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Nucleotide

Nucleotide
base pairs:

[l Guanine
[ Cytosine

Adenine
M Thymine

Il DNA codifica per proteine ed RNA

L’anemia falciforme invece € una malattia
del sangue dovuta ad una mutazione del
gene che dirige la produzione della
proteina emoglobina

Una mutazione che riguarda solo un gene
viene detta mutazione genica. Un esempio e
I’albinismo, causato da una mutazione sul
gene che determina la sintesi della melanina.
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Se le mutazioni colpiscono geni che controllano il
ciclo cellulare e la cellula inizia a replicarsi in
modo incontrollato si hanno i tumori!
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Il Genoma Umano: la genetica ed epigenetica delle
dipendenze dalla ricerca alla pratica clinica

Mario Ventura

Progetto Genoma Umano

- Wellcome Trust
vl Sanger Institute, UK

N

o Ufficialmente iniziato nel 1989

 Storzo congiunto tra NIH e DOE negli Stati Uniti a cui - Baytor Cotiege
B l P

si associarono tante altre nazioni (GRC) Washington University Joint Genome

School of Medicine Institute
Whitehead Insititute

for Genome research

1998 inizia una vera e propria corsa (GRC vs. Celera)

United States France
M United Kingdom W Germany
[ Japan B China

2001: NIH, Sanger Centre, e Celera pubblicano 2 papers ognuno per il proprio genoma

umano

2003 il consorzio pubblico “finisce” la prima bozza del genoma umano

Nel 2019 viene rilasciata l'ultima versione del genoma umano GRCh38.p13
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~8% Incomplete e No : :
W A ~ . Human Genome Project (April 2003):

5 Focused Exclusively on Finishing 99% Euchromatic Regions.
Highly-Repetitive Heterochromatin Regions were not Included
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Miga, Nature 2020

'W'I”IF’I"H"II"W’H"IT’H‘TI”H‘W'WW’W’W’W’H‘WWW’NW’H"H"H‘M"H‘W’W"I"II‘W’I"II‘W Technological Challenge:

PrrriereeateR e e an T eRe e At aR e eI fR I Production of Complete
TOERTERRneERneeReeeRneeanasRneeReeoRneRQyy Reference Genomes




INNOVAZIONE E LA PERSONALIZZAZIONE @77 1l Genoma Umano: la genetica ed epigenetica delle
FeDerSerDl) DEGLI INTERVENTI NELLE DIPENDENZE 3l . : : .
<| dipendenze dalla ricerca alla pratica clinica

DEI DIPARTIMENTI E DEI SERVIZI DELLE DIPENDENZE BERGAMO | 25.26-27 ottobre 2023
Centro Congressi Giovanni XXIII

Mario Ventura

]

The Telomere-to-Telomere (T2T) consortium is an
open, community-based effort to generate the first
complete assembly of a human genome.

Un gruppo di scienziati organizzati su piattaforme virtuali durante la pandemia che
raccoglie dai professori con anni d’esperienza a dottorandi con meno esperienza ma tanta
voglia di lavorare per produrre il nuovo genoma di riferimento umano.

150 ricercatori principalmente americani con 1 solo gruppo italiano
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Il sequenziamento del genoma e la
rivoluzione della biologia

e g Pttt
Cle[ lce L Grazie all’avanzamento delle tecnologie e delle capacita di calcolo e la
LN AAAAS creazione di un team con specifiche expertise nello studio dell’organizzazione
5 74 FILLING del genoma umano e ora totalmente sequenziato con le sue 3 000 000 000 basi
/s azotate

i TI‘I[ GAPS Science 1 Aprile 2022

Closing in on a complete
= - human genome p.42
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. Segmental duplications and their variation
[ (- N in a complete human genome

Mitchell R. Vollger!, Xavi Guitart’, Philip C. Dishuck?, Ludovica Mercuri®, William T. Harvey',
Ariel Gershman?, Mark Diekhans®, Arvl Sulovari’, Katherine M. Munson’, Alexandra P. Lewis
Kendra , David Lit, Sergﬂy Nurk®, Sargay Koren®, Karen H. Mlga
Adam M. Phillippy®, Winston Timp?, Marlu Ventura?, Evan E. Eicl hlel'l

