"H$%& () %o+, +-. 10$%S 1

)-,02,%'34'56,%7'8494":-494'

UTAH
O hoanen, S 08
: RESEARCH



[.90:$1+2' <'=00+.>.2+'

° :I?,I%,+I>. 1$@ .'2"O">6I1,AB.%2"C,%',>'"%6|
+-.>'D?,%"C,%2E'<>A"%6,%.',+-.>'+-"%'A6’
1F>>.%+'.AB0,6.>7'/*G5'4"

* H%6'>.@.%F.'+-"+'=".">%'<> A'B>,@%$?$%&'A
1">.'$%'1+"-'$2'?,%"+.?'+,'|JKL'<,>'&.%.C12'
>.2.">1-4'



Genome Medicine

|dentifying disease mutations in genomic

medicine settings: current challenges and how to
accelerate progress



/ 9,*:3$:8:2%28&76*&6$32'<*8003$86#*

Quality scores for Functional Population allele Disease model
variants prediction tools  frequencies assumptions

A$C2'8' ¥**+***D/6/&&2E[*

\

Prior biological
knowledge

(A

"B9-*68.8%$<

Statistical model to rank and prioritize all genes

+,*-./012&/*3/4567$*8003$86#*

High-
confidence

Predicted
NS{ SS/I deleterious
! variants i
variants vara s

Alist of
candidate "\ e
genes

\_




Table 1. Considerations and challenges for the identi! cation of disease causal mutations

Considerations

Challenges Solutions

Mutation detection

Type of mutations

Specic application
areas

Inheritance pattern

Biological validation

Statistical validation

Type of phenotypes

Platform selection

Sequencing target selection

Variant generation

Variant annotation

Variant validation

Coding and splice variants

Untranslated region, synonymousd.ittle information on known causal

and non-coding variants

Somatic mutations in cancer

Non-invasive fetal sequencing

Inherited fronh ected parents

De novonutations from
unal ected parents

Known disease causal genes

Previously characterized genes
not known to cause the disease
of interest

Genes without known function
Rare diseases

Idiopathic diseases

Mendelian diseases or traits

Mendelian forms of complex
diseases or traits

Complex diseases or traits

Di! erent sequencing platforms have
variable error rates

Increased sequencing coverage for platforms with hi
error rates

Exome sequencing may miss regulbeeywvhole genome sequencing when budget is not
variants that are disease causal a concern, or when diseases other than well-studied
classical Mendelian diseases are encountered

Genotype calling algorithms!dir from Use multiple alignment and variant calling algorithms
each other and have spécilimitations and look for concordant calls. Use local assembly to
improve indel calls

Multiple gene models and multiple

function prediction algorithms are
available

Perform comprehensive set of annotations and make
informed decisions; use probabilistic model for rankii
genes/variants

Predicted disease causal mutations nfagcondary validation by Sanger sequencing or captt
be false positives based sequencing on spé&cigenes/regions

Many prediction algorithms are Evaluate all prediction algorithms undéredéent
available settings. Develop consensus approaches for combin
evidence from multiple algorithms

Improved bioinformatics predictions using multiple
variants in databases such as HGMD sources of information (ENCODE data, multispecies
conservation, RNA structure, and so on)

Tissues selected for sequencing m&ample several tissue locations for sequencing;
not harbor large fractions of cells withutilize algorithms spéaially designed for tumor
causal mutations due to heterogeneityyith consideration for heterogeneity; use somatic
variant calling is complicated by mutation databases such as COSMIC; develop funci
stromal contamination; current prediction algorithms spéatally for gain-of-function
databases on allele frequencies do nanutations in cancer-related genes/pathways
apply to somatic mutations; current
function prediction algorithms focus on
loss-of-function mutations

Variants from fetal and maternal Much increased sequence depth and more
genomes need to be teased apart; sophisticated statistical approaches that best leverac
severe consequences when variants gom@or information for inferring fetal alleles; far more
incorrectly detected and predicted to stringent criteria to predict pathogenic variants
be highly pathogenic

Rare/private mutations may be neutral Evaluate extended pedigrees and OclansO to as
potential role of private variants

Every individual is expected to carry Detailed functional analysis of the impacted genes
threede novanutations, including

about one amino acid altering

mutation per newborn

# cullito conclude causality when
a mutation is found in a well-known
disease causal gene

Examine public databases such as locus-Speci
databases

Relate known molecular function to
phenotype of interest

Evaluate loss of function by biochemical assays whe
available

#Dcult to design functional follow-up Evaluate gene expression data. Use model organisn
assays to recapitulate the phenotype of interest

Limited power to declare association Sequence candidate genes in unrelated patients

identify additional causal variants

Lack of additional unrelated patients Comprehensive functional follow-up of the

biospecimens from patients to prove causality

Finding rare, unrelated individuals Métworking of science through online databases
same phenotype and same mutation can help'nd similarly bected people with same
to help prove causality phenotype and mutation

Several majorteect mutations may
work together to cause disease

Many variants may contribute to Refrain from making predictions unless prior evidenc
disease risk, each with smaket sizes suggested that such predictive models are of practic
utility (for example, receiver operating characteristic

=>0.8)

Statistical models of combinedexts (additive and
epistatic) of multiple variants within each individual

HGMD, Human Gene Mutation Database.



