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Nucleotide substitution rates vary (a
lot!) between genes and organisms
and also depending on the position in
the codon (synonymous / non-
synonymous substitutions)

Second Letter

TAA Stop || TGA Stop

TAT TGT
Tyr Cys
}Ser TAC} TGG}
TAG Stop || TGG Trp
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Nucleotide substitution models
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Rates of evolution are not equally
distributed over sites. Gamma
distributions with different values of

alpha have been shown to be much more
realistic. In addition a proportion of

invariant sites can be added.
Tha most complex model is therefore
GTR+M+I

. Different forms of the gamma distribution are controlled by a single parameter alpha (the "shape parameter").

http://www.hiv.lanl.gov/content/sequence/PHYML/showmodels.html




By running your data through jModeltest you get a =

M d I .t t maximum likelihood estimation of which nucleotid 5@ g_@% Ka rQIinSka
O e eS substitution model is most appropriate for your data 4 o |nst|tutet

#* 0*
\ Wi 18

%) jModelTest 0.1.1 T . Sensnens g=E = )
: : : [£] Resutts \ eI
File Edit Analysis Results Tools Help About
Modelsi| a1z Jarce [ic JoT] L
N
(c) 2008 David Posada, Departmiﬁgdgltgigcﬂ;:i:try, Genetics and Immunology D Marme Partition nL P fA fC fG
University of Vigo, 36310 Vigo, Spain. e-mail: dposada2uvigo.es B8|GTR+I+G 012345 5 605,272 52|0.3912 0.1578 0.20 »
Fri Wov 11 06:19:37 CET 2011 ({windows wvista &.0, arch: x38&) 72[TIM3+1+G 1012032 5 611,779 60|0'390? 0.1586 0.2¢
56|TIM1+1+G (012230 5613,651 60|0.3932 0.1726 0.20 =
80[TVM+I+G  |012314 5613,773 51(0.3794 0.1744 0.1§ |
Tois program may comtatn erears. Sieae 1napece the resiies caetiitye SgTPNEURT 012012 | 561971 590.5780 0175 foks
P - S T S S S S N 54|TIM2+1+G |010232 5619,862 50|0.3876 0.184 0.2¢
32[TPM1uf+l...|012210 5 620,383 59|0.383 0.186 0.1¢
Reading data Tile "TZ_D_wRef_2253-3263.Tasta"... OK. 87|GTR+G 012345 5 624,254 61|0.3888 0.163 0.2C
:EEE:: g: :?gz:r_‘cigiiy 71[TIM3+G 012032 5 629,285 59(0.3889 0.1634 0.2C
) 79TVM+G 012314 5 633,502 60[0.3809 0.1744 0.1¢
40/ TPM2uf+1...|010212 5 633,734 59|0.3785 0.1948 0.1¢
r 55[TIM1+G 012230 5 636,743 59(0.3924 0.1759 0.1¢
|£| Likelihood settings E@g 31TPM1uf+G (012210 5 636,874 58[0.3832 0.1862 0.1¢
47| TPM3uf+G (012012 5 638,576 58|0.3802 0.1752 0.1¢
rLikelihood settings 39TPM2uf+G 010212 5 638,792 58(0.3766 0.1961 0.1%
Hurmber of subsfitution schemes 86|GTR+I 012345 5 650,849 ©1/0.39186 0.1613 0.2C
63|TIM2+G 010232 5651,828 59|0.3883 0.1836 0.26
®3 ® 5 o7 @ 11 Number of models = 88 " BES BLAS SLL S | ===- === seimmm e = T = = ;'
rBase frequencies Rate variatiopn——
nCat
+ —‘ " + +G 4
rBase tree for likelihood calculations
() Fixed BIOMI-IC () Fixed user topology
Maximum 1ikelihod estimation for the GTR+I+G model
= = - ML optimized tree topolo
() BION] @ ML optimized I‘-'Icrdg'l = GTR+I4G B ay
partition = 012345
-InL = 5&05.2715
. 4 K = &2
‘ Default Settings ‘ | Cancel ‘ Compute Likelihods freqa = 0.3912
freqC = 0.1578
fregqa = 0.2043
freqT = 0.2466
R(a) [AC] = 2z.1800
R(b) [AG] = 8.3273
R({c) [AT] = 0.4242
Ri{d) [CG] = 1.1252
Likelihood scores not available TZ_D_wRef_2253-3263.fasta R{e) [CT] = 14.3022
R(f) [GT] = 1.0000

p-inv = 0.4670
gamma shape = 1.0210

Computation time = 00h:01:05:05 (00h:22:42:04)
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HIV sequence database

PLIELICATIOMNS.

ALIGHMENTS

FindModel

Purpose: FindModsl analyzes your alignment to s=e which phylogenstic model best describes your
data; thiz model can then be used to generate a better tree.

File size limits: Finding the best evolutionary model is computationally intensive, so we limit default
runs to a reduced set of 12 models, ecduding those that do not have an obvious biclogical

inter pretation. (If you know of any system where Modeltest consistently returns a model that we do not
include, please let us know. ) The full set of 28 models can be run by checking the checkboo. Currently,
input files smaller than & Kb for the reduced set and 3 Kb for the full set are run immediately; if your
input file excesds the limit, your job will be run in batch, and you will receive an e-mail with a link to
your results. Currently, input files larger than 500 Kb for the reduced sst and 350 Kb for the full s=t

are too large for our maching to process.

Formats: FindModel only accepts aligned nudeotide input. The program attempts to aubomatically
recoenize the format of your input file. See below for troubleshooting tips.

