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WE”VE KNOWN FOR A LONG TIME 
THAT PSYCHIATRIC ILLNESS RUNS IN 
FAMILIES



Genes for Mental Disorders 

Have Been Found

• Most risk for psychiatric illness is related to inheritance 

• Genes transcend phenomenological diagnosis

• Genes represent mechanisms of disease

• Genes clarify the environment

• Genes identify at risk individuals

• Genes identify biological pathways for development 

of new treatments 

GENES AND BEHAVIOR DISORDERS:

WHY DO WE STUDY THEM?

GENETICS AND MENTAL 

ILLNESS



A PEAK AT SOME OF THE LESSONS LEARNED:  

1. Literally many hundreds of regions of the genome that increase risk for 
mental illness have been identified

2. The statistics are strong but the effects of individual genetic loci are 
very weak

3. Genetic risk does not respect DSM guidelines

4. Prediction of individual illness liability based on genomic risk is so far 
not of clinical value 

5. Ancestry matters

6. GWAS is a treasure map, but to find the treasure (i.e. the genes) 
requires a lot more digging  

7. The environment still matters

8. Genetic discoveries provide biological insights into brain mechanisms 
of illness and potential strategies for treatment and prevention
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GENETICS OF BRAIN 

DISORDERS

LESSONS LEARNED FROM THE DNA OF INDIVIDUALS 
WITH PSYCHIATRIC DISORDERS

A FEW DEFINITIONS:

Single nucleotide polymorphism “SNP”: a common variation in DNA sequence at 
a single nucleotide

Allele: one of two or more variations in a DNA sequence at a specific site in the 
genome

Genotype:  combination of variants at a locus in the genome

Genome wide association study (GWAS):  comparisons of common allele 
frequencies in a sample of cases and a sample of controls

Pleiotropy:  one gene affecting multiple seemingly unrelated traits

6

GENETICS OF BRAIN 

DISORDERS

LESSONS LEARNED FROM THE DNA OF INDIVIDUALS 
WITH PSYCHIATRIC DISORDERS



1. LITERALLY MANY HUNDREDS OF REGIONS OF THE GENOME THAT 
INCREASE RISK FOR MENTAL ILLNESS HAVE BEEN IDENTIFIED

2. The statistics are strong but the effects of individual genetic loci are 
very weak

3. Genetic risk does not respect DSM guidelines

4. Prediction of individual illness liability based on genomic risk is so far 
not of clinical value 

5. Ancestry matters

6. GWAS is a treasure map, but to find the treasure (i.e. the genes) 
requires a lot more digging.  

7. The environment still matters

8. Genetic discoveries provide biological insights into brain mechanisms 
of illness and potential strategies for treatment and prevention
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GENETICS OF BRAIN 

DISORDERS

LESSONS LEARNED FROM THE DNA OF INDIVIDUALS 
WITH PSYCHIATRIC DISORDERS:  Let’s get started
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•Many Genes(1000+?)

•None account for >1% of cases

•Highly additive effects

•Strong pleiotropy

GENETIC STUDIES OF AUTISM SPECTRUM 

DISORDER

Dan Geschwind

GENETICS OF THE AUTISM SPECTRUM
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FINDING GENES OF INTEREST

GENOME  WIDE ASSOCIATION STUDY (GWAS):  THE 

WORK HORSE OF CLINICAL GENETICS OF COMMON 

DISORDERS

“Manhattan Plot”
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GENES AND PSYCHIATRIC DISORDERS

RECENT REPORTS HAVE IDENTIFIED MANY GENETIC LOCI ASSOCIATED 

WITH MANY HUMAN ILLNESSES AND TRAITS

Nature 2022

320,000 subjects

287 risk loci

414,000 subjects

64 risk loci

2021
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1.2M people, 178 GWAS significant loci N=265,000, a few loci

GENES AND PSYCHIATRIC DISORDERS

2021

RECENT REPORTS HAVE IDENTIFIED MANY GENETIC LOCI ASSOCIATED 

WITH MANY HUMAN ILLNESSES AND TRAITS

2021
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Nature 2022

RARE CODING VARIANTS



LESSONS LEARNED:  

