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Published Genome-Wide Associations through 12/2012
Published GWA at p=5X1 0-8 for 17 trait categories
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@ Abdominal aortic aneurysm @ Coffee consumption [ carcinoma (0] © Response to interferon beta therapy

© Acute lymphoblastic leukemia @ Cognitive function o disease (0] @ Response to metaformin

@ Adhesion molecules O Conduct disorder O HIV-1 control © Obesity O Response 1o statin therapy

@ Adiponectin levels @ Colorectal cancer © Hodgkin's lymphoma @ Open angle glaucoma O Restess legs syndrome
Age-related macular degeneration O Comeal thickness O Homocysteine levels @ Open personality O Retinal vascular caliber

O AIDS progression © Coronary disease O Hypospadias O Optic disc parameters O Rheumatoid arthritis

© Alcohol dependence @ Creutzfeldt-Jakob disease fibrosis [ X¢ O Ribavirin-induced anemia

@ Alopecia areata @ Crohn's disease @ IFN-related cytopeni O Osteoporosis © Schizophrenia

O Azheimer disease © Crohn's disease and celiac disease @ IgA levels @ Otosclerosis © Serum metaboites

© Amyloid A levels @ Cutaneous nevi @ IgE levels © Other metabolic traits @ Skin pigmentation
Amyotrophic lateral sclerosis [ X< i ity disease @ Ovarian cancer @ Smoking behavior

enzymeactvity @ Dermatitis @ Insulin-fike growth factors @ Pancreatic cancer @ Speech perception

@ Ankylosing spondylis @ DHEAS levels @ Intracranial aneurysm @ Pan O Sphingolipid

@ Aterial stifiness @ Diabetic retinopathy @ iris color © Pagets disease @ Statin-induced myopathy

@ Asparagus anosmia @ Dilated cardiomyopathy @ Iron status markers @ Panic disorder @ Stroke

@ Asthma @ Drug-induced liver injury @ Ischemic stroke @ Parkinson's disease @ Sudden cardiac amest

@ Atherosclerosis in HIV Drug-induced liver injury O Juvenie idiop: 0] @ Suicide attempts

© Atrial fibrillation O Endometrial cancer @ Kelod @ Peripheral arterial disease © Systemic lupus erythematosus

@ Atenton defick hyperactty dsceder @ Endometriosis @ Kidney stones © Personality dimensions O Systemic sclerosis

O Autism @ Eosinophil count @ LDL cholesterol © Phosphatidyicholine levels © T-aulevels

@ Basal cel cancer @ Eosinophilic esophagitis © Leprosy @ Phosphorus levels O TauAB142levels

@ Behcet's disease @ Erectie dyshuncion and prostate cancer eatment © Leptin receptor levels O Photic sneeze O Telomere length

‘© Bipolar disorder @ Erythrocyte parameters @ Liver enzymes @ Phytosterol levels O Testicular germ cel tumor

@ Bilary atresia © Esophageal cancer @ Longevity O Patelet count @ Thyroid cancer

@ Bilirubin © Essential tremor @ LP(a) levels @ Polycystic ovary syndrome @ Thyroid volume

@ Bitter taste response © Exfoliation glaucoma O LpPLA() activity and mass @ Primary biliary cithosis @ Tooth development

© Birth weight @ Eye color traits Lung cancer @ Primary sdlerosing cholangitis @ Total cholesterol

@ Bladder cancer @ F cell distribution © Magnesium levels @ PRinterval @ Triglycerides

@ Bleomycin sensitivity O Fibrinogen levels @ Major mood disorders O Progranuin levels @ Tuberculosis

@ Blond or brown hair @ Folate pathway vitamins @ Malaria @ Progressive supranuciear palsy O Type 1 diabetes

© Blood pressure © Folicular lymphoma © Male pattem baldness © Prostate cancer © Type 2diabetes

@ Blue or green eyes @ Fuch's comeal dystrophy @ Mammographic density O Protein levels @ Ulcerative colis

@ BMI, waist circumference O Freckles and buming @ Watrix metaloproteinase levels. © PsAlevels O Urate

O Bone density O Galistones O MmcP1 O Psoriasis @ Urinary albumin excretion

@ Breast cancer O Gastric cancer @ Melanoma O Psoriatic arthritis @ Urinary metaboites

@ C-reactive protein @ Gioma O Menarche & menopause @ Puimonary funct. COPD @ Uterine fibroids.

