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•  PhD student at DTU Bioinformatics 
–  Whole Genome based Phylogeny

•  Graduate Engineer in Systems Biology and 
Bioinformatics from Technical University of 
Denmark

•  Working in the CGE project since 2012 – 
started as a student helper



Overview 

•  What is Phylogeny 
•  SNP methods

–  CSI Phylogeny
•  Nucleotide Differences

–  NDtree
•  Controlled Evolution study
•  Good advice



What is phylogeny? 

•  Early phylogeny
–  Classification
–  Based on phenotypes

•  Current phylogeny
–  Based on genotypes
–  DNA mutations as basis for evolution



Classification 

Carl Linnaeus 1707-1778 

Hierarchical system 
Kingdom
Phylum
Class
Order
Family
Genus
Species



Classification depicted as a tree  

C
E

N
TE

R
 F

O
R

 B
IO

LO
G

IC
A

L 
S

E
Q

U
E

N
C

E
 A

N
A

LY
S

IS

Classification depicted as a tree
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Classification depicted as a tree

Species Genus Family Order Class
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Molecular Basis for Variation: DNA Mutation

DNA mutations as basis for evolution 



What are phylogenetic trees 

•  Phylogenetic trees are a visual representation of 
the genetic relationship between species

•  Think of them as family trees 
•  Phylogeny can also be represented by distance 

matrices



What are phylogenetic trees 

•  Trees were traditionally made using aligned sequences 
of single genes or proteins

•  Whole genome data can be used to create trees based 
on 
–  SNP calling
–  K-mer overlap
–  Alignment of genomes



What is a SNP 

•  A Single Nucleotide Polymorphism (SNP) is a DNA 
sequence variation occurring commonly* within a 
population (e.g. 1%) in which a Single Nucleotide — A, T, 
C or G — in the genome (or other shared sequence) 
differs between members of a biological species or 
paired chromosomes. 



How does it work 

Strain A  ATTCAGTAGT
Strain B  ATGCAGTTGA
Strain C  ATGCAATTGT
Strain D  ATCCATTAGC



Construct distance matrix 

Strain A  ATTCAGTAGT
Strain B  ATGCAGTTGA
Strain C  ATGCAATTGT
Strain D  ATCCATTAGC

A" B" C" D"

AA"

B"

C"
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Make Tree 

Strain A ATTCAGTAGT
Strain B ATGCAGTTGA
Strain C ATGCAATTGT
Strain D ATCCATTAGC

      A    B     C    D
A   0     3    3     3
B   3     0    2     4      
C   3     2    0     4
D   3     4    4     0 "
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How to read phylogenetic trees 
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that would have been classified as Homo sapiens were
born. However, rainbow trout and humans are contempo-
rary species, meaning that the lineages of which they are
currently terminal nodes have been evolving for exactly the
same amount of time since their divergence from a distant
common ancestor. As a result, any notion that one of these
lineages is “more evolved” or that one has had more time to
accumulate differences is flawed.

Misconception #8: Backwards Time Axes

Among the common misconceptions identified by Meir
et al. (2007) was the tendency for many students to misread
the time axis on evolutionary trees. Many students
interpreted the location of the terminal nodes as indicating
time, for example by reading from left to right or from the
leftmost tip to the root. In Fig. 17a, for example, many
students read time as proceeding from birds (oldest) to the
root W (youngest) or from birds (oldest) to kangaroos
(youngest). Neither is correct, as time extends from the root
to the terminal nodes, all of which are contemporary. This
misinterpretation may have been exacerbated by the fact
that the tree used in the quiz placed mammals—which
many students assume to be the most “advanced” and hence
most recent group—alone on the less diverse branch at the
far right of an unbalanced, ladderized tree (unfortunately, a

tendency to place humans or some other preferred taxon at
the top or right of every tree appears to be an unshakable
habit among many phylogeneticists, although there is no
objective reason for doing so). As indicated in Fig. 5, even
on cladograms, in which the lengths of the branches are not

