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Genetics

e Genomics — Human Genome Project
NGS Technologies

e Different Techniques

e Challenges of Interpretation
Human Variation
Precision Medicine and Tumour Analysis

e Targeted Sequencing

e Paradigm Shift — A Molecular Taxonomy
Bioinformatics — A Helping Hand




Genetics Timeline

= 1866 G J Mendel discovered ‘unit’ that
conveyed information to offspring

= 1869 Johann Friedrich Miescher isolates
nuclein (unknown function)

= Chromosome Theory (Sutton 1903) Genes lie
on chromosomes.

= All DNA identical — Proteins were considered
the genetic material due to their highly variable
polymeric nature.
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Genetics Timeline (2)

= Griffith et al. (1928) Transforming principle
(nuclein) could be transferred to viable non-virulent
bacteria

= QOswald Avery (1944) Substance from virulent
strain could transform non-virulent bacteria

= Hersey & Chase (1952) The active component
of the bacteriophage that transmits the infective
characteristic is the DNA. There is a clear
correlation between DNA and genetic information.
= Erwin Chargaff (1949) DNA composition
species-specific (A=T,; G=C)

= Watson & Crick (1953) Molecular structure of
DNA
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DNA — Genetic Blueprint

= Deoxyribonucleic acid (DNA)
= Located in the nucleus
= Wrapped up in structures called chromosomes

= Humans have 46 chromosomes (23 pairs in every cell)
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What's a Chromosome?

= A chromosome is DNA, which contains many genes,
regulatory elements and other nucleotide sequences

= Cells may contain more than one type of chromosome (e.g.
mitochondrial DNA, chloroplastin)

* In eukaryotes, nuclear chromosomes are packaged by
proteins into a condensed structure called chromatin.
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What's a Gene?

= A gene is a stretch of DNA
whose sequence
determines the structure
and function of a specific
functional molecule
(usually a protein)

= Not all the DNA codes for
proteins

= 20,441 protein-coding
genes in the human
genome
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Pedigrees Reveal the Inheritance of Genes
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What's a Genome?

= Genome - All of the DNA for an organism
= Human Genome
* Nucleus - 3.1 billion base pairs packaged into chromosomes

e Mitochondria - 16,569 base pairs packaged in one circular
chromosome

= Each cell:
e 46 chromosomes
« 2mDNA
= Just 20,441 genes (just a bit more than Drosophila)
= Uneven gene density across chromosomes
= Hundreds of bacterial genes (horizontal transfer)
= Scores of genes acquired throughout transposable elements
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Human Genome Project

Chromosome (1 B I HEH Eibbdainl

Overlapping BACs

Tiling set m—

4-5 x shotgun sequence
& computer assembly

I ___ _____
........ TAGCTGTGTACGATGATC..........
4-5 x more shotgun

Problem solving
I.e. “Finishing”
Finished sequence

H EE P 24

354,510

29,298

Draft sequence

~15 contigs per clone

1 contig

less than one
error in 10,000
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Reading the Genome

TAGTCGAGGCTTTAGATCCGATGAGGCTTTAGAGACAG

AGTCGAG CTTTAGA CGATGAG CTTTAGA
GTCGGG TTAGATC  ATGAGGC GAGACAG

TAGTCGA TCTAGAT GAGCCT  GAGACAG
GAGGCTT GATCCGA GGCTTTAGA
GGCTTTA ATCCGAT TTAGAG

AGATCCGATGAG

TAGT AL - —-_- - . GACA ACAG
@) ¢ @)

TAGTCGAG GAGGCTTTAGA AJAGACAG
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Key Metrics for an Assembly

Metric Description Example
“Larger is better”
N50 N50 is the contig length such that using equal or N50 = 59.3 Mb

Number of contigs

Contig: a set of overlapping DNA
segments that together represent a
consensus region of DNA

% Reference
Coverage

longer contigs produces 50% of the bases of the
assembly.

“Lower is better”
As the number of contigs that can be placed into an
assembly decreases this number gets lower. In the
limit a completely assembled genome with zero gaps
would have 1 contig

“Closer to 100% is better”
% Reference Coverage means what % of total
bases in the genome were covered by at least one
read

Nr of contigs = 1,449

% Ref Coverage =
99.74%




Sequencing What?

Adapted from M Nowrousian (2010) Cell 9:1300

n ; :
e — resequencing  exome Hi-C ChIP-Seq RNA-Seq
sequencing
~assembly - mapping - mapping mapping ~mapping
| | | I
ann_otla.ﬁon.-  detection of SNPs/ - 3D recon- detection of splice site detection/
indels/other variants ~struction “binding sites transcript assembly
|
J J\ quantification
M M ’
genome . chromatin transcriptome
phylogeny/evolution/ecology/ genome organization genome activity
individual genetic differences
e gene content/non-coding regions e 3D genome architecture e interactions between nucleic
e biochemical potential e interactions between nucleic acids and proteins
e phylogenetic trees acids and proteins e transcript abundance
e horizontal gene transfer e co-regulated pathways
e environmental distribution e co-regulated gene clusters
(metagenomics) e molecular phenotypes

e biodiversity
(metagenomics)

e genome variability (SNPs,
indels, structural variants)

e association studies/QTL analysis

e detection of mutations
e 1000 genome projects
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Whose Genome was Sequenced?

IHGSC. Nature (2001) 409 860-921

Primary Assembly: Bases by Library

The human genome reference sequence does not represent an exact match for
any one person's genome (composed of DNA from anonymous individuals
across different racial and ethnic groups).




Human Genome — Assemblies

NCBI35
NCBI36

) S 2
(_JJ‘(_/ J_x“/

GRCh38
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Current Status — GRCh38

r'y

™
-

-

'y

3

AR

4 Region containing alternate loci
@ Region containing fix patches
@ Region containing novel patches

>96% (99.999% accurate)
30-40% repetitive elements
(e.g. Alu repeats)

About 8,000 nucleotides changed
from GRCh37 (but still 349 gaps)

All known genes, correctly
identified (99.74%)

Assembled draft sequence totals 3.4GB
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Exponential Advancements in Sequencing Technology

1000 -

~
o)
o . .
X Next-generation sequencing
— _ (short reads, massively parallel)
S
o
o
8 2004: 454 GS-20 sequencer
launched
(o))
C -
o 2007: lllumina® GA
GC) \ 3 sequencer introduced
=) .
o Sanger sequencing 2007: Applied Biosystems®
% (long fragments, automated base calls) SOLID® System
ey . 1986: Applied Biosystems® 2010: lon PGM™ System
== Manual base calling 370A Sequencer
(using gels)
1998: Applied Biosystems®
PRISM 3700 DNA Analyzer
0
1950 1975 2000 2025
Year
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Data Analysis — Basecalling

Sanger Sequencing High Throughput Sequencing

= The basecalling results from the = The basecalling is done for each
signal from the entire population molecule, clonally amplified
of molecules

azTo0 43710
1 1

\L ,ru \ /\ 'U’\ \f\f\u{\\# }\f \
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Building a Digital Consensus?

Reads do not share the
same start or end point

GGCGAGCGCCGGTCGTACCTCTGTGCGTCAC ..but here we know
all bases of each

read, not just the last
one

...S0 we can align all
reads to a reference
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Digital Consensus Generation
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An NGS consensus is generated bioinformatically aligning reads to the
reference and counting all reads that cover each base position

ThermoFisher
SCIENTIFIC



Sanger vs NGS

Sanger or capillary sequencing
= Dominant for last ~40 years
= 1,000 bp longest read
= Based on primers so not good for repetitive or SNPs sites

Next Generation Sequencing
= Shorter reads, 36 to 400-600* bp
= Higher throughput
= Cheaper cost per Mb
= Single molecule sequencing (no cloning step)
= More DNA sequenced since January 2008 than all previous years

PacBio® RS Il reads can exceed 10,000 bp, with 5,000 average
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Deep Seguencing

C y AL o C T CC
C Alalc G CTCC
C ;c;c G CTOCC
: . C VA C L C T C C
= When minor allele representation |¢ alc A6 CTCC
is reduced, CE cannot call the C Licic »cc1ce
SNP C Alclc AG CT CC
: c ~lclc G CTCC
= Here a higher number of calclcaccrcc
. C L C o C T CC

measurement (deep sequencing) =
: . ) C y C ., C G C T C C
helps to build more confidence in  |c alcle 2 ¢ ¢ T ¢ ¢
c ~lclc G CTCC
the call C Alclc A G cTCC

. . | ¢ |
= With 1,000 reads on a single cisis eIt
T c ~ciclc a6 cT cCc
p05|t_|on we collect enou_gh —
confidence to call the minor allele € 2lclc ~ ¢ ¢ T € ¢
c »lclc L CT CC
C C C L C T CC
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Leaping into the new generation

454 [llumina, SOLID, lon Torrent, Pacific Biosciences...
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@ NGS - Sanger Confirmation

Variant Affects Sample
rs 1047979 uwyz2 sampleib
rs1047801 GJAAG samplelb
rs1047802 premoter for TYU2 samplelh
rs 1048687 YULIS sampleib
rs1049792 NLSZ11 samplatb
rs1057292 inhibitor for ACCP3 samplelb
rs1069202 HVLP samplaib
rs107102% no assoclation sampleth
rs1077922 ERTS2 samplatb
rs 1081104 CLiB44 samplelb
rs1107923 PKK4 samplaib
rs1148922 DHWD sampleib

Summary
lon NGS

Sanger CE

rs1048687 x
Chromosome 6

€ | )
34868639 34868786
Summary see full details
NCBI AGTGCGRATGTGT ARG
NGS
Sanger
NCBI
NGS
Sanger
Details
NGS ARG GCMG I;:
SGARGATTGCARAGCACTTGTRIGAGARTGCGCARGT GCARNTGT G AJ\GIEGAL}G-:

I “'MU | ﬂ




SNP Detected by NGS not Detected by Sanger

Coverage
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T :14 (25%, 10+, 4-)
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RefSeq genes

chr17:21144503

=V

—s = Zr

112M of 185M | i

HuRef (Craig Venter)

GRCh38

CCTGCAGC@TC GGGCCACCGTGAACTCATAGGAGCAGAAGCGGCTG
CCTGCAGCGGATCCGGGCCACCGTGAACTCACAGGAGCAGAAGCGGCTG
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NGS - Some Initial Remarks

= Number of bases equals to “intensity”
 More bases you sequence, the brighter the picture
* But there is a limit once the picture is “bright enough”

= Readlength is “resolution” or zoom factor

* Longer reads can see variations and haplotypes that cannot be
seen with a shorter readlength

» Paired-end/Mate-pair reads are like a “digital zoom”
* No change to fundamental zoom
« But, software can synthesize additional zoom, if well implemented

= Read accuracy is “sharpness”
 The more base errors, the more blurry the picture
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Sequencing Based on Natural Chemistry

W R S 80
. dNTP ?
|I|l| [ )
H+ 8
20
A pH ' -
é 201 2 31"4(535 6 7 8
AQ s -
— Flow g Wash
Add dNTPs that build lons get released when Sequence output is generated
the DNA sequence DNA bases are matched by the detection system

Nucleotides flow sequentially over lon semiconductor chip

* One sensor per well per sequencing reaction

Direct detection of natural DNA extension

Millions of sequencing reactions per chip
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lon Torrent™ Semiconductor Sequencing
Uses a process similar to that used in a digital camera

Digital camera chip lon Torrent™ sequencing chip

ey
l
.