@ Calcium levels @ Glycemic traits Meningococcal disease @ ORSinterval @ Venous tromboembolism

@ Cardiac structure/function Hair color O Metabolic syndrome @ CQTinterval @ Ventricular conduction

@ Cardiovascular risk factors @ Hair morphology Migraine @ Quantitative traits O Vertical cup-disc ratio

@ Canitine levels @ Handedness in dyslexia © Moyamoya disease © Recombination rate @ Vitamin B12 levels

© Carotenoidtocopherol levels O HDL cholesterol @ Multiple sclerosis © Red vs.non-red hair @ Vitamin D insuffiency

O Celiac disease O Heart failure Myeloproierative neopiasms @ Refractive ermor @ Vitigo

@ Celiac disease and heumatoid arthriis O Heart rate O Myopia (pathological) O Renal cell carcinoma @ Wartarin dose

© Cerebral atrophy measures Height @ Nglycan levels © Renal function @ weight

@ Chronic lymphocytic leukemia O Hemostasis parameters O Narcolepsy @ Response to anfidepressants O White cell count

@ Chronic myeloid leukemia @ Hepatic steatosis o) © Write matter hyperintensity

© Cieftlipipalate O Hepatitis O Natriuretic peptide levels O Response @ YKL levels

Allele Frequency vs Effect size of rare and common variants
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IUPAC codes for nucleotides

| ___code | Definition | Meaning__

A Adenine A

C Cytosine Cc

G Guanine G

T Thymine T

R AG puRine

Y cT pYrimidine

K GT Keto

M AC aMino

S GC Strong

W AT Weak

B CGT Not A

D AGT Not C

H ACT Not G

' ACG Not T

N AGCT aNy
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NGS Applications in Biosciences

* Genome
« Exome sequencing
 Clinical sequencing, personalized medicine
» Targeted genome sequencing (Ex: lon torrent amplicons)
* Whole genome sequencing
» Transcriptome
* Whole transcriptome analysis
» Small RNA analysis (siRNA, IncRNA, miRNA)
» Gene expression profiling for selected target genes
* Metagenome
» Sequencing together the genomes of a mixture of species
« Example: Human gut microbiota or environmental samples
« Epigenome
* Chromatin Immunoprecipitation Sequencing (ChIP-Seq)
» Methylation and chromatin remodeling studies
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Different file types in NGS analysis

» Fastq file — generated by the sequencer, contains NGS reads

* SAM file — Sequence Alignment/Map (generated by aligning the
NGS reads with the reference genome)

* BAM file — Binary version of the SAM file (SAMtools are used to
manipulate SAM/BAM files)

* GFF file — General Feature Format used to hold genome
annotation (chromosome, strand, frame, exon, CDS, etc.)

* GTF file — Gene Transfer Format (Also contains all the info as in
GFF and in addition contains gene annotation information)

» VCEF file — Variant Call Format (used to store variant data such
as SNPs, InDels, short structural rearrangements)
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FASTQ format;

FASTQ is based on the popular FASTA format for sequences

FASTA format

>sequence_|D; header in one line
AGTTGTAGTCCGTGATAGTCGGATCGG

FASTQ format provides additional information that includes the quality score

@20FUKAAXX100202:1:64:10634:114560/1

TTGTATTTTTAGTAGAGACGGAGTTTCGCCATGTTGGTCAGGCTGGCCTCGAATTCCTGACCTCAAGTGATCCGCCCGCCTCGGCCTCCCAACGTTTTGG

+

?=@7=>B==;,BB?<B?=8539<676>8>=BB<<B=08:9@5; A@@"?@9:BAAA<?;8;@AC@BBBBBA?<9-@B@;CAA77<:BEB<BB@07?@=<?84

ASCII code for Quality score (Phred score, ranges from 0-50)

