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PGC Worldwide Lab Call Details 
DATE:    Friday, February 14th, 2014 

PRESENTER:   Kerry Ressler, Emory School of Medicine 

TITLE: “Post-Traumatic Stress Disorder: Understanding the Intersection of Gene,  

             Environment, and Brain” 

START:   We will begin promptly on the hour. 

     1000 EDT - US East Coast 

    0700 PDT - US West Coast 

    1500 BST - UK 

    1600 CET - Central Europe 

     0000 AEDT – Australia (Saturday, June 22nd, 2013) 

DURATION:     1 hour 

 

TELEPHONE:  

- US Toll free: 1 866 515.2912 

- International direct: +1 617 399.5126 

- Toll-free number? See http://www.btconferencing.com/globalaccess/?bid=75_public 

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

- This conference line can handle up to 300 participants. 

 

PASSCODE: 275 694 38 then # 

http://www.btconferencing.com/globalaccess/?bid=75_public
http://www.btconferencing.com/globalaccess/?bid=256_public
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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. 



3 

UPCOMING PGC Worldwide Lab 

DATE:    Friday, March 14th, 2014 

PRESENTER:   Peter Kraft, PhD, Harvard School of Public Health 

TITLE:     To Be Announced  

START:   We will begin promptly on the hour. 

      1000 EDT - US East Coast 

     0700 PDT - US West Coast 

     1500 BST - UK 

     1600 CEST - Central Europe 

      0000 AEST – Australia (Saturday, August 10th, 2013) 

DURATION:     1 hour 

 

TELEPHONE:  

- US Toll free: 1 866 515.2912 

- International direct: +1 617 399.5126 

- Toll-free number? See http://www.btconferencing.com/globalaccess/?bid=75_public 

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

- This conference line can handle up to 300 participants. 

 

PASSCODE: 275 694 38 then # 

http://www.btconferencing.com/globalaccess/?bid=75_public
http://www.btconferencing.com/globalaccess/?bid=256_public
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PGC 

February 14, 2014 

Post-Traumatic Stress Disorder: 

Understanding the Intersection of Gene, 

Environment, and Brain 

Kerry J. Ressler, MD, PhD 

Professor, Psychiatry and Behavioral Sci. 

Howard Hughes Medical Institute 

Emory University 
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Fear is evolutionarily useful 
LeDoux, 1996 

 

- Single or repeated exposure to extremely traumatic situations 

 

- Characteristic symptoms of PTSD 

- Increased anxiety (and hypervigilance) 

- Declarative memory alterations 

- Problems in sleep and concentration 

- Flashbacks 

- Inability to inhibit fear  

 

 

 

 

but… Dysregulated Fear leads to Phobia, Panic, and PTSD 
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What are the neuroanatomical 

substrates of fear memory?  

Context 
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The Human Amygdala and Fear 

Etkin & Wager, 2007 8 



PANIC ATTACK: 
"All of a sudden I felt dizzy, my legs gave out on me, and I couldn't catch a breath.  

It felt like someone was choking me. I could feel my heart was beating too fast and  

I was terrified I was dying. I knew I had to get away before I lost it."  

Increased heart rate            Chest discomfort 

Chills, hotflushes                  Sweating 

Nausea / abdominal distress       Lightheadedness / faint 

Shortness of breath                               Choking sensation 

Expressions of fear              Fear of dying / losing control   

PANIC ATTACK 

Panic Disorder 

Simple Phobia 

Social Phobia (Agoraphobia) 

Posttraumatic Stress Disorder 

Acute Stress Disorder 

PANIC ATTACK = ‘Fear Attack’ in Fear-related Disorders 
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The Fear Response is a Hardwired Process  

involving the Amygdala  

Lateral hypothalamus heart rate, blood pressure 

Dorsal vagal N.  bradycardia, ulcers 

Central Gray Area  freezing, social interaction 

 

