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Introduction



FASTQR1 & R2

°
@Y103_0 HISEQ:301:HNWGKBCXX:2:1101:6397:2187, 1:N:0:CCAGTT grig_be=AAAAAAAAAAAA ne AAAAAAAAAAA be_diffs=0
TACGTAGGGTGCGAGCGTTGTCOGGAATTACTGGGCGTAAAGAGCTCGTAGGCGGTTTGTOGCGTCGTCTGTGAAATCCCGCAGCTCAACTGOGGGCTTGCAGGOGATACGG
GCAAACTTGAGTACTGCAGGGGAGACTGGAATTCCTGGTGTAGCGGTGAAATGOGCAGATATCAGGAGGAACACCGGTGGOGAAGGCGGGTCTCTGGGCAGTAACTGACG
TGAGGAGCGAAAGCGTGGGTAGCGAACAGG

I THT G I T H T T G I T
T

@Y103_1 HISEQ:301:HNWGKBCXX:2:1101:11507:2246, 1:N:0:CCAGTT grig_be=AAAAAAAAAAAA new_be=AAAAAAAAAAAA be_diffs=0
TACCTAGGGGGCAAGOCTTATCCOGATTTACTGGGTOT AAAGGGAGCCTACACGGCAAGGCAAGTCTGATCT GAAAACCCAGGGCTTAACCCTGGGACTGCATTGGAAACT
GTCTGGCTCGAGTGCCGGAGAGGTAAGOGGAATTCCTAGTGTAGOGGTGAAATGOGTAGATATTAGGAAGAACACCAGTGGOGAAGGCGGCTTACTGGACGGTAACTGACG
TTGAGGCTCGAAAGOGTGGGGAGCAAACAGG

I T T T T
T

@Y103_2 HISEQ:30HNWGKBCXX:2:1101:18481:2208, 1:N:0:CCAGTT grig_be=AAAAAAAAAAAA new_be=AAAAAAAAAAAA be_diffs=0
TACGTAGGGTGOGAGCGTTGTCOGGAATTACTGGGOGTAAA( GAGCTL‘GTA\GGCG(;TH‘GTCGC(;TCGT(TGTGAAATC(‘CG(AGCTCMC[(;CGGGC}'FGCAL»GC(;ATAC(;G
(GCAGACTCGAGTACTGCAGGGGAGACTGGAATTCCTGGTGTAGOGGTGAAATGOGCAGATATCAGGAGGAACACOGGTGGOGAAGGCGGGTCTCTGGGCAGTAACTGACGC
TGAGGAGOGAAAGOGTGGGTAGCGAACAGG

T T HTH T H T H T G T T G T T T H T T T HHEH T T THE T TR TIIY
THIITHI T GI TG

@Y103_3 HISEQ:301: INWGKBCXX;2:1101;5935,2268 1:N:0:CCAGTT grig. bs=AAAAAAAAAAAA new_be=AAAAAAAAAAAA be_diffs=0
TACGAAGGGGOCTAGOGTTGTTCOGATTTACTGGGOGTAAAGOGCACGTAGACGOATTOGTCAGTTAGAGOTGAAATCCTGOAGCTCAACTCCAGAACTGCCTTTAATACTG
CCAGTcrccm'rmumcmmcmcucm:umm AGAGGTGGAATTCGTAGATATTAGGAAGAACACCAGTGGCGAAGGOGGCTCACTGGTCCGGTACTGACGC
TG \GGTGCGAAAGCGTGGGGAGCAAAC

e
T

@Y103_4 HISEQ:301: HNWGKBCXX;2:1101:9217:2438 1:N:0:CCAGTT grig_be=AAAAAAAAAAAA new_be=AAAAAAAAAAAA be_diffs=0
TACGAAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGCGCGTAGGTGGTTTGTTAAGTTGGATGTGAAAGCCCCGGGCTCAACCTGGGAACTGCATCCAAAAG
GGCAAGCTAGAGTATGGCAGAGGGTGGTGGAATTTCCTGTGTAGCGGTGAAATGOGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCA ccrcc.c('rmmcrmm
CTGAGGTGCGAAAGCGTGGGGAGCAAACAGG

