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Heritability of Psychiatric Disorders

Sullivan et al Nature Reviews Genetics 2012



Genetic and environmental mechanisms
of risk for Schizophrenia

Van Os et al, Nature, 2010



The revised dopamine hypothesis

Carlsson, Biol Psychiatry 1999

Because of the dynamics of dopamine 
release regulation, it is expected that
dopamine release will be greater in 
the striatum and reduced in prefrontal
cortex



Adapted from Seamans et al. J Neurosci 2001

Dopamine Signaling in Prefrontal Cortex

Optimal D1-receptor activity stateSuboptimal D1-receptor activity state

D1 Prevalence
Dominant cortical representation

D2 Prevalence

Multiple cortical representations



Prefrontal dysfunction in schizophrenia during Working 
Memory

Callicott et al. Cerebral Cortex 2000

Bertolino et al. Psychiatry Res NI 2006



Dopamine, D2 signaling, cognitive deficits and risk
for schizophrenia

• Dopamine dysregulation is central to its pathophysiology
• Dopamine D2 receptor antagonists ameliorate some of the symptoms
• Working memory and attention are impaired
• Dopamine signaling is critical for working memory and attention

neurobiology and deficits

• Identification of genetic variation of the Dopamine D2 gene on 
dopamine regulation of cognitive deficits may be instrumental in 
characterizing risk for schizophrenia



Different synaptic distribution of D2S and D2L isoforms and 
altered expression in schizophrenia

De Mei et al, Curr Opin Pharmacol 2009 Kaalund et al, Mol Psychiatry 2013



rs1076560 G>T



Interazione fra DRD2 rs1076560 e cannabis sul rischio di psicosi, 

sui tratti schizotipici e sulla memoria di lavoro

Colizzi et al, Schizophrenia Bulletin, 2015





Outline

14

•Genetic Risk for Schizophrenia, Dopamine and Working Memory cortical

inefficiency

•Genome Wide risk for Schizophrenia, interaction with environment, gene 

expression and co-expression networks as a means to identify biological 

pathways implicated



Biological insights from 108 schizophrenia-associated genetic loci

Up to 36,989 cases and 113,075 controls
>1.5 million genetic variables

Ripke et al, Nature 2014

DRD2



The interaction between genomic risk and 
early life complications (ELCs)

Ursini et al., in press
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Fig. 1. Polygenic Risk Score 1 (PRS1), Early Life Complications history (ELCs) and 

schizophrenia in the scz_lie_eur sample (n= 501). (a) Association between genomic risk score 

(PRS1), constructed from alleles showing significant association with schizophrenia (with 

GWAS p<5e-08), and case-control status. (b) Interaction between PRS1 and ELCs on case-
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Greater number of complications interacts
with genomic risk

Ursini et al., in press



Genes that interact with ELCs have greater expression in 
placenta and in placenta of complicated pregnancies –

response to stress

Ursini et al., in press
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Fig. 3. Placental and non-placental genomic risk for schizophrenia. (a-d) Using GWAS 

SNPs marking loci containing genes highly and differentially expressed in preeclamptic/IUGR 

placental samples, we created new PRSs (PlacPRS’s) and compared their interaction with ELCs 
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How are Susceptibility Genes Functionally Altered 
by Genetic Risk Variants?

• Only 10 of the 108 PGC loci are found in commonly-occurring exonic
variants that change the amino acid sequence of the encoded proteins

• The vast majority of PGC loci are likely to index functional variation 
within regulatory regions of the genome, which alter gene expression 
or splicing by interfering with the binding of molecules that drive these 
processes (eg, transcription factors, splicing factors, microRNA)



Co-expression networks to recapitulate the 
functional alteration of genetic variants

• Because the transcriptional response of cells to changing conditions 
involves the coordinated co-expression of genes encoding proteins that 
must work in concert to achieve an adaptive response, examining 
patterns of co-expression places each gene in the context of its 
molecular adaptive system

• Therefore, network methods relate genes to each other using the 
measured or predicted relationships between them and provide an 
essential organizing framework in which co-expression networks 
identify common biological pathways that can be interrogated to 
understand the functional alteration of genetic variants.