\ 4

Covered in millions of pixels that Millions of wells covering those pixels that
convert light to digital information convert chemical into digital information
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Pyrosequencing

= Convergence of pyrosequencing and emulsion PCR

= Chemiluminescent detection of pyrophosphate released during polymerase-
mediated deoxynucleoside triphosphate (dNTP) incorporation

C Polymerase
~. G :
T{C/"T :
4
T  PPi .
T ) (Sulfurylase
ATP
Am.l;se _ : Luciferase
T 2

—
Bl T 4
i

1 —

-

TR AT

- et g
L0 2000 L0 RSB L LS D 1 0O

1. ol .
e e e it i s e -
.. ees € 01A LB £ e Lt "

KKey sequence = TCAG for signal calibration

M Margulies et al. (2005) doi: 10.1038/nature03959
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Sequencing based on Fluorescence

DNA

o
rTP.lGTp *\GTP
GTP AP Yy
I , “ore
—l I —
Sample Single molecule 58
preparation array Sequencing

1 2 3 4 5 6 7 8 9

P . " 7 ! £ L]

l‘q 5 el | CCTACGAT |
= g o g o
oF , op

Image acquisition Base calling

DR Bentley et al. (2008) doi: 10.1038/nature07517 )
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SBS — Cyclic Reversible Termination

| = ’
B 7 0
-
N PEN
o= P %&;‘“

G
z
] A T
3 c
§ G A ¢
g ol o @ [0 (o] [0 [&
|Il.|| |I| A I|II|[II
J Jingyue et al. (2006) doi: 10.1073/pnas.0609513103 )
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Single Molecule Sequencing — Long Reads

Hairpin
adaptors

Emission

lllumination

Fluorescence
intensity

t(s)

J Eid et al. (2009) doi:10.1126/science.1162986 .
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Sequencing with Nanopores

Current

TCTCCAGCCACTTAAGTGAGGTGATTTATGTTTGGTGCTATTGCT

E Check Hayden Nature doi:10.1038/nature.2012.10051
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Sequencing Data

CATGGGAAGA Sequence data
GCGGTTCAGC e Precise
AGGAATELCG * Fairly unbiased
AGACCGATAT

CGTATGCCGT Easy to QC

b bl il

Coverage depth

data

e (Can be biased
 Hard to know what's true




NGS Platforms

= Differ in design and chemistries
= Fundamentally related-

Clonal Reaction
sequencing of thousands to . . Amplfication Suwt
[ . e yrosequencing .
millions of clonally amplified Roche/454 —> SPCR — Luminescence-y
molecules in a massively parallel SR . o . e | Sinsioise
manner Life Tech/SOLID Conversion
. ro |
= Orders of magnitude more T oerton, | T PR > pHChange | ence
iInformation-will continue to evolve
. . . . Reversible Dye Terminators —» Cluster —» Fluorescence J
= Attractive for various applications llumina
— individual sequencing assays
costly and laborious- serial “gene
by gene” analysis.
ThermoFisher

SCIENTIFIC



NGS Application Examples

Inherited conditions

6T bp
|90 b i u.l\!.lllu e i 0!.I\J.IIH L] i 11.l|1iljn e i Il.lldi(lu "w 4, ll!r“ L1 i - IIG.‘IIIH bp 3
Tem
-
g
o c o
T
o o
TIBCT — - Ju
o = - Causative mutations for multigenic
. . - o o8 o diseases —superior to “one by one”
— — approach of traditional sequencing
o
Ui
0 g o
2
: Diagnostic advancements for
: — diseases with overlapping
- symptoms, multiple possible
syndromes/genes
o
-.J:}>".C.T.?.'>T.E”C-E“ "J.'IGIT!‘.T T 0 G A QO TTGCCT C 6 TO A G AOGO0OAOGCCCAOGOTOG G CC G TCCCOOOG
' S L G OGS O O O .
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Quality Control

Questions you should ask (yourself or your sequencing provider):

= Sequencing QC
« How much sequencing?
* What's the sequencing quality?
= Library QC
 What's the base profile across the reads?
* Is there an unexpected GC bias?
* Are there any library preparation contaminants?
= Post mapping QC
 What is the fragment length distribution? (for paired end)
* Is there an unexpected duplicate rate?
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The Sequence Alignment / Map

(SAM) format - SAM is text, BAM is binary

= Generic alignment format

= Supports short and long reads

Supports different sequencing platforms (colour space)
Flexible in style, compact in size,

= Efficient in random access
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Sequencing Output

FASTQ format

Example FASTQ record:

@06 _0016:6:1:5388:12733#0

GATGGGAAGAGCGGTTCAGCAGGAATGCCGAGACCGATATCGTATGCCGTCTTCTGCTTGAAAAAAAAAAAAAAG

+

CCCCCCCCCCLCreeeeeceeeceeceecceccecccccCcbbADACBCCCDADBDDECBCLD ; BBDBDBBBBY%%%%%%%%

I
33

59 63

IMESSE () F+, - /012534567589 ;<= PHABCDEFGHIJELMNOPQRITUVWEYZ [V ] *  “abeodefghijklmng

I
104

Phred Quality Score | Probability of incorrect base call Base call accuracy

10
200
30
4[]
alll

1in 10

1 in 100

1 in 1000

1 in 10000
1 in 100000

S0 %

83 %
899 %
8999 %
S5 599 %
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VCF Format

#CHROM POS ID REF ALT  QUAL FILTER INFO FORMAT germline

chrd 27668 . T C 8.65 . DP=2;AF1=1;AC1=4;... GT.PL:DP:SP:GQ0/1:0,0,0:0:0:3
chrd 27669 . G T 477 . DP=2;AF1=1;AC1=4;... GT.PL:DP:SP:GQ0/1:0,0,0:0:0:3
chrd 27712 . T C 44 . DP=2;AF1=1;AC1=4;... GT.PL:DP:SP:GQ1/1:40,3,0:1:0:8
chrd 27774 G A 547 . DP=2;AF1=0.5011; AC1=2; ... GT:PL:DP:SP:GQ

0/1:34,0,23:2:0:28

chr4d 36523 . A T
SNP dk

Reference base

104 . DP=1;AF1=1;AC1=4;... GT.PL:DP:SP:GQ0/1:0,0,0:0:0:3

\

Genotype format

SNPs qualit
SNPs

information

Position Filtering reasons
Genotype
Alternate information
Chromosome base(s)
name
ThermoFisher
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Header

EHD WVH:1.0 S0:coordinate
EEG ID:MatesToBAM  WH:1.08
ERE ID:BEV-1088767-F5-P2 5M:91550_F3 F5-F2 IB:Dhl10k-50x25EE FI:100 FU:CLARA 20091008 2 CH:BEV
ERE ID:BEV-1099231-E3 SM:DH10B IB:Dhl0bklibrary-50x50LMP FI:2000 PU:JOAN_20090205_1 CH:BEV
BCO history: 227
@30 SH:1 ILN:247249719
Ta Description
@sQ SN:2 LN:242951149 - Type - *9 S - L
&30 SH=3 LH:199501827 HD - header |VN ile format version.
<anips> S0 Sort order. Valid values are: unsorted, queryname Of coordinate.
@sg SM:22  IN:49691432 GO Group order (full sorting is not imposed in a group). Valid values are. none, guery 0r reference.
850 SH:E LH:154513754 S0 SN* |Sequence name. Unigue among all sequence records in the file. The value of this field is used
B30 SH:¥ LN:57772954 - in alignment records.
s Sl:M Lh:16371 Sequence Lu* |Sequence length.

dictionar - -
¥ |as |Genome assembly identifier. Refers to the reference genome assembly in an unambiguous

form. Example: HG18.

M5 MDS checksum of the sequence in the uppercase (gaps and space are removed)
UR URI of the sequence

SP Species.

RG 1p* |Unique read group identifier. The value of the ID field is used in the RG tags of alignment
_ records.
read group |am« [Sample (use pool name where a pool is being sequenced)

LB Library

DS Description

PU Platform unit (e.g. lane for lllumina or slide for SOLID); should be a full, unambiguous identifier
PI Predicted median insert size (maybe different from the actual median insert size)

CN Name of sequencing center producing the read.

DT Date the run was produced (IS0 8601 date or date/time).

PL Platformftechnology used to produce the read.