Input
Paste your input Pare L
[Sampls: Ingust]
il
o upload your T8 Oy jgersirene|Deskiop|Tanzanta, 14-15 NowPractk:
Option

i MrBaes
Arvas a-mat reeits D

se¢ -2 Karolinska
&5 Institutet

This is an alternative to jModelTest. FindModel is an
online tool (no need to download and install). It does
not test as many models, but is usually good enough

Findmodel parameter details

Parameters in the rate matrix (REV) (Yane 1994 J Mol Evol 39:105-111):

Rate parameters: 1.3396% 0.04532 012403 023570 016154
Base freguencies: 0.23735 015797 039257 0.21211

Rate matrix O, Average Ts/Tv = 43421

-0.77E521 Doe4268 0054164 D_DBDOET

0967994 -1_358762 0.286461 0104307

0032748 0115274 -0.793739 0645717

002619 0_OTT6E5 1195077 -1_362381

alpha (gamma, K=4) = 0.1244%9
rz 00013 004899 044452 3 50536
f: 0.25000 0_25000 0_25000 0_25000

Name Surname
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Distance matrix methods

Unweighted Pair Group Method with Arithmetic Mean (UPGMA):
assumes constant rate of evolution, mostly used for guide trees

Neighbor-joining (NJ): Starts with starlike phylogeny with equal
distance between all taxa. Distance matrix for all taxa, closest
neighbours joined in a node, new matrix calculated, new node for
closest neighbours and so on.

+Computationally efficient, can be used on very large datasets.
-Produce only one tree, no idea if there were other good trees.
-Not possible to estimate ancestral character states
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Tree building methods

Character state methods
(evaluation of candidate trees “tree space” according to specific criteria.Scoring
of each tree, trying to find the tree that optimizes the criteria (minimum

evolution or maximum likelihood)

Maximum parsimony: the preferred tree is the one that requires
the least evolutionary change. Often used for morphological data

Maximum likelihood: the tree that has the highest probability of
producing the observed data is the most likely tree. Often used for

molecular data.
Bayesian: generates a posterior probability for each tree, which is

based on the likelihood and incorporated prior knowledge
(see http://www.whoi.edu/cms/files/stiwari/2006/8/mrbayesintro MBLO5 12986.pdf)



http://www.whoi.edu/cms/files/stiwari/2006/8/mrbayesIntro_MBL05_12986.pdf
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The number of possible trees increase rapidly ™~

For n taxa there are (2n-3)!/[(2"?)*(n-2)!] rooted, binary trees

Number of Number of possible tree

taxa topologies
4 15
5 105
10 34 459 425 upper limit for exhaustive search
48 3.2e70 approximately the number of particles in the known universe
In LANL 10 nov 2011: No of possible trees
Complete genomes 2832 6.4e7682
Pol 2253-3263 59508 too big for the calculator...
V3 133578 even bigger!

Not an option to include even 1% of all available sequences

It is necessary to make a careful choice when selecting reference sequences. Some subtype references are good as a framework (remember to
include some outgroup sequences), otherwise include sequences from the subtype/geographic region etc that you are interested in, and if possible

from a fairly large tine span for more accurate dating using the molecular clock.




How do we find the best tree? Sy gi: Karslinska

(or at least a good one...)

7 Institutet

Exhaustive search — only possible for very small data sets.

Branch-and-bound — finds the best tree by checking all

trees (cutting of paths

in the search tree that cannot possibly lead to optimal trees). Also very

computationally demanding for large data sets

Heuristic — searches tree space by making small random changes to a starting tree,

and accepting the new tree according to defined criteria. This method does not
check all trees and cannot guarantee to find the best one.

There is always a risk of getting stuck on a
local optimum rather than finding the
global optimum. In Bayesian phylogenetics
one does not search for a single optimal
tree but a set of plausible trees.

Introduction of priors limit the search space
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Molecular clocks ‘g g: Karolinska

= Hypothesis: for any given N
macromolecule the rate of evolution '
IS approximately constant over time
In all evolutionary lineages (First
proposed by Zuckerkand| and
Pauling 1962) fom AG Wisan, 1975

= |f this is true this can be used to estimate the time of the most
recent common ancestor (tMRCA) using genetic sequence from
organisms alive today

= However, there is no global clock. Homologous genes in
species with different lifespans, metabolic rates etc have
different mutation rates.

= Also problematic at very short and very long time-scales (due to
non-fixed mutations / saturation)

= Nevertheless, the concept is very useful and local clocks can be
applied within systems.

Name Surname 12 January 2012 11
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The substitution/fixation rate (p) is the rate at which
sequences in different populations diverge through time.
The mutation rate (m) is the rate at which individuals
incorporate errors are incorporated during replication.
The probability of fixation determines the difference
between them.

k = N u p = substitution rate (per generation)

u = mutation rate (per individual per generation)
p = probability of fixation

N = population size (2N for diploids)
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Rolf,b

Calibrating molecular clocks

20% — e °
RNA viruses are unusual o N
since their extremely high 5 R
mutation rate leads to 8 1°%7 e
. £ aP 5o g
measurably evolving 8 — Estimate of time of =P,
populations. g 10% - common ancestor 26 g%
% o
_?_0 =
. . b L
Therefore it is possible to £ 5% DRC 1959 isolate
. =
use tip dates for 3
calibration 0% | | | |
1920 1940 1960 1980 2000
Year

Korber et al, 2000.Science

Name Surname 12 January 2012 13
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* Instead of assuming a constant rate as for the fixed clock, the
relaxed clock draws the rate for each branch of the tree
independently from an identical distribution (exponential or log-
normal)

4 =
e
. e
B
.
.
. ®
.
R_» »