Genes, circuitry and behavior
Co-expression networks connect different levels of biological hierarchy

Behavioral dimensions:
Positive/Negative Valence
Cognition and WM
Social Processes
Arousal and Regulatory

Genetics

Epigenetics -Omics Cellular models

Circuitry
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• WGCNA (Zhang and Horvath) explores the

relationships between genes.

• Represents interactions between nodes.

• Nodes represent genes. Nodes are connected if

the corresponding genes are co-expressed

(weighted connections assessed with adjacency

function determined based on Scale-free

topology).

• Nodes are aggregated into modules, so that

module eigengenes (ME) and hub genes can be

associated with traits to identify trait-related

modules.

• Dataset: Braincloud (Colantuoni et al. 2011,

Nature).

Gaiteri et al. 2013 Genes, Brain and 

Behavior 

Coexpression networks

D2L coexpression genetic score

D2L coexpression genetic score



hub genes                                 DRD2  pathway related genes                                    Network genes

DRD2 Module as identified with WGCNA
Dataset: Braincloud (Colantuoni et al. 2011, Nature)

Pergola, Di Carlo et al, Transl Psychiatry 2017



Pergola et al., Translational Psychiatry, 2017

How can we test the association of 
genetic networks with systems level 

phenotypes?

1. Test the association between SNPs 
and expression of the whole 
module (module Eigengene)

2. Build a polygenic score reflecting 
this association

3. Test the hypothesis of association 
between the PGS and hierarchically 
organized systems-level phenotypes



Genetic Score predicts brain activity during WM
N=125, p < 0.05, corrected

Pergola et al, Transl Psychiatry, 2017
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N=244, p < 0.05, corrected



The association between treatment response and DRD2 PGS in schizophrenia (discovery and 
replication)

Rho=.39; p= .007 Rho= .27, p= .047



Bromocriptine changes the relationship between D2 genetic score 

and DLPFC activity only when GS is considered as a quadratic term

D2L coexpression genetic score

Selvaggi, Pergola et al., Cerebral Cortex (2018)





SNPs included in DRD1-PCI

Fazio, Pergola et al., PNAS 2018

Discovery dataset Datasets

DISCOVERY: BRAINCLOUD Dataset

•N= 199 (139 ♂) ; Age: 32 + 20; RIN: 8.4 + 0.5; PMI: 30 + 15

REPLICATION: BRAINEAC Dataset

•N= 26 (20 ♂); Age: 62 + 17; RIN: 6.6 + 0.5; PMI: 43 + 28

REPLICATION: CMC Dataset

•N= 179 (115 ♂); Age: 58 + 17; RIN: 8.1 + 0.6; PMI: 16 + 7

DRD1-PCI
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# SNP Module Gene
Association with 

GSE
Association with DRD1

expression

1 rs7487813 UBE2N 2.22 x 10-5 0.009

2 rs2267844 SLC26A6 1.43 x 10-4 0.007

3 rs663208 CCDC81 3.71 x 10-4 0.031

4 rs17005918 SCOC 4.51 x 10-4 0.002

5 rs13101217 SEC22A 5.35 x 10-4 0.006

6 rs1859464 PCNX1 9.22 x 10-4 0.002

7 rs2278214 MGAT4A 1.21 x 10-3 0.001

8 rs7915524 FAM171A1 2.05 x 10-3 0.256

9 rs12509826 SCOC 3.67 x 10-3 0.189

10 rs10134399 XRCC3 4.26 x 10-3 0.095

11 rs10906841 FAM171A1 4.52 x 10-3 0.356

12 rs2306251 GAK 4.61 x 10-3 0.12

13 rs11602122 TPCN2 4.83 x 10-3 0.005

R2 = .16, p < 10-6

R2 = .12, 1t-p = .041

TOM median (10000 permutation)
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DRD1-PCI

R2 = .17, 1t-p = .043

Expression study and DRD1-PCI computation

DRD1-PCI

R2 = .32, p < 10-16



Association of DRD1-PCI with WM-related brain activity

fMRI design

Discovery: GLM on 1-2-3 back. Within Factor: WM load;

Predictor: DRD1-PCI; Nuisance covariates = Age, Gender, Socio-

Econ.Status, quadratic DRD1-PCI; linear and quadratic DRD2- PCI.

