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Clinical sequencing

Three key dimensions :

© Genome Breadth: The
fraction of the genome
that is interrogated

© Subjects: The number of
participants used in a
study

© Clinical Data: The
amount of clinical data
associated with the
Individuals
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Biesecker et al 2009, Genome Research 19:1665-74
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The Simplest Sequencing Process

G/Library prep (~ 6 hrs) e Fragmin DNA

e Repair ends / Add A overhang
e ; 1000°’s M l
— DNA! Ligate adapters

)

\ 452 K Select ligated DNA

]

- 1-8 samples Extend hyblridized oligos

i !’ Perform bridge amplification

J

Automated Cluster Generation (~ 5 hrs) Hybridize to flow cell j
~/

\

Sequencing (~ 1-8 days) (" perform sequencing on forward strand )

Re-generate reverse strand

— 1-16 samples _l
\_ Perform sequencing on reverse strand/
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Preparing libraries
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Purifying Libraries

CACACTCTTTOCCTACACGACGC TCTTCCGATC
Ea e LW

VOVVTRT SESBRESERERG SIS PEP,
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1st tailed PCR primer l > o

Limited PCR

Gel slice
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PCR free modifications

© Short Y adapter is replaced with a longer adapter

© Adapter primer dimers after ligation are removed by SPRI or
Sephadex beads

© Library containing DNA fragments (ligated, partially ligated and non-
ligated) is introduced into flow cells

© Bridge amplification is performed on the library
— Non-ligated DNA products do not bind to the flow cell
— Partially ligated products bind but do not amplify
— Ligated products bind and bridge amplify

© Cluster size is dependent on sequence content

© Algorithms detect all clusters with equal efficiency
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Flow Cell

8 channels

Surface of flow cell
coated with alawn
of oligo pairs

20
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CPSTTTTTTTTTITAATGATACGGCGACCACCGAGAUCTACAC-Y
LPSSTTITTTTTTITCAAGCAGAAGACGGCATACGAGoxoAT-3"

|

Simplified
workflow

© Clustersin a
contained
environment
(no need for
clean rooms)

® Sequencing
performed in
the flow cell
on the
clusters

Clinical sequencing / Seq process / Seq methods / Costs / Seq at low depth / Medm depth /Targeted / Whole genomes / Metagenomes

CITATT "'TM"JJ'"M‘ TTOATL "!";'J IT N') A -“r YM{‘A’N TGTAYGAATTO YW‘ATTWL TI AT 3G TACCGYGOAAD ’M)\' (AT ‘A"Im CAGTAACACAGTY "}
ACTAR . AL (CANCOTACCOTAAOAYIRCT) $3"’ UC T A A AT AT TOAACY «‘i‘l’rrv\mw AT NJ:A
¢ AALE tht CAAEST CAZAC Th : ACCIACE ARG AT

A‘&-_I'\f‘ STTAAOS TTAAGAT TACTY QAT GOA
GIAACAL AACET TANG

ATCATTASIAT *raqno\
AUACACTICTSTTRACS

HHlumina

e B0
Pt 24



Cluster generation




PCR free workflow
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Reverse transcription in flow cell

| 1. RNA
<

] e ] W 2. Fragment

I 3. Repair

bod ] 4. Ligate RNA adapters
&

[ — 5. Remove free adapters
(S —
E—— and adapter-adapter

di
o Imers

6. Introduce into flow cells
7. Reverse transcribe

8. Bridge amplify
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The Simplest Sequencing Process

G/Library prep (~ 6 hrs) e Fragmi]t DNA N
, Repair ends / Add A overhan
— 1000’s M P ’
e \;““/' DNA! Ligate adapters
\ B EFPEY K Select ligated DNA //
Automated Cluster Generation (= 5 hrs) Hybridizelto flow cell )
- 1-8 samples Extend hyblridized oligos
d !’ Perform bridge amplification
/
Sequencing (~ 1-8 days) (" perform sequencing on forward strand\\

Re-generate reverse strand

2 1-16 samples l
\_ Perform sequencing on reverse strand/
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Sequencing Forward Strand