Retic. Pontis Caudalis increased startle response 

Basal forebrain  arousal, vigilance, attention 

Parabrachial N.  panting, respiratory distress 

Paraventricular N.  corticosteroid release 

LA 

Basolateral 

learning expression 

CeA 

Fear / Panic Symptoms: 
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grin1 

bdnf 

cnr1 

cck 

Modulating Fear through Circuitry Modulation  

has potential to functionally dissect fear-based disorders 

and clarify genetic pathways 

Chhatwal et al., Nature Neurosci, 2008 

Choi et al., PNAS, 2010 

Gafford et al., PNAS, 2012 

Andero et al., Science Transl Med, 2013 

Jasnow et al., J Neurosci, 2013 

Parsons  et al., Nature Neurosci, 2013 

Thy-1 

Tac2/Nk3 
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GENES 

ENVIRONMENT   

TRAUMA 

PTSD 

Genes + Environment Increase Risk of  

Fear Disorders and Posttraumatic Stress 

D
e
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e
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t 
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Modeling Fear Disorders 
Pre-existing  Sensitivity 

(gene + environment) 

Learning of Fear 

(Traumatic event)  

Consolidation of Fear 

Hours – days following event 

Expression of Fear 
Memories, Nightmares, Flashbacks 

Avoidance, Sympathetic Response, Startle 

Extinction 

Diminished response  

to cues 

Over time 

Generalization 

Recruitment of  

Non-associated 

 cues  

Sensitization 

Increased Fear 

With repeated 

exposure  

Discrimination 

Fear is limited to  

specific 

 trauma cue 

PTSD 

+ - 

recovery 
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Modeling Fear Disorders 
Pre-existing  Sensitivity 

(gene + environment) 

Learning of Fear 

(Traumatic event)  

Consolidation of Fear 

Hours – days following event 

Expression of Fear 
Memories, Nightmares, Flashbacks 
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Gene E 

Gene C 

Gene B 

Gene G 

Gene I 

Gene K 

Gene A 

Gene F 

Gene D 

Gene J 

Gene H 

Gene L 
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Modeling Fear Disorders 
Pre-existing  Sensitivity 

(gene + environment) 

Learning of Fear 

(Traumatic event)  

Consolidation of Fear 

Hours – days following event 

Expression of Fear 
Memories, Nightmares, Flashbacks 

Avoidance, Sympathetic Response, Startle 

Extinction 

Diminished response  

to cues 

Over time 

Generalization 

Recruitment of  

Non-associated 

 cues  

Sensitization 

Increased Fear 

With repeated 

exposure  

Discrimination 

Fear is limited to  

specific 

 trauma cue 

PTSD 

+ - 

recovery 

1. GWAS to date 

2. HPA-pathway genes / FKBP5 (gxe) 

3. Convergent Genomics – ADCYAP1R1 (gxe) 

4. GxE GWAS approaches 

15 



PGC PTSD group: Motivation 
Koenen, Liberzon, Ressler, Duncan, Nievergelt, Miller, Almli, Logue, 
Hauser, Beckham, Stein, Aiello, Baker, Jett, Williamson, Morenda, 
Jovanovic, Bierut, Bradley, Gelernter, Vermetten, Bryant, Smoller 

Schizophrenia 
PGC2 10/2012 

25K cases 
62 loci 

• PTSD is coming late in the game 
• Learn from experience with GWAS 

of other psychiatric disorders 
– Identification of robust genetic 

association requires 
• VERY large sample sizes (>10’s of 

thousands) 
• International multi-disciplinary 

collaboration 
• Established well-tested data-

management and sharing 
infrastructure 

• A decade of statistical genetics 
expertise in psychiatric phenotypes 
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PTSD Samples 

• All groups with data invited 

• 4 groups sharing data by December 1 
–  3,849 PTSD cases 

– 9,972 trauma-exposed controls  

– 2 VA groups 
• 2680 PTSD cases 2680 

• 3000 trauma-exposed controls  

• 17 other groups invited who have verbally agreed 
to share data 

• Projected total: ~15,000 cases 35,000 controls 
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Study PI 

