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M£00oSoL a&LoAoynong

['lo TNV emituyn TapakoAovOMNoN TOV HABUATOG ATTALTOVVTAL:

- Kptrtikn mapovotaon apOpov

* TeAlkO @LA000@IKO SoKLLo (TovAdylotov 4,500 Ac€ewv xwpig
BBAoypapia)



Avadvon TG @lAoco@ilac ¢ loAoylag
™ dekasTia Tov 1970

3 Baowkol Adyot:

- (PUOLKOKEVTPLONOC TTUPASOOLAKNC (PLAOGOPLOG
ETLOTNUNG

- KeVTPLKT B€om BloAoyiag otov 200 alwva
-> EVVOLOAOYLKQ TIPOBANLOTA EVTOG
BloAoylag

- ‘(PVOLOKPATLKY) OTPOPT) 0T PLAoCOPiX
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Species:
Panthera
pardus

-
O O

Genus: Panthera

AlLwVUULKT] OVOpaTOAOYLO

Binomial nomenclature

Bacteria Domain: Eukarya Archaea

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Bengamin Cummings
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TABLEAU

SERVANT A MONTRER L'ORIGINE DES DIFFERENTS

| ORDRE présumé de la Jormation des Animaux ,

LR ¥ 7 .
offrant 2 séries séparées , subrameuses.

ANIMAUX
Vers Infasoires. [1] SERIE DES ANMAUX [2] StriE DES ANIMAUX
: Polypes. INARTICULES. ARTICULES. - ,
.~ > I, RN
- Radiaires. ms.
* * 3 T, N
B Polypes.
- - :E ,
Insectes, :,; ;
. e B,
. Arachnides. & l l
Cirrhipades, °§ ~A-o— Radiaires. - P T T
Mollusques. < j Ascidiens. Vers.
- ’-\/L’\
‘ S
Poissons Eplzoalres.*
Reptiles. [rire
. U ° .._..4- o ° '~0.0¢| .......
- : Insectes.
e Acéphales. e
(hreanx, . ) , : l
: : = ~NA Amaelides. m
. o ‘@ §Mollusques.
Monotrémes. . @ ‘
M. Amphibies g Crustacés,
S :
s ¢ W
Cirrhipédes.
2 u.mm ....... 9 LA ARCE TR R R O
. R £ * Poissons.
. . Lo Reptiles.
: M. Ongules, = =
M. Ongaicnlés E s
; " = Mammiféres.
Py

H e€€Ai&n twv {wwv katd Tov Lamarck, 0mw¢ ameikovietal otnv ZwoAoyikn @irocopia (1809,
aplotepd), kat otV Quaotkn lotopia Twv AomovévAwy Zowyv (1815, Se€1d).
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TiLetvain Bewpla
™G EGEALENG;

1. H {1 e€sAlooeTaL: ol
mAnBuvopol aAAadovv e TNV
T&poS0 TOU XPOVOU

2. H aAAoyn avtr) cvpfatvel
oTadLaka (Le TNV TEPodo
EKOTOVTAOWV, 1] KAL
EKOATOUUVPLWV XpOVWV)
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organised beings
represent a tree.
[rregularly branched
some branches far
more branched. -
Hence Genera. - «as
many terminal buds
dying, as new ones

generated»
(1837, Notebook B)



TLetvatn Bewpla NG €EEALENG;

1. H (wn e€eAloosTat: ot TAnBvopol aAAalovv pe v
T&PoS0 TOV XPOVOU

2. H aAdayn avt) ovpPaivel otadiaka (pe tnv mapodo
EKOTOVTAOWV, 1] KAL EKATOUUVPLWV XPOVWV)



T etvatn Bewpla ™G €EEALENG;

3. XvpPaivel eldoyeveon (speciation - species) (éva
£(60¢ opyaviopwv Staomatal o V0 N TEPLOCOTEPQL)

el6o¢ B eldogT

N/

€l80c A




TLetvatn Bewpla NG €EEALENG;

£160C A £160¢ B

Y

KOLVOC TPOYOVOC

4.'0Aa Ta €l6n potpalovtal Evoy Koo Tipoyovo!
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TLetvatn Bewpla NG €EEALENG;