.
L T T T T T T
ITHITIT T

@Y103_5 HISEQ301: HNWGKBCXX:2:1101:5325:2570 1:N:0:CCAGTT grig, be=AAAAAAAAAAAA new_ b AAAAAAAAA be_diffs=0
TACGTAGGGTGCGAGCGTTGTCOGGAATTACTGGGCGTAAAGAGCTCGTAGGCGGTTTGTCGCGTOGTCTGTGAAATCCCGCAGCTCAACTGOGGGCTTGCAGGCGATACGG
GCAAACTTGAGTACTGCAGGGGAGACTGGAATTCCTGGTGTAGCGGTGAAATGOGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGGTCTCTGGGCAGTAACTGACGC
TGAGGAGCGAAAGCGTGGGTAGCGAACAGG

o

IIHIITI CE R G EH T T T T H T T T T T T T H T T T T T H TR
I I
XX: :17617:2520, 1:N:0:CCAGTT grig__be=AAAAAAAAAAAA new_be=AAAAAAAAAAAA be_diffs=0
TACGAAGGGTGCAAGCGTTAATCGGAATTACTGGGOGTAAAGCGOGOGTAGGTGGTTCGTTAAGTTGGATGTGAAAGOOCCGGGCTCAACCTGGGAACTGCATCCAAAACT
(GGOGAGCTAGAGTACGGTAGAGGGTGGTGGAATTTCCTGTGTAGCGGTGAAATGOGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTGATACTGACA

CTGAGGTGOGAAAGCGTGGGGAGCAAACAGG

L T T T T T T T T T T T T T T T T TR T
IITHI T

@Y103_7 HISEQ:301:HNWGKBCXX:2: 195482731, 1:N:0:CCAGTT grig._be=AAAAAAAAAAAA new_bc=AAAAAAAAAAAA be_diffs
1'A(:GTAGGGT(,L‘(,AL.LY;W(,TL‘L‘G(;AAT)'ALTGGQ(LTAAAGAGLTL\;TAGG«.\,Gmmu;cc‘rcma(m, AATCCCGCAGCTCAACTGOGGGCTTGCAGGCGATACGG
GCAAACTTGAGTACTGCAGGGGAGACTGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGOGAAGGCGGGTCTCTGGGCAGTAACTGACGC
TGAGGAGCGAAAGOGTGGGTAGCGAACAGG

[ ] B Y103 fastq
@Y103_0 HISEQ:201 HNWGKECXX:2:1101:6397:2187, 1:N:0:CCAGTT grig._be=AAAAAAAAAAAA new_be=AAAAAAAAAAAA be_diffs=0
TACGTAGGGTGCGAGCGTTGTCCGGAATTACTGGGCGTAAAGAGCTCGTAGGCGGTTTGTCGCGTCGTCTGTGAAATCCCGCAGCTCAACTGCGGGCTTGCAGGCGATACGG
GCAAACTTGAGTACTGCAGGGGAGACTGGAATTCCTGGTGTAGCOGGTGAAATGOGCAGATATCAGGAGGAACACCGGTGGOGAAGGOGGGTCTCTGGGCAGTAACTGACGE
TGAGGAGOGAAAGCGTGGGTAGOGAACAGG

I T H I G I T H TG I
I
@\ 103_1 HISEQ:301 HNWGKBCXX2:1101:11507:2246, 1:N:0:CCAGTT grig. be=AAAAAAAAAAAA new_be=AAAAAAAAAAAA be_diffs=0

OGTAGGGGGCAAGOGTTATCOGGATTTACTGGGTGTAAAGGGAGOGTAGACGGCAAGGCAAGTCTGATGTGAAAACCCAGGGCTTAACCCTGGGACTGCATTGGAAA
GTCrG(_.CI‘CuAGT(:CC(;G AGA(;GTAA(;CG(;AAT1‘C('l“AGTGTAGC(;GT(;»\AAT(;CGTAGATA’ITA(JGAAGMLACCAGT(;GC(;»\AGG(Y}(JCITAC]‘G(;ACGGTMCF(;AUG
TTGAGGCTCGAAAGCGTGGGGAGCAAACAGG