Table 2. A list of open-access bioinformatics software tools or web servers that can perform batch annotation of genetic
variants from whole-exome/genome sequencing data*

Tool URL Description Features Limitations
ANNOVAR [http:// www. A software tool written in Rapid and up-to-date annotations Requires format conversion
openbioinformatics.org/ Perl to perform gene-based, for multiple species; thousands of for VCFles; command line
annovar/] region-based andliter-based annotation types are supported interface cannot be accessed
annotation by many biologists
AnnTools [http://anntools.sourceforge. A software tool written in Fast information retrieval by Only supports human genome
net/] Python to annotate SNVs, inddidySQL database engine; output in build 37; does not annotate
and CNVs VCF format for easy downstream variant €ect on coding
processing sequence
Mu2a [http://code.google.com/p/ A Java web application for Web interface for users with limited Does not allow annotation of
mu2a/] variant annotation bioinformatics expertise; output in indels or CNVs
Excel and text formats
SeattleSeq [http://snp.gs.washington. A web server that provides Multiple input formats are supported;imited annotation on indels

Sequence Variant
Analyzer

snpE

TREAT

VAAST

VARIANT

VarSifter

VAT

WANNOVAR

edu/SeattleSegAnnotation/]

[http://www.svaproject.org/]

[http://snp€' .sourceforge.
net]

[http://ndc.mayo.edu/mayo/

research/biostat/stand-alonetool with rich integration of

packages.cfm]

[http://www.yandell-lab.org/
software/vaast.html]

[http://variant.bioinfo.cipf.es]

[http://research.nhgri.nih.
gov/software/VarSifter/]

[http://vat.gersteinlab.org/]

[http://wannovar.usc.edu/]

annotation on known and
novel SNPs

A graphical Java software todhtuitive graphical user interface;
to annotate, visualize and

organize variants from multiple patients

A command-line software
tool to calculate the'escts of
variants on known genes suchmultiple codon table
as amino acid changes

Rapid annotation on multiple

A command-line software

users can customize annotation tasks CNVs

Functionality is not very

ability to prioritize candidate genes customizable; depends

on ENSEMBL database for
annotations

Only supports gene-based

species and genome builds; supporénotation

An Amazon Cloud Image is availabl®nly supports ENSEMBL gene
for users with limited bioinformatics de! nition and with limited sets

publicly available and in-houseanfrastructure;'bers a complete set of annotations

developed annotations of pipelines to process FASITEs

and generates annotation outputs

A command-line software tool Prioritize candidate genes for
implementing a probabilistic Mendelian and complex diseases
disease-genénder to rank all

genes

A Java web application
for variant annotation and
visualization

Intuitive interface with integrated
genome viewer

A graphical Java program
to display, sort|ter and sift
variation data

Nice graphical user interface;
allows interaction with Integrative
Genomics Viewer

A web application to annotaté\pplication can also be deployed
a list of variants with respect
to genes or user-spéed
intervals

to visualize variant' ects

Main focus is disease gene
I nding with limited set of
annotations

Highly spedic requirement
for internet browser; slow
performance

Main focus is variahltering
and visualization with limited
functionality in variant
annotation

Requires multiple other

locally; can generate image for genesackages to work; only

supports gene-based
annotation by GENCODE

A web server to annotate uBasy-to-use interface for users withLimited set of annotation types

supplied list of whole genome limited bioinformatics skills
or whole exome variants with

a set of pre-dened annotation

tasks

are available

*Tools that are only commercially available (such as CLC Bio, Omicia, Golden Helix, DNANexus and Ingenuity) or are designed! fotypepaforariant (such as SIFT
server and PolyPhen server) are not listed here. CNV, copy number variation; SNP, single nucleotide polymorphism; SNV, single nucleotide variation; VCF, vari

format.
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Supplementary Table 1. ADHD measures during a clinical trial of methylphenidate
transdermal system.

92157 84060 84615
Baseline
WRAADDS 16 22 16
OoDD 1 11 7
CAARS 40 55 38
CGI-S 4 4 4
Active Medication
WRAADDS 0 4 3
OoDD 0 1 3
CAARS 10 0 13
CGl-l 1 1 1
CGI-S 1 3 2
Placebo
WRAADDS 15 24 20
OoDD 6 8 7
CAARS 33 51 42
CGlI-I 4 4 N/A
CGI-S 4 5 N/A

WRAADDS: Total score on the Wender Reimherr Adult ADD Scale

ODD: Oppositional Defiant Disorder scaore on the WRAADDS ODD subscale
CAARS: Total score ConnorOs Adult ADHD Rating Scale

CGI-S: Clinical Global Impression, Severity score.
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Supplementary Table 2. Summary of data production and evenness for samples.

