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DNA Structure
Deoxyribonucleotide (dNTP) Bases
Base Sl Adenine
Sugar

G Cytosine

Complementary Bases (Paired via Hydrogen Bonds)

G- 4 )
Thymine Adenine Guanine  Cytosine
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Discovery of DNA double helix

The first genome of bacteriophage
$X174 sequenced

Chemical cleavage method

Chain termination method

Allan Maxam and
Walter Gilbert
Gene bank started Shagee
PCR developed
Karry Mullis

First automated DNA sequencing
Machine by ABI

First capillary sequencer by ABI

Human genome project
Completed

2005 first NGS developed
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Proteinase K DNA

Sample extraction method
preparation ' )
Spin column DNA @L’ «5‘"9" J-‘>|).o

l extraction method

(DNA 5l dig0s 55l colel >

= DNA
amplification B ‘5”93 S5 >

PCR amplification

dNTPS, DNA, l
forward primer,
reverse pnmer and
Tan DNA polymerase

: - T ‘5 ‘L.d l}o'
: : Spin column based PCR b Hesolw! g5l Al >
PCR purification B ARy
purification )
‘-5”93 ’,.au..&’"" 5 )" t_J'té 6}Ld OOLO‘ ;

Sequencing pre- sas DNA L JIg »
preparation

Denaturation,
Labelling of dNTPs

ls osls Jdos >

DNA sequencing

General process of DNA sequencing
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Sanger sequencing

Dideoxynucleotide (ddNTP)

Deoxynucleotide (ANTP)

B : . : , single-stranded DNA fragment
3’ CGTATACAGTCAGGTC 5 to be sequenced

ADD LABELED
DNA PRIMER

CaG éf ADD EXCESS AMOUNTS
TAT T OF NORMAL dNTPs

ADD DNA POLYMERASE
AND DIVIDE INTO 4
SEPARATE TUBES

—

.- e
ADD SMALL AMOUNT OF ONE CHAIN-TERMINATING ddNTP TO EACH TUBE

|-~ - |- |-

GCAT A GCAT AT IGCAT ATGTC IGEAT ATG
IGCAY ATGTCA IGCAT ATGT [GEERN ATGTCAGTC [GERE ATGTCAG
GEAN ATGTCAGTCCA [GEAE ATGTCAGT [[GEAN ATGTCAGTCC [GERE ATGTCAGTCCAG

" RESULT
sequence of sequence read
DNA prlmLer frolcn gel
I Ll 1
5 GCATATGTCAGTCCAG 3’
2" CGTATACAGTCAGGTC &'
L J
|
sequence of original DNA strand
S'
A T C G
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Reaction Mixture
Primer Template *
5 R SR
S 5 - ~
ddMTPs OMNA Polymerase j
TP @ ddcTP @ Capillary gel
AATP @ ddGTP @ A% ‘ ™ separation
/ Laser . Detector 'II of DNA
‘ T fragments
. ~ Capillary gel
Primer - | S
5 ———— Elgngatign I.'I
e ———— and chain 4 : 'r
Detection of |

se———»  L€MiNnation .
fluorophores

e A A
5 eee——— ¥

B T—— 3 |
Sequence analysis

) ’ done by computers

B ———— ' Chromatograph
J - y,
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Sequences are usually delivered as ABI files.

Usually thy have .ab1l extension.

C R * D S S M
CG CCCC TAG TCC TG TCOCC TG ¢ ‘ . CTCAT G GG G GG TG

They can be open by:

v Ch

v Sec:(u);nnise scanner (Applid Biosystemes) M\ N\MMWM I\ J\Nh\/\ [\[\ N\J\M\

v Finch TV rfericaGerh f? ferferiericaderGeréeat

v' Mega ,‘

/oL vork e | l“n AL uﬂn
SnapGene

2
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Advantages:
v Long reads (~900bp)

v" Suitable for small projects

Disadvantages:
v' EXxpensive
v Quality is worst at the begging and at the end

v' Error rate 0.1% and error type is substitution.
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The Principle of Pyrosequencing® Technology

() N+ aNTP Ty (DNA), , + PP 1. Nucleotides A, G, C and T are
dispensed in sequence. For each
nucleofide incorporation, a pyro-
phosphate molecule is released.

Buliurylasa
light 2. An enzyme cascade reaction
APS+PPi ATP generales a light signal proportional
@ to the amount of pyrophosphate
luciferin - axyluciferin released.
Luciferase @
ATP Light 3. The light signal is displayed as a peak

time in the Pyrogram® trace.