Replication: GLM on 2 back. Predictor: DRD1-PCI; Nuisance

covariates = Age, Gender, Socio-Econ.Status, quadratic DRD1-PCI;

linear and quadratic DRD2- PCI.

Mask = task-related activity on whole brain (p-value = 0.005).

Extent threshold = 5

Fazio, Pergola et al., PNAS 2018
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DRD1-PCI

Discovery sample

Replication sample

Participants

DISCOVERY SAMPLE:

•N= 152 (78 ♂) ; Age: 27 + 7; IQ: 108 + 12; Socio-Econ.Status: 43 + 16

REPLICATION SAMPLE:

•N= 149 (76 ♂); Age: 28 + 7; IQ: 106 + 13; Socio-Econ.Status : 41 + 17

Z = 4.51, k=7
whole brain FWE-p = .006

Z = 4.26, k=6
whole brain FWE-p = .02



Association of DRD1-PCI with WM performance

WM assessment

WM measure: Differential accuracy between 2 back and 1 back (𝝙

2-1) and between 3 back and 2 back (𝝙 3-2)

Discovery: GRM on 𝝙 3-2 and 𝝙 2-1. Within Factor: WM load;

Predictor: DRD1-PCI; Nuisance covariates = Age, Gender, Socio-

Econ.Status, quadratic DRD1-PCI; linear and quadratic DRD2- PCI.

Replication: GRM on 𝝙 2-1. Predictor: DRD1-PCI; Nuisance

covariates = Age, Gender, Socio-Econ.Status, quadratic DRD1-PCI;

linear and quadratic DRD2- PCI.

Fazio, Pergola et al., PNAS 2018

DRD1-PCI

DRD1-PCI

Discovery sample

Replication sample

Participants

DISCOVERY SAMPLE:

•N= 152 (78 ♂) ; Age: 27 + 7; IQ: 108 + 12; Socio-Econ.Status: 43 + 16

REPLICATION SAMPLE:

•N= 193 (89 ♂); Age: 27 + 8; IQ: 106 + 12; Socio-Econ.Status : 39 + 17
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F1,144 = 6.3; 
p = .014; 
partial η2 = .041 

t186= 1.91; 
1t-p = .029; 
partial η2 = .019
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Conclusions

• Genomic risk interacts with the early life environment to 
increase risk for schizophrenia

• Gene networks identify possible common biological 
pathways for convergence of genetic risk

• These genetic networks recapitulate part of the complex 
neurobiology of genetic risk for schizophrenia and other 
systems level phenotypes, including working memory 
behavior and related brain activity



Testing genetic association with neural 

activity supporting behavioral dimensions



Activity in Amygdala during emotion processing is 

highly heritable

x:
 2

4
, 
y:

 0
, 
z:

 -
1
8

Brain areas with the largest genetic component (ICC)

ACE model

0.540053 a2

0.396206 c2

0.06374 e2

ICC F p

0.79936827 10.2497291 1.5688E-05

ICC and ACE model computation of  

combined left and right amygdala signals

x:
 -

1
4
, 
y:

 0
, 
z:

 -
2
2

ICC=0.83 (p<0.001)

ICC=0.66 (p<0.001)

a2=additive genetics

c2=common environment

e2=unique environment

Quarto et al, in preparation



SimpleM = 0.05

One variant is associated with activity in 

Amygdala from GWAS

From the GWAS analysis, one SNP (rs1198575) survived the simpleM correction (Bonferroni 

correction based on the estimation of  the number of  effectively independent tests – Gao et al., 2008 

Genetic Epidemiology) of  p<0.05, with the C allele being associated with lower amygdala activity.

