Assignment 10, 2024

Your name:
Your email address:

Once you are done with the exercise, email your answers as an attachment to
gogarten@uconn.edu and daniel.s.phillips@uconn.edu

Answer all the questions in red in the provided boxes.

You can skip the parts in

Note: if you did not complete the alphafold prediction of your intein in lab#9, please start
chimeraX and start the structure prediction now. Once done, save the resulting structure
prediction as both a pdb and as a chimeraX session file, and email both files as compressed
attachments to gogarten@uconn.edu
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Assignments:

1) Perform a maximum likelihood ratio tests using maximum likelihood estimates from
phyml as implemented in Seaview.
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We will test the following nested models:

#of Invariant degrees of freedom to
rates #of frequencies Gamma sites previous model

JC 1 1 N

HKY 85 2 4 N N 4

GTR 6 4 N N 4

GTR + Gamma 6 4 Y N 1

GTR + Gamma +

Invariant sites 6 4 Y Y 1

Open the file at

(https://j.p.gogarten.uconn.edu/mcb3421 2024/labs/lab10/Yeast vmal_all aligned.mase ) in Seaview.
(click on the link, than in the browser select File > Save_as save as a text file, in the finder
remove the .txt extension)

In seaview, select all sequences. Select sites Extein.

Under Trees select phyml.

Select JC69 from the first pull-down menu. Select none for Invariable sites and none
for Among Site Rate Variation. For the tree search use Nearest Neighbor
Interchange (NNI). Run.

Before you click ok, when the calculation is done, copy the log likelihood value into
the table below. Keep the tree window open.

Select HKY from the first pull-down menu. Select none for Invariable sites and none
for Among Site Rate Variation. For the Transition / Transversion ratio and the
nucleotide frequencies select optimized. For the tree search use Nearest Neighbor
Interchange (NNI). Run. Write down the log likelihood value into a table.

Select GTR from the first pull-down menu. Select none for Invariable sites and none
for Among Site Rate Variation. For the nucleotide frequencies select optimized.
Select GTR from the first pull-down menu. Select none for Invariable sites and
optimized for Among Site Rate Variation. For the nucleotide frequencies select
optimized.

Select GTR from the first pull-down menu. Select optimized for Invariable sites and
optimized for Among Site Rate Variation. For the nucleotide frequencies select
optimized.

2*deltaLogL (comp. to | Degrees of
Log(likelihood) previous model) freedom P-value:

JC

HKY85



https://j.p.gogarten.uconn.edu/mcb3421_2024/labs/lab10/Yeast_vma1_all_aligned.mase
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One important condition that must be fulfilled before one can use a Likelihood Ratio Test
(LRT) to compare two models, is that the models should be "nested". This means that the
simpler model must be a constrained version of the parameter-rich model. The likelihood
ratio test is performed by doubling the difference in log-likelihood scores and comparing
this test statistic with the critical value from a chi-squared distribution having degrees of
freedom equal to the difference in the number of estimated parameters in the two models.
The parameter-rich model will always have a better fit, due to the extra parameters and
will therefore have the highest log-likelihood, (i.e., the less negative logarithm) so the
difference should be a positive number. The degree of freedom between each of the
models is given in the above table - plus/minus gamma shape parameter is one parameter
(even though it is approximated by 4 rate categories) and the % invariant sites also counts
as a parameter.

Use this online chi-square calculator to determine the significance of the test. (In case the
minus signs confused you, the number you paste into the calculator should be positive.)

Enter twice the log likelihood ratio and the P-value with which the simpler hypothesis is
rejected into the table above.
Are all the more complex models a significant improvement over the more simple ones?

Doing this using a GUI and copying numbers back and forth is rather
tedious. igtree incorporates testing for the appropriate model.

