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* What do all these technical terms mean?
* What are reads, assembly, FASTQ, FASTA?
* More terminology: alignment, quality scores, coverage, depth

* How Is sequencer output turned into a genome?

* How does species identification and typing work?

 How do we find AMR genes and mutations?

* What is happening “behind the curtain” in the tools we use?
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Everything starts with reads ...

... and ends at (just before)
prediction

Trend toward end user operable
pipelines that perform a
workflow of analyses

These analyses are built using a
still fast-growing toolset

Rapid innovation continues —
keep abreast of the “data deluge

But at the basis are a relatively
small number of ‘core operations’
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CTTAGATCGACGAATC-GTATGCCA -
C.I_I.AG.l_I.c GA R GAATCCGTATACCA At the heart of bioinformatics

Alignments can be scored to

give an alignment quality
* Dissimilarity of two sequences:
edit distance. How many

substitution deletion insertion substitution changes turn one into the other~

« Edit penalties can be weighted,
e.g:
* Gap vs substitution

* Transversion vs transition
* Observed substitution rates
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NIH U.S. National Library of Medicine

National Center for Biotechnology Information

BLAST @ » blastn suite Home Recent Results Saved Stre
Standard Nucleotide BLAST
m blastp blastx thlastn tblastx
BLASTN programs search nucleotide databases using a nucleotide query. more... l Reset |

| Bookm

Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s)  Clear Query subrange 5

GCACTCGGTGTGAATCCCTATAGGCACTTGTGAAAAGGGAGGTTATGTGTAC E |:|
AGGGCTAACGCTGGCCTAATCGGCTACAAAGAAAGCGAGCGAACGCAT tom

New columns added to the
Description Table

To Click 'Select Columns' or 'Manage

Rrjuploadinic Browse... No file selected. & Columns®
Job Title | |
Enter a descriptive title for your BLAST search
(] Align two or more sequences %
Choose Search Set
Database @ Standard databases (nr etc.): O rRNA/TS databases O Genomic + transcript databases O Betacoronavirus

0| RefSeq Representative genomes (refseq_representative_genomes v | 5

Organism

Optional | |[:] exclude (_Add organism
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown ]

Exclude Models (XM/XP) Uncultured/environmental sample sequences

Optional

Limit to UJ Sequences from type material

Optional

Entrez Query | | YoulliI Create custom database

Optional Enter an Entrez query to limit search 5

Program Selection

Optimize for @ Highly similar sequences (megablast)
O More dissimilar sequences (discontiguous megablast)
O somewhat similar sequences (blastn)
Choose a BLAST algorithm [
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BLAST

* https://blast.ncbi.nlm.nih.gov

» Basic Local Alighment Search
Tool

e Search for matches of a query
sequence in (huge) sequence
databases

* But can be used offline too

* Matches come with metrics that
express alignment quality


https://blast.ncbi.nlm.nih.gov/

OC=\ The
OO( Fleming Fund

Coverage: percentage of target region covered by query (here 80%)

AATCCTTAGTGGGTCGAGATCGTCGATCCGTAAAAATACCACGTATACCAGGGTAATCCGTCGE

* Coverage

. K - -
* Do not confuse with coverage depth TCTTAGTTCGAGAATCGGTAGTGGGTCGAGATCGTCGATCCGTAAAAATAC - ACGTATACCACGGTCATCCGTCGCGTAG

Identity: percentage of bases in the alignment that match exactly (here 92%)
AATCCTTAGTGGGTCGAGATCGTCGATCCGTAAAAATACCACGTATACCAGGGTAATCCGTCGE