Hybridize
sequencing

o primer

—

Terminator and

Add 4 FI- == [ncorporated fluorescent dye

. pllTp’s + EI-NTPCijS are cleaved from
olymerase Image the FI-NTP
‘X 25 -- 150
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Sequencing with Paired Ends

—

-

Reference This is really the best way to do sequencing
_ Paired end reads
Slngle-reads This is Compressed paired ends
\ / = insertion
IS really |
—\/— Normal paired ends
really tr
i w paired end
= deletion
sequencing
Paired-reads This is (------ 26 characters------- ) sequencing

Assembly becomes easier!!
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Paired End Sequencing

©® Sequenced strand
IS stripped off

New strand

© 3’-ends of
template strands
and lawn primers
are unblocked
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Paired End Sequencing

©® Bridges are
linearized and
the original
forward template
IS cleaved off

Original
forward
strand

.
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Paired End Sequencing

© Free 3’ ends of Reverse
the reverse t;ﬁ:gl”a‘ie
template and lawn
primers are
blocked to prevent
unwanted DNA
priming
R AP P
t M i 17 ifL &3 ¥
/% 1/t X
i LY & iy L
tE §./3 - g 8
P L & g 728 P’
: 3 :
p* & )2 )

Clinical sequencing / Seq process / Seq methods / Costs / Seq at low depth / Medm depth / Targeted / Whole genomes / Metagenomes

e | B e | | ; llumina



Sequencing Reverse Strand

Hybridize
sequencing

o primer

—

Terminator and

Add 4 FI- == [ncorporated fluorescent dye

. pllTp’s + EI-NTPCijS are cleaved from
olymerase Image the FI-NTP
‘X 25 -- 150
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Genome Analyzer imaging

3-4.5 TB/run

640,000 images x 7 MB/image

75-100 x 2 bases

4 images/base

1940 x 2048 (3.97 MPixels)

8 channels/flow cell
2 columns/channel
55 tiles/column
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Data Analysis

Images intensities base calls
Lane Tile ¥ Cyce 1-ACGT Cycle2-ACGT B 5 1_0007_seq.txt - WordPad
5 |12 | 524 | 1560 | 4831 3BE.9 3626.7 2350.4| 1856 122.3 360.4 078 Fie Edit View Insert Format Hep
5 (12| 773 | 395 | 855 1130232705 11550 | 156.3 166.9 113.5 909.6 M o2
whEH &S @ B
& (12| 165 | 786 | 12438 744 458 67.4 | 104 GUZE 403 447 |
4 { il 7 S 1GRACAAGCATAT
5 (12| sa | 680 3.6 S05.7 1918.1 850.3 1 7 e
s |12 | 107 | 1207 25OG B 2.6 710.5 E15.1 5121 1 7 6OG B |GATCATGTTTTC
—1 i 1 7 |CCTGCCTCRGCCT
5 (12 1078 | 456 | —soer—werer—rme—m——30.4 41 649 1102.9 1 7 S i ——
§ [12| 887 | 356 | TA%4 4864 422 3050 | 230.3 BOLE 634 204 1 7 155 544  TTATCTGCRTCCGGT(
5 (12| 642 1788 | 632 54.3 G617 5957 | L5 0G0 549 3854 1 3 igé ?87, ﬁggﬁg;géﬁggﬁ;
| | { + N ouUo
5 (12| 589 | 314 | =455 5332 452 SE1.0 | 2609 560.9 130 784 1 7 242 522  TAACTAATATACAGE!
§ |42 | 238 | 103 | 3720 BZE 167 705 | 504 694 15413849 1 7 156 522  TGTCACRGGAGGGRA(
1 ! ! ! 1 7 237 612  TTGCTGCRAGCTCAGE
5 12| 347 | 1792 | 343.8 TOG.0 10B.4 BIBS | TRLE 438 121.61882.2 1 - 160 528 TCTGATTTTTACACAC
§ (12| 807 | 1114 6389 638 BZRIVIGE0 | 10744 TIAT 395 294 1 7 164 543  TCTCAGAGRAACGTGC

Detecting clusters
Measuring the color
for each cluster
... for every cycle

Clinical sequencing / Seq process / Seq methods / Costs / Seq at low depth / Medm depth / Targeted / Whole genomes / Metagenomes

