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Genome Assembly
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Genome Assembly

’ Sequencing l
Reads i
ACCTACGAATACGTAGAA
} Assemblv ‘ ACGTAGAATCGACCATG

GGGACGTAGAATACGAC

l

ACGTAGAATACGTAGAAACAGATTAGAGAG..

Contigs
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Genome Assembly

ATGTTCCGATTA AACTOTTTCATTCAGTAAAAGGAGGAAA
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Well-Known Assembly Approaches

Overlap Layout De Bruijn Graph (DBG)
Consensus (OLC)

Advantage Read coherency Lack of coherency

Disadvantag Computationally intensive = Computationally tractable
e
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Overlap Layout Consensus (OLC)

‘\\
Hamiltonian Path identified
Reads connected by overlaps
[ ]
Consensus sequence
3 S
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De Bruijn Graph Algorithm: K-mers

A substring of length K

S=ACGTTCGA
All 4 mers: ACGT
CGTT
GTTC
TTCG
TCGA
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De Bruijn Graph Algorithm

Choose a value of k.

%

For each k-mer that exists in any sequence create an
edge with one vertex labeled as the prefix and one vertex
labeled as the suffix.

%

Glue all vertices that have the same label.
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De Bruijn Graphs Construction

GTCTATTCGCTAATTCACTA

ATTCG
ATT TTCG
® >®

arc ATTCA  TTcA
O >0

(Pevzner, Tang & Tesler, 2004)
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De Bruijn Graphs Construction

GTCTATTCGCTAATTCACTA

ATTCG T1CG

>®

ATTCA TTCA
>@

(Pevzner, Tang & Tesler, 2004)

UNIVERSITY of

FLORIDA

10



UF|

De Bruijn Graphs Construction

GTCTATTCGCTAATTCACTA
TTCG
ATTC
ATT
ATT TTCA

(Pevzner, Tang & Tesler, 2004)
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De Bruijn Graph

[ Sequence Read: ABCDEFGHICDEFGKL ]

k-mers (k — 1)-mers
ABCD HICD ABC HIC
BCDE ICDE BCD ICD
CDEF EFGK CDE FGK
DEFG FGKL DEF GKL
EFGH EFG
GHIC GHI
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De Bruijn Graph

Example Genome: ABCDEFGHICDEFGKL ]

HIC GHI

ICD FGH

UNIVERSITY of
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BCD CDE DEF EFG FGK GKL
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Traversing: Find walks on DBG

ABC BCD

Contig: ABCDEFGHICDEFGKL
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Typical De Bruijn Graph

over a billion nodes for a very small bacteria genome
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Ambiguities in Traversing

Repeats mmm) Whirls (Directed cycles)

ABCDEFGHICDEFGKL
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Ambiguities In Traversing

Variants === Bulges (Undirected cycles)

Read 1 = CGACGTC

Read 2 = CGACGTC
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Tackling the Ambiguities In Traversing

Auxiliary information to guied the traversing

e Positional de Bruijn graph

e [ype of colored de Bruijn graph (read-
colored de bruijn graph)
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Genome Variant Calling

UNIVERSITY of

FLORIDA

19



UF|

Genome Variants

Single Nucleotide Polymorphism (SNP)

& [ fe]e [T JA) e [<]
lCITIGiTlCIGJ
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Insertion

Deletion
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Genome Variants
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Well-Known Variant Callers

Reference-free

Ref -based
eterence-base Overlap-Layout De Bruijn Graph

Consensus
Advantage Read-coherent Read- Non-read-
coherent coherent
Disadvantag = Unculturable species Inefficient Efficient
e
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Variant Calling using DBG

CGA

\\
G

UNIVERSITY of

FLORIDA

Sample 1 =CGACGTC
Sample 2 = CGACGTC

GAC

GAG

ACG

CGT

AGG

GGT

N

GTC

-
7
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Variant Calling using Colored DBG

Sample 1 =CGACGTC

Sample 2 = CGACGTC

UF|
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o — x
GTC
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T

ACGT

AGGT

CGAC

CGAG

CGTC

GACG

GAGG

GGTC
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Conclusion

[ De Bruijn graph
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[ Colored de Bruijn grap ]

[Genome Assembly]
\ 4

[ Variant Calling ]
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Conclusion

e Following topics are being stutied in lots of projects:

Colored de Bruijn graph

Read colored de Bruijn graph

Positional de Bruijn graph
Variable-ordered de Bruijn graph
Succinct representation of de Bruijn graph

O O O O O
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Questions?
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Genome Assembly Challenges

® >50% of human genome are repeats

Green and blue fragments are interchangeable when
assembling repetitive DNA
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