PG 1D* |Program name

- VN Program version

Frogram CL Command line

One-line text comments

CO = comment

ThermoFisher
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Alignment Records

Part 1

1251_1005_1183
737_1829_ 1497
1521_2026_1209
564_1311 188

737_1829_1497
1521_2026_1209
1251_1005_1183

Part 2

mom

o)

o) o)
01 6 6 67 G2 G) 02
[ T o N o I o T T o Y o

e

131
131
131
131
a7
a7
a7

:BEV-1095231-R3
:BEV-1095231-R3
:BEV-1099231-R3
:BEV-1099231-R3
:BEV-1099231-R3
:BEV-10959231-R3
:BEV-10959231-R3

[l e R e S

-
L

-
L

=
L

~
L=

~
L=

~
L=

~
L=

[=1 [=1 =1 [=1 [=1 [<1 [=1

245 100 23MITIM =
&00 50 25M =
&00 100 20M5H =
1870 50 25M =
4009 30 25M =
4009 50 25M =
4125 100 25M =
:51223001002300100230100203
31122022201331012223303233
122022201331012223303233
31122022201331012223303233
T0032032222023130212330000
T0032032222123131212330003
:T2002022222001222200112212

CQ:
CQ:
CQe
CQe
CQ:
CQe

[=1 [=1 =1 [=1 [=1 [<1 [=1

4125 3305 ICTARRCCCTRARARCCCTRAARCCT
4009 3434 IGAGGAGRACGCARCTCCGCCGECG
4009 3434 TGAGGAGRACGCARCTCCGC

8095 44350 GITCCTGCATGTAGTTITARRCGRAGA
a0a0 -3434 ITAGSCTCICAGCATGACTATTTITIT
a0a0 -3434 ITAGSCTCICAGCATGACTATTTITIT
245 -3305 CCCICTCATCCCAGAGRRRACAGETC

TS I Iy ;T B/ €554
1y BB (F 2, 12!
LA RSO ECEd TR AT S4-1-2
R Rt C-R- L = P 1ot
1653564565565 46306654360E65

.k
:05556556556266606666565565

MD:
MD:
MD:
MD:
MD:
MD:
MD:

[=1 [=1 =1 [=1 [=1 [<1 [=1

I S T S T T U % 8 )
[i3]

R

]
03
]
=

oo

| NN LN NN =>F I 292 !
| MMMNNNENNNNE] DN { (TENZs, !

In
[
=

Im
I

=l

]

I HMHNHNNNHAND 2B $%+8
'NMHNHNNB 7 CHMFMILN 3 3GFNH !
'GEIIHJJISSHIHS 6KJHFHERT !
*

TITS5I™" " JEEEEEEEKJJJ357!
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SAMtools tview - Alignment Viewer

9719891 9719901 5718911 97195921 9719931 9719941 5719951 9719961 5F19971 9719981 9719991 9F20001 9720011 9720021 9¥20031 9720041 9720051 9720061 9720071 9720081 9720081 9720101 9720111
tttgaggcctagggtgaagtaggaaatatcttcacataaaaactacacagaaattttctgagaaacgttttagtgatgcgtgcattcatctcacagagttgaacctttcctttgctagagcactttggaaacagtcctattgtagaatccccaaaggaatacttctcagccgattgaggcctttggtgatattggaaatatcttcacataaaagctagacagaaactttctgagaa

TTTGAG HHGTHGGHHHTHTCTTEHEHTHHHHHETHCHEHGHHHTTTTE agaaactttttagtoatggotacattoatctoacagagttoa EETTTEETTTGETHGHGEHETTTGGHHHEHGTCCTHTTGTHGHHTEEEEH cttctoagoogattgaggoctttogtoatattccaaatat
tttgaggoct FATTTTCTGAGARACGTTTTAGTCATCCGTG ATTCATCTCACAGTCTTCARCCTTTCCTTTGLTAGAGCACTTTEGARACA coaaagggatactictoagoogattgaggoctttoggtgatattogasata
AGTGATGCGTGCATTCATCTCACAGAGT TGARCCTTTCCTTTGCTAGAGE googattgaggoctttggtgatattggaaatatottcacatassagotag
asatatcticacatnasssctacacagasatitioctgagaas gtgatgngtgcattcatotoacagagttoaagottt gaggcctatggtgat taccttcacat tag
ACAGARATTTTCTGAGARACGTTTTAGTGATECATGCATTCATCTCACAS — TGRACCTTTCCTTTGCTAGAGCAGTTTRGARRCAGTCCTATTETAGAR caasggaatacttoteagocgattgaggecttiagtaatattogaaatat
tttgaggoctagggtgaagtaggaaatatcticacataaaaactac ctagagoactttggaaacagtoctatigbagaatcoccaaagggatactt
tttgaggootaggotgaagtagoasatatottoanataasaa ACAGARATTTTCTGAGAARCETTTTAGTGATE HTTEHTCTCHEHGHGTTGHHEETTTCETTTGETHGHGEHETTCGGHHHEH gatattggaaatatcticacatasaagetagacagasgottictgagas
TATCTTCACATARAARCTACACAGARAT TTTCTGAGAARCTTTTTAGTGA agagractttggasacagtoctattgtagaatcoccaaay tggasatatocticacataaaagctagacagasactttotgagas|
ACAGARATTTTCTGAGARACGTTTTAGTGATECGTGCATTCATCTCACAG GﬂQEETTTEETTTGETﬂGﬂGEﬂGTTTGGQRQERGTEETQTTGTQGQQTEE BATATCT TCACATARARGC TAGACAGARGC TTTCTGAGAA
ATGCGTGCATTCATCTCACAGTETTGAACCTTTCCATTGLTAGAGCACTT
ATGCGTGCATTCATCTCACAGTETTGAACCTTTCCTTTGLTAGAGCACTT
ATGCGTGCATTCATCTCACAGAGT TGARCCTTTCCTTTGCTAGAGLA ggaaacagtootattgtagaatooccaaaggggtactt
TECGTGCATTCATCTCACAGAGT TGAACCTTTCCTTTGAGAGAGT AACAGTCCTATTGTAGARTCCCCARAGGEETACTTCT

teoacagtgttgascctitoottigotagagoactttggaaacagtoctat
AGAGT TGARCCTTTCCTTTGETAGAGLAGTT TEGARACAGTCCTATTGTA
GAGTTGARCCTTTCCTTCGCTACAGCAGTTTEGARRCAGTCCTATTGTAG

ARCCTTTCCTTTGETAGAGCAGTTTGGARACACTCCTATTGTAGARTCLE
CCTTTCCTTTGETAGAGCAGTTTEEARRCATTCCTATTRTAGARTC

GLACTTTRGARRCAGTCCTATTGTAGARTCCCCARAGGARTA

1212041 1312051 1312061 1312071 1312081 1312091 1312101 1312111 1312121 1312131
ATGTACATARGTACAACCTARTATAGGCARAGLT TCTARARATCATCTTTCTTGLCT TCACGTAAT TLAGTATCAGTCLLGGAG T GLAGAGCGLETHMMMMN
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BAM and WIG Visualisation

Use .bam file to visualise coverage in IGV and load annotation tracks

OLD Covmrage neg
rand

SOLD Covarags pos
e mrand

e ool gxampie ba

-
-
Rarien gerees ¥

Junctian Pée I ¥ e T

-

Use .wig files to visualise coverage in UCSC’s Genome Browser

_ RNA-Sequencing Coverage

orf19.6722 _ orf19.6720 orf19.6719 mn.o? 7

(errin.8728) FUMT2 orf19.6723 ntar_687 0rf19.6718
1,742,000 1,744,000 1,746,000 1,748,000 1,750,000 1,752,000 1,754,000 1,756,000
Ca21chr3
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Post-Mapping Workflows

ion torrent

Mapping
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Changes in DNA

= Deletion — a section is missing Duplication mutation

= Translocation — a section shifts
from one chromosome onto
another

" [nversion — a section gets
snipped off and reinserted the
wrong way around.

* Single gene changes — a small
nucleotide change in a segment of
the DNA that codes for a gene

Chromosome —

PRI T

L

A section of DNA
is duplicated.

= ¥ _NI¥ T &
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Locus: A Region on the Chromosome

One locus

11p15.5
11p15.4
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1800 bpsin chr 11...

............................ cccgtggagccacaccctagggttggccaatc
tactcccaggagcagggagggcaggagccagggctgggcataaaagtcagggcagagceca
tctattgcttgcaggagccagggctgggcataaaagtcagggcagagccatctattgett
ACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACAGACACCATGGTGCATC
TGACTCCTGAGGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGAAG
TTGGTGGTGAGGCCCTGGGCAGGGTTGGTATCAAGGTTACAAGACAGGTTTAAGGAGACC
AATAGAAACTGGGCATGTGGAGACAGAGAAGACTCTTGGGTTTCTGATAGGCACTGACTC
TCTCTGCCTATTGGTCTATTTTCCCACCCTTAGCTGCTGGTGGTCTACCCTTGGACCCAG
AGGTTCTTTGAGTCCTTTGGGGATCTGTCCACTCCTGATGCTGTTATGGGCAACCCTAAG
GTGAAGGCTCATGGCAAGAAAGTGCTCGGTGCCTTTAGTGATGGCCTGGCTCACCTGGAC
AACCTCAAGGGCACCTTTGCCACACTGAGTGAGCTGCACTGTGACAAGCTGCACGTGGAT
CCTGAGAACTTCAGGgtgagtctatgggacgcttgatgttttctttccccttcttttcta
tggttaagttcatgtcataggaaggggataagtaacagggtacagtttagaatgggaaac
agacgaatgattgcatcagtgtggaagtctcaggatcgttttagtttcttttatttgctg
ttcataacaattgttttcttttgtttaattcttgctttctttttttttcttctccgcaat
ttttactattatacttaatgccttaacattgtgtataacaaaaggaaatatctctgagat
acattaagtaacttaaaaaaaaactttacacagtctgcctagtacattactatttggaat
atatgtgtgcttatttgcatattcataatctccctactttattttcttttatttttaatt
gatacataatcattatacatatttatgggttaaagtgtaatgttttaatatgtgtacaca
tattgaccaaatcagggtaattttgcatttgtaattttaaaaaatgctttcttcttttaa
tatacttttttgtttatcttatttctaatactttccctaatctctttctttcagggcaat
aatgatacaatgtatcatgcctctttgcaccattctaaagaataacagtgataatttctg
ggttaaggcaatagcaatatctctgcatataaatatttctgcatataaattgtaactgat
gtaagaggtttcatattgctaatagcagctacaatccagctaccattctgcttttatttt
atggttgggataaggctggattattctgagtccaagctaggcccttttgctaatcatgtt
catacctcttatcttcctcccacagCTCCTGGGCAACGTGCTGGTCTGTGTGCTGGCCCA
TCACTTTGGCAAAGAATTCACCCCACCAGTGCAGGCTGCCTATCAGAAAGTGGTGGCTGG
TGTGGCTAATGCCCTGGCCCACAAGTATCACTAAGCTCGCTTTCTTGCTGTCCAATTTCT
ATTAAAGGTTCCTTTGTTCCCTAAGTCCAACTACTAAACTGGGGGATATTATGAAGGGCC
TTGAGCATCTGGATTCTGCCTAATAAAAAACATTTATTTTCATTGCaatgatgtatttaa
attatttctgaatattttactaaaaagggaatgtgggaggtcagtyg. ... .. ......
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1800 bps inchr 11... CAP sequence

