
PGC Worldwide Lab Call Details  
Friday, November 8, 2013  

 

PRESENTERS:  

Nancy J. Cox, Ph.D. and Abe Palmer, Ph.D. 

Depts. of Medicine and Human Genetics 

The University of Chicago 

 

TITLE: REVERSING GENETICS:  (AGAIN) 
 

 10:00 EST - US East Coast 

 09:00am CST 

 03:00pm GMT 

 04:00pm CET 

 02:00am  AED Saturday, November 9  

 

PASSCODE: 275 694 38 and TELEPHONE:  

- US Toll free: 1 866 515 2912  

- International Direct: +1 617 399 5126  

- Global Access Numbers: There may be a toll-free number from your country. See  

 http://www.btconferencing.com/globalaccess/?bid=75_public  

 

 

 Operators will be on standby to assist with technical issues. “*0” will get you assistance.  

 The conference line can handle up to 300 participants.  
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LINES ARE MUTED NOW 

 
-  Lines have been automatically muted by operators as it is possible  

for just one person to ruin the call for everyone due to  

background noise, electronic feedback, crying children, wind,  

typing, etc.  

 

-  Operators announce callers one at a time during  

question and answer sessions.  

 

-  Dial *1 if you would like to ask a question of the  

presenter. Presenter will respond to calls as time allows.  

 

-  Dial *0 if you need operator assistance at any time  

during the duration of the call. 
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UPCOMING PGC WORLDWIDE LAB 

Friday, December 13, 2013 

 

PRESENTER: 

Professor John McGrath, AM, MBBS, MD, PhD, FRANZCP 

Queensland Brain Institute 

The University of Queensland 

Queensland, Australia 

 

TITLE: 

Where GWAS and epidemiology meet: opportunities for the simultaneous study 

of genetic and environmental risk factors in schizophrenia. 
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Nancy J. Cox, Ph.D. and Abe Palmer, Ph.D. 

Depts. of Medicine and Human Genetics 

The University of Chicago 

(Again) 

Reversing Genetics 
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It all comes back … 



In the Olden Days … 

• Geneticists reasoned from 
biochemistry and observations on 
metabolites to deduce the cause of 
Mendelian diseases 

• Worked for a discrete set of 
diseases 

• Systematic and agnostic process-
based investigations were first 
called “reverse” genetics 
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Linkage, Positional Cloning, 

GWAS (by typing or sequencing) 

• Have brought us near-complete 
identification of Mendelian disease 
genes (and promise the rest) 

• Have enabled unprecedented 
discovery for common, complex 
disease 

• No one is satisfied with what we 
have actually learned from these 
discoveries 7 



What We Have Learned 

• Common variants associated with 
common disease and complex 
traits are largely regulatory 

• May collectively account for substantial 
heritability 

• Give us little biological insight until we 
discover driving genes  

• Rare variant discoveries give us 
major biological insight 

• Perhaps disproportionate to magnitude of 
contribution to common disease 8 



Improving Understanding 

• Can we use more about what we 
already know about genome 
function, biochemical (and other) 
pathways, Mendelian diseases, and 
potentially related phenotypes to 
learn more about what we still need 
to learn of complex traits? 

• Starting with what we know is 
reversing genetics (again)     
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We Propose to Use … 

• Potentially related phenotypes 

• Genome function  

• Biochemical (and other) pathways 

• Mendelian diseases 
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Likelihood 

of initial 

exposure 

Initial 

responses 

to drugs 

Plastic 

changes in 

drug response 

Progression 

and 

escalation 

Withdrawal Relapse 

Adapted from Palmer and de Wit, 2011 

• Individuals vary in acute responses to d-amphetamine 

• Acute d-amphetamine response is heritable 

• Probes dopaminergic system 

• Originally examined for its possible role in drug abuse 

suseptabiltiy 

 

Acute amphetamine response is an intermediate 

phenotype 
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398 participants 

• BMI 19-26 kg/m2 

• Limited past and current drug use 

• High school education 

• No history of psychiatric disorder 

 

 

• Healthy volunteers, 18-35 

• Primarily Caucasian  

Screening 

Recruitment Final sample 

Phenotyping 

Study design 

• Placebo, 10 mg AMPH, 20 mg AMPH 

• Randomized order 

• Double-blind 

• 6 time points 

 

Genotyping 

381 participants 

(325 Caucasian) 

Harriet de Wit 
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Sample self-report scale questions 

Profile of Mood States (POMS) 

72 adjectives 

 

Friendliness: “Agreeable”, “Helpful”, “Forgiving” 

 

Drug Effects Questionnaire (DEQ) 

Five questions; visual analog scale 

 

Want More: “Would you like more of what you consumed, right now?” 