CC CT TT

Quarto et al, in preparation



rs1198575

rs1198575 is associated with risk for schizophrenia

The C allele of  the rs1198575 has been associated with risk for schizophrenia in the genome-wide 

association study of  the Psychiatric Genomics Consortium (Ripke et al., 2014 Nature).





Copyright ©2010 European Society of Endocrinology
Eur J Endocrinol. 2007 Apr;156(suppl_1):S13-S21

Dopamine receptor structure and isoforms



Aims

• Identify, with a data-driven approach, the brain regions under genetic control during emotion
processing;

• Identify single-nucleotide polymorphisms (SNPs) associated with activity in the brain areas
under genetic control.

With these aims:

• In healthy twins, we located the areas whose functionality is mainly under genetic control;

• In healthy non-twins we investigated the contribution of specific SNPs in explaining the variance
of those previously located areas.





Genetic correlations between Schizophrenia 
and other psychiatric disorders – Pleiotropy?

Antilla et al, BioRxiv 2016



Rank Marker Locus Gene Gene Name FDR MAF

1 rs2486064 1q32.1 CHIT1 Chitinase 1 0,0032 0,22

2 rs6902039 6p22.3 GPLD1
Glycosylphosphatidylinositol Specific Phospholipase 

D1
0,15 0,23

3 rs851436 2p24.1 OSR1 Odd-Skipped Related 1 0,16 0,48

4 rs9297283 8q22.2 POP1
Processing Of Precursor 1, Ribonuclease P/MRP 

Subunit
0,16 0,20

5 rs12940715 17q25.1 SDK2 sidekick cell adhesion molecule 2 0,20 0,12

6 rs1805453 17p13.2 DHX33 DEAH (Asp-Glu-Ala-His) Box Polypeptide 33 0,23 0,34

7 rs11213916 11q22.3 BTG4 B-Cell Translocation Gene 4 0,23 0,30

8 rs1037791 7p21.1 AGR2 Anterior Gradient 2 0,23 0,31

Eight SNPs were associated with MEmaroon (FDR < 0.25) 

Genetic variation associated with network expression



Genetic Score predicts brain activity during WM and 
response to treatment with Olanzapine

N=125, Cluster-level FWE-corrected p-value < 0.05 clusters REGIONS: fronto-parietal WM network including DLPFC, 
BA46/BA10.

Pergola, Di Carlo et al, in preparation

N=46



Interaction between DRD2 genotye (rs1076560), drug, and working memory load on 
prefrontal activity. Total N=53; N GG=38, N GT=15, p<0.05, SVC FWE
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Gelao et al Psychopharm 2014

Stimulation of D2 receptors with bromocriptine



Response to Bromocriptine stimulation 
is also predicted by a D2 GS
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r = 0,4084; p = 0,0032; r2 = 0,1668
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INTERMEDIATE 

PHENOTYPE

Preprocessing and 

filtering post-mortem

gene expression data in 

the DLPFC of non-

psychiatric individuals 

(Braincloud)

Designing a genome-

wide unsupervised or a 

supervised network of 

select genes to model 

the topology of gene-

gene relationships

SNPs associated with co-

expression are detected 

and collapsed into 

coexpression scores. 

SNPs are therefore used as 

coexpression markers

Polygenic scores are 

used to predict imaging 

and behavioural 

phenotypes across 

cognitive domains

TRANSCRIPTOME NETWORK POLYGENIC

SCORE

D2L coexpression genetic score



Bromocriptine changes the relationship between D2L 

genetic score and DLPFC activity only when GS is 

considered as a quadratic term

Main Effect of Drug and 

DRUG by GS (linear) 

interaction were not 

significant at the 

threshold used.

