Genom a jeho struktura
/.aklady jaderné a
mitochondrialni déedicnosti

Mgr. Peter Lenart Ph.D.
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1. Veda o dedi¢nosti a variabilite

7. Veda o génoch a genetickom materiile
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Genetika je

Veda o dedicnosti a variabilite

Veda o génoch a genetickom materiale

Veda skiimajica dedicnost’ a premenlivost’ organizmov a ich priciny
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Historia

A4

° Rozne teodrie o dedicnosti vznikali uz od staroveku
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e Genesis 30, 37-43 2

Jakob si tenkrat vzal cerstvé topolové, mandlonové a platanové pruty, oloupal
z nich prouzky kury, a tak odkryl bilé jadro pruta. “*Potom ty oloupané pruty
kladl pfed dobytek do zlabt, totiz do koryt na vodu, k nimz zvirata prichazela
pit a kde se parila. “Zvifata, jeZ se pafila pfed témi pruty pak vrhala
pruhovana, skvrnita a strakata mlad’ata. ““Jakob ta jehnata oddéloval a v
Labanove stade obracel dobytek smérem k pruhovanym i vSem nacernalym
kusim. Tak si Jakob pofidil sva vlastni stdda a ta nestavel k Labanovym
zvifatim. ~A kdykoli se pafily statné kusy, Jakob jim pfed oci do Zlabu
kladl ty pruty, aby se pafily pfed pruty. ““KdyzZz vSak byla zvifata
neduziva, pruty nekladl. A tak byl Labantv dobytek neduZivy, ale
Jakobuv statny. ~Takto se ten muz nesmirn¢ rozmohl, takze m¢l mnozstvi
stad, otrokyn, otrokd, velbloudt 1 oslu.
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https://www.bible21.cz/online#genesis/30/37
https://www.bible21.cz/online#genesis/30/38
https://www.bible21.cz/online#genesis/30/39
https://www.bible21.cz/online#genesis/30/40
https://www.bible21.cz/online#genesis/30/41
https://www.bible21.cz/online#genesis/30/42
https://www.bible21.cz/online#genesis/30/43
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Aristotelés

* Krv je zaklad dedic¢nosti

* Sperma je vycistena krv

* Muzské a zenské vplyvy sa spoja v zene a
vznikne diet’a

Z. toho pochadzaju vyrazy ako ,,pokrvni
pribuzni®, a podobne

Vlastnosti rodicov ovplyviiuja vlastnosti deti
Krizenie najlepsich muzov s najlepsimi zenami

(alebo najlepsich zvierat) vedie k produkeii
najlepsich potomkov!
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Historia

Rozne tedrie o dedicnosti vznikali uz od staroveku

19.storocie ,,blending inheritance*
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Charles Darwin * Ako mnoho vedcov jeho doby predpokladal

takzvanu ,,blending inheritance*

V podstate je to predstava, ze deti maju priemerné
hodnoty znakov ich rodicov - ak skrizime cerveny a
biely kvet, dostaneme kvet ruzovy.

Vel'ky problém pre Darwina: evolucia by s tymto
typom dedic¢nosti nemohla fungovat’!
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Joiner 1975

Figure 2. Histogram of a sample of college students arranged by height. Note that this histogram has a bi-modal
shape due to the mixing of two separate groups, males and females.
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Historia

Rozne tedrie o dedicnosti vznikali uz od staroveku

19.storocie ,,blending inheritance*

J. G. Mendel (1822—-1884)
1866 - Pokusy s rostlinnymi hybridy

1900 - C. Correns, E. von Tschermak, H. de Vries — znovuobjavenie Mendelovej prace
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- Gregor Johan Mendel

* 1822 (Hyncice) - 1884 (Brno)
* Mnich (rad Augustianov) a neskor opat
Starobrnénského klastoru

1854 -1863: Pokusy s hrachom (Pisum sativum)

* Vytvoril ,,Cisté linie*

* 27 225 rostlin

* 7 parovych znakua

* 1865 — predniesol svoje vysledky na zasadani
prirodovedeckého spolu v Brne

* 1866 — publikoval pracu “Pokusy s rastlinnymi
hybridy*
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Vyber modelového organizmu
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SEMeno ket lusk stonek
tvar délohy barva tvar barva umisténi velikost
® 00| L] |r|e—| X
Sedy & S @ . S— lusky a kvéty .

. hila !
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* Pre kazdy sledovany znak Mendel najprv vytvoril ,,¢isté” linie (homozygotné)!

