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Overview
• Late onset AD (LOAD) genetics

• New developments in GWAS of LOAD

– ADNI’s role; relevance of findings

• Methodological issues in mapping between 

quantitative phenotypes and genetic data 

• Selected results over the past year

– Genome-wide whole brain analysis

– GWAS of CSF biomarkers

– Candidate gene and pathways-based analyses

• Ongoing work and future plans



Timeline for the Onset and Progression 

of Alzheimer Disease Processes

Shaw LM, Korecka M, Clark CM, Lee VM.-Y, Trojanowski JQ.            

Nat Rev Drug Discovery, 6(4):295-303, 2007.

Biomarkers are needed for early diagnosis, to predict transitions from 

NCI to MCI to AD and clinical trials of disease modifying therapies 

Biomarkers



Gene Regions
• Chromosomes -> DNA -> Gene -> Regions

Intron: Non-

coding region 

(not “junk”)

Exon: Codes 

for protein

Promoter: turns 

gene on or off



Genetic Code: DNA Letters

Transcription / translation begins at the 5’ end

From Human Molecular Genetics, 3rd Ed

Base Pairs – “rungs of the DNA ladder”

Note: 

In RNA, 

uracil

replaces 

thymine



Code for Making Amino Acids 

Protein: 3 Letter Words (from ATGC)

To make a protein, the four nucleotide bases (adenine, thymine, guanine, 

and cytosine) are combined in various ways to spell out 3-letter "words" 

(codons) that specify which amino acid is needed at every step.

T C A G

T

TTT Phe (F)

TTC " 

TTA Leu (L)

TTG " 

TCT Ser (S)

TCC " 

TCA " 

TCG " 

TAT Tyr (Y)

TAC 

TAA Ter 

TAG Ter 

TGT Cys (C)

TGC 

TGA Ter 

TGG Trp (W)

C

CTT Leu (L)

CTC " 

CTA " 

CTG " 

CCT Pro (P)

CCC " 

CCA " 

CCG " 

CAT His (H)

CAC " 

CAA Gln (Q)

CAG " 

CGT Arg (R)

CGC " 

CGA " 

CGG " 

A

ATT Ile (I)

ATC " 

ATA " 

ATG Met (M)

ACT Thr (T)

ACC " 

ACA " 

ACG " 

AAT Asn (N)

AAC " 

AAA Lys (K)

AAG " 

AGT Ser (S)

AGC " 

AGA Arg (R)

AGG " 

G

GTT Val (V)

GTC " 

GTA " 

GTG " 

GCT Ala (A)

GCC " 

GCA " 

GCG " 

GAT Asp (D)

GAC " 

GAA Glu (E)

GAG " 

GGT Gly (G)

GGC " 

GGA " 

GGG " 



Amino 

Acids (20)

http://en.wikipedia.org/wiki/Amino_acid#List_of_standard_amino_acids

Met / Val

Methionine

Valine

Small molecules that 

link together in long 

chains to form 

proteins - "building 

blocks" of proteins.



Major Genes:

EOAD & LOAD

Chromosome 14

Chromosome 19

Chromosome 21Chromosome 1

APP
21q21.3

PS1

PS2
APOE

LOAD: genetic factors account for 

~60-80% of risk (Gatz et al 2006); 

APOE accounts for up to 50%

(Ashford & Mortimer 2002); so

up to 30% remains to be found.



