Sequencing technologies
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»How modern DNA sequencing technologies work.
» Historical background on DNA sequencing.

»The application of the most recent sequencing
technologies in both research and clinical settings.




DNA sequencing:

The determination of the precise sequence of nucleotides in a sample of DNA.

The most popular method;

Sanger method OR dideoxy method




Fredrick Sanger:

» Double Nobel Laureate in Chemistry (1958) for
work in protein structure, and (1980) with Walter
Gilbert For DNA sequencing.

» Pioneer in DNA sequencing developed
technologies still in use today.

» Sequence the first whole genome of 5,000 bases
(bacteriophage).




Dideoxy method; chain termination method:

» Gets its name from the critical role played by synthetic nucleotides that lack —OH.

» ddTTP when added to the growing DNA strand, chain elongation stops as there is no
3’ —OH for the next nucleotide to attach
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Uses of DNA sequencing:

> De novo segquencing:

o Determine the DNA for the first time

o 1977 bacteriophage (5.368bp)

o 2001, human genome sequence draft (3,000,000,000 bp)
o Now searching the genome of other species




> Re-seguencing:

Determine variation of a kwon sequence.

Determine normal variations (Polymorphism) within individuals.
Discovery of diseases causing mutations.

Gold standard for many mutation screening




The progress of DNA sequencing:

Evolved rapidly especially in the last decade
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Sanger sequencing method:

4 Tubes reaction require:

DNA template, primers, polymerase, free nucleotides
(dNTPs) and ddTP.
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How does it work? m—

1. Denatured the double strands:

2. Primers annealing

3. Synthesis of new strands (adding dNTPs)

4. Dideoxynuclotides (without —OH).

5. Copied template separated by electrophoresis according to their lengths
6. The length determine the position

And the fluoresce determined the base
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DNA Polymerase reads the template strand and synthesizes a new second strand to match
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= TACGCGGTARCGGTATGTTCGRCCGTTTAGCTACCGAT.
= TRACGCGGTARCGGTATGTTCGRCCGTTTAGC T

=~ TRCGCGGTARCGGTATGTTCGACCETTT.

=~ TRCGCEGTARCGGTATGTTCGACCEGT T

= TACGCGGTARCGGTATGTITCGRCCGT

-~ TACGCGGTARCGGTATGT T

~ TACGCGGTARCGGTATGTe

=~ TRCGCGGTARCGGTATe

= TACGCGGTARCGG T

= TRACGCGGTe

GCGAATGCGTCCACARCGCTAC

GCGARTGCGTCCACARCGE

GCGARTGCGTCCACARC

GCGARATGCGTCCAC

GCGAARTGLCGTCCE

GCGARTGCGTC

GCGAARTGE




GCGAATGCG T CCAHCAHRACGC T AHACAGGE TG
GCGAATGC G T CCAHCAHACGC TAHRCAGGT
GCGAATGCG T CCAHCAHRACGC TAHCAHGG
GCGAATGCG T CCAHCAHACGC T TAHACAHG
GCGAATGCG T CCACHRACGCTAHRCHA
GCGAARATGC G T CCAHCAHRACGCTAHROC
GCGCGAARATGCG T CCACAHRACGCTHA
GCGAATGCGTCCAHCAHRACGCOCT
GCGAATGCG T CCACAHARACGOC
GCGAHAHRARTGCG T CCAHACAHRACG
GCGAATGCG T CCAHAHCAHRACOC
GCGAHATGOCG T CCAHACAHAHRA
GCGAHAHRARATGCGTCCAHCHA
GCGAHATGCGTCCRHCOC
GCGAHARTGCGT CCHRH
GCGHARTGCG T COC

GCGARHATGCGTCC

GCGARHATGCGT

GCGHARTGOCG

GCGCGHATGCOC

GCGHATG

GCGHRAT
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Capillary electrophoresis;

o 1 sequence reaction instead of 4

o ddNTPs labelled with different coloured florescent
dye and detected by laser.

o Fragments sequenced as before and separated
according to size by capillary electrophoresis
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Capillary electrophoresis data analysis:

One lane of gel scanned from smallest to largest.
Red = Thymine, blue = Cytosine, black = Guanine, green = Adenine

This is just a fragment of the entire file, which would span around 900 or so nucleotides of
accurate sequence
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The human genome project:

> Started in 1990 in US
1993 in UK

» The first ‘draft’ sequence published in 2001

Project

» The first COMPLETE sequence released in 2003,
further analysis published in 2011

HOW was it achieved? ?




DNA extraction

By breaking up the genome into small i

fragments (150kb) N .. .. DD
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Fragments cloned by inserting a vector Clone into Vectors

(BACs) into a bacteria OOO OOOOOO OoO

Transform bacteria, grow, isolate vector DNA

(Q )
The bacteria will replicate the fragments [:ojc’f-]@
Il

Sequence the library

¢-9-3-8-G-o-

Assemble contiguous fragments

DNA fragments subsequently sequenced as - b
shotgun’ called shotgun sequencin
& & 9 & » Ve L B e Y e R




Next generation sequencing (NGS):

» Also known as second generation or massively parallel sequencing.

» More than one technology exist (lilumina HiSeq 2500, HiSeq 2000, Roche 454, SOLiD)

variable in: Similar in:

o Chemistry Preparation protocols
o Throughput

o Cost

» Todays technology can sequence 5 whole human genomes in 11 days (lilumina HiSeq2500).
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Next generation sequencing
lllumina HiSeq2000 platform — how it works?

The flow cell is a solid substrate made of silica ““““
And glass, 8 district channels carry millions of
Oligos with 2 types

3 main steps:

= Library preparation

= Sequencing by synthesis FLOW CELL




1. Library preparation:

» DNA fragmented into smaller fragments (300 bases).

» 2 adapters sequence ligate to end of the fragments
(adaptors complimentary to the oligos in the flow cell)

» Multiplexing
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2. Cluster generation:

n
> the adapter of the new strand (forward) anneals to : I ) A
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> DNA fragments denatured, attached to the flow cell ¢ o o O
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» double strand generated by polymerase : LUV i
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> the original strand (reverse) washed off j = { | - | Rl
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available oligo on Flow cell (bridge forming)
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» Doubling strands of the bridge

» the process is repeated to create clusters

» Clusters denatured leaving only forward strands




3. Sequencing by synthesis:
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» Sequencing primers and Fluorescently labelled chemically .

modified nucleotides are added. 'g 'g i T

o ? # G

> First base is synthesized, and detected via laser AR - S o .
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» Chain is terminated bec of inactivation of 3’ —OH ﬂl?* 1 \

L

» Next 3; -OH de-blocking allow synthesis of the next
Base.
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Bioinformatics and Data analysis
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“In 2 parts : read alignment and
variant detection

e :, - ’
“Illumina has its own GA pipeline o o —
program called CASAVA
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“Many new software programs e | : = =
appear on a weekly basis ==




Third generation sequencing:

» A new generation of sequencing threatens to supersede NGS
» 2 main companies:

o PacBio
o Life Technologies

» At present time, most laboratory don’t have this technology available.




Uses of NGS in research:

= Cancer genomics

= Microbial genomics
=  Forensic genomics
=  Genetic disease

NGS in clinical diagnosis:
= Cancer
=  Rare mendolian disease

= From single gene to multiable gene testing
= PGD
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Questions ??

DON'T WORRY -