To get the alignment into a format readable by iqtree,
in seaview:
select sites extein,
select all sequences,
then select File > Save Selection
Enter a filename (e.g., Yeast_vmal_extein_aligned.fst), select fasta format, select
File -> save selection as Yeast_vmal_all_aligned_extein.nxs
Repeat this for the intein sequence:
select sites intein,
select only the intein containing sequences (i.e., unselect the first 3),



http://vassarstats.net/tabs.html#csq
http://www.iqtree.org/

then select File > Save Selection
Enter a filename (e.g., Yeast_vmal_intein_aligned.fst), select fasta format,
select File -> save selection as Yeast_vmal_all_aligned_intein.nxs

The software is available via a web interface (e.g. here).
Select the file Yeast_vmal_extein_aligned.fst,
Select nucleotides and “find best and apply”

Input

Paste your alignment here
[sample Input]

or upload your alignment file  choose File Yeast_vmal_.. _extein.nxs

Options

Substitution Model

Sequence type/Model @ Nucleotides Find best and apply B Amino acids  HIVh a

Rate heterogeneity  FreeRate model
Gamma model  Alpha (shape parameter) (+0; empty to estimate from data)
# of rate categories &
Create site rates file

State frequency Estimated by Maximum likelihood
Empirical, computed from alignment input.
Empirical, specified in AA madel (A4 only)

Wait a little until you see a tree, then click on all results. Open the file and browse through its
contents. The line Model of substitution: ... gives the name of the model chosen as the best
model.

To run iqtree on xanadu

Establish an ssh connection to xanadu-submit-ext.cam.uchc.edu

Open an ssh terminal window (either using PUTTY or Terminal), log into Xanadu:
ssh mcb342lusrXX@xanadu-submit-ext.cam.uchc.edu
Enter your password

e login
e srun --pty -p mcbstudent --gos=mcbstudent --mem=2G bash

Create a directory for lab9, and transfer the aligned sequences for exteins only (as a
multiple fasta file created via save selection as in seaview - see above) into that directory.

e mkdir lab9
e cd lab9

e load the igtree module
module load igtree/2.2.2

Get the sequences:
curl -O https://j.p.gogarten.uconn.edu/mcb3421 2023/labs/Lab9/exteins_yeast vma 1.fst



https://www.hiv.lanl.gov/content/sequence/IQTREE/iqtree.html

e execute iqtree
igtree2 -s exteins _yeast vma 1l.fst

this will be pretty fast.

In case you want to look at the tree, use filezilla to move the files created by iqtree to your
desktop computer. You can open the .treefile in seaview. You can also look at the text file
exteins_yeast_vma_1.fst.igtree which includes an ascii version of the tree

Inspect the logfile using more:

more *.log or more *.iqtree

At the end of listing of the for the InL for the individual models, is the listing of the best
models under the different criteria.

Which models were chosen, and what do the abbreviations mean? (See the igtree
documentation chapter 11.6 Rate heterogeneity and 12.1 on DNA substitution
models. For info on the different criteria (AIC, BIC, ... see here)

To compare the extent of ASRV in the intein and extein. We will analyze the data for the
intein and extein separately using the GTR model and the gamma distribution only.

It is your choice, if you want to do the analysis in seaview using phyml or using igtree. In
either case you need to specify the model:



http://www.iqtree.org/doc/iqtree-doc.pdf
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In seaview: Inigtree:

o &= PhyML options
Model:[GTR ~ IQ-TREE
Branch Support > Purpose: IQ-TREE is a fast and effective stochastic algorithm to infer phylogenetic trees by
© aLRT (SH-like) © None maximum likelihood. See Explanation for information about this web interface, and see 1Q-
p
O Bootstrap with |100 replicates TREE homepage for details about options.
[~ Transfer Bootstrap Expectation method
[ Show bootstrap trees ) Input
N o Paste your alignment
Nucleotide equilibrium frequencies e
@ Empirical © Optimized ] [sample Input]
Ts/Tv ratio ~
CO Optimized @ Fixed ]4.0 J or upload your alignment  Choose File Yeast_vmal_..._extein.fst
5 g file
Invariable sites
@ None O Optimized O Fixed [0.10 ]
= — Options
Across site rate variation
ONone  #of rate categories[8  ~| Substitution Model
® Optimized O Fixed [2.0 Sequence type/Model @ Nucleotides GTR ] Amino acids
Tree searching operations Hiv e
F v Rate heterogeneity FreeRate model
i i
@ NNI O SPR (® Best of NNI & SPR ’) © Gamma model Alpha (shape parameter) $ (>0; empty to
. estimate from data)
Startlng tree # of rate categories 8 2
® BioNJ [ Optimize tree topology Create site rates file
O User given: v State frequency (@ Estimated by Maximum likelihood
O Add: ,5—‘ random starts Empirical, computed from alignment input