Sample 
Size Goal 
Total 

N 
PTSD 
Cases 

N Trauma 
Exposed 
Controls 

N Other 
Controls Population 

Nurses Health Study II Koenen 3013 850 2163  0 Civilian (Women/Cohort/National) 

Grady Trauma Project Ressler 7000 2000 5000 0 Civilian (Urban/Patients/Atlanta) 

Predictive Biomarkers Ressler 500 150 450 0 Civilian (ED/Atlanta/Miami) 

Detriot Neighborhood Health Study Aiello 778 140 584 54 Civilian (Urban/Epi/Atlanta) 

Detroit Gracy Project Liberzon 0 Civilian 

Duke Registry  Beckham 5000 2250 2750 0 Veterans and community 

Ohio National Guard Liberzon 2500 500 2000 0 Military -Soldiers (Natl Guard) 

Marine Resilience Study Baker / Nievergelt 2885 965 1445 472 Military - Marine 

Strong STAR  Williamson 13821 3849 9972 1401 

PTSD Systems Biology / Walter Reed Jett 5680 2680 3000 0 

National Center for PTSD/Boston Miller/Logue 729 430 250 49 Veterans + spouses 

Genetics of Substance Dependence Gelernter/Kranzler 5088 744 2943 1401 Civilian (New Haven) 

COGEND Bierut 1322 74 1044 204 Civilian (National) 

Vermetten Vermetten 1032 36 1032 0 

Stein Stein 500 - - - 

AMC Oxytocin prevention study (BONDS) Olff 220 50 170 0 

AMC Oxytocin PTSD study (BOOSTER) Olff 80 40 40 0 

CURRENT TOTAL 50148 14758 32843 3581 

PCG PTSD Working Group: Current Participants   
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PGC-PTSD workgroup 
Accomplishments 

• Regular working group calls and structure 
established 

• Conducted ‘rough’ meta-analysis with results 
files from 4 groups to identify SNPs for the 
Psych Chip 

• 176 SNPS selected for inclusion 

• PTSD samples (likely) selected to be included 
in PGC2 Psych-Chip genotyping 
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Distribution of 
schizophrenia-
associated SNPs  
in the  
PTSD meta-analysis 
 
 
 
Elevation of  
selected SNPs 
suggests existence  
of shared risk alleles 
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Three Genome-Wide Reports with PTSD to date 

21 



CHR SNP 
Nearest 

Gene 
Distance 

(bp) 
p Value in 
EA GWAS 

p Value in 
Replication 
EA Samples 

p value in 
Combined 

EA Samples 

7 rs406001 COBL 621900 3.97E-08 0.95 2.77E-04 

7 rs382903 COBL 648684 2.70E-07 NT NT 

4 rs6812849 TLL1 intron 2.99E-07 6.28E-06 3.13E-09 

7 rs450378 COBL 624219 1.19E-06 0.25 2.03E-04 

20 rs4491792 OTOR 8016 1.57E-06 NT NT 

4 rs1503292 TLL1 intron 1.71E-06 NT NT 

4 rs7691872 TLL1 intron 2.22E-06 2.30E-04 1.22E-07 

8 rs2272651 NDRG1 intron 3.10E-06 0.76 5.36E-05 

9 rs2779551 GABBR2 intron 5.36E-06 0.28 0.019 

10 rs16907840 MTRNR2L5 188808 7.59E-06 NT NT 
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Almli et al., in press, Biological Psychiatry 

CHR SNP 
Nearest 

Gene 
Distance 

(bp) 
p Value in 
EA GWAS 

p Value in 
Replication 
EA Samples 

p value in 
Combined 

EA Samples 

7 rs406001 COBL 621900 3.97E-08 0.95 2.77E-04 

7 rs382903 COBL 648684 2.70E-07 NT NT 

4 rs6812849 TLL1 intron 2.99E-07 6.28E-06 3.13E-09 

7 rs450378 COBL 624219 1.19E-06 0.25 2.03E-04 

20 rs4491792 OTOR 8016 1.57E-06 NT NT 

4 rs1503292 TLL1 intron 1.71E-06 NT NT 

4 rs7691872 TLL1 intron 2.22E-06 2.30E-04 1.22E-07 

8 rs2272651 NDRG1 intron 3.10E-06 0.76 5.36E-05 

9 rs2779551 GABBR2 intron 5.36E-06 0.28 0.019 

10 rs16907840 MTRNR2L5 188808 7.59E-06 NT NT 

rs406001 

N=3076 
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Grady Trauma Project: Civilian inner-city trauma 

