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Organizzazione del genomc

99.9995 % genoma nucleare
contiene la stragrande maggioranza delle

e stato stimato contenere 20.000-25.0C

0,0005 % genoma mitocondriale
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Genoma nucleare
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Differenze tra DNA mitocons

[able 7.1. The human nuclear and mitochondrial genomes

Total no. of DHA
molecules per cell

Associated protein

Mumber of geties

Gene density
Repetitive DA
Transcription

Introns

%o of coding DA
Fecombination

Itihentatice

23 1 hapload cells; 46 10 diploid cells

meveral classes of histone and nonhistone
protein

~20.000

~1/0 kL 7

Large fraction

The great bulk of genes are transerbed
mndividually

Found in most genes

3%

Atleast once for each pair of homologs at
tMei0s1s

Ilendelian for sequences on X and autosomes;,  Frclusively maternal

paternal for sequences on ¥

Huclear getiome Llitochondiial genome
aize 3300 Ltk 166 kb
Ho. of different DNA 23 (i 2500 o 24 (in ZV) cells, all inear Oue circwlar DA molecule
molecules

meveral thousand

Largely free of protein

37
1/0.45 kb
Very little

Continons transcrption of

multiple genes
Ahsent

Q3%
Mot evident
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Organizzazione del DNA
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Organizzazione del DNA mitoconc

AAA CAA GAA
AAG} Lys CAG} Gin GAG} Gu  pag
AAC CACl .. GAC UAC
AAU} Asn CAU} His GAU} Asp UAU}TV'
ACA" CCA’ GCA" UCA"
ACG CCG GCG UCG
acel ™  cecf P°  aee[Ae  ucc[Se
ACU. ccu. GOU. UCu.
STOP

} Arg CGA’ GGA) UGAl | Trp
AGG/lsToP GGGl , GGGl 5~ UGG Trp
AGC} gy  CGC 9 @GGe ue.c:}cys
Acu! © CGU. GGU. UGU

e

AUA [Met CUA) GUA" UUA}Leu
AUG Met CUG| . GUG|, UUG
AUC} W cuc GUC UUC} e
AUU CuU. GUU. UUU




RICAPITOLANDO:

60 CODONI riconosciuti da tRNA (+ 4
22 GENI CHE CODIFICANO PER tRNZ

?

THIRD BASE WOBB

8 dei 22 tRNA riconoscono famiglie d



Organizzazione del DNA mitoconc

AAA CAA GAA
AAG} Lys CAG} Gin GAG} Gu  pag
AAC CACl .. GAC UAC
AAU} Asn CAU} His GAU} Asp UAU}TV'
ACA" CCA’ GCA" UCA"
ACG CCG GCG UCG
acel ™  cecf P°  aee[Ae  ucc[Se
ACU. ccu. GOU. UCu.
STOP

} Arg CGA’ GGA) UGAl | Trp
AGG/lsToP GGGl , GGGl 5~ UGG Trp
AGC} gy  CGC 9 @GGe ue.c:}cys
Acu! © CGU. GGU. UGU

e

AUA [Met CUA) GUA" UUA}Leu
AUG Met CUG| . GUG|, UUG
AUC} W cuc GUC UUC} e
AUU CuU. GUU. UUU
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I tre aspetti piu importanti della Ge

1. Eredita materna. Alla fecondazione, tut
mtDNA) dello zigote derivano dall’'oocita.




Si prenda come esempio la sindrome MELAS

L'acronimo MELAS deriva dalla dizione ingl
Encefalomiopatia Mitocondriale con Acidosi
Ictus. I sintomi clinici insorgono durante |'i
prima dei 40 anni.




I tre aspetti piu importanti della Genetic

ifocondri (e tutti i

2a. Eteroplasmia. Si ha quando un individuo possied
mtDNA: normale (wild type) e mutante.