L

nucleotide sequence

G © A Ge € T 4. Excess nucleotides and ATP are
dNTP 28V dNDP + dNMP + phosphate degraded before the next nucleotide
dispensation.
ATP  LZBYESDS  ADP + AMP +phosphate
: 5. Pyrogram trace shows the DNA
sequence of the template’s comple-
a P 1 A a c 1 ment strand.
Moditiad and pubkshad with permsson from Biotags AB nucleotide added

www.biotagebio.com
» Read lengths are around 200-300 bases(short read length).
» Existence of more than 5 nucleotide run may lead to misunderstand in pyrogram analysis.
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Bisulfite sequencing

Methylated version Unmethylated version

O O
CATGGCGATACCCGT  CATGGCGATACCCGT

4

Bisulfite treatment

4

O O
UATGGCGATAUUCGT  UATGGUGATAUUUGT

-

O O
TATGGCGATATTCGT TATGGTGATATTTGT
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Next generation sequencing (NGS) platforms perform massively
parallel sequencing, during which millions of DNA fragments are

sequenced in unison.

Advantage:
Rapid (sequence an entire genome in less than one day).

Low cost in comparison to traditional techniques (Sanger sequencing)
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Sanger vs NGS sequencing

Sanger NGS
Num. sequences per reaction 1 clone Millions of molecules
Max. parallelization 384 Several millions
Sequence quality High Low
Sequence length 600-800 bp 35-20000 (depends on the
platform)
Throughtput Low High
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Genome sequencing workflow

Sample Quality Library Quality Data Quality
Control Control Control

_ L Bioinformatic
Sequencing Analysis

Sample i, Library
Prepration Prepration

» Quality and quantity of the DNA and RNA that is extracted from the specimen is very important.

Too much DNA low quality Data
Too little DNA Reduced coverage/depth
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What does coverage mean in the context of NGS?

The term “coverage” in NGS always describes a relation between sequence reads and

a reference (e.g. a whole genome or al locus), unlike sequencing depth which describes

a total read number.

Sequencing depth: total number of usable reads from the sequencing machine (usually

used in the unit “number of reads” (in millions). Especially used for RNA-seq.

# sequenced bases’

e C= (= # bases of all mapped reads)
) =

—— # bases of reference
-

===

Reads Reference

B ==

[ r——]

o Sequencing depth= total read number

Wipesdi

B gl

Reads for mapping
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DNA extraction

Library preparation: shearing, end-paring, adapter ligation

L

Hybridization: on whole exome

L

Exome sequencing to sufficient coverage

L

Raw sequence reads (FastQ)

&
Read mapping to reference genome by alignment tools (e.g. BWA, Eland, etc.)

J

Sort and mark duplicates and mapped pairs

Variant calling and filtering: SAMTools, etc.

y

b
Variant annotation: 1. dbSNP (3 million SNPs/individual; 20,000-30,000 coding SNPs/exome
2. Removal of synonymous SNPs

3. Checking the previously reported mutations

Based on mode of inheritance

L L

Autosomal recessive | | Autosomal dominant X-linked De novo variants
Homozygous/ Heterozygous Variants on Variants in patients
compound variants common chromosome X not found in their
heterozygous variants | | among patients common among parents
common among patients




| Base Calling of sequenced reads > FASTQ file

-

Alignment to a reference
genome
Burrows-Wheeler Aligner
(BWA) software

* Constructing the FM-index for the
reference genome
* Aligning with -BWASW algorithm

%AM file preparation

Picard

* Reducing the binary (SAM) file’s size
to % by converting it to BAM file

Dr. Moridnia

Variant calling

and checking the
coverage of ARID
genes

Genome Analysis
oolkit (GATK)

* Pre Variant Calling

ArOCESSES ‘
variant Calling

-UnifiedGenotyper

* Coverage checking
-DepthOfCoverage
-CalculateCoverageOverGe
nes

Primary

Variant annotation
ANNOVAR

*genes and transcripts
* location

*Type (e.g. missense ,
frameshift, stop gained,
stop lost)

* known variants

* MAF 1000 Genomes
Project and ESP6500si

-




&

Tertiary

Filtering
Intronic, Narrowing down the
Homozygous, redicting number of variants
Synonymous, / functional effect and Identifying the
and common and filtering Quality potential mutation(s)
variants based| benign variants hecking
on annotation CADD, dbNSFP, [IGV
e AL and filtering

* A score of greater or equal 10 inc  « SIFT ! .

that these variants are predictedt  « polyPhen-2 ow quahty

the 10% most deleterious substitu  « [ RT variants

that you can do to the human gen  « Mutation Taster
* A score of greater or equal 20 int  « Mutation Assessor
the 1% most deleterious.