Lcactooos
totattoot
e

Enhancer—  ouoeso TN A o P

TGACTCCTGAGGAGLLGTC TGCCGTTACTGC CCTGTGGGGEAAGGTGLACGTGGATGAAG
L--T--F-—-E--E--K--§-—A——V—-T-—i--L-~W-~G—~K—-V—-H--V--D--E—~

Promoter

TTGGTGGTGAGGCCCTGOGCAGGUC togtat caagygiiacaagacagyi i taagoagacc
V—-G-—G-——E--L--L--G--RF-

gatagaaactoggoatgtoggagaragagaagact ot togot ttotgat aggcact gact o
cototgooctattggiotattttoccacc et agC TGC TG TGETC TACCCTTGGACCCAG

-L--L-—V—-¥—-¥--P--§--T--Q-

AEGTTETTTOAGTCETT GGG AT C TG TCCACTCCTGATGC TETTATGGGCAACECTALG
~R==F--F——E==5—=F==G==D==L==8—=T==F==D=—i—-V=—-M—-G——-N—-F——K-

GTGAAGGCTCATGGCAAGALAGTGOTCGGTGCC TTTAGTGATGGCCTGGCTCACCTGGAC
~--K--A~~H--G-~K-~K--¥—-L--G--A~-F-—5--D~-—G--L--i~~H--L—-D~

WCCTCARGEGCACCTTTOCCACACTEAGTGAGE TECACTG TEUCARGC TG ACGTGEAT
-N--L--K~--G--T--F-—i--T--L--§--E--L-—H-—C~-D--E--L--H--V--D~

CCTGAGAMCTTCAGGOL qagtctatgggacgctLgatgtt Lttt tecootto L Lo oota
-P--E--N--F--R-

tggttaagttcatgtcataggaaggggataagtaacagggtacagtttagaatgggaaac

auacgaatgattoeatcagtgtggaagtetecaggat ettt tagt ttettttatt oot
o ey o E = Lt T R ) w0 o ey oy Y |y R o e w  ey w  y y y w o  y o ey  ef  e F
LELtactattatastiastocettaacattototataacasaanmaaatat ctetganat
acattaagtaacttaasaaaaaacttbaracagtotyoctagtarattactartbygaat
atatgtotgottatttgcatattoataatotocctactttatt Lttt tat Lt taatt
gatacataarcattatacatatttatgggitaaagtgraat gttt taatat gyt acacs
tattgacoaaatoagggtasttttogoatttgtasttttaasaaat ottt tottttas
Latactttbtbottbatottattbotaatactbboocbaatotobtbobtboanoooast
gatgatacastgtatcatgoctotttgoaccartotasagaataacagrgataattreto
gottasgooaatageaatatctotgoatatasatat tootqoatataaat torasac tgat
ghtaggagutitoatattoctaatageagotacaateeaget aoeat ot oot L EattLr

abtoottodoataagyotodqat tattotyagqtocaayctaygeoctttbastaatoat gt

catacctottatettoctoccaragqt TCCOTEEGECAACG TGO TGETCTGTIGTCGCTCCOCEA
-L—-L-=G-=-N--V--L--V-=C—=V—-L--i--H

TCACTTTGGCALAGALTTCACCCCACCAGTGCASGC TGCCTATCAGRLAGTSSTGGCTEE
-—H--F--G--K--E--F--T--F——P--¥--0Q--1--A—-Y¥-—-Q——-E--¥--¥--4--G

TGTGGCTAATGCCCTGECCCACLAGTATCACTALGCTCGETTTCTTGC TETCCAATTTCT
——W—— Rl —L--L—-A——H-—E-—T-—H-—%-

ATTALAGSTTACTTTGTTCCC TALGTCCAACTACTRLLC TGOGGOATATTATGALGGGCC
TTGAGCATCTIGGATTCTGLS JhiTh sl kiC A TTIMTTICATTG et Gar qrarttas

attatttctgaatattttactaaaaagggaatgtgggaggtcagtg ..............
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SCIENTIFIC



Allele — A Variation at a Locus

For example in the same locus we may have:

Allele 1: GTTTCTGATTTTTTGATGTCTTCATCCATCACTGTCCTTGTCAAATAGTTT...
Allele 2: GTTTCTGATTTTTTGATGTCTTCAGCCATCACTGTCCTTGTCAAATAGTTT...

allele frequency is the proportion
of a certain allele within a population

Allele
Genotype Frequency (%) Frequency
Population MM MN NN M N
U.S. whites 2916 4938 2126 | 0540  0.460
U.S. blacks 2842  49.64 2194 | 0532 0468
U.S. Indians 60.00 3512 488 | 0776  0.224
Eskimos (Greenland) | 83.48 1564  0.88 | 0913  0.087
Ainus. [fapan] 1 17.86  50.20 3194 | 0430  0.570
Aborigines (Australia) | 3.00  29.60  67.40 | 0.178  0.822

ThermoFisher
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Alternative Splicing

= Alternative splicing is a process by which the exons of the RNA transcript
(a primary gene transcript or pre-mRNA) are reconnected in alternative
ways during RNA splicing.

* The resulting different mMRNAs may be translated into different protein
iIsoforms; thus, a single gene may code for multiple proteins

Exon Exon Exon

Gene

mENA
Alternative Splicing

A

Protein A Protein B
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Genetic Markers — A Catalogue

Some commonly used types of genetic markers are:
= SNP (Single Nucleotide Polymorphism)

*VVNTR (Variable Number of Tandem Repeat)

= Microsatellite or STR (Short Tandem Repeat)

= CNV (Copy number Variation)

ThermoFisher
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Single Nucleotide Polymorphism (SNP)

= A single nucleotide
polymorphism (SNP), is a single
nucletide DNA sequence
variation: A, T, C, or G

= I[n this case we say that there are
two alleles: G and A. Almost all
common SNPs have only two
alleles

= For a variation to be considered a
SNP, it must occur in at least 1%
of the population.

'

E In'-h'l

\ | | \ \ | {
l. | I I'|I |
i

e A i, A ==

GG homozygote

i —— e

GA heterozygote
'

Y\ )

'y ¥ | |
LR N ' X il W ]

AA homozygote
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Origin of SNPs

&

Appearance of
new variants by
mutation

1l

Survival of alleles
through early
generations against
the odds

1l

Increase of the allele
to a substantial
population frequency

1l

Fixation of
the allele in
populations

‘private SNPs’ with no
detectable allele
frequency in
populations

0% 100%
Allele frequency

Adapted from Bioinformatics for Geneticists, Eds Barnes and Gray
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Categories of SNPs

GAG >GAA Synonymous
Glu > Glu — no change in amino acid
GAG >GGG Missense/ Non-synonymous
Glu > Gly — change in amino acid
GAG >TAG Nonsense

Glu > STOP — introduces a STOP codon

ThermoFisher
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Consequence Types of Sequence Variants

Synonymous SNPs in coding No change in amino acid -
: May alter splicing
areas sequence of the protein
: : May affect the level, location or timing of
Non-coding Promoter or regulatory regions :
gene expression
. No direct known impact on phenotype
Non-coding P P yp
Useful as markers
'_‘5__‘;, _________________ . P S
= regulatory region + 5prime UTR + splice donor = splice region + 3 prime UTR
* TF binding site + initiator codon + splice acceptor = intron
« downstream
+ intergenic ' synonymous + stop lost
* upstream + missense * stop retained
+ inframe insertion + incomplete terminal codon
. rran.l;f'ripr.l"rc'gula!nry region /TF ‘ infmr?(l‘ d;ikﬁﬂn
binding site ablation \ ?::51::;?&

= mature miRNA
= MMD transcript
* non-coding exon [ transcript

+ coding sequence variant
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Mutation or Polymorphism?

= Mutation: change in a DNA seqguence.
* Normal allele that is prevalent in the population
* Mutation changes this to a rare and abnormal variant

* Polymorphism: change in a DNA sequence common in
the population.
* No single allele is the standard sequence
* There are two or more equally acceptable alternatives
 Arbitrary cut-off point between a mutation and a polymorphism is 1%
< 1% = Mutation
> 1% = Polymorphism

ThermoFisher
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The Genetic Basis for Human Variation

features, such as retroposon
.dimorphism for Alu or line elements

Class of variation Rules for assigning allele to class Example Frequency
Single Nucleotide Single base substitution involving AT 5,692,700
Polymorphism (SNP) ATC,orG (~93%)
Deletion/Insertion Designated using the full sequence of T/-CCTA/G 431,319
Polymorphisms (DIPs) | the insertion as one allele, and either a (~7%)

fully defined string for the variant allele
or a “-" character to specify the
deleted allele.
Microsatellite or short | Alleles are designated by providing the (CAC)8/9/10/11 | 2,440 (0.04%)
tandem repeat (STR) repeat motif and the copy number for
each allele.
Named variant Applies to insertion/deletion (alu) / - 1,859
polymorphisms of longer sequence (0.03%)

Data derived from dbSNP



Genetic Markers - Introduction

= A genetic marker is a known DNA sequence. It can be
described as a variation, which may arise due to mutation
or alteration in the genomic loci

= Genetic markers can be used to study:
* The relationship between an inherited disease and its genetic cause
 How humans develop diseases and respond to pathogens, chemicals,
drugs, vaccines, and other agents
= Genetic markers have to be associated with a specific
locus, and highly polymorphic, because homozygotes do
not provide any information on possible genetic differences.




Point Mutations

* Most common forms of mutation
= Missense mutations can lead to changes in protein function

(detrimental or beneficial)

* Nonsense mutation almost invariable lead to protein dysfunction)

Missense mutations

Original DNA code for an aming acid ssquence.
A—CATCATCATCATCATCATCAT

bases

- A H A we e e e -

Amino asid Replagement of a

single nucleotide.

| B

B o ) R T SR S ' T, R T | S e [ TT;
CATCATCATCCTCATCATCAT
- His_ H ws H nis HEZTEH #is H wHis H His }-

k\' Incarract amina acid, which may

preduce a mafunctioning protein.