Pybus et al, 2006, Genome Biology

Name Surname 12 January 2012 14
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BEAUTI — a graphical user interface  i¥gi: faglinska
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for BEAST g
N I ——== OO | e
& BEAUS S - —
I File Edit Help
i Data Pﬁfﬁﬁﬂﬂ5§| Taxon Sets |'I'||:| Dates |Traits | Site Models | Clock Models |Trees | Priars I Operators | MCMC| |mp0rt Nexus-file
g [ Use spedies tree ancestral reconstruction (*BEAST) Heled & Drummond 2010
Unlink Subst, Models Link Subst. Models | Unlink Clock Models Link Clock Models | Unlink Trees Link Trees
Partition M... | File Mame Taxa Sites Data Type Subst, Model | Clodk Model | Partition T...
TZ_D_wRef ... [TZ_D_wRef_...|27 1011 nucleotide TZDw.. |TZD w... . |TZD W... |«
F _— = -~ IEI
| 4| BEAUi . E=EGE™
File Edit Help
]
Data Partitions | Taxon Sets |T||:| Dates ITraits | Site Models | Clock Models |Trees I Priors I Operators I MCMC|
| e | [ Create or Import Trait ...
Taxon Sets ... .. Tree Taxon Set: untiled2
. TR E Subtype D [TZ.Dccis]
Data: 27 taxa, 1 partition; Fix dock rate to 1.0 ! Hq = T .
Ref.B.US.98.10538_11.... | = D.TZ.2001.AY253311 "
Ref.C.ET.86.ETH2220.... D.TZ,2005,EU251720 |:
Ref.C.ZA.04.04ZA5K1. .. | L D.TZ.2005,EU251740 N
Ref.D.CD.83. ELL.KO3454 = ) D.TZ.2005.E251736
. g . Ref.D.CM.01.01CM_44... d D.TZ.2005,EU251859
Sp@lelcatlon of taxon Ref.D.UG.94.94UG114... | ~ D.TZ.2007.HM572341 | =
I E Low) Select: [ta t... -]
sets for which we have ) 23 clect: | (muon ge |
or want a tMRCA
estimate
Data: 27 taxa, 1 partition; Fix dock rate to 1.0 [ 4% Generate BEAST File...

Name Surname 12 January 2012 15




BEAUTI

Use of tip dates for calibration

Guess Dates for Taxa

Gt Karolinska
7 Institutet

The date is given by a numerical field in the taxon label that is:

i@ Defined just by its order
(") Defined by a prefix and its order

Order: | first

() Defined by regular expression (REGEX)
| (@) Parse as a number
Add the following value to each: 1900

12

...in which case add: | 2000

(7 Parse as a calendar date

Date format:  |[yyyy-MM-dd

[ ok || cancel |

Height is calculated from the
most recent date in the set, for
example 2009 if that is when
the latest sample was obtained

Prefix: r

| Data Partitions | Taxon Sets | Tip Dates |Traits | Site Models | Clodk Models |Trees | Priors | COperators | MCMC|

=5
In order to avoid mistakes like those below (arrows) it
is important to have a good nomenclature so that all
dates are guessed correctly. Always check, and edit
manually wherever necessary
| 4| BEAUt o] 5
File Edit Help

[

Use tip dates

Guess Datesi Clear Dates | Dates specified as Years | Since some time in the past .
Mame Date Height

| I L L = ) ] JaUa.u .U
Ref.D.CD.83.ELL KO3454 1933.0 1926.0
Ref.D.CM.01,01CM_4412HAL. AY3... |2001.01 1907.99
Ref.B.FR.83.HXB2_LAI_IIIE_BRU.K... | 1983.0 1926.0
Ref.B.JS,98,1058_11,AY331295 1993, 1058 1910,3942
D.TZ,2009,HM572334 3909.0 D — 0.0
Ref.C.ET.86,ETH2220.U45016 1985.0 1923.0
Ref.C.ZA.04.04ZA5K 145, AY 772699 2004,04 <& 1904, 95

4

Tip date sampling: :DFF

- ..-‘a.ppl-_: to taxon set:| All taxa

Data: 27 taxa, 1 partition; Fix dock rate to 1.0

[ £+ Generate BEAST File...

Name Surname
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Eile Edit Help

| Data Partitions | Taxon Sets | Tip Dates | Traits | Site Models | Clock Models | Trees | Priors | Operators | MCMC |

Substitution Model | Mucleotide Substitution Model - TZ_D_wRef_2253-3263.nxs -
-~

Substitution Model:
Base frequencies:
A

Site Heterogeneity Model: [Gamma + Invariant Sites -

Mumber of Gamma Categories:

m

Partition into codon positions: ['{JF’F [ -

-

Sequence Error Model: | Off - ]

Data: 27 taxa, 1 partition; Tip times calibrated [ £¥ Generate BEAST File...

We know from the jModeltest result that GTR+I+I fits this data best

Name Surname 12 January 2012 17
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File Edit Help

| Data Partitions | Taxon Sets | Tip Dates |Traits I Site Models | Clock Models |Trees | Priors | Operators | MCMCl

By starting with a UPGMA rather
than a random tree you are likely

Data: 27 taxa, 1 partition; Tip times calibrated

Tree prior shared by all tree models

—

Molecular Clock Mode! : to begin your search in a better
Name Model Estmate | Rate place in "tree space”. Useful for
i large data sets.
[ (2] BEAUS [EEEERT
dq | i} Eile Edit Help
Fix mean rate of molecular dock model to: 1 | Data Partitions I Taxon Sets | Tip Dates I Traits I Site Models I Clock Modelsl Trees | Priors I Operators I MCMCl
Link tree prior for all trees

Unless you have prior
knowledge about which
model best fits the data, try
different clock models and
different Tree Priors, and then
perform a Bayes Factor Test to
see which is the best model

Tree Prior: | Coslescent: Constant Size

Trees

-

Tree Model - TZ_D_wRef_2253-3263.nxs

Starting Tree: .UPGMA generated v.

Data: 27 taxa, 1 partition; Tip times calibrated

[ £+ Generate BEAST File...

b

e .2 Karolinska
29252 Institutet
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| Data Partitions | Taxon Sets | Tip Dates I Traits I Site Models I Clock Models I Treesl Priors | Operators I MCMC|

|4 BEAUKi r o o=
. e
File Edit Help

Priors for model parameters and statistics:

Parameter Prior Bound Description

tmrca(Subtype D) [ * Using Tree Prior ]| nfa tmrca statistic for taxon set Subtype D

tmrca(untited2) [ *Using Tree Prior IE tmrca statistic for taxon set untiled2

ac = Gamma [0.05, 10], initial=1 ]| [0, o] GTR A-C substitution parameter

ag = Gamma [0.05, 20], initial=1 )| [0, ea] GTR A-G substitution parameter

at [_* Gamma [0.05, 10], initial=1 ]| [0, ea] GTR A-T substitution parameter

cg [ * Gamma [0.05, 10], initial=1 ]| [0, o] GTR. C-G substitution parameter

at [ * Gamma [0.05, 10], initial=1 ]| [0, oa] GTR G-T substitution parameter

alpha |_* Unifarm [0, 1000], initial=0.5 ]| [0, 1000] gamma shape parameter

pInv [ Uniform [0, 1], initial=0.5 )| [0, 1] proportion of invariant sites parameter

udd.stdev | Exponential [0.333333], initial=0.333333 ]| [0, ea] uncorrelated lognormal relaxed dock stdev

treeModel.rootHeight [ *Using Tree Prior ]| [26, oa] root height of the tree

constant.popSize [ * 1fx, initial=260 ]| [0, oa] coalescent population size parameter

meanfate * Indirectly Specified Through Other Parameter nfa The mean rate of evolution over the whole tree

covariance | * Indirectly Specified Through Other Parameter || nfa The covariance in rates of evelution on each lineage with their ancestral lineages

coeffidentOfVariation [ Indirectly Specified Through Other Parameter || nfa The variation in rate of evolution over the whole tree

4 | 1} G
*Marked parameters currently have a default prior distribution. You should check that these are appropriate.

Data: 27 taxa, 1 partition; Tip times calibrated

[ #% Generate BEAST File. .. ]

If you have prior knowledge, change the priors, otherwise leave the default values.
For this dataset we have some parameter estimates from jModelTest (but be careful
not to limit the search too much! Can guide the search by changing the initial value,
but not the bounds). Also, in the litterature we can find a prior estimate for the
tMRCA of subtype D in 1947 (Abecasis et al, 2009 J. Vir.), which is 62 years from the

latest tip date, 2009.

Name Surname
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O 41\[ %\0
Select prior distribution for treeModel.rootHeight NO A
r
| £| Prior for Parameter ﬁ
Prior Distribution: | Uniform -
Select prior distribution for tmrca(Subtype D) T O
Initial Value: (100
| |
Prior Distribution: | Mormal - .l
|
Lower: |50 N
Mean: |62 |
|
i Upper: 200
i Stdev: |10 i
| |
| ok || Cancel
|| asE2 .
I [ seave — - Tal
3E-2]
File Edit Help
25521
el | Data Partitions | Taxon Sets | Tip Dates I Traits I Site Models | Clock Models I Trees | Priors | Operators I MCMC|
15821 Priors for model parameters and statistics:
¥ Parameter Prior Bound Description
1E-21 tmrea(Subtype D) MNormal [62, 10] nfa tmrca statistic for taxon set Subtype D
tmrcafuntited2) = Using Tree Prior nfa tmrca statistic for taxon set untited2
s ac Gamma [0.05, 10 !niﬁal= 0, oo GTR. A-C substitution parameter
ag Gamma initial= 0, o3 GTR A-G substitution parameter
g s = @ 20 i = at Gamma [0.05, 10], initial= 0, oo GTR A-T substitution parameter
I g Gamma [0.05, 10 !nih’a = 0, oo GTR. C-G substitution parameter
Quantiles: 2,.5%: 42.4 at Gamma [0.05, 10], initial= 0, oo GTR G-T substitution parameter
L S%: 45_55 alpha Uniform [0, 1000], initial= 0, 1000] gamma shape parameter
Medizn: &z .n plnv = Uniform [0, 1], initial=0.5 0, 1] proportion of invariant sites parameter
95%: 7g_as ucld.stdev * Exponential [0.333333], initial=0.333333 0, ca] uncorrelated lognormal relaxed dock stdev
97.5%: gq_g treeModel.rootHeight Uniform [50, 200], initial=100 26, od] root height of the tree
constant.popSize * 1/, initial=45 0, ca] coalescent population size parameter
| | meanRate [ Indirectly Specified Through Other Parameter nfa The mean rate of evolution over the whole tree
QK ] ’ Cancel I covariance (= Indirectly Specified Through Other Parameter nfa The covariance in rates of evolution on each lineage with their ancestral lineages
coeffidentOfVariation (= Indirectly Specified Through Other Parameter nfa The variation in rate of evolution over the whole tree
4 1 +
*Marked parameters currently have a default prior distribution. You should check that these are appropriate.
Data: 27 taxa, 1 partition; Internal node(s) calibrated [ ¥ Generate BEAST Fe... ]
E——— e

12 January 2012 20
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File Edit Help

| Data Partitions ITamn Sets I Tip Dates | Traits | Site Models I Clock Models ITrees I Priors I Dperators| MCMC |

Length of chain:

Echo state to screen every:

Log parameters every:

File name stem:

Laog file name:

Trees file name:

Substitutions trees file name:

10000000

10000

1000

TZ_D_In_const

Add . txt suffix

TZ_D_In_const.log. tet

TZ_D_ In_const. trees. twt

[] Create tree log file with branch length in substitutions:

m

-

Data: 27 taxa, 1 partition; Internal node(s) calibrated

[ £+ Generate BEAST File... ]

Do not close the BEAUTI
file until you have seen
that you can runitin
BEAST. It is also easy now
to go back and make
minor changes in the
model and save under
different names for
comparison.

Example: use the
exponential and log-
normal clocks in
combination with the
Tree Priors Constant
growth and Bayesian
Skyline to create the files
TZ D In_const
TZ_D_In_BSL

TZ D_exp_const

TZ D _exp_BSL

As these analyses are computationally demanding, start with “short” runs while testing the models (around 10 million). Then, after you
have performed Bayes factor analysis to decide on the best model you can run longer chains if necessary (can be >100 million), use the
Tracer file to check for convergence and ESS-values to help decide what is needed for you analysis.
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sex¢ -2 Karolinska
BEAST f? Q‘ 7 Institutet

BEASTVIGZ e o |

To make a BEAST run — just choose the
.xml file created in BEAUTi and click
< _ _ _ _ Run.