Exon Capture 84615 84060 92157
Initial bases on target 37,806,033 37,806,033 37,806,033
*Initial bases near target 126,431,894 | 126,431,894 | 126,431,894
Initial bases on or near target 164,237,927 | 164,237,927 | 164,237,927
**Total effective reads 18,578,623 18,978,287 19,437,592
Total effective yield (Mb) 1,374.80 1,394.45 1,428.19
Average read length (bp) 74.00 73.48 73.48
Effective sequence on target(Mb) 831.55 807.17 890.49
Effective sequence near target(Mb) 259.93 290.95 240.09
Effective sequence on or near target(Mb) 1,091.48 1,098.12 1,130.57
Fraction of effective bases on target 60.50% 57.90% 62.4%
rarfgc:;on of effective bases on or near 79.40% 78.70% 79.2%
Average sequencing depth on target 22.00 21.35 23.55
Average sequencing depth near target 2.06 2.30 1.90
Mismatch rate in target region 0.28% 0.27% 0.28%
Mismatch rate in all effective sequence 0.29% 0.28% 0.30%
Base covered on target 35,919,196 36,523,196 36,676,340
Coverage of target region 95.00% 96.60% 97.0%
Base covered near target 44 578,612 50,837,058 44,482,108
Coverage of flanking region 35.30% 40.20% 35.2%
;(l;z;\(ctlon of target covered with at least 42 60% 41 .80% 46.3%
1F(|;a;(ction of target covered with at least 67 20% 68.90% 72 3%
Fraction of target covered with at least 4X | 84.90% 87.90% 89.4%
Fraction of flanking region covered with at o o o

least 20X 1.90% 2.10% 1.6%
Fraction of flanking region covered with at 6.50% 7 20% 5.7%

least 10X

Fraction of flanking region covered with at 15.90% 18.10% 14.8%

least 4X




Supplementary Table 3. Exome sequencing for mother,

K24510-88962

Exome Capture Statistics K24510-88962

Target region (bp) 46,401,121
Raw reads 33,218,260
Raw data yield (Mb) 2,990.00
Reads mapped to genome 28,985,053
Reads mapped to target region 21,076,479
Data mapped to target region (Mb) 1,585.28
Mean depth of target region 34.16
Coverage of target region (%) 95.51
Average read length (bp) 89.57
Rate of nucleotide mismatch (%) 0.42
Fraction of target covered >=4X 86.58
Eraction of taroet cavered >=10% 75 02
Fraction of target covered=20X 58.39
Fracton or target covered >=3UX 43.35
Capture specificity (%) 72.97
Reads mapped to flanking region 3,915,627
Mean depth of flanking region 9.29
Coverage of flanking region (%) 81.53
Fraction of flanking covered >=4X 54.69
Fracton of flanking covered >=10X 30.11
Fraction of flanking covered >=20X 13

Fraction of flanking covered >=30X 6.74
Fraction of unique mapped bases on or | 85.42
target

Duplication rate 7.30
Mean depth of chrX 47.98
Mean depth of chrY 5.36
GC rate 48.28
Gender test result F

Note:
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Suppl. Figure 2. Cumulative depth distribution in target regions for three samples. X-axis denotes sequencing
depth, and y-axis indicated the fraction of bases that achieves at or above a given sequencing depth. From the
figure above, we can see at least 67% of target region bases obtain at least 10x fold coverage in three exomes
and more than 85% of target region achieved at least 4x, which shows that the three exomes have similar
enrichment uniformity.
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Table 1. Summary of SNVs for exome capture samples

ExomeCapture 84060 (child 1) | 84615 (child 2) | 92157 (father) | 88962
(mother)

Sequencing platform GA lI1X GAIIX GAIIX HiSeq 2000
[ Reads property 76bp PE 76bp PE 76bp PE 90bp PE

Number of SNVs 19825 19270 20430 22294

(Method 1: SOAP)

Ti/Tv ratio 2.8 2.7 2.9 2.8

Number of SNVs+indels 19655+947 18892+955 20100+916 21572+513

(Method 2: BWA+GATK)

Ti/Tv ratio 2.9 2.9 3.0 2.9

Number of SNVs 16063 16704 18253 23917

(Method 3: Shrimp2+SNVer)

Ti/Tv ratio 2.7 2.6 2.7 2.4

this method from the table.