Vollger et al., Science 376, cabj6965 (2022) 1 April 2022
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Confrontando 1 due genomi

La pit grande novita del
genoma umano completo e

la quantita di duplicazioni segmentali scoperte



LUINNOVAZIONE E LA PERSONALIZZAZIONE
Egﬂﬂlr?eﬁ@@n DEGLI INTERVENTI NELLE DIPENDENZE

FEDERAZIONE ITALIANA DEGLI OPERATORI I-a cu I t u ra d e I l d cura

DEI DIPARTIMENTI E DEI SERVIZI DELLE DIPENDENZE BERGAMO I 25.26-27 ottobre 2023
Centro Congressi Giovanni XXIlI

!
=
=]
g
173
wy
=
5
=

v Le duplicazioni segmentali sono

una "nuova" classe di elementi

ripetitivi genomici, definiti come

porzioni di DNA genomico

~7% del nostro genoma €’ fatto | altamente identico (>90%) che

di duplicazioni segmentali (~208 mappano in due o pil posizioni

pitu grandi di 200 Kbp.

Mb) includendo i cromosomi

acrocentrici
[ |
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Le duplicazion segmentali

Non Allelic Homologous Recombination(NAHR)

A D
—=——==
A D

Nature Reviews | Disease Primers

Forniscono il substrato genomico per mutazioni piu’
complesse che si generano in meiosi durante la
formazione dei gameti. Sono responsabili di alcune
malattie genetiche note con il nome di disordini
genomici
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Locus® Del/Dup Phenotype MIM number  Dosage-sensitive gene”  Phenotype
1p36 Del 607 872 RERE ID, speech delay, behavioral difficulties, growth deficiency, hypotonia, characteristic facies,
seizures, brain malformations, CHD
1g21.1° Del (chr1:145,0-146.4 Mb) &12 474 - Micracephaly, mild 1D, eye abnormalities, autism, schizophrenia
Del (chr1:144,1-144.3 Mb) 274 000 RBMBA Thrombocytopenia-absent radius syndrome when found in trans with single nucleotide
variant in REMBA gene
Dup (chr1:145.0-146.4 Mb) 612 475 - Macrocephaly, |D, autism, schizaphrenia
° ° 5g35° Del 117 550 NSD1 Sotos lovergrowth) phenotype, macrocephaly, ID, speech delay, cleft palate
Dup - NSD1 Micracephaly, short stature, DD, delayed bone maturation
E S e mp 1 d 1 7q11.23° Del (Williams-Beuren syndrome) 194 050 ELN, others ID, Periorbital fullness, long philtrum, large mouth, stellate iris pattern, supravalvular aortic
stenosis, gregarious personality
Dup 609 757 - DD, speech delay, autism, mild eraniofacial anomalies, aortopathy
® ® B8p23.1° Del — GATA4 CHD
S 1 n r O ml 9034 Del (Kleefstra syndrome) 610 253 EHMT1 ID, speech, delay, hypotonia, seizures, characteristic facies, CNS abnormalities, CHD
11q Del (Jacobsen syndrome) 147 791 ETS5-1, FLI1 1D, growth deficiency, characteristic facies, thrombocytopenia, CHD
15q11-q13°  Del (Paternal; Prader-Willi syndrome) 176 270 SMNRPN 1D, hypatonia, feeding difficulties (infancy) followed by hyperphagia, obesity,
o hypogonadotropic hypogonadism, small hands and feet
m e d 1 ate d a 1511-q13  Del (maternal; Angelman syndrome) 105 830 UBE3A Severe |D, significant language impairment, gait ataxia, microcephaly, selzures
15¢11-q13°  Dup (maternal) 608 636 - 1D, autism
16p11.2° Del (chr16:29.5-30.1 Mb) 611 913 - ID, autism, epilepsy, macrocephaly, Chiari |/cerebellar torsillar extopia, vertebral anomalies
® ® ® Dup (chr16:29.5-30.1 Mb) 614 671 - ID, autism, schizophrenia, microcephaly, CNS abnormalities
u 1 1 C az 1 O n 1 17p11.2° Del (Smith-Magenis syndrome) 182 290 RAN ID, behavioral problems, self-injury, disturbed sleep pattern, congenital anomalies
Dup (Potocki-Lupski syndrome) 610 883 RAI1 ID, autism, hypotonia, FTT, congenital anomalies
17pi2s Del (HNPP) 600 361 PMP22 Hereditary neuropathy with liability to pressure palsy
® Dup (CMT1A) 601 098 PMP22 Charcot-Marie-Tooth disease, type 1A
S e m e ntal 1 17g11.2° Del 613 675 NF1 Neurofibromatosis, DD, 1D, facial dysmorphism
Dun - - DD ID. seizures
1721.31° Del (Koolen-De Vries syndrome) 610 443 KANSL1 DD, 1D, hypotonia, friendly demeanor, characteristic facies, CHD, genitourinary anomalies,
seizures
Dup 613 533 - DD, ID, autism
22q11.2° Del (DiGeorge/Velocardiofacial syndrome) 192 430 TBX1, others Cardiac abnormalities, cleft palate, T-cell dysfunction, leaming difficulties, psychiatric issues
Dup 608 363 - DD, ID, growth retardation, hypotonia
Xqg28 Del (Rett syndrome) - MECP2 DD, stereotypic behavior, autism, epilepsy, ataxia, spastic paraparesis
Dup (MECP2 duplication syndrome) 300 815 MECP2 {males): DD, severe ID, hypotonia, seizures, progressive spasticity

