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Agenda

e Why is quality important
e Read Quality

e Assembly Quality

e QC Summary: The 4Cs
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Next Generation Sequencing

Phases of Whole Genome Sequencing (WGS)

DNA/RNA Extraction
Library Preparation
Sequencing
Bioinformatics Analysis
Genomic Epidemiology
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Bioinformatic Analysis

Phases of Bioinformatics Analysis

e Data Preprocessing: Remove low-quality reads, adapters, and
trim sequences (read cleaning)

e Assembly: Assemble reads into longer contigs or consensus

e Annotation: Annotate genetic variants and predict their
functional impact

e Genomic Characterization: Identify genomic features that
confer phenotypic qualities such as virulence

e Phylogenetics: Infer evolutionary relationships
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Data Expectation
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Garbage In, Garbage Out!

e The quality of data limits what you can confidently say about the
data and how you can subsequently use if.

e Cleaning and preprocessing data are critical steps in data
analysis.

e High-quality data ensures that analyses and results can be
reproduced by others, which is crucial for public health,

scientific research and credibility.
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What QC thresholds should we use?

e Comprehensive quality thresholds have NOT been defined for most
pathogens

e Guidance is available for some pathogens from some
programmes, e.g. PulseNet

e Thresholds may need to be self-defined and agreed in your lab

e Need to evaluate QC metrics against reasonable biological and
technical expectations for the organism and sequencing

approach
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Challenges

e Divergent expectations/standards across:
-Organisms: RNA viruses, DNA viruses, bacteria, microbial

eukaryotes

-Sequencing approach: metagenome, single cell,
amplicon, WGS

-Technology: long-read, short-read, hybrid

-Use-case: clinical, outbreak, surveillance, diagnostics

e Consequent heterogeneity in QC criteria naming/determination

e QCreporting can be complex
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FASTQ file input

g D

Identifier —1—® @SRR566546.970 HWUSI-EAS1673_11067 _FC7070M:4:1:2299:1109 length=50
Sequence ——® TTGCCTGCCTATCATTTTAGTGCCTGTGAGGTGGAGATGTGAGGATCAGT
“+' sigh —@ +
Quality scores —4@ hhhhhhhhhhghhghhhhhfhhhhhfffffe‘ee[‘X]b[d[ed‘ [Y["Y
Identifier —1-® ©@SRR566546.971 HWUSI-EAS1673_11067_FC7070M:4:1:2374:1108 length=50
Sequence —1-@® GATTTGTATGAAAGTATACAACTAAAACTGCAGGTGGATCAGAGTAAGTC
“+' sign —-@ +
Quality scores —4@ hhhhgfhhcghghggfcffdhfehhhhcehdchhdhahehffffde‘bVd

N

FASTQ file - a standardized format representing unprocessed sequencing
fragments, each starting with a unique identifier followed by sequence
data and associated quality scores
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FASTA file input

4 N

Header —1—@ >VIT_201s0011g03530.1
Sequence — AATTAAGCATAAATACTCACTCTTACCCCCTTATTTTCTTATCTCTCATCACTTTTGGTGCGAAG
GACCATGAGAACAAGCTGCAATGGGTGTAGGGTTCTTCGCAAGGCATGCAGCCAAGACTGCATCA
Header —1® >VII.201s0011g03540.1
Sequence — CAGGTAGCGTGAAGTTAAACCCTAGCGCTTTAGACAAACAGCTGTAGTCACCGCCCACAAACACC
AGCCTCTGAGACACCACCTCAAACCTTTCCACTTAAATACACATCCCTCACACCCTTTTCAATTC
Header —1@ >VIT_201s0011g03550.1
Sequence — CATGCAAAGCTGAACGCGATGCTGTGATTGGTGGTAAGTGGTAGTTGAGTAAATTTGACAGTGAA
GCCGAAATGGTAAAAGACTAAGGCTAGAAGTAGAATACCACTGTTCTTCTCATCACGTGGGCCCA

FASTA file - a standardized format representing genetic sequences,
each starting with a unique identifier followed by sequence data




Read QC .
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QUALITY CONTROL
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T el

A quality value Q is an integer representation of the probability p that the
corresponding base call is incorrect.

Q=-10 log\ g P o) P 10%?

Probability of incorrect

Phred Quality Score Base call accuracy

| | base call |

10 1in10 90%
20 1in 100 99%
130 ~1in 1000 199.9%

40 1in 10000 99.99%

50 1in 100000 99.999% @

Theiagen’
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Things to bear in mind...

FastQC
PY R eq d q Ule | | -I-y Uusuag | |y Quality scores across all bases (Hlumina >v1.3 encoding)

decreases towards %Tﬁﬁﬁﬁﬁ mooreeeeeeea L L L L

the end of theread -

o
[

e Reverseread is - e RRRENERY

usually poorer

quality than forward =

read
) __IHI_h__

1 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Position in read {(bp) 1 3




Read trimming: Trimmomatic and BBDuk

Remove:

e Low quality reads

e Low quality ends
of reads

e Seqguencing
adapters
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Read trimming: Trimmomatic and BBDuk

Remove:

e Low quality reads

e Low quality ends
of reads

e Seqguencing
adapters

15
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Interpreting read quality outputs

e Number of reads: Too low = Too much multiplexing, not
enough input library; Too high = too littfle multiplexing,
downsample

e Average Read Quality: Too low = error with library
preparation or sequencing; data is not accurate

e Average read length: Too low = fragmented library
preparation

16
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Assembly QC

Number of contigs

| 100 | 70 | 60 [ 5 | 50 | 40 [30]

n=7

Fewer is
better
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Assembly QC
Assembly length (total length of all contigs)
L 100 | 70 | e [ 50 | 5 | 40 |30]
400 J
length=400

Should be close to the expected genome length
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Assembly QC

N50 value

w0 [ 7w | e [ 5 ] s0 | 40 J30)
" et 8 '
N50=60

Bigger is better

Length of the shortest contig needed when 50% of the total
genome length is covered using the fewest (longest) contigs
20
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Assembly QC

GC content

ATGCCAACAGTTCTGACTGA
9/20 = 45%

Close to expected GC % for taxon
Different bacterial species have different average GC %

V. cholerae GC content ~47.5%

21



Assembly quality control outputs

e Number of contigs
e Assembly length

e NO&O value

e GC percent
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QC Summary: The 4Cs
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The 4 C’s of Quality control

Do you have the whole genome

01 Completeness represented in the sequence data
and assembly?

Assembly length: sum of all contigs from a single assembly

24
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The 4 C’s of Quality control

- . How broken is the genome
02 Contiguity assembly?

Number of Contigs
N50

Number of Ns

25
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The 4 C’s of Quality control

Is the assembly correct on a

03 Correctness per-base basis, and are the
reads correctly assembled?

Average Read Quality

Average read depth throughout the genome (sometimes
referred to as depth of coverage)

26
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The 4 C’s of Quality control

Are (too many) reads from
0/ o Y1l - 1111114 [o B non-target taxa or multiple
clones?

Kraken taxon

27



Solutions for QC failures

Do you have the whole genome
01 CQmp|eteness represented in the sequence data | sequence deeper
and assembly?
How fragmented is the Usa o
= - ger read
02 COI'ItIglIIty assembly? lengths
Is the assembly correct on a Sequence
: deeper/d |
03 Correctness Sl RIS LRI e e Lals e el
reads correctly assembled? accuracy sequencing
Are (enough of) the reads from Re-isolate and
the target organism? re-sequence
28




Bad Data, Is Bad Data!

If we don't get rid
of the anchor,

the ship will sink! % »

No! This anchor was
very expensive!




