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Avaperyvuopevn kAnpovopkdtnrta (blending inheritance)
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Verhandlungen

des

naturforschenden Vereines

in Brann.

I[V. Band
1865.

Briinn, 1866.

Im Verlage des Vereines.

Versuche iiher Pflanzen-Hybriden.

Gregor Mendel

(Vorgelegt in den Sitzangen vom 8. Fehruar und 5 Mz 18455.)

Hinleitende Bemerkungen.
g

Kiinstliche Befruchtungen, welche an Zierpflanzen desshalb
vorgenommen wurden, um neue Farben-Varianten zu erzielen,
waren die Veranlassung zu den Versuchen, die her besprochen
werden sollen. Die auffallende Regelmissigkeit, mit welcher die-
selben Hybridformen immer wiederkchrten, so oft dic Befruch-
tung zwischen gleichen Arten geschah, gab die Anrcgung zu
weiteren Experimenten, deren Aufgabe es war, die Entwicklung
der Hybriden in ihren Nachkommen zu verfolgen.

Dieser Aufgabe haben sorgfiltige Beobachter, wie Kal-
reuter, Gartner, lHerbert, Lecocq, Wichura u. a. einen
Theil ihres Lebens mit unermiidlicher Ausdauer geopfert. Na-
mentlich hat Girtner in seinem Werke ,die Bastarderzeugung
im Pflanzenreiche® sehr schitzbare Bevbachtungen niedergelegt,
und in neuester Zeit wurden von Wichura grindliche Unter-
suchungen iiber die Bastarde der Weiden veriffentlicht. Wenn
es noch nicht gelungen ist, ein allgemein giltiges Gesetz fur die
Bildung und Entwicklung der Hybriden aufzustellen, so kann
das Niemanden Wunder nichmen, der den Umfang der Aufgabe
kennt und die Schwicrigkeiten zu wiirdigen weiss, mit denen
Versuche dieser Art zu kimpfen haben. Line endgiltige Knt-
scheidung kaun erst dann ecrfolgen, bis Detail- Versuche aus
den verschiedensten Pflanzen-Familien vorlicgen. Wer die Ar-
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# parent generation

all self-pollination

In {2 generation\‘ 1
3:1 ratio f2
3:1 ratio 3:1 ratio

YY GG parent generation
Y = yellow allele | | | |

YG YG YG YG  f1 generation
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YY YG YG GG f2 generation
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YY YY YY ¥YY YY YG YG GG YY YOG YG GG GG GG GG GG
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Aplotepa: Ao Morgan, Sturtevant, Muller &
Bridges (1915) The Mechanism of Mendelian
Heredity

Fia. 9.—Red-eved femule by whiteseved male (D melanogaster). This [Tavw: o Morgan l,lT[pOGTé( aTto 5p00(’)([)l}\€§
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1. 64. Scheme to illustrate a method of crossing over of

the chromosomes.
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13.7 4+ CROSSVNL'SS 140 4+ STREAK

200 1+ CUT

275 1+ TAN

330 -+ VERMILION

361 4 MINIATURE

430 T SABLE
\GARNET

I &
1 _FORKED
“BAR

56.5.
570 +

650 1+ CLEFT
680 + BOBBED

T

290 ¥+ DACHS

-

465 + BLACK

524 1+ PURPLE

-

650 4+ VESTICIAL

700 1+ LOBE
735 1+ CURVED

1

975 + ARC
\1/

085 ¥ PLEXUS
1

1030 &+ BROWN
1050 ¥ SPECK

m

v

00 + ROUCHOID 003 BENT

03

253 SEPIA

\ |/
25.8 F HAIRY
385 DICHAETE
420 SCARLET
455 PINK
540 4+ SPINELESS
590 -er- CLASS
635 4 DELTA
655+ HAIRLESS
675 % EBONY
720 4+ WHITE-OCELL!
865 + ROUCH
95.4\ /CLARET
957'+ MINUTE
1010 + MINUTE-G

\SHAVEN
EYELESS

FEMALE MALE

Aptotepa: ToviSlakog x&ptng ™G
ApocO@IAQG —Ta VOUUEPA SECYVOUV TNV
ATTOOTOOT ATO TO TEAOG TOV
XPWUOOWUATOG
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MUTANTS

black bod iqial wi
_ dumpy wings : ¢ 4 purple eyes veshglal g brown eyes
short aristae &34
AR short legs
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fl i long wings long legs red eyes long wings

gray body
WILD TYPE



Gene loci Dominant
allele

P a b !