Low quality <30 with allele score < 10 . y
~vaaaasaasaaas  and/or ratio of allele score > 3 -Slng Sanger SequenCIHg

—primer design
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FASTQ

@HWI-EAS209 0006 FC706VJ:5:58:5894:21141#ATCACG/1

|dentifier

Sequence TTAATTGGTAAATAAATCTCCTAATAGCTTAGATNTTACCTTNNNNNNNNNNTAGTTITCTTGAGA

+ sign & identifier{ +HWI-EAS209 0006 FC706VJ:5:58:5894:211414#ATCACG/1

Quality scores efcfffffcfeefffcffffffddf feed] ] Ba ~ [YBBBBBBBBBBRTT\[]|] []dddd"
Base T

phred Quality ]= 29
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Quality scores across all bases (Sanger / llumina 1.9 encoding) Quality scores across all bases (Ilumina =v1.3 encoding)

_I 34
lllllllllllll Hin ll (1 LLITTTTITITTITITT
a L nnlnintaln il
3|:| | T 11T N L1
| II 23 —H —H
26 B “HH ]
24 iR
/. ML
- 2z T Tt Nimis Al
22 - 20 - T [
20 — 15 L
18 I 16
16
14 L - .
14 | |
12 12 T
10 10 | |
3 3
6 &
4
4
: [TT1
2
0 1 2 3 4 5 a6 7 8 9 1519  30-34 4549 70-79 100-149 250-299 400-449 550-557 1 3 =] 7 3 11 13 15 17 19 21 23 25 27 29 31 33 385 37 39
Positioninread (bp) Position in read (bp)
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Phred Quality | Probability of incorrect Base call
Score base call accuracy
10 1in 10 90%
20 11in 100 99%
30 1in 1000 99.9%
40 1in 10,000 99.99%
50 1in 100,000 99.999%
60 1in 1,000,000 99.9999%
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NGS services
Whole Genome Sequencing (WGS)
Whole Exome Sequencing (WES)
De novo sequencing
Targeted sequencing (Panel)
Transcriptomics (RNA-Seq)
Epigenomics (Methyl-Seq)

Chip-Seq

Dr. Moridnia




What is Whole-Genome Sequencing?

Whole-genome sequencing (WGS) is a comprehensive method for analyzing
entire genomes. Genomic information has been instrumental in identifying
inherited disorders, characterizing the mutations that drive cancer progression,
and tracking disease outbreaks. Rapidly dropping sequencing costs and the
ability to produce large volumes of data with today’s sequencers make whole-

genome sequencing a powerful tool for genomics research.
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Advantages of Whole-Genome Sequencing

v" Provides a high-resolution, base-by-base view of the genome

v' Captures both large and small variants that might be missed with targeted
approaches

v" Identifies potential causative variants for further follow-up studies of
gene expression and regulation mechanisms

v' Delivers large volumes of data in a short amount of time to support

assembly of novel genomes
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What is Exome Sequencing?

Whole-exome sequencing is a widely used next-generation sequencing (NGS)
method that involves sequencing the protein-coding regions of the genome. The
human exome represents less than 2% of the genome, but contains ~85% of
known disease-related variants, making this method a cost-effective alternative
to whole-genome sequencing.

Exome sequencing using exome enrichment can efficiently identify coding
variants across a broad range of applications, including population genetics,

genetic disease, and cancer studies.
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Advantages of Exome Sequencing

v" Identifies variants across a wide range of applications

v Achieves comprehensive coverage of coding regions

v" Provides a cost-effective alternative to whole-genome sequencing (4-5 Gb of
sequencing per exome compared to ~90 Gb per whole human genome)

v Produces a smaller, more manageable data set for faster, easier data analysis

compared to whole-genome approaches
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DNA
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4
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Protein

mino acid change
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What Is De Novo Sequencing?

De novo sequencing refers to sequencing a novel genome where
there is no reference sequence available for alignment. Sequence
reads are assembled as contigs, and the coverage quality of de
novo sequence data depends on the size and continuity of the contigs

(ie, the number of gaps in the data).

Dr. Moridnia
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Advantages of De Novo Seguencing

v' Generates accurate reference sequences, even for complex or polyploid genomes

v" Provides useful information for mapping genomes of novel organisms or
finishing genomes of known organisms

v" Clarifies highly similar or repetitive regions for accurate de novo assembly

v' Identifies structural variants and complex rearrangements, such as deletions,

Inversions, or translocations
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Introduction to Targeted Gene Sequencing (Panel)

Targeted gene sequencing panels are useful tools for analyzing specific mutations
in a given sample. Focused panels contain a select set of genes or gene regions
that have known or suspected associations with the disease or phenotype under
study. Gene panels can be purchased with preselected content or custom designed
to include genomic regions of interest.