e Percentage identity

TCTTAGTTCGAGAATCGGTAGTGGGTCGAGATCGTCGATCCGTAAAAATAC - ACGTATACCACGGTCATCCGTCGCGTAG

 Bit score, E-value, p-value: related to the probabillity of
attaining at least the alignment score by chance
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——————————— MPREDERATWKSNYFLEITQLLDDYPECF I¥GADNYGS KQMOQOTRMS LEGK -
——————————— MPEEDRATWESHYFLEITQLLDDY¥PECFIVGADNYGS KQMOQOTEMS LEGK -
——————————— MPREDRATWHESHYFLEITQLLDDY¥PECFIVYGADNYGS KQMOOTEMS LRGK -
——————————— MPEEDEATWESNYFLEITQLLDDYPECFIVGADNVYGS KQMOQOTEMS LEGK -
——————————— MPREDRATWHESHYFMEITQLLDDYPECFY YGADNYGS KQMOQOTEMS LRGK -
——————————— MPEEDEATWESNYFLEITQLLDDYPECFIVYGADNYGS KQMOQOTEMS LEGK -
——————————— MPREDRATWHESHYFLEITQLLDDY¥PECFIVYGADNYGS KOMOTTRELS LRGK -
——————————— MPREDRATWKSHNYFLEITOQLLNDYPECFIY¥GADNYGS KQMOTTRLS LEGK -
——————————— MYREENKAAWKAQYF IKYVELFDEFPECFIVGADNYGS KOMONTRETS LEGL -
——————————— MS5GAG-SKEKKELFIEKATKELFTTYDEMIY AEADFYGS SQLOKTRKS TRGT -
——————————— MSGAG-SKEEKNVYFIEKATEKELFTTYDEMIVAEADFYGS SQLOKTEKS TREGT -
——————————— MAELSKQQEKQMYIEKLSSLIQOYSETLIVYHYDNYGS NOMASYVREKS LRGK -

AYYLMGEKNTMMEEATIRGHLENN--PALE
AVYVYIMGKENTHMMEEATRGHLENN--PALE
AYYLMGENTHMMEEATRGHLENN--PALE
AYYILMGKNTMMEEATREGHLENN--PALE
AYYLMGENTHMMEEATRGHLENN--PALE
AYYILMGKNTMMEEKEATRGHLENN--5ALE
AYYLMGENTHMMEEATRGHLENN--PALE
ATYLMGEKNTMMEEKATRGHLENN--PALE
AVYVYILMGEKEHNTHMMEEATRGHLENN - -POLE
GAYLMGKKTMIEEKY IRDLADSK--FPELD
GAYVILMGKEKTMIEEYIRDLADSK--PELD
ATILMGENTERIETALKKENLOAVY--POQTE

RLAO0 SULAC ----- MIGLAVITTEEKTAKWKYDEYAELTEKLKTHETIITANTEGFPADKLHETREELEGK-ADTEVTENNLFN TALEKENAG - - - - - FDTK
RLA0 SULTO ----MRIMAYVITQERKIAKWKIEEVKELEQKLREFHTIIIANIEGFPADKLHDIRKKHMRGM-AEIKVIKNTLFGIARKNAG-—--— LD¥S
RLA0 SULSO ----MKRLALALKQRKVASWKLEEVKELTELIKNSHTILIGNLEGFPADKLHETRKKLRGK-ATTKVIKNTLFK ITARKNAG-—--— IDIE

RLBO_BERPE MES¥Y¥SLYGOMYKREKP IPEWKT LMLEELEELF SKHREVVLF ADLTGTIP I FYVORYEKELWKK - ¥PMMYAKKRITIL RAMKAAGLE - - -LDDH
RLA0 PYRAE -MMLATGKRRYVRTRQFPARKVKIVSEATELLOQKFPYYFLFDLHGLSSRILHEFRYRLRRY-GYIKITKPTLFK TAFTKYYXGG---TIPAE

RLAO METAC
RLAO0 METHMA
RLAO0 ARCFU

—————— MAEERHHTEHIPQWEEKDEIENIEEL TQSHEVFGMYGTEGTILATKMOKTRRD LEDV -

AYLEYSEHNTLTE RATHQLG-—---- ETIP
AYLEYSBENTLTE RALHNQLG--—--- ESTIP
AETIKYVENTLLERALDALG----- GDXL

RLBO_METKB MAYKAKGQOPPSGYEPKVAEWKRREYKELEELMDEXYENYVGLYDLEGTIP APOLOEITRAKLRERDE ITEMSENTILME TALEEKLDEER - -PELE

RLAO0 METTH
BRLAO0 METTL
RLA0 METVA
BLA0 METJA
RLAO_ PYRAB
RLAO0 PYRHO
RLAO0 PYRFU
BLAO0 PYRKO
RLAO HALMA
BRLAO0 HALVO
RLAO_ HALSA
RLA0 THEAC
RLAO0 THEYO
RLAO0 PICTO