B e T T T T T T T T T T T T T T T T T
I

@Y103_2 HISEQ:30LHNWGKBCXX:2:1101:18481:2208 1:N:0:CCAGTT grig_be=AAAAAAAAAAAA new_be=AAAAAAAAAAAA be_diffs=0
TACGTAGGGTGCGAGOGTTGTOCGGAATTACTGGGOGTAAAGAGCTCGTAGGCGGTTTGTOGOGTCGTCTGTGAAATCOOGCAGCTCAACTGOGGGCTTGCAGGCGATACGG
GCAGACTCGAGTACTGCAGGGGAGACTGGAATTCCTGGTGTAGCGGTGAAATGOGCAGATATCAGGAGGAACACCGGTGGCGAAGGOGGGTCTCTGGGCAGTAACTGACGC
TGAGGAGCGAAAGOGTGGGTAGCGAACAGG

T H T T HE H T G I T T G R T T TH T T T H T T THE T

IO T

@Y103_3 HISEQ:301 HNWGKBCXX:2:1101;5935:2268 1:N:0:CCAGTT grig_be=AAAAAAAAAAAA new_be=AAAAAAAAAAAA be_diffs=0

TACGAAGGGGGCTAGCGTTGTTCGGATTTAC cmmmT AAAGCGCACGTAGGCGGATTGGTCAGTTAGAGGTGAAATCCTGGAGCTCAACTCCAGAACTGCCTTTAATAG

ccm'rcrcum'rcmcms -\GGTGAGTGGMC!‘(‘CI‘AGTGT AGAGGTGGAATTCGTAGATATTAGGAAGAACACCAGTGGCGAAGGOGGCTCA Cl‘(;GT(‘CGGT»\Cl‘GA(‘(:C
\GOGTGGGGA

0 GG
I

@Y103_4 HISEQ:301 HNWGKBCXX:2:1101:9217:2438 1:N:0:CCAGTT arig. be=AAAAAAAAAAAA new_be=AAAAAAAAAAAA be_diffs=0
TACGAAGGGTGCAAGCGTTAATCGGAATTACTGGGOGTAAAGCGOGCGTAGGTGGTTTGTTAAGTTGGATGTGAAAGCOCCGGGCTCAACCTGGGAACTGCATCCAAAACT
GGCAAGCTAGAGTATGGCAGAGGGTGGTGGAATTTCCTGTGTAGOGGTGAAATGOGTAGATATAGGAAGGAACACCAGTGGCGAAGGOGACCACCTGGGCTAATACTGACA
CTGAGGTGCGAAAGOGTGGGGAGCAAACAGG

+
I T T HI H T T T T T T T TN
I HIT T

@Y103_5 HISEQ: 301 HNWGKBCXX:2:1101;5325:2570 1:N:0:CCAGTT arig. be=AAAAAAAAAAAA new_bc=AAAAAAAAAAAA be_diffs=0
TACGTAGGGTGOGAGCGTTGTCOGGAATTACTGGGCGTAAAGAGCTCGTAGGOGGTTTGTOGCGTCGTCTGTGAAATCOOGCAGCTCAACTGCGGGCTTGCAGGCGATACGG:
GCAAACTTGAGTACTGCAGGGGAGACTGGAATTCCTGGTGTAGOGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGGTCTCTGGGCAGTAACTGACGC
TGAGGAGCGAAAGCGTGGGTAGCGAACAGG

+

IHITITICE R G E I I I T T H T T I T T T T T T T T T T H T T
IO I

Y 1:17617:2520, 1:N:0:CCAGTT orig, be=AAAAAAAAAAAA new_be=AAAAAAAAAAAA be_diffs=0
TACGAAGGGTGCAAGCGTTAATCGGAATTACTGGGOGTAAAGCGCGCGTAGGTGGTTCGTTAAGTTGGATGTGAAAGCCCCGGGCTCAACCTGGGAACTGCATCCAAAACT
GGCGAGCTAGAGTACGGTAGAGGGTGGTGGAATTTCCTGTGTAGCGGTGAAATGCGTAGATATAGGAAGGAACACCAGTGGCGAAGGCGACCACCTGGACTGATACTGACA
CTGAGGTGCGAAAGOGTGGGGAGCAAACAGG