1. Literally many hundreds of regions of the genome that increase risk for 
mental illness have been identified

2. THE STATISTICS ARE STRONG, BUT THE EFFECTS OF INDIVIDUAL 
GENETIC LOCI ARE VERY WEAK

3. Genetic risk does not respect DSM guidelines

4. Prediction of individual illness liability based on genomic risk is so far 
not of clinical value 

5. Ancestry matters

6. GWAS is a treasure map, but to find the treasure (i.e. the genes) 
requires a lot more digging.  

7. The environment still matters

8. Genetic discoveries provide biological insights into brain mechanisms 
of illness and potential strategies for treatment and prevention 
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GENETICS OF BRAIN 

DISORDERS

LESSONS LEARNED FROM THE DNA OF INDIVIDUALS 
WITH PSYCHIATRIC DISORDERS
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THE STATISTICS ARE STRONG….BUT THE EFFECTS ARE 
WEAK

GENETICS OF PSYCHIATRIC ILLNESS

SNP CHR BP P OR SE A1A2 FRQ_A_74776 FRQ_U_101023

rs140365013 6 27523869 1.205E-39 1.22838 0.0156 G/A 0.931 0.914

rs58120505 7 2029867 6.265E-28 1.086 0.0075 T/C 0.582 0.557

rs1790135 12 123669235 6.908E-24 1.08785 0.0084 C/T 0.32 0.281

rs12571643 10 104520277 1.246E-23 1.12019 0.0113 G/A 0.863 0.856

rs4702 15 91426560 1.757E-23 1.0822 0.0079 G/A 0.436 0.432

rs2710323 3 52815905 3.175E-22 1.07433 0.0074 T/C 0.525 0.512

rs4298967 12 2408194 1.279E-21 1.086 0.0086 A/G 0.279 0.282

rs13107325 4 103188709 1.919E-21 0.85496 0.0165 C/T 0.925 0.936

rs2139054 2 58156583 1.045E-20 0.9309 0.0077 A/C 0.35 0.379

rs7779548 7 137074540 1.821E-19 1.0739 0.0079 G/A 0.686 0.66

Schizophrenia

Bipolar Disorder



GENETICS OF PSYCHIATRIC ILLNESS

Nature 2023

N=235,000 people

LESSONS LEARNED:  

1. Literally many hundreds of regions of the genome that increase risk for 
mental illness have been identified

2. THE STATISTICS ARE STRONG, BUT THE EFFECTS OF INDIVIDUAL 
GENETIC LOCI ARE VERY WEAK

3. Genetic risk does not respect DSM guidelines

4. PREDICTION OF INDIVIDUAL ILLNESS LIABILITY BASED ON 
GENOMIC RISK IS SO FAR NOT OF CLINICAL VALUE 

5. Ancestry matters

6. GWAS is a treasure map, but to find the treasure (i.e. the genes) 
requires a lot more digging.  

7. The environment still matters

8. Genetic discoveries provide biological insights into brain mechanisms 
of illness and potential strategies for treatment and prevention 
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GENETICS OF BRAIN 

DISORDERS

LESSONS LEARNED FROM THE DNA OF INDIVIDUALS 
WITH PSYCHIATRIC DISORDERS



PRS1  (p<5e-08): 106 SNPs

PRS2  (p<1e-06): 238 SNPs

PRS3  (p<1e-04): 1253 SNPs

PRS4  (p<0.001): 3369 SNPs

PRS5  (p<0.01): 10568 SNPs

PRS6  (p<0.05):    24670 SNPs

PRS7  (p<0.1):      35579 SNPs

PRS8  (p<0.2):      51807 SNPs

PRS9  (p<0.5):      81224 SNPs

PRS10 (p<1):        102k SNPs
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Wray, Goddard, & Visscher, Genome Res 2007 

PGC, Nature 2014

POLYGENIC RISK SCORES (PRS):  ADDING UP ALL THE RISK 

ALLELES

METHODS: GENOMIC RISK CALCULATION
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Nature 2022

POLYGENIC RISK PREDICTION



LESSONS LEARNED:  

1. Literally many hundreds of regions of the genome that increase risk for 
mental illness have been identified

2. The statistics are strong, but the effects of individual genetic loci are 
very weak

3. GENETIC RISK DOES NOT RESPECT DSM GUIDELINES

4. Prediction of individual illness liability based on gnomic risk is so far not 
of clinical value 

5. Ancestry matters

6. GWAS is a treasure map, but to find the treasure (i.e. the genes) 
requires a lot more digging.  

7. The environment still matters

8. Genetic discoveries provide biological insights into brain mechanisms 
of illness and potential strategies for treatment and prevention 
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LESSONS LEARNED FROM DNA

