Working with Pathogen Genomes 2022

Module 5: Genome Assembly
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Genome sequencing is conceptually straight forward
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https://www.sciencelearn.org.nz/images/198-cell-chromosomes-and-dna

CCACAAGTTCCTGACTGCCTGACTTCCCTTCACCGACTGGCACTTTCCACTCGGATCGCC
AGCGACCGTTACTAAAAAAACAAACATCGAATACTGTCTGCAAGACAGTGCAATAAAGCA
AATGAAAATAATTAGAATAAGAATAATGTTAATAATGATACCAAAAATTCTTCGGCTGGA
ACTGATGTGACTCTATGCATAATGTGAAATTTCCATGACGAACGAACACGCATCCTACAC
CAGATTTTGAGTAATGTTCCTCTATATATGCATCTAATTCCTAAGATAAATGGGTGTGAG
CAGCAACTAGAATTGGAAAGAACCACTGAACAGCTTGGTACCTTTTGCAGAGCTACACGC
CACGATTCTAAAGCGCTCGATTCTGCTGGATACGGCTGGATGTCACTGGCCTCCTTCCGA

AGATGATCATACTTGAAGGATTTCTTCGACGCATCATCCACGTAGCGACCTCCTCCAATA
TCGTTGAATGGCGTCACAAGTGTCTAAGCGACATTTTTTGAAAGTGTAAGCAATACTTGA
TCAACTTCTTTTCCGAATCCTCGATGAATAATCATTAGAACAATACGTTTCCATTTTTTA
CTGCACCCTTTTCCATACAAATAGTTACAAGTTAGATTGGACAATGACAACAAATGAACA
CCGAGTTCTATGGTGAGAAAACATGCACTAGGGAATCGACCGCCTTGTGCAGCAGCATTC
ATGGTGAAAAGACAAGATCTGTCATAGATGAGTTTAAGTTTGAACAGTTCCCCTTCAAAT
TCCACACTATCACAGACCATTCCCCGAAGAATGTTCGACCTCTAGACCTGACCTCTACGA

wellcome
connecting
science



Sequencing genomes is easy...!

genomic template DNA
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Sequencing genomes is easy, constructing good genomes is not

* Genome: biologically

* “the haploid set of chromosomes
In @ gamete or microorganism, or
in each cell of a multicellular
organism”

* “the complete set of genes or
genetic material present in a cell
or organism”

R Adapted from Torsten Seemann presentation: “De novo genome assembly”
- sanaer https://www.slideshare.net/torstenseemann/de-novo-genome-assembly- deOIIE_
. 9 S . | connecting
ss - institute tseemann-imb-winter-school-2016-brisbane-au-4-july-2016 science



Sequencing genomes is easy, constructing good genomes is not

* Genome: bioinformatically No box oreof
* Best guess, but often: pieces
. Frayed
* highly fragmented pieces Dirty
* misassembled to some degree pieces
* Haplotypic Missing Multiple
* contaminated pleces copies
* duplicated or missing Repeifive
i N
regions (v
genomes)
Draft genomes -- Chromosome-scale
“manageable”(?) genomes
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New technologies are making genome assembly easier

Sanger Sequecing: ABi High Throughput Sequencing: lllumina Long read sequencing: Pacbio & Nanopore
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Repeats / polymorphic loci can break genomes

Repeat copy 1 Repeat copy 2 Repeat copy 1 Repeat copy 2

Long reads can span repeats and heterozygous regions

P —

Repeats break up contigs

B

Collapsed repeat
consensus

http://www.cbcb.umd.edu/research/assembly_primer.shtml \!/N//
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Long read / range sequencing is key to good genomes

Pacific Biosciences (PacBio)

Construct pi mbled
ads
— Assemble
to finished
genome

Linked reads (10X Genomics)
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Oxford Nanopore Optical Mapping (OpGen, Bionano genomics)

consensus map

Chromosome confirmation capture, ie Hi-C (Dovetail Genomics)

Chicago generated libraries start from pure
DNA that is reconstituted into chromatin.