5. H €€&€A1&n ovpPaivel pEocw @UOLKNG
ETMLAOYNC, 1] OTIOLOL TIPOKAAEL TNV EUPAVLIOT)
TPOCUAPUOYWV OTOVUG OPYUVIOUOVG (OL
OPYQVIOUOL (PALVOVTAL OV VO £XOVV
oxedLaoTel)



Light-sensitive Light-sensitive Transparent protective
cells cells Fluid-filled cavity tissue (cornea) Cornea

ool olo = Lens
Eye cup 7 / Layer of . * '/,»
light-sensitive Retina
Nerve _ Nerve _A Opti cells (retina)
: : ptic :
fibers fibers serve™ B Optic / :‘)::\Il('; /
Patch of light- Eye cup Simple pinhole il Eye with Complex

sensitive cells camera-type eye primitive lens camera-type eye

Limpet Abalone Nautilus Marine snail

Copyright © 2009 Pearson Education, Inc



a) Nepioxn
ME PpWTOEUAiIoONTA KUTTAPA

 DWTOUMTOB0XEIC
NEUpPIKEQ
IVEC

0) Ztov TrepikAEIOTO BAAauo
avaTTuooETal JIaPaVEG CWHA

AHPIBANCTPOEISHG

Alapaveg cupa

y) Mam pe ot -
KaAUTEPN KATeUBUVTIKOTNTA,
OXNMATIONOS €1I0WAOU

B) Mruxwpévn KoIAGTNTA -
TTEPIOPICHEVN aioBnon
KareuBuvong

Ko\otnta
YEHATN VEPD

Meploxn uToUmodoxEWVY -
QPQIBANGTPOEISHG

£) AvarrtuooeTal
SIAKPITOG QPOKOG

oT) Avarrtuooetal ip1da,
dlaxwpIleTal 0 KEPATOEIONG

Kepatosldng ¢0"<°C
o [ Kepatosidig
\f‘ / Ydatoedég
~ uypo

' - YaAwAdeg
ApQIBANGTPOEIANG TwHo







TLetvatn Bewpla NG €EEALENG;

1. H (o e&sAlooeTaL

2. H g&eA&n ovpPalvel otadlaka

3. ZupPaivel et8oygveon

4, 'OAa to eldn potpalovtal £vay KOLVO T pOyovo

5. H €&eA&n ovpPaivel pEcw @UOKNC ETAOYNC
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m Trilobites - extinet  Ammonites-exinet EChInoderms
PrOtOStO €s grasshoppers beetl brachiopods b
eetles

N segmented worms Armored fi
Hryozoans
Sea scorpions - extinct dragonflies ants  butterflies

s octopus
lice bees flies snails | o ¥

h - extinct
) fish
sea urchins
horseshoe  spiders crabs

chins | aneSlets . © 2008 Leonard Eisenberg.
nematode crabs starfish Gea squirts Sharks Fish
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Ctenophores Corals

All rights reserved.
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All the major and many of the minor living branches of life are shown on this diagram, but only a few of those that have gone extinct are shown. Example: Dinosaurs - extinct*
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Phylogenetic Tree of Life

Bacteria Archaea
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H kuttapikn Bewpia

-I'tae Toug BLoAdyoug Tov 20V Poov Tov 1990 auwva, To KUTTUPO ATIOTEAECE TO
KAEL8L Yl OAa Tax Blodoyikd pofAnuata.

-> OAeG 0L {WTIKEG AELTOVPYLEG (METAPBOALONOG, XVATITUEN, AVATTAPAY WY,
KAT|POVOULKOTNTA) HtopoVoay Vo DewpnBoUv w¢ KUTTAPLKEC
SpaoTNPLOTNTEG -G SpacTNPLOTNTEG TTOV GUPaivouy péoa ota KOTTAPOAL.