* Docielil toho opakovanym samosprasenim
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Zavery

Jednotky dedi¢nosti (geny) sa nemiesaju

Dedicné jednotky existuju v paroch a su dvojakého charakteru (dominantné
a recesivne)

Dedicné jednotky sa prenasaja do d'alSej generacie prostrednictvom
pohlavnych buniek (maju materialnu povahu)

®




Zakon o uniformité hybrida

Kfizime-li
s homozygotem recesivnim, jsou jejich potomct

dominantniho homozygota

F1 generace v sledovaném znaku vsichni stejni

Princip dominance

U heterozygota muze alela

pfitomnost druhé

jedna prekryt
Princip segregace

Dvojice samostatnych alel se v prabéhu tvorby
gamet rozchazeji a do kazdé gamety prechazi
jedna z obou alel.

Z.akon o nezavislé kombinaci alel

A4

Alely riznych gent se kombinuji (segreguji)

nezavisle na sobé

Phenotype

O

(a) Self-fertilization of
parent stocks

100% green
progeny

100% yellow
progeny

P, O
(b) Cross-
fertilization

100% yellow
progeny (hybrids)

l (€) Self-

fertilization

: O

R i
75% 25%

yellow green
progeny progeny

Genotype
Vs
l (a)
100%
Yy
(yellow)
Yy
(b)
100%
Yy
(yellow)

l (c)

25% 50% 25%
YY Yy yy
(SRS RS

(yellow) (green)

Copyright © 2009 Pearson Education, Inc.

Yy

100%
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(green)
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Carl Correns Hugo de Vries Erich von Tschermak
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Archibal Garrod

Mendelovska dedicnost’ v medicine

* V1902 publikuje stadiu ,, The incidence of alkaptonuria: a
study in chemical individuality.*
* Alkaptonuria ma recesivhu dedic¢nost’!

Alkaptonuria: dedicna metabolicka porucha metabolizmu tyrozinu.
Prejavuje sa ukladanim kyseliny homogentizovej do spojivovych
tkaniv (Cierne sfarbenie).

Priznaky: tmava mod, degenerativne zmeny klbov (a s tym spojené
problémy — skoli6za, kytoza), strata sluchu, oblickové kamene,

kardiovaskularne problémy

Prevalence: 1 : 250 000 (svet)

ale Slovensko 1 : 19 000 (ast najvyssia
prevalenia na svete — zdroj SAV)

p1grnentac1a tvare &
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=) Ako ¢&itat’ rodokment
(Zaklad)

Male
unaffected

&)

Female
unaffected

Generation |
(parents)

| Generation I
~ (children)

Generation Il
(grandchildren)

Male affected
deceased

Female affected
deceased
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Dominantna dedi¢nost’ (vertikalni typ dedicnosti)

Casto rovnako postihnuty rodi¢
Rovnaky vyskyt u obou pohlavi
Znak sa prejavi aj u heterozygotov

50% Sance prenosu na potomkov a surodencov
jedinca so sledovanym znakom

Napr. achondroplazie, Marfanov syndrom,
Huntingtonova choroba, hypertroficka
kardiomyopatia, syndrom dlhého QT intervalu

IV

B affected male
@ affected female

R
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Recesivna dedi¢nost’ (horizontalni typ dedi¢nosti)

Rodicia mo6zu byt obaja zdravi
Rovnaky vyskyt u obou pohlavi
Postizeni su len homozygoti

Sanca prenosu 25 %

Castej$i vyskyt u pribuzenskych siatkov

Napr. Albinismus, alkaptonurie a fenylketonurie,
cysticka fibréza, galaktosemie (porucha
metabolismu sacharidd), srpkovita anemie
(porucha v hemoglobinu), Wernerov syndrom




Kde sa gény nachadzaju?

Thomas Hunt Morgan

.

* Gény su lokalizované na chromozémoch! @

* Niektoré chromozémy u octomilky obecnej
(Drosophila Melanogaster) su pohlavne Specifické
(Samicky XX, Samci XY)

* Jeho student Alfred Sturtevant v roku 1913 vytvoril
prvu geneticku mapul
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Karyotyp cloveka

1950, Joe Hin Tjio a Albert Levan
Diploidna 'udska bunika obsahuje 46

chromozomi — 22 parov autozomov
a jeden par pohlavnich chromozomov
(gonozoémov)

THE CHROMOSOME NUMBER OF MAN

By JOE HIN TJIO and ALBERT LEVAN

ESTACION EXPERIMENTAL DE AULA DE[, ZARAGOZA, SPAIN, AND CANCER CHROMOSOME
LABORATORY, INSTITUTE OF GENETICS, LUND, SWEDEN
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Zakladni typy chromosomuii

VYYV

akrocentricky

submetacentricky
metacentricky

telocentricky

sesterske
chromatidy

/\

Submetacentricky chromozom
(popis)

— kratke —
ramenko " ;

p (A9 \

+— centromera

kinetochorove
mikrotubuly

ramenko

q (A)

telomery

chromozom chromozom v metafazi
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Queen Victoria

Prince Albert d

Friedrich
redric Ludwig v I Alice I

IILd Hessel‘d v Engl.
; Victoria ; Leopold ; Helene v
I ] \ Albany Waldeck

| Alexander
Helnr rene Alix v Nikolaus Alice

@700 Q"E‘j’

Beatrice

v Engl.
Heinrich v Battenberg

S

Alfons XIIL.
v Spanien

Friedrich Leopold
\ Hessen v Battenberg I_I_I
Juan de
I I I IBorbén
Maria de
las Mercedes
Waldemar Heinrich Alexej Rupprecht Jaime Gonzalo v
v Preufen v Preuflen v Russland Alfonso de Borbén Beatrix Maria Borbén u.
v Spanien Isabel Christina Battenberg

Juan Carlos d



Prince Albert Queen Victoria

|_,_.

