORETHY . KSEaREH2VED, KSRV LS LEVRSITE, BEXRENRT
Lo lERMELLHLDEEBDRS,

ZOMETIRTY ), EVITPUHRICEST 2 A20OMR 1 DERKUDTERTVEN, TOBSONRIZZ
NETITLVHELSH S, BEOFHILTAMIAN L TELT, —~H0o#0 1| BOHELRL—~Ho#0 1 B
OEEL HEF-TABRBEIC L~ TRITNE D, 2 >OHENE~0 z BB L LHEREICHE - LIz 2,
BENEREINAEDINE, ~HOEENRTV Y bI-HPEY I T TRFRERLRV. 2D KEES
i, 7V o1t eIivroill, 7V 06l IC o6, LI LESTEREIRS,

ZOWMED TITHEEIRLTEEORVEERMEEK (Thbh, =/ —ARTRAEL T ME) L LTEGE
FTS, LETETELLE. FEOHRASHOEOHEN T LMARESTERWILNbNS, 0L IR,
TF=2 (FV) HFI (EVIPY), IT= (FV ) "o by (EYIDY) THS,

BVWR2LELE, HO—N, 2FVVLLIOROHEENTF=0R06, COREDLLETHRLI—FRLTF
IYTRINERLT, ML NS T = kv b a0 TER D Y2, 1 XOBIZHVWTRAIE, HEOR
P2 MOFENLAVEITHE. LhL, FEOREOHEINEBRAAD LTS L, —HORiOEED
ERMLAIUTL )~ HOROREFNTEBMIZRES Z LTS,

=

=]

ee

FHAEVRERTRET, TF=riFiryofERkolk, YTk birroRoES 1 CEDLBHTHE
VBT A S D AR s R TS,

FAHE I F—=2 b0 itV F—2 03, 1| 2R h RREREN T s Tl s = AR ATIES
HN@ELES, 0L inWECFELIOREELCREERES .

THETIEREEIREFA S FEMO BT —F X, Be 081 - olES BECHRIET 2 0D R+
STHEE, RriiF25RYOEN TR OREZ A ITOEET—=FICFEFE—FT58, Lo LWE:
HEERCELLTSLETHRIET S TR, MREARLOTREVESZATRERGA YV, T OERR
BF—S, ToRECBECTERIA T EFRITEELARTES, JOWMSELSEBLEHBETE, L3
ReoFECtRBELIATVwAEROEMTmE i, ZolEL, £2 LT (FAFFTEREDA
A TOEBEEIATH RS LUk RoRBit LS Tn S,

e il - RN OB/ E, Bhio, REHEONMERLARMNTESZ LD, AN
VTt i e,

WECEBOBIRGEETSE. EFORELE Y, EoEstiicRE s TETRS,

Jerry Donchue §E12 0380+ . SICEFROERICMN L TEBFE M FESEEE, KESHEEITAe o, 3,
o Fle@md e A A Lo 20 MHEF. Wilkins f§+, BE. Fraklin i+ 0¥ A— FodRBo Bk o2 kipse
EELHEITOENEZET, FERICEEaAAL, ¥E01 A TDW) [EEE) R ESEHAEOSIFER E L
THEY BT,



mvﬁt(aw 77—24)
VWOV —ILEE>STHE S

@ﬁtW%LLTEtEW®%%é1 K ERAMDUEBERRICL Y E(LT B L
Nhh->TW5b, @_wgv IZZT 2DIE. BEOHXIMRKEL TWLWEHLHTY, @D
FW., KGHICED2BZEDRLEIREILZ. KFExR5AM. KGOSEIZL > TRE S,
@iyw%w\ﬁ%t%:/ﬂxﬁbU HABLTWBAZErILNTWS, BF Z T,
=B IR Z(FE > THRGANENG WA EEZ -, ®I Y ANNFIZiE, BRSERED
Hl), BERTKGEDRAEZREIT 2, DI VYNRFHAEZRD TRAIEY ., KH Z &k
CHICRAZENTEDLDIZ, KBOAIEZEE LY L TEDDOMNEZIEEL TWLWAH 5
ThHb, OQFZEIRAEMRZRAIT T, TDRIENRZEEI TS &, L A-72YEEL
o1V d5, QZDFZEZOREREIF., BETF2AECHAICL>THLET S, @O
R ZEF B L TEDIRAIRRE %%Ff%ﬂi KBDRIBELRHH D, DOKBFDHME E
*r#bhm‘\M%%ﬂUﬁﬁ tﬁ?%%o@K%ﬁ%i@<f%%§ﬁEiﬂ@\
Eﬁﬁf?ﬁit S DIRICIREE D 15 YIRFIIKBDOMEZIBIETE %, (INEFEL L

