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Challenges Ahead

Comprehensiveness of variant types.[Haplotypes con-
sist of the full spectrum of genetic variation, including

SN'Vs, short insertions and deletions (indels), structural
H apl()type"re SO|Ved ge nome rearrangements and copy-number polymorphisms.

Seque nCI ng eXpel’l me ntal methOdS However, most methods for haplotype i.nference oper-

ate only at the level of SNVs and are restricted to unique

((@ APPLICATIONS OF NEXT-GENERATION SEQUENCING

an d a ppl | C atlo ns single-copy sequences on autosomes. The development
of algorithms that are capable of integrating multiple
Matthew W. Snyder!, Andrew Adey?, Jacob O. Kitzman®* and Jay Shendure' variant types into comprehensive assembled haplotypes

represents an important challenge for the field.

As discussed above, many of the methods for experi-
mental genome-wide haplotyping separate the geno-
typing step (data from which heterozygous variants

Ca n we J u St con Stru Ct are called) from Fhe haplotyping step (data f.rom 'wh.ich

heterozygous variants are phased). Although in principle

haplotype Seq uences de this could be extended to all forms of variation, chal--

lenges include the fact that calling of indels and struc-

Nat Rev Genet. 2015 Jun;16(6):344-58

novo rather than Cal“ng tural variation from shotgun, short-read sequencing
data remains challenging as well as the fact that com-

an d conn eCt| N g J u S‘t some plex structural variation may confound the algorithms
. used for calling haplotypes from dense or sparse experi-

Sets Of varia nt ca I IS mental data. Progress towards this goal may be helped

by Phase 3 of the 1000 Genomes Project, in which the

on tO p Of refe ren Ces? phasing of all forms of genetic variation by inferential

methods is an explicit goal.
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String Graph and De Novo Genome Assembly
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String graph assembly for continuous long reads:

1. Remove contained reads (gray)

2. Overlaps to string graphs and tiling paths (blue)

3. The tiling path is corresponding to a path in the string graph.
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Polymorphism Causes “Bubbles” in the String Graph

Large Structure
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String Graph Structure and Subtle Base-Level Polymorphism

Reads (dashed red) contained in the other different
haplotype might be missed in the graph

Large Structure
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Stepping Stone Toward Haplotype Reconstruction to Catch

All Variants

SVs

SVs
SNPs

A —— SNPs —— SNPs
r \ /\r \ r \
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Associate contig 1

/\(Alternative allele)
; L L\ Primary

. . . A . | 2
1 full length contig + 2 associated contigs ( Aﬁfgﬁ:giﬁgc;?g?e)

Keep the long-range information
while maintaining the relations of

the alternative alleles.
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Phasing Variants Through Higher Identity Regions

A

A 9 Mbp contig spanning through the MHC region of a diploid human genome
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Group the SNPs and reads simultaneously for
reconstructing haplotypes different only by small variations.
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“Unzipping Collapsed Paths” with SNP Information

SNPs SVs SNPs SVs SNPs

Chaining together all kinds of variants to assemble haplotigs for a diploid genome
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When Everything is Perfect
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Problem Solved!!
(Only with perfect data and perhaps perfect “boring” genomes)
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Structure Variations Can Fragment Haplotype Blocks
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We Need to Combine the Graphs for Full Resolution
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We Need to Combine the Graphs for Full Resolution
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We Need to Combine the Graphs for Full Resolution
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Remove “Crossing-Phase” Edges
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Reconstructing Haplotigs with SV and SNPs
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Arabidopsis Synthetic Diploid Genome For Algorithm

Development

Two inbred lines, CVI and Col-0, were sequenced separately about 1.5
years ago with P5C3 chemistry

In silico mixture of the two datasets to emulate a diploid genome at about
80x coverage.
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Falcon assembly resuilt: - BN, QlO EEEEEEEEEEEEE
— N50 = 2.50Mb, Total : 130 Mb (primary) , 2z
— Largest “fused contig” = 9.49 Mb - rrrrr > GVl

High SV density: big SV every 80 kb C i

High SNP density: SNP every 100 to 300 bp

9.49 Mb Fused assembly graph




Falcon Unzip Results
9.49 Mb Fused assembly graph (7344 nodes, 8859 edges)
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Check with the ground truth
Blue: CVI

Red: COL-0 = i I S

44 phased haplotigs:
N50 = 831.9 kb, Total: 18.4 Mb (~ 2 x 9.49 Mb), Max 1.39 Mb
No switch error observed
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HuRef MHC Region

9.21 Mb Haplotig Assembly Graph (3079 nodes, 3997 edges)
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L | Example
Phased SVS across 150 kb _
HLA class II HAL DQA/B region \ |

Haplotigs extended with SV
information
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HuRef KIR Region

The HuRef KIR gene cluster is within one contig (5.56 Mb, 2041 nodes, 2495 edges)
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Assembly Graph vs. Diploid Genome vs. Segmental

Duplication

Diploid Genome

Similar String Graph
SVs

SNPs F__L_T F__L_T SNPs

Segmental Duplication
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Resolve Segmental Duplication In Human Genome

A 360-kb interchromosomal duplication of the human HYDIN locus Genomics 88 (2006) 762—771

Norman A. Doggett **, Gary Xie ®, Linda J. Meincke *, Robert D. Sutherland *, Mark O. Mundt ?,
Nicolas S. Berbari °, Brian E. Davy b Michael L. Robinson ®!, M. Katharine Rudd ©,
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¢ Center for Medical Genetics, Marshfield Medical Research Foundation, 1000 North Oak Avenue, Marshfield, WI 54449, USA
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Missing in NCBI35/NCBI36, Unlocalized in GRCh36, Finished in GRCh38

A CHM13 Contig Assembly Graph
(Mapped to GRCh38 chr16:70,811,384-71,168,671 and chr1:146,477,550-146,946,987)

421 kb
< >

(In Discovar NA12878 Assembly, this region has 13 contigs and 12 gaps.)
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BAC Assembly With Internal Repeats




Representation of Haplotype Information

Unphased contig + phased variant calls

Phase-fused primary contig + ordered haplotigs

haplotype block haplotype block

Primary contig with phased sequence + alternative haplotigs

haplotype block haplotype block
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Region of low density het-SNPs
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Future Outlook

We just see the tip of the iceberg....

Re-sequencing with short reads:
L - .l -

Need a reference genome '

Mostly SNP informati_on o

High contiguity assembly
with continuous long rea

Resolve haplotype information de novo x‘f
Detect all structural variations ,

y

Better annotation

Build graph genome model & ﬁ&

Enable comparative genomics
at chromosome scale and more
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