20 lumina



Data Analysis
A simple, familiar workflow

HiSeq CONTROL CASAVA VISUALIZATION
SOFTWARE
Alignments, GenomeStudio, or
Base calls variations, builds favorite browser
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Alignment to reference

TGCGTAAGGCTAGGTTCATGCTAAGGTTCGAA
A GCGTAAGGCTAGGTTCATGCTAAGGTTCGAA
AT CGTAAGGCTAGGTTCATGCTAAGGTTCGAA
ATG GTAAGGCTAGGTTCATGCTAAGGTTCGAA
ATGC TAAGGCTAGGTTCATGCTAAGGTTCGAA
ATGCG AAGGCTAGGTTCATGCTAAGGTTCGAA

ATGCGT AGGCTAGGTTCATGCTAAGGTTCGAA
ATGCGTA GCTAGGTTCATGCTAAGGTTCGAA
ATGCGTAA CTAGGTTCATGCTAAGGTTCGAA

ATGCGTAAGGCTA - - TTCATGCTAAGGTTCGAA

-, 4R

Reads

Aligned
to reference

Read depth
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AN

CASAVA - software to determine variation

MrrrrrFrer ol SN s foar calfll clrornosormre s

e e e B

%
;
&
A |B|c|D]|E] F | G | H | | K L ZII
1 #position A C G T modified_call total used score reference type —
2 18260646 0 34 0 O C 36 34 112.79 T SNP_diff
'3 /18261869 0 0 13 O G 13 13 41.19 T SNP_diff
4 |18262422 0 0 9 26 TG 40 35 B82.78:28.20 T SNP_het1
5 |18262476 12 0 0 37 TA 54 49 104.98:36.99 T SNP_het1
6 |18262664 0 31 0 16 CT 50 A7 94 .33:63.20 C SNP_het1
7 18263563 0 0 36 0 G 42 36 128.39 C SNP_diff
£ 18264404 0 0 28 0O G 30 28 83.48 T SNP_diff
o ART7 20 N NN A 24 an Q& 7a ~ QKID AifF T
M4 4 ¢ Mc15Ffasn Til Llj_‘
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_‘ Genome Sequencing Methods

A. Sequence
whole genome

Fragment genome

Ligate adapters,
Cluster &

Sequence H

Deletions

e BEGCTGGEOA,
SEAGGETGGCA.,,
GGEAGGCTGGCA,. .
GAGGCTGGECA. .
AGGCTGGECA,...
GGCTGGCA. .
GOTGECA,

[
Faint mutations

AWOSONOEHD

-
Copy number
| = variations
Read depth

Sequence a fraction of the genome

Ligate adapters,

B. PCR - C. Clone
Long PCR
—=———|
= BAC/YAC
o S — |
= S ——T
— . ]

Cluster &
Sequence

Cluster &
Sequence

Ligate adapters,

GUGGERATTTTTCGAATGCCGTTCCA
GOEGGATTTTTCEAATGOCGTTOOA
GUGGEATTTTTCGAATGCOGTTCCA
GUEGEEATTTTACGAATECCGTTOCA
GUGGEGATTTTACGAATGOCGETTOCA
GCGGEATTTTTCGAATGCCGTTCCA
GUGGGATTTTACGAATEOCGTTCCA
GCGGGATTTTTCGAATGCCGETTCCA
GUGGEATTTTTOGAATGCCETTCOA
GUGEEATTTTTOEAATGOCGTTOOA
GUGGEEATTTTACGAATGCCGTTCCA
GUGGEEATTTTACGAATGOCGTTOOA
GOGGGATTTTACGAATGOCGTTCCA
GUGGEEATTTTTCGAATGCCGTTCCA
GURGEEEATTTTTOEAAT GUCGETTOCA
GUGGEATTTTACGAATGCCGTTCCA

D. Hybridization

Selection
PLLLTL
Oligo arrays
Solid Solution
phase phase
Hybridize Release
to gDNA array oligos
fragments
Hybridize
Wash to gDNA
Release
bound gDNA
Amplify Amplify

Ligate adapters,
Cluster &
Sequence

E. Reduced
Representation

Wh,

Ligate adapters,
Cluster &
Sequence

e AGGCTGGCA,,
LEAGGGETGEEON,
GEAGGCTEGCA..,
GAGGETTGGCA..
AGGCTGEGCA...
GGCTGGCA. .
GOTGGCA...

