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- INTRODUCERE IN GENETICA MEDICALA
- ADN — PURTATORUL INFORMATIEI GENETICE

- CROMOZOMII UMANI



GENETICA = stiinta EREDITATII si VARIABILITATII
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Ereditatea - proprietatea unui individ de a transmite la urmasi caracterele

sale personale, precum si cele ale speciei careia 1i apartine.

EREDITATEA = proces informational bazat pe stocarea, expresiaa,
transmiterea informatiei genetice.



EREDITATE VARIABILITATE

- Mutatii
- Recombinari genetice

- Migratii

doi indivizi neinruditi ADN identic 99,9%

Variabilitate = ansamblul fenomenelor care produc diferentele
genetice individ/ populatii



GENETICA UMANA

- Stiinta fundamentala

- Stiinta aplicativa — Genetica Medicala

- Stiinta medico-sociala



GENETICA MEDICALA

> GENETICA CLINICA
> CITOGENETICA
> GENETICA BIOCHIMICA

> GENETICA MOLECULARA




Acidul dezoxiribonucleic (ADN) este substratul molecular al ereditatii.




Genomul uman este alcatuit dintr-un genom nuclear si un genom mitocondrial
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Numarul si forma cromozomilor sunt elemente caracteristice fiecarei specii.
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Genetic Architecture of Complex Traits
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GENOTIP - structura unica si caracteristica a unui individ/ constitutia genetica

FENOTIP — ansamblul unic de caractere manifeste (observabile) si specifice ale
unui organism, produse prin interactiunea permanentd, dar in proportii diferite,
dintre ereditate (genotip) si mediu



Om - Unicitate bio-psiho-sociala
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“Nature vs. nurture”
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TIPURI DE AFECTIUNI GENETICE
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Inheritance of Cystic Fibrosis (CF)
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ADN - ul substratul molecular al ereditatii




DNA - double helix
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suzgosl & structure for tho salt
of deoxyriboar muclkie acid {D.N.A.). Tais
atuclurn has novel featuras which are of consideranls
Dinlogicel intetest.
ructums for uuelsic acid hns already boon
proposed by Pauling and Corey'. Thoy kindly made
thair  manuderipy availeble t0 us i advenco of
publicatian, Thair modal eonsista of thre inter-
tw.ned chains. with the phosphatos oear the fibro
axig, and tho bases on the outside, In our opinion,
this’ struchurs s unsatisfactory for two reasows
(Lt Wo believe thar tho matorial which gives the
X-ray diagroms i3 the galt. not. the free ooid. Without
the neidie bydrogen aroms if. it not cloar WAL fotoes
would hold tho atructure tagether, espacially ss tho
mga\m\ely pmrgaa phowphates near the wxis will
1 on or. Soms of tho ven der Woal
d)imnnm Bppuar 0 be teo small
Aasther three-chin sieceture has alas been
guted by Fraser (n the proas). In his mudel tan
Phoaphates ar~ on the vuteide aad thy bases on <ho
puide, linked together by lLydrogon bonds.  Thu
atrutpeure an dasseibod is yathor H-defined. and. for
i renain we shi T nol comenent
o

o .

Wo wish to pur forward s
sadically ditfozent structur for
the aule of deuxyribom: nnoic
seid.  Thie strunturo hoe 1w0
helical chping cann eoied Tonnd
0 me axis (see disgeam). Wo
have made tho nsal chemiosl
Accasmptions, namoly

chain consists of phosphate di-

tibofmnom residies with
linkago. Tho two chuins (but
wot, 1lioir bases) are related by
dywi perpendicular 1o cha Sbre

tandod  helicos, but owing (o
chm dyad the soquoncee of (he
atoms in the two chaios run
in opposite dinctions.  Each
chain loowly rtesembles Fur-
barg! model No. 1: that is,
thu hased aro on the nside of
tho Lelix aad (e phosphates on
the vwsidv, The configuration
of the wgar and the atoms
noar it is close to Furberg's
wt andad conigarniion’, the
sugar bong oo

et The eriind
et M el N o the avtoeed pove, Thero

e resubue on each ehain every 3-4 A i U s-diver-
tion, We have ssumed an angle of 36° botween
adjacent tomidues in the same chain. a3 thet the
structure repeats after 1D rosidues an 2ach ehain, thai
is, after 34 A. The distance of a phiosphorus stom
f10ra the B axia 13 10 A, As the phasphates are on
4o outside, cations have easy access (0 them.

