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Assemblies — 2 strategies: mapping and de novo

Mapping
— used for closely related genomes.
— Reference to map against has to be closesly related to genome to analyze

— Useful for close outbreaks and species with little variation (small accessory genome) e.g.
Mycobacteroum tuberculosis

De novo assembly

— Used for diverese genomes (large accessory genome) and new speices
— Long reads can help to get more complete assemblies

In routine diagnostics: De-novo used by default, mapping used for closely related outbreaks and mycobaceria
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De novo assembly

1. Fragment DNA and sequence

— De novo is a Latin term that means "anew," "from the e = e
b : : " " f h ” /\\ —__’/\ |
eginning," or "afresh. = == — =
— Arranging/Assembling the reads (jigsaw pieces) to complete
genomes. 2. Find overlaps between reads
...AGCCTAGACCTACA
— Why do we have to assemble the reads? CGCATATCCGGT...

— species without reference genomes, for characterizing the
genetic variants present in the species (Chen et al., 2021).
The end goal of a sequence assembler is to produce long

3. Assemble overlaps into contigs

o—0—>0—>0—>0—>0—5>0—>0

contiguous pieces of sequence & l Sse .

— Greedy algorithm and De Bruijn graph are the most used “’I;
algorithms by the assembly tools. o— dll> —° £
O/ \o =

— Short read assembly - lllumina (Spades, Unicycler) E
— Long read assembly - Nanopore, PacBio (Flye) 4. Assemble contigs into scaffolds 2

— Hybrid assembly - Best of two worlds (Unicycler, Trycycler)

%@

Genome assembly stitches together a genome
from short sequenced pieces of DNA.
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Assembly software used over time

Various asssemly software available. Spades and Unicycler widely used.

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

SPADES 0.0 0.0 0.0 0.5 3.1 11.3 30.8 454 494 491

CLC 1.5 9.6 8.8 4.9 9.9 22.8 17.0 19.6 10.6 7.3 6.6
VELVET 34.6 9.5 21.1 20.5 7.4 11.3 13.0 6.0 6.1 6.3 3.0
ALLPATH 0.0 1.1 7.9 354, 496 4.4 0.2 1.3 0.8 0.4 0.0
HGAP 0.0 0.0 0.0 0.7 2.2 5.7 7.7 7.8 7 7.8 5.7
NEWBLER 25.2 13.3 8.9 9.8 7.6 257 2.8 2.4 2.9
SOAP 0.3 3.0 7.4 6.2 3.1 5.7 4.8 2.8 8.6 7.2 8.1
AS 0.0 0.0 0.0 1.0 0.6 6.0 2.0 24 5.2 4.1 0.5
ABYSS 0.0 0.2 0.7 1.3 3.2 14.2 5.3 1.8 2.6 0.5 %7
CELERA 4.8 12.7 27.8 12.6 1.3 27 1.2 0.9 0.9 0.3 0.3
PLATANUS 0.0 0.0 0.0 0.0 0.0 0.4 0.1 1.5 0.5 4.3 0.1
UNICYCLER 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 2.3 4.1 10.3
MIRA 1.0 0.7 1.5 17 1.5 1.6 2.6 1.4 0.3 0.2 0.1
MASURCA 0.0 0.0 0.0 0.4 6.5 0.2 1.1 0.2 0.2 0.4 0.2
IDBA 0.0 0.0 0.1 0.1 2.3 4.2 0.8 1.0 0.2 0.1 1.0
CANU 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.7 1.5 1.6 2.1
PHRED/PHRAP/CONSED 1.3 1.6 1.4 1.6 1.9 1.7 0.2 0.1 0.1 0.0 0.0
GENEIOUS 0.0 0.1 0.0 0.2 0.2 0.5 0.6 0.6 0.4 0.6 0.1
RAY 0.0 0.0 0.1 0.5 0.2 2.0 0.2 0.9 0.1 0.0 0.7
DNASTAR 0.0 0.0 0.7 0.3 0.2 0.9 0.4 0.6 0.2 0.0 0.5
FALCON 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.2 0.3
SKESA 0.0 0.0 00 .00/ _,.,.00 00 00 0.0 0.0 0.1 0.0
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De Bruijn graph theory — A lecture on its own!!!