2b. Effetto soglia. Il numero minimo critico di
mutante che deve essere presente perché
manifesti. La proporzione di molecole mut
gravita del difetto biochimico, ma non ne
relazione lineare.
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La regione codificante del miDNA
compatta:

I 37 geni non possiedono introni

Alcuni presentano zone di sovrapposi

8577 9202 9206

G
F'ru |E’—ﬂulE| Thr Lys lle Cys Sihr Lﬂu His Serleu Pro Pro Gin Ser Stop

| . B W 1~ 1
—h—E-L.MMTEAFEGMMTGTGTTGGGTTEATTGATTMAGMTGGTAGGGGTA—a—AGAT.ﬂ 0

Met Asn Glu Asn Leu Fh-= Ala ._E-thE- le Ala Pro Thr lle Leu Gly LE-u Thr ’-;
1 17 226

b——— ATPase 6
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I 13 geni che codificano per protei
componenti del sistema della catena respi

Intermembrane space

Inner membrans

Matrix

respiratory chain-oxidative
phosphorylatlon (OXPHOQOS) system

Succinateﬂ» Fumarate
_ . @

T

L Y

Subunits Complex |  Complex 1l Complex Il Complex IV Complex V
miDNA-encoded: 7 0 1 1, -
nDNA-encoded: ~35 4 10

2
10 ~14
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Point mutations in tRNAs and rRNAs

MNo. of mutations

o

125,165 A D E G I, L4, T
125, 81

L1, K, 52

E, L1 L2 K.TW

C. K

52

Cardiormyopathy
Deafness

Diabetes
Encephalomyopathy
Encephalopathy
Epilepsay

Fatal infantile respiratory defects
Leigh syndrome
MELAS

MERRF

Multisystem
Myoclonus
Myoglobinuria
Myopathy

PED

Sidercblastic anemia
Spinacerebellar ataxia
Splenic lyrmphoma

B b b 00D R LD D O RS RO = 0
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Intermembrane space

Inner membrane

Matrix

Disorders due to mutations in mtDMA-encoded proteins

LHON Sporadic myopathy — Sporadic anemia
LHON + Dystonia Sporadic myopathy
Sporadic myopathy Encephalomyopathy

Succinate Fumarate

A

Subunits Complex |  Complex 1l  Complex Il Complex IV Complex V

mitDMNA-encoded: 7 0 1 2
nOM&A-encoded:  ~35 4 10 10 ~14

Leigh syndrome  Leigh L eigh syndrome
Leukodystrophy syndrome Cardioencephalomyopathy
Paraganglioma [ eukodystrophy/tubulopathy

Disorders due to mutations in nDNA-encoded proteins



Phylogenetic Tree
of European mtDNA Haplotypes
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«: Vasikela IKung
i Biaka Pygmy
¥ Mbuti Pygmy
§: Senegalese
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Organizzazione del D

Human genome

Mitechondrial genome
16.6 kb
37 genes
|
| l I

Two rRNA 22 tRNA 13 polypeptide-
genes
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Tahle 7.2. DNA content of human chromosomes 2

Chromosote Amount of DHA (TWIh) Chromosote Amount of DA (W)
1 263 13 114

2 255 14 109

3 214 15 106

4 203 16 QE

5 194 17 2y

f 183 1 23

i 171 19 a7

& 155 20 T2

= 145 21 S0

—
=

144
144
143

24
i
¥

56

—
—

—
]

a9

% The DNA content is given for chromosomes priot to entering the 3 (DHA replication) phase of cell
division (see Figure 2.2, Data abstracted from electronic reference 1.
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Mouse and Human Genetic Similarities

Mouse chromosomes Human chromosomes
4 4 5

3 6 7 8
_ ‘-x -'\ ; I I I

16

Courtesy Lisa Stubbs
Oak Ridge National Laboratory

YGA 98-075R2
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GpG islands




UNIVERSITA' DEGLI STUDI DI ROMA

Y TiVagda

Huclear getiotme

Size 3300 kb

Wo. of different DA 23 (i 250 or 24 (10 2V cells, all bnear
molecules

Total no. of DA 23 i1 haploid cells; 46 10 diploid cells

molecules per cell

Agzociated protemn aeveral classes of histone and nonhistone
protein

Mumber of genes 20-25.000

Gene density -0 kL 7

Repetitive DHA Large fraction,

Transcription The great bulk of genes are transcnhbed
indivicdually

Introns Found in most geties

% of coding DA 3%

Fecombination &t least once for each pair of homologs at
meinsis

Inheritance Ilendehan for sequences on & and autosomes;

paternal for sequences on ¥
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Confronto tra la regione dell’HLA (cla