Harel & Lupski Clinical genetics 2017
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17q21.31 locus S

(1)- IMR103 father DEI.E'tiGn

: o 17¢21.31 A B C

F - oy s -

del17¢21.31

0- IMR255 s , # -—

17921.31 Sindrome da delezione

¥ (Sharp et al., Nat. Genet, 2006)

R N O N N T ~1% delle forme di ritardo mentale
=~ | oo ereditario nella popolazione europea
H " - : Paired duplications

Sharp et al., Nat. Genet, 2006
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Organizzazione genomica
della regione 17q21.3

Aplotipo H1

Aplotipo H2

; microdeletion ;
€« BR2! «— BPI}
LRRC374 ' MAPT CRHRI1 !

Steinberg*, Antonacci* et al, Nat Genet. 2012
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Nel nuovo genoma sequenziato 166 nuovi geni

Il gene LPA il dominio Kingle e le malattie cardiovascolari

c D HG03125 (paternal) |LBS

LPA gene models KIv-1 DCYHGDGQSYRGTYSTTVTGRT(QAWSSMTPH(]HNIITTENYPNAGLIMNYCRNPDM’AAP‘I’(YTRDPGVRWE‘I’[NLTQC‘.J

; KIV-2 EooooNewooous s, N TR - WIRJUDUIDDIIY TIN TN | DRRRRN BN
CHMH?; CVDrisk (alele)  MNomd [WlEivaicd M Unknown (NHP) KIV2 E....N.. LS.5.. P Y.L .. f]]

KIV-2 E....N.. CBLS.LPLY. L.
GRCh3gchrOnly & KIV2 E....N.. LSS P Y.L L4
CHMI 8 KN-2 E....N.. S.s.bvoLL g
NA12878 pat 13 KIV-2 E....N.. .S L PLY L. 5
NA19240 pat 13 zﬁgé : ::E\\: -(3
HCO1109 mat 12 avape. Nl o CEE 1
HE03482 mat 15 F———HH—HH-H- - ——— I A - A S IR SR e
NA12878 mat 17 —— - KIV-ZEE. o Mo oo e LB PY L e
HG02723 pat 18 |— -t HH B B KIV-2 Eeov o Neee et et e e et e e BB P Yo e
NA19240 mat 18 ——HHH-H- U ———— KIV-2 E.o. NoLo e 5P g
HG03492 pat 18 } ] W il W W il H—H—H H —H | KIV-2 E. ... N e 8L PLY L ;)
HG02723 mat 19 ettt HHHHHH - — I miig: zggl oo o b
HGO00733 pat 19 —— - KIV-2 E. ... N. . ‘5.5 Py e
HG03125 mat 19—+ KIV-2 E....N.. CBLS.LPLY. L. e
HG03125 pat 22 —— - ——— KIV-2 E....N.. CBLSLL P ﬁ
HGD0514 pat 22 KIv-2 E.... N BP0 POR O e
HG01243 pat 22 Eggg : N P N K
HGO1109 pat 23 KIV-B oo N B P Y p.. sl e
HG00733 mat 23 KIV-E B iMoo Qe o Fleee i eeeeee  Su8 PAY. oo Ko o P WL T. LS. R
HGO2080 pat 24 KIV-5 - o YHY. o oS P TRe e EIRW..M.S.. g
HG02080 mat 25 KIV-6 oevoeeen e oSFeuineiee S MO Y LG TR e e EIS ML M LN L !
Mhu;l;?;i:’:;gf{l KIv-9 R T |s CoS... 0 W@ P .. TE.......5GKQ.W..T..C.. g