Genome-Wide Association Studies (GWAS)

• Mitochondrial 

SNPs

• Non-synonymous SNPs

• MHC markers

• Y chromosome SNPs

• 620,901 markers (~90% genomic coverage, CEU)

• Single nucleotide polymorphisms (SNPs)

• Copy number variation (CNVs) probes

“Gene Chip” - Illumina Human 610-Quad



Harold et al 2009 & Lambert et al 2009

Large Case/Control GWAS in AD



GWAS Developments: Seshadri et al 2010 

Seshadri  et al. JAMA 303(18):1832-40, 5/12/10

Total N > 

35,000

8371

AD cases

(ADNI not 

included)



ADGC

Replic-

ation

Jun et al 

2010

8/9/10

7070

AD cases

including 

ADNI



AlzGene 

Database:

Meta-Analysis of 

Top Candidate 

Genes for AD

http://www.alzforum.org/res/com

/gen/alzgene/default.asp

“Top 40”: January 25, 2011



Gene Discoveries and AD Pathophysiology

Sleegers, Lambert, Bertram, Cruts, Amouyel & Van Broeckhoven; Trends in Genetics, 2010 

Pathways:

A Beta (pink)

Neurofibrillary tangles (blue)

Inflammation (green)

Atherosclerosis (yellow)

Synaptic dysfunction (purple)

Others (orange)



Naj et al ADGC GWAS Meta-analysis

published online 3 April 2011; doi:10.1038/ng.801

(~23K: ADNI AD cases & controls included)



Hollingworth et al GWAS Meta-analysis

published online 3 April 2011; doi:10.1038/ng.803

(~ 26K: ADNI AD cases & controls included)



AlzGene Top Ten (4/18/11)

http://www.alzgene.org/TopResults.asp



• ABCA7: ATP-binding cassette (ABC) transporter; role 

in lipoprotein particle processing (APOE & CLU) 

• CD33: sialic-acid-binding IG-like lectins (Siglec) 

family; role in cell-cell interactions, regulation of 

immune cell function; role in endocytosis

• CD2AP: CD2-associated protein. Scaffold adaptor 

protein associates with cortactin, a protein involved in 

regulation of endocytosis

• EPHA1: expressed mainly in epithelial tissues; 

regulates cell morphology and motility; possible role in 

apoptosis & inflammation

• MS4A family: (MS4A4, MS4A6E, MS4A6A, MS4A4E): 

role in immune function

New Candidate Genes



Putative Roles of New Candidate Genes

Gene Lipid 

Processing

Immune 

Function

Endocytosis

APOE X X X

ABCA7 X X

BIN1 X

CD33 X X

CD2AP X

CLU X X

CR1 X

EPHA1 X

MS4A family X

PICALM X

Saykin, AAN, Honolulu, 4/15/11



Imaging, Biomarkers & 

Clinical Endophenotypes

Gene “Chip”



Imaging Biomarkers and Phenotypes: 

I. Automated Cortical Parcellation and 

High Throughput Computation

FreeSurfer (MGH)



II. Voxel-Based Morphometry (VBM)

SPM 8 
software



III. Molecular Imaging of MCI/AD:

Metabolism and Amyloid Deposition

[18F]FDG [11C]PIB
IUSM 5/07



Brain-Genome Association Strategies

Risacher et al 2010

Sloan 

et al 

2010
Potkin et al 2009; 

Saykin et al 2010

Egan et al 2001 COMT

Swaminathan et al 2010 PiB 

ROIs & amyloid pathway

Potkin et al 2009 Mol Psych 

schizophrenia study

Reiman et al PNAS 2009;

Also Ho et al 2010 FTO

Reiman et al 2008 

cholesterol pathway genes 

Shen et al 2010 ROIs; 

Stein et al 2010 voxels

ROI

Circuit

Whole 
Brain

Candidate 
Gene/SNP

Biological 
Pathway

Genome-wide 
Analysis

 

e40 1

2 AD



Global Grey Matter Density of Patient Groups (AD, MCI-

Converter, MCI-Stable) Relative to HC Participants
n=693 (148 AD, 62 MCI-C, 277 MCI-S, 206 HC)

Covaried for age, gender, education, handedness 

and total intracranial volume (ICV)