Fig. 16 The lineages leading to contemporary species have all been
evolving for exactly the same amount of time. Rates of morphological
change may vary among lineages, but the amount of time that
separates two living lineages from their common ancestor does not.
This figure shows the relationships among a sample of vertebrate
lineages, all of which have been evolving for exactly the same amount
of time, even if some lineages have undergone more change or more
branching than others or if some taxonomically identifiable subsets of
those lineage (e.g., teleost fishes) arose earlier than others (e.g.,
mammals). It is therefore a fallacy to describe one modern species as
“more evolved” than another. Note, however, that this is a cladogram
rather than an ultrametric tree, such that one cannot assume that any or
all of G, H, E, F, C, and B are equal, only that the total amount of time
between root and tip is the same along each of the lineages

Fig. 17 The number of intervening nodes does not indicate overall
relatedness between lineages. The tree in a is the same in topology as
the one used in the study of Meir et al. (2007), which showed that
many readers have a tendency misread the directionality of time on
phylogenies and to count nodes when asked to determine evolutionary
relatedness among species. Confusion may arise in this particular case
because many people maintain the erroneous assumption that
mammals are the most “advanced” and therefore must be the youngest
group. More generally, because the tree is unbalanced, students may
tend to consider birds and mammals (separated by four internal nodes
on this tree, Z, Y, X, and W) as more distantly related than turtles and
mammals (separated by two internal nodes, X and W). However, this is
simply an artifact of the species chosen for inclusion on the tree. All
species descended from ancestor X are equally related to kangaroos,
with which they all share the same last common ancestor, W. To
demonstrate this, b illustrates the same tree with different patterns for
each branch, which are then spliced together in c to reveal the
identical total distance from the common ancestor W to all of the
terminal nodes
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How to read phylogenetic trees 
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with their shared ancestor represent a clade (amniotes) in
which the first two clades are nested. Adding frogs and the
ancestor linking them to the aforementioned species creates
a yet larger clade (tetrapods). Adding fishes and the
common ancestor of all species on this tree creates the
final and largest clade (vertebrates). Because frogs can be

included in a clade with humans before fishes can—in other
words, because frogs and humans share a common ancestor
that is not shared with fishes—frogs are more closely
related to humans than to fishes. Indeed, frogs and humans
are exactly equally related to fishes through this common
ancestor (recall that two cousins are equally related to a
third, more distant relative).

A more rapid approach is to mentally rotate a few
internal nodes with no effect on the topology of the tree, as
shown in Fig. 11b. In this modified tree, humans are still
sister to cats and birds are sister to lizards, frogs are then
sister to amniotes, and fishes are the outgroup to the
tetrapods. This second tree is identical in topology and is
therefore equally accurate as the first tree. However, it

Fig. 11 The order of terminal nodes is meaningless. One of the most
common misconceptions about evolutionary trees is that the order of
the terminal nodes provides information about their relatedness. Only
branching order (i.e., the sequence of internal nodes) provides this
information; because all internal nodes can be rotated without
affecting the topology (Fig. 6), the order of the tips is meaningless.
Nevertheless, there is a strong tendency for readers to take the tree in a
as indicating that frogs are more closely related to fishes than humans
are. They are not: both frogs and humans (and birds and lizards and
cats) are equally closely related to fishes because as tetrapods they
share a common ancestor to the exclusion of bony fishes. On the other
hand, humans and cats are more closely related to each other than
either is to any of the other species depicted because they share a
recent common ancestor to the exclusion of the other species. The tree
in b exhibits an identical topology to the one in a and is therefore
equally valid. In this case, the same misinterpretation of “reading
across the tips” would lead to the erroneous conclusion that birds are
more closely related to fishes than cats are or that humans are more
closely related to frogs than to lizards and birds. Because they share a
common ancestor as amniotes, birds, cats, lizards, and humans are all
equally related to frogs. It is good practice to rotate a few internal
nodes mentally when first examining a tree to dispel misinter-
pretations based on reading the order of tips

Fig. 12 Evolutionary trends cannot be identified by reading across the
tips. In addition to resulting in incorrect interpretations of relatedness
(Fig. 11), reading across the tips can engender a false impression of
evolutionary trends. For example, many readers confronted with the
tree in a might be tempted to infer an evolutionary trend toward
increased body size in snail species over time (or, in Fig. 11a, an
increase in complexity or intelligence over time). Unfortunately,
misinterpretations such as this can be found even in the primary
scientific literature. Once again, this can be corrected simply by
rotating a few internal nodes, as has been done in b, in which the
topology is the same but where the supposed trend is no longer
apparent. c shows evidence of a real evolutionary trend toward
increased body size. The important consideration is internal branch-
ing: In this case, there is information about ancestral states (e.g., from
fossils), and it is evident that in every branching event, the two
descendant species have been larger than their shared ancestor.
Despite this being a clear evolutionary trend, there is no pattern
evident across the terminal nodes. Thus, reading across the tips can
create apparent trends where there are none and can mask real trends
that are strongly supported by historical information
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What is phylogeny used for 