" KIV-10 Q. i Se.ii . . RQ@.P.....D..T.........DTG.WE.T..SI, . R.

Mhudiblu PPA alt13‘ : : : : l dlSUlf\de bonds L | | | J

] 50,000 100,000 150,000 200,000 ZE'D‘ODIJ

Avere meno copie della regione ripretuta del gene LPA e’ strettamente associata ad avere
malattie cardiovascolari in afro-americani. Questo dato puo” essere utilizzato per fare della
medicina preventiva!
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Comprendere la genetica dei fenotipi
complessi  definiti  caratteri/fenotipi
comportamentali come disturbi da uso di

sostanze o substance use disorders

(SUDs).
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Genetica e i disturbi da dipendenza da sostanze

POlygeniCity Heterogeneity Goldman et al. 2005
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Alcohol === Cannabis Cocaine Opioids Nicotine ‘
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Genetic correlation (95% confidence interval)

SUD e comorbidita’

SUD

Correlazione genetica tra tratti di
(disturbo da uso di sostanze) e altre fenotipi.
Correlazione genetica dell'uso problematico di
alcol (PAU), disturbo da uso di cannabis (CUD),
dipendenza da cocaina, disturbo da uso di
oppioidi (OUD) e dipendenza da nicotina con
disturbi psichiatrici, tratti comportamentali e

altri fenotipi complessi.

Joel Gelernter and Renato Polimanti Nature genetics review 2021
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Ereditabilita’

L’ereditabilita per un particolare carattere e la componente di quel
carattere dovuta ai geni, espressa come valore numerico da 0
(nessuna influenza genetica su quel carattere) a 1 (carattere dovuto
interamente ai geni). L'ereditabilita e il grado di variazione dovuta

alla componente genetica.
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Disturbi da uso di sostanze ed ereditabilita’
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Table 1 | National surveys of addictive agents in adult twin pairs 1.0, Goldman et al., 2005
Addictive MZ pairs DZ pairs Surveys References -
agents 081 _
Cannabis 4,348 3,311 VTR, MTRS, ATR, VETR 13,128-131 ® T
Sedatives 2,676 2082 VIR, MTRS, VETR 13,128,131 2 06.
Stimulants 1,302 910 VTR, MTRS 13,128,132 o m W +
Cocaine 1,287 919 VTR, MTRS 13,128,133 N"" 04! pg m W
Hallucinogens 2,582 1,988 VTR, VETR 13,131 =
Opiates 1,930 1,664 MTRS, VETR 128,131 024 < 1
Smoking 5,664 4,956  VETR, STR, NAS-NRCTR, 18,134-137 = Mean
VTR
0
Alcohol* 5,682 4,215 ATR, VTR, VETR, 134,138-141
NAS-NRCTR ,@“ N QC;‘:';-“ > o A é;\'.“ D’Eﬁ“ o
o _ s & & LK &g K K ¥ &
Caffeine 3,480 3,517 NAS-NRCTR, VTR 18,142,143 o o Q.. e o o Oy o oy o
i . ol = ~E e .
Gambling 1,869 1490  VETR 124 Pra P 5 T 5 o
L ¥ Qo & & g &
*Studies measuring the heritability of alcohol dependence were used to compute the mean o 0O i e - '@- ag =
heritability estimate for alcoholism. The US National Academy of Sciences-National Research ﬁ ‘$ ;Ep “-"é-" L) ,_‘E: O q",.-:. 'ﬂ.} (ﬁ}}
Council (NAS-NRC)'*! study, which measured the heritability of the volume of alcohol consumed, IS k@ [y 8 $ QT 6:2 (?
was used only for computing the monozygotic (MZ):dizygotic (DZ) twin ratio. *The Hettema and Ei' o cr)b (?' £ (..}
Corey'*? study was used for caffeine consumption weighted heritability estimates, but not for N 015' %] (73]
MZ:DZ ratios because MZ and DZ tetrachoric correlations were not reported. ATR, Australian %
Twin Registry; MTRS, Minnesota Twin Registry; NAS-NRCTR, NAS-NRC Twin Registry of World . . .
War Il Veterans; STR, Swedish Twin Registry; VETR, Vietnam Era Twin Registry; VTR, Virginia ‘Zﬁ Addictive agents [ﬂumber of twin Dall'S]
Twin Registry.