Nonsense mutation

Onginal DMA code for an aming acid sequence.

M—CAGCAGCAGCAGCAGCAGCAG

basas

- @mn H Gin H 6in H 6n H &in H Gin H @in -

amino acid Replacemant of 2

single nucleatide.

CAGCAGCAGTAGCAGCAGCAG
-{Bln H Gln_H cla_ HEETH
= — g K"‘\\

Protein Incormect segence causes

shortening of protain.
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Mutations: Insertion, Deletion and Frameshift

= |nsertions and deletions are often more deleterious than

missense mutations
= |nsertion or deletion of 1 or 2 nucleotides will lead to a frameshift

(change of ORF)

R s L T —TT T T T Tt
DHA_"'EA.TC.QT'CA.T_ClTCATCAT_C.ﬁ.T
hasas ' T
~{ Wiz _H His H His HORSOHORIE RIS S -

[
Amine acid
Deletion of &
/ —+A  single nuclectide.

M
I I F

CATCATCATCTCATCATCATC

I t ~{His W His H His HECEHENTE- - E hft
nser Ion .In::nrrentimlnua{:iﬁsaquarma,whl-::h rames I
| e e e may preduse a malfunetioning protein,
BN'&_FEATCATCATCAICATCATC'&T BB o P | P o ) 3 e Pt o
g | . ' . MA—+CATTCACACGTACTCATGCTAT
= His H His H His H His H His 4 His H His = ases ] ‘ [ [ ==
Deletlon - His H Ser H His H val H Leu H Met H Leu |-
Amino acid Insartion of a
single nuclaotide. Amino acid
f

T T BT 1

| P R L Y T e B P e e P
CATCATCATACATCATCATCA

| i CATTCACACGTACTCATGCTAT
~{ Wiz _H Aiz H Wz HELEHEE - l - |

Incorrect aming acid sequencs, which
may produce a8 malfunctioning protein.

Frameshift of one DNA base results
in abnormal amine acid sequence.
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CNV are Ubiquitous in the Human Genome

ji:i¢
Lii iz
fEis:
E : -ehr : ; ics
5 == e
== L Number of Studies: 62
;£ B
— ) @
= = &
i =

ZEEE Y

chr22

£ |

orn )
8 N B

The number of genome structural variants (>1 kb) that
distinguish genomes of different individuals is at least on
the order of 600-900 per individual

J.O. Korbel et al. (2007) Science 318(5894):420 ThermoFisher
R Redon et al. (2006) Nature 444(7118):444 SCIENTIFIC
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Paired sample
analyses enable you
to detect SNPs,
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Visualising SNP, Indels and CNV

Clear

o i
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Genotyping: Practical Applications

Clinical Research

= Disease diagnosis = Association studies

= Biomarker discovery  ® Population genetics and
= Pharmacogenomics evolutionary studies

» Marker-assisted breeding
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Variant Freguency Sources

= dbSNP — Largest dataset, but “polluted”
= 1000 Genomes — Frequencies available, but cell lines

» Exome Sequencing Project — No indels, patients, no
validation
» Published studies — GoNL, Complete Genomics

* |n house databases — Population/sequencing specific
variants
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Candidate Mutation

Affected %
individual =
Control ;




Heterozygous

AMPLB75008810 AMPLB75045821

p- 15114)

Total count: 9315
& 1 3719 (40%, 103+, 3616- )
C:8(0%, 8+,0-)

G ! 5586 (60%, 3076+, 2510- )
T:0
0
L: 33
o 12

B o i o e i

{3 -&
% AACTTTTGGTCTTATATTCTCGAGGCA %
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Variants Detection

chrix CTG-TGGGGTTTGT-A-TTCCTTGTCCTT-|CTCCTCATTATCAAATGGA-CGTGTGTT-AC-ACTGCTGGGG-ACAGG-TAAG
contigs>8073 CTG-TCGGGTTTGT-A-TTCCTTGTCCTT-|CTCCTCATTATCAAATGGA-COTOTGTT-AC-ACTCCTOGGG-ACAGG-TAAG
FTF4AMEO2HEE1X CTG-TOGGGTTTGT-A-TTCCTTGTCCTT-|CTCCTCATTATCAAATGCA-COTOTGTT-AC-ACTCCTOGOG-ACAGG-TAAG
FRHIBIKO2HQS583 CTG-TOGGGTTTGT-A-TTCCTTGTCCTT-|CTCCTCATTATCAAATGGA-COGTOTGTT-AC-ACTGCTOGGGG-ACAGG-TAAG
FRSFQQAOZHNCGZ CTG-TGGGGTTTGT-A-TTCCTTGTCCTT-|CTCCTCATTATCAAATGGA-COGTATGTT-AC-ACTGCTOGGGG-ACAGG-TAAG
FSEONIRO1A43PL CTG-TGGGGTTTGT-A-TTCCTTGTCCTT-CTCCTCATTATCAAATGGA-COGTGTGTT-AC-ACTCGCTGLGG-ACAGG-TAAG
FTF4AMEOLIENGGA CTC-TGGGGTTTCT-A-TTCCTTGTCCTT-CTCCTCATTATCAAATCGA-COTOTGTT-AC-ACTCCTGCGG-ACAGG-TAAG
FRHIBIKO2I004R CTG-TOGGGTTTGT-A-TTCCTTGTCCTT-|CTCCTCATTATCAAATGOA-COTOTGTT-AC-ACTCGCTOGOOG-ACAGG-TAAG
FSBONIROLCT7VG CTG-TGGGGTTTGT-A-TTCCTTGTCCTT-|CTCCTCATTATCAAATGGA-CAGTOTGTT-AC-ACTGCTOGGGG-ACAGG-TAAG
FRSFQQAO2ILEGX CTG-TGGGGTTTGT-A-TTCCTTGTCCTT-|CTCCTCATTATCAAATGGA-CGTOTGTT-AC-ACTGCTGGGG-ACAGG-TAAG
FRLGAH402F6EUSE CTGGTGGGGTTTGT-A-TTCCTTOTCCT|-ACTCCTCATTATCAAATGGA-CGTGTGTT-AC-ACTCGCTGGG
FTF4AMEOLDISWE CTG-TGGGGTTTOT---TTCCTTGTCCT|-ACTCCTCATTATCAAATGGA-COTATOGTT-AC-ACTCCTOGGG-ACAGG-TA-G
FRLGAH402FT2MG CTG-TOGGGTTTGT-A-TTCCTTGTCCT|-ACTCCTCATTATCAAATGOA-COTOTGTT-AC-ACTGCTOGGGG-ACAGGOTAAG
FTF4AMEO2GIRUU CTG-TGGGGTTTGT-A-TTCCTTGTCCT|-ACTCCTCATTATCAAATGGA-CGTGTGTT-AC-ACTGCTGGGG-ACAGG-TAAG
FRSFQQAOZ2ISGEY CTG-TGGCGTTTCT-A-TTCCTTGTCCT|-ACTCCTCATTATCAAATG-AACCTCTGTT-AC-ACTCCTCGGG-ACAGG-TAAG
FRHIBIKO2IASZC CTG-TOGGGTTTGT-A-TTCCTTGTCCTT-CTCCTCATTATCAAATGGA-COGTOTGTT-AC-ACTGCTOGGOG-ACAGG-TAAG
FTF4AMEOLICEDT] CTG-TOGGGTTTOT-A-TTCCTTGTCCTT-[CTCCTCATTATCAAATGGA-COTATATT-AC-ACTGCTGGGG-ACAGG-TAAG
FTF4AMEO2ITDAU CTG-TGGGGTTTGT-A-TTCCTTGTCCTT-|CTCCTCATTATCAAATGGA-CGTATGTT-AC-ACTGCTOGGGG-ACAGG-TAAG
FRSFQQAOZHWS]S CTG-TGGGGTTTGT-A-TTCCTTGTCCTT-|CTCCTCATTATCAAATGGA-CGTGTGTT-AC-ACTGCTGGGG-ACAGG-TAAG
FSBONIRO1BAB1V CTG-TOGGGTTTGT-ACT-CCTTGTCCT|-ACTCCTCATTATCAAATGOA-COTOTGTT-ACG-CTCCTOGLGG-ACAGG-TAAG
FRHIBIKOZHQEIL CTG-TOGGGTTTGT-A-TTCCTTGTCCTT-CTCCTCATTATCAAATGGA-COTOTGTT-AC-ACTGCTOGGGG-ACAGG-TAAG
FTF4AMEQ2IW329 CTG-TOGGGTTTGTG--TTCCTTGTCCTT-|CTCCTCATTATCAAATGGA-COTATGTT-AC-ACTGCTOGGGG-ACAGG-TAAG
FRSFQQAO2INYFQ CTG-TGGGGTTTGTG--TTCCTTGTCCTT-|CTCCTCATTATCAAATGGA-CGTGTGTTTAC-ACTGCTOGGGG-ACAGG-TAAG
FRHIBIKOZ2IOUAT CTG-TOGGGTTTGTG--TTCCTTGTCCTT-|CTCCTCATTATCAAATGGA-COGTGTGTT-AC-ACTGCTOGGGG-ACAGG-TAAG
FRSFQQAO2IYIGY TCATTATCAAATG-AACGTGTOTT-AC-ACTCCTOOGGGOACAGG-TAACG

T>A change

False positive due to an accumulation of errors
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Variants Detection

Reference

— > TCCOOUCOLCM-ATGCTGT

Contig _—> TCCLLOLOM-ATLCTGT

G deletion

TCCGGGGGH-AT

TCCGGCGCM-ATGCTGT
TCCOGOOGCMOATGCTGT
TCCGGGGGH-ATGCTGT
TCCGGGGGH-ATGCTGT
TCCGGGGG-ATGCTGT
TCCGGGGGH-ATGCTGT
TCCGGGGGH-ATGCTGT
TCCGGOGOM-ATGCTGT
TCCGGGGCMOATCCTOT
TCCGGGGGM-ATGCTGT
TCCGGGGGM-ATGCTGT
TCCGGGGCM-ATGCTGT
TCCGGGGGM-ATGCTGT
TCCGGOGOM-ATGCTGT
TCCGGGGGM-ATGCTGT
TCCGGCGCM-ATGCTGT
TCCGGGGG-ATGCTGT
-CCGGGGGM-ATGCTGT

TCCEGGGG'—ATG CTGT

False positive due to a homopolymer stretch

ThermoFisher
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Variants Detection

ATCCATGCGGCATTTCTCTCCCTGTTCTTGTAAGTCACAATGTTCTCAGGGTCTGCCAG
D M i) ] R E R M K b T v I M = P D A
C4orf2l

-

False positive due to a PCR amplification artifact




Panel Design
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What is Targeted Sequencing?