ASCII code for Quality score (in the increasing order; ! is the worst and ~ is the best
1"#8%6" ()*+,-./0123456789: ; <=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ [\ ]*_" abcdefghi jklmnopgrstuvwxyz{ |}~
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Interpretation of Quality Score (Phred score)
Phred score (Q) vs Error probability (P)
0=-10log,, P
Phred quality scores are logarithmically linked to error probabilities
Phred Quality Score Probability of incorrect base call Base call accuracy
10 1in10 90%
20 1in 100 99%
30 1in 1000 99.9%
40 1in 10000 99.99%
50 1in 100000 99.999%
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SAM File Format

@HD VN:1.0

@sg SN:chr20 LN:62435964

@RG ID:L1 PU:SC_1_10 LB:SC_1 SM:NA12891

@rG ID:L2 PU:SC 2 12 LB:SC 2 SM:NA12891

read_28833_29006_6945 99 chr20 28833 20 10M1D25M = 28993 195 \
AGCTTAGCTAGCTACCTATATCTTGGTCTTGGCCG << LK<Y/, &,22;;<<< \
NM:i:1 RG:Z:Ll1

read_28701_28881_323b 147 chr20 28834 30 35M = 28701 -168 \
ACCTATATCTTGGCCTTGGCCGATGCGGCCTTGCA <<<<<;<<<<T; 1 <<<6 j <<<LLLLLLLLLTLLLL
MF:1:18 RG:Z:L2

@HD = Header

@SAQ = Sequence Dictionary
LN=length of sequence

@RG= Read Group
ID=unique read group identifier’
PU=Platform Unit
LB=Library
SM=Sample
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‘a! VCF examp

##fileformat=VCFv4.1
##fileDate=20110413
CFtools
ile:///refs/human_NCBI36.fasta
49250621, md5=1b22b98cdeb4a9304cb5d48026a85128, species="Homo Sapiens">
55270560, md5=7e0e2e580297b7764e31dbc80c2540dd, species="Homo Sapiens">

3 tring,Descriptiol Ancestral Allele">
i lag,Description="HapMap2 membership">
2 String,Description enotype">
=Integer,Description="Genotype Quality">
nteger,Description="Read Depth">
,Type=String,Descriptio Type of structural variant">
,Type=Integer,Description nd position of the variant">
#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT SAMPLE1 SAMPLE2
S 1 1 . ACG A,AT 40 PASS s GT:DP 1/1:13 2/2:29
B 1 2 . C T,CT . PASS H2; AA=T GT o1 2/2
@ 1 5 rsl2 A G 67 PASS - GT:DP 1|0:16 2/2:20
X 100 . T <DEL> . PASS SVTYPE=DEL ; END=299 GT:GQ:DP 1:12:. 0/0:20:36
(b) SNP (c) Insertion (d) Deletion (e) Replacement
Alignment VCF representation
1234 POS REF ALT 12345 POS REF ALT 1234 POS REF ALT 1234 POS REF ALT
ACGT 2 C T AC-GT 2 C cT ACGT 1 ACG A ACGT 1 ACG AT
ATGT ACTGT A--T A-TT
(f) Large structural variant
Alignment VCF representation
100 110 120 290 300 POS REF ALT INFO
ACGTACGTACGTACGTACGTACGTACGT[ . ..]ACGTACGTACGTAC 100 T <DEL> SVTYPE=DEL ; END=299
J.Yelc} A GTAC
(9) Resolving ambiguity
Alignment Possible representation Possible representation Reco VCF repre ion
1234567890 POS REF Al POS REF ALT POS REF ALT
TTTCCCTCTA 1 TTTCCCTCT CTTACCTA 1 T C 1 T C
CTTACCT--A 4 C A 4 C A
~on ~ 7 TCT T 5 cCcT C

Danecek P et al. Bioinformatics 2011;27:2156-2158
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