L'ereditabilita ci dice che i fattori ambientali giocano un ruolo importante nelle dipendenze!
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XII CONGRESSO NAZIONALE

Life experiences
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EPigenetica - e
(IE ~
R =

Le modificazioni istoniche, la £ i
metilazione del DNA e gli RNA non
codificanti sono le modificazioni :

epigenetiche pit comuni. | Condensed chromatin _Open chromatin
| DNA methylation| ¥ —— / Cm
miRNA

4 ' I ’,: AN Maldonado et al. 2021
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Histone

Modifications DNA

Methylation

NH, NH,
DNA

methyltransferase

,CO -~ O’“

s
Nucleosome @

® methylated cytosine base

® unmethylated cytosine base

S histone tail

Chromatin N%

Messenger RNA (MRNA)

R,

microRNA (miRNA) RNA

Chromosome Transcription

Regulation
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Epiganatic Mark Change Brain RAsgion Madel E Gens Targets |dentified?  Refarence
Pan-H3ac t Striatum Human heroin addicts - (38)
Rat IVSA
Pan-Hiphosphoac 1 MAC (ot PFC) Meuse, repeated hergin in CPP - (34)
H3Kgac 1 LC, vLD Rat, repeated meephine Bdnf (37,38
H3k1dac t BLA Mausa, repeated morphing in gdnf, Fos8, Creh (39
CPP, normalized during
axtinction
H3K18ac 1 MAC Rat. drug-primead reinstatameant of - 40y
hergin s=eking
H3K23ac 1 MAC/dStr Humean heroin addicts {not - (38)
comralated with usa history)
H3K2T7ac 1 MAC/dSr Humean heroin addicts Glutamate signaling. [38)
Fat VSA GRiAT
HikS5ac t Az Rat. drug-primed reinstatemant of - (40)
hergin s2eking
HikK8ac 1 Mac Rat. drug-primed reinstatameant of - (40
herain saaking
H3KSma1 Mo A MAC Mouse, repeated monphine - [a1)
H3KEme2 1 dStri Mouss, repeated monphing Fos8, Bdnf, glutamate [41)
ignaling genes
1 Cah Mouse, repeated monphine in Bdnf, glutamate signaling a2y
CFP genas
H3Kgma3 Mo A MAC Mousa, repeated monphing — [41)
1 WTA, LG Mousa, T-day withdrawal from Gadnf [an
escalating morphine
H3K2Tme3 M A Az Meouse, repeated morphine - [41)
DA Mathylation Mo A ‘Whole-beain Mousa, repeated henzin or - 4B, 49)
morphing
Mo & WTA WAz, PFC Rat. harain IVSA - 50,51)
Mouse, repeated monphine in
CFP
L Orno A I witro Cell lines — (117,118)
T Exons OFC newrons (nuclei Human heroin addicts Differential effects in gane [45)
ianlated by FACS) ontology analysis
T Gene body - - - -
| Promaotars - - - -
T LINE-1, OPRMT  Thalamus, Human heroin addicts - (44, 48,47)
CplG islands SOMatosensory
cortex, blood
Region-specific 10 brain regions Rat. acute and chronic morphine gdnf, Nrac1, 06, 11b (55)
changea
Let-7 1 ‘Whole-brain Mouse, morphine pellsts - [58)
miR-339-3p t HPC Meuse, repeated morphine or OprmT mRNA (57)
fantany
miR-133k Mo A VTA, NAC Mousa, marphine pellsts - (58,119
Mouse, morphine VA -
miR-218 1 NAc (not PFC, HPC) Meuss, repeated (not acuts) Gabrb3, Mecp2, Nend, (549)
hiarain Gng3, Ubada
H19, miR-675 1 vt Mouse, r hine [VBA - (58)
Mirg, miR-154 i St Mousa, morphing [VSA Faydd, Grm3, Oaf27, (58)