Targeted gene sequencing produces a smaller, more manageable data set compared

to broader approaches such as whole-genome sequencing, making analysis easier.
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Syndromic Hearing Loss
Panel (89)
Test code: EA0401

Usher Syndrome Panel (15)
Test code: OP1101

Waardenburg Syndrome
Panel (7)
Test code: FAN101

ABHD12 CEP78 COLSA3 HOXB1 PAX3 SLC52A3
ACTGt1 CHD7 DCAF17 KCNE1 PCDH15 SLITRK6
ADGRV1 CHSY1 DFNB31 KCNJ10 PDZD7 SMAD4
ALMS1 ciB2 DLXS KCNQ1 PEX1 SNAI2
ANKH CLPP DNMT1 KIT PEX26 SOX10
ATP6V1B1 CLRN1 EDN3 LARS2 PEX6 TCOF1
ATP6V1B2 COLMA1 EDNRB LRP2 POLRIC TFAP2A
BCSIL COL11A2 EYAT1 MAN28B1 POLR1D TIMMBSA
BSND COL2A1 FDXR MANBA SALL1 TYR
BTD COL4A3 FGF3 MGP SEMA3E USHIC
C100RF2 COL4A4 FOXI1 MITF SiIX1 USH1G
CACNAID COL4AS GATA3 MYHS SIXS USH2A
CD151 COL4A6 GJAT1 MYO7A SLC19A2 VCAN
CDH23 COLS9AT1 HARS NDP SLC26A4 WFS1
CDKN1C COL9%A2 HARS2 NLRP3 SLC52A2

ABHD12 CEP78 DFNB31 PCDH15 USHI1C

ADGRV1 ciB2 HARS PDZD7 USH1G

CDH23 CLRN1 MYO7A PEX1 USH2A

EDN3 KIT PAX3 SOX10

EDNRB MITF SNAI2
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Transcriptomics (RNA-Seq)

RNA-Seq (named as an abbreviation of RNA sequencing) is a sequencing
technique which uses next-generation sequencing (NGS) to reveal the presence
and quantity of RNA in a biological sample at a given moment, analyzing the
continuously changing cellular transcriptome.

Specifically, RNA-Seq facilitates the ability to look at alternative gene spliced
transcripts, post-transcriptional modifications, gene fusion, mutations/SNPs and
changes in gene expression over time, or differences in gene expression in

different groups or treatments.
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In addition to mMRNA transcripts, RNA-Seq can look at different populations of
RNA to include total RNA, small RNA, such as miRNA, tRNA, and ribosomal
profiling. RNA-Seq can also be used to determine exon/intron boundaries and
verify or amend previously annotated 5' and 3' gene boundaries. Recent advances
in RNA-Seq include single cell sequencing, in situ sequencing of fixed tissue, and
native RNA molecule sequencing with single-molecule real-time sequencing.
Other examples of emerging RNA-Seq applications due to the advancement of
bioinformatics algorithms are copy number alteration, microbial contamination,

transposable elements, cell type (deconvolution) and the presence of neoantigens.
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Epigenomics

Epigenetics focuses on processes that regulate how and when certain genes are turned on
and turned off, while epigenomics pertains to the analysis of epigenetic changes across
many genes in a cell or entire organism.

Epigenetic processes control normal growth and development and this process is
deregulated in diseases such as cancer. Diet and exposure to environmental chemicals
throughout all stages of human development among other factors can cause epigenetic
changes that may turn on or turn off certain genes. Changes in genes that would normally
protect against disease, as a result, could make people more susceptible to developing that

disease later in life.
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Whole genome methylation coverage

Perturbation of Methylation

Heterochromatin Euchromatin
Hypermethylated Hypomethylated
I_, Gene body
1Rl L llapanatm | _'!? ‘
Shelf Shore Promoter
CpG Island
(>500 bp >55% GC)
If hypomethylated If hypermethylated
Genomic instability Transcriptional repression
, Disease il
Fragile X, Rett syndrome, autism schizophrenia, dementia,
suicide risk, Alzheimers, Prader-Willi, Angelman, e
Beckwith-Wiedemann Syndromes | = methylated cytosine
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What is ChlIP-Seq?

By combining chromatin immunoprecipitation (ChlIP) assays with sequencing,
ChlP sequencing (ChlP-Seq) is a powerful method for identifying genome-wide
DNA binding sites for transcription factors and other proteins. Following ChIP
protocols, DNA-bound protein is immunoprecipitated using a specific antibody.
The bound DNA is then coprecipitated, purified, and sequenced.

The application of next-generation sequencing (NGS) to ChlIP has revealed
insights into gene regulation events that play a role in various diseases and
biological pathways, such as development and cancer progression. ChIP-Seq
enables thorough examination of the interactions between proteins and nucleic

acids on a genome-wide scale.
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Advantages of ChlIP-Seq

Unlike arrays and other approaches used to investigate the epigenome, which are inherently

biased because they require probes derived from known sequences, ChlP-Seq does not

require prior knowledge. ChlP-Seq delivers genome-wide profiling with massively parallel

sequencing, generating millions of counts across multiple samples for cost-effective, precise,

unbiased investigation of epigenetic patterns. Additional advantages include:

v’ Captures DNA targets for transcription factors or histone modifications across the entire
genome of any organism

v" Defines transcription factor binding sites

v" Reveals gene regulatory networks in combination with RNA sequencing and methylation
analysis

v' Offers compatibility with various input DNA samples
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Sample fragmentation
Immunoprecipitation