Recessive
allele
Genotype: PP aa Bb
Homozygous Homozygous  Heterozygous
for the for the

dominant allele recessive allele
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-YOVOTUTIOG - (PALVOTUTIOG

“YOVISLX TTAVW OE XPWUOCWUATA

-OAANAOHOP PO -> EVOAAAAKTIKEG LOPPEG EVOG YOVLISIOU
-genetic locus

-> Eva Yovidilo pmopel va emnpedlel ToAAOUG (ALVOTUTILKOUC
xapoktpes (mAeotponia / pleiotropy)

[Morgan: 25 yovidia emmpedlovv to xpwuo patioV otn Apoco@iial]
-> EVOG (POLVOTUTILKOG XOPOKTTPOG UTTOPEL VA ETNPEALETAL ATTO
moAAG Yovidia polygeny

Beadle & Tatum (1941) -> ‘one gene-one enzyme hypothesis’

-t yovidia mepi to 1950:

(PUOLKA CWUATIOL AYVWOTNG 6VOTAOTG, SIATETAYUEVA TIAV®W OTA

XPWHUOCWUATA, KAPOVOUOVUEVH CUUPWVA LE TOUG VOULOUGS TOV
Mendel, kot vtevBLVA YA TNV KATAOKELTN EVOG EVIU OV




-> To kAao kO Yovidio wg ‘Sltaopomomn e (difference-maker)

Morgan:
Suppose, for instance, to take perhaps an extreme case, all the genes are
instrumental in producing each organ of the body. This may only mean that they all

produce chemical substances essential for the normal course of development

Morgan:
I[f now one gene is changed so that it produces some substance different from that

which it produced before, the end-result may be affected, and if the change affects
one organ predominatingly it may appear the one gene alone has produced

this effect. In a strictly causal sense this is true, but the effect is produced only in
conjunction with all the other genes. In other words, they are all still contributing,

as before, to the end-result which is different in so far as one of them is different.

-Waters:
Difference principle: differences in a gene cause uniform phenotypic differences
in particular genetic and environmental contexts.



-> To KAao1KO YOVidlo w¢ BewpnTIKY) OVTOTN T IOV £€nYel dedopeva
SLLOTAVPWOEWV

-UTIAPYOVV OTNV TIPAYUXTIKOTNTA 1) OXL;

AEV VTTAPYEL CLUUPWVIN LETAEY TWV YEVETIOTWV YLK TO OV T YOVIOLQ
VUL TIPAYUOTIKA 1] VTTOOETIKA, YIOTL 0TO ETMITESO TWV TELPAUATWV
TN G YEVETLIKIG TO YOVIOLO UTTOPEL va KaTavonBel ite wg pia

VTTOOETIKT HOVASA ELTE WC EVA VAIKO CWUATIOL0 YwPIS va vTTApYEL
Kapia Stopopd.

Thomas Hunt Morgan, 1933



Nucleus Chromosome












!

e, e
' sty
el o0 o
I b ;_'ﬂmr
P, ol aed]

heervatias vt
i 40 P!
 dnift, afieg
M5 ot
hemisphese: ot

"

Istitad. T*'Vi
f the s
b it m, » H"
i et S5
|padyatatt 7
r‘_’ ,hﬂ-fl:‘. .
s fiml B
g

no. 4356 April 25, 1953

equipment. and to . G. E. R. Deacon and the
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part in making the observations,
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s yon Arx, W S, Woods Hole Pajpiers in Phys. Ocearog. Meteor., 11
(3) (1950).
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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

NATURE 737

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”
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GATCCCTGCC
TCICCACCGC
TCCTGCACGT
TTACCAGTGA
CGGACAGTGC
AAGGCCCTGG
TGCCCAACTC
GGGCAGCAGC
CCACTATCTG
AGGGTCTGGG
CTCCCCERCC
GGACCTCGGG
AGTCTACAGA
TTTGCCAGTA
GTTTGGGCGG
CACCCCCCAA
GCACGACGGG
TGTCTGGATT
CCATTTGGCG
GATGTGTGGA
CAGTGTGGCC
AATGTGTGTC
CTCCCALEIL'G
CCCATCATCT