HC>AD

RL LR R L R

HC>MCI-Converters

RL LR R L R

HC>MCI-Stable

RL LR R L R

Risacher, Saykin, Shen et al;  Current Alzheimer Research 2009; 6(4): 347-361

p<0.005 (FDR), k=27



Relationship of Global Grey Matter Density Among Patient 

Groups (AD, MCI-Converter, MCI-Stable)

n=693 (148 AD, 62 MCI-C, 277 MCI-S, 206 HC); p<0.005 (FDR), 

k=27
Covaried for age, gender, education, handedness and total intracranial volume (ICV)

MCI-Converters>AD – No Significantly Different Voxels

MCI-Stable>AD

RL LR R L R

MCI-Stable>MCI-Converters
RL LR R L R

Risacher, Saykin, Shen et al;  Current Alzheimer Research 2009; 6(4): 347-361



AD Phenotype: MTL Grey Matter Density, Volume, and 

Cortical Thickness in the ADNI Sample at Baseline
N=693 (148 AD, 62 MCI-C, 277 MCI-S, 206 HC); p<0.005 (FDR)

Risacher, Saykin, Shen et al;  Current Alzheimer Research 2009; 6(4): 347-361



Regions Showing the Greatest Effect Sizes when Comparing 

MCI-Converter and MCI-Stable Participants at Baseline

Risacher et al  Curr Alzheimer Res 2009; 6(4): 347-361



Overview of ADNI Genetics

Saykin et al  (2010) Alzheimer’s & Dementia
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Initial 
ADNI
GWAS
Report

Potkin
et al
8/09



Translocase of Outer Mitochondrial Membrane 40 

homolog (TOMM40) 523 PolyT Assay: 

Collaboration with Roses et al to replicate & extend



Whole Brain & Genome-wide Analysis

Shen et al NeuroImage 53 (2010)

1051–1063

Stein et al NeuroImage 53 (2010) 

1160–1174

ROI-based Voxel-based



Shen et al 2010 [Epub] ,NeuroImage



GWAS of Mean Grey Matter 

Density: Right Hippocampus

(Manhattan Plot)

Shen et al 2010  NeuroImage



NXPH1: Novel Candidate Gene for AD

that codes for neurexophilin-1 protein

Expressed in Brain Neuroexphilin-1’s likely 

role in synaptogenesis:

Protein forms a very tight 

complex with alpha 

neurexins, a group of 

proteins that promote 

adhesion between 

dendrites and axons

(EntrezGene).



VBM Analysis of NXPH1
Baseline Diagnosis x SNP for rs6463843: GG > TT

n=715 
166 AD (44 TT, 78 GT, 44 GG); 346 MCI (82 TT, 
170 GT, 94 GG); 203 HC (35 TT, 105 GT, 63 GG)

p<0.001 (unc.), k=27
Covaried for age, gender, 

education, handedness and 
baseline ICV

AD

R L R L R

HC

R L R L R

MCI

R L R L R

Shen et al 2010  NeuroImage



vGWAS, ROIs and Candidate Genes (UCLA)

NeuroImage 51 (2010) 542–554

Voxelwise GWAS: Ran genome-

wide association for a quarter of a 

million points across 700 subjects -

new gene discovery method; many 

new SNPs; power calculations for 

replication (Stein et al, NeuroImage, 

2010a)

GRIN2b, a common glutamate 

receptor genetic variant, is 

associated with greater temporal 

lobe atrophy and with AD; NMDA-

receptor is a target for memantine 

therapy (Stein et al, NeuroImage, 

2010b)

FTO, an obesity risk gene carried 

by 46% of Europeans, is associated 

with 10-15% frontal and occipital 

atrophy, and with a ~1.7kg weight 

gain, on average (April Ho et al, 

PNAS, 2010)





N = 377
AD+MCIc: 60 AA, 62 AG, 14 GG

MCI-S: 75 AA, 55 AG, 12 GG
HC: 77 AA, 22 AG, 1 GG

CSF Biomarkers: Ab1-42 & TOMM40

Shen 

Kim, Swaminathan, et al Neurology (Jan 4 2011)