*Alphasim cluster-level corrected

D2L coexpression genetic score



Bromocriptine inverted the U-shaped relationship between 

the PGS and WM Load effects in BA9 and BA46

PLACEBO BROMOCRIPTINE

PLACEBO BROMOCRIPTINE

D2L coexpression genetic score



Behavioral data reveal again a U-shaped pattern 

opposite to what seen in fMRI data (WM efficiency)

BROMOCRIPTINEPLACEBO

D2L coexpression genetic score



Role of Prefrontal Dopamine in 
Working Memory

Lidow, Goldman-Rakic Trends in Pharmcological Sciences 1998



Steady-State dopamine in prefrontal 
cortex and WM performance

Abi-Dargham et al. J Neurosci 2002



Amphetamine-evoked release of dopamine 
in schizophrenia

Slifstein et al. JAMA Psychiatry 2015



• Coexpression Network : same network as the one used for D2L

• DRD1 module: turquoise

• genes = 126

• SNP detection:

 360119 SNPs genotypes were available in both our dataset (Braincloud and GWAS);

 Filters: MAF > 0.1 and HWE p-value > 0.003

 Module turquoise genes (N=126) were mapped into RefSeq Genes 63, UCSC build:

NCBI36;

 3717 markers within 100kbp flanking regions of each gene were selected for a module-

wide association analysis;

We performed a module-wide association study of SNPs with the gene’s expression

of each gene of the module. At the threshold of p value < 0.05, 3079 SNPs were associated

with the expression of at least one gene of the module.

 Pair-wise r2 between markers, within each chromosome, was computed. SNPs were

considered independent when r2<0.1.

 790 independent SNPs was considered for FDR correction for multiple comparison. A cut-

off FDR<0.25 was used.

DRD1 coexpression genetic score

D2L coexpression genetic score

GSK3B coexpression genetic score

DRD1 coexpression genetic score



Rank Marker Gene Gene Name FDR MAF

1 rs1859464 PCNX Pecanex Homolog (Drosophila) 0,023 0,14

2 rs7487813 UBE2N Ubiquitin-Conjugating Enzyme E2N 0,028 0,18

3 rs638492 CCDC81 Coiled-Coil Domain Containing 81 0,028 0,17

4 rs2267844 SLC26A6 Solute Carrier Family 26 (Anion Exchanger), Member 6 0,028 0,23

5 rs13101217 SEC22A SEC22 Vesicle Trafficking Protein Homolog A (S. Cerevisiae) 0,070 0,35

6 rs2278214 MGAT4A
Mannosyl (Alpha-1,3-)-Glycoprotein Beta-1,4-N-

Acetylglucosaminyltransferase, Isozyme A*
0,137 0,21

7 rs17005981 SCOC Short Coiled-Coil Protein 0,180 0,19

8 rs7915524 FAM171A1 Family With Sequence Similarity 171, Member A1 0,180 0,19

DRD1 coexpression genetic score

SNP selected
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r = - 0.5625    R2 = 0.316     p = 2.2x10^-16

DRD1 coexpression genetic score

Expression study

 DRD1 expression levels negatively correlated with MEturquoise

 PGS correlation with MEturquoise

 PGS correlation with D2L transcriptional levels
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Imaging study

fMRI

• Subjects = 120

• Nuisance covariates: PGS, Age, Handedness

• Factors: load 1-2back, gender

• Results masked for task-related activity on whole

brain: t-test p-value = 0.05

• extent threshold = 35

DRD1 coexpression genetic score



DRD1 PGS DRD1 PGS
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r = 0.4242   R2 = 0.018  p = 0.075 r = -0.3098  R2 = 0.096  p = 0.046

Behavioral study
DRD1 coexpression genetic score

 Subjects: 245

 ANCOVA revealed a marginally significant effect of DRD1 co-expression PGS on accuracy (ACC) at 2-back 

 A significant correlation has been found between the same GS and reaction time (rt) at 2-back load.