H xuttapkn Bewpla amoteAovtay amo 3 apyEC:

1. oAa ta uTA KAl TA (WA ATIOTEAOVVTUL ATIO KUTTUAPX

2. TA KUTTOPA SLBETOVY OAQ TU XAPAKTNPLOTIKA TS {nC (Y
LETABOALOUOG, AVATITUEN, avaTapoywyn)

3. O0Aa Ta KUTTOPA MPOKVTITOUV e SLaipEon) TIPOVTIAPYOVTIWV KUTTAPWVY

-> TO KUTTOPO WG 1 KAOOALKN) SOULKT] KL AELTOVPYLKT) Lovada
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White-eyed mutant fly - —r—
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RN

1850 1900 1950
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S A4 1 \/

1831-1836 ~1930-1950

Tagiol Beagle MovTépva S0vBeon 1
veo-AapBIVIOUOS N
OLVOETIKN Bewpia
emmavavakoAvyn tou Mendel
1866, Gdopo Mende! (gl

1859, Origin of Species bs &
1809, Philosophie Zoologique




H Movtepva ZUvBeon 11 veo-AapBviopnog
-1 €€eAIKTIKT) 6VVOeoM 1) MovTEpva XUvOeon 1 veo-AapBLviooc 1
ovvOeTIKN Oewpla

-> gVvOeon SapPfLviopov Kol HEVTEALGHOV
-> TIPOCEYYLOT PUOLOSLPWV KAL YEVETLOTWV

-> KEVTPLKO ovuBav otnv totopla ™ froAoyiag tov 2000 alwva

-1 €EEAKTIKT ovvOeoM £dafle ywpa katd TG dekaeties Tov 1930 kot
1940

-yt TOAAOUGS BLOAGYOUG CUVIOTA XKOUN KoL OT)LEPA TO OERUEALWSEC
TAQLOLO 6TV £€EAKTIKT] BloAoyla

- @paon ‘evolutionary synthesis’ mpoépxetal amo to fiAio Tov Julian
Huxley (1887-1975): Evolution: the Modern Synthesis (1942)



H Movtepva ZUvBeon 11 veo-AapBviopnog

-> 1) €€EAEN ovpPaivel HEOW PUOLKN G EMAOYNG TTOV Spa TTAV®W OTNV
TOLKIAOTI TN TIOV TIPOKVUTITEL ATIO METAAAAEELC KOl XVAOVVSVAG O

-> TOL (POLVOUEVO TIOV TIPATPOVV Ol TXANLOVTOAOYOL, Ol GUCTILOTIKOL,
Kot oL BloAoyot mediov pmopovv va e&nynbovv pe TpoTo CUPUPBATO |LE TOUG
161 YVWO6TOUC YEVETIKOUC UNYXVIGUOVUC

-‘OVVEV®WOT] SLAPOPETIKWV EISIKOTNTWV (OXL AVTIKATACTAOT) £VOG
‘Tapadelypatog’ pue Eva AAA0)

-0l CUVONKEG TOV 20V TTAYKOGULOV TIOAEIOV, EVVOIKEC YIX Lo TETOLA
oLVOEON, KABWGS 1) EPEVVA 6TO TIESIO KL OTA EPYACTNPLA TIXPEUTTOSL{ETAL



H Movtepva ZUvBeon 11 veo-AapBviopnog

-KEVTPLKN O£01 NG OVVOETIKTC Oewplog:

4 M 4 4 14 14
-> 0L OQUVOLKQO JUOUOL EUTTEPDLEYO (X (X DVLIOLO D& O

KQL dpQ APKETN TIOWKIAOTNTA VI VA SPACEL T (PUOLKT) EMLAOYT)

-> 0L KALVOUPLEG LETAAAAEELC OTIAVIWG ATTOTEAOVV TNV AUEST TINYN TNG
TOLKIAOTITAC TTAV®W G TNV OTIOlA SPA 1) PUOLKT) EMIAOYN

-> T0 KUPLO PEPOG TNG TIOKIAGTN TG TO TTAPEXEL O YEVETLKOC
AVAGUVSVACHOG

-> §gv vmapyelL oxEon petaly Tov pLOUOL PETAAAAENGS KAL TNG
KaTtevBuvong ™G eEEALENG

-> 1 anmoym avtn Stadobnke katd TN dekaetia tov 1940



H l'evetikn twv [IAnBvouwyv (population genetics)

-ovaduon ™S MANOVOULXKN G YEVETLKTC TN SekaeTia Tov 1920
-TTOCOTIKA LOVTEAQ ECEALKTIKWV SLASIKAC LWV

-YOVISLAKEG GUYXVOTNTESG 6TOV TANOUVOUO Kol EEEALEN WC QALY OTIC
YOVISLAKEG CUYXVOTNTEG

[looppotia Hardy-Weinberg]