CYF  CdBE COYF Cda

218 oifs G4 Gﬁh crms 514' LTE mm
G118 MICA NOS1 NOE2
\ / AD Gi0 GR o | rr.m_ LTA F'E-E
Tlll’ GH Gl K( BiAT 1 F'EFIEI:\ DHFRPS
fr:a llﬁhfﬁﬂ IG?a G?]Gﬂ MICE ™, ,fw NOBI
HilE Nl IIIIIIIIIIIIIIIIIIII IIIII W -

-h-ﬁ_-l—:h_{-m{- - - -t—-ﬁ--l-‘gl—s- 1—-.;|--|-|- -.:t—-t—-l-
| | I | I l_l
140':]' 1500 Iﬁm 'I?'[:'ﬂ' 15':"] IE‘W EWD {2080)

0.8 Mb: ~70 genes

_FPIPs

|
24Mo
1 gene: dystrophin
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Distribuzione dei geni
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Variabilita per numero e cc

(A) Less than 10 kb (B) Less than 100 kb

1] 1 2 3 4 b [ T g8 g 10k @ 10 20 30 40 50 60 0 FO O BO 80 100 kD
f - | | ! ! - - ! ! | | I ! L . I I ! L i
1 l ] 1 1 [ 1 1 1 1 1 ] ] ] 1 ] ] ] ] 1 ]
1 ' . 1 [ 1 1 1 1 1 ] ] I 1 ] ] ] I 1 ]
- tHNA L A Lo ——(Scrum alpumin {1251 L L
1 [ 1 1 1 1 1 I 1 I 1 [ 1 1
p H|*.-'1-;.Ir1a H4 1I'.'II:I*H:- Vo # @y ['ll' Eﬂ“ﬂ-ﬂﬂﬂ ED*oI I
i i i I [ ] |
_: £2- Inrs-rfprr:-n 1 0% ] i i # HPHT 4% | ' ' |
1 [ 1 1 1 1 ] I 1 ]
_I ||15L|I|r'| !}3""-: H | | | | * Amthnrnh:m B a3 |
1 ] 1 1 1 1 i [ 1 1
—: p EIL:-Llul S-E%E E E i i W LPL ral.l.r=1[.:-l-:.lrI 11% E i
# Class HLA — 48%) e BT B R
i I ] I ] | | : | | | : ' | | ' i hydroxylase 3%
| ! | | | [ 1 1 1 1 1 ] ] ] 1 ] ] ] ] 1 ]

{C) More than 100 kb
a 100 E’W EEI.'.I' 400 ﬂlﬂ 800 TaQ 800 EEHJ 1I:IIZIII.'.I'11IZII:I'I1E"IZIII.'.I'I‘~ 1EW1EDDI\ 2400 2500 kb

1 |
H ' W W

i i i i .
P"Fam-:ur W | ﬁ:.'
|—|—|— [_‘:FTH 2 4%'
# NFI w;.
e e ————
w Heawy n:hann im o l:uulnn *

K ||§;hr chain |mn1unng|nl1-u||n*

W Dg,.l*-'.tr-n |'I|'|II'| 0.6%:
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Geni dentro alt

"t raru:l af
NFT gene
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Famiglie geniche raggruppate nella ste

L 10 20 30
] T T T H.'Eﬂllr:
—
r L
o Wer Waz Wa .
k:-globin cluster 16p13.3 i 1
C]
Gy Ay W
— —

i-globin cluster 11p15.5

— — — —
owth hormone cluster 1723 . Z‘ . . .

hGH-M  C3-L C5-4 hGH-\Y C3-B

—i —i —i
Alburmin cluster 4q 12— S——
ALB AFP ALF GC/DBR

40 50
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Table 7 9. Examples of clusiered and interspersed multigene families

naendogenes

Family Copy  Orgatization location Chromosome
0.