Bayesian Evolutionary Analysis Sampling Trees .
Version v1.6.2, 2002-2011 BEAST generates two result files, one
.log file which is analyzed in Tracer, and
one .trees file which after annotation

BEASTXML Fle: [TZD_In_constumi can be viewed in FigTree

[] Allow overwriting of log files

I ) TZ.D_ In_constam
Random number seed: |1321024519065 — 'Edn Hem“
. [Franch rate model used: discretilzedBranchRates -
Thread pool size: = Creating swap operator for parameter branchRates.categories (weight=10.0) m
Creating the MCMC chain:
[ ] Use BEAGLE library if available: chainLength=10000000
autolptimize=true
autolptimize delayed for 100000 steps
Prefer use D[:I:D # BEAST vl.6.2, Build r4230
# Generated Fri Nowv 11 16:18:57 CET 2011 [seed=1321024619065]
Prefer precisinn:l:D state Posterior Pricr Likelihood rootHeight ucld.mean
] -6546.2186 -316.6696 -§229.5430 100.000 1.8E-3 -
I N i By e 10000 -6001.6224 -201.0566 -5800.5858 119.871 1.8E-3
‘Eﬂﬂﬂﬂ -5902.7280 -191.6866 -5711.0413 91.9005 1.8E-3 0.27 hours/mill
30000 -5870.7478 -188.7484 -5681.9992 T6.6403 1.8E-3 0.28 hours/mill
I 40000 -5843.4421 -181.72865 -5661.7155 72.6148 1.8E-3 0.28 hours/mill| i
50000 -5812.6626 -181.4077 -5631.2549 81.8917 1.8E-3 0.28 hours/mill
&0000 -5801.8728 -173.9521 -5627.9208 73.1200 1.8E-3 0.28 hours/mill
d 70000 -5796.1437 -169.1961 -5626.9477 76.0761 1.8E-3 0.28 hours/mill—
20000 -5790.0280 -176.4872 -5613.5408 &8.8007 1.8E-3 0.28 hours/mill|
90000 -5788.8743 -179.7305 -5609.0838 70.1750 1.8E-3 0.28 hours/mill
100000 -5805.0358 -178.9948 -5626.0410 70.6844 1.8E-3 0.28 hours/mill=
110000 -5800.87&3 -177.182¢ -5623.6937 82.7527 1.8E-3 0.32 hours/mill|
120000 -5791.2224 -174.8091 -5616.6132 67.9908 1.8E-3 0.32 hours/mill
-
LI li | [ ¥
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Tracer

It is possible to open and compare several log-files simultaneously in Tracer.
Here it looks like the red, yellow and blue chains have “converged” — they are

Se gxé Karolinska

State

Axes... [¥] Show Burn-in  [] Sample only * [¥] Draw line plot Legend:' Colour by: !

. . = .
fluctuating around a value. The black one looks like it may not have found the 3 Institutet
equilibrium yet. "Mvo B
F — — ——— e E
|£:| Tracer .‘ El_lg
File Edit Analysis Help

Ll = | L Estimates | A Marginal Density [ [ Joint-Marginal| a4 Trace |

Tree File States Burn-In _5ROD

TZ D_exp BSL.... 1000000 100000 el A vl Db bttt gl . 1 i

TZ_D_exp_cons... 1000000 100000 W Lt o .|,'lJ|-"'ij" ..-IIJ’,"J | -.-,',f-..-i WM ..l'.,. A BN l",' |'J_.|"' _ b |,|| ol ! .1' ik lllr ; il 0!

TZ_D_In_BSL.lo... 1000000 100000 I-"-f”* | "." |\"'H i J‘ﬁ,"""--li |I'|'.|, | I'«fﬁl Ilulfl flk"”‘]l'l '.-'I,-'\WJI |u||| | l I| lj I 'f'| il I* 1| "f lll IL"

TZ_D_In_const.l... 1000000 100000 oo ' - |
|| Traces:

Statistic Mean ESS

posterior nfa nfa - -57001

prior nfa nfa

likelihood nfa nfa

treeModel.rootH... |n/fa nfa

tmrca(Subtype D) | n/fa nfa =

tmrca(untitled2) nfa nfa 2 57501

ac nfa nfa %

ag nfa nfa =

at nfa nfa rl."t \

o nfa nfz ¥ [ hl
Il ot n/a nfa } 4 ] A ff" w ) )I

alpha n/a nja 5800 '|||| “‘ ”""lllll IMJ “.' +,,.|J U\‘-ﬁ”h‘]‘” w Wﬁﬂ ﬁ“ I|1 vmllll J |w J{h'ﬂ"ﬂ.N

plnv nfa nfa .n || l 1 | i 'ﬂ' '|IJ'

meanRate nfa nfa

coeffidentOfVari... |nfa nfa [ |rM )

covariance nfa nfa ] 'J }J Lﬂlr

treelikelihood nfa nfa -5850 h |

' “ rL m hﬂﬁl\lﬂi
YL Pl
-5800 [ IJ
0 100000 200000 300000 400000 500000 600000 700000 a00oo0 a00000 1000000

|
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Tracer

-
@ Tracer - —— J— - _— — @Eﬂ
Eile Edit Analysis Help
Trace Files: [ Estimates | A Marginal Density I |:# Jnint-Marginal I MTrace|
Tree File States Burn-In —
TZ D exp BSL.l.. 1000000 100000 Summary Statistic TZ D _exp B5L... TZ_D_exp con... TZ_D_In_B5SL.lo... TZ_D_In_const
TZ_D_exp_cons... 1000000 100000 mean | 26,3575 50,7855 45,4825 48,9286 -
W_D_ |r1_E|5L. o 1000000 100000 stderr of mean 4,86235-2 2,6'335-2 ﬂ,38 UI 5045
TZ_D_In_const.l... 1000000 100000 median | 26,2515 50,5677 45,1741 48,1783
geometric mean | 26,3543 50,7807 45,3094 48,6447
95% HPD lower | 26,0254 50,0012 37,9449 39,3831
95% HPD upper | 27,0927 52,3937 53,1506 59,5124
Tormm auto-correlation time (ACT) | 14226,6877 1000 8167,0785 7943, 754 |
effective sample size (ESS) | 63,3317 901 110,321 1134224 -
Statistic Mean ESS a | B | 5
posterior nfa nfa -
prior nfa nfa 60 _
likelihood nfa nfa
treeModel.rootH... |nfa nfa
tmrca(Subtype D) nfa nfa 551
tmrca(untited2) nfa nfa 1 -1
ac nfa nfa i I
a0
ag nfa nfa
at nfa nfa =
cg nfa nfa n 454
gt nfa nfa %‘
alpha nfa nfa A
plnv nfa nfa E 4d 1 -
meanRate nfa nfa E
coeffidentOfVari... |nfa nfa 354
covariance nfa nfa |
treeLikelihood nfa nfa 30 I
-
i 25 T T T T
| TZ_D_ exp_BSL.log bdtmTda Buleypeddnst log bdm a3 bty E Bl o g bdtmrdE{SObhpedanst log bdtmreaSubtyp
e eee——
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4% Karolinsk
3 = Karolinska