TGGECTTITEE
TGCCACACGC
CAGCCATCAT
CCTGCCGAGG
CGETTCATGT
GCCACTTGGC
CCAGAAAGGC
GCAGGGCACA
CCAGGAGGTT
GCTCCECAGCT
CACTTCTGGT
GECTCCTGEE
CACCCCAGTG
TFEGCTCGCC
GAAGTTGCAG
TCCTGGECTCC
CACCTCCGTG
CCTAACGACT
TCGTCCCCAA
GTTCTAGATA
CGTCCATTCG
CAGTTTTACC
TGGCTGATAG
TCAGGAAGAC

CTICTGEAGEC
CAGAGCCTGT
CAGACCCATG
CCCCGGACTC
GGGAACTAGG
ACGGGCGGGL
CGAGGCTCTG
GGGACAGCCC
GCTTCTTCCA
GCTGTGAGTG
GCCCACTGTG
GAGCTGCTGA
T'TTGCCAGTG
AGTGTTCGCC
GTCCCTCCAG
CTGCAGGACG
TTCACCAGTC
TCAGCCTCTG
TTTCCGGCCA
CCAAGTGTCT
CITICTGTGCA
TTCTAGTTTA
LGACGTCTTC
GECTTGTGTGC

CEECGECCCA
AGCGGGGCCT
GGGCCACCCA
TGCCAGCCAG
GGACGATGTG
GCTCCCGAGA
CAGCGGGAGG
CCCTCCACAG
GGAGGCTTTT
CTGCACATTC
GCCACAGCAA
CCCTAGGCAG
ETTGCCCGETG
ACTTGECCCT
GACAGTTGGC
CGGEEGECCCC
CAATGGGCAC
CACCTCCTGG
AGGCCGCGTC
GTCGGTTTTA
GCAAAATCTT
TACTTTCGAA
TAACTTCCCA
GAGACGGGTA

CAGGTTCACA
CAGAGTCTGG
GGGAACCTTG
CTGTGCCGEEE
GTICTTCGCA
TGGATATGAG
AAGTCCTGCG
CTCTICCTIGE
CCCGACCAGC
TCTTGAGGAC
GCACTGGGGC
AGAGATTGCA
TTCACCAGTG
CTGGCTGCAA
CGATGACGTG
CGAGATCCTG
GGAGCGTGGC
GTTTTCECCTG
GECETCCTGC
GACATCGCAA
TAATTATTTG
CATTTGTTTG
TTTACTATGT
TGAGGGCCCC

CCTCGEETET
GAGGTGGGAC
GCAGGGACCA
CACCCTGECC
TCTGATGATG
GAGCCCCCIC
ATGTCCTGGG
CCAGCCCTCC
CCAGGGGTCC
AGCCCCCTCE
CTGCACTCAG
CATCCCTAAG
TTTGCCAGTG
GAGTGACTGG
GAGACAGACC
GCGGTGCTCA
TTTATTTGCA
CTGCAAATTG
TGTGTAATTT
ACGTCCTTCC
ATGGCATCAA
AGAAATCTTT
TACATTCAGA
ACACCCCGCC



Antisense strand
CTGACGGATCAGCCGCAAG GGAATTGGCGACATAA

GACUGCCUAGUCGGCGUU

RNA Transcript

GACTGCCTAGTCGGLGTTCGLCTTAACCGCUTGTATT

Sense Strand
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-> EVOAAQAKTIKO LATLOU

DNA
RNA
I Alternativle Splicing ]
1 2 3 4 5 1 2 4 5 1 2 3 5
MRNA sl sy - E —— a— A Sm— ey ey
Translation Translation Translation
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Protein A Protein B Protein C



Ovalbumin processing

DNA 7I700 base ﬁ'rs
Genome

i ltranscriptim B INTRON
Fomary & 3 BN

RNA IR
Transcript 1. addition of 5'-cap
2. addition of poly [A] tail

5' cap @R RN
lremoval of poly [A]

5 introns (splicng) tail

retnoval of
,l,z introns (splicing)
mature

mRNA @AWY

1,872 bases
Sy 2XpoOrt to cytoplasm
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Marine Freshwater

Ocean predator

Freshwater predator



Marine Stickleback Pitx1 Gene In Marine Sticklebacks
Pitx1 Gene is turned on

Mouth Pelwvic
and Jaw Limb
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Freshwater Stickleback In Freshwater Sticklebacks
Pitx1 Gene Pitx1 Gene is turned on
Mouth Pelwe

andJaw  Limd
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Hox genes arranged along
the fruit fly chromsome
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Zones of Hox gene activity in the embryo
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Hemichordates

