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GGA : G
GAA : E
E

b AV I I L 6 6 G GG L L F A S Y L M

S HMBEES| CAGGATGCTGTGATCATCCTGGGGGGAGGAGGACTTCTCTTCGCCTCCTACCTGATG

CAGGATGCTGTGATCATCCTGGGGQQAGGAGGACTTCTCTTCG>>
CAGGATGCTGTGATCATCCTGGGGQAAGGAGGACTTCTCTTCGCC>
< CAGGATGCTGTGATCATCCTGGGGGGAGGAGGACTTCTCTTCGCCTCC
CAGGATGCTGTGATCATCCTGGGGgééGGAGGACTTCTCTTCGCCTCCTAC>>
< CAGGATGCTGTGATCATCCTGGGGGAAGGAGGACTTCTCTTCGCCTCCTACCT
CAGGATGCTGTGATCATCCTGGGGQQAGGAGGACTTCTCTTCGCCTCCTACCTGA:>
<CAGGATGCTGTGATCATCCTGGGGQQAGGAGGACTTCTCTTCGCCTCCTACCTGATG
< GGATGCTGTGATCATCCTGGGGGGAGGAGGACTTCTCTTCGCCTCCTACCTGATG

ATGCTGTGATCATCCTGGGGGAAGGAGGACTTCTCTTCGCCTCCTACCTGATG >
< CTGTGATCATCCTGGGGGGAGGAGGACTTCTCTTCGCCTCCTACCTGATG
<GATCATCCTGGGGQAAGGAGGACTTCTCTTCGCCTCCTACCTGATG
TCATCCTGGGGGAAGGAGGACTTCTCTTCGCCTCCTACCTGATG >

<<ATCCTGGGGQAAGGAGGACTTCTCTTCGCCTCCTACCTGATG
< CTGGGGGGAGGAGGACTTCTCTTCGCCTCCTACCTGATG
< TGGGGGAAGGAGGACTTCTCTTCGCCTCCTACCTGATG
GGGGGAGGAGGACTTCTCTTCGCCTCCTACCTGATG >
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3,132,608 EFTD 11IEEDE B
5531 9% F ﬁ 0) 1 Okb D/L-F 0) k E Whole-genome sequencing and comprehensive variant

analysis of a Japanese individual using massively

I \ I parallel sequencing
3 M b 0) _4/ 25X ﬁa 5 J ‘ (i 1V L EE g J -\.luhlmFu]lmnlo Hidewaki \akagsvm \aoyl Hosono Kaoru \duno Tcuuo Abc’ KmhABomcvnch‘

HWUAEM*%ﬁwgﬁﬁEEhE
BLSI A S <FFTE

7 ) LEIIE. ChoZFBET 51012
BOTEELT7I7O0—F

We report the analysis of a Japanese male using high-throughput sequencing to x40 coverage. More than 99% of the
sequence reads were mapped 1o the reference human genome. Using a Bayesian decision method, we identified 3,132,608
single nucleotide variations (SNVs). Comparison with six previously reported genomes revealed an excess of singleton nonsense
and nonsynonymous SNV, as well as singleton SNVs in conserved non-coding regions. We also identified 5,319 deletions
smaller than 10 kb with high accuracy, in addition to copy number variations and rearrangements. De novo assembly of the
unmapped sequence reads generated around 3 Mb of novel sequence, which showed high similarity to non-reference hum.m
genomes and the human herpﬂnr\u 4 genome. Our .-mlms suggests that variation remains n the
human genome and that whols ble tool for obtaining a complete understanding of hum.m
genetic variation.
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Fujimoto A, et al., (2010) Whole-genome sequencing and comprehensive variant analysis of a Japanese individual using massively parallel
sequencing. Nat Genet. 2010 Nov;42(11):931-6.
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Supplementary Table 1 | Diseases identified to date via exome sequencing

Disorder PMID** Mode of inheritance N* Strategy Gene(s)
Comparison of unrelated cases

— sch )— Kabuki 20711175 AD 10 10 cases/ 10 kindreds MLL2
ST — L CIRELE]
— *L i —C I j tF 7] JE K Schinzel-Giedion 20436468 AD 4 cases / 4 kindreds SETBP1

4
= — % T K ﬁk 0) BE Hadju-Cheney 21378985 AD 3 3 cases/ 3 kindreds NOTCH2
~ — —
i é q:# N G =29 ¥t =R Fowler 20518025 AR 2 2cases/2 kindreds FLVCR2
Sensenbrenner 20817137 AR 2 2 cases / 2 kindreds WDR35

[i t Al E 0) ﬁg *ﬁ 7b§ ~ 1 -4 % % [N 1 -49-.IE ;‘i’l'l:farison S casesl9915526 AR 4 cases / 3 kindreds DHODH

4
1 I === BE *L \ hyperphosphatasia-MR 20802478 AR 3 3 cases / 1 kindred PIGV
~
g] c % é c L é hypolipidemia 20942659 AR 2 2 cases / 1 kindred ANGPTL3

retinitis pigmentosa 21295283 AR 3 3 cases / 1 kindred DHDDS

sch J— A % 71 —_ — novel skeletal dysplasia 21455487 AR 4 2 cases + parents / 1 kindred POP1

JE{K |$J% G 0) ﬁq: *ﬁ ' ~ jﬁ j l é % *i spinocerebellar ataxia 21106500 AD 4 linkage + 4 cases / 1 kindred TGM6
familial ALS 21145000 AD 2 linkage + 2 cases / 1 kindred vCpP
dilated cardiomyopathy 21353195 AD linkage + 4 cases / 1 kindred BAG3
hidradenitis suppurativa 21430701 AD 3 linkage + 2 cases® / 1 kindred NCSTN
spinocerebellar ataxia 21106500 AD 4 linkage + 4 cases / 1 kindred TGMé6

primary failure tooth 21404329 AD 4 linkage + 4 cases* / 1 kindred PTHIR

EI7/)—LBHTTRONGN\)T oo :

20451169 linkage + 2 cases / 2 kindreds

‘\/ I\ 5!;& 2 O , OO O ~ 30 , O OO lxe:ilzree:cephalopathy 21415082 XLR 2 linkage + 1 case® / 1 kindred MCT8