LESSONS LEARNED FROM THE DNA OF INDIVIDUALS 
WITH PSYCHIATRIC DISORDERS
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PLEOTROPY IS THE RULE

Correlational structure of risk genes for psychiatric diagnoses



LESSONS LEARNED:  

1. Literally many hundreds of regions of the genome that increase risk for 
mental illness have been identified

2. The statistics are strong, but the effects of individual genetic loci are 
very weak

3. Genetic risk does not respect dsm guidelines

4. Prediction of individual illness liability based on gnomic risk is so far not 
of clinical value 

5. ANCESTRY MATTERS

6. GWAS is a treasure map, but to find the treasure (i.e. the genes) 
requires a lot more digging.  

7. The environment still matters

8. Genetic discoveries provide biological insights into brain mechanisms 
of illness and potential strategies for treatment and prevention
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LESSONS LEARNED FROM DNA

LESSONS LEARNED FROM THE DNA OF INDIVIDUALS 
WITH PSYCHIATRIC DISORDERS

WHO IS THE HUMAN REFERENCE GENOME?

Mostly just 
one individual!

Source of the reference genome Ancestry inference

Green et al (2010). Science.

HUMAN REFERENCE GENOME

22
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RESEARCH DISPARITIES
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Ancestry Representation in Latest GWAS: 
African ancestry cohort = N of ZERO
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4.9+ MILLION r esearch subjects worldwide

ZERO Individuals of African Ancestry

Until 2021, genome-wide association studies (GWAS) for schizophrenia, autism, 

Alzheimer's, Parkinson's, and depression.

Weinberger, Dzirasa, 

Crumpton-Young. 

August 5, 2020

human 

reference 

genome

African 

reference 

genome

many differences

disease-causing difference

AA patient genome

WHY IS THE REFERENCE GENOME A PROBLEM?

few differences

HUMAN REFERENCE GENOME
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2019

ANCESTRY MATTERS

LESSONS LEARNED:  

1. Literally many hundreds of regions of the genome that increase risk for 
mental illness have been identified

2. The statistics are strong, but the effects of individual genetic loci are 
very weak

3. Genetic risk does not respect dsm guidelines

4. Prediction of individual illness liability based on genomic risk is so far 
not of clinical value 

5. Ancestry matters

6. GWAS IS A TREASURE MAP, BUT TO FIND THE TREASURE (I.E. THE 
GENES) REQUIRES A LOT MORE DIGGING.  

7. The environment still matters

8. Genetic discoveries provide biological insights into brain mechanisms 
of illness and potential strategies for treatment and prevention 
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LESSONS LEARNED FROM DNA

LESSONS LEARNED FROM THE DNA OF INDIVIDUALS 
WITH PSYCHIATRIC DISORDERS



WHITHER THE DOPAMINE HYPOTHESIS OF 
SCHIZOPHRENIA? 

DA AND SCHIZOPHRENIA 

DRD2 is in one of the GWAS risk regions!!!

DIGGING DEEPER INTO DRD2 IN BRAIN

SPLICING VARIATION  IN BRAIN

Fig from Gwenaelle Thomas

Can we establish a causative DA mechanism?  



SPLICE VARIATION

Mendelian randomization analysis 

implicates DRD2s as causative

Benjamin et al NATURE NEUROSCIENCE (2022)

THE MECHANISM OF THE DOPAMINE (DA) LINK TO RISK FOR PSYCHOSIS?

It’s diminished control of presynaptic DA release!

mRNA

risk

genotype

LESSONS LEARNED:  

1. Literally many hundreds of regions of the genome that increase risk for 
mental illness have been identified

2. The statistics are strong, but the effects of individual genetic loci are 
very weak

3. Genetic risk does not respect dsm guidelines

4. Prediction of individual illness liability based on genomic risk is so far 
not of clinical value 

5. Ancestry matters

6. GWAS is a treasure map, but to find the treasure (i.e. the genes) 
requires a lot more digging 

7. The environment still matters

8. GENETIC DISCOVERIES PROVIDE BIOLOGICAL INSIGHTS INTO 
BRAIN MECHANISMS OF ILLNESS AND POTENTIAL STRATEGIES FOR 
TREATMENT AND PREVENTION 
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LESSONS LEARNED FROM DNA

LESSONS LEARNED FROM THE DNA OF INDIVIDUALS 
WITH PSYCHIATRIC DISORDERS
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ALL VERY INTERESTING BIOLOGY……BUT THAT 

ELUSIVE ENVIRONMENTAL COMPONENT IS THE …

How about GxE?