Sicdad; Opmm1

Summary of current clinical and preclinical evidence for changes to histone acatylation, histons methylation, DNA methylation, and expression of
noncoding AMAs following repeated opioid exposura.
BLA. basolateral amygdala; Ced, central nucleus of the amygdala; CPP, conditioned place preference; dSth, dorsal striatum; FACS,

fluorescence-assisted cell sorting: HPG, hippocampus; IVSA, intra
MAc, nucleus accumbens; OFC, orbitofrortal cortex; PFG, prefrontal cortex; VL0, ventrolateral orbitofrontal cortex; wStr, ventral striatum; VTA,

ventral tegmental area.

5 self-admin

LC. locus cosrulews; mAMA, messenger ANA;

Cambiamenti

epigenetici
indotti
dall’esposizione
ad oppiodi

L'esposizione agli oppioidi aumenta
l'acetilazione degli istoni H3 e H4

Browne et al., 2020 Biol. Psyc.
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Mario Ventura

Come si cerca I'associazione genetica?

Genome Wide
. Association Studies

ontrols

Ny /
L

/ \

I GWAS mirano a identificare le associazioni tra genotipi e fenotipi valutando le differenze nella
frequenza allelica delle varianti genetiche tra individui simili, ma fenotipicamente diversi. I GWAS
studiano i polimorfismi del singolo nucleotide (SNP) evidenziando blocchi di SNP correlati che
mostrano tutti un'associazione statisticamente significativa con il fenotipo di interesse.
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Geni associate all’'uso di cannabis ed oppiodi

CHRNA2

" s CHRNAZ2, Cholinergic Receptor Nicotinic Alpha 2 Subunit;
. ke b i FOXP2, Forkhead Box P2, transcription factor
Demontis et al. 2019 and 2020

T
12 13 14 15 16 17 18192021

Chromosome

81 OPRM1, rs1789971, p=5.90x10*

OPRML1, Opioid Receptor Mu 1 (Asn40Asp (A118G)).
Zhou et al 2020
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La farmacogenomica nel trattamento delle
dipendenze da uso di sostanze

Drug toxic but beneficial Drug toxic but NOT beneficial

o
.‘\ ’ Patient group 1\
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Drug NOT toxic and NOT beneficial Drug NOT toxic but beneficial
V- / Same diagnosis, \ O
1\ 1\ Same prescription
V- {l*
.

1\ /'\ Interindividual variability in drug disposition:

Genetics, Age, Ethnicity, Weight, Gender,
Other diseases, Diet ...

Il farmaco giusto non e solo per la patologia giusta, ma anche per la persona giusta
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Trattamento con metadone e farmacogenomica

10 IS — 100
08
0.6
8 0.4 rs73568641 — 80
ﬂ 0.2 *®
)
=
g
o S
= o~
8
' _—
(@)]
E o
'-0 —
S T
GJ ~
N ®
O o L
T o
— b
(©
[
OPRM1-> @)
- o _]
IPCEF1 o)
T T T T T
153.6 153.8 154 154.2 154.4
Position on chromosme 6 (Mb)
TT TC CcC
n =310 n=70 n=3

Rs73568641 genotype
~400 individui Afro-americani

Smith et al. 2017
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Gene Study Sample characteristics Main results
OPRM1 Barratt 119 Caucasian MMT patients Wild-type OPRM1 subjects, an ABCB1 variant haplotype group
et al. had significantly lower doses than ABCBI wild-type (35 +£5
[54] vs. 180 + 65 mg/day; p <0.01) and C trough (78 £ 22 vs.
177 4 97 ng/ml; p <0.05). In subjects with the most common
ABCBI haplotype combination, the OPRM1 118 A/G genotype
was associated with a significantly higher C trough than 118
A/A (250 £ 126 vs. 108 £ 36 ng/ml; p = 0.016)