Homozygosity mapping
> N DFNB82 (hearing loss) 20602914 AR 1 1 case / 1 kindred GPSM2

de no VO / \ IJ 7 / l\ ‘j: %,‘J 70 CNS malformations 20729831 AR 2 2 cases / 1 kindred WDR62
Seckel 21131973 AR 1 1 case / 1 kindred CEP152
NPHP-related ciliopathy’ 20835237 AR 1 1 case / 1 kindred SDCCAGS8
autoimmune LPS 21109225 AR 1 1 case / 1 kindred FADD
3MC 21035106 AR 1 1 case / 1 kindred MASP1
complex | deficiency 21057504 AR 1 1 case / 1 kindred ACAD9
non-syndromic MR 21212097 AR 2 2 obligate carrier parents TECR
Ochoa 21450525 AR 1 1 case / 1 kindred HPSE2
Identification of de novo mutations
sporadic MR 21076407 complex 30 10 parent—child trios multiple
autism complex 60 20 parent—child trios multiple

Bamshad MJ, et al., Exome sequencing as a tool for Mendelian disease gene discovery. Nat Rev Genet. 2011 Sep 27;12(11):745-55.
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VariantStudioZz#2 &1L VCF 774 )L &5k H

BaseSpace File Browser Form | X |

+~ Exome_demo_trio_vcf -
+~ FC1-NA12878-01_S1_demo (2014/10/06 ...
FC1-NA12892-03_S1_demo.vcf (10.7...

FC1-NA12891-02_S1_demo.vcf (10.7... Shlft%_—c
FC1-NA12878-01_S1_demo.vcf (10.85 MB :FE* :@*REI

» HiSeq 2000: Tumor Normal WGS (HCC1187 &...
» HiSeq 2500: Nextera Rapid Capture Exome (...
» HiSeq Rapid Run_RNA-Seq_Demo_to_Nagai

» HiSeq X Ten: TruSeq Nano (4 replicates of N...
» Tlumina FastTrack Services Cancer Analysis De...
» Illumina FastTrack Services Whole-genome D... ™

Selected File

3 files selected (32.36 MB).
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A>G/G
A=A/G
T>C/C
G=A/A
G=A/A
G=A/A
C>T/T
G=A/A
G=A/A
C>T/T
C>T/T
A>G/G
C>T/T
T>C/C
G=>A/A

4746
6267
7029
7338
8702
9378
9541
10399
10820
10874
11018
11720
11723
12706
12851

< i < < o < < < < < <l < < < < < <

M« 4 Variant 1 of 33266 [ L
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- sr
-
" sr
-
-
- sr
- sr
- sr
" sr

-
" sr
- sr
- sr
" sr

Show Population Fre,

lies Show Transcript Info Show Custom

Variants | Genes | No

Begions

¥

Consequence
» N/A
Population Frequency N/A
Cross Sample Subtraction N/A
N/A
Family Based N/A
Custom N/A
N/A
Classification N/A
N/A
N/A
N/A
N/A
N/A
N/A
Apply Fitters => ] N/A

Clear Fifters ’
Mo o |
Fitter History

Sample: FC1-NA12892-03_S1_demo

Genes,\Variants:

== ZGAE NN T R

3326
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© Tllumina VariantStudio [=Jlo [ x]
| Home | Annotation & Classfication  Reports  Help G

[ [ | Select Al

lem B B 4 4 R B Ssen
- ! Current Sample: FC1-NA1287... ~ ] [ Copy
New [ Close Save Save As | Import Add Variants Import Remove Fitter ‘A | Layout
- VCF  to Sample  Folder Sample | Favorites~ | || Column Order -
Project 4 Samples P Table Options

‘ Filters 2 || Gene View i1
I Variant AI

Pass Filter
— / Quality >0 B

Read Depth >0

Alt Variant Freq >

Show only variants:

[] Inside genes
[] In conserved regions

Only variants without dbSNP ID

[ Only variants with Cosmic annotation
["] where matches mutant allele
["] where not matches mutant allele

-

I[ Apply Filters => l

Filter History
Sample: FC1-NA12878-01_S

: 4)l/£ % an Type Genot... Exonic Filters  Quality GQXA

"INALTULNYS i
/ RN\ het no Low... - 4
RS . RN\ het no PASS B ¢
/ \ I) 7/ I\g - snv het no  SB 14797 o
RN\ het no SB 91.17 9:
L . ==+ insertion hom no PASS 3979.44 6:
%l\ L) A i} e snv het  yes  PASS kns o
I ‘X L == sV het yes Low...
LEMUS [ Wh 1z 0JJ03/ 12 R\ het yes PASS 3
MYRFL A>G/G 12 70274066 sy hom  yes  PASS 5 U
PTPRB G>G/A 12 70928616 oSNV het yes PASS 215.5 9t
PTPRB A=A/C 12 70983895 =+ SNV het yes PASS 507.48 gt
PTPRB A>A/G 12 70988287 oSNV het yes PASS 999.06 9t
PTPRB T=C/C 12 70990054 =* SNV hom yes PASS 2851.82 9t
NAP1L1 G>A/A 12 76453966 oSNV hom yes PASS 2144.16 9¢
NAV3 A>A/G 12 78334194 = SNV het yes PASS 213.37 g
M4 Variant 1 of 10866 L »
Show Population Frequencies Show Transcript Info Show Custom Annotations Show ClinVar Show Cosmic
A
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There are two possibilities for recessive transmission.