“We have not yet analyzed the mother’'s exome with the 4™ method (GNUMAP), so we have omitted




Poor concordance: Intersection of variants. We show here the
variants identified by the three main pipelines as being present in
the three males with ADHD, but not present in the unaffected

mother.
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Supplementary Table 6. Validated variants for ADHD and their population frequency in 5,680 and ~600 deep-sequenced exomes

at BGI and Baylor, respectively.

# Position Reference Mutant Gene Type of Mutation Amino acid # variants % in BGI # variants in % in Baylor
Chrom. in HG19 allele allele change in BGI1 exomes ~600 Baylor exomes
exomes exomes
chrl7 66872692 A G ABCA8 Nonsynonymous CI1387R 0 0.0% 0 0.0%
chrll 68566802 G A CPTIA Nonsynonymous L193F 0 0.0% 0 0.0%
chr8 100994274 A G RGS22 Nonsynonymous 11084T 0 0.0% 0 0.0%
chr18 61654247 G T SERPINB8 Nonsynonymous G287V 0 0.0% 0 0.0%
chrl 207200877 - T Clorfl16 frameshift insertion 34 1.4% 0 0.0%
chr18 29101156 T G DSG2 Nonsynonymous V158G 1 0.0% 1 0.2%
chr3 125877290 G A ALDH1L1 Nonsynonymous P107L 2 0.0% 0 0.0%
chrl3 52542680 A G ATP7B Nonsynonymous V536A 1 0.0% 1 0.2%
chrl0 53458646 A C CSTF2T Nonsynonymous C222G 4 0.1% 1 0.2%
chri4 21972019 G A METTL3 Nonsynonymous R36W 9 0.2% 1 0.2%
chrll 76954790 - A GDPD4 frameshift insertion 36 1.5% 6 1.0%
chr7 87160618 A T ABCBI1 Nonsynonymous S893T 815 14.3%' 9 1.5%
chrll 134128923 C G ACADS Nonsynonymous S171C 112 2.0% 20 3.3%
chr20 17956347 C T C200rf72 Nonsynonymous R178W 23 0.4% 8 1.3%
chr8 33318891 T C FUT10 Nonsynonymous Q27R 15 0.3% 3 0.5%
chrl3 20797025 A T GJB6 Nonsynonymous S199T 68 1.2% 4 0.7%
chrl6 71015329 G T HYDIN Nonsynonymous P1491H 77 1.4% dozens >5.0%
chr10 22019855 G A MLLT10 Nonsynonymous R713H 15 0.3% 6 1.0%
chrl7 10415269 A G MYH1 Nonsynonymous Y435H 99 1.7% 14 2.3%
chrl 145015877 G T PDE4DIP Nonsynonymous L1421 1256 22.1% hundreds >30.0%
chr2 98809432 T C VWA3B Nonsynonymous I513T 15 0.3% 16 2.7%
chr5 115202418 AAGA - AP3S1 frameshift deletion 185 7.8% 19 3.2%

I"HSYO8H () &+, &- &t (*[HO&1+2-8)H3% 2+ BEDHEHDEHH13H; <=6#,%08&-& 1 +#3%8H#>? @+, &-8&HOBBORE) FEHA
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K24510-84060 K24510-92157-a K24510-84615  K24510-88962

Exome Capture Statistics

Target region (bp) 46,401,121 46,401,121 46,401,121 46,257,379
Raw reads 138,779,950 161,898,170 156,985,870 104,423,704
Raw data yield (Mb) 12,490 14,571 14,129 9,398
Reads mapped to genome 110,160,277 135,603,094 135,087,576 83,942,646
Reads mapped to target region 68,042,793 84,379,239 80,347,146 61,207,116
Data mapped to target region (Mb) 5,337.69 6,647.18 6,280.01 4,614.47
Mean depth of target region 115.03 143.25 135.34 99.76
Coverage of target region (%) 0.9948 0.9947 0.9954 0.9828
Average read length (bp) 89.91 89.92 89.95 89.75
Fraction of target covered >=4X 98.17 98.38 98.47 94.25
Fraction of target covered >=10X 95.18 95.90 95.97 87.90
Fraction of target covered >=20X 90.12 91.62 91.75 80.70
Fraction of target covered >=30X 84.98 87.42 87.67 74.69
Capture specificity (%) 61.52 62.12 59.25 73.16
Fraction of unique mapped bases on or near target 65.59 65.98 63.69 85.46
Gender test result M M M F
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Table 2. Coverage Statistics in  Family 1. Based on GNUMAF
Percent
. RefSeq Unique Exon SEUEE S Unique | Average Base VAAST
Region . Coverage :
Transcripts Exons Coverage 1 10X Genes Coverage Candidate
11X : SNVs
1
X-chromosome 1,959 7,486 97.8 95.6 913 214.6 (NAA10)
chrX:
10054434-
40666673 262 1,259 98.1 95.9 134 213.5 0
chrX:
138927365- 1
153331900 263 860 97.1 94.9 132 177.1 (NAA10)
* On chromosome X, there are 8,222 unique RefSeq exons. Of these f2xons, 736 were eycluded fromthe SureSelect X-Chfomosome Capture
Kit because they were designated as pseudoautosomal or repetitive szquences (UCSC g=nome browser).