« Targeted Sequencing isolates and focuses your sequencing
on specific genes or genomic regions of interest rather than
surveying the whole genome
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Choosing the Correct Design

Primer
Specificity

Design Criteria

How to
choose?

High On Target

High Specificity

(Recommended)

Only high specificity
primers

If the in silico
coverage is
sufficient this
design is the best
option

Medium Specificity

Slight reduction in
primer specificity that
will increase coverage
and may increase off-

target

For better coverage of
GC-rich regions with
slight increase in off-

target

High Coverage

Relaxed Specificity

More relaxed primer
specificity that will
increase coverage

with greater off-target
risk

For more coverage
of GC-rich regions
and tolerance for
higher off-target

ThermoFisher
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lon AmpliSeq™ Panels
Ultrahigh-multiplex PCR for targeted sequencing and expression

Highly multiplexed PCR for NGS library preparation enables th
analysis of hundreds of gene variants in each run

’m | %F | 280

Ready-to-use

Community

panels design panels

Panels for DNA
mutation analysis and RNA
expression measurement

Up to 6,144 plex per
tube using just 10 ng DNA
or 5 ng RNA

Design and
verification with leading
researchers

“The chief advantage of these [hybridisation] methods is their ability to

capture large target regions in a single experiment,

more rapidly and conveniently than PCR. To capture the entire 30 Mb human exome, for example, would
require at least

6,000 separate PCRs,

each of which would need to be optimised, the products would need to be normalised, and a total of
around

120 ug of genomic DNA

would be required for the experiment,”

Nature Methods 2010 II’(I:EII'E“NO_II_'- 15F|1|ecr



Broad Applications with lon AmpliSeqg Technology

Inherited
Disease

Research
Panels &
Exomes

lon AmpliSeq technology

DI

Oncology
Research Txome
Panels &
RNA
Expression

Infectious
Disease
Research
Panels

Copy
Number
Variants

ThermoFisher
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Why Targeted Sequencing

More cost effective, more time efficient and simpler to analyse

Targeted Sequencing Whole Exome Whole Genome

Variants generated

per run 10s to 100s ~50,000 ~3,000,000
vcslric';ll_riit(s‘:a If)(/Jrn %T:Viruog 1-10s 1-10s 1-10s
Time to analyze Hours to Days Days to Weeks Weeks to Months
Total cost |r;cr:llgldy|22 £ ££ £EE
ThermoFisher
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What's the Exome?

= Exons are short sequences of DNA representing the protein
coding regions in the genome

= [t Is estimated that there are about 180,000 exons arranged
In 22,509 genes in the human genome

= The protein-coding exons comprise about 35-40Mb or ~1.3-
1. 5% of the human genome

| ------- it st il !{(‘;Ije}ted ge(]uenceg ------ i ..I,v- ------------------ LJ[—”(}Ue Se(]LlenCe‘: ----------------- -.n.:
0 10 20 30 40 50 60 70 80 90 100
| I | | | | | | |
non-coding introns I
sequences
RNA coding and protein-coding
regulatory sequences regions
Genes

File reproduced in accordance with creative commons public domain license: original work by NHS National Genetics
and Genomics Education Centre, who grants anyone the right to use this work for any purpose, without any
conditions, unless such conditions are required by law. http://www.flickr.com/photos/119980645@N06/13080699425/

ThermoFisher
SCIENTIFIC



How Is the Exome Defined In a Kit?

* The exome consists of all the exons of a genome that are
transcribed into mature RNA.

* Multiple databases are used to derive exome content e.g.
RefSeq, CCDS, Ensembl, GENCODE, etc.

e Content in the databases differ due to number of non-
coding RNA'’s and start and end positions of transcripts

* An “exome kit” consists of a pool of oligos designed to
hybridise or amplify the regions of interest

ThermoFisher
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Focus on Function

B Ensembl, GENCODE, UCSC, RefSeq, CCDS

B Unique to miRBase
B Unique to UCSC - tRNA

B Unique to UCSC — ncRNA

v 39.5 Mb of exons from

>21,600 proteins B Unique to TargetScan predicted miR binding sites (mainly 3' UTR)
v >1 Mb from

>8,000 RNA genes

) B Unique to COSMIC cancer variants
v' 46.2 Mb in total

ThermoFisher
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Key Metrics for Exome Sequencing

Metric Description

“More is better”
Fraction of total sequencing reads that uniquely align to the
targeted regions as a percentage of all bases generated
(i.e. 95% on-target)

% Reads On Target

“More is better”
Coverage Uniformity Fraction of total aligned bases within 0.2x of mean coverage;
high uniformity comes from a lack of peaks and troughs of
coverage, which can arise from bias

“More is better”
The number of times an individual DNA base in the target
Sequencing Coverage region is covered via bases in mapped sequencing reads.
This is usually expressed as “X-fold”.

“More is better”
SNP Genotype Interrogation of a given sample and measuring % concordance

of microarray SNP data with exome sequencing data
Concordance




What is Coverage?

= The average number of reads

2000 Base genome

representing a given nucleotide —

8 x 500bp fragments

In the reconstructed sequence .

= Enables you to estimate the % of Coverage = N * —
the genome covered by reads 500 G

- Coverage = 8 = 2x
= High coverage overcomes errors 2000
In base-calling & assembly

N=Number of reads
L=average read length
G=length of original genome

The typical desired coverage of a genome is 30x

ThermoFisher
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Target Enrichment Strategies

Hybridisation

\Linker ligation
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Array Based Capture
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In-Solution Capture

Enrichmeﬁ

Sequencing
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Exome Enrichment

Exon

Length: 114-126 bp
Quantity: 655,872 baits (51 Mb) e e e SureSelect (RNA)
Length: 55-105 bp " "B "Ea "Em "Em "B "B "Ea "R "R "Ea "R
Quantity: >2,100,000 baits (64 Mb) T T T T T T T T T R T SeqCap (DNA)
Lengths: 95 bp —— —
Quantity: 340,427 baits (37 Mb) — ——— == === risioriex (DNA)
Lengths: 225-275 bp — g ——— . AmpliSeq (primers)
Quantity: 293,903 amplicons (57.7Mb) - == - -

Samorodnitsky et al. Human Mutation (2015) ThermoFisher

SCIENTIFIC



] _?*?
Trio Workflow “ " “

184 bp

23,790,520 bp 29,790,540 bp
| | | |

NA12892-|

TGTGGGGOCCACAGCAGTGCTGGAAAGTAGAACGCTGTACCCTAAAR

MEP1B

NA12878-WGS"

NA12878-WES"

NA12891-WES"

NA12892-WES"

NA12878-lon AmpliSeq™ Exome

NA12891-lon AmpliSeq™ Exome

™

on AmpliSeq™ Exome

*A. Ramu et al. Nat Methods (2013) 10:985
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Why Sequence the Exome?

Focus and Utility
= So far, ~85% of human disease causing variants in exonic regions
= Practical to study rare Mendelian diseases with limited number of samples
= Simple sample preparation
Cost
= Generally 10% to 20% of Whole Genome Sequencing
= Typically can sequence 6-8 exomes for the price of one genome
Data:
= Fewer Variants of Unknown Significance to report (or not report)

= Faster sequencing times $ O
COMPLEXITY \N*/
EXON
| 92T
ThermoFisher
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Precision Medicine
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Genomics-Driven Medicine

Personalised medicine is the most exciting change in
cancer treatment since the invention of chemotherapy?

n“ '

Sl
+29
As a growing number of biomarkers become clinically

actionable, the single-diagnostic/single-drug paradigm
- is becoming a challenge to manage?

1Peter Johnson, CRUK, http://www.cancerresearchuk.org/support-us/donate/become-a-major-donor/how-you-can-give/the-catalyst-club/personalised-medicine
2Delivering precision medicine in oncology today and in future — the promise and challenges of personalised cancer medicine: a position paper by the European
Society for Medical Oncology (2014) doi:10.1093/annonc/mdu217
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Advances Against Cancer — 250 years
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Acute Lymphoblastic Leukaemia; Acute Myeloid Leukaemia; Adrenocortical Carcinoma; AIDS-Related Cancers; AIDS-Related Lymphoma; Anal
Cancer; Appendix Cancer; Astrocytoma Cerebellar; Astrocytoma Cerebral; Atypical Teratoid; Atypical Teratoid/Rhabdoid Tumor; Basal Cell
Carcinoma,; Bile Duct Cancer; Bladder Cancer; Bone Cancer, Osteosarcoma and Malignant Fibrous Histiocytoma; Brain Stem Glioma; Brain

Tumor; Breast Cancer; Bronchial Tumors; Burkitt Lymphoma; Carcinoid Tumor; Carcinoma of Unknown Primary; Central Nervous System
Atypical Teratoid/Rhabdoid Tumor; Central Nervous System Lymphoma, Primary; Cerebellar Astrocytoma; Cerebral Astrocytoma/Malignant
Glioma; Cervical Cancer; Childhood Cancers; Chordoma; Chronic Lymphocytic Leukaemia; Chronic Myelogenous Leukaemia; Chronic
Myeloproliferative Disorders; Colon Cancer; Colorectal Cancer; Craniopharyngioma; Cutaneous T-Cell Lymphoma; Embryonal Tumors;
Endometrial Cancer; Ependymoblastoma; Ependymoma; Esophageal Cancer; Ewing Family of Tumors; Extracranial Germ Cell Tumor;
Extragonadal Germ Cell Tumor; Extrahepatic Bile Duct Cancer; G dder Cancer
Gastric (Stomach) Cancer; Gastrointestinal Carcinoid Tumor; Gastrointestinal Stromal Cell Tu ; Gastrointestinal Stromal Tumor; Germ Cell
Tumor, Extracranial; Germ Cell Tumor, Extragonadal; Germ Cell Tumor, Ovarian; Ge oblastic Tumor; Glioma; Glioma Brain Stem;