Friedrich Ludwig u I Alice

d Hesserd v Engl.
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; o ; Leopold ; Helene v
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Leopold

I Juan de

Friedrich
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Waldemar Heinrich Alexej
v PreuBBen v PreufBlen

Rupprecht
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Jaime

v Russland Alfonso de Borbén

v Spanien

Alfons XIIL.
\ Spanien

I IBor bén

Maria de
las Mercedes
Gonzalo ¢
Beatrix Maria Borbén u.

Isabel Christina Battenberg

Juan Carlos d



X-viazana recesivna dedi¢nost’
Pohlavné chromozomy: XX zeny, XY muzi

Postihnuty muz + zdrava zena = vsetky dett
zdravé

Zena prenasacka + zdravy muz = 50 % synov
chorych a vsetky dcéry zdravé

Vzacny vyskyt X-viazanych ochoreni u Zien

Napr. hemofilie, Duchennova svalova dystrofie,
farboslepost’

1

X-linked
Recessive

2

HOEme

8

10

11

12 13 14 15




X-viazana dominantna dedi¢nost’

Zasahuje muzov aj zeny, ale muzi vacsinou maju
zavaznejsie symptomy. Niektoré su pre muzov
embryonalne letalne.

50 % deti postihnutej zeny bude postthnutych

Vsetky dcéry postihnutého muza buda postthnuté
ale zladny syn nebude postithnuty

Napr. amelogenesis imperfekta, Alportav
syndrom, Blochtv-Sulzbergtiv syndrom




Interakcie aliel

Neuplna dominancia
Kodominancia

Mnohonasobny alelismus / alelové
série

Letalne alely

Penetrance

Expresivita

Genové interakce

©




Kodominance

Heterozygot ma fenotypové znaky oboch homozygotov

Alely funguji nezavisle

Krevné skupinovy systém ABO (ABh), MN

A IATA alebo TA
B IP1B alebo IPi
AB P
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Alelové

Geny s vice alelami

Pr. Barva srsti kralika
ct>ch>ch>¢
¢’ plné¢ funkeni (standardni)
Cch Ch

castecne funkeéni (hypomortni)

c nefunkéni (nulova)

Obr. 4.3 » Barva srsti u kralik(. Odli$né fenot

albinoticky
& -
himalajsky
Cchcch
C+ C+

standardni

¢tyfmi rdznymi alelami genu c.

fenotyp

iadrohhe

bila srst na celém téle

gerna srst na koncovych Castech téla;
bila srst na zbytku téla

srst na celém téle tvofi bilé chlupy
s ernymi Spickami

barevna srst na celém t&le

YpY jsou podminény

genotyp

e

choh
cheh

@

svétla &incila s cernymi
koncovymi castmi téla

Q 7

himéalajsky




Letalni alely

£ * Recesivni letalita — recesivni
homozygott umiraji

°* Dominantni letalita — dominantni

LS S SRS A S SR

homozygoti 1 heterozygott umiraji

* Recesivni letalita dominantni alely

* Pf. Tay Sachsova choroba — recesivné
letalni, achondroplazia

1
1
= |
=4
= |
3
o |
|
7|
= |
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Pleiotropia
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* Jeden gén ovplyvnuje viac znakov

AR

A e e

* Gén moze byt’ dominantny pre jeden
fenotyp a recesivny pre iny

78 A 4

WIS
LIS )

* Napr. mutace sposobujuca sprkovitu
anémiu je:
a) Autozomalne recesivna — vzhl'adom
na symptomy srpkovitej anémie

i

b) Autozomalne dominantna —
vzhl'adom na rezistenciu voci malarif
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Penetrance
a expresivita

Neuplna penetrance
znak se u jedinct
neprojevi, 1 kdyz maji

odpovidajici genotyp

Variabilni expresivita
znak se manifestuje rizné
silné u vsech jedinc,
ktef{ jej nesou

5 @ (w
Bb

BN
O@C© QOO ©OO

Variable Variable Variable
penetrance expressivity penetrance
and expressivity
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Genové interakce

Spoluptisobeni dvou nebo vice genti z

raznych alelickych part

Rizné kombinace alel dvou raznych gent
zpusobuji rizné fenotypy

Produkty genti spolu interaguji, na sebe
navazuji, ve fenotypu se prekryvaji apod.