GENE x ENVIRONMENT

GENETIC RISK X EARLY LIFE 

COMPLICATION

Interaction: P=6e-5

N=1673

PRS

2018



Ursini et al Nature Comm 2023

PLACENTA TWAS

PRIORITIZATION OF POTENTIAL CAUSATIVE GENES FOR 
SCHIZOPHRENIA IN PLACENTA

Placenta TWAS (gene level) TWAS placenta v. fetal brain

(genes plus transcripts)

Enrichment fold for heritability

Dynamic causal 

model of fMRI network 

during social stress

GxE in network coexpression

of depression risk 

(GWAS) genes in brain

GxE:  AIR POLLUTION AND GENETIC 
RISK FOR DEPRESSIOIN 



EARLY LIFE EXPERIENCE 

DOES EARLY CHILDHOOD MATTER?
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2020

GxE:  CHILDHOOD TRAUMA AND 
RISK FOR DEPRESSION

History of childhood trauma doubles the risk related to genes for depression
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EARLY CHILDHOOD EXPERIENCE LEAVES ITS MARK 

IN THE GENOME

The human genome is most sensitive to environmental experience during the first five years 

of life, more than any other time. These findings highlight the potential biological impact of 

early childhood adversity.

URGENT NEED 

LESSONS LEARNED:  

1. Literally many hundreds of regions of the genome that increase risk for 
mental illness have been identified

2. The statistics are strong, but the effects of individual genetic loci are 
very weak

3. Genetic risk does not respect dsm guidelines

4. Prediction of individual illness liability based on genomic risk is so far 
not of clinical value 

5. Ancestry matters

6. GWAS is a treasure map, but to find the treasure (i.e. the genes) 
requires a lot more digging 

7. The environment still matters

8. GENETIC DISCOVERIES PROVIDE BIOLOGICAL INSIGHTS INTO 
BRAIN MECHANISMS OF ILLNESS AND POTENTIAL STRATEGIES FOR 
TREATMENT AND PREVENTION 
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LESSONS LEARNED FROM DNA

LESSONS LEARNED FROM THE DNA OF INDIVIDUALS 
WITH PSYCHIATRIC DISORDERS
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Nature 2022

GENES ARE CLUES TO 

CAUSATIVE MECHANISMS

GENES OFFER INSIGHTS TO MOLECULAR PROCESSES
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Decoding shared versus divergent transcriptomic signatures across 
cortico-amygdala circuitry in PTSD and depressive disorders

Andrew E. Jaffe, Ran Tao,., Stephanie C. Page., Kristen R. Maynard, 1, Elizabeth A. 
Pattie,.1, Claudia V. Nguyen,.1, Amy Deep-Soboslay,.1, Rahul Bharadwaj, Keith A. Young, 
Matthew J. Friedman, Douglas E. Williamson,. 1, Traumatic Stress Brain Research Group, 
Joo Heon Shin,, Thomas M. Hyde,,, Keri Martinowich, and Joel E. Kleinman

INfORMATICS OF GENE  EXPRESSION

American Journal of Psychiatry 2022

2022

GENES OFFER INSIGHTS TO MOLECULAR PROCESSES



We have to build high fidelity models

THE SCIENTIFIC FRONTIER

FINALLY:  HOW DO WE TRANSLATE ANY OF THIS 

INTO IMPROVED LIVES?
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MODELING HUMAN DISEASE IN A DISH

THE HUMAN STEM CELL 

REVOLUTION

The problem for modeling psychiatric illness is knowing what cell phenotype actually matters



Prediction of cardinal clinical manifestations 

of individual donors

BRAIN MODELS FROM HUMAN CELLS

• Genetics is the game changer in psychiatry research

• Genetic insights mark a path for identifying causative mechanisms 

and new therapeutic targets

• Genetic insights will help clarify the role of the environment

• Genetic insights have proven Freud right that there are early 

developmental signatures of psychiatric disorders

• Genes will guide the development of cell and animal model 

systems to validate mechanisms and test new therapeutic agents

• There are currently no clinical applications, either for diagnosis or 

treatment
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RESEARCH 

MILESTONES

HOW FAR WILL THE GENOMIC ERA TAKE US IN 

PSYCHIATRY?