Empirical, specified in AA model (AA only)

Canoe|| [ Quiet Run ’-"I

If you use phyml in seaview, the parameter estimated are given at the bottom of the of the
window that displays the progress of the calculation. Copy the value before you click ok!

Your results:
Shape parameter alpha for the intein (calculated in ??)

Shape parameter alpha for the extein (calculated in ??)
What does this mean for the amount of selection acting on the extein and intein?

Which has the more extreme ASRV distribution?

Exercise 2: Parsimony, distance matrix and ml analyses: sensitivity to LBA and missing
data.

PHYLIP is a collection of programs for phylogenetic analyses written by Joe Felsenstein.
The programs are freely available (including source code), and can be used on a variety of


https://www.hiv.lanl.gov/content/sequence/IQTREE/iqtree.html
https://phylipweb.github.io/phylip/

different operating system. The programs are modular. Different modules exist to create
bootstrap samples, calculate distance matrices and calculate trees from the distance
matrices (Fitch and Neighbor), calculate consensus trees, etc.. All programs either use files
called infile or intree, or alternatively the user needs to provide the file name. We will use
the sequences in https://j.p.gogarten.uconn.edu/mcb3421 2024 /labs/testseq1b.txt

We will use the PHYLIP programs as implemented in seaview.

To calculate a phylogenetic tree from the aligned sequences using protein parsimony, open
seaview, and drag the file testseqlb.txt into alighment window.

Align the sequences using muscle. (click on align, then align all).

In the trees menu select parsimony. Uncheck "ignore all gap sites" and check "gaps as
unknown state". To do a more thorough search for the tree that explains the data with the
least number of substitutions, select "randomize seq order"” 5 times provides a reasonable
number of starting points for the heuristic search.

Notes:

1. Sulfolobus and Thermococcus are Archaea, Borrelia is a Spirochete (bacterium),
Acetabularia is a green algae, Daucus is a flowering plant (carrot), Candida, and
Saccharomyces are yeasts, Neurospora is another fungus (not a yeast though),
Drosophila is an animal (fruit fly) and Trypanosomes are protists.

2. the Borrelia sequence actually is an archaeal type ATPase acquired through
gene transfer

3. Most of the sequences in testseqlb.txt (V/A-ATPase catalytic subunits) are quite
similar to one another. To test the effect of long branches, | added a homologous
(paralogous), but only distantly related sequence to this file (the ATPase involved in
flagellar assembly from Salmonella - see the PRSS exercise in an earlier lab).

4. Remember that some sequences contain inteins -- What are potential problems that
might be caused by the intein sequence?

In the seaview tree viewer window select re-root. Then select the node between pro- and
eukaryotic sequences.

How are the fungal sequences resolved? (What does this tell us about parsimony and
missing data?)


https://j.p.gogarten.uconn.edu/mcb3421_2024/labs/testseq1b.txt

Where does the paralogous Salmonella sequence go?

How many equally parsimonious trees did you obtain? Compare with your neighbors: did
the most parsimonious tree have the same number of steps?

Repeat the parsimony analysis using 100 bootstrap samples (do not ignore positions with
gaps, but do not check 5 random starting trees--if you do a bootstrap analysis, repeated
heuristic searches for each dataset are not worth the time). In the tree window, re-root the
tree and place a checkmark in Br support.

What is the support for the two long branches (flSalmonella and Borrelia) going together?
Check with your neighbors, did you get the same result?

Perform a distance analysis in Seaview. Select bootstrap, Kimura distances, NJ, and
do not check ignore all gap sites. Inspect the bootstrap support values.

Does the resulting tree indicate that this distance matrix phylogenetic analysis was very
sensitive to Long Branch Attraction?