Non-histone ChIP Histone ChIP
End repair and
adaptor ligation PolyA tailing
| ——) ]
H ﬂ
Cluster Amplification
generation 1 on beads
(bridge PCR) {emulsion PCR)
3\6‘7{3. Qe
—ee NI SN
W AR
Helicos
lllumina Single-molecule
Sequencing Roche ABI sequencing
with reversible Pyrosequencing Sequencing with reversible
terminators by ligation terminators

Sequence reads
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NGS g9 Juus gl (5919255

* 454 (Roche/ FLX) 2004

» Solexa (lllumina) 2006 Sole><a <ROChe>

* Applied Biosystem SOLiD 2007

LIFE

i llu m i na 454 SCIENCES _

Applied
Biggystems

SOLID™
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454-life science technology

£9> Jud sl (55909355 I (5w o9l
Syig) HULL> ¢mmmm YooF Jlw *

(FLX) 454 life science (Roche)

« Template preparation « Emulsion PCR (Em — PCR)
* Imaging « Charge-coupled device (CCD camera)
« Sequencing « Single nucleotide Addition (SNA)
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Template preparation

a)

DNA library preparation

\
é

4.5 hours

Ligation * Genome fragmented by

B S
A nebulization
—— : No cloning; no colony
election - picking

(isolate AB sstDNA library created
fragments with adaptors

only) A/B fragments selected

B
A

using avidin-biotin
purification

k

pos
(ev]
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Template preparation (Emulsion PCR)

R
-~

Emulsion On-bead amplification Final product

Micelle droplets are loaded Templates hybridize to bead-bound primers and are amplified; 100-200 million beads with

with primer, template, after amplification, the complement strand disassociates, thousands of bound template

dNTPs and polymerase leaving bead-bound ssDNA templates e
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Sequencing

c)

Sequencing

e — e ——

7.5 hours

* Well diameter: average of 44 ym
» 400,000 reads obtained in parallel
» A single cloned amplified sstDNA bead

is deposited per well

Amplified SStDNA library beads ——————————————————p Quality filtered bases
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Ligation of adaptors
to DNA fragments
Emulsion PCR A L7
22 () L, e
"ﬁ))\{'% N
Break emulsion and deposit
beads into picotiter plate '

Beads with clonally amplified template DNAs and sequencing enzymes

Dr. Moridnia

454 life science (FLX)

‘ Polymerase
Template A

fﬂ P DO000
d’lTP , \Q“O'

PP, and APS

%# ATP ATP.-sulfurylase
Lucierase

LIGHT

Pyrosequencing




Solexa (lllumina)

2006 -
A flow cell contains eight lanes .
Lane 8
« Template preparation « Solid Phase amplification
* Imaging « Total internal reflection fluorescence

« Sequencing (TIRF)

* Cycle reversible termination (CRT) q
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Template binding

Free templates hybridize
with slide-bound adapters

Bridge amplification Cluster generation
Distal ends of hybridized templates After several rounds of
interact with nearby primers where amplification, 100-200 million

amplification can take place clonal clusters are formed q
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N AnA

Adaptor modified DNA strand hybridized to
oligonucleotide anchor
{ .

@o o>

s | Flour
ooy | " Lo s
—— —_—— —
Block
| 1nalnn o
Sequencing of forward Template
strands strand
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IE = ® I: — | .=
(P )= O s J*‘ \ "\_; ’B—; ..__;
HO - HO HO
Fluorophore-labelled, terminally blocked Slides are imaged with either two or Fluorophores are cleaved and washed
nucleotides hybridize to complementary four laser channels. Each cluster from flow cells and the 3"-OH group
base. Each cluster on a slide can emits a colour corresponding to the is regenerated. A new cycle begins
incorporate a different base. base incorporated during this cycle. with the addition of new nucleotides.
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Solexa (lllumina)
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Read Iength 2x300bp | 2x150bp | 2x125bp | 2x 150 bp l

m 15GB 120 GB 1000 GB 1800 GB .
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ABI Solid Sequencing

a
SOLID substrate Di base probes

o Template
| S

: i 2nd base
1 pm ALLLALLLLLLALARI LIS, 3””""2225% ‘
bead * ¢ .
5" P1adapter Template sequence 3 p

3' "Cnnnzzz5'

l'l'l'l'ﬂ/—

3' ' ‘nnnzzz¥'

aseqis|

3'TAnnnzzz¥5'