Glioma Cerebral Astrocytoma; Glioma Visual Pathway and Hypothalamic; Hairy Cell
Cancer (Primary); Histiocytosis; Hodgkin Lymphoma; Hypopharyngeal Canc
Islet Cell Tumors; Kaposi Sarcoma; Kidney (Renal Cell) Cancer; Kldney
Acute Lymphoblastlc Leukaemla Acute Myeloid; Leukaemia, C

1a, Chronic Myelogenous; Leukaemia, Hairy Cell;
all Cell; Lymphoma, AIDS-Related; Lymphoma, Burkitt;
phoma, Hodgkin; Lymphoma, Non-Hodgkin; Lymphoma,
: Malignant Fibrous Histiocytoma of Bone and Osteosarcoma,;

crlne Neoplasigg¥ (K [
B¥Kaemia Acute; Myeloma, Multiple; Myeloproliferative Disorders, Chronic; Nasal

Primary; Mouth Cancer; Multiple E
mia, Chronic; E
ancer; Neuroblastoma; Non-Hodgkin Lymphoma; Non-Small Cell Lung Cancer; Oral

Syndromes; Myelogenous Leu
Cavity and Paranasal Sinus Ca
Ovarian Germ Cell Tumor; Ovarian ant Potential Tumor; Pancreatic Cancer, Pancreatic Cancer, Islet Cell Tumors; Papillomatosis,
Paranasal Sinus and Nasal Cavity Cancer; Parathyroid Cancer, Penile Cancer; Pharyngeal Cancer, Pheochromocytoma; Pineal Parenchymal
Tumors of Intermediate Differentiation; Pineoblastoma, Pituitary Tumor; Plasma Cell Neoplasm/Multiple Myeloma, Pleuropulmonary Blastoma,
Pregnancy and Breast Cancer, Primary Central Nervous System Lymphoma; Prostate Cancer, Rectal Cancer; Renal Cell (Kidney) Cancer,
Renal Pelvis and Ureter, Transitional Cell Cancer; Respiratory Tract Carcinoma Involving the NUT Gene on Chromosome 15; Retinoblastoma
Rhabdomyosarcoma, Salivary Gland Cancer; Sarcoma, Ewing Family of Tumors, Sarcoma, Kaposi; Sarcoma, Soft Tissue; Sarcoma, Uterine;
Sézary Syndrome; Skin Cancer (Melanoma); Skin Cancer (Nonmelanoma); Skin Carcinoma, Merkel Cell; Small Cell Lung Cancer; Small
Intestine Cancer; Soft Tissue Sarcoma; Spinal Cord Tumors; Squamous Cell Carcinoma, see Skin Cancer (Nonmelanoma); Squamous Neck
Cancer with Occult Primary, Metastatic; Stomach (Gastric) Cancer; Supratentorial Primitive Neuroectodermal Tumors; T-Cell Lymphoma,
Cutaneous, see Mycosis Fungoides and Sézary Syndrome; Testicular Cancer; Throat Cancer; Thymoma and Thymic Carcinoma; Thyroid
Cancer; Transitional Cell Cancer of the Renal Pelvis and Ureter; Trophoblastic Tumor, Gestational; Unusual Cancers of Childhood; Ureter and
Renal Pelvis, Transitional Cell Cancer; Uterine Cancer, Endometrial; Uterine Sarcoma; Vaginal Cancer; Visual Pathway and Hypothalamic
Glioma; Vulvar Cancer; Waldenstrom Macroglobulinemia; Wilms Tumor



Where we are Today

Every year, 14M cancer cases diagnosed with 8.2M deaths worldwide!

'I"I"I' 13.1M projected cancer-related deaths by 20302

| C’ $39.3B oncology therapeutics market for 20133

$5.3B will be spent in next-gen cancer diagnostics by 20154

Sources:

1 Cancer Fact Sheet. World Health Organization, Updated February 2014. Annals of Oncology 25

2 Cancer Fact Sheet. World Health Organization, Updated: January 2013.

3 Data extrapolated based on the following report: “Oncology Therapeutics Market to 2017." GBI Research, December 2011.
4“Advanced Next Generation Cancer Diagnostic Devices Market 2012 — 2018.” Transparency Market Research, 2012.




Routine Biomarker Analysis

Today’s Challenges

= Limited sample material for analysis
= Multiple biomarkers for one disease indication
= Need to test multiple biomarkers simultaneously

= Growing number of biomarkers to address

Current methods to test samples against various
biomarkers are slow and require more tumour

sample than available

ThermoFisher
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Ever-Expanding List of Genes and Variants

Hypermutated
genes identified
by Cancer

Expert opinion
on number of
“driver”

Mutations
currently targeted
by on-market

Mutations/
genes currently
targeted by

Genome Atlas’ mutations? drugs® pipeline drugs®

g AR EEso [ |l
st AR Ese | L
coorectal [/Ncs I 70 | — B

1 Based on g-value analysis using MutSig software from the Broad Institute
2Based on expert interviews

3 Based on Evaluate Pharmaceuticals database; for pipeline, includes Phase 1 and above only.

Personalized Medicine: The Path Forward, McKinsey & Company, 2013

ThermoFisher



Actionable Signalling Pathways

Lung Adenocarcinoma Lung Squamous Cancer

Melanoma
Colorectal Cancer

(PTEN and CDKNZ2A are
frequently inactivated)

Breast Cancer

Head and Neck Sqguamous Cancer

EREBBZ

Garraway et al. (2003) J Clini Oncol 31(15):1803

ThermoFisher
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Ever-Expanding List of Genes and Variants

Markers by number of Pharma companies & cancer types

Number of
Pharma
companies
120 -
Other cancer type*
100 -
Melanoma
m Colorectal Cancer
80 - Breast Cancer
m Non-Small Cell Lung Cancer
B Markers and tissue relevant to
60 - pharma with primary PMA
40 -

[] 0 i
LY <N N A FOEFE<S U)o © AL A NATMN NN A vEaKs Mo < AT OLANM
E<_|mm2rxggmmémrxQx<oxrx><(§3u.<x><|—¥x><o:IIED:m‘—in:g(Z)g;:%_ll—mm8>>>xxxg
OO0 ULGrLlSLrl A Zerlagzledil¥Xerer<gnoog0InzyY gOXZzopjEEREIILS
o xXXYOXzZz0T0 O OxokEo0O0YX<clld<ErE AT~ Zuigs sI<zx - wWwws""
w- Lg“"oL A & ozl << =z g o = w
a == O
* Other cancer types include but not limited to gastric, oesophageal, thyroid, glioblastoma, etc.; .
ThermoFisher
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Example: More Alterations Are Under Investigation

AKT1 mutation
CCND1 amplification
CDK4 amplification, mutation
CDK6 amplification
DDR2 mutation

KRAS mutation
ERBB3 mutation
FGFR1-4 mutation, amplification, fusion
GNA11 mutation
GNAQ mutation
HRAS mutation

IDH1 mutation

KIT amplification
NRAS mutation

MET mutation

MTOR mutation
MYCN amplification
PDGFRA amplification
PIK3CA mutation
PPARG fusion

PTCH1 mutation

RET mutation

SMO mutation

STK11 mutation

Multiple
Multiple
Melanoma, NSCLC
NSCLC
Multiple
Multiple
Multiple
Multiple
Melanoma
Melanoma
Multiple
Multiple
Melanoma
Multiple
Multiple
Multiple
Multiple
Glioblastoma
Multiple
Thyroid Cancer
Multiple
NSCLC, Thyroid Cancer
Multiple
Multiple

MK-2206, MSC-2363318A
palbociclib

palbociclib

palbociclib

crizotinib + dasatinib

various MEKi combinations
neratinib

BGJ-398, JNJ-42756493
vorinostat

vorinostat

binimetinib + panitumumab, BVD-523
AG-120

dasatinib

various MEKi combinations
AMG-337, crizotinib, INCB-028060
MSC-2363318A

GSK-525762

nilotinib, sorafenib

various PI3K pathway combinations
pioglitazone

vismodegib

ponatinib, sunitinib

vismodegib

MSC-2363318A

ThermoFisher
SCIENTIFIC



Current State of Cancer Drug Development

Pharma

* Discovery of novel biomarkers and target validation

* To find appropriate patients in the right numbers to power clinical trials

 The ability to accelerate clinical trials

« Seamless transitions from biomarker development to CDx

» Top pharm expect to increase investments in analytic capabilities
designed to turn data into knowledge®

» Top 15 pharm spend 4% of total R&D spend on biomarker research?

1,300 active drug projects for 45 cancer indications

:O_ 321 compounds in Phase Il trials

A
C

) \

(]
O
-
<
&
A
v

>
-IQ

82 therapies in Phase lll clinical trials

a0
>

Sources:

1 Companion Diagnostics in Personalized Medicine and Cancer Therapy — TriMark Publications, Feb. 2012
2 Personalized Medicine: The Path Forward — McKinsey & Company (2013)

8 FierceBiotechIT — Big Pharma OpX, Mar. 2014
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From Anatomical to Molecular Approach

Breast Cancer
Cervical Cancer
Colorectal Cancer
Liver Cancer @
Lung Cancer
Ovarian Cancer
Pancreatic Cancer
Prostate Cancer
Skin Cancer
Stomach Cancer
Thyroid Cancer

Source: Nature Medicine, volume 18, number 3, March 2012

Changing the Paradigm — Cancer as a Molecular Disease

ALK
AKT1
BRAF
EGFR
ERBB2
KRAS
NRAS
MAP2K1
PIK3CA
RET
ROS1
Undefined

ThermoFisher
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Sequential Testing — Lung Adenocarcinoma Example

Lung Adenocarcinoma

_ Predict Non-
EGFR Wild Type Responsiveness to
~75% EGFR TKI

ReSIStiTO l(\)joutfﬂltlon EML4-ALK
FISH Test

Predict Non- Negative EML4-
Responsiveness to ALK
EGFR TKI Rearrangement

Further Test

Modern Pathology (2012) 25, 347-369 & 2012 USCAP, Inc. All rights reserved.
1. Engstrom PF, Bloom MG, Demetri GD, et al. (2011) NCCN molecular testing white paper: effectiveness, efficiency, and reimbursement. J Natl Compr Canc Netw. 9 (6):S1-S16.