Understanding the Genomic Structure of PTSD 
 

Our Ongoing GWAS: 

1M SNPS (Illumina Omni-1M) 

+ CNVs 

 

N=8000 all-traumatized 

~30% PTSD, ~60% no PTSD 

~40% male, ~60% female 

 

 

Psychiatric Genomic Consortium-

PTSD subgroup (in progress):  

>10,000 cases 

>50,000 trauma controls 

To Date: 

>5500 Salivary DNA samples 

>750 whole blood, serum, plasma, 

buffy coats  

>500 Startle / human physiology 

~500 whole genome methylation 

~500 Gene expression array 

 

 

24 



25 



Am J Psychiatry 1983 
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FK506 binding protein = FKBP5 
 (immunophillin-petidyl-proline isomerase 

activity-TPR domain) 

AAAAA 

FKBP5 

Ultrashort 

negative feedback 

on GR sensitivity 

GR GR 

FKBP5 

HSP90 
cortisol 

GR GR 

HSP90 

FKBP4 

P23 
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Both Adult Trauma and Child Abuse 

strongly predict Adult PTSD symptoms 
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17.02 – 24.84 

20.93  + 1.95 + 54 

2 Types of Child 

Abuse 

12.94 – 16.36 

14.65  + 0.87 $ 189 
1 Type of Child 

Abuse 

7.17 – 8.90 
8.03  + 0.44 * 566 No Child Abuse 

95% confidence 

intervals 

PTSD Symptom 

Scale (PSS) 

Mean + sem 

N Level of Child Abuse 

Trauma 

15.00 – 18.47 16.74  + 0.88+ 215 > 4 Types 

10.16 – 12.98 11.57  + 0.72+ 265 2-3 Types 

5.83 - 8.76 7.30  + 0.74$,+ 183 1 Type 

2.60 – 4.56 3.58  + 0.50*,+ 159 None 

95% confidence 

intervals 

PTSD Symptom 

Scale (PSS) 

Mean + sem 

N Level of Non-

Child Abuse 

Trauma# 

30% have experienced  

some form of child abuse 

p<.000001 

p<.00001 

Binder et al., JAMA, March, 2008 
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FKBP5 genotype interacts with level of Child 

abuse to predict level of Adult PTSD Symptoms 
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FKBP5 genotype interacts with level of Child 

abuse to predict level of Adult PTSD Symptoms 
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Variants of a stress response gene (FKBP5) + Child Trauma:  

Effects on PTSD and Amygdala Activation 
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White…Hariri, 2012 

Genes, Brain and Behavior 

Binder et al., 2008 

JAMA 
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Statistical parametric map of brain activation 

during the processing of threat incongruent versus 

threat congruent faces in TC/TT > CC 

Hippocampal activation and structural differences  

in FKBP5 risk allele carriers 

Fani et al., 2013, JAMA Psychiatry 

FKBP5 Genotype and Structural 

Integrity of the Posterior Cingulum 

Fani et al., in press, 

Neuropsychopharmacology 
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Replications and Extensions 

• Levy-Gigi, et. al., 2013,  Association among clinical response, hippocampal volume, and 

FKBP5 gene expression in individuals with posttraumatic stress disorder receiving 

cognitive behavioral therapy. Biol Psychiatry. 74(11):793-800.  

• Collip D, et al., (2013) FKBP5 as a possible moderator of the psychosis-inducing effects 

of childhood trauma. Br J Psychiatry. 202(4):261-8.  

