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Background

sanger sequencing ‘ next generation sequencing



DNA Sequencing

Ned Shaw

Primer for '
replication & , Strand to be sequenced

© THE SANGER METHOD: Single-stranded DNA is
Qare’ mixed with a primer and split into four aliquots, each
containing DNA polymerase, four deoxyribonucleotide triphos-
phates and a replication terminator. Each reaction proceeds until a replication-terminating
nucleotide is added. The mixtures are loaded into separate lanes of a gel and electrophoresis is used to

separate the DNA fragments. The sequence of the original strand is inferred from the results. (See p. 40
for an illustration of a high-speed DNA sequencer.)
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DNA Sequencing
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DNA Sequenc
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DNA

Sequencing

map reduce
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DNA Sequencing | Alignment

o Maximize Similarity
e Bound Search Space

o Make assumptions to do this



largeted Resequencing

C Read data ) CRef Sequences)

!
C Map reads )

, Y ,
I Align Reads I

Y

Gite frequency datD

l

Filter out noise
Variety of statistical approaches

l
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( Read data ) ( Ref Sequences)
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I Partition reads using ROAs I
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I Form dictionaries & count words I ( Custom Reference Set )

Y X

I Threshold - low frequency words I :

| Local word assembly |

GOA DictionarieD A

Partial Assembly Verification

< ) lterative refinement :
Veriﬁed Dict-ionaries -----------------------------

¢ Loop until converged

I Filter out noise I
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Cell Pathways
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ext Gen Sequencing

Exons
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Whole genome

Whole-exome (1%)

PCR amplicon

Transcriptome RNA

Exon capture transcriptome

Predominant applications:
* Structural variants

* Point mutations

* Copy number variation

Predominant applications:
* Point mutations
* Copy number variation

Predominant applications:
* Point mutations
* Deletions

Predominant applications:
* Gene expression

* Gene fusions

* Splice variants

Predominant applications:
* Gene expression

* Gene fusions

* Splice variants

Nature Reviews | Drug Discovery



Big Data in Genetics

Parallel Data Structures | Map Reduce ‘ Distributed Computing



Parallel Data Structures

trie ‘ burrow-wheeler’s algorithm



Trie Formation

read : aCCECELAQL.mnernsenne,
read : actgcgttagn.
read : actgcgtatgnn..
read : acCCECLLAQL.mnnernsennn,
read : actgcgttagn.
read : actgcgtatgnn..
read : aACCECLELAQL.mennernsenen.

22 B read : accgCgtaag.nnnnns
o e read : actgcgttagmnn.
Fdoma sopteaions read : actgcgtatgu.ne.
e read : acCCECLELAQL.mnernsenne.
read : actgcgttagn.
read : actgcgtatgnn..

read : aCCECLELAQL.mennernsenne.




Trie Formation

read : accgcgtaag

Step 1: create suffixes Step 2 : alphabetize suffixes

read : accgcgtaag$ read : aag$
ccgcgtaag$ accgcgtaag$
cgcgtaag$ ags
gcgtaag$ ccgcgtaagd
cgtaag$ cgcgtaag$
gtaag$ cgtaags
taag$ gcgtaagd
aag$ gtaag$
ag$ g%
o$ taag$

$ $



Trie Formation

read : accgcgtaag
hash : 1346579028

Step 2 : alphabetize sufhixes Step 3 : build trie
read : 0 aag$

1 accgcgtaag$
2 ag$

3 ccgcgtaag$ @%@ © ©® OCO®
4 cgcgtaags CceQ © o ©9
5 cgtaag$ © ©9 ®%
6 gcgtaag$ © ® Q

D
/] gtaag$ % % @@ %
8 g$ 3 ggg% ©
9 taag$ @
$ % ©)

©ROO



Burrows-Wheeler

Refe re%@%g&gtgagaccgcgtaagaccgcgtaaga...
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Burrows-Wheeler (actual)
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Map-Reduce in Genetics

Regions of Analysis



Map Reduce

ccgcgtaagaccgcgtaag
ccgcgtaagaccgcgtaag
ccgcgtaagaccgcgtaag
ccgcgtaagaccgcgtaag
ccgcgtaagaccgcgtaag
ccgcgtaagaccgcgtaag

cgcattctggcgcattc
écgcattctggcécattc

cgcattctggcgcattc
%Cécattctéécgcattc

gcgcattctggegecattc

ctctctcter OO O DD




ccgcgtaagaaccgegt

ROA Partitioning

. ..taagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgecgtaagaaccgegtaagaaccgc..

agaaccgcgltaagaaccgcgtaagaaccgecgtaagaa
cgcgtaagaaccgcgtpagaaccgcgtaagaaccgecgtaagaaccgecgtaagaac
gcgtaagaaccgcgtpagaaccgcgtaagaaccgegtaagaaccgegtaagaacc
cgtaagaaccgcgtpagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccg
gtaagaaccgcgtjaagaaccgcgtaagaaccgcecgtaagaaccgegtaagaacc
taagaaccgcgtlaagaaccgcgtaagaaccgecgtaagaaccgecgtaagaacqgeg
aagaaccgcgtiaagaaccgcgtaagaaccgcgtaagaaccgegtaagaaccgegt
agaaccgcgtigagaaccgcgtaagaaccgegtaagaaccgegtaagaaccgegta
gaaccgcgtpagaaccgcgtaagaaccgcecgtaagaaccgegtaagaaccgegtaa
aaccgcgtiaagaaccgcgtaagaaccgcgtaagaaccgegtaagaacdgegtaag
accgcgtiaagaaccgcgtaagaaccgcgtaagaaccgegtaagaaccgegtaaga
ccgcgtlaagaaccgcgtaagaaccgegtaagaaccgecgtaagaaccgcgtaagaa
cgcgtiaagaaccgcgtaagaaccgcecgtaagaaccgegtaagaaccgecgtaagaac
gcgtphagaaccgcgtaagaaccgcgtaagaaccgegtaagaaccgegtaagaacc
cgtlaagaaccgcgtaagaaccgcgtaagaaccgcecgtaagaaccgcgtaagaaccg
gtEagaaccgcgtaagaaccgcgtaagaaccgcgtaagaacc cgtaagaaccgc
tlhagaaccgcgtaagaaccgcecgtaagaaccgecgtaagaaccgecgtaagaaccgeg
aagaaccgcgtaagaaccgcgtaagaaccgegtaagaacggecgtaagaaccgegt
agaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgegtaagaaccgegta
gaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgecgtaagaaccgegtaa

Length : 34 BP




Dictionary Formation

Ref : ..taagaaccgcgtaagaaccgcgtaagaaccgcgtaagaaccgecgtaagaaccgegtaagaaccgc..

aagaaccgcgtaagaaccgcgtaagaaccgecgtaagaacc
ldagaaccgcgtaagaaccgecgtaagaaccgcecgtaagaacc
aagaaccgcgtaagaaccgcgtaagaacagegtaagaacc
aagaaccgcgtaagaaccgcecgtaagaaccgtgtaagaacc
aagaaccgcgtaagaaccgcgtaagatccgegtaagaacc
aagaaccgcgtccgaaccgecgtaagaaccgecgtaagaacc
aagaaccgcgtaagaaccgcgtaagaaccgegtaagaacc
lragaaccgcgtaagaaccgcgtaagaaccgcegtaagaacc
aagaaccgcgtaagaaccgcgtaagaaccgegtaagaacc
llragaaccgcgtaagaaccgcgtaagaaccgcegtaagaacc
aagaaccgcgtaagaaccgcgtaagaaccgcgtaagaacc
lragaaccgcgtaagaaccgcgtaagaaccgecgtaagaacc
aagaaccgcgtaagaaccgcgtaagaaccgecgtaagaacc
ldagaaccgcgtaagaaccgcgtaagaaccgcecgtaagaacc
aagaaccgcgtaagaaccgcgtaagaaccgecgtaagaacc
lragaaccgcgtaagaaccgecgtaagaaccgcecgtaagaacc

Length : 34 BP



Dictionary Formation

acgtggttacctgtacgtttgggaccaatgca
acgtggttacttgtacgtttgggaccaatgca
acgtggttacctgtatgtttgggaccaatgca
acatggttacctgtacgtttgggaccaatgca
acatggttacctgtatgtttgggacacgtggt
acgtggttacctgtacgtttgggactaatgca
acgtggttacctgtacgtttgggaccaatgca
acgtggttacttgtacgtttgggaccaatgca
acgtggttacctgtatgtttgggactaatgca

REF: 8657
Word 1 1033
Word 2 427
Word 3 o8

Word 4 2



Dictionary Thresholding

acgtggttacctgtacgtttgggaccaatgca
acgtggttacttgtacgtttgggaccaatgca
acgtggttacctgtatgtttgggaccaatgca
acatggttacctgtacgtttgggaccaatgca

acatggttacctgtatgtttgggacacgtggt

acgtggttacctgtacgtttgggaccaatgca
acgtggttacttgtacgtttgggaccaatgca
acgtggttacctgtatgtttgggactaatgca

REF: 8657
Word 1 1033

Word 2 427
Word 3 o8




Baseline Reconstruction

ROA 52-85

ROA 35-68 ROA 69-92

acgtpcgtggttacctgtacgtttgggadqcaatgca
cgtpcgtggttacctgtacgtttgggadqcaatgcat
gthcgtggttacctgtacgtttgggadqcaatgcatt
thcgtggttacctgtacgtttgggadqcaatgcattyg
gtggttacctgtacgtttgggadqcaatgcattgcaa
tggttacctgtacgtttgggaqcaatgcattgcaact

gttacctgtacgtttgggadqcaatgcattgcaactga

tacctgtacgtttgggaqcaatgcattgcaactgatc
acgtttgggaqcaatgcattgcaactgatccctgatfjcg
ttgggaqcaatgcattgcaactgatccctgatjcgt
gggadcaatgcattgcaactgatccctgafjcgta

gagcaatgcattgcaactgatccctgatjcgtag




Dictionary Reconstruction

Initial dictionary

Reference Sequence

t=1

Word (68) Reference (50) Word (68) Reference (50) Word (68)
Word (68) Reference (50) Word (68) Reference (50) -

Reference (50) Word (68) Reference (50) Word (68) Reference (50)

t=n
Word (68) Word (68) | Word (6¢
Word (68) Word (68)

Wiard AQ)

WiAard AQ)




| Partition reads using ROAs I

v

| Form dictionaries & count words |

Y

I Threshold - low frequency words I

Y

GOA DictionarieD
v

| Partial Assembly Verification |

2

( Verified Dictionaries )

v

( Custom Reference Set )
A

Local word assembly
A

lterative refinement:

Loop until converged

I Filter out noise

!
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Distributed Systems in Genetics



Distributed Systems

Compute Unit 0
| |
. e, Compute Unit 0 Compute Unit N
Compute Unit N