Kim, Swaminathan, et al Neurology (Jan 4 2011)

CSF Biomarkers: Total Tau

10 -6

10 -8
3.1 x 10-8 corrected p<.01

EPC2 (rs4499362)



New finding from CSF t-tau GWAS: 
Enhancer of polycomb homolog 2 (EPC2)

Kim, Swaminathan, et al Neurology (Jan 4 2011)





Genome Wide Association Study 

(GWAS) on Annual Percent 

Change of 1.5T MRI: Initial Data

• 818 ADNI Subjects

– 589 cases (MCI or AD), 229 controls

– 476 males, 342 females

• 620901 +2 Markers

– 620901 from Illumina 610 Quad array

– 2 APOE SNPs

• Extensive QC protocol

Saykin et al 2010  Alz Dementia



Annual Percent Change in Hippocampal Volume 

and Grey Matter Density (ADNI Cohort)

Risacher, Saykin et al 

Neurobiol Aging (2010)

Covaried for baseline age, sex, education, handedness & ICV



Rate of Change: Role of APOE
Main effect versus Interaction

Risacher et al Neurobiology of Aging (2010); 31:1401-1418



Updated as of 3/29/11, S. Risacher



Adjusted Annual Percent Change in 

Hippocampal Volume

APOE (Chr 19):  rs429358 is the epsilon 4 allele  marker

TOMM40 (Chr 19):  translocase of outer mitochondrial membrane 40 homolog  (LD with APOE)

CADH8 (Chr 16): cadherin 8, type 2; synaptic adhesion, axonal growth/guidance (no data in AD) 

Saykin et al Alzheimer’s & Dementia (2010); 6:265–273



Adjusted Annual Percent Change in 

Hippocampal Gray Matter Density

Saykin et al Alzheimer’s & Dementia (2010); 6:265–273

APOE (Chr 19): rs429358 is the epsilon 4 allele  marker  / TOMM40 in LD with APOE

MAD2L2 (Chr 1) mitotic arrest deficient-like 2  (mitotic spindle assembly)

LOC728574 (Chr 22): similar to retinitis pigmentosa GTPase regulator isoform C



Sloan et al 2010 [Epub], Am J Med Genet, DOI 10.1002/ajmg.b.31078



Neurodegeneration &

AD Pathophysiology

Plasticity / Repair 

& Growth Factors

Cerebrovascular,

Metabolic & Endocrine

Inflammation

Neurotransmission &

Receptors

Molecular Biology of 

Memory/ LTP

Brain Activity

Brain Structure

Treatment Response

Proposed model of allelic variation in candidate genes 

related to cognition, brain structure and activity in healthy 

aging and preclinical AD.  

Candidate Molecular 
Pathways for Age Related 

Memory Decline

Saykin , Friday Harbor 2011 



Sloan et al 2010 [Epub], Am J Med Genet, DOI 10.1002/ajmg.b.31078

Cluster Results: Role of Genes



Amyloid Pathway PET Study: [11C]PiB

Swaminathan et al, ASHG, Wash DC, Nov 2010 & submitted



Amyloid Gene Pathway-PiB: Preliminary Results

Swaminathan et al, ASHG, Wash DC, Nov 2010 & submitted



ADNI Genetics: Next Steps
• ADNI-GO/2 

– Ongoing DNA, RNA, cell line sample collection

– Planning for genotyping of new samples

• ADNI-1 data analysis

– Baseline and rate of change

– Copy number variation

– Candidate genes & pathways, GWAS approaches

– Associations with PET & CSF/plasma biomarkers

– Collaborative projects, replication, other cohorts

• Future: 

– Targeted DNA and RNA resequencing – identify 
key regions for intensive scrutiny

– Epistasis, Transcriptomics/expression, microRNA

– Epigenomics (DNA methylation, etc)
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