• Boscarino JA, et al., 2012, Higher FKBP5, COMT, CHRNA5, and CRHR1 allele burdens 

are associated with PTSD and interact with trauma exposure… Neuropsychiatr Dis Treat. 

8:131-9.  

• Mehta D, et al., 2011, Using polymorphisms in FKBP5 to define biologically distinct 

subtypes of posttraumatic stress disorder: evidence from endocrine and gene expression 

studies. Arch Gen Psychiatry. 2011 Sep;68(9):901-10.  

• Boscarino JA, et al., 2011, Association of FKBP5, COMT and CHRNA5 polymorphisms 

with PTSD among outpatients at risk for PTSD. Psychiatry Res. 188(1):173-4.  

• Roy A, Gorodetsky E, Yuan Q, Goldman D, Enoch MA. Interaction of FKBP5, a stress-

related gene, with childhood trauma increases the risk for attempting suicide. 

Neuropsychopharmacology. 2010 Jul;35(8):1674-83. 

• Xie P, et al., 2010, Interaction of FKBP5 with childhood adversity on risk for post-

traumatic stress disorder. Neuropsychopharmacology. 35(8):1684-92.  

33 



Genotype and GR-dependent enhancer activities of FKBP5 Intron 2 

Klengel … and Binder., 2013, Nature Neurosci 
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Long-distance interaction GREs in FKBP5 

Chromatin capture confirmed a genotype-dependent interaction of the 

FKBP5 Transcription Start Site with intron 2 and 7 in cell lines 

Klengel et al., 2013, Nature Neurosci 
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DNA methylation of the FKBP5 locus:  

Genotype x Child Trauma Interaction 

Klengel et al., 2013, Nature Neurosci 
36 



Pooled 

GWAS 

 

PTSD vs. no 

PTSD 

 

P<.0005 

~350 genes 

Amygdala mRNA 

Fear vs. no Fear 

 

P<.05, >1.5 fold 

change 

~1000 genes 

Amygdala mRNA 

Extinction vs. no Ext 

P<.05, >1.5 fold 

change 

~500 genes 

17  

genes 

Top Convergent Candidate 

ADCYAP1R1 

• adenylate cyclase activating 

polypeptide 1- pituitary expression, 

neural development 

 

• Pooled GWAS p=.00002 

• 6 mRNA transcripts present in 

Mouse amygdala regulated by fear 

and extinction 

 

Finding Genes Involved in PTSD 

and Fear Neurocircuitry: 

Convergent Genomics Approaches 

• Identify genes in hypothesis neutral 
fashion that are associated with PTSD 
(pooled GWAS N~400) 

• Identify genes in hypothesis neutral 
fashion associated with Fear 
Conditioning or Extinction Learning 
(mouse amygdala mRNA array) 

• Prioritize genes that are shared in the 
above 
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PACAP / PAC1R Signaling 
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PACAP peptide levels were associated  

with higher PTSD sx in females 

Ressler et al., Nature, 2011 
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ADCYAP1R1, PAC1R is associated with PTSD in highly traumatized females 

Ressler et al., Nature, 2011 
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rs2267735 PAC1 genotype associated with 

physiological measures of PTSD:  

Dark-enhanced and fear potentiated startle in women 

Dark Enhanced 

Startle 

Fear Potentiated 

Startle 

Ressler et al., Nature, 2011 
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ADCYAP1R1 risk allele is associated with increased 

amygdala activation (and decreased amygdala-hippocampal 

connectivity) when viewing fearful faces (N=49) 

Stevens et al., PNAS, 2014 
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Recent Replication and Extensions 

N=1424 

P<0.0001 

• Uddin M, Chang SC, Zhang C, Ressler K, Mercer KB, Galea S, Keyes KM, McLaughlin KA, Wildman 

DE, Aiello AE, Koenen KC. Adcyap1r1 genotype, posttraumatic stress disorder, and depression 

among women exposed to childhood maltreatment. Depress Anxiety. 2013 Mar;30(3):251-8  

• Almli LM, Mercer KB, Kerley K, Feng H, Bradley B, Conneely KN, Ressler KJ. ADCYAP1R1 genotype 

associates with post-traumatic stress symptoms in highly traumatized African-American females. Am 

J Med Genet B Neuropsychiatr Genet. 2013 Apr;162(3):262-72.  