-> 1] PUOLKY] €TIAOYT] WG SUVaUN TTOV AAAALEL TIC YOVISLAKEC
OUXVOTNTEC -> £EEAEN -> AAAXYT] OTLC YOVISLAKEC GUXVOTITEC

-> R. A. Fisher (1890-1962) kat J. B. S. Haldane (1889-1988) otnv
AyyAla
-> Sewall Wright (1892-1964) otig HIIA

-0eEALWTEG TNG OEWPNTIKNC TANOVOULAKN G YEVETLKTC



H I'evetikn twv IIAnBvouwv

Haldane:

-oelpd apOpwv petadVy 1924 kat 1931, ota omoia
KOATOUOKEVA(EL LOVTEAX TANOVOLLAKN G YEVETIKNG

-> 10 1924 Snuootevel Eva KAAOIKO Tapddetypa eEEALENG TOV
2000 awwva, Tnv epimtwon tov peppered moth
(Amphidasys betularia)

-> §elyvel T SV TNG PLOKNG EMLAOYTC

[-> ouxVOTNTI TNG HEAAVIKTIC LOPPNIS < 1% To 1848, uéxptto 1901 ~ 99%
-> UTIOAOYI{EL OTL T HEAQVIKTY Lop@T) Oa TipETEL va £xel 50% ETMAEKTIKO TAEOVEK TN

-Kevtpiko cvpmepaopa TANOVGULHKWY YEVETIOTWV:

-> KOO KO LK PT] YEVETLKT) SLa@Oopd PToPovce va SLado0eL yprjyopa 6Ttov
TANOvouo

-> mtoAAol veo-Aauapkilavoi meibovtal (y Ernst Mayr, Bernhard Rensch)
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equipment. and to . G. E. R. Deacon and the

captain and officers of R.R.8. Discovery II for their

part in making the observations,

iyoung, I B., Gerrard, 11, and Jevons, W., Phil. May,, 40, 149
(1924).

s Tonguet-Uigelns, M. 8., Mon. Nat, Roy, Astro. Sor,, Geoplys. Supjr,,
5, 285 (1019).

s yon Arx, W S, Woods Hole Pajpiers in Phys. Ocearog. Meteor., 11
(3) (1950).

spkman, V. W., Arkiv. Aal. Astron, Fusik. (Stockkolm), 2{11) {1005}

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

wish to suggesl @ structure for the salt

of deoxyribose nucleic acid (D.N.A.). This

gtructure has novel features which are of considerable
biological interest.

A structure for nucleic acid has already been
proposed by Pauling and Corey'. Thoy kindly made
their manuscript available to ws in advance of
publication, Their model consists of three inter-
twined chains, with the phosphates near the fibre
axis, and the bases on tho outside. In our opinion,
this structure is unsatisfactory for two veasons :
(1) We believe that the material which gives the
X-ray 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 he too small.

Another three-chain structure has also been sug-
gested by Fraser (in the press). Tn 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 strueture for
the salt of deoxyriboze nucleie
acid. This strueture has two
helical chains each coiled round
the same axis (sco diagram). We
have made the usual chemical
assumiptions, namely, that each
chain consists of phosphate di-
ester groups joining B-p-deoxy-
ribofuranose residues with 3,5
linkages. The two chains (but
not their bases) are related by a
dyadd perpendicular to the fibre
axis. Both chains follow right-
handed helices, bui owing to
the dyad the sequences of the
atoms in the two chains run
in opposite direstions.  FKach
chain  loosely resembles  Fur-
herg's* model No. 1; that is,
he bases are on the inside of
T Aot el the helix and the phosphates on
diageammatle. 1oy the outside. The configuration
{i&‘,’(’m symbolize the  of tho sngar and the atoms
h“’“-“l-‘h?tﬂ:{m:ﬁﬁ‘:ﬁ;‘i near it is close to Furberg's
la)?xmnl Tods the pairs of  ‘standard configuration’, the
'w’:‘.’,{‘g;““n}J'qu}rﬁ sugar being roughly perpendi-
line marks the fibre axis ~ eular to the attached base. There
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is & residue o each chain every 34 A. in the z-direc-
tion. We have assumed an angle of 386° between
adjacent residues in the same chain, so that the
strueture repeats after 10 residues on cach chain, that
is, aftor 3¢ 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 wator contents we would
expeet the bases to till so that the strueture could
beeome more compact.