“The structute is an apen one, and {18 water confen:
ia rathor high. At lowar water contenws we wauld

the hases t0 tilt 50 that the structuro e
bocome o 2ompset

Tho novel feature af the atructure is the mannsr
in which the two chains are held sogother by tho
purine and pyrimiding Plinsa of the basss
are porpondicuar to e dbro asin, They are jomed
togother in pairs, & singls has from one chain boing
hydrogea-borded to o singls baso fror the other
chain, 30 that tho two lia side by sids with identical
zso-ordinates. One of the pair cust bo 8 purine and
the other & pyrmidine for brnditg to poaur. Lhe
hydrogen bonds sre mads as follows » purine position
10 pyrimidine position 1; puring position € to
pyrimidine yasition 6.

If i ia asumed that the hasea only oconr i the
siruetnre in the mos: plansible teutomeric forms
(that is, with the ketn rather then the anol eon-
figurations) it (@ found thay only Epecifiv paim of
hason can band togother. Theka pnin ams :

(purine) wish thymine (pyrimidine). and guanine
(purine) with eytosine (pyrinai

In other woeds. if an ndenine farms oo wember of
4 pair, 00 eithor chain, thon o thest AISUMPLIONA
tho other momber musi be thymine ; similarly for
guanino and cytosine. Ihe sequence of hases on »
ﬂinglu chain does not appear o bo Testricted in any

way. Howavar, if anly fpecific pairs of bases can be
formmod, it follows thet if the sequensa of basea on
one elbin. ix given. then the sequaren on the other
chain is suforeo cally dotermined.

¢ has boen found expenmymally-‘»‘ ther the ratio
£ b svacuta of ademins 10 hyming, aad the retio
5F gubnine tn aytosing, A Always oty o th unity
“or deoxyribose nucloio acid,

Tt in probebly impossible ta buikd thia strucium
with & Tiboas sugar i place of the deoxyrboan, &
“he exirs oxygen atom would make ton closs & van
dor Wasls vox

The umvmual) pnbmmd X-tay catabd ot dsoxy-
sibose moleis acid arn insuficiont for & rigorous tesl
af our strueture. So far aa we can toll, it 15 roughly
sompatible with the experimental data, hut it 1aust
ha regerdsd a3 unproved uncil it has been checkerd
ugainat moTe exnct romalta. Bamo of thosa AT givon
in the following ourmmunications. We wera not aware
of the details of the resulta prosentad thore whon wo
dovised GWR StmCLiirg, Which Fasta rnainty though not
entirely on published experimental data and storeo
chemical Argumenta.

t lias not cscaped our notive that the spocific
pairing we have postulated immedintely suggests n
pomible topying mechanism for the gonetia seateriel

Ful detaila of the atruerure, insiuding the eon-
Aitions aasumed uzldmg it wgemm- with o set
of eo-ardinates for the e Do publishol

Wao ara much indobted to Dr. Jurry Drnonie for
conatany advico and criticiara, capecially on intr-
tomis distanss. Wo have Ao ben atinulated by
@ knowlodgo of the goneral apinre of tho unpub]whcd
cxperimental rosulta -
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STRUCTURA PRIMARA A ADN

ADN este macropolimer de deoxiribonucleotide.
Unitatea structurala a ADN este dezoxiribonucleotidul.
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Un dezoxiribonucleotid este alcatuit din trei elemente distincte :

» un glucid cu cinci atomi de carbon (o pentoza) - D-2-DEZOXIRIBOZA

» 0 baza azotata, care poate fi purinica (adenina (A), guanina (G)) sau
pirimidinica (timina (T), citozina (C)), se leaga la C1 dezoxiribozei, alcatuind