RULLULIIRL LTI L LY LR LI RL IR EEEEL LRI LR EEEEL LR EEEL LRI EE LRI LRI R LR L

I THITTI

@Y103_7 HISEQ:A0LHNWGKEC) 1 N:0:CCAGTT grig._be=AAAAAAAAAAAA new_be=AAAAAAAAAAAA be._dil

TACGTAGGGTGCGAGOGTTGTCOGGAATTACTGGGOGTAAAGAGCTCGTAGGCGGTTTGTOGOGTCGTCTGTGAAATCCOGCAGCTCAACTGOGGGCTTGCAGGCGATACGG.
AACTTGAGTACTGCAGGGGAGACTGGAATTCCTGGTGTAGCGGTGAAATGCGCAGATATCAGGAGGAACACCGGTGGCGAAGGCGGGTCTCTGGGCAGTAACTGACGE
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Variant calling



What is variant calling ?

Find the differences
netween
related DNA sequences




Two DNA sequences

ACTGAGCTATAGGCTCTGAAAATCT

ACTGAGGTATAGGCTCTGAAAATCT



Two DNA sequences

ACTGAGCTATAGGCTCTGAAAATCT
The “reference’

ACTGAGGTATAGGCTCTGAAAATCT
The "query”



Let's compare them

ACTGAGCTATAGGCTCTGAAAATCT

ACTGAGGTATAGGCTCTGAAAATCT



Align the sequences

ACTGAGCTATAGGCTCTGAAAATCT

ACTGAGGTATAGGCTCTGAAAATCT



We found 1 difference

ACTGAGCTATAGGCTCTGAAAATCT

ACTGAGGTATAGGCTCTGAAAATCT

C—G



Different names for this

Mutation

Point mutation

Base change
Substitution

Single

Nucleotide
Polymorphism (SNP)




Naming the SNP

Seqgl
ACTGAGCTATAGGCTCTGAAAATCT
123456789 . .ccccceecccccns

ACTGAGGTATAGGCTCTGAAAATCT

Seqgl:7C>G



Neighbouring SNPs



Multiple Nucleotide Polymorphism (MNP)

ACTGAGCTATAGGCTCTGAAAATCT

ACTGAGGAATAGGCTCTGAAAATCT

CT—-oGA



Multiple Nucleotide Polymorphism (MNP)

ACTGAGCTATAGGCTCTGAAAATCT

ACTGAGGACTAGGCTCTGAAAATCT

CTA—-GAC (codon?)



Combine or split these events?

1. C—oG
2. CT->GA or CoG&T—A ?

3. CTA—-GACor CG&I—-AKA-C ?



Deletions



Two different length sequences

ACTGAGCTATAGGCTCTGAAAATCT

GAGCTATAGGTCTGAAAAT



FInd the best fit (alignment)

ACTGAGCTATAGGCTCTGAAAATCT

GAGCTATAGG TCTGAAAAT



Had to introduce “gaps” to align

ACTGAGCTATAGGCTCTGAAAATCT

GAGCTATAGG TCTGAAAAT



Had to introduce “gaps” to align

ACTGAGCTATAGGCTCTGAAAATCT

GAGCTATAGG TCTGAAAAT

C—-



Single base deletion

ACTGAGCTATAGGCTCTGAAAATCT

GAGCTATAGG TCTGAAAAT

GC—-G



What about the ends?

ACTGAGCTATAGGCTCTGAAAATCT
GAGCTATAGG TCTGAAAAT

lgnore In most cases



Insertions



Two sequences

AGCTATCTGAAAAT

ACTGAGGTATAGGCTCTGAAAA



Align them with “gaps”

AGCTAT CTGAAAAT

ACTGAGGTATAGGCTCTGAAAA



Align them with “gaps”

AGCTAT CTGAAAAT

ACTGAGGTATAGGCTCTGAAAA



Use a context base to describe

AGCTAT CTGAAAAT

ACTGAGGTATAGGCTCTGAAAA

T->TAGGCT



Symmetry of Deletion & Insertion

Mutation
“indel”

Deletion < > Insertion

Hdel" Ins




Structural variants



More complicated!