12$%&'gHH*!"+,'=2.%C<6"%'X]5$%#.?2'9$2,>?.>'L.2FO0C%&'$%'5.+-"0$+6'$%'8"0.'=%<"%+2'9F.'+
H1.+60+>"%2<.>"2."9.M1$'HARGFA").%.+4'_TVV'3FO'VnkprXVYRMPRIVV'3F%' j4"




L.BO$1"C,%'$2'2,'1>$C1"006'SAB >+
D!'2- O'+-"+'zHZ'$2'+>F.7'6,F'?,%z+'"
zKz4'S F'?.'zHZz"&"$%4E'
W?2'S,%&7'("+F>."mpn7'_rpNTT'XVt'8"6' TV Y
e )'@.\&?.%"*6%?>,A.'"?"+"+,'"\A$1$'7"),0?.%'

G.0$P"%?2*6%"B2.'<,>">.B0$1"C, %" %" ?"+"
FBO,"?4’

+ L.BO$1"+.2"0>."26'QAB1$"'%?"),0?.%'G.0$P4
+ H%6,%.'1"%'?,0%0,"2'?"+"'<> A*6%6"B2.":,>+"
NF2+ A'SOA+,'&"$Y"" 11,22+, +- 2" "4



ONR*33$5'4&*$U*&/M5/'62'<*8 *+"2* $*8V.
<$8%*SUXWXY Z*$U*.83</.*3/<2$*8 *WQ'
0/3*:8&/*0823*
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Target region (bp) 46,401,121 46,401,121 46,401,121 46,257,379
Raw reads 138,779,950 161,898,170 156,985,870 104,423,704
Raw data yield (Mb) 12,490 14,571 14,129 9,398
Reads mapped to genome 110,160,277 135,603,094 135,087,576 83,942,646
Reads mapped to target region 68,042,793 84,379,239 80,347,146 61,207,116
Data mapped to target region (Mb) 5,337.69 6,647.18 6,280.01 4,614.47
Mean depth of target region 115.03 143.25 135.34 99.76
Coverage of target region (%) 0.9948 0.9947 0.9954 0.9828
Average read length (bp) 89.91 89.92 89.95 89.75
Fraction of target covered >=4X 98.17 98.38 98.47 94.25
Fraction of target covered >=10X 95.18 95.90 95.97 87.90
Fraction of target covered >=20X 90.12 91.62 91.75 80.70
Fraction of target covered >=30X 84.98 87.42 87.67 74.69
Capture specificity (%) 61.52 62.12 59.25 73.16
Fraction of unique mapped bases on or near target 65.59 65.98 63.69 85.46

Gender test result M M M F
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All parental SNVs that were detected were | SNVs concordant between
All SNVs, both for parents and i L
- - considered. Only SNVs concordant between |5 pipelines for children and
children, were considered L X :
the 5 pipelines were considered for children parents
Number of SNVs found in
child A but not in parents 1308 186 1795
Number of SNVs found in
child B but not in parents 1332 161 1762
Number of nonsyn SNVs in
child A but not in parents 381 52 420
Number of nonsyn SNVs in
child B but not in parents 392 42 394
Number of shared nonsyn
SNVs in the children, but not 08 14 171
in parents

I-.'> 2F0+'$2'+-"+'F2$%&"00',<'+-.'?.+.1+.7'*(g2'<,>'Q,+-'B">.%+2"%?'1-$07>.%'2-,F(
A$%PASC.'+-.'<"02.'%.&"C@.">"+."QF+'2$A$0">06'2-,0"">.0"C@.06'-$&-'<"02.'B,2$Ci
12$%&™00',<'+-."*(g2'?.+.1+.7'<,>'B">.%+2'QF+',%06'+-.*(g2'1,%1,>?"%+"A,%&'+-.'M
B$B.0$%.2'2-,02'AF+"C,%">"+.2'2$A$0">"+,'+-,2.">.B,>+.2'Q6'+-.'0$+.>"+F>."%?'$2".
+,'-"@.'A,?.>"+.'<"02.'B,2$C@.">"+.2"%?'A,?.>"+.'<"02.'%.&"C@.">"+.24"12$%&', %06’
*(02'1,%1,>?"%+"A,%&'+-.'n'"?$b.>.%+'BSB.0$%.2'<,>'Q,+-'B">.%+2"%"?'1-$07>.%'2-
A$%SASC.'+-.'<"02.'B,2$C@.">"+."QF+'2$A$0">06'2-,0"">.0"C@.06'-$&-'<"02.'%.&"Ci