Genome: ATGCTAGCAC ) - T((Z)C Ge..
> N
Reads: ATGCTA AT 2 3
Kmer split eg kmer = 3 Multi graph with k-1 mer AT RS CT
GCTAGC > TGC > (}A’I‘T(l()) Sle (4)lC'1'A
TAGCAC Lo gy
GCT G o
GCACAT As :/\.;’
ACATGC CTA 2\ AC l AG
ATGCTAGCAC

Walk through the generated graph layout only once — find the shortest distance that connects the nodes and
reconstruct the original genome sequence — Eulerian path

Kmer: represent the length of nucleotide bases

Node Black arrows in the image - edges
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Challenges for good genome assemblies

— Sequencing errors - misassembly

— Uneven sequencing depth and coverage
— Computational resources, and cost

— repetitive regions, ribosomal regions

— Optimal read length: longer than the longest repeat

2 kb repeat 2 kb repeat
3/22/23 Microbial Bioinformatics Blockkurs

} 5 kb reads
} 2.5 kb reads
} 1 kb reads
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Commonly used values

— NS50: sequence length of the shortest contig at 50% of the total assembly length

— N90: sequence length of the shortest contig at 90% of the total assembly length

— L50: count of smallest number of contigs whose length sum makes up half of genome size
— Assembly size: sum of the length of all contigs

— Coverage: can mean 1 of 3 things. We typically use sequence coverage

« Sequence coverage (or depth) is the number of unique reads that include a
given nucleotide in the reconstructed sequence.

« Physical coverage, the cumulative length of reads or read pairs expressed as a
multiple of genome size.

« Genomic coverage, the percentage of all base pairs or loci of the genome covered by
sequencing.
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What do we use in the course?

Unicycler (Short reads)

https://github.com/rrwick/Unicycler https://github.com/fenderglass/Flye

Flye (long reads) Hybrid assembly — Unicycler

« Only individual bacterial isolates .
« Short reads, long reads .
« Circulization of the genomes .

« Better handling of misassembly,
repeat regions, and recovering
plasmid sequences.

Individual and mixed community « Combining the accuracy
Long-reads only. (lllumina) with closing the gaps
Plasmid recovery. (long reads)

Output from assemblies:

« assembly.fasta - the assembled genome
« assembly.gfa - assembly graph

* Log file — Coverage, contig length, N50

Recommended coverage for WGS - 30 to 50x

3/22/23 Microbial Bioinformatics Blockkurs

Coverage on reads C=L*N/G, where

C - Coverage

L - Read length

N - Number of reads sequenced

G - Genome Size of the bacteria of interest
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https://github.com/fenderglass/Flye

Visualizing the assembly

Bandage - hitps://rrwick.qgithub.io/Bandage/ Sample SaH1P10622 — input graph file from assembly step — assembly.gfa

lllumina only (Unicycler) Nanopore only (Flye) Hybrid (Unicycler)

1'298%76 bp

2048 bp

20@!39 20@09

3/22/23 Microbial Bioinformatics Blockkurs Page 10


https://rrwick.github.io/Bandage/
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QUIZ — What type of assembly is this?
amr

applied
microbiology
research

C33g0a3bp © 230'226bp  224'656bp 164'158 bp

"5M90°6p" 97'473'bp 81022°bp  44'8RP&Jbp 68'029bp 49'673 bp 32'296 bp 29'5%1 bp

26'942 bp 26'383 bp 23'929 bp 21'804 bp 17'258 bp 16'908 bp16'044 bp14'437 bp14'398 bp13'826 bp12'362 bp

7'878 bp 3'746 bp 10'267 bp 3'691 bp 7'937 bp 3'922 bp 4'021 bp 11'409 bp 5'794 bp 8'823 bp 11'461 bp 5'078 bp

4'694 bp
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QUIZ — What type of assembly is this?
amr

applied
microbiology
research

Nanopore

T © 230'226bp - 224'656bp 164'158 bp

“STI90bp" 97'473'bp 81022°bp  44'8eP&Rbp 68'029bp 49'673bp 32'29% bp 29'5%1 bp

26'942 bp 26'383 bp 23'929 bp 21'804 bp 17'258 bp 16'908 bp16'044 bp14'437 bp14'398 bp13'826 bp12'362 bp

7'878 bp 3'746 bp 10'267 bp 3'691 bp 7'937 bp 3'922 bp 4'021 bp 11'409 bp 5'794 bp 8'823 bp 11'461 bp 5'078 bp

4'694 bp
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QUIZ — What type of assembly is this?
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QUIZ — What type of assembly is this?
amr

applied
microbiology
research

HHlumina
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QUIZ — What type of assembly is this?
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QUIZ — What type of assembly is this?
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Unicycler graphs — data quality and sequencing depth matter

Coverage plot
— Tablet genome browser
— Input: bam / bai files generated by Pilon

— Output: graph with coverage

Coverage of chromosome set to 1
Coverage of plasmids higher

1301057

CIGAR-LEFT-CLIP

99999999999999
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Polishing the assembly

Polishing used for:

— Trying to correct the errors/improve draft
genome assembly

Software for Polishing

— Pilon for short reads (Alignment method)
— Medaka for long reads (neural networks)