• Wang L, Cao C, Wang R, Qing Y, Zhang J, Zhang XY. PAC1 receptor (ADCYAP1R1) genotype is 

associated with PTSD's emotional numbing symptoms in Chinese earthquake survivors. J Affect 

Disord. 2013 Feb 7.  

N=646 

P>0.1 
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Potential Role for PAC1 / PACAP in 

stress + estrogen response 

44 



•Call rate of SNP and Sample >0.98 

•MAF cut-off 0.01 

•HWE failures flagged and assess 
when “hits” are found 

•Relatives removed through 
cousins 

•Ancestry assessed via PCA, 
clustering AAs kept for final 
analysis 

GxE approaches to GWAS analyses 

Lynn Almli, PhD, Michael Epstein, PhD, et al. 
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Representative gxe GWAS QQplot with 
genome-wide inflation (not seen in main 

effects model) 
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Methods to reduce inflation in gxe’s 

• Restriction to severely traumatized: 
successful, but kills sample size 

• Robust (heteroscedasticity-consistent) 
standard errors (White, 1980; ‘Huber-White’ 
standard errors or ‘sandwich’ standard errors): 
uniformly successful (see example) 

• Log and sqrt transformation: successful in 
some models (see example) 

• PC adjustment: not successful 
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Comparison between model based 
regression approach and model-robust  

Model-based Model-robust 
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Issues at hand 
• Environmental variable overwhelmingly predicts 

PTSD (~10-100 in some cases), as opposed to 
genotype 

• Different levels of environmental variables have 
different effects on phenotype 

• Even robust models do not entirely fix inflation 
issues 

Summary 
 

• Application of methods to utilize gxe GWAS will 
likely identify new pathways that are not found 
with main-effect only analyses 
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Modeling Fear Disorders 
Pre-existing  Sensitivity 

(gene + environment) 

Learning of Fear 

(Traumatic event)  

Consolidation of Fear 

Hours – days following event 

Expression of Fear 
Memories, Nightmares, Flashbacks 

Avoidance, Sympathetic Response, Startle 

Extinction 

Diminished response  

to cues 

Over time 

Generalization 

Recruitment of  

Non-associated 

 cues  

Sensitization 

Increased Fear 

With repeated 

exposure  

Discrimination 

Fear is limited to  

specific 

 trauma cue 

PTSD 

+ - 

recovery 
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Gene K 

Gene A 

Gene F 

Gene D 

Gene J 

Gene H 

Gene L 

1. GWAS to date 

2. HPA-pathway genes / FKBP5 (gxe) 

3. Convergent Genomics – ADCYAP1R1 (gxe) 

4. GxE GWAS approaches 
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MANY STUDENTS & 

VOLUNTEERS 

 

NIMH (MH069884, 

MH071537) 

 NSF, Burrough’s Wellcome 

Fund, NARSAD, ADAA, 

HHMI 

The Grady Trauma Project 

Bekh Bradley, PhD 

Tanja Jovanovic, PhD 

Allen Graham 

Angelo Brown 

Rickey Gillespie, MD, PhD  

Joe Cubells, MD, PhD 

Ebony Glover, PhD 

Negar Fani, PhD 

Ami Smith, PhD 

Dorthie Cross 

 

 

 

 

Lynn Almli, PhD 

Elisabeth Binder, MD, PhD 

Kristie Mercer, MPH 

Karen Conneelly, PhD 

Michael Epstein, PhD 

Alicia Smith,PhD 

Victor May, PhD UVM 

Donna Toufexis, PhD UVM 

Amanda Myers, PhD – Miami 

Kimberly Kerley 

Brian Dias, PhD 
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