TDT- 09 -1018

K26679
-07 91583
Age 79, TS- definite,
YGTSS 47
OCD? ADHD?
hh'
-01 88458 -02 88459
Age 51 Age 49
NO TICS Possible Motor Tic, but no diagnosis
Mild OCD w YBOCS 14 YGTSS 6
Possible ADHD OCD w/ YBOCS 25
-03 88460 -06 89588 0589587 -04 88461
TS No Tics No tics No tics yet
ADHD, definite OCD-mild OCD-mild Subclinical OCD
Age 24 ADHD ADHD-severe g€ 14
YGTSS 47 Age 22 Age 19 YBOCS 12

YBOCS 6 YBOCS 18 YBOCS 14



TDT- 09 -1018

K26679
-07 91583
Age 79, TS- definite,
YGTSS 47
OCD? ADHD?
hh'
-01 88458 -02 88459
Age 51 Age 49
NO TICS Possible Motor Tic, but no diagnosis
Mild OCD w YBOCS 14 YGTSS 6
Possible ADHD OCD w/ YBOCS 25
-3 88460 -06 89588 0589587 -04 88461
TS No Tics No tics No tics ygt
ADHD, definite OCD-mild OCD-mild Subcligical OCD
Age4 AIEED ADHD-severe /98¢
YGTSS 47 Age 22 Age 19 YROCS 12

YBOCH6 YBOCS 18 YBOCS 14



TDT- 09 -1018

K26679

-07 91583
—] Age 79, TS- definite,
YGTSS 47
OCD? ADHD? D:">.9+2E"
hh'
-01 88458 -02 88459
nge 51 Age 49
NOWICS Possible Motor TicgOut no diagnosis
Mild OCD w YBOES 14 YGTSS 6
Possible ADHD OCDAB0CS 25
-03 88460 -06 89588 0589587 -04 88461
TS No Tics No tics No tics yet
ADHD, definite OCD-mild OCD-mild Subclinical OCD
Age 24 ADHD ADHD-severe g€ 14
YGTSS 47 Age 22 Age 19 YBOCS 12

YBOCS 6 YBOCS 18 YBOCS 14



H%"062$2'Q"2.7' %' @">$,F2'B$B.

o D:">.%+2E'$%'+-$2'1"2.'A."%2'+-.'A,+-.>7'<"+-.>'
H(9'&>"%"?A,+-.>4'

o "#$%&'+-NM2%' ', <*(g2'<>,A"00'n'B$B.0$%.2'
<> A'D:">.%+2E7"%?"2FQ+>"1+"+-"+'<ABH- "
,<"'00*(g2'$%"."1-'1-$0?4"

o S*FQ+>"1+'+*NM2%"™* <'+-.2.'D:">.%+2E'<> A
+-."%(g2'$%'+-.'1-$0B$'6$348". 'Q.+0..%'n’
B$B.0%$%.24'

¢ \>72FQ+>"1+'6$'6$348".'@">$"%+2'<>,A'n’
B$B.0$%.2'$%'D:">.%+2E'<688$348".*
@">%$"%+2'<,>'n'B$B.0$%.2'$%'"."1-'1-$074"'



"H#S%E& (#)*+,#-* . #
/0.12+'#023#4,5"3.12(3

I""#/0.12+0"#$%& #+,0+#61.1#31+14
61.1#4*2'531.137##82"9#$%&'HA*24*.
)1+6112#+,1#:#/5/1"521'#61.1#4*2'531

$%&H#A*24*.302+#)1+6112
/5/1"521'#-*.#4,5"3.12#02

*O! 1
61.1#4*2'531.13 e s 10 /0.12+
0b;<) 1 H*-HHSY& -+ 23H5244,5" 1057 2 637
)+ #5240 12+
Ob;<) 1 H*-HHSYo& -+ 2345244, 5" 1084 1 672
), +H#2*+#52#/0.12+'
Ob;<) L H*-HHSYo& H-*; 2345244, 5" 2363 20 1703
);H#2*+#52#/0.12+'
0b:<) L H* HHSY& -+ 2345244 5" 1518 5 376
), H#2*+#52#/0.12+'
Ob;<) 1 #*-H2*2'O2HSYo& #5244, 5" 411 1 150
)+ +H52#]0.12+'
06:<) 1 - H2*2'O2HSY& HE 244,53 396 0 135
) HH2+H52#10.12+
Ob;<) L H*-H2*2'2HSY& #5244, 5" 911 6 459
)2 #5240, 12+
Ob;<) L #*-H2*2'O2HSY& H#52H4,5"] 619 3 225
) HH2+H52#]0.12+
0b;<)L#*-#,0.1342*2'924#$Y68&HS5! 8 0 9