Interakce vetstho mnozstvi genti - plynula
proménlivost — prechod od kvalitativnich
znaku ke kvantitativnim

D)

4
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Genotyp Vplyvy prostredia Fenotyp




Cysticka fibréza je autozomalne recesivne
ochorenie s incidenciou priblizne 1 : 10 000.

Preco nema incidenciu 1 : 3?




Hardy—Weinbergov zakon

p+tq=1
p°+2pq+ q*=1 (p+q)*

Ak na dané alely neposobia evolucné sily (selekce, drift, mutace,

génovy tok) a rozmnozovanie je nahodné tak sa frekvencia aliel Sacy
a genotypov v populacii s casom nemeni
0.6
0.4 -
0.2
pP-0 01 02 03 04 05 086 07 08 06 1
g—-1 08 08 0.7 06 00 04 03 02 01 O

\&V G. H. Hardy Wilhelm Weinberg ©




Materialy na precvicenie/rozsirenie zakladov
genetiky

https://is.muni.cz/do/rect/el/estud/prif/ps15/genetika/web/index.html

PRAKTIKUM Z OBECNE GENETIKY

Prirodovédecka fakulta MaSamykovy univerzity | odovédecka fakulta Masarykovy univerzity
RNDr. Pavel Lizal, Ph.D. | 7 RNDr Pavel Lizal, Ph.D.

r Uvod . a Uvod ~ 1. Segregace vioh
o Segregace vioh r 1. Segregace vioh - )
= Kombinace vioh » Pfiklad 1 Priklad 1  [nahoru)
@ Chi kvadrat » Priklad 2
piiklad 3 Kratkosrsty krélik A byl kiiZen s dlouhosrstym kralikem B za vzniku kratkosrstého potomstva.

+ Arabidopsis thaliana jako
geneticky model

Piklad 4 Jiny kratkosrsty kralik C po kiiZzeni s dlouhosrstym kridlikem D mél v potomstvu stejny pocet kritko
i dlouhosrstych jedincd.

o Pravdépodobnost v genetické 4 2, Chi-kvadrat
v tedpovedi 1 — N oe X e o

analyze a predpovédi 4 B KD T, Jsou-li dlouhosrsti jedinci (B a D) kiiZeni navzajem, vZdy tvoii potomstvo stejného fenotypu.
n Titerckce vich s e B : o o P SR

nterakce vlol & 4> PravdepodoBet Na zakladé téchto kiizeni odvodte, jak se dédi dlouhosrstost u kralikd, a napiste genotypy viech jedincd
* Rodokmeny s . 2 SiInterabeeion Dlouhosrstost je znak: v
2 :::Z:E:iamn;edlealnogaster1ako E E i H § a 6. Rodokmeny Genotyp kralika A: \ V\ Genotyp kralika B: [

=n 2 7:\asbaina potiast Genotyp krélika C: [ v| Genotyp kralika D: [ v| \
s Vazba na pohlavi E ! ! 5 <
# Karyotyp &lovéka - : = 8:Vezba. oo [Ukazat feseni|
y s 4 9, Tribodové mapovani =
o Vazba gend
BiAliaDeditros: Priklad 2 [nshoru]

e

@ Tribodové mapovani
P kvantitativnich znakd

U BIRE I}

= Dédiénost kvantitativnich znakd

V lidské populaci se vyskytuje zajimavy znak, kterym je schopnost srolovani jazyka do tzv. korytka (viz
obrazek). Tento znak je podminén dominantni alelou (oznaime jako 8), naopak jedinci bb tuto schopnost nemaji.
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https://is.muni.cz/do/rect/el/estud/prif/ps15/genetika/web/index.html

Prva polovica 20-teho storocCia

Gény sa nachadzaja na chromozomoch.
Chromozomy su tvorené z:
a) proteinov

b) nukleovej kyseliny

Vacsina vedcov predpokladala, ze gény buda kodované proteinmi, DNA povazovali
za ,,prilis jednoduchu® nato aby mohla vykonavat’ tak dolezitu funkciu



@ rough strain smooth strain heat-killed rough strain & ®
(nonvirulent) (virulent) smooth strain heat-killed i
smooth strain
o % @\
e ° ~Q~ ** % .* o
o ©® L b S b
° ° % ®%
@ mouse lives mouse dies mouse lives mouse dies @ 2

Griffit 1928



| 2 .
) S strain Extract %%
o , 3 i i
5 </ </ </ </ -
1' Polysaccharides Lapid RNA Protein DNA
2 destroyed destroyed destroyed destroyed destroyed
a® @ & ® )
2 ‘e ®e ® ® L

Mouse Dies Mouse Dies Mouse Dies Mouse Dies Mouse Lives
= B live S strain No live S strain
e \e recovered recovered

ok v ricipici oty gt it gt . >

-~ 3

: A;Avery, MacLeod, and McCafty 1944 V
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Chargaffove pravidla

Purines = Pyrimidines

Erwin Chargaff




Struktiura DNA

Story time (bonus)
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Francis Crick @

Rosalind Franklin




- Gosling pod vedenim Wilkinsa uspésné krystalizuje DNA. Wilkins prezentuje ich
% vysledky na konferenci v Neapole

d
- Watson na Konferencii v Neapole zisti, ze v

= Britanii uspesne krystalizovali DNA.
)s. Okamzite sa rozhodne {st” do Cambridge.