1 A single gene contains a variant that is:
Heterozygous (0/1) in the mother

Heterozygous (0/1) in the father
Homozygous (1/1) in the affected children

Autosomal Recessive Transmission Logic #1

D|;| 12891 12892 H';l
0/1 0/

/1
D Unaffected reference
| Unaffected carrier

B Affected
Mutation

I

o —
o C—
S —
o Ca—
o —
S
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© Tllumina VariantStudio

J Home Annotation & Classification

Reports

() moe B K |

QP“ %

Current Sample: FC1-NA1287... ~

Edit Affe

Unaffected Siblin U

New [ Close ©Save Save As | Import Add Variants Import Remove Filt
v VCF to Sample  Folder Sample Favori
Project P Samples 4
Filters 2 || Gene View
Family Based A
Use Family Based Filtering - Gene Variant = Chr Coordinate Classification
Type: [Autosomal Recessive v]
Affected Autosomal Recessive’
Mother: [FC1-NA12892-03_S1_ | I
5
Father: [FC1-NA12891-02_51_ v| i X "= 0) U S 7 )LID’E *E
, R MUC
ild: FC1-NA12878-01_S1_ ~| V]
e ’ E ZRIEBERSIN ‘ — MUC4 G>G/A 3 195506410 === | 5N
Affected Siblings MUC4 C=C/T 3 195506411 5N
MUC4 G=>G/C 3 195506414 =+ 8N
MUC4 A=A/G 3 195506421 st 8N
MUC4 G>G/A 3 195506434 =+ 8N

N0 e
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€ Illumina VariantStudio

Home Annotation & Classification I Reports

Help
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= Transcripts
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Current Sample: One_12880
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) Illumina VariantStudio

Home Annotation & Classification Reports Help
3

e o & & o «

Annotate Custom  Custom Gene Annotation Set Default | Apply Classifications View (
v Annotation  Annotation Options Transcripts from Database Dz

T = “Selected variants of Current Sample”
Gonenl  IBAREN TN T U DH (2
Variant 7/7'—“/3./

Gene varant | Chr @ Coordinate
Gene v
¥
Consequence v
» AGRN C>C/T 1 976580
Population Frequency % AGRN T>C/C 1 977330
Cross Sample Subtraction v AGRN A>G/G 1 981931
AGRN T>C/C 1 982994
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© Tlumina VariantStudio (= (e ](x]
| Home | Annotation & Ciassfication  Reports  Help o ©
D [= Open E] 2 g IT; FW [2] select Al =
- - ) Current Sample: FC1-NA1287... ~ = § Y Copy
New [ Close Save SaveAs | Import Add Variants Import Remove Filter ‘A | Layout
- VCF  to Sample  Folder Sample | Favorites~ | |_J Column Order -
Project 4 Samples 4 Table Options
Filters 1 || Gene View 1
Variant J
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. - e = - Inherited Al Var
Gene Variant | Chr = Coordinate Classification Type Genot... Exonic Fiters uall GQX
Pass Filter ¥p Qualiy Q From Frec |/
= Quality >0 8 ¥
m Read Depth >0 = » N/A A=T/T 1 324822 = snv hom no PASS 2757.34 99 father £
B Alt Variant Freq >0 2 N/A A>T/T il 187610852 - snv hom no PASS  3138.56 99 both
N/A A>G/G 1 187611003 == snv hom no PASS 2335.34 99 both
R N/A T>G/G 1 202956340 - snv hom  no  PASS 273514 99 both
N/A T>C/C 1 219706428 = snv hom no PASS 1436.15 99 both
[] Inside genes N/A A>G/G 2 3488502 = snv hom no PASS 1097.04 81 both
[] In conserved regions N/A G>C/C 2 10959475 = snv hom no PASS 1067.83 81 both
N/A A>G/G 2 131672950 == snv hom no PASS 2419.38 99 both
Only variants without dbSNP ID N/A C>T/T 2 131673316 - snv hom  no  PASS  431.14 36 both
i i i X N/A T>C/C 2 132229720 == snv hom no PASS 084.72 84 both
Only variants with Cosmic annotation
o N/A C>G/G 3 136739406 - snv hom no PASS 588.87 45 both
[] where matches mutant allele
) N/A C>TIT 3 105467853 no PASS 856.13 66 hoth
where not matches mutant allele
Inya
Only variants with ClinVar annotation \
-~ _'E'_
where matches mutant allele
where not matches mutant allele [N/ A N3
v AR E/N U 7 i
A S E 3 a8 A
= N/A -
A Filters =>
W« < vammtiorssss b » il ‘ :
\\
S 5 OO 1 > 26 / I) j -/ | ( 1 3 {K ] )
Sample: FC1.
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ASN.1 terms
0 — unknown
1 — untested

2 - non-pathogenic

3 - probable-non-pathogenic
4 - probable-pathogenic

5 — pathogenic

6 - drug-response

7 — histocompatibility

255 - other

L
LL

ClinVar and VCF
Uncertain significance
not provided (includes the cases where data are not available or unknown)
Benign
Likely benign
Likely pathogenic
Pathogenic
drug response
histocompatibility
other
confers sensitivity
risk factor
association

protective

http://www.ncbi.nIm.nih.gov/clinvar/docs/clinsig/
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Gene View @
Gene ~  Varant  Chr Coordinate Clin\?yrpf;\"ele Sig(r:ll?gé/aar: = ClinVar Disease Name o
v pathogenid
A2M T=C/C 12 9232268 germline . ALPHA-2-MACROGLOBULIN_POLYMORPHI
ASPM G>G/T 1 197070442 Primary_autosomal_recessive_microcephal.
ASPM T>T/C 197070697 Primary_autosomal_recessive_microcephal.
ASPM G>G/A icrocephal.
ASPM C>C/T Cllnvar Slgn IfICa ntjj 7-13\_': 'ﬁ icrocephal.
ASPM T>T/C 9 ” icrocephal.
ASPM T>T/C Path Og e n IC & A jj icrocephal.
ASPM A>A/G 1 197097751 non-pathogenic Primary_autosomal_recessive_microcephal.
ATP7B C>C/T 13 52508979 germline non-pathogenic Wilson's_disease
ATP7B G>G/A 13 52511606 germline non-pathogenic Wilson's_disease
ATP7B A=A/G 13 52515354 germline probable-non-pat... Wilson's_disease
ATP7B C>C/T 13 52520507 germline non-pathogenic Wilson's_disease
x /] Contains([ClinVar Significance], ‘pathogenic’) ~ - IR —HIRE
M4 4 Varant00of24 » » M 4 _/ b

lumina
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|
LL

7 28— I5 1% =2l

N | T . 7 [ [
A""'d[(CZ)thar Significance] Contains pathogenic & - “Conta”:s %7 J JOL/T
— “Equals’[ZZ &