Glass slide Cleavage site

Dr. Moridnia



Sequencing by ligation

1* Base

a

2@Base +

O, N
+ o

P”ﬂ\a' . 3 —— G{-trertiogot

LIGATE

- Bead S
Adapter Sequence Tomplate Sequence

¥ Primet +
FHTITTT e

SISATYNY VAYQ / NOLLYOI A8 ONION3ND3S

aong Ll LLLLLLLSTORRRLLLLELELEE PRt
8 Adapter Sequence Tomplate Sequence
A 4
A Cleavage o l
- ﬁlfﬂel »ie
-1
Bead 3

Adopter Sequence Tomplate Seguonce

A
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Sequencing by ligation

Ligase seals  2-base encoding Bead-anchored Excite -, ,» Fluorescence
the nick -, ’." * _ template strand R

.
b »
A SVATnnnzzz

|||||||| v
DU = ™
»* 5'TA - S'TA

IATnnnz22

1
Be;d attached @ @ Extqnded strand with
to glass slide gam v = g«‘;\r;a; ::::ircwzzi;egad
YATH N O Fluorophore ATnnn R

‘muuuuuﬁuumﬁ - SRR T TTITITITITIT

Process W
@ repeated @
New primer
Emendedsequence ATnnnTGnnnCAnnn P Pr

melted away  TTTTTITITTTITIITITITTIY

pe— TA AC GT - TA AC GT

@ Primer reset and repeating the
2-base encoding process
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ABI Solid Sequencing




(PacBio, lon Torrent, Oxford Nanopore ) sgw Juw b Jlgi sbd SusS
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Pacific bioscience

(" ) 4 N
» Template Preparation + Single Molecule Template (SMT)

o 4 . >

4 N 2 G
* Imaging « CCD camera

\_ =, " >

4 ) (- )
« Sequencing * Single Molecule Real Time (SMRT)

\_ J . >
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Template Preparation

DNA samp'e S S S SRR 1SS R RS PR RS R RS R H S H SR R o PSS RS PR S F H T H RIS PR RS F SR A R 3 S S5 04 8
. 4 ‘

Fragment DNA == N e

. J ‘

( ) 3agasss -

Repair ends e

> J "’o' ‘ ‘\~\
Ligate Adaptors ;:. .:.::‘,::_.-;.';;;;;;.'.;.;;;;;;.;;;;;;;.'..;.;;;;.".;;;.;;;;;;.0- ::'.:._.. ...

4 ) i ‘ .

(" o ey
Purify DNA '.::.. ....::‘.::;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;::::: ....... ) -

8 =7 ‘

r N

Primer annealing ::S "::::::;;;;;;;;;;;;;;"i;;;;;;;5;-;;;;;;;;;;;;;;;-;;;;;;‘.:::::::0--0};
3 Y s ‘ Tamn

g )

Polymerase binding gy SR————

-
o

"
-t

\ J
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Principal of Pacific Bioscience

A single DNA polymerase is immobilized on the bottom of a reaction cell.

 Reaction cell called a ZMW (Zero-mode waveguide).

« ®29 DNA polymerase is used.

> PACIFIC
BIOSCIENCES®€
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Chemistry of Pacific Bioscience

.ANTP Phospolinked <G ;1 o5laiwl

Oglaie (cofluoropore Jolis ANTP o

-

.8 ANTP 29,5 g 303> ANTP 39,9
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Steps of Pacific Bioscience

[ ZMW @ 03415l (5o ais9ilSes Jladl .\]

‘ S (0 CSHib HiiSlg yd a5 (6L bwgS (590 4l )l 63 Ag5 .Y

Awgy) oyl HHSS .F]

Dr. Moridnia



ZMW (Zero Mode Waveguide)

Pacific Biosciences — Real-time sequencing

Pospholinked hexaphosphate nucleotide

NLENSity e\

Limit of detection zone

Fuorescence pulse

Epifluorescence detection
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Pacific Bioscience
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lon Torrent

ﬁ Around 60-80 M reads. \

» 200 bp length.

» Sequences based on H+ production

» Error rates lower than other 2nd generation

» Error pattern similar to 454, with homopolymer
problem.

» Very cheap per run.

» Belongs to Life technologies (Applied Biosystems)

Method:
Proton detection
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lon Torrent Sequencing platform

Similar to pyrosequencing but using

semiconducting chip to detect dNTP
incorporation.

The chip measures differences in PH.

shown to have coverage bias with GC-rich regions.

lon proton promises higher output and longer
reads.

A simplified schematic diagram of an ion chip sensor well. Image is reproduced
from Rothberg et al.
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Advantages:

Low startup costs
Medium/low cost per base
Low error rate

Fast runs

Disadvantages:

Costs higher than e.g. lllumina

Read length between Illumina and PacBio
Higher error rate than Illumina
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Oxford Nanopore

Nanopore sequencing is a third generation approach used in the sequencing of
biopolymers — specifically, polynucleotides in the form of DNA or RNA.

