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Generation of phylogenetic trees
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Some usual ways to infer a phylogenetic tree

Distance methods

Maximum Parsimony

Maximum Likelihood

Bayesian Inference

Clustering of the sequences depending on
the number of sites they differ

Seeks for the tree(s) with the least number
of changes

Infers the tree(s) that makes most probable
to observe the data (sequences)

Provides the tree(s) with highest probability
to be true assuming the data are correct



Some usual ways to infer a phylogenetic tree

Distance methods

Maximum Parsimony

Maximum Likelihood

Bayesian Inference

|

They result in a single tree, but do not
explore intensively the topological
space

They use powerful, heuristic
methods to explore the topological
space and will result in a high
number of trees that can be
synthesized in a consensus tree



Some usual ways to infer a phylogenetic tree

Distance methods . .
They do not require any nucleotide

substitution model to be used
Maximum Parsimony

Maximum Likelihood
They require the use of nucleotide

substitution models
Bayesian Inference



Some usual ways to infer a phylogenetic tree

The details of phylogenetic inference under most of these methods
lie out of the scope of this seminar, but we will learn how to make
distance trees according two different distance methods:

UPGMA (Unweighted Pair-Group Method with Arithmetic mean)

NJ (Neighbor Joining)



UPGMA: how to make a tree, step by step
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UPGMA: how to make a tree, step by step
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Distance matrix (number of mutations)



UPGMA: how to make a tree, step by step
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A

B 5 Find the shortest pairwise distance and make the

C 5 first group.

D 3 > 4 The length of the branches is half of this value

E 8 4 3 7

Distance matrix (number of mutations)



UPGMA: how to make a tree, step by step
| A | B | C | D] E_
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Make a reduced distance matrix using the
mean values between each of the remaining
taxa and the cluster BC

Scale: 1.0



UPGMA: how to make a tree, step by step
| A | B | C | D] E_
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| A sBC D | E_
A

BC 5
D 3 4.5
E 8 3.5 7

Make a reduced distance matrix using the
mean values between each of the remaining
taxa and the cluster BC (the rest remains without changes)

Scale: 1.0



UPGMA: how to make a tree, step by step
| A B[ D | E_
A

BC 5

D ':'4.5
E 8 3 7

Repeat the first step with the reduced
matrix

Scale: 1.0
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UPGMA: how to make a tree, step by step

| A [BC D | E_
A

BC 5
o (5] s
E 8 3.5 7

Repeat the first step with the reduced
matrix

| AD | BC | E_
AD

BC 4.75
E 7.5 3.5

And so on...

Scale: 1.0
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UPGMA: how to make a tree, step by step ~2—E
| A | BC| D | E_ — B
A

e 1.25 C

D 3 45 0-3

E 8 35 7 | 1.5 A
=D

Repeat the first step with the reduced
matrix

| Ap | BC | E_ Scale: 1.0
AD
BC 4.75
E 75

And so on...



UPGMA: how to make a tree, step by step
| A B[ D | E_
A

BC 5
1.75+1.31+1.56
> . L +1.5=6.12
E 8 3.5 7

Repeat the first step with the reduced
matrix

| AD | BC | E_
AD A

BC 4.75 AD

E 7.5 3.5 BCE m

And so on...

Scale: 1.0



UPGMA: how to make a tree, step by step
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Making trees using MEGAG6

Download MEGAG at http://www.megasoftware.net/
(Free, versatile and intuitive)

Once you run MEGA you will see this window

e MEGA 6.06(6140226)
File Analysis Help
= . % _ ¥ » =T % B 8 %
Align Data Modsals Distance Diversity Phylogeny  User Tres Ancestors  Selection
File | Analysis Help
Open A File/Session ...  Ctrl+0
Open a Recently Used File
Edit a Text File
These menus
. Convert File Format to MEGA...
will allow you .
. Printer Setup...
to do different |
. . Exit MEGA
things with your
data
& B £ = e © . L . &
First Time User? Tutorial miples Citation Report a Bug Updates? MEGA Links Toolbar Preferences

MEGA release HE140226

Y 4
The different datasets, sessions and

trees will appear in the central area

MEGA uses
its own
alignment
format, so
the first
thing you
need to do
is convert
your
fasta/nexus
file into
MEGA


http://www.megasoftware.net/

Making trees using MEGAG

Data file to convert:
2\ Users\EEE3895-007\ Tree_Seminarprimates.fad

Data Format: |.ras|a (FASTA format)

Find your alignment and choose P
the input format... . @

Search Tree_Seminar

< Favorites ~ Mame Date medified Type
B Desktop | ali.meg 5/25/2015 317 PM MEG File
& Downloads & | orthotrichum.meg 4/13/2013 12 PM MEG File
%% Dropbox |&J primates.meg 4/15/2015 4:51 PM MEG File

k. Google Drive
"5l Recent places

ﬁ Homegroup

/M This PC
i Desktop

“| Documents v £ b4

File name: | primates.rmeg v|

Save as type: |

‘= Hide Folders

...and save it as a .meg file

File Edit Search Display Utilities

EIEISIEE TIER -2y

primates.fas | Untitled |

#Hega
ITitle primates.fas;