This analysis will probably improve if it would be run for a longer & g .
Y probably Imp 8 2% £ Institutet

Tr aC e r time — the ESS values are still low and the histograms are
approaching normal distributions, but are not there yet

r -l
(2] Tracer - Tr— - — —— = =
File Edit Analysis Help

Trace Files: !Tl Estimates | £ Marginal Density | M Joint-Marginal | .-.'.q.J.Tra::e|
Tree File States Burn-In 015
TZ_D_exp_cons,.. | 1000000 100000 P I
TZ_D_In_BSL.o... 1000000 100000 3
TZ_D_In_const.l... | 1000000 100000 3
TZ_D_exp BSL.J... | 1000000 100000 -

0,125

Traces:
Statistic Mean ESS 0,19 [
posterior -5840,307 77,217 -
prior 218,321 91,249 F I
likelihood -5620,386 52
treeModel.rootH. .. 7 BE-24
tmrca(Subtype D)
tmrca(untiled?) 16 =
skyline.popSize 1 1195,729 205,346
skyline.popSize2 | 664,371 214,055
skyline.popSize3 | 322,186 111,844 5B
skyline.popSize4 156,607 10 5
skyline.popSize 5 118,121 b ]
skyline.popSizes 93,994 '
skyline.popsize7 | 89,038 2 5E-21 |
skyline, popSized 73,545
skyline. popSized 46,847 18
skyline.popSize10 | 22,873 185 m
skyline.groupSize1 | 2,488 134,61 0 ﬂn Lo !\ J * AA A
skyline.groupSize2 | 2,397 52,532 10 ' 10 ' 50 ' &0 ' 70 20 ' a0 400 110
skyline.groupSize3 | 2,515 120,469 TZ_D_In_BSL log. bt
skyline.groupSize4 | 2,919 36,542 i ) . - - ] . ]

s R —— Axes.. Bins: |100 = | [ Relative density ' Legend: Nene * | ' Colour by: | Trace -
| |

TNoH T C ourronire TZ oonruoty ZULIz =



Bayes factor analysis e et

—— - —— —
|| Tracer E‘M
File Edit [Analysis| Help

Demographic Reconstruction...

Trace Fil ; ) ) L Estimates| . Marginal Density ‘ |# 10int-Marginal | ,L.;J.Tracel " b
i 0125 Marginal Likelihood Analysis S5
GMRF Skyride Reconstruction...
Lineages Through Time...
Create Temporal Analysis... Select the trace to analyse:
Add Demographic Reconstruction... 0,1 i §
‘ Add Bayesian Skyline Reconstruction... Likelihood trace: |likelihood -
Traces: | Add Time Density... - .
Statistig
posterig Calculate Bayes Factors... p— Bootstrap replicates: | 1000
rior nfa nfa "
kelihood nfa nja
treeModel.rootH... |nfa nja "
ratasten o o ok || Avbiyt
ac nfa nfa SE-24
ag nfa nfa
at nfa nja
g nfa nfa
gt nfa nfa
alpha nfa nja 2,582 =
e " o 4| Bayes Factors
coeffidentOfvari... |nfa nja N N 3
covariance nfa njz Eile Edit Analysis Help
treeLikelihood nfa nfa 0 ) L
-5950 -5900 -5850 F i
Show: _éloqlﬂ Bayes Factors: = |
hd Axes... Bins: .100 - [ Relative density ' L ’ ¥ . . . .
: . trace; lkelihood, smoothed estimate (5.E. estimated using 1000 bootstrap replicates)
Trace In P{model ... 5.E. TZD _exp... TZD_In_... TZD_In_c... TZ_D_exp...
Bayes fa Cto r’ rough TZ_D_exp_...|-5821,52 +/-0,921 - 81,97 -79,76 28,367 -
. . K TZ_D_In_BS. .(—5632,@ +/-0,933 31,97 - 2,21 110,337
Interpretation gu ide: TZ D_In_co...|-5637,865 +-0,71 79,75 2,21 - 108,127
. . po TZ_D_exp_... |-5886,837 +- 1,16 -28,367 -110,337 -108,127 -
0-3: not significant
3-10: uncertain significance . -
>10: im portant difference Marginal likelihood estimated using the method Newton & Raftery (ref)with the modifications
proprosed by Suchard et al (2001, MBE 18: 1001-1013)
|
LW

TZ-D_In_BSL is the model with the highest likelihood. The differences to both models with the exponential clock are high (81.97 and
110.337), but there is only a minor difference compared to TZ_D_In_const (2.21) -> can continue with longer runs for both models
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Perform longer runs using the selectedﬁ%

model(s)

Sﬁﬁ‘fhﬂth

o 1%‘0

= No need to regenerate the XML-file in BEAUTI, just open in a text editor (for example
WordPad), and change the chain length.

= |t may also be useful to change the log frequencies (screenLog, fileLog, treeFileLog). Rule
of thumb — obtain 10000 trees. Ex run of 50 million generations: fileLog and treeFileLog =
logEvery 5000

=  Save the file in a new folder since the output files will have the same name as from the
previous run (unless you change this as well!)