3/22/23 Microbial Bioinformatics Blockkurs

PROCESS

Pilon protocol

Evaluate alignment pileups

TAATGGGGGCGGTGCCATATCATGAGA

TAATGGGGGCGGTGCCATATCATGAGA
TAATGGGG * CGGTGCCATATCTAGAGA
TAATGGGGGCGGTGCCATATCATGAGA

v

Scan read coverage and
alignment discrepancies

:

Reassemble across gaps
and discrepant regions

T TSN SN P Ko e il ¥
’ ~ ~ ’ ’ ~ ~
\
\

bl £ bbb Le

Polishing using Pilon
RESULT

Assembly improvement (Fasta)

Variation detection (VCF)

Identify and fix
base errors

Identify potential local
misassemblies

Attempt to fill gaps and
fix local misassemblies

Identify SNPs and
small indels

Identify larger insertions
and deletions

Attempt to build out
the full sequence of
larger insertions
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Assembly quality - Metaquast

To assess the assembled genome quality from the

de novo assemblers.

Parameters like - Contig length, N50, GC content.

Contig length - For WGS it translates to the

expected genome size of the bacteria of interest.

NS5O
assembly.

Metaquast - input - assembly.fasta and raw reads

Statistics without reference
# contigs

Largest contig

Total length

Total length (>= 1000 bp)
Total length (>= 10000 bp)
Total length (>= 50000 bp)
Misassemblies

# misassemblies |
Misassembled contigs length
Mismatches

# mismartches per 100 kbp
# indels per 100 kbp

# N's per 100 kbp

Genome statistics

Genome fraction (%)

Akkermansia_muciniphila_ATCC

Alistipes_putredinis
3/22/23

IDBA_UD
31224

305 144
80325286
69223529
34930908
16008 349

1132
10448 260

904.95
31.88
238.48

12.796
0.003
1.366

Ray

10327

99 107
30411921
27080646
13755677
2346322

407
4115772

1054.68
27.7
2087.27

4.386

0.595

SOAPdenovo2
36468

40707
46741224
30720336

2 800864

0

831
911826

888.21
17.09
3730.51

8.055

0.61

Microbial Bioinformatics Blockkurs

used to assess the contiguity of an

SPAdes
40546
189063
92397 329
77823828
33477263
11409912

1240
10780557

| 140184
5164
1425.14

11.585
0.011
1.117

B
[

quast.bioinf.spbau.ru

MetaQUAST report for assemblies
of the MH0045 sample
from MetaHIT (Qin et al., 2010)

09 November 2015, Monday, 20:03:39

Download report as metahit.tar.gz

Al statistics are based on contigs of size = 500bp, unless otherwise noted (e.g., *# contigs (>= 0 bp)” and “Total length (>= 0 bp)" include all contigs.)

Rows show values for the whole assembly (column name) vs. combined reference (concatenation of input references).

Clcking on arow with * sign il expand values fo contigs aligned toeach o nput references separately.

Note that Some Metrcs (e # Contgé) may ok s up, because one Contig may be aligned 10 several references and thus, counted seveal times,

All metrics that depend on the reference length (such as NGS0, LGSO, etc), plus the GC % are not calculated for the combined referes

‘The combined reference is just a concatenation of all available reference genomes of the species, presumably represented in the metagenomic dataset, but not necessarily the real content.
So it might miss many correctly assembled species, and therefore it doesn't make sense to apply the size and the GC content of the combined reference for assembly evaluation.

