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snplree

 First online webserver for constructing phylogenetic trees
based on whole genome sequencing

b— e t— —— . -

snpTree--a web-server to identify and construct SNP trees from whole genome sequence
data. Leekitcharoenphon P, Kaas RS, Thomsen MC, Friis C, Rasmussen S, Aarestrup FM.
BMC Genomics. 2012;13 Suppl 7:S6. /

DTU Bioinformatics
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snpTree flow

Raw reads

|
Pro-processing
|

Reads mapping
(using BWA)

Jentify SNPs
(using SAMiools)

SNPs filkering
(using SAMiools)

SNPs tree construction
(esng Fastroc)

DTU Bioinformatics
Department of Bio and Health Informatics

(wiing Nucmer)

Identify SNPs

~ (using show-snps from MUMmer)

- (uwing show-snps from MUMmer)

SNPs filtering

-

SNPs tree construction
(using Fastree)
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CSI Phylogeny

https://cge.cbs.dtu.dk/services/CSIPhylogeny/

« SNP identification same as snpTree

* Strict sorting of SNPs
— Depth
— Relative depth
— Distance between SNPs
— SNP quality
— Read mapping quality

Rolf S. Kaas, Pimlapas Leekitcharoenphon, Frank M. Aarestrup, Ole Lund. Solving the
Problem of Comparing Whole Bacterial Genomes across Different Sequencing Platforms.
K PLoS ONE 2014; 9(8): €e104984.

DTU Bioinformatics




CSI Phylogeny

* Requires all SNPs to be significant
— Z-score higher than 1.96 for all SNPs

X-Y
X+Y

7 —

« X s the number of reads, with the most common
nucleotide at that position, and Y the number of reads
with any other nucleotide.

DTU Bioinformatics




CSI Phylogeny

Output

Tree build by FastTree algorithm, in Newick format
» Branch lengths is substitutions per site at the variable sites

Matrix of SNP pair counts in text (.txt) format
» Diagonal SNP matrix

DTU Bioinformatics
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CSI Phylogeny

Download tho mtorod SNP calls in Variant Calling Format (VCF):
" VCF files | |

Download matrix of SNP pair counts:
Dowload matrix as: TXT EPS

Dowload SNP alignment: FASTA

Percentage of reference genome covered by all isolates: 95.6684818250054
4440598 positions was found in all analyzed genomes.
Size of reference genome: 4641652

Below is listed the number of positions that are shared and trusted between each isclate and the reference genome,

File Valid positions Pct. of reference
1.1.2 2 112 1 _Rlignored_snps 4448690 05.8428163076422
1.21.1.2 1.2 2 Rlignored_snps4450004 95.8711251942196

DTU Bioinformatics
Department of Bio and Health Informatics




Percentage of reference genome covered by all isolates: 78 6326657789653

4244758 postons was found in 2l analyzed gonomes.

Size of reference gonome: 5358212
Below 5 ksted the number of positons thal afe shared and trusied betwoen cach isolate and the relerence QEnoma.

File Valid positions Pct. of reference
strain_Jigrored _snps 5377276 S0.6121678807724
strain_ Sigromd snps 5376490 90 597880780

strain_4.ignored_snps 4413336
strain_2.\gnored_snps 4952884
strain_1.gnored _snps 5338212

B81.7555146037244
91.935700191100G
100
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NDtree

https://cge.cbs.dtu.dk/services/NDtree/

Nucleotide calling

« Adifferent approach where the main distinction is not
between if a SNP should be called or not, but between
whether or not there is solid evidence for the nucleotide
at the given position.

Real-Time Whole-Genome Sequencing for Routine Typing, Surveillance, and Outbreak Detection of Verotoxigenic Escherichia coli.
Joensen KG, Scheutz F, Lund O, Hasman H, Kaas RS, Nielsen EM, Aarestrup FM. J Clin Microbiol. 2014 May;52(5):1501-10.

DTU Bioinformatics
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NDtree

Simple mapping approach
« Cuts all reads into K-mers
* Maps all K-mers to reference genome

« Makes an ungapped consensus sequences of equal
lengths

DTU Bioinformatics




Reference genome

Reference genome
Genome 1
Genome 2
Genome 3
Genome 4
Genome 5
Genome 6

DTU Bioinformatics
Department of Bio and Health Informatics

Consensus sequence




NDtree

Nucleotide calling

— When all reads have been mapped the significance of the
base call at each position was evaluated by calculating the
number of reads X having the most common nucleotide at
that position, and the number of reads Y supporting other
nucleotides.