ACTGAGCTATAGGCTCTGAAAATCT

GAGGTAAGCCTACTGAAAAT



6 SNPs in a row - really?

ACTGAGCTATAGGCTCTGAAAATCT

GAGGTAAGCCTACTGAAAAT

AGGCT—-AGCCTA?




A biological inversion !

ACTGAGCTATAGGCTCTGAAAATCT

—
GAGGTAAGCCTACTGAAAAT

AGGCT=revcom(AGCCTA)




Effects of variants



Mutations change the genome

> Neutral

o no effect on the organism
> Negative
o weakens, or Kills, the organism

> Positive

o strengthens the genome eg. AMR



Synonymous & hon-synonymous SNPs

Genome 1 | DNA | ATG AAA GTT GAT GAC CAG CAT TCC CCA TGA
Genome 2 | DNA | ATG AAA GTC GAT GAC CAG CAT TAC CCA TGA

SNP (T=>C) SNP(C=>A)
..l .I.
Genome 1 | AA| M K V D D Q H S P *
Genome 2 | AA| M K V D D Q H Y P *
| |
SYN NON-SYN



Genome
Genome

Genome

Genome
Genome

Indel causing frame-shift

1 | DNA | ATG AAA GTT GAT GAC CAG CAT TCC CCA TGA

1|

AR |

M

K

v

D

D

Q

H

S P *

2 | DNA | ATG AAA GTC -AT GAC CAG CAT TAC CCA TGA

DEL(G)

2 | DNA | ATG AAA GTC ATG ACC AGC ATT ACC CAT GA? ??? 22?2 222

2 |

AR |

M

K

v

M

T

S

I

T H X X X X

STOP Loss & read-through



Indel causing truncation

Genome 3 | DNA | ATG AAA GTC GAAT GAC CAG CAT TAC CCA TGA

INS(A)

Genome 3 | DNA | ATG AAA GTC GAA TGA CCA GCA TTA CCC ATG
Genome 3 | AA| M K V E * P A L P M

STOP Gain & truncation



Using FASTQ data



Common situation

> Qutbreak / Surveillance &
Ve
% -:4 &J.‘ o U? .i
> Many sequenced samples "64 .
o Pl
o FASTQ reads, Illumina ) i<
05‘1{: 4 'Q’:‘f
PR @
> How are they related? af



Align reads to reference

AGTCTGATTAGCTTAGCTTGTAGCGCTATATTAT
AGTCTGATTAGCTTAGAT
ATTAGCTTAGATTGTAG
CTTAGATTGTAGC-C
TGATTAGCTTAGATTGTAGC-CTATAT
TAGCTTAGATTGTAGC-CTATATT

TAGATTGTAGC-CTATATTA
TAGATTGTAGC-CTATATTAT



Look at differences

AGTCTGATTAGCTTAGCTTGTAGCGCTATATTAT
AGTCTGATTAGCTTAGAT .
ATTAGCTTAGATTGTAG%?
CTTAGATTGTAGC-C
TGATTAGCTTAGATTGTAGC-CTATAT
TAGCTTAGATTGTAGC-CTATATT
TAGATTGTAGC-CTATATTA
TAGATTGTAGC-CTATATTAT



Read depth



Depth

T

T

!

|

—NwlL'-Ulc\
T

T

Contug

Reads . SET




Average depth

40 + l

20 T eyt | """"""[l""

& 25x

Read Depth

+ Genome

> Depth

o expressed as fold-coverage of genome eg. 25x
o means each base sequenced 25 times (on average)
> (Coverage

o the % of genome sequenced with depth > 0



How deep Is enough?



What threshold for consensus?

ATGACCAT
ATGACGAT
ATGACGAT
ATGACCAT
ATGACGAT
ATGACGAT

4in5



What threshold for consensus?

ATGACCAT
ATGACGAT

ATGACGAT IS the ((C)) r‘eal?

ATGACCAT
ATGACGAT
ATGACGAT

Or a read error?