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

Tf 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 con-
figurations) it is found that only specific pairs of
bases can bond together. These pairs arve : 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 bo thymine ; similarly for
guanine and cylosine. 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 bhases on
one chain is given, then the sequence on the other
chai is automatically determined.

It has been found experimentally®?* that the ratio
of the amounts of adenine to thymine, and the ratio
of guanine to eytosine, are always vory close to unity
for deoxyribose nueleic acid.

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

The previously published X-ray data®* on deoxy-
ribose nuecleic acid arve insufficient for a rigorous test
of our structure. BSo far as we can tell, it is roughly
compatiblo 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 strueture, which rests mainly though not
entirely on published experimental data and stereo-
chemical 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 con-
ditions 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 Donohue for
constant adviee and eriticism, especially on inter-
atomic distances. We have also been stimulated by
a knowledge of the general nature of the unpublished
oxperimental results and ideas of Dr. M. H., F.
Wilking, Dr. R. E. Franklin and their eo-workers at

Nobel Prize in
Physiology or Medicine
(1962) -Crick, Watson &
Wilkins

"for their discoveries
concerning the
molecular structure of
nucleic acids and its
significance for
information transfer in
living material”



Aopun HoBMuatog
To uaOnua amoteAsital amd 5 OEPATIKES EVOTITEG:

Evomrta 1: Plhoco@ika O£pata otny e€sAiktikn Blodoyla
Mabnuata 2-5 (€€€ALEn, @UOLIKN) E€TLAOYY], TPOCAPLOYY], TMPOCAPUOTLOUOG,
KATOOKELT) 0lIKOOEON G, TEAEOAOY L, LOVASEG ETILIAOYNG)

Evotnta 2: H ovrodoyia tng £€€AiEng

MaBnuata 6-7 (opyaviopol, floAoyika atoua, BloAoyika i6n, avwtepa Taln)

Evotnta 3: P1A0GOo@IKE OSHaTa 0T YEVETIKY] KAl TN poplakn flodoyia
MoaBnuata 8-10 (avaywylopog, Yovidlo, YEVETIKN ALTLOTNTA, YEVETIKN TIANpO@OpLQ,
BLoAOYKY) ETTIKOLVWViK)

Evotnta 4: H flodoyia w¢ emotiun
MdOnua 11 (BroAoywkol vOpOl KoL UNYOAVIOUOL, TIOAVTAOKOTNTA, EEEALKTIKN
TP0060G, (w1)

Evotnta 5: EE£A1En ko av@pwmvn guon
MoaBnuata 12-13 (kowwvioflodoyia, eEEAIKTIKY) PuxoAoyia, TTOALITIOULIKT) €EEALEN,

avOpwTILVT (PUOT, EEEAKTIKT NOLKN)
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Oina
Elcaywyn ot ®1rdoco@ia t¢ BloAoyloag
H Oewplia ¢ EEEALENC & 1) Oewpla TG Puvoikn ¢ EmiAoyng
[Ipocappoyn & Kataokevr) OtkoBéong

TeAeoAoyla ot BloAoyia: Xxomog & Asttovpyla

OL Movadeg g Emidoync &
n E€EAEN amo v Amoym tovu 'ovidiov

Opyavicpoi & BloAoyikda Atopa

BloAoywkd Eidn & Avwtepa Taga

Avaywylouog otn BloAoyia
H Evvola tou I'ovidiov otn BloAoyia

I'evetikn [IAnpogopia & BloAoywkn Emikowvwvia

BloAoywkol Nopot & Mnyavicuoi, IlToAvmAokotnta, IIpoodog

E€eAiktikeg EEnynoels Kowvwvikng ZuumepLpopds Kat Zuvepyaoiag

PB DG
PB kep. 1
PB 28-42
PB 50-59

PB 59-65

PB 42-49

93-99 DG pepog 2

PB 66-80

PB 100-119

PB 81-93

PB 144-157

PB 11-27 DG pepog 3
PB 120-136
PB 45-49

KaBoAwkog AapBviouog, EEEALEN Tov moAlTiopoV & AvBpwtivn Vo PB 136-143