Watson sa na Cambridge dostane do skupiny vedenej Maxom Perutzom, kde sa
zoznami s Francisom Crickom. V tej dobe bo Crick stale Ph.D. studentom s

fyzikalnym vzdelanim a Watson ho presvedci, aby s nim pracoval na rozlasteni
struktary DNA.




W)

- ,nterestingly, Gosling's account diverges somewhat from that given by Wilkins in

his Nobel lecture (Box 3). Another - understandable - omission from Wilkins'
lecture 1s 2 somewhat unorthodox, and nevertheless essential, contribution he made
to Gosling's first X-ray images of crystalline DNA (Figure 2). Gosling had "sealed
the conventional camera onto its base and the lid and so forth with vacuum wax
and stuff that you used in order to keep air out. This was to keep the hydrogen in,
of course. The collimator was made of heavy brass and although I could seal it to
the outside of the camera, there was no way I could think of to really prevent
the gas coming out of the collimator tube. To my great surprise, when I was
showing him how far I had got, this rather shy Assistant Director of the MRC
Unit said: "Try this.' And he pulled out from his pocket a packet of Durex."
By a quirky twist of irony, the introduction of condoms to the story occurs after
Gosling had ceased working on sperm, having switched to Signer's DNA, which

was derived from calf thymus

Attar 2013


https://genomebiology.biomedcentral.com/articles/10.1186/gb-2013-14-4-402#Fig2

V medzicase $éf Wilkinsa a Goslinga (John Randall) nadobudol pocit,
ze Wilkins a Gosling sa sami nikdy nenaucia dost’ krystalografie na to,
aby rozlastili struktiru DNA, a tak najal Rosalindu Franklinovu.

Gosling bol preradeny pod Franklinovu a tej bolo povedané, ze ma cely

' projekt viest’. Problém bol, ze to John Randall nepovedal nikomu

SN

inému (ant Wilkinsovi) a tak si Wilkins aj Franklinova mysleli, ze maja
projekt viest’, a spravanie toho druhého bolo pre nich nepochopitel'né.
To viedlo k velkym konfliktom.

T —————————————————————————————————
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"It was a very curious thing. Randall actually wrote to Rosalind saying that she would be ® |
asked to direct the X-ray crystallographic work on the Signer DNA material, and I didn't
know that he'd done that." As with Gosling, Wilkins himself was not made aware of this letter

until many years later.

Gosling believes that the misunderstanding was "deliberate"” on Randall's part, rather than an
unfortunate oversight. When he eventually discovered the truth of the matter, Gosling was
"really shocked" because "it was against all Randall's principles as I understood them. Up
until then, everybody would freely discuss their work and interact with Wilkins probably

more often than interacting with Randall directly."

Later on, Wilkins was "beset by worry that he had been responsible for not integrating
Rosalind into the group" and it very much lingered with him, to the extent that, for the rest of

his life, he would frequently ask Gosling whether he had been unkind to her.

| @
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Watson a Crick spolu vytvorili prvy model DNA.
Prezentuju ho Wilkinsovi, Franklinovej a Goslingovi.

Cely model spatne.

Elementarne chyby!

Lawrence Bragg (Séf mnstitutu kde
Crick a Wotson pracoval) sa o tomto
incidente dozvedel a prikazal
Watsonovi a Crickovi, aby prestali na
Strukture DNA pracovat’.




V tej dobe zacal na struktiare DNA pracovat’ Linus
Pauling — jeden z najvacsich chemikov 20. storocia
(chemicka vazba, 2 Nobelove ceny).

Jeho syn Peter Pauling bol v tej dobe v Cambridge a tak
sa o tom dozvedel Bragg, ktory nechcel aby ho Pauling
znova v niecom predbehol, a dovolil Watsonovi a
Crickovi obnovit’ pracu na struktire DNA.

Pauling skoro nato naozaj publikoval ¢lanok navrhujuci
strukturu DNA. Urobil ale rovnaka chybu ako Watson
a Crick v ich prvom modeli (plus par dalSich).

Linus Pauling




Franklinova a Gosling ziskali vel'mi < ,

kvalitné snimky z rentgenové

krystalogratie.

Tie sa dostali k

Watsonovi a Crickovi.

To Crickovi a Watsonovi pomohlo vel'mi rychlo vytvorit’ druhy,
tentokrat spravny model struktiry DNA, ktory nasledne znova
prezentovali Franklinovej, Wilkinsovi a Goslingovi.