A. Clustered gene families

Single cluster gene families

Growth hormone gene cluster 3 Clustered within 67 kb; one conventional 17d2-24
peendogens

o Flobin gene cluster T Clustered over ~50 kb (see Figure £.20)

Class | HLA heavy chain genes  ~20 Clustered over 2 b (see Figure 8.4)

lduifiple cluster gene families

HOE gzenes 3% Organized in four clusters (Figure 9.5 2p, 7, 12,17

Histone gene family 6l Modest-sized clusters at a few locations, two  (zee Figure 7.6)
large clusters on chromosome &

Olfactoty receptor gene famdly  ~1000 About 25 large clusters scattered throughout  Llaty
the genome

B.Interspersed gene families

Aldolaze 5 Three functional genies and two pseudogenes  Many
of1 five different chromosomes

FAY 8 Allmine genes are expressed Mlaty

NFI (Meurofibromatosis type ) >12 One functional gene at 17g11 .2, others are Mostly
defective non-processed DHNA copies pericentromeric

Ferritin heavy chain =15 One functional gene known on chromosome Ilaty
11; most are processed psendogenes

Glyceraldehyde 3-phosphate =158 One functional gene on 12p; many processed  Llany

dehydrogenase pseudogenes

&ctin =240 Fourfunctional genes and many processed  Llany
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Tahle 7.11.Major classes of tandemly repeated human DINA

Class Hize of

repeat

Major chrotmosomal locations)

of kb it some cases)

RE447 4.7 kb
untitled 2.5 kb
untitled 30 kb
Satellite DNA (blocks often from 100 kb to 5-171 bp
several b i lengthy)
o (alphoid DHA) 171 by
B (Sau? A family) 62 bp
Datellite 1 (AT-richy) 2548 bp
Satellites 2 and 3 Sthp
hitusatellite DMA (blocks often witlun the 6—64 bp
0.1-20 kb range)
telomeric family f by
hypervatiable family H—6d by
Microsatellite DMNA (blocks often less -4 bp

than 150 by)

"Mogasatellite DNA (blocks of hundreds  seweral kb Various locations on selected chromosomes

~20=70 copies on dpls plus several coples on distal
Bp

~d00 copies on dg31 and 19913

~20 copies ot the 2 chromosome

Especially at centromeres

Cetritrometic heterochromatin of all chtomosothes

Centromeric heterochromatin of 1, 9, 13, 14, 15, 21, 22
and ¥

Cetritrometic heterochromatin of thost chromosomes
atid other heterochromatic reglons

Most, possibly all, chromozomes

&t orclose to telomeres of all chtotmosotmes

Al telometes
All chromosomes, often near telometes
Dispersed throughout all chromosomes
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Localizzazione cromosomale delle
ripetitivo

(A) «— Telomere (tandem repeats of TTAGGG minisatellite). Length = several kb

- .'L L Alphoid satellite
[ satellite
} Satellites 2 and 3

plus satellite 1
and other repaats

=—- Centromers (varous satellite DMNA components). Length » several Mb
Saa (B) for examples

— a

_|[LINEA
Preferentially Microsatellites (widely dispersed over chromosomes) ;‘_ B satellite
bands — o [i satellite

- Safelites 2 and 3
/A Alphoid satellite

Hypervariable minisatellite DNA (preferantially in regions close to telomaras)
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Tahle 7.12. Major classes and families of interspersed human repetitive DINA (adapied firom Smit, 1996)
agsd Family?® wize of repeat vt Ho. of copies  Percentage of
ZEOMmE
SIME Alze Farvaly Full length ~0.3 kb ~1 000 000 ~ 7 .0%
LIE families Arerage size ~0.15 kb ~00 000 ~1. 7%
LINE LIME-1 (Ept) fatraly Full length 1s 6.1 kb, but average  ~200 000-500 a5 —12%
size ~0.2 kb noo
LINE-Z fatmly Avrerage gize ~0.25 kb ~2 70 000 ~2.1%
LTE HEEY Avrerage size ~1 3 kh ~ 20 000 ~1.3%

Others Avrerage size ~0.5 kh ~200 000 ~3.5%
DHA Ilanner & other  Varies, pethaps average size =025 ~200 000 1 EB%
tratisposon families kh
Others Vatious Pethaps average size of about 0.4 ~&0 000 ~.5%%

kh

2 See text,