 

Addiction Research Center Inventory (ARCI) 

53 true/false questions 

 

MBG: “I would be happy all the time if I felt as I feel now” 
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SNPs nominally associated with the 

euphoric response to d-amphetamine will 

be enriched among SNPs associated with 

dopaminergic psychiatric disorders 

Hypothesis 

Peroutka et al 1980 Am J Psychiatry 



Enrichment methods 

GAIN 

Schizophrenia  

SNPs associated 

with P≤0.01 

Euphoric response 

to AMPH 

 SNPs associated  

with P≤0.01  

overlap 

Is the overlap between the two datasets larger than you would expect by chance? 
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123 

GAIN Schizophrenia  

SNPs associated 

with P≤0.01 

Euphoric response to 

AMPH 

 SNPs associated  

with P≤0.01  

What is the magnitude of overlap? 
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Permutation generates a null distribution of 

overlapping SNPs 

1 2 3 4 

5 6 7 8 

9 10 11 12 

13 14 1,000 

… 



Evaluation of enrichment of schizophrenia-

associated SNPs 

P=0.043 

123 
GAIN Schizophrenia  

SNPs associated 

with P≤0.01 

Euphoric response 

to AMPH 

 SNPs associated  

with P≤0.01  
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SNPs associated with the euphoric response to d-

amphetamine are enriched among SNPs associated with 

schizophrenia 

1,351 cases 

1,378 controls 
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Results from the GAIN Schizophrenia enrichment analysis are 

replicated in a more powerful sample 

9,394 cases 

12,462 controls 
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Enrichment is driven by alleles associated with increased 

euphoria and decreased schizophrenia risk 
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SNPs associated with the euphoric response to d-

amphetamine are enriched among SNPs associated with 

ADHD 

2,064 trios 

896 cases 

2,455 controls  
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Enrichment is driven by alleles associated with increased 

euphoria and decreased ADHD risk 

26 



No enrichment is observed for negative 

control phenotypes 

Height Inflammatory Bowel Disease 

133,653 individuals 12,882 cases 

21,770 controls 
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We Propose to Use … 

• Potentially related phenotypes 

• Genome function  

• Biochemical (and other) pathways 

• Mendelian diseases 
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Classes of Functional Variants Enriched 

in SNPs Associated with Common 

Disease and Complex Human Traits 

• eQTLs – SNPs associated with mRNA 
transcript levels 

• mQTLs – SNPs associated with methylation 
status at sites that are variably methylated 

• pQTLs – SNPs that are associated with 
protein levels  

• miRNA QTLs – SNPs associated with levels 
of miRNAs 

• ENCODE annotations 
• …  
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What 

transcripts 

are 

implicated? 
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Concentrating Heritability 
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       Type 1 Diabetes                           Crohns Disease 

Overall      0.48 0.06            0.50  0.07 
39 



Concentration of Heritability 

• Smaller numbers of eQTLs (3-30K) 
account for 30-60% of heritability 
estimated for all variants after QC 
(150-600K) 

• Observed across autoimmune and 
inflammatory diseases, 
neuropsychiatric, metabolic, etc. 

• Partitioning by cross vs. single 
tissues, cis- and trans-, common 
and rare 40 



Davis et al, PLoS Genetics 
 

Tourette Syndrome Obsessive-Compulsive Disorder 

MAF Number of 
SNPs 

h2  
(s.e.) 

Number of SNPs h2  
(s.e.) 