F. Sequence
transcriptome

N

Fragment RNA
iy

—

Convert to cDNA
with random primers

Ligate adapters,
Cluster &
Sequence

o MGGCTGGA.
SJEAGGCTGGOA.,
GEAGGCTGGCA,.,
GAGGCTGGECA. .
AGGCTEGECA...
GGCTGGECA. .
GCTGGEOA.

-
&
~
~
-
1 -
h &
\ .
T

Clinical sequencing / Seq process / Seq methods / Costs / Seq at low depth / Medm depth / Targeted / Whole genomes / Metagenomes

24

llumina




Sequencing genomes on HiSeqg 2000

Target size  Sequencing No. of Cost/sample Cost/sample

depth samples/ FC  (Seq only, (Cluster +
2x100) Seq, 2x100)

Aneuploidy 3 Gb 0.3 X ~ 100 €50 € 85
CNV 3 Gb 1-3 X ~10-30 €170-500 € 280-850
GWAS 3 Mb 30(-50) x ~ 1000 €5 €9
Exome 30 Mb 30(-50) x ~ 100 € 50 € 85
SNV 3 Gb 6 X ~5

discovery € 1000 € 850
SNV/SNP 3 Gb 30x ~1

validation € 5000 € 8500

Excludes cost of sample prep.
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Sequencing Hu genomes at 0.1-0.3x (€ 100/sample)

s yu¥s_EmEm =

One X and one Y chromosome

Normalized chromosome count

1234567891011121314151617181920212223Y

Chromosome

. 75 bpreads at 0.1 x

human genome
coverage

Reads map at approx. 1
read every 1 kb

. Add reads for each

chromosome

Divide total reads with
chromosome length

Determine chromosome
count
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Sequencing Hu genomes at 0.1-0.3x (€ 100/sample)

* 1. 75 bp reads at 0.1 x

human genome
— coverage

2. Reads map at approx. 1

Trisomy 21 B read every 1 kb
3. Add reads for each
s yu¥s_EmEs mm chromosome
4. Divide total reads with
- n chromosome length

5. Determine chromosome
count

Normalized chromosome count

123456789101112131415161718192021|)2223Y

Chromosome
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Prenatal aneuploidy by low depth sequencing

Noninvasive prenatal diagnosis of fetal chromosomal
aneuploidy by massively parallel genomic sequencing
of DNA in maternal plasma

Rossa W. K. Chiu®, K. C. Allen Chan=*, Yuan Gao~4, Virginia Y. M. Lau~*, Wenli Zheng**, Tak Y. Leung®,

Chris H. F. Foo®, Bin Xies, Nancy B. Y. Tsui*®, Fiona M. F. Lun®t, Banny C. Y. Zeef, Tze K. Lau*, Charles R. Cantors!,

and Y. M. Dennis Lo=="

*Cantra for Resaardh into Oroulating Fetal Nudsk Acds, Ui Ka Shing Instriuts of Health Sciences, Departmants of *Chemacl Fathology and =Obstetnics and

Gynaocology, and 'WCondra for Clinkcal Trials, The Chiness Uniarsity of Hang Kong, Shatin, Now Terrtories, Hong Kong S48, China; ©Carter for the Study of
Eicdagical Compleatty and dDepartmant of Computor Stonca, Virginta Commamwsaith Lnkvorsity, Ridimond, VA 23284 and S5equanom, Inc, San Diaga, CA
52131

PN A

—“Sequencing is the clear way to
do non-invasive prenatal testing.
... existing noninvasive Down

DNA
syndrome tests are not very 1

informative and provide variable
results depending on the ethnicity

of those taking the test.” )} (( ” (( “

Sequence

Noninvasive diagnosis of fetal aneuploidy by shotgun 1
sequencing DNA from maternal blood o Zv! b
H. Christina Fan®, Yair J. Blumenfeld®, Usha Chitkara*, Louanne Hudgins®, and Stephen R. Quake*¥ k i )- ) I ‘ " ! ? ‘

*Dapartment of EBoanginearing, Stanfond Universty and Howard Hughss Medical instituts, 218 Campus Drive, Clark Centar, Room £300, Stanford, 8
=8 5430%; *Dhvision of Maternal Fotal Modidne, Dapartmant of Obstetrics amd Gynecology, Stanford Unkarsity, 300 Pastour Driva, Aoom HE333, Stanfom, Ca
9430%; and *Divizsion of Medicsl Genatics, Dapartmant of Podiatrics, Standoed Univarsity, 300 Pastour Drive, Stanford, CA 34305

.