————————————— MAHYAEWKEKEKEVQELHDLIEGYEYYGIANLADIP ARQLOKEMEQT LEDS -

ALTBMSKKTLISLALEEKEAGREL--ENV¥D

——————— MITAESEHKIAPWRIEEYHNEKLEKELLKNGQIYAL YDMME ¥YP ARQLOE TRDK TR-GTMTLKMSRHTT.TE RATKEVAEE TGNPEFA
——————— MIDAKSEHKIAPWKIEEYHALKELLKSANVIAL IDMME ¥P AVQLOE TRDK TR-DOMTLKMSRNTT. TKRAYEEYAEE TGNPEFA
———————— METKYEAHYAPWRIEEYKTLEGLIKSKPYYAIYDMMDYP APQLOE TRDK TR-DKYKLRMSENTTL.TTRALKEAAEE LHNPKLA
_____________ MAHYAEWKKKEYEELANLIKSYPYIALYDYSSMPAYPLSOMRRLITRENGGLLEVSRENTLIE LATKKAARQE LGKPELE
_____________ MAHYAEWKKKEVEELARLIKS¥PVIALYDYSSMPAYPLSOMRRL TRENGGLLEYSRNTTL.TE LATKKARKE LGKPELE
_____________ MAHYAEWKKKEVYEELANLIKSYPVYVYALYDYVSSMPAYPLSOMRRLIRENNGLLEVSRENTLIE LATKKYAQE LGKPELE
_____________ MAHY AEWKKKEYEELAN I TES¥PYIALYDYAGYPAYPLSKEMRDELR-GEALLBRYSEHNTLIELATKRALAQE LGQPELE

————— MSAESERKTET IPEWKQEEVYDATIVEMIESYESYVGVY VHIAGIPSEOLODMERDLHGT —
————— MSESEVEQTEVIPOQWKREEYDELVDF IESY¥ESYVGVYVGVAGTP S POLOSMBERELHGS -
————— MSAEEQRTTEEYPEWKRQEVYAELYDLLETY¥DSVGVYVHYTGIPSKQLODMERGLHGOQ —
————————————— MEKE¥SQQKKE LYNEITQR IKASESYAIVDEAGIRTROTODTEGK NRGEK -
————————————— MEKINPEKEKKE I¥VSELAQOD ITKSKAVATIVDIKGYETROMODTRAK NEDK -
————————————— MTEPAQWEKETIDFYKNLENE INSEEKYAATYSIKGLENNEFOQEKETENS TRDK -
1....... 10........ 20, .. ..., 30........ 0. ... .. RO ... 60, .

AELBEYSENTLLERALDDY¥D-—--—— DGLE
AAYBMSBENTIL.YVNRALDEVH- - --- DGFE
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ARIKYSRARLLELATENTGE----NHI¥
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5
5
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5
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i
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72

e Same concept, multiple
sequences

* Here to illustrate homology of
ribosomal protein PO across
species

» Basis for phylogenetic analyses:

* Multiple-align genomes of a
collection of isolates

* Compute edit distance
between every pair

* Assume edit distance ~
evolutionary distance

* “Evolutionary distance matrix”
IS basis for inferring
phylogenetic tree


https://commons.wikimedia.org/wiki/File:RPLP0_90_ClustalW

O = The
Fleming Fund

e ... and FASTQ & FASTA
* De novo assembly
* Hybrid assembly
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@M02836:3:000000000-ADO58:1:1101:19894:6963 1:N:0:8
ACCGCAAGATGCGACACCACTTACATTAGGTCAAGAAATCTCCGGTTGGGCGGCGATGCTTGAGCATAATATCAAACAT. ..
+

3A1>A11>11@DA1EEGGOF1EBF12F1111BBFDEGHGDHHFG/AAAEE@? ! ! |###72BBBG>FEGZ>F22>EOZB/. .
@M02836:3:000000000-ADO58:1:1101:11069:5821 1:N:0:8
CGGTGTAATGTTGAGATAGTGACTAAGAGAAACAGACGAATGAAAGAAAATTATTATTATTTGGAGCAAACTTCAGAAA. . .
-+

* Produced by the sequencer, one

91! I >FD&&FFGGGFGFGGGFHHGCHHHGHHHGFHHGGGHGGCHHHHFHHHFHFGH>>9. 9. 7777 $$$$ $#tat#t#t#H### . . . or two files per sample
@M02836:3:000000000-AD0583;1:1101:18069:7032 1:N:0:8 _ .
ACATTACCGCAGCAGCCTCGACAAGTACAAATCTCCTGTCAATTGCGTATTACTGAACGTTTATAATTAGGCACACCAG. . .  Contains (often m|II|ons) of

& , ‘ reads: the nucleotide sequences

SEEES* . , 3554 (%( " 196E$ §6 &) B6* ' /53)%%, '+ (%% (608)5.373:0" ) -/101. . ) *+14;9:96/- . .. . .
S — . of the fragments in your library

- and so on ... « ... for each base an estimate of
its accuracy, its Q-score:

Oneread Sequence Q-scores Q30 (on the Phred scale)

IS 4 lines means 1:1000 probability

of being incorrect.