)@ﬁ%ﬁ%mfwf%iwﬁ%zni RN E(E-> CTHEEEZND I ENTE

i@“f%%

rnl




OmYiEL (Fn—77—44)
=D DT, REHIDB

DIRAERZBLTCRE-EZEDRSSIE., KIGERARDAEERRICEYEILT HE
NhHhh-Tlrs,

DBDARBHIENTLNTE
BENRZNIE., BRREF > TCEBZHIENTESIETT THS,



« - @ docs.google.com/spreadsheets/d/1eKTS0VRV1RL-gGO1ogoemRottWBR5MmIObgdG-FEEIk/edit#gid=594102205 C= i * ¢ ,i, N | @ :
Y T X558 * B & D - B = @
JrAl |E FTr BA EREd 749 W)L HiEEHERE AT

5 e & § 100% ~ ¥ % O 09 m Fug. v —-[10]+ B I = A % H - E-L-P-A- oo B @ Y- BH- ~

B3:U12 - | fx

A B C ] E F G H 1 J K L M N o] P Q R 5 T 1] W W x Y Z

1 F& +& 2z

el

31 |

4 2

5 3

6  47%

7 SHE

8 Rl

8 7HE

0 s

1M1 ol

12 108

13 ¢

144 1 11 10 4 8 9 2 12 ] 3 [+ 7 13

15

16

17

13

19

20 A

1 -

= iR - Z@E®R - NFU5T - <

+
E P ZIEANLTRE e =i . @ sc Ehos<HY




AN DERIL—IL Paragraph Writing

ORABRZELTRE-BZOHLSE, KEBEERARDMEBRRICEIYELET S ENDMOTINS, (E/E)

SRR

| sLvmx

BEREHENATOTEFTEARANIE, EBAREFE->THEZMIENTESLT THD. (EiR)



X DR IL—IL  Paragraph Writing
OREAREELTCRE-BEEZDOHLIE. KEBEERARDUBERRICKYEILTHEAnHMoTIVS, (XFE)

KEDRE (EDARICAEDESIZHEH)
ElRIEHRZ R IT =73 R

@2FY. ABRIcLABEOREAKEL| ABERDZHH. KBOBELL->TRED., (i)

B®FCT. -bIEAEHREE->THRHMNENLZLIVNEEZ =, (/)

N

DABHELTNTLEEN RN FRREE->THEENA- LN TES|ETTH S, (RHR)




AN DERIL—IL Paragraph Writing

ORAREELTCRE-BZOHLSE, KEEERAERDMEBRRICEIYEET S ENDMOTINS, (/)

KEOHE (DB RHIAENSEIZHEH)
HHh>TWNSHERERAH ? J LERARER =AM
BRI EHLTINT, KEBDOAEBIZLS

£id5
@2FY. ABRIcLABEOREAKEL| ABERDZHH. KBOBELL->TRED., (i)

B®F T, FA-BIEAEREFE->THEHNMENLGLINEER =, ()
%D BHEfIH ? N\

=R EFE->CHBHE{ES
DABHELTNTLEEN RN FRREE->CHEEMA LN TES|ETTH S, (RHR)




AN DERIL—IL Paragraph Writing

ORAREELTCRE-BZOHLSE, KEEERAERDMEBRRICEIYEET S ENDMOTINS, (/)

KEDEE (EDHRIFMEDSTSIC \
HMNHOTWAEENA[H ? 1/ H}Fﬁgﬁﬁfﬁéiﬁﬁﬁl AEOESIZHEH)
S>EZRIIFEAELTINT, KEBEDLEITKS>TEILET S

@2FY. ABRIcLABEOREAKEL| ABERDZHH. KBOBELL->TRED., (i)

EDXSLT7TO—F ., [RE, ARDOE#-Z-h (T ?