> 0.001 – 0.05 20,316 0.13 
(0.04) 

19,605 0 
(0.03) 

> 0.05 – 0.1 49,445 0.02 
(0.05) 

47,976 0.04 
(0.05) 

> 0.1 -0.2 96,398 0.11 
(0.07) 

91,661 0.08 
(0.08) 

> 0.2-0.3 81,924 0.12 
(0.07) 

77,641 0.01 
(0.01) 

> 0.3-0.4 74,393 0.16 
(0.07) 

70,193 0.11 
(0.05) 

> 0.4 -0.5 70,911 0.07 
(0.06) 

66,770 0.11 
(0.05) 



We Propose to Use … 

• Potentially related phenotypes 

• Genome function  

• Biochemical (and other) pathways 

• Mendelian diseases 
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Systems Approaches 

• Use GTEx and other resources to 
build directional, tissue-specific, 
and cross-tissue SNP regulators 
(cis and trans, a-zQTLs) for each 
gene 

• Assemble gene-sets using 
knowledge from rare variant 
associations (Mendelian, animal 
models, QTs) to “probe” common 
diseases and complex traits 44 



Examples 

• What proportion of the overall 
heritability to neuropsychiatric 
phenotypes is attributable to the 
regulation of Mendelian disease genes?  

• What proportion of the overall 
heritability to autism is attributable to 
regulation of genes leading to 
Mendelian phenotypes including autism 
as part of the spectrum? 
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Examples – other BioProbes 

• For diseases with large-scale meta-
analyses completed and publicly 
available, and for biomarkers with large-
scale meta-analyses, can build direction 
–specific bioprobes to test 
neuropsychiatric disorders 

• What is the “opposite” of diabetes? 
What phenotypes might chronic, 
genetically determined low blood 
glucose increase risk for? Does 
inflammation increase risk of autism?   
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We Propose to Use … 

• Potentially related phenotypes 

• Genome function  

• Biochemical (and other) pathways 

• Mendelian diseases 
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Examples 

• Can we translate biochemical pathways 
where Mendelian traits give us clear 
directionality to test how regulatory 
variation that would push the pathway 
in the same direction will affect risk of 
human disease? 

Akizu et al. 
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Pathways and More … 

• Build regulatory SNP set to assay 
concentration of heritability (where 
possible) and direction-specific probes 
to test association with 
neuropsychiatric phenotypes 

• Can we build up “regulatory code” for 
each disease – the list of contributory 
genes prioritized by how much 
regulation of that gene contributes to 
heritability to disease? 
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What We Offer 

• Boundless enthusiasm! 

• Long-time experience working within 
large consortium efforts 

• We want to see the work done, but if 
others have committed to doing any 
of these things – great! 

• Manpower and computing resources 
through neuropsychiatric genetics 
training grant, Conte Center, and ability 
to use and offer University of Chicago 
cloud computing environment 50 



We Have Been Picking the Cherries 





Cox Lab 

Anna 

Tikhomirov 

Steven Zhang 

Anna Pluzhnikov 

Anuar Konkashbaev Eric Gamazon 

Pat Evans 

Vasily Trubetskoy 

Lea Davis 

 (Bridget) 

Jason Torres  

Keston Aquino-

Michaels 

 

Carolyn Jumper 



The “nitty gritty” analysis group! 
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Colleagues & Collaborators 

 

Dan Nicolae M. Eileen Dolan 

Bob Grossman 

Haky Im 

Chun-yu Liu 

Andrey Rzhetsky Amy Hart Abraham Palmer 
55 



Acknowledgements 

cancer Human Biobank (caHUB) 
Biospecimen Source Sites (BSS) 
        John Lonsdale, Jeffrey Thomas, Mike Salvatore, Rebecca Phillips, Edmund Lo, Saboor Shad, 
        National Disease Research Interchange, Philadelphia, PA 
        Richard Hasz, Gift of Life Donor Program, Philadelphia, PA 
        Gary Walters, LifeNet Health, Virginia Beach, VA 
        Nancy Young, Albert Einstein Medical Center, Philadelphia, PA 

        Laura Siminoff (ELSI Study), Heather Traino, Maghboeba Mosavel, Laura Barker, Virginia 

        Commonwealth University, Richmond, VA 

        Barbara Foster, Mike Moser, Ellen Karasik, Bryan Gillard, Kimberley Ramsey, Roswell Park 

        Cancer Institute, Buffalo, NY 
        Susan Sullivan, Jason Bridge, Upstate New York Transplant Service, Buffalo, NY 

Comprehensive Biospecimen Resource (CBR) 