How can we connect genetic risk with molecular and biological 
hierarchies?

59

One goal of these approaches is to connect genetic risk and mechanism by combining a molecular systems or 
integrative network approach with systems neuroscience to understand the molecular regulatory networks and 
pathways that underlie circuit function, behavior and cognition in health and disease. 



D2L coexpression genetic score

Pergola, Di Carlo et al., in revision

Expression study: a replication

• We replicated the correlation between gene set co-expression and PGS in the independent dataset BrainEAC

(http://www.braineac.org/).

• Since RNA integrity (RIN) was lower in BrainEAC than in Braincloud, we assessed the correlation for multiple RIN thresholds.

• We found that variance explained by PGS monotonically increased for greater values of RIN.   



Cluster -14 46 12

R2=0.18

Cluster -6 22 46

R2=0.2

Cluster 58 28 6

R2=0.19

GSK3B coexpression genetic score

Scatterplots of PGS / connectivity associations

(Seed in DLPFC cluster modulated during WM)



SNP detection:

1. 5,373,892 SNPs genotypes were available in both our datasets (CMC and fMRI);

2. Filters: MAF > 0.1; HWE p-value > 0.003; only markers within 100kbp flanking regions of each 

gene were selected;

3. Module dark orange genes were mapped into RefSeq Genes 63, UCSC build: NCBI37; 

4. 124,050 markers within 100kbp flanking regions of each gene were selected for a module-wide

association analysis;

5. We performed a module-wide association study of SNPs with gene expression of each 

gene of the module. At the threshold of p value < 0.05, 3,852 SNPs were associated with the 

expression of at least one gene of the module;

6. Pair-wise r2 between markers, within each chromosome, was computed. SNPs were 

considered independent when r2<0.1. 

7. 9 independent SNPs were used to compute the PGS

Genetic Score (GS) computation

GSK3B coexpression genetic score



How are Susceptibility Genes Functionally Altered 
by Genetic Risk Variants?

• Only 10 of the 108 PGC loci are found in commonly-occurring exonic
variants that change the amino acid sequence of the encoded proteins.

• The vast majority of PGC loci are likely to index functional variation 
within regulatory regions of the genome, which alter gene expression 
or splicing by interfering with the binding of molecules that drive these 
processes (eg, transcription factors, splicing factors, microRNA). 

• Regulatory elements in which risk variants are likely to be located 
include promoters and enhancers that can be specific to particular 
transcripts and operate only in certain cells, at particular 
developmental stages or under certain biological conditions. 



Does genetic variation identify common biological pathways?

Genetic variants exert their effects on cognitive and behavioral phenotypes associated with disease 
through a neurobiological hierarchy that includes multiple molecular levels (transcriptomic, 
proteomic and epigenomic). These molecular levels of organization can vary at multiple 
neurobiological phenotypic levels (cells, circuits, and cognition and behavior) across the lifespan. 

Parikshak and Geschwind, Nature Rev Genetics 2014



Co-expression networks to recapitulate the 
functional alteration of genetic variants

• Because the transcriptional response of cells to changing environmental 
conditions involves the coordinated co-expression of genes encoding proteins 
that must work in concert to achieve an adaptive response, examining patterns 
of co-expression can provide insight into the underlying cellular processes 
activated in a particular state

• Moreover, molecular levels of organization can be modelled as networks on the 
basis of physical interactions and correlations within and across multiple 
molecular levels

• Therefore, network methods relate genes to each other using the measured or 
predicted relationships between them and provide an essential organizing 
framework that places each gene in the context of its molecular adaptive 
system. Biological co-expression pathways can be so defined and can be 
investigated to understand the functiona alteration of genetic variants.