€] T2.D_In_BSL - Copy - WordPad =& | [E] 20 inBSL ; Copy_ WordRad L =]

File Edit View Inset Format Help

FE Sk A &>

© By

</upDownOperator> ks
<swaplperator size="1" weight="10" autolptimize="false">
<parameter idref="branchRates.categories"/>
</swapOperator>
<randomWalkIntegerCperator windowSize="1" weight="10">
<parameter idref="branchRates.categories"/>
</randomWalkIntegerlperator>
<uniformIntegerCperator weight="10">
<parameter idref="branchRates.categories"/>
</uniformIntegerCperator>
</operatorss>

<!-- Define MCMC

<mcmec id="mcmc" c'nain]'_engt,':F"" autolptimize="trues">
<posterior id="posterior":>
<prior id="prior":»
<normalPrior mean="62.0" stdev="10.0">
<statistic idref="tmrca (Subtype D)"/>
</normalPrior>
<gammaPrior shape="0.05" =scale="10.0"

offsec="0.0">

<parameter idref="ac"/>
</gammaPrior>
<gammaPrior shape="0.05" scale="20.0"

offsec="0.0">

<parameter idref="ag"/>
</gammaPrior»

For Help, press F1

File Edit View Insert Format Help

EH S M & B

v By

-—>

—-—>

Fl

1n BSL.log.txt" overwrite="false">

nexusFormat="true” fileMame="TZ_D

PPN NS RPNy JRN UG TPy 1Y

< id="fileLog" logEvery="5000" fileName="TZ D

<posterior idref="posterior"/>»

<prior idref="prior"/>

<likelihood idref="likelihood"/>

<parameter idref="treeModel.rootHeight"/>

<tmrcaStatistic idref="tmrca (Subtvype D) "/>

<tmrcaStatistic idref="tmrca (untitled2)"/>

<parametcer idref="skyline.popSize"/ />

<parameter idref="skyline.groupSize"/>

<parameter idref="ac"/>

<parameter idref="ag"/>

<parameter idref="at"/>

<parameter idref="cg"/>

<parameter idref="gt"/>

<parameter idref="alpha"/>

<parameter idref="pInv"/>

<parameter idref="ucld.mean"/>

<parameter idref="ucld.stdev"/>

<rateStatistic idref="meanRate"/>

<rateStatistic idref="coefficientOfVariation"/>

<rateCovarianceStatistic idref="covariance"/>

<treelLikelihood idref="treeLikelihood"/>

<generalizedSkyLineLikelihood idref="skyline"/>
</log>

<!-— write tree log to file

logEvery="[gLlh"
1ln BSL.trees.txo"

<logTree id="treeFileLog"

1 r

For Help, press F1

Karolinska
Institutet
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my analysis?

Look at the Tracer

log-file for

Chalin
convergence

« ESS values
Shape of the

distribution curve

S\LA hVJ“

How do | know how long | need to run %

4“0\10 1‘6‘0

- Karolinska
7 Institutet

| £&| Tracer

= | B )

File Edit Analysis Help

Name Surname

Trace Files: M _#\ Marginal Density | |# Joint-Marginal | H.AJ.Trace|
Tree File States Burn-In
gl Summary Statistic
TZ_D_in_const.l... | 1000000 100000 - o] 55T e
stderr of mean | 0,38
median | 45,1741
geometric mean | 45,3094
Traces: 5% HPD lower | 37,9949
95% HPD upper | 53,1506
Statistic Mean ESS auto-correlation time (ACT) | 8167,0785
y| |posterior -5840,307 77,217 o effective sample size (ESS) | 110,321 -
prior -219,921 91,249 M 4 3
likelhood -5620,386 |
treeModel.rootH... | 70,352 80
tmrca(Subtype D) 45,483
tmrca(untitled2) 55,579 L
Skylne popSizel | 195,729 | 209,8% 1 507
skyline.popSize2 564,371 214,055
skyline.popSize3 322,186 404
skyline.popSize4 156,607 I
skyline.popSize5 118,121 237,61 L ,,E, 30
skyline.popSizes 98,994 299,462 %
skyline.popSize7 89,038 221,455 i 204
| |skylne.popSizes | 73,542 223,043
skyline.popSized 46,847
skyine.popSize10 | 22,873 109
skyline.groupSize1 | 2,488
skyline.groupSize2 | 2,397 52,592 R
skyline.groupSize3 | 2,515 30 60 65
skyline.groupSize4 | 2,919 3] | £ Tracer _ ol x|
kvline.arounSize5 | 2,547 File Edit Analysis Help
L Trace Files: [L Estimates | A Marginal Density | |# JointMarginal | dad Trace |
Tree File States Burn-In =
T Summary Statistic
fddcaa mean | 45,8431 =
stderr of mean | 0,1378
median | 45,5203
geometric mean | 45,6094
e 95% HPD lower | 33,5208
Statistic Mean ESS 95% HPD upper | 53,6785
posterior -5840,438 975,497 - auto-correlation time (ACT) | 10401,7291
prior -218,255 725,571 effective sample size (£55) | 855,3369 -
likelihood -5621,173 1496, 562 ﬂ 9
treeModel.rootH... | 70,733 961,972 -
tmrea(Subtype D) 45,843 865,337
tmrea(TZ_D) 55,976 993,792 500
skyline.popSize 1 1335,56 2129,447
skyline.popSize2 | 726,943 1568,024 i
skyline.popSize3 307,129 1576,621
skyline.popSize4 160,295 1435,009
skyline.popSize s 113,376 1554,635 3004
skyline.popSized 98,975 1545,658 =
skyline.popSize7 | 93,356 1686,574 g
skyline.popSized 73,759 1737,829 g 200
skyline.popSized | 44,797 1691,275 w
skyline.popSize10 | 22,604 1839, 596
skyline.groupSize1 | 2,365 1222,105 1004
skyline.groupSize2 | 2,22 1508,946
skyline.groupSize3 | 2,544 1251,666
skyline.groupSize4 | 2,775 1190,11 o
skyline.groupSize5 | 2,805 1210,61 30 40 50 B0 70 &0
skyline.groupSizes | 3,066 1063,734 tmrea(Subtype D)
skyline.groupSize7 | 2,801 912,579 -
—— : : | Axes... | Bins: [100 ~




Demographic reconstruction, Tracer

Bayesian Skyline Analysis

E=2

Warning! This anaiysis should onhy be run on traces whens
the Bayesizn Skyline plot was specified as the demographic in BEAST,
Any othar model will produce meaningless resuls.