4in5



Sequences have errors

Less common

nonsense reads instrument oddness

du plicate reads amplify a low complexity library
adaptor read-through fragment too short

indel errors SRipping bases, inserting extra bases
uncalled base couldn't reliably estimate, replace with
substitution errors reading wrong base

More common



[LlLuMmina reads

Usually 100 - 300 bp
Indel errors are rare

Substitution errors < 1%
o Error rate higher at 3" end

Very high quality overall



What threshold for consensus?
ATGACCAT ‘1o
ATGACGAT ATGACCAT

ATGACGAT

ATGACGAT ATGACGAT

ATGACGAT

ATGACCAT ATGACGAT

ATGACGAT

ATGACGAT ATGACCAT

ATGACCAT
ATGACGAT ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACCAT
ATGACGAT
ATGACGAT

4in5 16in 20



What threshold for consensus?

ATGACCAT
ATGACGAT
ATGACGAT
ATGACCAT
ATGACGAT
ATGACGAT

4in5

ATGACGAT
ATGACGAT
ATGACCAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACCAT
ATGACCAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACCAT
ATGACGAT
ATGACGAT

16in 20

4/5 vs 16/20

Is 890% the same?



What threshold for consensus?
ATGACCAT ‘1o
ATGACGAT ATGACCAT

ATGACGAT

ATGACGAT ATGACGAT

ATGACGAT

ATGACCAT ATGACGAT

ATGACGAT

ATGACGAT ATGACCAT

ATGACCAT

ATGACGAT ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACCAT 99 in 100
ATGACGAT
ATGACGAT

4in5 16 in 20



What threshold for consensus?

ATGACCAT
ATGACGAT
ATGACGAT
ATGACCAT
ATGACGAT
ATGACGAT

4in5

ATGACGAT
ATGACGAT
ATGACCAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACCAT
ATGACCAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACCAT
ATGACGAT
ATGACGAT

16in 20

99 in 100

80in 100



What threshold for consensus?

ATGACCAT
ATGACGAT
ATGACGAT
ATGACCAT
ATGACGAT
ATGACGAT

4in5

ATGACGAT
ATGACGAT
ATGACCAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACCAT
ATGACCAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACGAT
ATGACCAT
ATGACGAT
ATGACGAT

16in 20

99 in 100

80in 100

50in 100



Core genome



. @

pre—

Core genome

bugl GATTACCAGCATTAAGG-TTCTCCAATC
bug?2 GAT---CTGCATTATGGATTCRNCATTC
bug3 G-TTACCAGCACTAA-—————- CCAGTC

core | | EEBREERRR ERRER

Core sites are present in all genomes.



bugl
bug?
bug3
core
SNPs

Core SNPs

Core SNPS = SNPS in core genome

(Z

ME

(&)
GATTACCAGCATTAAGG-TTCTCCAATC

GAT-—-CTGCATTATGGATTCRNCATTC
G-TTACCAGCACTAA-——————- CCAGTC

LN




Unambiguous core SNPs

bugl GATTACCAGCATTAAGG-TTCTCCAATC
bug?2 GAT---CTGCATTATGGATTCRNCATTC
bug3 G-TTACCAGCACTAA-—————- CCAGTC
core | | NN, I

SNPs | | | | |
SNPs’ | | | |



Allele sites <

N

bugl GATTACCAGCATTAAGG-TTCTCCAATC
bug?2 GAT---CTGCATTATGGATTCRNCATTC
bug3 G-TTACCAGCACTAA-—————- CCAGTC

SNPs’ | I |
ata ttc ata atqg

Sites 1 2 3 4



>bugl
ATAA
>bug?
TTTT
>bug3
ACAG

Alignment »Tree

Scale:

-—— ~1 SNP



What can go wrong?