Using nanopore sequencing, a single molecule of DNA or RNA can be sequenced
without the need for PCR amplification or chemical labeling of the sample.
Nanopore sequencing has the potential to offer relatively low-cost genotyping,
high mobility for testing, and rapid processing of samples with the ability to
display results in real-time.

Publications on the method outline its use in rapid identification of viral
pathogens, monitoring ebola, environmental monitoring, food safety monitoring,
human genome sequencing, plant genome sequencing, monitoring of antibiotic

resistance, haplotyping and other applications.
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Oxford Nanopore

DNA can be sequenced by threading it through a microscopic pore in a membrane,
Bases are identified by the way they affect ions flowing through the pore from one
side of the membrane to the other.

USB powered

~ DNA DOUBLE
HELIX

s | o ]
/ © A flow of ions through
/ the pore creates a current.
/ Each base blocks the
© One protein - / flow to a different degree,
g:?}:: S // altering the current.
two strands. e ———
G G G u
© Asecond
protein creates "L
a pore in the ‘
and holds
an "adapter” P N
molecule. ~ © The adapter molgule

keeps bases in place long
enough for them to be
Kentified electronically.
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Advantages:
Minion is a USB devise
Extremely low cost

Extremely long read feasible and short sequencing time

Disadvantages:
Unknown error rate
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Next Generation Sequencing

Technology based on three things

!

[

(A) Chemistry
Involved

-

>

>

Sequencing by Ligation

e ABI SOLID: Base encoded Probes
e Complete Genomics: Combinational
probe Anchor Ligation

Sequencing by Synthesis

¢ Illumina Platforms: Cyclic Reversible
Terminator Technology

* 454 (pyrosequencing) , lon Torrent:
single nucleotide amplification

Nanopore

® MinilONS: Oxford nanopore,
Genia Nanopore

|

[ (B) Detection ]

!

(C) Amplification

->{ Optical (CCD, ZMW )

e Roche 454, ABI SOLID
Illumina and Pacific Bioscience

—>( Solid State Detection

e Jon Torrent

-»( Electrical Detection

- Required for all second
generation sequencers

¥ t ¥
[ By Emulsion ] By Bridge
PCR Amplification

® 454 Roche (pyrosequencing)
e lon Torrent

® Solexa Genome Analyzer
e lllumina Platform

e Oxford Nanopore,
Genia Nanopore (Roche)

Dr. Moridnia

Not Required for third and
fourth generation sequencers

¥
¥ v
( SMRT (Nanopore)

® Pacific Bioscience

e Oxford Nanopore




Comparison of different NGS platforms

Throughput Length Quality Costs
Sanger
454 750Mb/day 400nt 10-104 ~20$/Mb
lon Torrent 1600Mb/day 200nt 102-10-3 ~10$/Mb
lllumina 125nt 102-10-
SOLID 4 125nt 102-10 -

Helicos
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Estimated Cost of Sequencing ($/Mb)

DNA Sequencing Cost vs Throughput Timeline

P S e R A St O e e i b i e —y ”?&’dl_’;’ !""""7‘ TSR —‘l-' RS —
: e N Ry S L g S . %1 rmYyyYy \ P Y.y r.n
’ X c 5 - Yalm s ¥ ale B s § d

1000000

/| [ Maxim-Gilbert(chemical) |

T Sanger (dideoxy) |
= R 10000
D \
=
2 TR |[Fix-45a |
S e . |G - tiumina]
S
& ABI-SOLID
% .
1
S 0.0p01 0.001 0.01 0.1 10 100 1000  "°5J0000 100000 10000
E e
£ 004 FPaceio If
A4
s nanopore technology *

Estimated Sequencing Throughput (Mb/Day)

== Automated Fluorescent sequencer (dideoxy)
“Pyro sequencing (SBS)

—Sequencing by Synthesis (SBS)
==Sequencing by Ligation (SBL)




Oomics
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Genomics and epigenomics

SADODPOPPK

The study of the DNA sequence and
associated heritable biochemical
modifications '

™~

Proteomics

The study of the proteins present in a sample.

Dr. Moridnia

Transcriptomics

A A VAVAN

The study of the RNA molecules
present in a sample

Phenotype

7R\

’ .

[
—~C,

Metabolomics
H

NH,

The study of the metabolites present in a sample.