Trees Log File:  |TZ_D_In_BSL.log. tut

Bayesian skyline variant: :Stepwise (Constant) -
U Plot growth rate
Select the traces to use for the arguments:
Population Size: :skyline.popSize -
Group Size: iskyline.groupSize -
Maximum time is the root height's: :Lower 95% HFD
Select the trace of the root height: :treeModeI.rooHEight -
Number of bins: | 100
[7] Use manual range for bins:
Minimum time:
Maximum time:
Age of youngest tip: | 2009

You can set the age of sampling of the most recent tip in
the tree, If this is set to 2=r0 then the plot is shown going
backwards in time, otherwise forwands in time.

ok || Avbiyt

Choose File...

SHA hV._p)\

=)
Teles
~

RO(
‘4
n hY

A

#* 0*
o 18¥

Karolinska
7 Institutet

| 4| Bayesian Skyline: 10M_TZ_D_ In_BSLlog.txt = | B |l
Eile Edit Analysis Help
1,E47
1,E35
1,E27
1,E17
1,E0 T T T T T
1860 1970 1980 1980 2000
Time
‘ Show: :Median v: i [] Solid interval
-
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TreeAnnotator ‘g gl: Karaiinska

Treefnnotator v1.6.2

= Distributed with the BEAST

package Burnin: 1000 |
= Creates a consensus tree Posterior probability limit: [0.5 |
Wlth pOSterior prObabiIitieS Target tree type: |l.|axim||mcladecredibilitytree |V‘
from the =10000 sampled | —
Node heights: |l.|ed|an heights |V|
trees
Target Tree File;

=  Burnin approx 10% (1000 if
you have sampled 10000
trees), but look at Tracer file
and amend if necessary

= Save as a .tree file

Input Tree File:

TZ_D_ In_BSL trees it

QOutput File: TZ_D_ In_BSL_MCC tree
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FigTree

Good program for viewing and editing trees. Lots of functions, take the time to explore different options.

Under Node Labels you can see the posterior for each node — gives the credibility for that clade and you can

also see the age of the node — the tMRCA estimate for that branching event.

£ FigTreevl.31 - 10M_TZ_D_ In_BSL_MCC.tree - Tree, In_BSL_10M.tree

File Edit Tree Help

Y &G

7

— D MNode Clade Taxa
® & Q =

Find Selection Mode

An =»

Prev/Mext

VO o

=10 x|

¥ Layout J

| 0
Zoom: Ji
Expansion: Ji
Fish Eye: Ji

Root Length: Ji
Curvature: Ji

[~ Align Tip Labels

B CurrentTree: 1/1
- Appearance

b Trees

P Time Scale

b v TipLabels

» |+ Node Labels
» [ Node Bars

» [ Branch Labels
» [ Scale Bar

v

3333383338

[v Scale Axis
[ Reverse axis
[~ Show grid

v Automatic scale

Font Size: 1233
Sig. Digits: [ 4=
Line Weight: 133

Ref.D.UG.24.04UG114.U83824

— 0678

09523
Ref.D.CD.83.ELI.KD3454

Ref.D.CM.O1.01CKM_4MZHAL AY3IT1157

Ref AZ.CD.O7 97 CDKTB43 AF28E6238

Ref AZ.CM.O1.01CM_1445MV. GUZ01518

Ref.C.ZA.04.04Z45 K145 AYTT 2600

08914
T Ref A1.RW.92 02RWO0E AB253421
1
03611 | Ref.A1.UG.92.92U6G037 AB253420
- | Ref.C.ET.88 ETH2220.U46015
08759 | 08999
4,— Ref.B.FR.83.HXB2_LAI_|IIE_BRU.KO3455
1
Ref.B.US.88.1058_11.AY331205
T T T T T T T T T 1
90,0 80,0 70,0 60,0 50,0 40,0 30,0 20,0 10,0

0,0

o
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to learn more... ‘ggir; Karalinska

http://beast.bio.ed.ac.uk/Tutorials

KATHOLIEKE UNIVERSITEIT

LEUVEN

Laboratory for Clinical and Evolutionary Virology » Meetings

International bioinformatics workshops

The seventeenth international bicinformatics workshop on virus evolution and molecular epidemiology will
take place in 2012. Please stay tuned for updated information concerning place and time

There will be no international bioinformatics workshop on virus evolution and molecular epidemiology in 2011,
However we endorse the Brazilian bioinformatics workshop on virus evolution and molecular epidemiology,
which will take place early September in Salvador de Bahia. Please contact Luiz Alcantara

Laboratory for Clinical
and Evolutionary Virology A

‘ People lalcan@bahia. fiocruz or) for further information.
Fublications + Sixteenth international bioinformatics workshop on virus evolution and molecular epidemiology
Research Johns Hopkins University, Baltimore, USA Edned by ph'“ppe umq‘
: Sunday, August 29, 2010 - Friday, September 3, 2010 Marco Salemi and

Meefings « Fifteenth international bioinformatics workshop on virus evolution and molecular epidemioloay 3
International Erasmus Postgraduate School of Molecular Medicine, Erasmus Medical Center, Rotterdam, The Anne-Mieke vandamme
bioinformatics Metherlands
workshops Monday, September 7, 2000 - Friday, September 11, 2009

Fourteenth international bicinformatics workshop on virus evolution and molecular epidemiology
South African National Bioinformatics Institute, Cape Town, South Africa

Monday, September 8, 2008 - Sunday, September 14, 2008

European HIV &
Hepatitis warkshops

[ Software + Thirteenth international bioinformatics workshop on virus evolution and molecular epidemiology
Courses Instituto Macional de Saude Dr. Ricardo Jorge (INSA), Lisbon, Portugal

Contact U Sunday, September 9, 2007 - Friday, September 14, 2007
ontactLs = Twelfth international bicinformatics workshop on virus evolution and molecular epidemiology
How to get here National Retrovirus Reference Center, Department of Hygiene and Epidemiclogy, Medical School, National
and Kapodistrian University of Athens, Greece
Sunday, September 10, 2006 - Friday, September 15, 2006

http://regaweb.med.kuleuven.be/workshop/
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