* The read headers have technical
metadata, relevant for QA

* File extension
usually . fastg.gz or .fqg.gz
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Assembly (de novo)

Goal: reconstruct the genome of
the organism from the reads

The “exploding newspapers”
analogy (Pevzner & Compeau)

Puzzle together increasingly
longer contigs by joining ones
with overlapping edges

Result: a set of contigs (unitigs)
that can’t be joined further as

* no other contig overlaps, or

* multiple overlap (so which to
choose)?

10



> | identifier description | | sequence data

|
—®

>pKCRI-4§ Acinetobacter baumannii circutar plasmid pKCRI-43-1
GGAAATTCTAGAAAATCTCTATGATGAAAATATTCAGATAGAGATTACAGCTATAGCCAAATAG
TGTCTTCAACCTATTAATTCCAAGTCATGTATGAAGCCAAAGAAGAAATAATTTATTATTGAGT
TTCGCTAAAATTAACATAGTACATGTTATACGAAGTCAAAAATGGBAGCGTAAGCTCCCATTTT
TATTGATGATTTTTTAATTCTTTCAGCATAGCATCTCGCAGAATTTCATTCATCCTAGTTTGAT
AGCCTTTGCCTTGAGCTTTAAACCATGCAAGTACATCAGCATCTAAACGAATGGAAGTCTGTTG
CTTCACTGGGCGATAGAATCGATTATGGCGTACAG. . .

>R0015 43 1 Acinetobacter baumannii KCRI strain 43 contig 1
TGAACTCTTCATCTTTTTTTATTAAAGAGTCAGATACCTGAAACACACGAATTTTTGGTTTATT
ACGAACTCTTCATCTTTTTTTATTAAAGAGTCAGATACCTGAAACACACGAATTTTTGGTTTAT
TACCTCTAAAGTTGCACTCGCCGCCTTAAAATTCTCACTCGTAAAATGGGTAAACGTTTTACCT
ACCGCATTATGATAAACCAAAGCATCCAAATCAGCTGCTTCAAGACTTGCTGTTAAATCAGCAT
CATAGCCATGCGTTTGATATGGAAATAAAGCAAATGTTGGCAATAATGAAGCCCGAATTGCTGT
GTGCAAATCATAATGATAACGTTTTGCCTGACTCGAACTTTCCTGAAAGAAAGTGGCAACAGTC
TGCTCTAAAACCTCAGCACGCTTAGATTCTTCAGTTACAGGCAGATTTTTATACCCACCACAGA
ACATACGGTTTACATCGTCATGTACATAACGCTTGCCTTGACGCATCGCATAGGGATTACCCAA
TACAAGCAATAATCTCACCGCAAGCTTTAAACGCCCAGCAAATAAATCGGTGCAAAGATGAGAT
AGCAATTCAATTGGTGCCGTTTCATTCCCATGT. ..
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e Contains one or more sequences

* For instance the contigs
produced by an assembler

* But can be any nucleotide or
amino acid sequence

* Each sequence preceded by an
identifying header

e Common file name
extensions: . fas, . fasta, f£sa,
.fna, .faa; compressed .gz
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Ground truth: genome with two (near-identical) copies of the red gene
| |

i i sequence short reads i i
 When there are near-identical

repeats of a region that is larger
READS _ than the read length ...
assemble contigs
* ... then the assembler cannot tell

Impossible to find out from which of the copies the
the true paths through reads were read
the red gene e ... SO it produces a single contig
covering either repeat region
i no more extension possible e ... and it gets in trouble at the

edges of the contig, where there
are two possible continuations

ASSEMBLY Disjoint contigs in

assembly * So it must split the contigs there,
and we can’t know their order
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| I
i i sequence short reads i i
 Combine short and long reads
READS e “Best of both worlds”:
and long reads » Short reads provide accuracy

* Long reads for structure

i l perform hybrid assembly i i

ASSEMBLY - long reads resolved the repeats
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* FASTQ contains reads
* Nucleotide sequences of your library fragments
* With a quality score for every base read
* FASTA files contain sequences
* Typically an assembled genome (broken into contigs)