07 2408~ I5 4% (X |
And +

oK) || ®evin© || mmR) I
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FHASNLHN\T U raH

|
LL

© Tllumina VariantStudio — Lo ][ x
Home | Annotation & Classfication  Reports  Help &> @
| Select Al
(Jeow B &6 4 @ R o B doen
} ' Current Sample: FC1-NA1287... ~ 8 ] [ Copy .
New | [4 Close Save Save As | Import Add Variants Import Remove Fitter ‘A | Layout
VCF  toSample  Folder sample | Favorites~ | L Column Order -
Project 4 Samples 4 Table Options
Filters 1 || Gene View o
[T Alt Variant Freq > U
Show only variants: COSMIC COSMIC T COSMIC . . Clinvar  ClinVar Allele  Clinvar . § ClinVar
Gene Primary Histology Clinvar RS | ClinVar Ref Alleles Type Significa... ClinVar Disease Name Accessio
[] Inside genes ol :
[ In conserved regions [5267606... G A pathogenic  Miler_syndrome RCV0000
. ) DHODH large_inte... carcinoma  rs201947... C T pathogenic Miller_syndrome RCV0000
Only variants without dbSNP ID ) ) ) ) ;
ITGA2B breast carcinoma  rs5911 A C germiine pathogenic Bak_platelet-specific_antigen RCV0000
Only variants with Cosmic annotatio
[ ] where matches mutant zllele
["] where not matches mutant ;
Only variants with ClinVar annotatio
where matches mutant allele
where not matches mutant :
Gene v
x /] [ClinVar Significance] = 'Pathogenic’ HINA—HRE
Apply Filters => )
M« <« Varant0of 3 » » M4 | S— 4
Show Population Frequencies Show Transcript Info Show Custom Annotations Show ClinVar Show Cosmic
w Variants I Genes | No-Call Regions {

26 > 3 /\1)

Tk (281GF

lumina
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ClinVar T Pathogenic [Z73 383N 5/\) 7 U

? o . . ?
COSMIC = COSMIC COSMIC ' ~ivarRS | Clinvar Ref |~ CinVar  ClinVar Allele  ClinVar CinVar Disease Name

Gene Primary Histology Alleles Type Significa...
1s267606... G A pathogenic Miller_syndrome
DHODH large_inte... carcinoma rs201947... C T pathogenic Miller_syndrome
ITGA2B breast carcinoma  rs5911 A C germline pathogenic Bak_platelet-specific_antigen

AR DR BB E/N)T UL THRBATENIETT

BATSELNG S, BICENTHETZER
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PubMed GeneReviews Disease

ARHGAPS Rho GTPase activating protein 8
CD177 CD177 molecule
Miller syndrome ¥ dihydroorotate dehydrogenase (quinone)

l l l DHiDH '
zzzzzzzzzz

LXHEE 375 B 3k
NA12891 NA12892

Rl — Bz FDELAEIC/N\IT R
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Gene View o
Chr 11 | | TYR 117.5Kb
'!!,Sll,ﬂiu BB,D!E,!Z?l
Custom Custom Custom Custom - - Google UCSC Num

\nnotation = Annotation Gene Gene Classification Scholar PubMed Browser | Transcripts

?

» Presumed Pathogenic == google pubmed ucsc 1

Pathogenic = google pubmed ucsc 1
Pathogenic = google pubmed ucsc 1

MO« < Vargnt1of3 » » M 4

L

lumina
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©) Illumina VariantStudio

ome Annotation & Classification Reports

E& «]«Jollmc

Sample | Manage Genes All Transcripts  Filter Histogram Pie Chart

Report | Templates Table  for Variants  History
Reports p Export p Charts 4
Filters 2 || Gene View
Family Based v
Name <« GenelD Chr Start Sto Length
Custom A P g
¥
) Do not filter on custom annotation ARHGAPS 23779 22 45148438 45258664 1102
. ] ] ) CD177 57126 19 43857825 43867480 96
@ Show variants with annotation
DHODH 1723 16 72042643 72059316 166
() Show variants without annotation MAGEC1 140991642 140997187 55
B MYRFL 70272787 70352504 797
() Show variants that contain OR10A4 6897856 6898850 9
—_—— PCDHA1 140165876 140391929 2260
’ ’ in Custom
— PCDHA2 140174444 140391929 2174
] ! in Custom2 PCDHA3 140180783 140391929 2111

[ | e ke ™Y

DrNdAA

14AN1QARRTD

1i4n20140720

2N87
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Sample Report (=]

Report Template
[ v] [ Restore From Template ]

Sample Info | Lab Information | Test Summary | Methodology | References | Page Footer |

Enter data manually (based on fields specified in report template):

John Doe and Jan 1st 199:0 FC1-NA12808 Import Sample Information

Click Import to import sample information from a text file. The text
file must have two columns separated by either a comma or a tab.
The first column contains the field, such as Sample Name and Date
of Birth, and the second column containg the value for the field, such
as John Doe and Jan 1, 1990,

or

[

Export to PDF.. ] [ Export to RTF... ] [ Preview ] [ Done ] [ Cancel ]

39
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i Report

(5]

Report Template
[Sample 1 v] [ Restore From Template ]

| Sample Info | Lab Information | Test Summary | Methodology | References | Page Footer |

The text in this section is loaded from the Report Template. You can make chaneges in the text below and they will only apply to the report for this sample.

