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The original guys: The original guys:

- Maxam and Gilbert method - Maxam and Gilbert method
i. chemical modification of DNA i. chemical modification of DNA
ii. subsequent cleavage at specific bases ii. subsequent cleavage at specific bases

- Sanger (di-deoxy) method - Sanger (di-deoxy) method
i. incorporate di-deoxy nucleotides into reaction i. incorporate di-deoxy nucleotides into reaction
ii. staggered termination of chain elongation

ual prerequisites: Usual prerequisites:
- fragment DNA into small pieces (enzymatic, mechanical) - fragment DNA into small pieces (enzymatic, mechanical)
- sub-cloning DNA fragments in plasmids (bacterial vectors) - sub-cloning DNA fragments in plasmids (bacterial vector
- transfect constructs into bacteria - transfect constructs into bacteria
- selecting hundreds (thousands) colonies, grow larger volume - selecting hundreds (thousands) colonies, grow larger volume
- extract plasmid DNA from each clone - extract plasmid DNA from each clone
- digest each clone with restriction enzyme - digest each clone with restriction enzyme
- label each DNA strand with 35S - label each DNA strand with 35S
- denaturing electrophoresis on large acrylamide gel - denaturing electrophoresis on large acrylamide gel
- exposure on X-ray film - exposure on X-ray film
- limit = 300-400bp reads per run
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9 nucleotides
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The sequencing
nightmare!




Automated Sanger sequencing

Automated Sanger sequencing

Genomic DNA
mechanical or enzymatic fragmentation
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Automated Sanger sequencing

Genomic DNA
mechanical or enzymatic fragmentation

Automated Sanger sequencing

Genomic DNA
mechanical or enzymatic fragmentation

sub-clone fragments in plasmids

sequence each plasmid individually
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. Automated Sanger sequencing —lots of colors, lots of peaks
Automated Sanger sequencing
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Limitations of mated Sanger sequencing:
- isolate individual DNA fragments Next— eneral Seq g:

- amplify each fragment (sub-clone in plasmid or by PCR) - parallel (simultaneous) sequencing of millions of fragments

- carry out separate sequencing reaction for each fragment
(96-well or 384-well plates)
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Next-generation sequencing: Next-generation seq ing:
- parallel (simultaneous) sequencing of millions of fragments - parallel (simultaneous) sequencing of millions of fragments
- each fragment is “bar-coded” - each fragment is “bar-coded”

- no need to isolate individual fragments — they can be pooled together

Next-generation sequencing: Next-genera Seq g:

- parallel (simultaneous) sequencing of millions of fragments - parallel (simultaneous) sequencing of millions of fragments
- each fragment is “bar-coded” - each fragment is “bar-coded”
- no need to isolate individual fragments — they can be pooled together - no need to isolate individual fragments — they can be pooled together

- each nucleotide position “read” multiple times (ensures specificity, - each nucleotide position “read” multiple times (ensures specificity,
adds sensitivity) = “depth” adds sensitivity) = “depth”

- assembly of fragments done automatically by software = speed
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Next-generation sequencing: ... and f e bad part:

- parallel (simultaneous) sequencing of millions of fragments - more complex preparation of sample(s)
- each fragment is “bar-coded” - more expensive instruments

- no need to isolate individual fragments — they can be pooled together - more expensive reagents

- each nucleotide position “read” multiple times (ensures specificity, - longer run times

adds sensitivity) = “depth”
- assembly of fragments done automatically by software = speed

- ability to sequence whole genomes in record time

and f bad part: and f e bad part:
- more complex preparation of sample(s) - more complex preparation of sample(s)
- more expensive instruments - more expensive instruments
- more expensive reagents - more expensive reagents

- longer run times - longer run times

Sowhydoi So why do it? enefits outweigh
the costs
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1. Emulsion PCR sequencing:

Two major players echnologies: —
Genomic DNA
mechanical fragmentation

1. Emulsion PCR sequencing
(ex. Roche 454 / GS Junior) e —

2. Cluster PCR sequencing
(ex. lllumina HiSeq / MiSeq)

1. Emulsion PCR sequencing: 1. Emulsion PCR sequencing:

Genomic DNA
mechanical fragmentation

Genomic DNA
mechanical fragmentation

adapter / linker ligation adapter/ linker ligation

! 1

“bar code”  PCR primer
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PCR amplification