#Tarsius syrichta
LAGTTTCATTGEAGCCACCACTCTTATAATTGCCCATGEECC
ACGALCERCGTCCACAGTCGRRCAATRGCACTAGCCCGT GE0
CTCECCAGCTTRACCARCCTCGGCCCTITICCCCCARCARATTRT
ATGGTCACARCCTRAACTATTATCTTAGTAGGCCTTARCACCC
CTCAACGAGEARLATACACATATCATATCALCARTATCATE
CTATTICCCITRAATCCTACTATCTACCALRCCCCARMGTRRT
ATTAGATTGTIGRGTCTRAATARTACGARCGCCCRARLCRATTTCTI
CTCCATATATARCALTGTGGCTITCTT-ACTTTTAAAGERT
GCARCTCCARATRARARACTARTARATTTATTITTCATCCTCCE
TTACAARCRLCTRR AL R TATEGRAACRCATGCATRCCCTTRC
CTAGTCCCRATGCTCATATTITCTATRCACRRATCRARGARRT
CALATTATGCCTLAGCTT

#Lemur_catta
ALGCTTICATAGCGAGCARCCATTCTARTALTCGCACATEECC
LOGRACGRATCCATAGCCGTACARTACTACTRAGCACGAGEE
CTCGCCAGCCTRAACTARCCTAGCCCTACCCACCTCTATCAL
ATGATCRRLCATTACARTTATCTITARTAGGCTTARRATATGC
CACRACCGRGGALLACTCACATATCATTCGCACARCCTARLC
LATACTCCCCCTTCTCCTATTTACCTTARACCCCARAATTRT
LACTAGATTGTGRATCCAGRRATAGALGCTCAALC-CTTCTI
CTCCGIATATALR AL TRCGECTATCTCALCTTTTARACGRT
GCARCTCCRARLTARLAGTARTALATCTATTATCCTCTTICE
TALRACGTTACARACATATACARLRACTACCCCTATGCACCE
CTCRTCCCRACTATATTATITATCTCCTICAGGACRARGRARLC
ALARCTATCTATTAGCTT

#Homo_sapiens

AAGCTTCACCGGCGCAGTCATTCTCATARTCGCCCACGEGEL ,

>

Insert

You will also see your alignment
through the MEGA text editor, but
it is not very useful for us at this
point and you can just close it



Making trees using MEGAG

FOF our Data Display Search Groups Highlight Statistics Help
Nucleotide Sequences ? purposes we | "-EE“ ?L '3-5‘” || % ” e || | Tlﬂ ULEPHEIEI |24 || m | 'm ‘

7. Hylobates

W8 Macaca fuscata
9. M mulatta

W 10. M fascicularis
W 11. M sylvanus
W12 Saimiri sciureu

roten Seauences will not ¥ Name Groupﬁﬁ GTTTCATTGGAGCCACCAC
. . 1. Tarsius syrichta o .
consider this M2 Lemur catta A . T
sequence w3, Homo sapiens C . T
protein-coding 4. Pan C . T
: ¥I5. Gorilla C . T
region. 6. Pongo cC .
A
G .

o O
e e = = i = = = - =

OO0 0O00.;
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File Analysis Help

£

Highlighted: Mone

The alignment can be opened in the MEGA data explorer,

v which allows to fins easily relevant information in the
This is the You can alighment

dataset you close it here
just loaded




Making trees using MEGAG

Parsimony informative

Visualize: Variable
Conserved Singletons
DISp|ay Data Display Search Groups  Highlight
invariant
sites as Grop A AGTTTCATTGGAGCCACCACTCTTATAATTGCCCATGEC
dots 1. Tarsius syrichta

W2 Lemur catta A
¥ 3. Homo sapiens

V4. Pan

w5 Gorilla

& Pongo

7. Hylobates

W 8. Macaca fuscata
9 M mulatta

M 10. M fascicularis
M11. M sylvanus

W 12. Saimir sciureu

N
N
C

A T T O T T o R T o I o T
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o400 0040000

£

Parsim-info: 367/898

Highlighted nucleotides / total



Making trees using MEGAG6

Distance matrix:
MEGA 6.06(6140226)

| = = I

- -

Distance Diversity Phylegeny  User Tree Ancestors Se
B Compute Pairwise Distances...

ﬁ Compute COwerall Mean Distance...