Reference size: 306971432bp

Reference Size,bp  GC,% = e aShow heatmap
Akkermansia_muciniphila ATCC BAA-835 2664102 55.76 Worst  Median  gest 50 misassemblies
Alistipes_putredinis 2550678 5327
‘Anaerotruncus_colihominis 3719688 5418 statitcswithout efererce - [DBAUD. - Ray SOAPdenovo2 - SPAdes
Bacteroides_caccae 5493117 42.83 # contigs - 1224 10327 36468 40546 L
Bacteroides_capillosus 4241076 59.11 # contigs dsom 105402 208740 92463
Bacteroides_cellulosilyticus 7694202 43.05 # contigs 15638 5490 13068 19235
Bacteroides_coprocola 2784 45.19 # contigs 2243 1273 1037 2950 60
Bacteroides_coprophilus 4041504 4572 # contigs 1079 630 19 1255
Bacteroides_dorei 6060928 42.2 # contigs 452 161 i 426
Bacteroides_eggerthl 4611535 4471 182 o
Bacteroides_finegoldii 5124109 425 Largest contig - 305144 99107 40707 1
Bacteroides_fragills_3_1 12 S530115 43562 Total length 80325286 30411921 46741224 92397329
Bacteroides_fragilis_NCTC 9343 5205140 43.19 Total length (>= 0 bp) 85398219 59853665 62244277 106967180 W
Bacteroides_fragills_YCH45 5277274 4327 Total lengt 69223520 27080645 30720336 77823828
Bacteroides_intestiralis 4605106 43.54 Total length 42843090 18289015 8400340 44989853
Bacteroides_ovatus 701099 423 Total length 34930908 13755677 2800864 33477263 30
Bacteroides_pectinophilus 29332 3696 Total 25310756 6553349 223453 20919132
Bacteroides_plebeius 4421924 4431 Total length (>= 50000 bp) 16008349 2346322 0 11409912
Bacteroid 15 6760735  43.02 Nso 6111 8131 1525 4692 20
Bacteroides_sp. 5180144  45.08 N7S 1696 279 814 1525
Bacteroides_sp_2. 2 4 7101224 4213 50 1756 790 3200
Bacteroides_sp. 5116282 43.17 s 8674 2651 17886 12282 10
Bacteroides_sp_ 47rAA 5442925  42.7 ) E B e
Bacteroides_sp_9_1_42FAA 5622644 4233 Misassemblies
Bacteroides sp. 5974559  41.88 # misassemblies 132 407 831 1240 0
Bacteroides_sp_Dé 5538248 4175 # relocations 2 5
Bacteroides_sp XB1A 5976145 4189 # ranslocations 2 2
Bacteroides sp_4_3_47FAA 5442925 427 # inversions —— 6 15
Bacteroides_sp_9_1 42FAA 4684745 422 # interspecies translocations 707 281 73 884
Bacteroides_stercoris 4102660 45.93 # possibly misassembled contigs 1031 416 352 1623
Bacteroides_theaiotaomicron VPI-5482 6260361  42.84 #misassembled contigs 857 299 683 936
Bacteroides_uniformis 4835507 46.49 Misassembled contigs length - 10448260 4115772 911826 10780557
Bacteroides_vulgatus_ ATCC 8482 5163189 422 # local misassemblies 313 1217 SR 287
Bifidobacterium_pseudocatenulatum 2313752 5638 # structural variations 108 50 56
Blautia_hanseni 3058721 3899 # fully unaligned contigs 20053 6857 21087 28661
Bryantella_formatexigens 4548960  49.55 Fully unaligned length 38837027 15942170 28626572 52077982
Butyrivibrio_crossotus 2496039 37.75 # partally unaligned contigs 3031 624 213 4358
Catenibacterium_mitsuokai 2671313 3682 # with misassembly 284 87 395
Clostridium_asparagiforme 6417332 556 # both pants are significant 742 203 250 1215
Clostridium_bartettii 2072256 2884 Partially unaligned length 11712726 2343203 1502717 10309003
Clostridium_bolteae 6538460 4939 Ry
e e osun bl # mismatches 355477 141995 219630 498523
Clostridium_nexile 3995628 40090 #indels 252t a729 aay gese
Clostridium_scindens 1631609  46.03 Indes length 3543 b 54l CEReH
Clostridium_sp_12-50 2054616 4137 £ mismatches per 100kbp = [1904.95 10548 MNEzEl
Collinsella_aerofaciens 2439869 6055 # Indels per 100 kbp Lee 2%7 1700) CCHET
s e oa22is s # short indels 11033 3383 3899 15225

#1ong indels 1491 346 328 3139
Coprococcus_eutactus 3102987 43.09
Dorea _formicigenerans 3843583 40340 N QOSSN G770 Rl g316758
Dorea_longicatena 2015433 4144 #Ns.per 100Kbp v« B 208727 as250e
Enterococcus_faecalis TX0104 3156478  37.270 Genome statistics
Eubacterium biforme 2517763 3379 Genome fraction 09 - 1279% 438 8055 11585
Eubacterium_hallii 3290996 3819 Duplication ratio - 1.044 EOSENEN 1039 1.046
Eubacterium_rectale_M104_1 3698419 40550 Largest alignment 179515 72570 21339 108559
Edbacreiim sinsun. 2664035 44.97 % 2
Eubacterium_ventri 2870795 34.92 NG5O
Faecalibacterium pmsmm 5133 3214418 5565 NG7S
Holdemania_fiifo 3932923 5018 LGSO
Vollcutes bacteriom. D7 3561737 3137 L67s
Parabacteroides_distasonis ATCC 8503 4811379 45.06 LGASO
Parabacteroides_johnsonii 4629061  45.13 NGA7S
Parabacteroides_merdae 4458741 4525 LGA7s
Prevotella_copri 3512473 4485
Roseburia_intestinalis_M50_1 4143550  42.41 Short report
Ruminococcus_bromil_L2-63 2249085 4139
Ruminococcus_gnavus 3501011 4288

applied
microbiology
research

Plots: Contigs Largest contig Total len Misassemblies Mis. len Mismatches Indels N's per 100 kbp Genome frac. Dup.ratio NGASO

References are ordered starting from the best average value among all assemblies.

n relocations

n tanslocations

n inversions
Back to overview
1DBA_UD

Ray
SOAPdenovo2

Bacteroides_ thetaiota
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