2. Dacic S. (2011) Molecular diagnostics of lung carcinomas. Arch Pathol Lab Med.135(5):622-629.
3. Wolff AC, Hammond ME, Schwartz JN, et al. (2007) American Society of Clinical Oncology/College of American Pathologists guideline recommendations for human epidermal growth

factor receptor 2 testing in breast cancer. Arch Pathol Lab Med. 131(1):18-43.

ThermoFisher
SCIENTIFIC



Genetic Variations and Cancer

CGTGATACCCTAAAGCAACTG AGCTCGWGCTC

MMNM@M Reference genome

e AGCTCGTGTTGCTC

)))

CGTGATACCATAAAGCAACTG Insert[on

Deletion I?f;.".'n"t”'“"" oooo O o

Base 1615

Mutations Indels Copy number variation Fusion genes

Melanoma g IDC-Breast cancer | C1OMC Lo s

‘adenocarcinomas

ThermoFisher
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Translational Bioinformatics — New Found Knowledge

File reproduced in accordance with creative commons public domain license: original work by CliNKer, who grants anyone the right to use this work
for any purpose, without any conditions, unless such conditions are required by law. http://www.flickr.com/photos/photos_clinker/295038831/




Adding Value to the Sequence
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Multi-Dimensional Cancer Analysis

Gene expression
Mutations

CNV
mMiRNA

Melanoma (|

B
00 .-

- (o

Methylation profile
EMRs

Clinical

Colon

©

Different types of
leukemia

i'l Ovary

Circos plot from SC Kim, et al. (2013) PLoS ONE 8(2): e55596

Image modified in accordance with creative commons public domain license from the original work by the NHS National Genetics and Genomics
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4 i

55 year old woman
with carcinoma of

unknown primary
origin

Sequence analysis

of 3 ‘actionable’ cancer
genes in fresh or
archived biopsies

EGFR E746_A750del +
BRAF -

KRAS -

PIK3CA -

etc.

>

o

Comparison to cancer
genome and clinical
trials databases

* EGFR E746_AT750del
reported in lung (5.3%),
breast (0.2%), ovary
(0.4%), salivary glands
(2.1%), etc.

 Functional consequence:

Activating
e Clinical trials: Multiple

>

i

Clinical decision
based on:

= Patient condition

= Prior therapies received
by patient

= Mutation status

* OQutcome information
from prior clinical trials

= Availability of targeted
therapy

= Patient preferences

TJ Hudson (2013) J Int Med 274:440
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The Oncomine Knowledgebase

Heterogeneous

datasets
Data

= |dentify and collect
heterogeneous
published cancer
genomic data
gathered from
sources worldwide

» Data generated from

strategic
partnerships,
including clinical
seqguencing
collaborators and
internal data at

Thermo Fisher labs

m—

Normalise Data

Expert Curation

= Dedicated team

reviewing each
sample, property,
publication and
mapping the data to
the Oncomine®
ontology

Metadata curation
and standardization
Genomic data
curation and re-
annotation

m—

Analysis Engine

Oncomine
Ontology

Multi-threaded
hierarchy of terms and
synonyms to describe
the data

—

5 _

The Oncomine
Knowledgebase

Findings Database

Standardised
Analysis

Leveraging the
Oncomine® Ontology,
standardised analyses
can be performed on
every Oncomine®
dataset
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The Oncomine Knowledgebase

Sources

ArrayExpress

TumorScape
COSMIC
caArray

Literature

Proprietary
data

Knowledgebase

<y
(—

Gene expression

~— -
— N

e
DNA copy number

<
M~

Mutation

— <
N~

Gene signhatures

‘ Oncomine®
applications

<
N~

Fusions

Cell line biomarker

o~ S
v

Tumour biomarker

Bioscience™
Bioinformatics

v

Products

Datasets (samples) by cancer type

Bladder NN ;. 1,575
Brain/CNS I (5,647
Breast |, 12 (14,277)
Cervical NN 15 (571)
Colorectal [N 77 (5,075
Esophageal I 05 (751)
Gastric |G 27 (1810)
Head/Meck [N :: 7,077
Kidney I 0 (7,504)
Leukernia I, (10,487
Liver [ 0 (2,091]
Lung I 77 (4,560]
Lymphoma I - (.,558)
Melanoms [N, i (.70
Myeloma N - (2,157
Ovarian NG ;2,406
Pancrzatic [INNGTGTGNGNGNE v (521)
Prostate I 1 (:.070)
Sarcoma [N - (7 5oc|

*This bar chart represents datasets. Some samples are represented in multiple
cancer types. The Oncomine® knowledgebase also has 14,558 normal samples.
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= (Cancer Projects

ICGC Data Portal

Q  Advan

eg. BRAF, KRAS G12D, DO35100, MU7870, apoptosis, Cancer Gene Census, GO:0016049

About Us

The (£'ICGC Data Portal provides tools for visualizing, querying
and downloading the data released quarterly by the

consortium's member projects.

To access ICGC controlled tier data, please read these

instructions.

New features will be regularly added by the DCC development

team, & Feedback is welcome.

PCAWG

PanCancer Analysis
OFWHOLE GENOMES

The Pancancer Analysis of Whole Genomes (PCAWG) study is an
international collaboration to identify commeon patterns of
mutation in mare than 2,600 cancer whole genomes from the

International Cancer Genome Consortium.

Data Release 19
June 16th, 2015

Donor Distribution by Primary Site

Cancer projects

Cancer primary sites
Donors

Simple somatic mutations

Mutated genes

55

21

12,979
16,459,160

57,543

Information

Access Controlled Data

Methods

Submitter Tools

Tutorial

EXAMPLE QUERIES

1. BRAF missense mutations in colorectal cancer
2. Maost frequently mutated genes by high impact mutations

in stage

1l malignant lymphoma

3. Brain cancer donors with frameshift mutations and

having methylation data available

HT
HHHHI T T

International
Cancer Genome
Consortium
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Role of Bioinformatics

The key to successful drug development and personalised
medicine Is understanding the data we are generating

Cancer
Biology

Technology

NGS
Microarrays
High-content screening
Imaging

Bioinformatics

Data Management
Analytics
Visualisation
Interpretation

Improved
Lives

For Research Use Only. Not for use in diagnostic procedures

ThermoFisher
SCIENTIFIC



Genomics-Driven Medicine — Clearing the Hurdles

Advances in human genomic research directly relevant
to disease diagnosis, treatment, and prevention coupled
with the declining cost of genome sequencing has
promoted the use of genomic technologies in routine
clinical care.

Among the many challenges to widespread
Implementation of genomic medicine we could mention
the following: standardisation and quality assurance of
genomics data, clinical-informatics infrastructure to

manage genomic information, education for health
professionals and patients, and policies for data sharing.

Manolio et al. (2015) Global implementation of genomic medicine: We are not alone. Sci .Transl. Med 7(291) 290ps13

File reproduced in accordance with creative commons public domain license: original work by Pierre-Yves Beaudouin, who grants anyone the right
to use this work for any purpose, without any conditions, unless such conditions are required by law.
http://commons.wikimedia.org/wiki/File:2014_DécaNation_-_100_m_hurdles_01.jpg
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Cancer Genome Analysis

Databases

Database Entitlas Proparties

Emsernbl Genes, proteins, transcrpts, regulatony Genomic positions, relationships between them,
fegions, Varants identifiers in differert formats, GO terms, PFAM

damains

Entrez Ganes, articles Articles for genes, abstracts of artiches, Bnks to full text

UniPrat Proteins POBs, known varkants

KEGD, Reactome, Blocana, Gene Ontolagy Genes Pathways, processes, function, cell kacation

TFacts Genes Transcription regulation

Barcode Genes Expression by tisswe

FikA, HPED, STRING Proteing Interactions

PharmaGkE Dvugs, proteing, vanianks Dvug targets, phamacogenetics

STITCH, Matador Drugs, proteins Dvug targets

Dinug clinical trials Investigational drugs Diseases or conditions in they are being tested

GED, ArrayExpress Genes (microarray probes) Expression values

WG, TOGA Cancer Genames Point mutations, methylation, CHY, structural variants

dbSHF, 1000 genanes Gedrmline variatisng Association with dieases or ondition

COSMIC Somatic variations Asgaciation with cancer types

Vazquez et al. (2012) PLoS Compt Biol. 8(12): e1002824.
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ClinVar — Growing Content
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Variants in Mendelian Genes - ClinGen

83% of patients have variants

that are rare or of uncertain clinical 17% of patients have pathogenic or “likely pathogenic” variants seen =10 times
significance (5776 variants) (63 variants)
[ I
4500+
W Variants of uncertain significance (71%)
W Pathogenic or “likely pathogenic” variants (29%)
1500+
\ =
: @
2o —
6
o
E D
N
500- H
N’

I I I I I I I I I I I * 1 |
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21-39 40-100 101-22.
No. of Times Each Variant Was Observed
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Database Catalogue Nucleic Acids
Nucleic Acids

2013
(1512) Nucleic Acids.
NAR updates every

- Nucleic Acid
January its Database ucieic Acidg,

: Nucleic Acids
Issue (since 1993) 5009 5' i
MNucleic Acids
(1170) Research Fz -
Nucleic Acids B8] S
Research LT o
2006 (858) Nl.u_'l;:it J!l.l;i‘db? % o
Research NN
Nu-'l.'-ill'li‘._l.i._ld_i_‘ﬁ = i F
" Nudeic Acids S8l 2 .
R _I'h:.a-:.-.—_h
2000 (230) e
Eucleicﬁ.cids
1993 starts with =
24 databases e i ¢
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Nucleic Acids Research, 2015, Vol. 43, Database issue DI-D35
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Why this Kind of Training is Necessary?

Keeping up to date with professional developments is an integral part of
good medical practice. The General Medical Council (GMC) has
emphasised that continuing medical education should be tailored to the
specific needs of the individual doctor, based on his or her personal

practice.

= |tis estimated that 50% of the knowledge acquired in medical school is

obsolete after 7 years

= Continual Medical Education aims to update initial knowledge learnt in

clinical school and add new knowledge to this

= Different pedagogical tools available (e.g. group discussions, surveys)
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