Analysis of Complex Vertebrate Genomes:
Computational Challenges and Solutions

Salamander

FIG. 1 Drawings of mitotic chromosome sets from (a) man, (b)
(b) a reptile (Bipes canaliculatus) and (¢) a urodele (Tritu-
rus cristatus). The 3 sets are reproduced on the same scale.
The bar in the middle of the Figure represents 30 um.
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120 Years of Moore’s Law
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Cost per Raw Megabase of DNA Sequence
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C
b Reptile Salamander

FIG. 1 Drawings of mitotic chromosome sets from (a) man, (b)
(b) a reptile (Bipes canaliculatus) and (¢) a urodele (Tritu-
rus cristatus). The 3 sets are reproduced on the same scale.
The bar in the middle of the Figure represents 30 um.
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Chicken Chromosomes
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A Painful Genome to Assemble
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Assembly Attempts

(each internally optimized)

N50 Assembly
Length Number Length Number
AllPaths 642 269,078 1.095 Gb 2.3 million




Assembly Attempts

(each internally optimized)

N50 Assembly
Length Number Length Number
AllPaths 642 269,078 1.095 Gb 2.3 million
pacBioToCA+SSPACE 11,721 23,858 1.174 Gb 201,586

DBG20LC+SSPACE 193,210 1,266 1.043 Gb 22,820




Meiotic Maps




Molecules

Optical Mapping
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Chromatin Contacts
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AllPaths

pacBioToCA+SSPACE
DBG20OLC+SSPACE
Meiotic Map
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Assembly Attempts

(each internally optimized)

N50 Assembly

Length Number Length Number
642 269,078 1.095 Gb 2.3 million
11,721 23,858 1.174 Gb 201,586
193,210 1,266 1.043 Gb 22,820
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Using the Genome
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DifCover

Description

The DifCover pipeline aims to identify regions in a reference genome for which the read coverage of one sample
(sample1) is significantly different from the read coverage of another sample (sample2) when aligned to a common
reference genome. “Significantly different” is determined by user-defined thresholds. The pipeline allows exclusion
of regions from consideration based on read coverage. These include regions with low sequence coverage in both
samples (regions that are undersampled due to nucleotide content) and regions with exceedingly high sequence
coverage (i.e. repetitive sequences). Both cases can be misleading with respect to coverage analyses. The DifCover
pipeline is specifically oriented to the analysis of large genomes and can handle very fragmented assemblies.

Method

The alignment of short reads to a reference genome can be characterized by the depth of coverage computed for
each genomic position as number of reads mapped over it. Fluctuations of coverage can often yield variable
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B Symmetrical Distribution
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Chromatin IP Datasets
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Testing Eliminated Genes
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Salamanders are Cool!
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Repetitive DNA




Single-copy vs. Repetitive
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Assembling Moderate-Coverage
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Sequence Data

S PAR S E de Bruijn graph to surmount memory limitations

90000 I 00000

L s S




paired-end reads (IS 250) paired-end from Chicago library
mate pairs (IS 4000) 48 individual genomes

[ Sparse assembler ]
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Using the Assembly

Scientific Reports 7, (2017)
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