A Z-score threshold is calculated

> 1.96 (or 3.29)
X+Y

>90% of reads supporting the same base

DTU Bioinformatics
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NDtree

Count nucleotide differences

— Method 1: Each pair of sequences was compared
and the number of nucleotide differences in positions
called in all sequences was counted.

» More accurate (Z=1.96 is used as threshold)
— Method 2: Each pair of sequences was compared

and the number of nucleotide differences in positions
called in both sequences was counted.

» More robust (Z=3.29 is used as threshold)

DTU Bioinformatics
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Method 1 — all called

Significant positions in Genome 1

Significant positions in Genome 2

Significant positions in Genome 3

Positions used for phylogeny

Method 2 — pairwise

@
Q
S
=
0
8)
S
0
®

Significant positions in Genome 1

Significant positions in Genome 2
Significant positions in Genome 3
Positions used between 1 and 2
Positions used between 1 and 3

Positions used between 2 and 3

DTU Bioinformatics
Department of Bio and Health Informatics
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NDtree

Uses two different algorithms to make two different trees
- UPGMA
* Neighbor Joining

Both algorithms are part of the PHYLIP Neighbor program
package and make trees from distance matrices

DTU Bioinformatics




UPGMA vs. Neighbor Joining

« UPGMA works when samples have been taken the same
time

* Neighbor Joining is better when samples have been
taken at different times

DTU Bioinformatics




NDtree

Output
 distance.txt: Distance matrix - tab separated
 dist.mat: Distance matrix - PHYLIP format

 tree.nj.newick: Neighbor Joining tree - Newick format
— Branch lengths is number of Nucleotide Differences

» tree.upgma.newick: UPGMA tree — Newick format
— Branch lengths is number of Nucleotide Differences

DTU Bioinformatics
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Controlled Evolution study

Choose colonies

Choose colony Choose colonies Grow for 8 h
Single Grow for 8 h Grow for 8 h Plate out
colonies of Grow for 16 h ‘
CSH1l4 Plate out ‘

Grow for 16 h

& oy 7 Sw vl 33 k ‘ 128X

. \ \
U Gy
S owl vy ‘
U
Day 1 Day 2 Day 3 Day 8

For each 8 hour culture a sample was saved for DNA sequencing

DTU Bioinformatics J. Ahrenfeldt, C. Skaarup, H. Hasman, A. G. Pedersen, F. M. Aarestrup and O. Lund.
Department of Bio and Health Informatics ~ Bacterial whole genome-based phylogeny: construction of a new benchmarking dataset
and assessment of some existing methods. BMC Genomics (2017) 18:19
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Day 1 Day 2 Day 3 Day 4 Day 5
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Mutations
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Phylogenetic tree using NDtree
(UPGMA)
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g Phylogenetic tree using NDtree
(Neighbor Joining)
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UPGMA vs. Neighbor Joining

« UPGMA works when samples have been taken
the same time

* Neighbor Joining is better when samples have
been taken at different times

DTU Bioinformatics
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CSI Phylogeny - Pruning disabled
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So... What should | use when?

CSI Phylogeny
« Has very good statistics and a good graphical overview.

« Advantageous to use when you expect the differences
between the isolates to be larger than 5-10 mutations.

o |s faster

NDtree
 Is able to find very small differences.
 Does not take recombination into consideration.

« Works best on raw reads. If given assembled genomes,
it simulates reads.

DTU Bioinformatics

o




Choosing a reference genome

For comparison of very closely related isolates, a
better level of detail is given by using a closely
related reference genome.

DTU Bioinformatics
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What defines an outbreak

« We can't tell for certain
* |t depends on the species

* But a rule of thump is:

— Within 10 SNPs it is definitely an outbreak
— Within 30 SNPs it might be an outbreak
— Above 60 SNPs it is most likely not an outbreak

DTU Bioinformatics

o
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And now a little advertisement for a cool

pro

ject we are working on

DTU Bioinformatics
Department of Bio and Health Informatics
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Evergreen

* SNP trees continuously updated with all new
SRA/ENA entries for selected species daily

* Pilot
— Coli, Campy, Shigella, Salmonella, and Listeria
— 2017

« Species, “from data” can be user selected

DTU Bioinformatics )
Judit Szarvas, Johanne Ahrenfeldt
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Evergreen - flowchart

Every 24 hours

For every sample

Databases

Typing
Find closest match in ho-
mology reduced database

-
e
~
~
~
e

Map to closest match

!