(quite a lot it turns out)



Reference choice



Read mapping considerations
> Choice of reference

> Too divergent?

o reads may not align well
o will get too many core genome SNPs

> One solution
o Assemble one isolate and use as the reference



Wﬂbﬂl i

%0

F2365 reference

800-

> 600
2

g 400
2

w200

o

0 100 200 300 400
Pairwise SNP distance

Wl].d][r]ﬂlﬂ“

Draft assembly reference

Frequency
8 &8 8 8

o
o

100 200 300 400
Pairwise SNP distance

Frequency

800-

400

200-

500

Clip80459 reference

100 200 300
Pairwise SNP distance

Frequency

T,

800-

400-

200-

500

R2-502 reference

0 100 200 300 400

Pairwise SNP distance

EGD-e reference

2 @
8 8
s 8

Frequency
8
3

N
3

0 100 200 300 400
Pairwise SNP distance

Kwong et al, J Clin Microbiol 2015



Strict core iIssues



Remove taxon, different core (1)

SNPs | | | | |

core [ | EREREEEN NEREE
bugl GATTACCAGCATTAAGG-TTCTCCAATC

bugZ2 GAT---CTGCATTATGGATTCRNCATTC

corel ||| EEREREEEEEEERERREREER
SNPs1 | | |1



Remove taxon, different core (2)

SNPs | | | | |

core | | EEEEEEEE EEEEE

bug?2 GAT---CTGCATTATGGATTCRNCATTC
bug3 G-TTACCAGCACTAA-—————- CCAGTC

core2 | | NERERRER ERRER
SNPs2 I | |



Remove taxon, different core (3)

SNPs | | | | |

core [ | EREREEEN NEREE
bugl GATTACCAGCATTAAGG-TTCTCCAATC

bug3 G-TTACCAGCACTAA-—————- CCAGTC

core3 | ||I1I11I0L0M00] HRREN
SNPs3 I |



Non-struct “fuzzy” core

60% core

80% core

100% core

leave
invariant sites

coresnpfilter -c 0.6

sample 1: TTGAGAATTG=C
sample 2: GAGAAANT-G=T
sample 3: C=G~--AACTG~C
sample 4: ==G--AGCGA=C
sample 5: A=GAGAAC-G~C

non-core

coresnpfilter -c 0.8

sample 1: TTGAGAATTG-C
sample 2: GAGAAANT=G=~=T
sample 3: C=G==AACTG~C
sample 4;: ==G==AGCGA-C
sample 5: A=GAGAAC~G=C

non-core

coresnpfilter -c 1.0

sample 1: TTGAGAATTG-C
sample 2: GAGAAANT=G=~T
sample 3: C=G==AACTG~C
sample 4: ==G==AGCGA-C
sample 5: A=GAGAAC~G=C

non-core

exclude
invariant sites

coresnpfilter -e -c 0.6
invariant

sample 1: TTGAGAATTG~C
sample 2: GAGAAANT-G-T
sample 3: C=G~-AACTG~C
sample 4: ==G--AGCGA-C
sample 5: A=GAGAAC-G~C

non-core

coresnpfilter -e -c 0.8
invariant

sample 1: TTGAGAATTG-C
sample 2: GAGAAANT=G-T
sample 3: C=G~=AACTG~C
sample 4: ==G-=~AGCGA-C
sample 5: A=GAGAAC=G~C

non-core

coresnpfilter -e -c 1.0
invariant

sample 1: TTGAGAATTG-C
sample 2: GAGAAANT=G-T
sample 3: C=G~-~AACTG~-C
sample 4: ==G-=AGCGA-C
sample 5: A=GAGAAC~G~C

non-core




Multi-mapping reads



Align to reference )
Seven short 4bp reads ‘9

AGTC TTAC GGGA CTTT -
TAGG ATAG

Aligned to 31bp reference
AGTCTTTATTATAGGGAGCCATAGCTTTACA

AGTC TAGG ATAG TTAC
GGGA CTTT




Ambiguous alignment

Eight short 4bp reads
AGTC TTAC GGGA

TAGG ATAG TTAT

Aligned to 31bp reference

AGTCTTTATTATAGGGAGCCATAGCTTTACA

AGTC TAGG ATAG TTAC
GGGA

TTAT
TTAT




Conclusions



Y V VY

Choose a close reference
Exclude outliers (or use fuzzy core)
Choose thresholds carefully

Consider non-reference methods
o SKA, cgMLST, kSNP3



The end.