Hung 321 Han Chinese MMT patients: 92 low dose (< 55 mg/day); OPRMI1, ABCBI, CYP2B6, ANKK1, and DRD2 genetic variants
et al. 150 medium dose (55-99 mg/day); 79 high dose were jointly correlated with optimal methadone dose (adjusted
[55] (100-150 mg/day) ? = 53%)

Crettol 238 Caucasian MMT patients: 165 R (40-120 mg/day), 73 No association between genotype and MMT outcome: AA
et al. NR (> 120 mg/day) carriers: AA 118 (72%) R vs. 59 (81%) NR
(56] AG carriers: 44 (27%) R vs. 13 (18%) NR

GG carriers: 3 (2%) R vs. 1 (1%) NR (p = 0.3)

Fonseca 116 Caucasian MMT patients: 83 R (100 & 68 mg/day): 33 No association between genotype and MMT outcome: R: 75% A
et al. NR (78 + 43 mg/day) 25% G vs. NR: 75% A 25% G; p = 0.96
[58]

Wang 366 Han Chinese MMT patients (54.7 £ 28.1 mg/day). No association with response, methadone dose, nor plasma
et al. Methadone plasma concentrations 193.07 £ 121.76 ng/ml concentrations with any of the SNPs
[59]

Levran 227 Israeli patients undergoing stable MMT Carriers of the G allele required lower doses of methadone
et al. (141 £+ 51 mg/day) (132.4 mg £50.7 vs. 147.4 +£49.7 mg; p = 0.028 in a
[60] dominant model)

Smith 383 African American subjects in MMT SNP associated with: mean methadone dose (68.0 £ 30.1 mg)
et al. and rs73568641 (p = 2.8 x 10~%); each minor (C) allele
[51] corresponded to an additional ~ 20 mg day~" of oral

methadone. Children being treated for surgical pain,
1s73568641-C was associated with a higher required dose of
morphine (n = 241, p = 3.9 x 107%). Not replicated in
Caucasian sample (77.8 £ 33.9 mg)

Crist 283 European Americans in MMT. Mean maximum dose Methadone patients with the A/A genotype at rs10485058 were
et al. 99.6 + 46.0 mg/day. Opioid-positive urine drug screens less likely to have opioid-positive urine drug screens than
[61] 36.0% those in the combined A/G and G/G genotypes group. RR 0.76,

95% CI 0.73-0.80; p = 0.0064)
OPRDI1 Crist 77 African Americans (methadone mean Methadone patients with the CC genotype were less likely to
et al. dose = 99.7 + 46.4) and 566 European Americans have opioid-positive urine tests than those in the combined CT
[66] (methadone mean dose = 79.2 & 26.5) undergoing and TT genotypes group (RR 0.52, 95% CI 0.44-0.60:

treatment for opioid dependence (MMT or buprenorphine)

p = 0.001)

Variabilita genetica

e
influenza sul MMT

- biomedicines m\ry

Review

Genomic and Personalized Medicine Approaches for
Substance Use Disorders (SUDs) Looking at Genome-Wide
Association Studies

Danilo Cozzoli !, Alessia Daponte 2, Salvatore De Fazio 3, Vincenza Ariano %, Maria Rita Quaranta 5,
Vincenzo Leone !, Angelo Ostuni ¢, Margherita Casanova 5, Claudia Rita Catacchio {7, Mario Ventura 2*{
and Francesco Montinaro 27-*(
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BIOSUD

una biobanca per i disordini da uso di sostanze in Puglia: guardando i
genomi verso un approccio di medicina personalizzata.

gMZPI.ING 04 06

1.500 controls & ANALISYS WHAT'S NEXT?
1.500 cases 3 GWAS Analisys

-’

01 03

05

1,
SETUP & GENOTYPING - -\ FONDAZIONE
Illumina Global APPLICATION 'U\ CON IL SUD

Screening Array

Scoprire i geni ASSOCIATT alla vulnerabilita alla dipendenza
Scoprire i geni ASSOCIATT alla risposta ai farmaci (metadone)
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La complessita del disturbo da uso di sostanze

Overarching exposomics
and microbomics

I[1 SUD é un fenomeno che si
puo studiare valutando
multipli fattori:

Genoma

Metagenoma

Epigenoma

Trascrittoma

Proteoma

Metaboloma

(Genomics

Metabolomics Epigenomics

L 4 . O
I OLCOHICS

AL N e

Transcriptomics

Ordered Flow of Genetic Information

(Central Dogma of Biology)
Eq

uesto e vero per qualunque tipo di dipendenza .. j
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Altri progetti finanziati
== === per le dipendenze da sostanze

REGIONE PUGLIA R ’ P A RT, PRl Nzozo
PUGLIA pQ '; 515432%525 i ) Ministero dell'Universita e della Ricerca

Il futuro alla portata di tutti | W

PNRR Pa#enariato esteso I

DEGLI STUDI DI BARI
\G :7;-_.;_?\,5"' A L Do MO RO

MN<SYS

A multiscale integrated approach to the study of the nervous system in
health and disease
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Mario Ventura

Conclusione

Oggl, grazie alla scienza, Il nostro punto di vista e le nostre risposte all'abuso di droga sono
cambiati radicalmente. Grazie alla ricerca scientifica, sappiamo che la dipendenza e una
malattia che colpisce sia il cervello che il comportamento. ... Abbiamo identificato molti dei
fattori biologici e ambientali e stiamo iniziando a cercare le variazioni genetiche che
contribuiscono allo sviluppo e alla progressione della malattia. Gli scienziati utilizzano queste
conoscenze per sviluppare approcci efficaci di prevenzione e trattamento che riducano 1’eftfetto
che I'abuso di droga ha sugli individui, sulle famiglie e sulle comunita.
Nora D. Volkow, M.D.

Director National Institute on Drug Abuse
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Centri collaboratori
5. 4™ Policlinico di Bari

AT A indici S
~ee ASL Taranto e ASL Brindisi ~ee  ASL Lecce
PugliaSalute PugliaSalute PugliaSalute

COOPERATE

Soc. Coop. Sociale Onlus

Ente gestore delle Comunita

FRATELLO SOLE
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PacBio High Fidelity (HiFi) Data

Multiple passes of

a single template “High-Fidelity (HiFi)”
molecule SEQUENCE READS

Unique markers

- 200,000 bp Tandem Repeat
High-Quality Circular Consensus (“CCS”) Read l

99.9% Consensus Read Accuracy Span Small Unique Markers Completely: Correct Assembly
(35-40x Coverage >Q20 HiFi Reads; 18-20kb)

Oxford Nanopore Ultra-Long Data

Nanopore Ultra-long (100+ kb) with read
lengths >1 Mbp are achievable

“ULTRA-LONG”
SEQUENCE READS

- 200,000 bp Tandem Repeat

POLONATOR G.007 ~96-98.3% single read accuracy
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Epigenetica e nella
dipendenza dagli oppiodi

Drug Naive

RNA pol Il

TF, HAT, TET
—_— B

HDM, HMT
g f

DNMT
HDAC

HDAC inhibitor

Long-Term Opioid Exposure

Plasticity-associated
K9 K14 K18 mRNA

K23,K27 $K9me2,3

$K8.K9

L'esposizione agli oppioidi aumenta l'acetilazione degli istoni H3 e H4
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cases controls

BioSUD la struttura mg\
\’

genetics medical
.. "
R / = = e
L /
o |® ,\
biological
DNA
-
‘
EXPRESSION EPIG§O"E METABOLOME
\ : _d
\\E\ L¥sis o /
[ X ]
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7ig. 4: A schematic overview of the proposed project and the expected impact on individual, medical staff and community (WBC: White Blood cells).
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Come studiare l’eredltablllta”’

Gemelli monozigotici (MZ) Gemelli dizigotici (DZ)
Single egg fertilized by single sperm, Separate eggs fertilized by
then splits in two separate sperm
Womb

100% DNA condiviso 50% DNA condiviso
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Heritability h?= 2 * (1, - rp,)= 2*.37= .74

The heritability per height is ~ 74%
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Confrontando i due genomi

GRCh38.p13 CHM13v1.1
« 23 chromosomes « 23 chromosomes
* 42 unlocalized * 0 unlocalized
* 127 unplaced * 0 unplaced

e 2,922,212,712 bp « 3,054,832,041 bp
« 120.31 Mbp of gaps * No gaps

Nurk et al. Science 1 April 2022
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