What might have gone wrong with the fungal sequences? (If you need a hint, repeat the
analysis with the ignore all gaps option checked).

Exercise 3:

Long Branch Attraction (LBA) is a serious problem in phylogenetic reconstruction. LBA
denotes the fact that long branches tend to be grouped together with significant support,
even though the organisms representing the long branches did not share more recent
common ancestry. The support usually is measured through bootstrap support values for




the different trees. We have simulated the evolution of 4 sequences (named A,B,C,D)
according to the following tree:

A C

0.1
0.1 0.1

D B

Files containing these sequences in multiple sequence fasta format were generated and
named according to the length chosen for the two long branches (all scaled in substitutions
per site). For the simulation we assumed that the Among Site Rate Variation could be
described with a gamma distribution that has a shape factor of 1 (equal to an exponential
distribution).

These files in a single zipped file are at
https://j.p.gogarten.uconn.edu/mcb3421 2024 /labs/simsequences.zip

Your task is to explore the sensitivity of different phylogenetic reconstruction algorithms
towards LBA. At the minimum you should use protein parsimony and one

protein distance matrix or ml analysis approach. In this case we know that the sequences
are aligned as given; however, to explore the effect that the alignment algorithm has on
LBA, we can align them before phylogenetic reconstruction. To keep track of things, name
the files accordingly.


https://j.p.gogarten.uconn.edu/mcb3421_2024/labs/simsequences.zip

NOTE I: If you want to explore the effect of alignment, it might be a good idea to use
seaview and muscle as alignment program - especially for the more divergent sequences.
We will use the GUI provided in seaview.

Note II: You can divide the labor with your neighbor, distributing different sequences to
different students.

We will use programs as implemented in SEAVIEW
2A: To test parsimony, choose the files with x = 0.1; 0.3; 1; 3.

For the datasets with x = 0.1, 0.3, 1, 3, use the tree menu in seaview, select parsimony,
uncheck "ignore all gap sites", check "gaps as unknown states", check "bootstrap with 100
replicates”, and move the consensus tree level lever to the left. (Note: If you are interested
in the best parsimony tree, then you want to use the original dataset (not bootstrapped)
and randomize the input order for several independent heuristic searches, if you do a
bootstrap analysis, repeated heuristic searches for each dataset are not worth the time.)

In the following box list the files that you chose, aligned or as provided, and the bootstrap
support for the correct tree ((A,D),(B,C)), or the support for the LBA tree
((A,C),(B,D,)) (note: seaview will show them arbitrarily rooted)

File used | Aligned Support for True | Support for LBA
yes/no tree ((AD),(B,C)_ | tree ((A,C),(B,D)))

2B) (or do 2C) Explore a distance matrix based approach with respect to LBA (Neighbor
joining using Poisson corrected or observed distances work as long as the distances are not
getting too big). Depending on the settings, these might be less sensitive to LBA. x= 0.3, 1,
3, 10 are good choices to explore.

In the following box list the parameters you selected in seaview, the files that you chose
(aligned or as provided), and for each file indicate the bootstrap support for the correct
tree, or the support for the LBA tree:



File used | Aligned Parameters used Support for Support for LBA
yes/no True tree tree
((AD),(B,C)) ((A€),(BD))

2C) (or do 2B) Explore the sensitivity of phyml towards LBA. This may work better on a
fast computer

e use the default setting for phyml in seaview (go with nearest neighbor interchange
(nni) and the LG substitution matrix).

o the search converges much faster, if you do not align the sequences first

o use the aLRT (approximate likelihood ratio test) support values (not the real non-
parametric bootstrap). The aLRT values are between 0 and 1, with one
corresponding to maximum probability for the branch to be present in the true-
tree.

e x=1,3,and 10, 30 are good values to explore.

In the following box list give the parameters you chose for phyml], the files that you chose,
indicate if you aligned them or used them as provided, and for each file give the support
value for the correct tree, or the support for the LBA tree:

File used | Aligned Parameters used Support for Support for LBA
yes/no True tree tree
((AD),(B,C)) ((AC),(BD))
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