B X0 @&~ [awl v 12 ~vAAB I UUS S X X, A-P--
= I - E E|=E|= = = ] LineSpacing- & - =qf ~
L a- ! | 2 (I SR | 4 v 0 5 0 0 v 0 B oo | T -
Sequence
HiSeq 2500: Nextera Rapid Capture Exome (CEPH Trio)
Sample

Father: NA12891

Mother: NA12892

Daughter: NA12878
Filter

1. Quality pass filter

2. Family based filter: autosomal recessive
3. ClinVar

- PR

[ Export to PDF.. ] [ Export to RTF... ] [ Preview ] [ Done ] [ Cancel ]

40 lumina
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Sample Information
Jobn Doe and Jan 1st 1990 FC1-NA12898
Test Summary
Signamre:
Results
© NM_D00372.4:c.1205G>A | Presumed Pathox
DHODH NM_001361.4:0454G>A Mngusg
DHODH NM_001361.4:¢.1036C>T Pethogenic.
Methodology
Sequence
HiSeq 2500: Nextera Rapid Capture Exome (CEF
Sample
Father: NA12891
Mother: NA12892
Daughter: NA12878
Filter
1. Quality pass filter
2. Family based filter: autosomal recessive

3. ClinVar
4. Population frequency: Asian population frequer

References

Results
NM_000372.4:c.1205G>A Presumed Pahogenc
DHODH NM_001361.4:.454G>A Pathogenic
DHODH NM_001361.4:¢.1036C>T Pathogenic
Methodology
Sequence
HiSeq 2500: Nextera Rapid Capture Exome (CEPH Trio)
Sample
Father: NA12891
Mother: NA12892

Filter

Daughter: NA12878

1. Quality pass filter

2. Family based filter: autosomal recessive

3. ClinVar

4. Population frequency: Asian population frequency < 1%

illumina
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Ng SB, et al., Exome sequencing identifies the cause of a mendelian disorder. Nat Genet. 2010 Jan;42(1):30-5. Epub 2009 Nov 13.
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Introduction lllumina on Top 1366: Solar Survivor
The 50 Companies Tesla's Tech Advantage Xiaomi's Smartphone Success

FAQ Google's Next Act Cheap Gas from Siluria

MIT
Techmology CU M P A N I ES Third Rock is Biotech's TopVC ~ Upworthy: Going Viral
Cree: Reinventing the Lightbulb Ripple Labs: New Money

p 5 6 8

Third Rock

Salesforce.com  Dropbox Ventures

20144

22

“=IMIT Technology Review
SMARTEST COMPANIES
N B

Siluria Kaiima Bio-
Technologies Agritech
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Cost per Raw Megabase of DNA Sequence

L—7 DEH|

Moore's Law

||||||““"““|||||| National Human
|||" ||||| Genome Research
R

genome.gov/sequencingcosts
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2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
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NextSeq 500 B HiSeq2500 W HiSeq4000 B HiSeq X Ten

T—HE 15 Gb 120cb  1,000Gb 1,500 b 1,800 Gb
BK)—FE 300x2 150x2 250x2 150x2 150x2
GbHT=YD HO # 0.6 5M
1z #1.75m #0.65M %608 mm 0.55m #0.15H
>
B—3a% | RNASeq M RNA-Seq
T9—L
277/ La
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HAEE o 1
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FrESY—S— At —
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h

+ 59.2070-A49 5 Fragment ba- o 89 of 198
G G L A A {
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/\ P\x . ~ . _I f\"ll
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A A

RS —tr ot —
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AAAACCAGAGTCTAGCACCTTCTCATCAGGAGCAG
AAACCAGAGTCTAGCACCT TCTCATCAGGAGCAAC
AACCAGAGTCTAGCACCTTCTCATCAGGAGCAACG
ACCAGAGTCTAGCACCTTCTCATCAGCAGCAACGT
ACCAGAGTCTAGCACCTTCTCATCAGGAGCACCGT
CCAGAGTCTAGCACCTTCTCATCAGGAGCAACGTC
GAGTCTAGCACCTTCTCATCAGGAGCAACGTCTGC
CTAGCACCTTCTCATCAGGAGCAGCGTCTGCCTTC
TAGCACCTTCTCATCAGAGCAACGTCTGCCTTCG
AGCACCTTCTCATCAGGAGCAACGTCTGCCTTCGC
CCCTTCTCATCAGGAGCACCGTCTGCCTTCGCTAG
ACCTTCTCATCAGTAGCAACGTCTGCCTTCGCTAG
CTTCTCATCAGGAGCAACGTCTGCCTTCGCTAGGC

~30x

ATCAGGAGCACCGTCTGCCTTCGCTAGGCTGACAT
ATCAGGAGCAACGTCTGCCTTCGCTAGGCTGACAT
TCAGGAGCACCGTCTGCCTTCGCTAGGCTGACATC

£

A 9)—F
G 7y—
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TruSight Tumor (26 genes)

AKT1 PIK3CA AKT1 FGFR2
APC PTEN PIK3CA p53
CTNNB1 SRC

EGFR p53
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X
’.R
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&
iy
JEEE
16
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FBXW7 MET

NRAS
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A Shared Vision: A Universal Oncology Test
Revolutionizing the clinical paradigm for Oncology Rx

Today

Iterative testing increases demands for tissue, time to action, and costs

- Standard
’ Chemo
& , } &
\ \\\ E WT or Clinical trial

ions?
Resistance ALK Testing options?
Variant

EGFR Molecular
Testing

Lung Cancer
Biopsy

crizotinib
Candidate

erlotinib or Variant
gefitinib
Candidate

Activating
Variant

Future

Universal Oncology testing informs approved therapies and guides access to experimental therapies; minimizes tissue

burden; potentially reduces time to action; and improves outcomes

K&
) ‘r Actionable Informed Therapy
\‘ W\ A Variant

Universal No Actionable Investigational

Informed
Therapy

Cancer Biopsy

Oncology Test Variant Detected Data Analyzed

llumina
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RET—EDOMR : BROEGFOBEEINZ—UZEHT
TruSight One (4,813 genes)

4,813 12Mb

EinFEZ—7 Vb DA—T 427 8

HGMD + OMIM
(1,966 JE{ETF)

\

GeneTests.org
(69 HEIEF)

TruSight

(2,778 ;BEInF)
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H 7 LS

: Nextera
TruSeq DNA 4> 7 L88%+yk  Tailed PCR gy I
(MMM LE) il

( o R4—hEIE 1ug \ [ \ ( \
DNAKTF{t =RV 3!
« 180~280bpMH 4 X 2 A
R R1 Seq primer FSURRY Y
KETRL G !