Impreuna un nucleozid

»un grup fosfat care se leaga la C5 al dezoxiribozei

Five-carbon Sugar Phosphate Group Nitrogenous Base N
H NH, 0
| o Il
§ HO—C—H _ " //A\\(";/(%Al\' //N\(Ir"\?'_u H J
S 8 H-C H—C =
T H (/ £ NG C—H \\-Co 2C—NH, o
T A : S b N | 3
o ; Y H ( : —p—
a C o C ¢ i O— P O CH .
DNA [ D Adonks cues | 2 Nitrogenous
only OH H OsSB=0 = base
(\) NH, 6) 0 o 2
H il ) I (adenine)
”()_(l,_” 2 H—CT \I\ H;(l—(”I/ ‘\_l\‘~H H—(“:/ ‘\?'—H Phosphate
¥ c
§ ///‘()" < OH jg H—C{FC=0 H—C{~C=0 H—C_~C=0 group
2 / ‘ . .
= « £ | | |
H 1/ i & H H H
Clm C Cytosine Thymine Uracil
OR::;“ (|)H (1)H (both DNA and RNA) (DNA only) (RNA only)
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» Caracter acid si numeroase sarcini
negative

* Polimerizare 3'-5' fosfodiester

» Catena continua liniara- structura
primara

 Liberate de asezare totala a
nucleotidelor

* Succesiunea nucleotidelor
repezinta informatia genetica
codificata

* sensul de citire determinat de
polaritatea 5'—3'
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STRUCTURA SECUNDARA A ADN

- dubla spirala elicoidala

- doua catene polinucleotidice, legate intre ele prin bazele azotate, in mod
complementar si infasurate plectonemic pentru a forma o dubla spirala
elicoidald (o elice dubld) orientatd spre dreapta, cu diametrul de 2 nm si
pasul elicei de 3.4 nm.

- bazele azotate sunt situate
spre interiorul moleculei si
se leagd complementar: o
bazéa purinica se uneste cu o
baza pirimidinica: A-T si G-C
(formand un cuplu sau o
pereche de baze, prescurtat
pb) prin punti de hidrogen.

(a)
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Secventa nucleotidelor unei catene determind cu necesitate
secventa nucleotidelor celeilalte catene. Deci cele doua catene
ale ADN nu sunt identice, ci complementare, antiparalele si strict
codeterminate.




- dubla spirala elicoidala coaxiala (o elice dubla), orientata spre
dreapta (dextroqgir)

Copyright © The McGraw.+il Companies, Inc. Permission required for reproduction or dispiay.

- prezintd doua santuri laterale
(incizuri): unul mai mic (12 A)
unde se vor fixa proteine
histonice si altul mai mare
(24 A) unde se vor fixa factori
de transcriptie




ORGANIZAREA ADN IN CELULA
ADN Nucleu - 99,5% INTERFAZA - filamente de cromatina
Mitocondrii - 0,5% DIVIZIUNE - CROMOZOMiI

CROMATINA = ADN+ PROTEINE HISTONICE + proteine nonhistonice+ ARN

Telomeres

/\
I

Orange-colored
regions indicate
heterochromatin.

Centromere

e all
Euchromatin 1 I

La inceputul diviziunii, membrana nucleara si nucleolii dispar, iar fibrele
de cromatind se spiralizeaza, se condenseaza si formeazad cromozomii; la
sfarsitul diviziunii, acestia se despiralizeaza, pentru ca in interfaza sa revina
la configuratia filamentelor de cromatina.

Cell




ORGANIZAREA ADN iN CELULA

Cromatina se prezinta sub forma a doua unitati morfo - functionale
distincte:

Telomeres

/\
- eucromatina I'\

Orange-colored
regions indicate
heterochromatin.

Centromere

- heterocromatina

.
Euchrom atin—l I

Caracteristici Eucromatina Heterocromatina

Condensare Fin dispersata Puternic condensata

Colorare Slaba, difuza Intensa

Compozitie C-G, ADN nerepetitiyv, A-T, ADN repetitiv,
p. nonhistonice histone

Concentratie gene Mare Foarte micd-absenta

Replicare S Precoce Tardiva

Activitate genicd  Activa transcriptional Inactiva

transcriptional



SISTEMUL IERARHIZAT DE FIBRE DE CROMATINA

Moleculele de ADN sufera o compactare de 10.000 de ori pentru aincapea cu
usurinta in spatiul mic, de circa 10 ym diametru, al nucleului, forméand un
sistem ierarhizat de fibre de cromatina ( 4 niveluri de condensare).