PCR amplification
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load beads

onto microplate:
one bead / well

- dNTP'’s added sequentially
- light intensity measured after each addition (pyrosequencing)

- wells flushed after each dNTP

light sensor

light emission

12/2/2011

- dNTP's added sequentially
- light intensity measured after each addition (pyrosequencing)

- wells flushed after each dNTP

light sensor

Flowgram

ECAGG TTTTTTAACAATCAACTTTTTGGATTAARATGTAGATAACTG

ATAAATTAATAACATCACATTAGTCTGATCAGTGAATTTAT

~ F6-mer
} S-mer
4-mer
7} 3-mer
| 2-mer

| 1-mer

O = M WSOy

Metzker, M, Nature Genetics, 2010

15



Flowgram

escsscsssscce
TCAGGTTTTTTAACAATCAACTTTTTGGATTAAAATGTAGATARCTG
CATAAATTAATAACATCACATTAGTCTGATCAGTGAATTTAT

Metzker, M, Nature Genetics,

2. Cluster (“bridge”) PCR sequencing

Genomic DNA
mechanical fragmentation

adapter / linker ligation fragments bind to “adapters” on glass plate

1 1

“bar code” PCR primer
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adapters
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cluster

- “end-blocked” dNTP’s added sequentially - “end-blocked” dNTP’s added sequentially

- light intensity measured after each addition - light intensity measured after each addition

- “block” is cleaved from each dNTP - “block” is cleaved from each dNTP

light sensor light sensor

light emission

-
.
.

20 micronss
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ID3131: MYH7 (p.Y162H) B 1D3236: ILK (p.P70L)

TR A—— Cluster 1 = fragment #1 .

cluster 2 = fragment #2

cluster 3 = fragment #3 ...

TCCATCTCEOACARCCCCA TCAGTACAT CETCACAGE TCAGAGCEECTE

Cluster 1

Cluster 3
Cluster 2

GACAACGCC tATCAGTACATG

3. Single molecular seq cing: 3. Single molecular sequencing:
the “next” next generation... or 3/ generation sequencing the “next” next generation... or 3/ generation sequencing

- Sequencing of non-amplified DNA - Sequencing of non-amplified DNA

- Relies on “nano-technology”
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3. Single molecular sequencing: 3. Single molecular sequencing:
the “next” next generation... or 3/ generation sequencing the “next” next generation... or 3'9 generation sequencing

- Sequencing of non-amplified DNA - Sequencing of non-amplified DNA
- Relies on “nano-technology” - Relies on “nano-technology”

A) Nano-pores (protein-on-membrane or silicon-based) serve as “gates” A) Nano-pores (protein-on-membrane or silicon-based) serve as “gates”
- DNA is threaded through the gates - DNA is threaded through the gates
- Electrical current through gate modified by type of nucleotide (A, C, G, - Electrical current through gate modified by type of nucleotide (A, C, G,
orT) orT)

B) DNA Polymerase molecules attached to glass slides (Pacific Bioscience)
- Fluorescent dNTP’s used, each of a different color
- DNA synthesis reaction cleaves off fluorescent moiety
- color detected and translated to sequence information

Next generation sequencing applications: Next generation sequencing applications:

- Whole genome organization - Whole genome organization

Homozygous C

- SNP discovery: T '
- classification of variants bl WA R Y
- response to therapy
rognosis
- adverse drug effects
- drug dosage
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Next generation sequencing applications:

- Whole genome organization

- SNP discovery:
- classification of variants
- response to therapy
- prognosis
- adverse drug effects
- drug dosage

- Transcriptome assembly (all transcribed RNA’s)
- organisms
- tissues
-normal vs. tumor
- differentiation stage ...
- normal vs abnormal flora of intestines

Next generation sequencing applications:

- Whole genome organization

- SNP discovery:
- classification of variants
- response to therapy
- prognosis
- adverse drug effects
- drug dosage

- Transcriptome assembly (all transcribed RNA’s)
- organisms
- tissues
- normal vs. tumor
- differentiation stage ...
- normal vs abnormal flora of intestines

- Gene discovery

- Diagnostics!!!