B®F T, FA-BIEAEREFE->THEHNMENLGLINEER =, ()
%D BHEfIH ? N\

=R EFE->CHBHE{ES
DABHELTNTLEEN RN FRREE->CHEEMA LN TES|ETTH S, (RHR)




AN DERIL—IL Paragraph Writing

ORABRZELTRE-BZOHLSE, KEBEERARDMEBRRICEIYELET S ENDMOTINS, (E/E)

®.2.9©

@ oFEY. KBRILZBEDEARE . ABERDH A, KBOBEISE>TRED, (i)
BZEIIMRALTOWT AEDMEICE>TEIET S

EDXSLT7TO—F ., [RE, ARDOE#-Z-h (T ?

RAHRZFE-THRETZES
B®F T, FA-BIEAEREFE->THEHNMENLGLINEER =, ()

. @

BRBHLEENATOWTEFTERRRANIE, BAREFE->THEIZMAENTESRIET THS, (FR)




X DR IL—IL  Paragraph Writing

OEXEZELTCRE-FZORSLE, KE&E%*&G)QEEEI%I:J:U% ILgEHEDHMOTINVS, (ERE)
@FZICELEEZR T TYEDEAERZRERESE 5L BE LG YRESEST-YT 5. (RFRIZELEA)
QD LIIZEILTEDIE, BEEROHES \OMBTY . (1RHL)

Q= DEEDEHMMEIL, BT EEE OHBITE>THELT S, (HRHIH)
@%Y. ABAICLEBEOFARIEL. ABERSAH. KBOBECL>TRES, (Hi)

BZEIFREALTNT, KIEDHHEICKO>TEILT S

EDXSLT7TO—F ., [RE, ARDOE#-Z-h (T ?

RARZFE->THETZES

BOFCT. =B IREIEHREE->THRHMNENLZIVDNEEZ =, (/)
OfEEREFALTEORERRELEECENIE. KEBOMENHM B, (1BHL)
OEBOLEREBENDINIE, BERZEIYHYENTES, (B RIMIZEE)
BREARBRATODTEEENRANERBAREE>TRHRHEMZMECENTESLIEXT THS, (KiR)




X DR IL—IL  Paragraph Writing

OEXEZELTCRE-FZORSLE, KE&E%*&UJ&EEEI%I:J:U%’ ILgEHEDHMOTINVS, (ERE)
@FZICELEEZR T TYEDEAERZRERESE 5L BE LG YRESEST-YT 5. (RFRIZELEA)
QD LIIZEILTEDIE, BEEROHES \OMBTY . (1RHL)

Q= DEEDEHMMEIL, BT EEE OHBITE>THELT S, (HRHIH)
@o%Y. ABAICLEBEOFARIEL. ABERSAH. ABOBECL>TRES, (Hi)

EDXS5LET7TO0—F, [RE, ARDOEH-Z-h(F7?
SIVYNTFOBENSTEELE SYNFIIKEBIALEZFIALTINS)

BOFCT. =B IREIEHREE->THRHMNENLZIVDNEEZ =, (/)
OfEEREFALTEORERRELEECENIE. KEBOMENHM B, (1BHL)
OEBOLEREBENDINIE, BERZEIYHYENTES, (B RIMIZEE)
BRENERTCOTEFTELARANE BAREE > THRBZMAIENTESLIEXT THD, (FEiR)




X DR IL—IL  Paragraph Writing

ORABRZELTRE-BZOHLSE, KEBEERARDMEBRRICEIYELET S ENDMOTINS, (E/E)
@BFZIEXERZR T, EDEAEHRZRESESHE. BE G-V o=YT 5, (RIEFRIZEREA)
QCDEIIZEILTEHDIE, BEDEMRAELTLNENSTI . (1RHL)

QOCHOBZENRAREF. RLIFIAELAHRBICL>TEEILLT D, (FHBHIIZEREA)
@2FY., KBAIZLHBEDRANRERE, KEZRSAFM ., KEDBEIZE->TRESD, (FEiH)

SYNFIE, KEBEAZIVAARKDYICHIHAL TSI ELRHSNTINS, (F7E)

