
snpTree 

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

snpTreeKKa"webKserver"to"iden<fy"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."



snpTree flow 



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"Plaeorms."
PLoS"ONE"2014;"9(8):"e104984."



CSI Phylogeny 

•  Requires all SNPs to be significant
–  Z-score higher than 1.96 for all SNPs 

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

Z = X −Y
X+Y



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



CSI Phylogeny  





NDtree 

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

Nucleotide calling
•  A different 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.

RealKTime"WholeKGenome"Sequencing"for"Rou<ne"Typing,"Surveillance,"and"Outbreak"Detec<on"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):1501K10."



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 



Mapping 
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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)

>90% of reads supporting the same base

Z = X −Y
X+Y



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)



Method 1 – all called
Significant"posi<ons"in"Genome"1"
"
Significant"posi<ons"in"Genome"2"
"
Significant"posi<ons"in"Genome"3"
"
Posi<ons"used"for"phylogeny""

Method 2 – pairwise significance
Significant"posi<ons"in"Genome"1"
"
Significant"posi<ons"in"Genome"2"
"
Significant"posi<ons"in"Genome"3"
"
Posi<ons"used"between"1"and"2"
"
Posi<ons"used"between"1"and"3"
"
Posi<ons"used"between"2"and"3"
"""



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



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



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



Day$1$

For$each$8$hour$culture$a$sample$was$saved$for$DNA$sequencing$
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Controlled Evolution study 

J."Ahrenfeldt,"C."Skaarup,"H."Hasman,"A."G."Pedersen,"F."M."Aarestrup"and"O."Lund."
Bacterial"whole"genomeKbased"phylogeny:"construc<on"of"a"new"benchmarking"dataset"
and"assessment"of"some"exis<ng"methods."BMC"Genomics"(2017)"18:19"""



Naming the descendants 
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Mutations 



Phylogenetic tree using NDtree  
(UPGMA) 
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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



CSI Phylogeny – Default settings 
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CSI Phylogeny – Pruning disabled 



So… What should I 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. 
•  Is 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.



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.



What defines an outbreak 

•  We can’t tell for certain
•  It 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



And now a little advertisement for a cool 
project we are working on  



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

Judit"Szarvas,"Johanne"Ahrenfeldt"



Evergreen - flowchart 
For every sampleEvery 24 hours Databases

Download all new
data from SRA/ENA

Typing
Find closest match in ho-
mology reduced database

NCBI

Homology re-
duced database

Hobohm 1 clustering
to 99% homology on
all bacterial reference
genomes from NCBI

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

Database of previous
homology reduced iso-
lates (representative
consensus sequence)
and redundant isolates

Infer/recalculate
phylogenetic tree

For each reference genome
with new mapped samples.

Infer tree from cluster
representatives and add
the redundant isolates

to their respective nodes
based on the clustering





Jun"5,"2017"K"Mul<state"outbreak"of"L."monocytogenes"associated"with"turkey"deli"meat."..."March"9,"2017"K"The"CDC"announces"it"is"working"
with"the"FDA"to"..."were"reported"in"four"states"K"Connec<cut,"Florida,"New"York,"and"Vermont."



Thank you for listening 

•  Questions?