Non-invasive prenatal diagnosis by “ ” “ ‘“( {,.“.' “
single molecule counting technologies 3¢ 13 tat | 38 } '

Rossa W.IK. Chiu'?, Charles R, Cantor® and ¥.M. Dennis Lo’
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Sequencing whole genomes with paired-ends

- ———

GATCGGTTGCGATTCGG ATCGGTGGGACTGGG

Read spanning a translocation

Paired end reads

Compressed paired ends
\ / = insertion
—\/— Normal paired ends
w paired end

= deletion

Short-insert or long-insert
paired end reads provide
more information on
structural variation
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Sequencing Hu genomes at 1-3x (€ 850/sample)

S (5 W 1. 75 bpreads at 1 x human

ey — Ly ey | ., 1 genome coverage

2. Reads map at approx. 1
read every 100 bp

§ CNV
5 3. Average reads per 1 kb
3 region
)
o
Chromosome 1 4. Ratio of avg reads for

Sample 1 and 2

Sample 1 5. Plot average read ratio
across chromosomes

Sample 2

Ratio of
reads/kb

6. Determine copy number

Chromosome 22 variations
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CNVs in cancer cell lines with 1x sequencing depth

MCF7

ZR-75-1

T47D

BT474

MDA-MB-231

MDA-MB-468

BT20

MCF10A

Kvgbasecoverage  Avohasecoversge  Avphesecowrage  Avohasecoversge  Avolasscoverge  Avobasecoverage  Avase coverage

Ky bise coverage

L=

= O

11616 .00

o1 S dna lanse1 - Mormal O pod="1 51 KB

BCAS3

o = e

o1 S dna lane2 - Mormal O pol="1 51 KB

o1 S cdmna lane3S - Mormal  C1 poed=1 561 KB

B e e R R Y

> D574 00

hg1S dns lsamned - PMRMormasal O pocl=1 51 KB

B2

o1 S dna lanesS - Mormal O pol="1 51 KB

o1 S dna lanes - Mormal O pol="1 51 KB

o1 S cdna lane? - Mormal  C1 ped=1 51 B

N ST TS ¥ - -

hg1S dns l\amamneS - Mormal O pocl=1 51 KB

-
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CNV by medium depth sequencing

NCI-H2171:Chromosome 11

¢ | - Sem

SNV

127

Solexa

Est copy number (x haploid)
N

SN,

M.I'”H .

I T T T T
O 20 40 60 80 100 120 140

Genomic location (Mb)
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CNV and fusion gene

b Fusion gene

MNCI-H2171:Chr 12

8- 11 . .

e T :I'_."“

861 . et T

2 4_-—I-I—El‘—_' .t f._-.:'-"

> /7 - w o

g . -

» 8 27 <= CACNAZD4

D_I T :/: T T 1
1.50 175" " 2.00 2.25 2.50

\ Genomic location (Mb)

Chr 2 (+ strand)

CACNA2D4 28084744 WDR43
Exon 36 1775177 Intron 3

>

CACNAZ2D4-WDR43 fusion gene

5 of CACNA2D4 is
amplified

Paired-end reads show
break in exon 36 of
CACNAZ2D4 fusing into
Intron 3 of WDR43

Resulting in a fusion
transcript with a shortened
exon 36 from CACNA2DA4.

Campbell 2008
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CNV and inversion

d Inverted duplicati ' ication i
nverted duplication © An inverted duplication in

NCI-H2171:Chr 17 - chromosome 17 by localized

= 4 - :
2,] il Increase in copy number.
=] T © Two paired-end reads
S o e spanned both inverted
50 51 52 53 54 55 56 breakp0|nts
Genomic location (Mb)
Paired read 1 Paired read 2
H—a .