Outline
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•Deconstruction of genetic risk for schizophrenia

•The biology of genetic risk

•Identification of common biological pathways: the complex regulatory 

environment of genetic risk

oUnseeded: DRD2 and schizophrenia enriched



rs1198575
Chromosome 1:98562260

ENSEMBL v75 – Feb 2014

SNP is located in the 5´ region of  the MIR137 host gene, at 51kbp from 

MIR137 and at 47kbp from the HG



[123I] IBZM and FPCIT striatal binding and the relationship with PFC activity as a function of DRD2
rs1076560 genotype 

GG N=18; GT N=11; p<0.005, SVC

Bertolino et al PLoS ONE, 2010
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•Genetic risk for schizophrenia

•The biology of genetic risk

•Identification of common biological pathways

oRisk profile scores

oPolygenic Scores

oGWAS of neural activity supporting behavioral dimensions



PFC

Dorsolateral striatum

Sesack et al. J Neurosci 1998

D1

COMT

How is the optimal level of DA maintained in PFC?

http://www.jneurosci.org/content/vol18/issue7/images/large/ns0781880007.jpeg
http://www.jneurosci.org/content/vol18/issue7/images/large/ns0781880007.jpeg
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COMT

Val Met

The COMT Gene



COMT Effects on Prefrontal “Efficiency”

Egan et al. PNAS 2001

ValVal>ValMet>MetMet



Dopamine in PFC: the effect of Atypical 
Antipsychotics

Abi-Dargham et al. J Neurosci 2002 Gessa et al., Neuropsychopharmacology 2000
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The interaction of COMT Val158Met and 
pharmacogical treatment on WM improvement: a 

replication

No other COMT SNP showed any effect on 
N-Back or other cognitive measures

Weickert et al., Biol Psychiatry 2004
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Association of the COMT Val158Met genotype with response to 
treatment with Olanzapine

Bertolino et al., Schizophrenia Research 2007



Time to response to treatment with 
Olanzapine and COMT Val158Met genotype

p=0.02

Bertolino et al., Schizophrenia Research 2007
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Table 5. Meta-analysis results: effects of rs1076560 on working memory-related activation in healthy 

controls (p = 0.0001, uncorrected) 

Cluster Nr. Volume 
(mm3) 

x y z Location 

1 64 26 7 -6 right putamen 

2 64 -48 40 14 left middle frontal gyrus 

3 32 59 23 6 right inferior frontal gyrus 

4 32 15 26 19 right anterior cingulate 

5 16 30 52 -3 right superior frontal gyrus 

6 8 -54 38 6 left middle frontal gyrus 
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Characterizing the burden of genetic risk 
with polygenic Risk Profile Scores (RPS)

As the accumulation of genetic variants is known to form a 
substantial proportion of genetic susceptibility to psychiatric 
disease, it has been proposed the use of a polygenic risk profile 
score (RPS), a sum across risk alleles of multiple SNPs weighted by 
their effect size in an independent study. 

However, investigating the linear combination of several hundreds 
or thousands of variants may come at the expense of losing 
specificity; that is, RPS may obscure information conveyed by single 
or subsets of genes. 
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Single SNP analyses

Erk et al Transl Psychiatry 2017

N=578



Franke et al, Nature Neurosci 2016



N-Back Task
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Interazione fra rischio genetico e fattori ambientali 

sulla predisposizione a fenotipi di schizofrenia

Van Os et al, Nature, 2010



Genes, circuitry and behavior
A hierarchical, stepwise, translational genetics approach

Behavioral dimensions:
Positive/Negative Valence
Cognition and WM
Social Processes
Arousal and Regulatory

Genetics

Epigenetics -Omics Cellular models

Circuitry
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Signaling pathways
The D2 cAMP-independent pathway includes some of the 

usual suspects

Li and Jope, Neuropsychopharm 2010



Blasi et al., JAMA Psychiatry 2013

Functional genetic variation within HTR2A, systems level phenotypes 
and response to treatment



The interaction between DRD2 rs1076560 and HTR2A rs6314 
on DLPFC activity and response to treatment

Blasi et al., Neuropsychopharm 2015

N=63, p=0.05
N=54, p=0.07

N=322 P<0.05 SVC corrrected