        Scott Jewell, Dan Rohr, Dan Maxim, Dana Filkins, Philip Harbach, Eddie Cortadillo, Bree 
        Berghuis, Lisa Turner, Melissa Hanson, Anthony Watkins, Brian Smith, Van Andel Institute, 

Grand Rapids, MI 

Pathology Resource Center (PRC) 

        Leslie Sobin, James Robb, SAIC-Frederick, Inc., Frederick, MD 
        Phillip Branton, National Cancer Institute, Bethesda, MD 
        John Madden, Duke University, Durham, NC 
        Jim Robb, Mary Kennedy, College of American Pathologists, Northfield, IL 

Comprehensive Data Resource (CDR) 

        Greg Korzeniewski, Charles Shive, Liqun Qi, David Tabor, Sreenath Nampally, SAIC-Frederick, 
Inc., Frederick, MD 

caHUB Operations Management 

        Steve Buia, Angela Britton, Anna Smith, Karna Robinson, Robin Burges, Karna Robinson,  
        Kim Valentino, Deborah Bradbury, SAIC-Frederick, Inc., Frederick, MD 
        Kenyon Erickson, Sapient Government Services, Arlington, VA 

Brain Bank 
        Deborah Mash, PI; Yvonne Marcus, Margaret Basile University of Miami School of Medicine, 

Miami, FL 

 

Laboratory, Data Analysis, and Coordinating Center (LDACC) 
Kristin Ardlie, Gad Getz, co-PIs;  David DeLuca, Taylor Young, Ellen Gelfand, Tim Sullivan, Yan Meng, 
Ayellet Segre, Jules Maller, Pouya Kheradpour, Luke Ward, Daniel MacArthur, Manolis Kellis,   The 
Broad Institute of Harvard and MIT, Inc., Cambridge, MA 
 

Statistical Methods Development (R01) 
 Jun Liu, co-PI, Harvard University, Boston, MA, USA 
 Jun Zhu, co-PI; Zhidong Tu, Bin Zhang, Mt Sinai School of Medicine, New York, NY 
 Nancy Cox, Dan Nicolae, co-PIs; Eric Gamazon, Haky Im, Anuar Konkashbaev, University of 
 Chicago, Chicago, IL 
 Jonathan Pritchard, PI; Matthew Stevens, Timothèe Flutre, Xiaoquan Wen, University of 
 Chicago, Chicago, IL 
 Emmanouil T. Dermitzakis, co-PI; Tuuli Lappalainen, Pedro Ferreira, University of Geneva, Geneva, 
Switzerland 
 Roderic Guigo, co-PI; Jean Monlong, Michael Sammeth, Center for Genomic Regulaton,  
 Barcelona,  Spain 
 Daphne Koller, co-PI; Alexis Battle, Sara Mostafavi, Stanford University, Palo Alto, CA 
 Mark McCarthy, co-PI; Manuel Rivas, Andrew Morris, Oxford University, Oxford, United Kingdom 
 Ivan Rusyn, Andrew Nobel, Fred Wright, Co-PIs; Andrey Shabalin, University of North Carolina - 
        Chapel Hill, Chapel Hill, NC 

US National Institutes of Health 

NCBI dbGaP 
  Mike Feolo, Steve Sherry, Jim Ostell, Nataliya Sharopova, Anne Sturcke, National Center for 
  Biotechnology Information, National Library of Medicine, Bethesda, MD 

Program Management 

  Leslie Derr, Office of Strategic Coordination (Common Fund), Office of the Director, National 
  Institutes of Health, Bethesda, MD 
  Eric Green, Jeffery P. Struewing, Simona Volpi, Joy Boyer, Deborah Colantuoni, National 
  Human Genome Research Institute, Bethesda, MD 
  Thomas Insel, Susan Koester, A. Roger Little, Patrick Bender, Thomas Lehner, National Institute 
  of Mental Health, Bethesda, MD 
  Jim Vaught, Sherry Sawyer, Nicole Lockhart, Chana Rabiner, Joanne Demchok, National 
  Cancer Institute, Bethesda, MD 

 

The GTEx Consortium Investigators (GTEx Pilot phase) 

56 



T32 DA007255 

R01 DA021336  

R03 DA027545 

P50 MH094267 

  

57 