& B ¢ P5\A k
o T Genomic Target

Aftin* = e = -

P7
R2 Seq primer

7';‘%“1_ CAUTIIAREDTHTE—

¥ESLPCR IR 1
] < 10944

r
Hll

Read1 RN

é*

<€ N -
Read2 ATIIR
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GGA : G
GAA : E
E

b AV I I L 6 6 G GG L L F A S Y L M

S HMBEES| CAGGATGCTGTGATCATCCTGGGGGGAGGAGGACTTCTCTTCGCCTCCTACCTGATG

CAGGATGCTGTGATCATCCTGGGGQQAGGAGGACTTCTCTTCG>>
CAGGATGCTGTGATCATCCTGGGGQAAGGAGGACTTCTCTTCGCC>
< CAGGATGCTGTGATCATCCTGGGGGGAGGAGGACTTCTCTTCGCCTCC
CAGGATGCTGTGATCATCCTGGGGgééGGAGGACTTCTCTTCGCCTCCTAC>>
< CAGGATGCTGTGATCATCCTGGGGGAAGGAGGACTTCTCTTCGCCTCCTACCT
CAGGATGCTGTGATCATCCTGGGGQQAGGAGGACTTCTCTTCGCCTCCTACCTGA:>
<CAGGATGCTGTGATCATCCTGGGGQQAGGAGGACTTCTCTTCGCCTCCTACCTGATG
<< GGATGCTGTGATCATCCTGGGGGGAGGAGGACTTCTCTTCGCCTCCTACCTGATG

ATGCTGTGATCATCCTGGGGGAAGGAGGACTTCTCTTCGCCTCCTACCTGATG >
< CTGTGATCATCCTGGGGGGAGGAGGACTTCTCTTCGCCTCCTACCTGATG
<GATCATCCTGGGGQAAGGAGGACTTCTCTTCGCCTCCTACCTGATG
TCATCCTGGGGGAAGGAGGACTTCTCTTCGCCTCCTACCTGATG >

<<ATCCTGGGGQAAGGAGGACTTCTCTTCGCCTCCTACCTGATG
< CTGGGGGGAGGAGGACTTCTCTTCGCCTCCTACCTGATG
< TGGGGGAAGGAGGACTTCTCTTCGCCTCCTACCTGATG
GGGGGAGGAGGACTTCTCTTCGCCTCCTACCTGATG >
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Sample Information

Sample ID P3049534
Sample Type Blood

Sample C ollection Date 20140116
Date Reparted 20140323

Test Summary

BAOBRERMCMEL £4B13NBEFEI—FY bELEIIY—AY— T VI T EREL,
HROGLSHBEHACHSBEF LCHFETH/N) P M EEHE, ENFNBHRNG L EFNSHE

B2 k.

B
Pathogenic - AEKER: CUARZEMCEVTERE h  BROCMET HER

Presumed Pathogenic FR#HER  £3MEBEEF LOERTEEFHE\OFEI BHEI L PER

Unknown Significance B&7T8 : BMEEEF L OER

Signature:
Results
AGRN NM_198576.3:¢.755C>T Pathogenic
AGRN NM_198576.3:c.6057C>T Presumed Pathogenic
CDK114 NM_024011.2:c.380G>A Presumed Pathogenic

For research use only
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Pathogenic - AR#ZER  CUARREMCEVTRARE A A BRKEH CHMETHER

Presumed Pathogenic RR#SFER  FE2MEBEEF LOERTEEF R ORI BRI LLIER
Unknown Significance B&HT8H . B MEREF EOER

Results

AGRN MM _198576.3:c.795C>T Pathogenic
AGRN MM _198576.3:c.6057C>T Presumed Pathogenic
CDK11A MM_024011.2:c.380G >4 Presumed Pahogenic
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515 HSE2 M AL Zh (24%)
THIH 2 M AT RE (34%)
95 AV S BX (39%6)

#12 < MVariant of Unknown
Significance (VUS) & R

Table 1. Results of WGS at the MCW Genomics Medicine Clinic for 23 Pediatric (CHW) and 2 Adult (FH) Cases.
Pediatriccase# Clinical indication

noa woN -

20

21

22
23

Adultcase #

24
25

Varlants

T cell immune deficiency 4 pathogenic, 1VUS
Multiple congenital anomalies, lactic acidosis, leukodystrophy and seizure disorder 3 pathogenic, 11VUS
Immune deficiency 1 pathogenic, 1VUS
Leukodystrophy 3 pathogenic, 4VUS
In growth d hair ab alities, vomiting, chronic diarrhea, 2 pathogenic, 5VUS
develop al delay, facial dy ph
Recurrent stroke, poly itis, ¢ hronic infl ation, recurrent unexplained fever 5 pathogenic, SVUS
Infantile spasms, dystonia, sensorineural hearing loss, optic nerve abnormalities 5 pathogenic, 10VUS
Ataxia, seizures, regmssion 1 pathogenic, 4VUS
Malignant nerve sheath tumor, plexiform neurofibroma 1vus
Dil ated cardiomyopathy with recurrent hy poglycemic events 2VUs
Atypical hemolytic uremic syndrome 1VUs
Dystonia, chorea, mental dation, retinal and itter ab alities 2 pathogenic, 14VUS
Recurrent rhabdomyolysis 1 pathogenic, 6VUS
Long QT synd rehythmi genic myopathy 2 pathogenic, SVUS
Seizures with combined white and gy matter degeneration 3 pathogenic, 1VUS
Methyl malonic acidemia and spherocytosis 1 pathogenic
Congenital myofibromatosis 1 pathogenic, 5VUS
Poor growth, vomiting, mental setasd ation, facial dysmorphism, seizure disorder 2 pathogenic, 2VUS
Connective tissue disord er, aortic root dilatation, short stature, develop | delay, lysis in pr
hypermobility
Neurological condition imicrocephaly epilepsy, mental setard ation, autism) and 4 pathogenic, 1VUS
endocrine syndrome (primary ovarian fail ure)
Neurological condition imicrocephaly epilepsy, mental setard ation, autism) and 9 pathogenic, 2VUS
endocrine syndrome (primary ovarian fail ure)
Metabolic condition, liver and renal failure, bilateral cataracts, short stature 3 pathogenic, 2VUS

gical condition, de gy analysis in process
Hy per tension of unclear etiology (Executive Medicine Program) 2 pathogenic, 3VUS
Colon cancer, secondary finding of Marfan syndrome 1 pathogenic, 8VUS

EE?E?E?%E%EE?? E%E%ig

=

aybe

Maybe

N/A

Yes for Marfan
syndrome; Maybe

for cancer

Jacob H et al., Genomics in Clinical Practice: Lessons from the Front Lines, Sci Transl Med 17 July 2013
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Effectiveness of exome and genome sequencing
guided by acuity of illness for diagnosis of
neurodevelopmental disorders

Sarah E. Soden,"??* Carol J. Saunders,*** Laurel K. Willig,"*? Emily G. Farrow,'***
Laurie D. Smith,"*? Josh E. Petrikin,"** Jean-Baptiste LePichon,”** Neil A. Miller,'?