Watson a Crick publikuju svoj cisto teoreticky clanok o Strukture DNA
v Nature — o datach Franklinovej ani zmienka. Ale v tom istom cisle bol

hned’ dalsi clanok od Franklinovej, Goslinga a Wilkinsa.
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equipment, and to Dr. G. E. R. Deacon and the
captain and officers of R.R.S. Discovery II for their
part in making the observations.

'Yot(lghl)'. B, Gerrard, H., and Jevons, W., Pkil. Mag., 40, 149

* Looguet-Higglns, M, 8., Mon. Not. Roy. Astro. Soc., Gi . Suyp..
Py S g pha

¥ Von Arx, W. 5., Woods Hole Papers in Phys. Ocesnog. Meteor., 11
(3) (1950}

SFkman, V. W., Arkiv, Mat. Astron. Fysit. (Stackhoim). 3 (11) (1808),

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

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 considerable
biological interest.

A structure for nucleic acid has already been
proposed by Pauling and Corey*. They kindly made
their manuseript available to us in advance of
publication, Their model consists of three inter-
twined chains, with the phosphmea near the fibre

NATURE 737

i8 & residue on each chain every 3-4 A. in the z-direc

tion. 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 strueture could
beeome 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 fibro axis. They are joined
together in pairs, a single base from one chain being
hydrogen-bonded to a single bass from the other
chain, =0 that the two lie side by side with identical

z-vo-ordinates. One of the pair must be & 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.

If it is assumed that the bases only occur in the
structure in the most plausible tautomeric forms
(v.hm m, with the keto rather than the enol con-

axis, and the bases on Lhe In our opini it is found that only specific pairs of
this structure is y for two bases can bond Loget.hnr ’['hese pairs are : adenine
(1) We believe that the material which gives the (purine) with th (py line), and guanine
X-ray diagrams is the salt, not the free acid. Without, (pnnne) with ¢; me (pyr:mxdme)

the acidic hydrogen atoms it is not clear what forces In dther words, if an ad forms one ber of
would hold the structure together, especially as the & pair, on cither chain, then on these assumptions

negatively charged phosphates near the axis will
repel each other. (2) SBome of the van der Waals

distances appear to be too small.
Another three-chain structure has also been sug-
gostod by Fraser (in the press). Tn his model the
osphates 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 e«

tho other ber must bo thy ; similarly for
guanine and cytosine. The sequence of bases on a
single chiain 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
ono_chain is given, thun the sequence on the other
chain is

It has been fuu.nd expeumentully’-‘ that the ratio

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 samo axis (sce diagram), We
have made the usual chemical
assumptions, mli thac each

of the of to thymine, and the ratio
of guanine to cytosine, are always very close to unity
for deoxyribose nucleie acid.

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

The previously published X-ray data®® on deoxy-
ribosa nucleic scid are insufficient for a rigorous test
of our structure. So far as we can tell, it is roughly

i

chain of te di-
ester groups ;ommg ﬁ»D—deoxv-
ribofuranose residues with 37,5
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 ohains run
in opposite directions.  Each
chain loosely resombles Fur-
berg’s® model No. 1; that is,
the bases are on um umdo of

P with the experimental data but it must
be regarded as unproved until it has been checked
against more exsot results. Some of these are given
in the following communications, We were not awave
of the details of the results presented there when we
devised our structure, which rests mainly though not
entirely on published experimental data and stereo-
chemical arguments.

It has not es@ped our notice that the speeific
pairing we have postulated immediately suggests a
possible copying mechaniam for the genetic material.

Full details of tho struct.um, ino) udmg the con-
ditions d in buildi with & set
of m-onhnnws for the &wms will be published

the helix and the phospl on
This re 15 purely ! fis ion
dl Amlc Innctw the Th°
ribl symbolize ;m of the sugar and the atoms
two phosphate—sugar  near jt is close to Furberg"

tal Tods the ‘standard configuration’, the
b‘*m‘d‘“h‘:"'-‘hﬂ sugar being roughly porpendi-
1 ratks the fibra asts  cular to the Attached base. There

We are much indebted to Dr. Jerry Donohue for
constant. advice and criticism, especially on inter-
atomic 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
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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. Warsox
F. H. C. Crick
Medical Research Council Unit for the
Study of the Molecular Structure of
Biological Systerns,
Cavendish Laboratory, Cambridge.
April 2.
'I‘munz.l and Cores, R, B Nature, 171, 346 (1958); Proc. U.S.
Avad. Sci., 39, 8% (1959).
‘I"urberx 8., A.rla Chem Scand., 6, 634 (|9.>2)
5 ¢l aff, E for references see Zamenhof, Brawerman
Chargatt, B., Biockim. et Diophys. Acts, 9. 402 (1952).
“\Wyatt. G, R., J. Gen. Physiol., 38, 201 (1952).
‘An‘t}umm Svn;p Soc. Exp. Biol. 1, Nucleic Acid, 65 (Camb.