+,1#4,5"3.12(#); +#2*+#52#/0.12




2500

2000

1500

1000

500

J

L

L

SNVsinchild A SNVsinchild B SNVsin child € SNVsin child D
but not in parent  but not in parent but not in parent but not in parent

Nonsyn SNVs
in child A but
not in parent

M All SNVs

B All parent SNVs, but only
SNVs concordant between
the 5 pipelines for children

FISNVs concordant between 5
pipelines for children and
parents

Nonsyn SNVs Nonsyn SNVs Nonsyn SNVs  Shared nonsyn SNVs
in child B but in child C but in child D but  in the children but
not in parent not in parent not in parent not in parent



3/%2C2'83)*L$'6%582$'8*

e *fF.9%1%%&""'&>"%7?B">.%+'2..A2'+,'-.0B'
0PA%"+.'.>> >2?2 >3@.7'<> A'+-."1F>>.%+'?.BA
2.fF.%1%%&'l, @.>"&.'$%'+-.'A,+-.>""%0?'<"+-.>4"

* H%"0+.>%"C@.'A$&-+'Q.[F2+'?..B.>"?.B+-' <
2 .fF.2%01$%&'$%'+-.'B">.%+27"0+-,F&-'2C00'
$%@.2C&"CH%&' .>> >2'+-"+'A$&-+'Q.",@.>1,A.'Q
2 fF.2%01$%&""'&>"%?B">.%+4"

e (..?7'+,'2.1%?.",%'O-.+->'+,'B>,1..?'0$+-'+-."
1,%1,>?7"%1.",<' '>'A,>.'B$B.0$%.27'0%#."\H:'V'
JHIg7',>'[F2+"11.B+'X0%$+-'.@.>6Q,?6'.02.'$+
2. .A2ZY'+ "+ HIq'$2'2,A.-,O'+-.'D?.'<"1+,’
2+"%?">?E4



1,>'%,07'A,>.".b,>+'2- F0?'Q.'B0"1.?
%'+-.'<,00,0$%&R!

=ABO.A.%C%&*+"%?">?2'<,>""D10$%$1 B}&>"7.E
"%?'B>,A,C%&"+-.'D%.+0,>#$%&',<'21$.%1.E'A,?.04
J,1F2$%&.,%'>">.7"-$&-06'B.%.+>"%+AF+"C,%2'>F%
$9%'<"A$0$.27'0$+-'1"21"2.'1">>$.>+.2C%&' <".@.%'A
>.0"C@.2"2'%..?.74

-.'8.%,A$1'Q"1#8&>, F%?'$2'AF1-'A,>."1,9%2+" %+ $%
<"A$0$.24

- %@$>,%A.%+'0'Q" 1#&>,F%?'$2'2,A.CA.2'A,>.
1,92+ %+'$%'<"A$0$.24
1-$2""00,02',%. "+, M&F>. ,F+B.%.+>"%1.',<'>">."
@">$"%+2'$%'+-.2.'<"A$0$.27"0,%8& ' OF+-',+-.>'$22F .
2F1-"2'2,A"C1A 2"$1$2A4



:%/8&/*D/84*8'4*aC82%*C/*12.#*9")*b5/&7$'&*$3*LSCC/ .&T*
aC82%#5$%&%$'1()$''<C82%,6$C

yon and Wang Geneme Mediaine 2012, 458 /
hpdlgenomemedidine comiconten/4/7/58

Genome Medicine

Identifying disease mutations in genomic

medicine settings: current challenges and how to
accelerate progress



U Acknowledgments
THE UTAH

UNIVERSITY w FOUNDATION |
OR
°F UTAH RESEARCH

(0) % *
gﬁi./zﬁ? 6 L.37'L,Q$2,%' H#$C8&I3'/&/" *

AT~ e W?08%'AQ$ LF%.W@[.%+-
il ' 3,-"94'L45$00.-"F&
e4IW@|I%I3’_%2’%I ] 0 "
5696%' R4,
K'>>6'8,,>.' Y, STANLEY INSTITUTE FOR

» COGNITIVE GENOMICS

() COLD SPRING HARBOR LABORATORY

3.b>.6'3*0.%2.%
3%$%1-F"%%%&'

>83P38'4/%% 3"2,9%yL"O. '
1 8$1_IIIOI*1_II+CI
$F2.BB.(">c$2%
"$%4/*@/%2c* ) (
mnm\1n .ILF?GI I l
e 5703 EAHR
0] "o
8</*+2%'/.1$3P&* FISHEGY I3
| , , G"#,90G"#,%">2,%
*+.B-.%'J>$.%7 * [ g o
||5l|>l||8|l%&>ll@$+. ' =y 3$ /()&
$53*&.54)*U8C2%2/& YF"%&F$YRF %'

3F%'e"%&'