N\

DIYNFREBEEZRHOTRUEY, S ELLBICRDIENTEZD(E, KBEDREEZEELLTHS DA
BEIELTLANOTHD, ()

BOFCT. =-bIIEAEREZEFE->THRHMENGZLVNEER =, (E58)
ORAREFALTEORAREEIDBTENX, KEDOENHMND, (BHL)
DORBOAREBELLINIE, BRIZEIVHT ENTES, (GEERIZEREA)
OREFBATOTHLEEARANIE., BABREZFE->THEZMS LN TESIET THS, (FiR)




AN DERIL—IL Paragraph Writing

ORABRZELTRE-BZOHLSE, KEBEERARDMEBRRICEIYELET S ENDMOTINS, (E/E)
@BFZIEXERZR T, EDEAEHRZRESESHE. BE G-V o=YT 5, (RIEFRIZEREA)
QCDEIIZEILTEHDIE, BEDEMRAELTLNENSTI . (1RHL)

QOCHOBZENRAREF. RLIFIAELAHRBICL>TEEILLT D, (FHBHIIZEREA)
@2FY., KBAIZLHBEDRANRERE, KEZRSAFM ., KEDBEIZE->TRESD, (FEiH)

=157 18, ABEED SARDYISHBLTLSLLARSA TG, (28
SV/SFIlE, MIREMBASY, BT f % B

(%ﬁﬁ-‘.ﬂﬁ(-ﬁw@)
DIYNFRBEZRDTRUEY, S ELBEIZRDIIENTEADF . KBEDREEZEELLTHS DA
BEIELTLANOTHD, (FH)

BOFCT. =-bIIEAEREZEFE->THRHMENGZLVNEER =, (E58)
ORAREFALTEORAREEIDBTENX, KEDOENHMND, (BHL)
DORBOAREBELLINIE, BRIZEIVHT ENTES, (GEERIZEREA)
OREFBATOTHLEEARANIE., BABREZFE->THEZMS LN TESIET THS, (FiR)



X DR IL—IL  Paragraph Writing

ORABRZELTRE-BZOHLSE, KEBEERARDMEBRRICEIYELET S ENDMOTINS, (E/E)
@BFZIEXERZR T, EDEAEHRZRESESHE. BE G-V o=YT 5, (RIEFRIZEREA)
QCDEIIZEILTEHDIE, BEDEMRAELTLNENSTI . (1RHL)

QOCHOBZENRAREF. RLIFIAELAHRBICL>TEEILLT D, (FHBHIIZEREA)
@2FY., KBAIZLHBEDRANRERE, KEZRSAFM ., KEDBEIZE->TRESD, (FEiH)

SYNFII, KEBEXZaV/RZAKDYICFIAL TS ERHMSNTLNS, ()
SYNFICIE, BIREEREAHY . HEE TABIEDRAZTRMNT S, (BAFEIIZEHEA)

DARBHIRAGLTEHEEENRANE, BEETIREA-ZDORIERENS ., SYNTFREIRKEDOAELZRIETES,
(f8 B RYIZERER)

DIYNFREBEZRHOTRUEY, S ELBIZRDIIENTEZD(E, KBEDREEZEELLTHS DA
BEIELTLANOTHD, (FH)

BOFCT. =-bIIEAEREZEFE->THRHMENGZLVNEER =, (E58)
ORAREFALTEORAREEIDBTENX, KEDOENHMND, (BHL)
DORBOAREBELLINIE, BRIZEIVHT ENTES, (GEERIZEREA)
OREFBATOTHLEEARANIE., BABREZFE->THEZMS LN TESIET THS, (FiR)




X DR IL—IL  Paragraph Writing
ORAREELTCRE-BEZDOHLIE. KIEEREAROAUERRICKYEILTHIEnHMoTLVS, (EFE)

SYNFII, KEBEXZaV/RZAKDYICFIAL TS ERHMSNTLNS, ()

B®FCT. -bIEAEHREE->THRHMNENLZLIVNEEZ =, (/)



OB X DB EEZT A
DHRA Y b %ZIBET B,
) @i/ Aim (FiE - &
‘% - f%@ /ff:-ﬁ ,
Sy sxn ONNT T 77 7A4AT47
)\ O=HE., TEEZEHEMR
QREBTHRZEZZRNETE2
275,