Omics Classification

Genomics

Metabolomics Omics Transcriptomics

Proteomics
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Genomics

©lyg>g0 0g3) (5 a=llbo *

Juwo (LY SWSS g Sulo)gdilgn I (sHaals ¢

Genomes

Epistasis Pleiotropy | DNA .),Slgc 9 )L’ibl.w ).anT 7 ‘

y i

\bO—IOZmO

rw 9 935 Pl g LKL Hu Wielel » jSyalio *
O%2)9)3® 9 (539)394 «(gjlimpl Ale WY ledilg Jad

Heterosis
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Genomics classification

Functional genomics

Structural genomics

Comparative genomics

Epigenomics

Pharmacogenomics
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Transcriptomics

o ySund)S agllho ¢

RNA : ; ;

Q8 Ry) Rl 939y dmplio

NonF-Qc[:\joAdmg Coding RNA g0 )l walizo gloyloyd @
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MIRNA MRNA W}‘Q) YQoo *
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Proteomics

99y adllho
N-terminal sequencing

lodSuin g sdwly (slopaibgn plad jl (glacgaze *
) Rhesigy yuwwe g plake (ailgy 6dlgil>

Sequence o :

2D gel A )

electrophoresis — Computer-based
| modelling
. : Proteomics
> Expresswn‘ areas Structural
Nano LC-MS X-ray diffraction loaain / oyt (3495 dlaws joim
' of protein crystals T U“m

Functional

~ interaction

Protein arrays - y ey 8]
. y [ HI® Jo Mz 9a> (paadS ’(
ELISA SPR

Yeast-1 or 2- hybrid
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Metabolomics
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Metabolomics classification

s )
Metabolomics
. Y
Lipidomics Glycomics Fluxomics
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DNA=Green
RNA=Blue

Protein=Yellow

Exome seq. Targeted gene seq.

=T

Transcrptomics

SmallRNAand , — 7

non-coding seq. \ ChIP seq.

Targeted RNA seq. / \

Epigenetics

NEXT GENERATION
SEQUENCING

Methylation seq.
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(Whole Genome Sequencing) egsj JS (s2Lislgd
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(Whole Genome Sequencing) eg¢sj J5 (2Lillgd
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Targeted Gene Sequencing )l>Wan (HLJlgs g,
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Exome Sequencing pg;S! (2Llgs
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Whole genome sequencing Whole exome sequencing Targeted sequencing

Sl RS SR S DL ST
(s

/u

\

Sequencing region:\

whole genome
Sequencing Depth:
>30X

Covers everything—
can identify all kinds
of variantsincluding
SNPs, INDELs and SV.

7
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/u

\_

Sequencing region:\

whole exome
Sequencing Depth :
>50X ~ 100X
Identify all kinds of
variantsincluding
SNPs, INDELs and SV

Cost effective

in coding region.

ﬁ Sequencing region: \

specificregions
(could be customized)

B Sequencing Depth:
>500X

B |dentifyall kinds of
variantsincluding
SNPs, INDELs in
specific regions

u Most Cost effective /




Metagenomics
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Metagenomics
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Metagenomics

Metagenomic Next-Generation Sequencing

—
(‘/caﬂs}'
e \ el e N
Organsm OrQansm
(-] - ' e '
2 o \
Crganiam
a ’

000000 00
20000

Contigs are assembled and
aligned to a reference
database for taxonomic

DNA extraction and

fragmentation of input 0 0
genomes - y
illions of fragments are
@) Attaching adaptors for @) g Human reads

simiultaneously and

: are removed
indendently sequenced

barcoding and preparation of a
sequencing library
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Transcriptomics (RNA) Seq

:RNA-seq

RNA sequencing
L dgad So )> RNA Jlgi 9 caeS u))y

Isolate RNAs Generate cDNA, fragment, > o i
Samples o nteres vy e s, s (63 Juwd (Jlgd ;1 eslatiwl
e @K — o
o { \'\‘ '*7 “' Co- 0T ey ,
BUEIE N SMPAN) —s - T I
"-;«t:;"“ ~.)..‘\.:;!\;\‘ : & _':I_ e h— g R,
o, Sk SR a1 I8 - —— . . y
"y s T TN T A \
- S . e - . \-_ s ‘ _7-’/'

Condition 1 (ondltlon 2
(normal colon) (colon tumor)

O gl jl yie aBud ¢l

Map to genome,
transcriptome, and ." e
predicted exon H (= ' . o . oo
i a0 - .-\J.Sb.ﬂ ( MD_)“ 9¢L3)?_)
H - e
H - -~ =%
100s of millions of paired reads \ .
10s of billions bases of sequence — —

Downstream analysis
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Targeted RNA seq
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Epigenetics
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Methylation Sequencing
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Methylation Sequencing
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ChIP Sequencing

« Chromatin Immunoprecipitation Sequencing

DNA L (yai39, ©VleailgJed Julaigansas gl 9,

NGS 3)).) ooliie (Jlgi L slyans NGS (CHIP) (yu5leg,S (sl )18 Cguw)

e — — » e S 1 A . =

el sloggiud b ungis) (seysiS Joe jl egif S (sloainds ass it
) 0) e ggehw s Gioljel O l>Vol 3y90 jd ChIP-seq wlellao

Olb).w SiBEsD q

Dr. Moridnia



Ribosome Profiling (Foot Printing)
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