Urochordates

~Teleost fish
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[Tolwa eivat n oxéon kAaoikov & poplakov yovidiov;

-> 0L V0 £VVOLEG YOVLSLOU £xouV TNV LBLA ava@opa

-> VALY WYT] KAQOGLKN G YEVETIKNG OE LOPLUKT) YEVETIKY)

-> 1) popLakn PloAoyio £6€1€e OTL 0L KAAGIKOL YEVETIOTEG ELXAV EV HEPEL
dikLo:

-> T yovidLa elyav eloaxfel w¢ AVTIKEIUEVA UE CUYKEKPLUEVO ALTLAKO
pOAO, KoL oL poplakotl floAdyol avakAAvPov 0TL ATTOTEAOVVTOV OTTO KOUUATLX
DNA 1ov Kw3OIKOTIOLOUV TIPWTEIVEG

/4 /4 ( ’ ’ /4 ’ o/ )
-VOUOGC YEQPUPA: “TO YOVLIOLO €lval uePoG DNA TTOU KwOLKOTIOLEL UL TIPWTELVT

-> 1 B€0om TEPL AVAYWYNGS TNG KAACLKTG YEVETLKNG 0TI LOPLAKY) YEVETLKN EXEL
QmOPPLPOEL ATTO TOVUG TIEPLOCOTEPOUC PLAOGOPOUC TNC BLloAoyiag



[Tolwa eivat n oxéon kAaoikov & poplakov yovidiov;

Waters: anti-reductionist consensus

Kpltikéc:
emelpnua #1: to emyeipnua tov Kitcher yia to vopo Staxwplopov tou

Mendel, o oolog e€nyettal oto kutTaplko enimedo (1953 and all that)

ETXELPNNA #2: 0 VOUOG YEQUPA VoL AAVOAGUEVOC
-> HEVTEALAVA YoviSila TTov SeV elval poplaka yovidia




[Tolwa eivat n oxéon kAaoikov & poplakov yovidiov;

EMYELPNUA #3: EVVOLEC KAXOLKY|C YEVETLKIG TTOU 8€ HTTOPOUVV
VO 0PLOTOVV LE HOPLOUKOVGS OPOUG

-> ETILKPATEG YOVIOLO

-> 1) emtikpatnon (dominance) MPAYUATOVETAL TTOAAXTIAX
(multiple realisation)

emelpnua #4: to pevteAlovo yovidio Sev xel
OVTIKATOOTAOEL ATTO TO LOPLAKO

-> yYovidLo TNV MANBUOGULAKN YEVETIKN

-> eywLoTIKO yovidlo Dawkins



[Tolwa eivat n oxéon kAaoikov & poplakov yovidiov;

-> 0 Benzer sloayel Tov 6po cistron (oLotTpovio)
-V oVVSVAOoNOC (recombination) kat emyLAoNOC (crossing over) yovidiwv

-> AELTOVPYLIKY povada # KAnpovoulkn povada Griffiths Stotz process theory of
the gene

-> YEVIKN TAON: S1A@POPEC £VVOLEC YOVISiov
-UEYAAN AAAOYT) O€ £VVOLX PLEVTEALAVOU KAXG KOV YOVISLO0U

Moss: gene-P (predictive, preformation) vs gene-D (development)
-> ‘OldAvon’ TG Evvolag;
-promoter (VTTOKIVNTING) -> PUOULOTIKEG TIEPLOYXEG

-introns - RNA alternative splicing, trans-splicing kAt

-> YEVIKA: YEVETIKA CUOTILOTO TTOAD TILO TTEPLTTAOK A aTtO Yovidia Statetaypuéva
ooV YAVTPEG 0€ KOPOOVU



['o TepaTEPW HEAETN:

-Godfrey-Smith, @idocopia tn¢ BioAoyiag, ke@. 6

-Griffiths & Neumann-Held (1999) “The many faces of the gene’
-Sterelny & Griffiths

-Griffits & Stotz (2013) Genetics and philosophy

-https: lato.stanford.edu/entries/gene

-https://plato.stanford.edu/entries/molecular-genetics/
-https://plato.stanford.edu/entries /molecular-biology/
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particulate theory

mendelian chomosomal theory of inheritance
Johannsen - genotypic theory of inheritance
Hox genes

Denis Noble, the music of life