*\Wilking, M. 1{. F., and Randall, J. T., Biochim. et Biophys. Acta,
10, 102 (1953).
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Molecular Structure of Deoxypentose
Nucleic Acids

WhILE the biological properties of deoxypentose
nucleic acid suggest a molecular structure con-
taining great complexity, X-ray diffraction studies
described here (ef. Astbury?) show the basic molecular
configuration has great simplicity. The purpose of
this communication is to describe, in a preliminary
way, some of the experimental evidence for the poly-
nucleotide chain configuration being helical, and
existing in this form when in the natural state. A
fuller account of the work will be published shortly.

The structure of deoxypentose nucleic acid is the
same in all specxes (although the mtrogen base ratios
alter in, ted or in
colls, and in pu.nﬁed nucleate. 'l‘he same linear group
of polynucleotide chains may pack together parallel
m different ways to give orystallme' -3, semi-crystalline

paracrystalline material. In all cases the X-ray
dxﬁmctwn photograph consists of two regions, one
determined largely by the regular spacing of nucleo-
tides along the chain, and the other by tho longer
spacings of the chain e The of
different nitrogen bases along the chain is not made
visible.

Oriented paracrystalline deoxypentose nucleic acid
(‘structure B’ in the following communication by
Franklin and Gosling) gives a fibre diagram as shown
in Fig. 1 (cf. ref. 4). Astbury suggested that the
strong 3-4-A. reflexion corresponded to the inter-
nucleotide repeat along the fibre axis. The ~ 34 A.
layer lines, however, are not due to a repeat of a
polynucleotide uoml;losmon, but to lhe oham con-

April 25, 1953  vou 171

Fig. 1. Fibre diagram of deoxypentose nucleic acid from B. coli.
Fibre axls vertical

the innermost maxima of each Bessel function and
the origin. The angle this line makes with the equator
is roughly equal to the anglo between an olement of
the helix and the helix axis. If & unit repeats n times
along the helix there will be a meridional reflexion
(J % on the nth layer line. The helical configuration
produces side-bands on this fundamental frequency,
tho effect? being to reproduco the intensity distribution
about the origin around the new origin, on the nth
layer line, corrcsponding to ' in Fig. 2.

‘We will now briefly analyse in physical terms some
of the effects of the shape and size of the repeat unit
or nucleotide on the diffraction pattern. First, if the
nucleotide consists of & unit having circular symmetry
about an axis p&rallel to the helix axis, the whole
diffraction pattern. is modified by the form factor of
the nucleotide. Seecond, if the nucleotide consists of
a series of points on a ‘radius at right-angles to the
helix axis, the phases of radiation scattered by the
helices of different dismeter passing through each
point are the same. Summation of the correspondmg
Bessel functions gives reinforcement for the inner-

figuration repeat, which causes strong diffy
the nueleotide chains have higher density than the
interstitial water. The absence of reflexions on or
near the meridian immediately suggests a helical
structure with axis parallel to fibre length.

Diffraction by Helices
Tt may be shown® (also Stokes, unpublished) that

e =
= s, U

R x 7 P

N A A 2 N

the intensity distribution in the diffraction p
of a series of points equally spaced along a helix is
given by the squares of Bessel functions. A uniform
continuous helix gives a scries of layer lines of

Fig. 2. Dlﬂrwtmn pa‘um of Jv‘swm of hellees rormpomilu to

corresponding to tho helix pitch, the mmnsmy dis-
tribution along the nth layer line being proportional
to the square of Jy, the nth order Bessel funetion.
A straight line may be drawn approximately through

id. The squares of Bessel
fonctions nm plotted m the equator and on the first,
second, third md ﬁmn llycr llnes for half of the nucleotide mass
-l‘ 20 A. dhmobl!r mm\ndu distributed along a radiu ‘i the

at a given tnf omw!emim- About
C on the tenth l-m l'ne 8 lnr mucum wre plotted for an outer
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We are much indebted to Dr. Jerry Donohue for
constant advice and criticism, especially on inter-
~ atomic 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
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1953 clanky Cricka a Watsona a Franklinovej, Goslinga a Wilkinsa
vychadzaja v Nature
1958 Franklinova zomiera na rakovinu vajecnikov
1963 Nobelova cena pre Watsona, Cricka a Wilkinsa
1968 Watson pise knizku o objave DNA (The double helix) — Pulitzerova
cena, negativne vykreslenie Franklinovej (podl'a Goslinga to bola pomsta
Watsona za to, ako ho zhodila ten ich prvy model DNA) — paradoxne
zvysilo zaujem o Franklinovu.

.