* But can be any collection of sequences: AMR genes, alleles of
some gene, protein products, etc.
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* Assemble the genome of your isolate

* Download the Microbial 16S rRNA database from NCBI
 BLAST your assembled genome against this database

* Pick the highest scoring alignment

* Check that its coverage and identity percentages are good
* Voila, your own species finder!
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* Assemble the genome of your isolate
* Obtain FASTA files with the sequences of known AMR genes

* Freely downloadable, e.g. DTU CGE (genomicepidemiology.org)
* BLAST the genes against your assembled genome
* List all high scoring alignments with sufficient coverage and identity
* Voila, your own AMR Finder!

e But ... what about point mutations?
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Mapping

e Core bioinformatics procedure

* Mapping has a target, e.g.
reference gene or genome

* Map all reads for an isolate on
the target — dropping unmapped
ones

* Alternative for de novo assembly
when we know the organism:
map on a reference genome

 Particularly appropriate when the
goal is finding SNPs (e.g. in
phylogeny)

* The basis for variant calling and
obtaining consensus sequence

17



J 3 | ref " gyrA | consensus length: 2,661 (0) | reads: 3,744 | features: 16| Memory usage: 135.16 MB (18)) O . The
Home l Colour Schemes Advanced (7] (o) ( Fleming Fund

¥ Read Packin 0z A > Page Left Page Right : ump to Base i ) \ / .
3 Ei g | 2 Zoom O “ Pag W Page Rig b Jump :! I o Regional Grants
= == Tag Variants ., Variants: « O || 4™ Prev Feature “S Next Feature H
Open Import Import _ ) ) =
Assembly Features Enzymes @ Read Colours Prev View Next View s
Data Visual Adjust Navigate Overlays

S

-

i e s g S S R = =2 e R "i'l\"||’t'“""iﬂ'\l\l'l“|5!||I|||iii|||\|i JIEE  Jjustration (tool: Tablet)
1to 2, 661 (2.7 Kb) _” D - 229to0 300 (72 bp)
B e B By B B e e e e B e e .m 1....:4:1‘...4.. — ° Mapp|ng of the reads of a Staph

aureus isolate on reference gyrA
gene

: M02836:2:000000000-AD0T6:1:2111:24767:18171 * MUtatlon 884L On gyrA IS known
of e R e e to contribute to Quinolone

T Length: 247 U247 (2 mismatches)

TH cigar:247m .
I Properly paired (2/2), insert size: 247 res |Stan Ce

: M02836:2:000000000-AD0T6:1:2111:24767:18171 (Mate * We SpOt C>T In nearly a” 170
etk reads covering nt pos 251, thus

4
T Length: 247 U247 (2 mismatches)

il o s 1), e sz 29 i call variant T with confidence

* Meaning that codon TCA (S) on
reference is TTA (L) on isolate

299 U299

I
229 U229 251 U251 CV170
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* Detect AMR caused by point mutations

* MLST by mapping reads on profile alleles

* Discover and submit novel MLST alleles

* Accurate SNP detection for phylogenetic analysis

* Analyse outbreaks by assessing relatedness of isolates
* |dentify virus strains, detect novel variants




TAAGTCGGAGT

TAAG
AAGT
AGTC
GTCG
TCGG
CGGA
GGAG
GAGT
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* Ak-mer is a subsequence of
length k

* The k-mers of a sequence are all
its subsequences of length k

* The k-mer composition of a
sequence is like a “spectrum”

* Can be used to identify a
sequence

* Computers can deal with k-mers
very efficiently

* Assemblers, mappers, binners
all make use of k-mers

* Can scale to extremely large
databases



P The
Fieming Fund

* Alignment-free: no assembly, no
mapping, no reference — just
count k-mers

* For instance;

* Tally every distinct k-mer in the
query

* Compare with the k-mer
composition of the targets

* Pick the target that shares the
most k-mers with the query

* Applicable to reads and contigs
query target * Fast even with huge databases
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* FASTQ files contain reads and a quality score for every base
* FASTA files contain plain sequences (genes, genomes, ...)

* Assembly reconstructs the genome from reads

* Mapping piles up aligning reads on a reference sequence

* Alignment and mapping underlie many genomic analyses

e K-mers enable rapid search through large datasets

* Alignment-free methods combine speed and huge data sets
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This programme is being funded by the UK Department of Health and Social Care.
The views expressed do not necessarily reflect the UK Government’s official policies.
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