Genomic Dark Matter: The reliability of short read

mapping illustrated by the Genome Mappability Score

Hayan Lee'?' and Michael C. Schatz 12

!Department of Computer Science, Stony Brook University, Stony Brook, NY
2Simons Center for Quantitive Biology, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY

Bioinformatics Advance Access published June 4, 2012

).%,A. 8"BB"Q$0$HE>.'X)8*YJA."2F>." <'+-.'1, AB0.P$+6',<>.2.fF.%1$%6&
&.%,A.'W"0.$&+.2'B>,Q"Q$0$+6"+-"+"%6'>."2'1,FO?'Q.'F%"AQS&F,F206'A"BB. 2"
&$@.%'B,2$C,%7"%?'+-F2'A."2F>.2'+-" @.>"00'1,AB,2$C, %', <'+-.'&.%,A.'$+2.0<4

1-.'?2.+.1C,%'<"$0F>. . >>,>2"> "2 A$%"+.2'Q6'<"02.'%.&"C@.27'O-$1-'A."%2'+-."*(;
1"00$%&'B>,&>"A'<"$02'+,' M%?'2F1-' @">$"C,%24'=%'B">C1F0">7"A,%&"00'nT
%.&"'C@.27nTN'XtTUY™>.'0,1"+.7'$%'0,0")8*'>.&$,%7"'%?", %06 VNVt Xj TUY">.'$Y
)8*'>.8$,%4'/,%2$7.>$%&',%06'Vj]VmU',<'-FA"%'&.%,A.'$2'0,0')8*>.8$,%7"
@">$"C,%2'$%'0,0)8*'>.&$,%2"">."10.">06"%?'2FQ2+"%C"006',@.>>.B>.2.%+.?4
2F>B>$2$06& +-"+.>>,>2"> "2 A$%"+.2'Q6'<"02.'%.&"C@.27"2'+-."*(]]1"00$%&"0&
O$00'F2.'+-.'A"BB$%& F'0$+6'21,>.'+,'MO+.>' F+'0,0'1,%M?.%1.'A"BB$%&4'e-"+'
2F>B>$2$%68&'$2'+-. P+.%+,<'<"02.'%.&"C@.2"%?'"+-.'1,%1.%+>"C,%',<'<"02.'%.&
"0A,2+.%C>.06'0$+-$%'0,0")8*>.&$,%24"

1-.18*2-,F0?'Q.'1,%2%$?.>.7'$%'.@.>6>.2.fF.%1$%R>,[.1+'+,'B$%B,$%+'+-.' 2" >#'
A'l>' <'+-'&.%,A.7'$%10F?$% &', <'#%,0%'10$%$1"006'>.0. @" %+ @">$"C,%2'$%
>.8&%,%24'



).20,A$1'9">#'8"1.>7" 1,%N4'

"+ A "062'+-"+ FY0$#. +6B$1"0'<"02.'%.&"C@.27'$%1>."2$%&'L,
0%$00'%,+'-.0B'$?.%C<6'AF+"C,%2'$%'0,0"8*'>.&%$,%27'.@.%'O$A
2.fF.%1%%&'.>> >4"
=062+."?'+-$2'$2'Q.1"F2.'+-."*(:]1"00$%& "' 0&,>$+-A2'F2.'+-.'A"BB$¢
fF"0$+6'21,>.2'+,'MO+.>" F+'F%>.0$"Q0.'A"BB$%&"'22$&%A . %+2
)8*'>.&%,%2'-"@.'0,0'A"BB$%& 'fF"0$+6'21,>."XQ6'?.M%$C,%Y 4! -|
.@.%'+- F&-'A"%6'>."?2'A"6'2"ABO.'+-.2.'@">%$"C,%27'+-."A"BB$%¢
"0&,>$+-A2'1"%%,+'.@.>">.0$"Q06'A"B'+,'+-.A4"
*$%1."Q,F+'VmU' <'+-.'&.%,A.'-"2'0,0")8* @"0F.'O$+-'+6B$1"0'
2.fF.%1$%&'B">"A.+.>27'$+'$2' . PB.1+.?2'+-"+"Q,F+'VmU',<™00'
@">3$"C,%2', <*WfF.%1$%&+F?$.2'0$00'%,+'Q."?.+.1+.74"
1'?.A,%2+>"+."+-$2' . 0.1+7'01-">"1+.>$2. - "*('@">$"%+2'
$?.%CM.?'Q6'+-.'VTTT'&.%,A.2'B$0,+'B>,[.1+7"%?'<,F%?'+-"+'
rr4rrU',<'+-.*(:2'>.B,>+.2'0.>.'$%"-$&-")8*'>.&%$,%2" <'+-.'

&.%,A. 7"%?'$%'<"1+'rr4rnU'-"?")8* ,@.>'rT4"