Nucleus

Base pair

Chromosome

Cell

\\\\\

Histone
. ',
proteins '.-_-’

rsity of Waikato

Nucleosomes
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Impachetarea ADN - Nivelul | — FILAMENTUL CU NUCLEOZOMI

NUCLEOZOMUL- unitatea fundamentala a cromatinei

Primul nivel de organizare supramoleculara a

ADN este filamentul cu nucleozomi, cu

diametrul de 10 nanometri.

Nucleozomul este unitatea fundamentala
(repetitivd) a structurii cromatinei, fiind alcatuit
dintr-un miez histonic cilindric (format din 8
molecule, cate doua din histonele H2A, H2B, H3
si H4) in jurul caruia se infasoara (1 tur Si 3/4) o

secventd de ADN (de 147 pb).

Nucleosome “bead”
(8 histone molecules +
146 nucleotide pairs of DNA)

Core of eight
histone molecules

Histone H1




Nucleozomii sunt legati intre ei
printr-un segment de ADN liber
(linker) de 60~80 pb), formand
filamentul cu nucleozomi,
asemanéator unui sirag de margele

pe o sfoara.

(8 histone molecules +
146 nucleotide pairs of DNA)

Core of eight
histone molecules

Histone H1



Histonele sunt proteine bazice, de mici dimensiuni, prezente la toate

eucariotele, cu mare afinitate pentru ADN, fixandu-se pe mica incizura si

neutralizand sarcinile acide.

Roluri:
1) - structural (intra in strcutura

nucleozomilor)

2) reglarea epigenetica a
expresiei genelor (acetilare,
metilare la nivelul capetelor
terminale)

Dupé& numarul si tipul de aminoacizi se deosebesc cinci tipuri de

histone prezente la toate eucariotele: H1, H2A, H2B, H3 si H4.



Impachetarea ADN

Nivelul Il - Fibra solenoidala de 30 nm.

Al doilea nivel de compactare a
cromatinei este fibra de
cromatind de 30 nm. Ea rezulta

prin spiralizarea in solenoid a

filamentului cu
nucleozomi.

Aceasta structura (cu pasul de 6-
8 nucleozomi) este stabilizata de
histona H1 (fixatd in interiorul
solenoidului), care prin cele
doud brate laterale conecteaza
nucleozomii nvecinati.

T

10-nm fiber

Octameric histone core
]

core particle

10nm

M leasome

30-nm fiber

=g - S0nm




Impachetarea ADN
Nivelul Ill - Fibra de cromatina de 30 nm in bucle laterale

Al treilea nivel de organizare
rezultd prin plierea fibrei de

cromatind de 30 nm 1in bucle 20- 100 kb oF
laterale de lungimi diferite (20- E® ~Loop of

~ e . ~ 0-nr
100 kb); se formeaza fibra pliata \ po chromatin
~ . D iher
In bucle laterale, cu un diametru I 2
de 300 nm. AgeB cCe

/ - P s - A - N -_ <. T _//
Buclele sunt atasate fin Chromosome

scaffold

spirala, prin anumite situsuri de
ancorare din structura fibrei de
ADN, la un schelet. sau matrice
proteica (nonhistonica).

Proteinele nehistonice sunt proteine acide si neutre, numeroase si putin
abundente. Unele proteine nehistonice au un rol structural formand matricea
cromozomilor, dar majoritatea au roluri functionale, intervenind specific in
reglarea sau modularea activitatii genelor.



Impachetarea ADN
Nivelul IV - Cromatida de 700 nm

Cromatida unui cromozom se

AVPVIVPTVPD s swerona formeaza prin puternica spiralizare si

condensare a fibrei pliate in Dbucle
: NE—— laterale. Astfel, se asigurd o compactare
creale by ormadn

i de 20:1, iar prin continuarea condensarii
cromozomul metafazic atinge o grosime
de 700 nm, gradul maxim de compactare a
fibrei de baza a cromatinei (30 nm).

30nm solenoid

/ntl O Fiecare cromatida a unui cromozom
T8 1 contine deci o singurd moleculd de ADN,
organizatd in mai multe structuri
succesive si ierarhizate de impachetare.

"} condensed section

e Se realizeazd astfel o impachetare
(compactare) a genomului diploid (~2m
lungime) in cromozomi (lungime totald in

chromosome metafazd ~230 mm) si nucleu (10 pm
diametru).