© Na o vlastne prisli e

DNA je tvorena dvoma polynukleotidovymi vlaknami. Tie s Hydwgin o i
su  spojené vodikovymi vizbami a maju tvar '

dvousroubovice (double-helix). Adenin sa paruje s
thyminom a guanin s cytozinom, ¢o je konzistetné a

vysvetluje Chargaftfovo pravidlo.
Vacsina DNA dvousroubovice je pravotociva.

Dvousroubovica DNA je anti-paralelnd, to znamena, ze 5'
koniec jedného retazca je spojeny s 3' koncom
komplementarneho ret’azca a naopak. Nukleotidy v retazci
su spojené ich fosfatovou skupinou.

DNA baze su spojené vodikovymi vizbami, zaroven su ale
ich vonkajsie casti pristupné pre tvorbu dalsich
vodikovych vazieb. Toto umoznuje jednoduchy pristup
d’alsich molekul k DNA (replikace, exprese).
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prepis preklad
transkripce translace
DNA < > RNA = POLYPEPTID
3 reverzni 3, -
= transkripce = %
o o ‘S
-y v Y
DNA RNA FUNKCNI PROTEIN

Ustredna
dogma
molekularne;
biologie

1958 — Francis Crick
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< ° Mitochondrie st ohranicené dvojitou membrianou
Vyznamna uloha v energetickom metabolisme

Evolu¢né endosymbidza prokaryotickych buniek —
vlastni genom

mtDNA — kruznicova molekula

Vyuzivaja produkty vlastnich genu, ale 1 proteiny,
kédované jadernymi geny, které jsou do mitochondrii
preneseny z cytosolu

Lidska mtDNA
1657 L bp
37 gent
2 pro rRNA, 22 pro tRNA, 13 polypeptidy podilejici se na

@ enzymatické vybaveé mitochondrii

(—




Mutacie mitochondrialnych génov

Vedu k porucham oxidativnej fosforylacie
Mutace v mtDNA vznikaju castéji ako v jaderné DNA

Dosledok vyssieho vyskytu mutagennich volnych radikald, jina DNA

polymeraza, mén¢ reparacnich mechanismt
Mira postizeni
Homoplazmie — mutacie ve vsetkych molekulach mtDNA v bunke

Heteroplazmie — mutacia iba v niektorych molekulach mtDNA- hladina se
moze v roznych tkanivach lisit’ (svalova, srdecni a nervova tkan maji maly
replikacni potencial, a je v nich proto vysoka heteroplazmie)
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Geneticka klasifikace
mitochondrialnich chorob

Defekty v jaderné DNA
defekty v transportu a vyuziti substratu
defekty v importu proteint
defekty v Krebsove cyklu
defekty v oxidacné-fosforylacnich krocich
defekty v respiracnim fetézci
Defekty v mtDNA
velka preusporadani mtDNA — delece velkych asekut
bodové mutace mtDNA
Defekty v komunikaci mezi mtDNA a jadernou DNA

Ziskané defekty mtDNA — vlivem toxint, léciv, starnuti

Mitochondrial
Unaffected Affected Affected Unaffected

father mother father mother

I| l|

Aﬂected chﬂdren Unaffected children

B Unaffected
[] Affected

.S, National Librany of Medicine
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Vzacné mitochondrialné choroby
Nejcastejsi neurologické priznaky

obrna okohybnych svalti, poskozeni zrakového nervu, mozkova mrtvice, kfece, svalova poskozeni, inava
a neschopnost fyzické zatéze, ataxie, demence, periferni neuropatie

Projevy poskozeni organt v dasledku poruch v mtDNA

poruchy vedeni srde¢niho vzruchu, kardiomyopatie, diabetes mellitus, sedy zakal, laktazova aciddza,
poskozeni ledvinnych glomerult, poskozeni sluchu, poskozeni jater, poskozeni slinivky bfisni, intersticialni
pseudoobstrukce, epizodické zvraceni, pancytopenie, deprese

Chronicka externi oftalmoplegie (CPEO)

bodova mutace v tRNA7

napfed paralyza okohybnych svald, pozdéjt paralyza svald dolnich koncetin
Kearns-Sayriiv syndrom (KSS)

delece v riznych castech mtDNA

pfiznaky: od 20. roku veku (ztrata vidéni, sluchu, srdecni choroby, demence, ataxie, maly vzruist)




Vzacné mitochondrialni choroby

Leberova dédi¢na o¢ni neuropatie (LHON)

vétsinou homoplazmické mutace v genech pro podjednotku NADH
dehydrogenazy (MT-ND1, MT-ND4, MT-ND4L, MT-NDG6)

postizeni ocniho nervu a nahla ztrata zraku (jedno nebo obé oci) primérné ve
veku 27 let, také srdecni dysrytmie

incidence 1:50 000, diagnostikovano castéji u muzi — je zde pfedpokladan
urcity druh interakce genti vazanych na X-chromozom s mtDNA

le
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Method one: Embryo repair

Step 1 Step 2 Step 3 o
Parents’ embryo
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