•  Classify taxonomy – The classic use

•  Outbreak detection – Increasing with WGS data



What is phylogeny used for 

•  Cholera outbreak in Haiti 2010
•  Listeria outbreak 2014

Whole-genome Sequencing Used to Investigate a Nationwide Outbreak of 
Listeriosis Caused by Ready-to-eat Delicatessen Meat, Denmark, 2014.
Kvistholm Jensen et al. Clin Infect Dis. (2016) 63 (1): 64-70. doi: 10.1093/
cid/ciw192



Case story 

•  Vibrio Cholerae outbreak in Haiti followed the 
2010 earthquake

•  Rumors said that the outbreak may have come 
from Nepal, travelling along with UN soldiers 
from Nepal

•  No proof had been given of this until the 
Hendriksen et al. paper in 2011 

Popula<on"Gene<cs"of"Vibrio"cholerae"from"Nepal"in"2010:"Evidence"on"the"Origin"of"the"Hai<an"Outbreak."Hendriksen"et"al."23"
August"2011"mBio"vol."2"no."4"e00157K11."doi:"10.1128/mBio.00157K11"



Case story 

•  Data
–  24 recent V. cholerae strains from Nepal
–  10 previously sequenced V. cholerae isolates, 

including 3 from the Haitian outbreak
•  Analysis

–  Antimicrobial susceptibility testing 
–  PFGE (pulsed-field gel electrophoresis) to analyze for 

genetic relatedness
–   Whole genome sequencing, SNP identification and 

phylogenetic analysis  



Case story - Results 

Resistance"profile" Suscep5ble" Decreased"
suscep5bility""

Resistant"

Nepalese"strains"
Hendriksen!et!al.!2011"

Tetracycline" Ciprofloxacin" Trimethoprim,"Sulfamethoxazole"
Nalidixic"
"

Hai<an"outbreak"strains"
Centers"for"Disease"Control"and"Preven<on,"
2010""

Tetracycline" Ciprofloxacin" Trimethoprim,"Sulfamethoxazole"
Nalidixic"



Case story - Results 

•  Pulsed-field gel electrophoresis (PFG)E
–  Nepalese isolates divided in 4 groups
–  Most common Haitian type in same group as four 

Nepalese strains



Case story - Results 

FIG 1 Genetic relationships among V. cholerae isolates from Nepal and Haiti. A single maximum parsimony tree was reconstructed using 752 SNPs from 34
whole-genome sequences. There were 184 parsimony-informative SNPs, of which 6 were homoplastic, resulting in a CI of 0.97 (excluding uninformative
characters). The branch lengths are labeled in red, and for branches affected by homoplasy, minimum and maximum branch lengths are designated. Members
of SNP genotypic group V (16) are indicated. SNP differences among the three most closely related Nepali groups and the Haitian group are shown and
characterized in Table S1 in the supplemental material.

TABLE 1 Different point mutations observed among the three sequenced isolates from the Haiti outbreak and the three most closely related isolates
from Nepala

Chromosome Position

Nucleotide or amino acid in:

Reference strain

Haitian isolate Nepalese isolate

1786 1792 1798 14 25 26

I 2787016 C C C C T T T
Gly Gly Gly Gly Arg Arg Arg

I 1090536 T T T T T T G
Ile Ile Ile Ile Ile Ile Ser

II 962762 C C C C T C C
Ala Ala Ala Ala Ala Ala Ala

a The reference strain is Vibrio cholerae O1 biovar El Tor strain N16961 (Bangladesh 1971). The NCBI reference sequences or accession numbers are NC_002505 for chromosome I
and NC_002506 for chromosome II.

Population Genetics of Vibrio cholerae

July/August 2011 Volume 2 Issue 4 e00157-11 ® mbio.asm.org 3
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10 minutes break!