Isabelle Thiffault,"** Darrell L. Dinwiddie,**® Greyson Twist," Aaron Noll,’ Bryce A. Heese,*”
Lee Zellmer,"* Andrea M. Atherton,'** Ahmed T. Abdelmoity,?> Nicole Safina,>> Sarah S. Nyp,?
Britton Zuccarelli,” Ingrid A. Larson,"? Ann Modrcin,** Suzanne Herd,"? Mitchell Creed,’

Zhaohui Ye,” Xuan Yuan,” Robert A. Brodsky,” Stephen F. Kingsmore'**"*
KEV——FHHEk

HIEFEREZTDI100RZREAR (FEH11OANETMB DO M) A T
REDEEEICKO>TWGES | TVY—LDI—r VAT TA—F&ER
WGSIZ&YEFEZ1SEF DOE11EHFID 7 FaZ I 2D (73%)

EXEDNERDLGEVVEEDIARMINRTRIEHT=Y$19,100, >—4 2 AaARKME
$7,940L%YERBXIIEMN LA o7

Soden SE, et al., Sci Transl Med. 2014 Dec 3;6(265):265ra168.
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46, No diagnosis

9, Candidate

genes

" 45, Positive diagnosis

Table 2. Time to diagnosis. Average age at symptom onset, enroll-
ment, and molecular diagnosis for children diagnosed by exome or ra-

pid genome sequencing.

Exome Rapid genome
sequencing sequencing (days)*
(months)

Mean Range Mean Median Range

Symptom onset 6.6 0-90 8.2 0 0-90
Enroliment 83.8 1-252 432 38 2-154
Molecular diagnosis 953 16-262 107.5 50 8-521

*Four postmortem enrollments were excluded from time-to-diagnosis cakulations.
Soden SE, et al., Sci Transl Med. 2014 Dec 3;6(265):265ra168.
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Globally: 1650

Europe: 951

Americas: 329

us: 243 I\\

Canada: 36

Mexico 11 11 3 B
Argentina: 8 —— "
Brazil: 16

Chile: 4 2 1
Colombia: 5

Ecuador: 1 1 5
Peru 2 )
Puerto Rico 3 1 6
Asia/Pacific: 332

Australia: 25

China/HongKong: 131 N

Japan: 89

New Zealand: 8

Singapore: 8

Philippines: 1

Vietnam: 2

South Korea: 36

Taiwan: 12

Thailand: 15

Malaysia 4

IMEA: 38

India 8

Israel 7

Middle East 11

Egypt 6

Algeria 1

Africa: 7
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Mellmann et al. JCM 2008

Veloo et al. Clinical Microbiology and Infection 2011
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Bizzini et al. J Clin Microbiol. 2010 May;48(5):1549-54.

Results N Genera Species Species Genus

Enterobacteriaceae 543 14 21 93.37% 98.70%
Non-Fermenters 142 4 6 86.62% 89.44%
GPC (clusters) 333 1 9 99.70% 100.00%
GPC (chains) 179 2 10 98.32% 100.00%
Misc Bacteria 57 9 10 92.98% 96.49%
Yeast 24 1 4 100.00% 100.00%
Total 1278 42 92 95.07% 98.12%
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. brisbanense

. heidelbergense

. paraffinicum

thermoresistibile

M. abscessus ssp abscessus M. conspicuum M. kyorinense M. pulv
M. abscessus ssp bolletii M. cookii M. lacus M. pyrenivorans
M. agri M. cosmeticum M. lentiflavum M. rhodesiae
M. aichiense M. crocinum M. llatzerense M. riyadhense
M. aigericum M. diernhoferi M. mageritense M. rufum
M. alvei M. dricum M. malmoense M. rutilum
M. aromaticivorans M. duvalii M. mantenii M. saskatchewanense
M. arosiense M. elephantis M. marinum M. scrofulaceum
M. arupense M. europaeum M. marseillense M. Senegalense
M. asiaticum M. farcinogenes M. monacense M. Senuense
M. aubagnense M. flavescens M. montefiorense M. seoulense
M. aurum M. florentinum M. moriokaense M. septicum
M. austroafricanum M. fluoranthenivorans M. mucogenicum M. setense
M. avium M. fortuitum subsp. acetamidolyticum M. murale M. sherrisii
M. avium subsp. avium M. fortuitum subsp. fortuitum M. nebraskense M. shimoidei
M. avium subsp. paratuberculosis M. frederiksbergense M. neoaurum M. shinfukuense
M. avium subsp. silvaticum M. gastri M. neworleansense M. shottsii
M. boenickei M. gilvum M. nonchromogenicum M. simiae
M. bohemicum M. goodii M. noviomagense M. smegmatis
M. botniense M. gordonae M. novocastrense M. sp.
M. bovis M. haemophilum M. obuense M. stomatepiae
M. branderi M. hassiacum M. pallens M. szulgai
M. brumae M. heckeshornense M. palustre M. terrae
M M M M.
M. canariasense M. hiberniae M. parafortuitum M. tokaiense

M. celatum M. hodleri M. parascrofulaceum M. triplex

M. cheronae M. holsaticum M. paraseoulense M. triviale

M. chelonae subsp. chelonae M. houstonense M. parmense M. tuberculosis

M. chimaera M. immunogenum M. peregrinum M. vaccae

M. chitae M. insubricum M. phlei M. vanbaalenii
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Xpert® Cartridge Preparation - Carba-R

Refer to the package insert Cepheid Technical Support

for detailed instructions, US office
precautions, and warnings. (888) 838-3222
. techsupport@cepheid.com
For a copy of the SDS, visit ]
www.cepheid.com or European office
+335638253 19

www.cepheidinternational.com -
support@cepheideurope.com

Recap the Sample
Reagent vial and
vortex for 10
seconds.