Compute Within Group Mean Distance
Compute Between Group Mean Distance...
Compute Met Between Group Mean Distances

Choose among different options in
the yellow drop-menus

e Mb: Analysis Preferences =

Orplions Summary

(| x

Option Selection
Analysis Dristance Estimation
Scope Pazirs of taxa
Estimate Variance
Wariance Estimation Method Mone
Substitution Model

s Typs MNuclectids

Substitutions to Include
Rates and Patterns

Rates among Sites
Pattern among Lineages

Data Subset to Use
Gaps/Missing Data Trestment

? Help

MNo. of differences

d: Transitions + Transversions
Uniform rates
Same [Homogensous)

Complete deletion

X e

The distance matrix will appear
among the open items

W

File Analysis Help

= T":‘ a"E | 'Y
Align T Data cdels T Distance
A B
% % Close
% % || Data
File Display Average Caption Help
ENE- RN (]
2 | 2 2 ) 3 B
®L || &S || MEGA T 3
1 2 3
1, Tarsius syrichta -
2. Lemur catta 225.000
3. Homo sapiens 285,000 272,000
4. Pan 284,000  273.000 30.000
5. Gorilla 279.000  260.000 92.000
5. Pongo 268.000  253.000  143.000
7. Hylobates 272,000 260,000  161.000
8. Macaca fuscata  277.000 249,000 205,000
2, M mulatta 280,000 256,000 206,000
264,000  219.000

10. M fasccularis 275.000

£

[1,1] (Tarsius syrichta-Tarsius syrichta) / Mucleotide: My

94,000
152.000
167,000
215,000
222,000
236.000

14
15
20
20
23

>

W



Making trees using MEGAG6

Generation of a tree:

- =: oET

%E . 0.2 - £ - sﬁ: - ﬁ
Phylogeny | User Tree Ancestors  Selection Rates
il Construct/Test Maxirum Likelihood Tree...
%X Construct/Test Neighbor-Joining Tree...
%% Construct/Test Minimum-Evolution Tree...
& Construct/Test UPGMA Tree...
= Construct/Test Maximum Parsimony Tree(s)
M_f Open Tree Session

Pick the desired inference

e Mé&: Analysis Preferences

Orplions Summary

o EE

Setup parameters in the drop
menus:

Crptian Selection |
Analysis Phylegeny Reconstruction
Scope All Selected Taa

Statistical Method
Phylogeny Test
Test of Phylogeny

No. of Bootstrap Replications
Substitution Model
Substitutions Type
Model/Mathod
Substitutions to Include
Rates and Patterns

Rates among Sites
Pattern among Lineages

Data Subset to Use

Gaps/Missing Diata Trastment

? Help

Meighbor-joining

Bootstrap method
i

Nuclectide

Mo. of diferences

d: Transitions + Transversicns

Uniform rates

Same {Homogensous)

Complete deletion

== Support test?
Number of pseudoreplicates

How the changes are

q .
considered?

——p How gaps/missing data are
considered?




Making trees using MEGAG6

B
File Analysis Help
Align Data Modsals Distance

TA \ =,
[ Y Cloze
L Data

The new tree will
appear among the
open items

Change the
root, flip the

nodes etc

Choose among different “format styles”

e 6: Tree Explarer
File lrage Subtree Vi Co Capticn  Help

HS =8 &&= € e

[3 | Originaltree | Bootstrap consensus tree

- o EN

e
a7 Homo sapiens
100 Pan
L % |
Gorilla
L 100 Pongo
98 Hylobates
o M sylvanus
i - M fascicularis
35 —— Macaca fuscata
=)
100 M mulatta
Saimin sciureus
e Tarsius syrichta
!L[: 100 Lemur catta
u
—
20

SBL = 964.71875000

Tree explorer window



Making trees using MEGAG6

Use the different tools to polish the displayed figure

M Meé: Tree Explorer - B L Me6: Tree Options
File Image Subtree View Compute Caption Help Tree | Branch | Labels | Scale | Cutoff
H % | $ Rectangular Tree | Circle Tree FRadiati| + | »

[y Originaltree  Bootstrap consensus tree | Timetree
]— Taxon Separation

e
[E Homo sapiens
] Fan

90 —— — Branch Length

Gorilla
e

Fongo ——— — Tree Width

Hylobates
M sylvanus
. _ Taxon Separation (24 | Pixels
M fascicularis

——— Macaca fuscata Branch Length |300 = | Pixels /100

M mulatta

Tree Width |432 = Pixels

-

LU %

Saimir sciureus

Tarsius syrich

Lemur catta

E =
I
H[
< >

X Cancel

SBL = 964.71875000



Making trees using MEGAG6

Then export the Newick tree, or print as pdf

s
S Meb: Tree Explorer
File Analysis Help - - -
— A o File | Irnage Subtree View Compute Caption Help
F.g E Save Current Session Ctrl+5 % | $ f’j | {E—Tr_;| {é {E |
' T2 Export Current Tree (MNewick) Original tree | Bootstrap consensus tree | Timetree
b Export Current Tree (Timetree)
Export All Trees (Newick) > 03 37.703 @ Homo sapiens
| 42,297
Write Tree in a Table format 27,094 P Fan Hominidae
11,938 45.969 .
Export Group Mames ® Gorilla
22,906 73.563 Ponago
Import Group Mames 29544 g
16,450 ' Hylobates
gﬁ Show Informaticn Ctrl+| 10,630
e ——— ]
. 56,925
& Print 121,938 Saimiri sciureus
&p Printin a sheet 120.946 Tarsius syrichta
Printer setup... 22,932 104,054 Lemur catta
Exit Tree Explorer Ctrl+C
First —"
MEGA releaze HE140226 a0
i
N
1
SBL = 964.71875000