54692994 53161366
53155288 53127640

IR NI

PRR11 |SEPT4
THIMS? / TEX14 / \ MKS1, LPO & MPO
RAD51C MRPS23 VEZF1& SFRS1

Campbell 2008
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SNPs by pooled genome sequencing

March 2008 | volume & | number 3

nature methods

wiew,nature,com/naturemethods Techmiques for life sciontists and chemists

-~ Ik D

SNP discovery and allele frequency estimation by deep
sequencing of reduced representation libraries

Curtis ¥ Van Tassel", Timothy P L Smith?, Lakshmi K Matukumalk'?, Jeremy F Taylor®, Rabert D Schnabel,
Conthia Tavler Lawley', Christizn [ Haudenschild, Stephen § Moore®, Wesley © Warren” & Tad § Huns1<ga:d'

DNA digestion, fractionation, and

size selection '

ninaturemethed s

W Resolving RNZ
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SNP Frequencies from Reduced Representation
Libraries

Each colour
represents a
read from a
different
genome. Base
frequencies will
Indicate SNPs.
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Targeted sequencing by Solid Phase Capture of all Exons

Targeted capture

(F t DNA ———

ragmen = —

L Sonication or nebulization ‘/:{—/:/‘)

. .

Repair ends i

\Blunt, phosphorylate. )
Ligate linkers (for PCR)

\Blunt, phosphorylate, add A-overhang )

) e 2 .

Hybridize to Nimblegen arrays, wash, k ‘[/ ‘( E’{

(_elute, lyophilized and amplified by PCR

Vs

3

Repair & add A-overhang

A4

3

Vs

.

Ligate

lllumina adapters

G

p
Grow clusters and sequence

J

4 )
Target sequence
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Genome-wide in situ exon capture for selective
resequencing
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Sequencing a fraction of the genome

.-:,} Agilent Technologies
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Exome capture in diagnosis

@ Unanticipated genetic diagnosis

— congenital chloride diarrhea with a suspected diagnosis of Bartter
syndrome, arenal salt-wasting disease.

— Homozygous in SLC26A3 (known congenital chloride diarrhea
locus).

— 5 additional patients suspected to have Bartter syndrome had

mutations in SLC26A3.
A

*
Reference P L NI EVPKTISILMHESULTIULDUDUTFSAV S F LDV S S VR RGLK
GIT 264-1 P L NI EV P K I S LBH S ULTIULNTFSAV S PF LDV S S VR RGHULK

Sense 5’ -CCTCTCAACATTGAGGTCCCCAAAATCAGCCTCCACAGCCTCATTCTCGACTTTTCAGCAGTGTCCTTTCTTGATGTTTCTTCAGTGAGGGGCCTTAAA -3’
Antisense 3’ 3
3’ ~GGAGCGTTGTAACTCCAGGGGTTTTAGTCGGAGGTGTCGGAGTAAGAGTT-5"
3’ =GTTGTAACTCCAGGGTTTTTAGTCGGAGGTG GAGTAAGAGTTGAAAA~S"
3 ~ARCTCCAGGGTTTTTOGTCOGAGGGGTCGGAGTARGAGTTGAAAAGTCGT -5
5'=-ctecaggggttttagteggaggtgteggagtaagagttgaaaagregtea=-3/
3! =CCAGGGGTTTTAGTCGGAGG TG TCGGAGTAAGAGTTGAAAAGTCGTCACA-S"
5’ ~ggggttttagtcggaggtygtcggagtaagagttgaaaagtcgtcacagga~-3/
Glyosylate -~ e Glycirm 3’ «TTTTTGGTGGGAGGTGTCGGAGTAAGAGT TGAAAAGTCGTCACAGGAAAG~5"
3 ~TTTAGTCGGAGGTGTCGGAGTAAGAGTTGAAAAGTCGTCACAGGAAAGAA -5
3! =GTCGGAGGCGTCGGAGTAAGAGT TGAAARGTCGTCACAGGAARGAACTAC-5"
5’ -cggaggtgtcggagtaagagttgaaaagtecgtcacaggaaagaactacaa-3’
3’ ~GGGGGGGTCGGAGTAAGAGT TGAAAAGTCGTCACAGGAAAGAACTACAAA-S"
5' -gaggtgtcggagtaagagatgassagtecgtcacaggasagaactacaaag=-3’
3 ~GGGTCGGAGTAAGAGTTCGAAAAGTCGTCACAGGAARGAACTACAAAGAAG-5"
5 -tcggagtaagagttgassagtogtcacaggaaagaactacaaagaagtca-3'
3 ~GAGTAAGAGTAGAAAAGTCGTCACAGGAAAGAACTACAAAGAAGTCACTC -5
5' =agagttgaaaagtcgtcacaggaaagaactacaaagaagtcacteccegg=3’
3* -GTTGAAAAGTCGTCACAGGAMGAACTACAAAGAAGT CACTCCCCGGAAT -5
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Targeted sequencing