Break the swab

at the score mark
near the opening of
the vial.

Insert the

swab into the
Sample Reagent
vial.

Obtain one Xpert
cartridge and one
Sample Reagent
vial for each sample.

i 4

5

/Ce,oheid®

A better way.

Open the Xpert 6 Aspirate the Sample 7 Empty the 8 Close the Xpert Start the test
cartridge lid. Reagent up to the pipette into the cartridge lid. within the
line on the supplied sample chamber. timeframe
pipette. specified in the

package insert.

Note: Do not hold the swab below the score mark. Use
gauze or its equivalent to minimize the risk of contamination.

© 2014 Cepheid

301-3292 Rev. A May 2014



Rectal Specimen Collection Protocol
for use with Xpert® assays:

e Xpert Carba-R

A Copan Venturi Transystem double swab Carefully insert both swab tips approximately Place the swabs back in the tube.
must be used to collect the specimen. 1 cm beyond the anal sphincter and rotate
Cepheid Collection Device #900-0370 gently.

Specimens that can be tested within 6 hours
can be stored at 15-28 °C. Specimens
stored at 2-28 °C are stable for up to 7 days.

defining molecular diagnostics /Cepheid®

Bring answers to life.

© 2014 Cepheid 301-3343 Rev. A, May 2014
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Escherichia coli 168
Coagulase-negative Staphylococcus species 94
Staphylococcus epidermidis MRS 94
Coagulase-negative Staphylococcus species MRS 76
Klebsiella pneumoniae 60
Staphylococcus epidermidis 58
Staphylococcus aureus 49
Staphylococcus aureus MRSA 36
Bacillus species 30
Escherichia coli ESBL 26
Pseudomonas aeruginosa 24
Enterococcus faecalis 19
Propionibacterium acnes 19
Streptococcus agalactiae (Group B) 17
Corynebacterium sp 16
Enterococcus faecium 16
Streptococcus pneumoniae 14
Clostridium perfringens 12
Enterobacter aerogenes 10
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Xpert® Carba-R: On-Demand Molecular Diagnostics

On the GeneXpert® and Infinity Systems

Xpert® Carba-R
Catalog Number GXCARBAR-CE-10

GeneXpert Systems « 6 color modules
* GX, DX or Xpertise Software
version 4.3 or higher

Tests per kit 10

On-Board Contents < Cartridge (10)
(per test cartridge) « Sample Reagent (10)
* Disposable (1.7 mL) Transfer Pipettes

Kit CD  Assay Definition File (ADF)
* Instruction to import ADF
* Multi-language Package insert

Carba-R

Determination Storage 908 C
Unprecedented Taraet denes blakpc blawp-1 blavi blanow.1 blaoxa.se
getg (Control: SPC PCC)
Ease-of-Use
Specimen Rectal swab
esults in ou Transport an Swabs in transport tube : 7 days at 2-28°C

R It About 48 d b b d
minutes Straoge Swabs in sample reagent : 4 days at 2-28°C
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Xpert® Carba-R Test: £t

Outbreak Control R

& Management SENSITIVITY
KPC NDM VIM OXA-48 IMP-1
Surveillance 96.7% 100% 93.5% 95.0% 96.3%
SPECIFICITY
KPC NDM VIM OXA-48 IMP-1
99.3% 99.8% 99.8% 99.8% 100%

Limit of Detection (LoD)
KPC NDM VIM OXA-48 IMP1
~20 cfu/mL ~20 cfu/mL ~20 cfu/mL ~50 cfu/mL ~50 cfu/mL
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1 Obtain one Xpert
cartridge and one
Sample Reagent
vial for each sample.

Sample Collection
Device

:‘<— Score Mark

AIFIZ#I I ecm AN TELEEERIL, ¥—RIZANET

Insert the Break the swab Recap the Sample

4 5 Open the Xpert 6 Aspirate the Sample 7 Empty the 8 Close the Xpert Start the test
swab into the at the score mark Reagent vial and cartridge lid. Reagent up to the pipette into the cartridge lid within the
Sample Reagent near the opening of vortex for 10 line on the supplied sample chamber. timeframe
vial. the vial. seconds. pipette specified in the

package insert.
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Note: Do not hold the swab below the score mark. Use
gauze or its equivalent to minimize the risk of contamination.
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Version 1
Legend
300 i [/] SPC; Primary |4
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10 20 30 40
Cycles

IMP-1 VIM NDM KPC OXA48 SPC PCC

POS WIFhn s NA PASS

NEG — — — — — PASS PASS

INVALID — — — — — FAIL PASS

ERROR — — — — — No Result FAIL*
NO RESULT NA

GeneXpert PC 15108/17 16:00:36
FARLERE—K~

BHID: 20150718058
HFILID: 058
TARRAT: B
HYFNERLT:

T oA a8

Fro{Ver  TFye{24{7
¥pert Carba-R 1 In Witro Diagnostic

TARBLTHITHR
TR [+ T

SPC 325 168 Hied PASS

IMP4 271 206 FOS PASS

VM 0.0 o MEG PASS

NDM 0.0 o MEG PASS

KPC 0.0 o MEG PASS

OXAdE 0.0 2 MEG PASS

I genexpert

iR =T B 8 R e 15/07/21 15:03:44
fiE FEARE": 181011 TR 15/07/21 15:51:56
SW/S—32 46 WEUTIES: 805849

H—k U SING 341509970 T 31— SN 651454

HEOY MID™ 02501 TU 1A Al

=35

For In \itro Diagnostic Use Only.

GeneXpert® Dx System /T—J 3 48 112 R—5

* If the probe check passed, the error is caused by a system component failure.
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