Find the phylogenetic
distance to consensus
sequences for the given
reference. Cluster isolates
with < 10 SNPs distance

}

Hobohm 1 homology
reduction on new,
non-clustered isolates
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Center for Genomic Epidemiology

Instructions Article abstract

Evergreen phylogenetic trees
COracarty s (M oe et Tees W) PUOKTy Febialing QXA DO 179 007 WG Oy | 6ad MTVeet
Tho Mevngdate Aofers 10 T roforersin SOOuenco 1) wheh Tw Aakds wore Mased 1) ol § (0N ses SOPM e

The B nodes Tw Sasl Bt & ot s Does Lpdeled Wil Sew Boleion.
Visushaston is dome wilh Mylocamwe

Cameictacier ool CYM_NIBTI0 NC Q2047 ) 201750
Caroviobacky o0f AMSEII N CPOOTI 1 2017900
Compyviobecier. oof_strain DFR_CA 95887 NZ CPONTTZ ) 2017-50-00
CarovioRecter mpum 32488 NC O215M 1 20179008
Compyiobaciet s 4001 NC Cesne 20179000
Carovictacihe b NZ LNSIRS 1 20170
ComovioRacier Joium BVH22 NC 00027 2017-9048
Coamoyiotecie: Joiun staan COSTICES IR NE_CIono4am ) 20175008
ComoyoRacher s s FENIM NT CPOI TR 1 20173009
Comeyicbecior ol alan MES 4A 4 K CINRTIm ) 2007000
ComoioRache e stavn Q08T NZ CPO14Tas 1 201720408
Cameiohacier e stamn FVE I NS CPOIAM4 1 20079000
Comoyiodacier et shen TH1218 NZ CROTIE0 1 20172008
COmEYioRecinr o g e 21 170 NC 008787 1 20179009
Caroyiobacier S mtne e QOB21 NI Croosss | 20173008
Compionecier Jobay v i FIROTI NI CPUOaest | 2017900
Cameniobacer e stne sy NCTO 11160 ATOC T0085% chromoncme NC 002143 1 20175000

DTU Bioinformatics
Department of Bio and Health Informatics




N
/ Pathogen: clinical or host-associated sampile from Listeria monocylogenes

demfors BioSample: SAMNOG240102, SRA. SRS227TB292. CFSAN: CFSANOGES2TY
Wn‘ L.:‘?'Wﬁ“'."' Talecien | Frmouim. Betih. Sadie Lo Lh
Package Pathogen dinical or hoat-assccisied, versicn 1.0
Adrivses collection date 2008
strain MODY_LS1287
host Homo sapens
1 @ o oasmmt " host dsease messing
L . Gy B -y - Isolate name allas CrSANDSSS27
coliected by NCSU
Llnte s piegenen STPRRITE MC SITTR Intitude and longitude  missing
', geographic location USAIN
N = host missing
B ot PRINA215355 Listeria monocylogenes
Retrieve pll sampion from Bis project
® SRR5314832 Environmer _ DT e
-0 SRR5318386 Environmental swab 2014 United States usa.ca FD
e SRR5676332 clinical 2003 United States usa.ga NCSU
® SRR5676340 clinical 2007 United States usa.nc NCSU
SRRAS676341 chnical 2006 United States usa.in NCSU
SRR5649653 Deli Ham 2017-05-01 United States usa.fl FLAG
SRR5649999 Deli Turkey 2017-05-02 United States usa.fl FLAG
lo SRR5676330 clinical 2004 United States usa.wi NCSU
SRRA5291682 Environmental Sponge 2014 United States ut
SRR5281680 Finished Kolaches 2014 United States usa.tx
wT o SRR5291681

Jun 5, 2017 - Multistate outbreak of L. monocytogenes associated with turkey deli meat. ... March 9, 2017 - The CDC announces it is working
with the FDA to ... were reported in four states - Connecticut, Florida, New York, and Vermont.
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Thank you for listening

e Questions?

DTU Bioinformatics
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