Next generation sequencing applications:

- Whole genome organization

- SNP discovery:
- classification of variants
- response to therapy
- prognosis
- adverse drug effects
- drug dosage

- Transcriptome assembly (all transcribed RNA's)
- organisms
- tissues
-normal vs. tumor
- differentiation stage ...
-normal vs abnormal flora of intestines

- Gene discovery

Next generation sequencing in diagnostics:

- Mutation discovery:
- point mutations
- translocations
- inversions / deletions (indels)
- duplications

- microRNA discovery and application
- relative quantification
- non-invasive diagnosis (blood vs. tissue samples)

- Low-frequency mutations
- Sanger sequencing: >20% mutant cells
- NGS: <<1% sensitivity (depending on “depth” of reads

ity of batching samples via “bar coding”
- “targeted sequencing”
- reduces costs / sample

12/2/2011
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Next generation sequencing in diagnostics:
present applications

1. Complex multi-gene involvement

- cardiomyopathies ( multi-gene,
mutationally heterogeneous)

- breast cancer:
BRCA1, BRCA2
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Next generation sequencing in diagnostics:

present applications
1. Complex multi-gene involvement

- cardiomyopathies ( multi-gene,
mutationally heterogeneous)

- breast cancer:
BRCA1, BRCA2

- colon cancer:
MLH1, MSH2, MSH6 ...

- AML:
FLT3, NPM1, C/EBPa, DNMT3A ...

- invasive and metastatic tumor gene signatures:
in development — gene arrays, miRNA ...

12/2/2011
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Next generation sequencing in diagnostics: Next generation sequencing in diagnostics:
present applications present applications

2. Low tumor burden (fine needle biopsies, small tumor size ...) 3. Monitoring of resistance:

- lung cancer EGFR mutation analysis - BCR/ABL resistance to Gleevec

(low numbers of mutated BCR/ABL clones)
- colorectal cancer kRAS mutation analysis

- BRAF mutations analysis

X X 4. Non-invasive diagnosis:
in CRC, tyroid cancer and melanoma

- miRNA signature screening for tumor markers

present in blood
(metastatic melanoma, colorectal cancer)

The tip of the iceberg...
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The tip of the iceberg

Platform
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Evolution of DNA seq cing throughput

Next-genereation sequencing

Capillary-based systems

Gel-based systems

Kilobases per day per machine

1980 1985 1990 1995 2000 2005 2010

year atoryNANO Briefing no.5, 2010

... and the economic impact of next-gen sequencing ... and the economic impact of next-gen sequencing

Worldwide sequencing market: Worldwide sequencing market:
2010: $ 1.3 billion 2010: $ 1.3 billion
2015: $ 3.3 billion 2015: $ 3.3 billion
compound annual growth rate = >20% compound annual growth rate = >20%

Drug discovery and life science research:
- largest markets for DNA sequencing revenues:
2010: $ 920 million
2015: $ 1.7 billion
compound annual growth rate = >13%

ObservatoryNANO Briefing no.5, 2010 ObservatoryNANO Briefing no.5, 2010
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... and the economic impact of next-gen sequencing

And what about ethics?

Worldwide sequencing market:
2010: $ 1.3 billion
2015: $ 3.3 billion
compound annual growth rate = >20%

- Inappropriate interpretation of results

Drug discovery and life science research:
- largest markets for DNA sequencing revenues:
2010: $ 920 million
2015: $ 1.7 billion
compound annual growth rate = >13%

Personal genomics (“personalized health care”) and clinical
diagnostics:
2010: $ 15.5 million
2015: $541 million
compound annual growth rate = >100%

servatoryNANO Briefing 0.5, 2010

And what about ethics? And what about ethics?

- Inappropriate interpretation of results - Inappropriate interpretation of results

- Informed consent before sequencing:

- Informed consent before sequencing:
we do not know beforehand what we will find

we do not know beforehand what we will find

- Sequencing in children —is this desirable?
(detection of predispositions without preventive measures)
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And what about ethics?

- Inappropriate interpretation of results

- Informed consent before sequencing:
we do not know beforehand what we will find

- Sequencing in children —is this desirable?
(detection of predispositions without preventive measures)

- What sequencing result elements should be included in report?
give patients CD-ROM with whole sequence?

- Should SNP’s of unknown significance be included?

- If sequencing information is withheld -
— failure to alert patient of possible risks!
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And what about ethics?
- Inappropriate interpretation of results

- Informed consent before sequencing:
we do not know beforehand what we will find

- Sequencing in children —is this desirable?
(detection of predispositions without preventive measures)

- What sequencing result elements should be included in report?
give patients CD-ROM with whole sequence?

ould SNP’s of unknown significance be included?

So where do
we go from
here, buddy?
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