© Familial breast cancer

— TP53, BRCA1, and BRCA2 mutations in established tumour cell lines and DNA from patients with
germline mutations. All of the known pathogenic mutations were identified ... clonal sequencing
outperforms current diagnostic methods.

© Resistant tumors

— Mutations in MEK1, novel mechanisms of resistance, important clinical implications

© Cancer-related exome subset

©® Joubert syndrome 2

— Neurological, psychomotor retardation. Mutation in the TMEM216 gene. Hetero- non-symptomatic.

© Hereditary poikiloderma

— Homozygous A>C mismatch in intron 4 of C160rf57 gene. (unknown function)

© Freeman-Sheldon syndrome

— Autosomal dominant

© Neanderthal genome
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De novo assemblies

Recent human-to-poultry host jump, adaptation,
and pandemic spread of Staphylococcus aureus
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Robyn A Cartwright®, &. John Simpson”. Andrew Eambaut®, Ulrich Mibsl®, and ). Ross Fizgerald™
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oa e giobal beolior hicken Industry. Ham, We provide videncs
that tha majoetty of 5. awees kolgtos from brodler chickens 2 the
dascendams of a siagls eman-to-pouliny host jumgp that ooosred
appronimataly 38 year ago (range. 30 to &3 years ago) By a
subitypa of the wosldwida heman 5TS clonal liseags unique to
Foland. s contraet 40 human subtypes of the STE mdiation, wiich
damonstrate sirong geographic dustsriag, e posiry 5TS clade
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maistance 1o kilng by chickan hetarophis, rdlecting avian host-
adaptiem eeciution. Takan togeiber. we Bawa deiemingd the
avolutionary history of & majer sew animal pathogan hat Bas
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Incresee: in ncidesce of BOD among chickess: are unknowa.
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s, we carrizd oul muhl-locus sequence cyping (MIST) of 57
K murewr bolmes, including 48 kolmes [rom b2aihy and diesed
LIII1.r1'I in B copnries on 4 cominen olaied in the pas 54
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© Mutations with enhanced
resistance to killing by
chicken heterophils,
reflecting avian host
adaptive evolution.
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Sequencing whole genomes

Accurate whole human genome

sequencing using reversible terminator
chemistry

At ol gthars and e sHliliaticns sepman ot the end of e papsr

The diploid genome sequence of an Asian
individual
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DNA sequencing of a cytogenetically
normal acute myeloid leukaemia genome
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Homozygous deletion by paired-end sequencing

Z2Kb
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Heterozygous deletion by paired-end sequencing
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Complex landscapes of somatic
rearrangement in human breast cancer
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Metagenomics

A human gut microbial gene catalogue
established by metagenomic sequencing

Metagenomic study of the oral ——
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Human genome

Metagenome
90%

Clinical sequencing / Seq process / Seq methods / Costs / Seq at low depth / Medm depth / Targeted / Whole genomes / Metagenomes

= lumina



Summary

® The decrease in cost of sequencing has revolutionized
genomics

© Aneuploidy at higher sensitivity and lower cost than any
existing technology

© Copy number variations without any prior assumptions,
with higher resolution and sensitivity and lower cost than
CGH arrays

© Discovery of SNVs, indels, structural variation in either a
fraction of the genome (by targeted sequencing) or in the
whole genome at surprisingly low cost (from $1,000 to
$10,000/sample)
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