-
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Parasite Genomics @ Sanger: 50 Helminth Genome Projec
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* Aims:

e generate draft genome
assemblies for (a) clinically and
veterinary important organisms
and (b) parasitic groups lacking
exemplars in current genome

projects and (c) comparators to
‘reference’ species

* (Try to) ensure similar
sequencing, assembly and
annotation approaches for each
genome so they are truly
comparable
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Not all helminths, nor their assemblies, are created equal
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Chromosomal scale helminth assemblies

Genome
Samples / biology Sequencing Stage size Fragments | N50 (Mb) | N50(n)
(Mb)
Onchocerca volvulus Single worm SR,mo;F’ilcal final 97 715 25.5 2
. . . Pooled worms, SR, Pacbio,
Trichuris muris inbred lab strain optical ma
P P final 112 803 28.9 2
Trichuris trichura Single worm (S.R)’ 3 SR, Pacbio )
males (pacbio) final 80 113 11.3 2
Hymenolepis Pacbio, optical
, Inbred, clonal
microstoma map final 164 27 21 3
. . Clonal (Pacbio), SR, Pacbio,
Schistosoma mansoni . : :
single worms (SR) genetic map final 409 320 50.4 3
Pooled (PB), single :
Haemonchus contortus worm (SR), semi- iRt’i;?Cnl?;o’ _
inbred, haplotyplc P P final 279 8 47 3
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Recipe for a good genome assembly

Expected Contig Length
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Read Coverage

High coverage is required
Oversample the genome to ensure
every base is sequenced with long
overlaps between reads
Biased coverage will also fragment
assembly

Read Length
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Reads & mates must be longer
than the repeats
— Shortreads will have false overlaps
forming hairball assembly graphs

— With long enough reads,assemble
entire chromosomes into contigs

Quality

et

S

Errors obscure overlaps
Reads are assembled by finding kmers
shared in pair of reads
High error rate requires very short
seeds, increasing complexity and
forming assembly hairballs

Current challenges in de novo plant genome sequencing and assembly
Schatz MC,Witkowski, McCombie, VR (2012) Genome Biology. 1 2:243
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What tool(s) should | use?

GENOME ASSEMBLY SOFTWARE TOOLS | DE NOVO SEQUENCING DATA ANALYSIS

High-throughput sequencing produces large amounts of long or short DNA reads which require assembly process to generate the complete genome sequence. De novo
genome assembler programs have been written to detect overlaps between reads, to assemble overlaps into contigs, and then to combine contigs into scaffolds in order

to obtain a draft genome sequence. v
:= PARENT CATEGORIES M
:= RELATED STEPS h
:= BENCHMARKING h
= FILTERS h

1-50 of 166 <

https://omictools.com/genome-assembly-category



Today: Assembly of a Schistosoma mansoni chromosome

Schistosomiasis

e Cercariae released by snail A= Infective Stage
into water and free-swimming - :
Sporocysts in snail o A' Diagnostic Stage

(successive generauons) { A i G e n O m e
/ Cercariafs lose tails during
g AN Wt otk o « 7 autosomes + Z/W sex
/ / chromosomes
O ciruaton e approximately 380 Mb

skin

Migrate to portal blood

o g  We will work with
chromosome IV
e ~40 Mb

9 Miracidia penetrate
\snail tissue
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Eggs hatch
releasing mlramdla

Paired adult worms migrate to:
mesenteric venules of bowel/rectum
w 0o (‘laying eqgs that circulate to the
S. mansoni S. haematobium liver and shed in stools)
(& C venous plexus of bladder
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Aims and workflow

Step 1: Checking raw sequencing data before assembly
Step 2: Estimating your genome size from raw sequence data

Step 3: Exploring different genome assembly using either lllumina short read or
Pacbio long read data

Step 4: Comparison of your assemblies against a known reference sequence

Step 5: Further exploration of your genome assemblies

g §§ = wolome wellcome
..=-=.. msututre‘ger connecting
: science



NOTE: Genome assembly is memory intensive!l!

Page 12: Unfortunately, the computers were are working on are
unlikely to finish the minimap assembly.

You can skip this step, and move on to using assembly-stats to
compare the pre-prepared assemblies.
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