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Recommended Course: Taming the BEAST Tutorials:
WEFSC 646: Quantitative Phylogenetics

https:/ /taming-the-beast.org / tutorials
Dr. Mariana Mateos ps:// 8 g/ /

Phyloseminar lectures by Paul O. Lewis: https:/ / www.youtube.com / watch?v=4PWInNsfz90&t=2408s



https://taming-the-beast.org/tutorials/
https://www.youtube.com/watch?v=4PWlnNsfz90&t=2408s

Required Software

A good text editor:

« Windows: Notepad++ (https:/ /
notepad-plus-plus.org)

* Mac: BBEdit (http:/ /
www.barebones.com / products/
bbedit/)

PAUP*
(https:/ /paup.phylosolutions.com)

4 E% Beast?

Bayesian evolutionary analysis by sampling trees

BEAST v2.5.0
(http:/ /www.beast2.org)

TRACER v1.6

https:/ / www.mesquiteproiject.or :
hlpes Ehe iow. 2) (http: / / tree.bio.ed.ac.uk/software/ tracer/)



https://notepad-plus-plus.org
https://notepad-plus-plus.org
http://www.barebones.com/products/bbedit/
http://www.barebones.com/products/bbedit/
http://www.barebones.com/products/bbedit/
https://www.mesquiteproject.org
http://www.beast2.org
http://tree.bio.ed.ac.uk/software/tracer/
https://paup.phylosolutions.com

Cyberinfrastructure for
Phylogenetic Research

Make an account in CIPRES!
(https:/ /www.phylo.org)
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Molecular Phylogenetic Pipeline

Raw sequences in Set-up .XML file in BEAUti
FASTA format l
l Run analysis in BEAST2
Sequence alignment on CIPRES Por tal &
in MAFET locally

| l

Check for convergence in
TRACER

Translate to amino acids &
reformat data in MESQUITE

J Summarize trees in
TreeAnnotator &

visualize in FigTree




(Very) Brief Intro to Bayesian Inference

Bayes’ theorem is useful in phylogenetics for two

reasons:
1. Allows us to take into account prior
knowledge about the data
2. Allows us to specifically test the probability R AR O 115
of the hypothesis given the data el L L
Thomas Bayes (1701-1761)
L o i Prior probability of Area of rectangle = p(6)d!
Likelihood of hypothesis 6 hypothesis 6
i £ 2 ©)
405
Pr(D|6) Pr(0) _‘ 1.0 = Jp(O)dO
Pr(0|D) —
ZO PI'(DIH) PI'(H) ple) i df) The density curve is scaled so
v e st that the value of this integral
\ (i.e. the total area) equals 1.0
Posterior probability Marginal probability
of hypothesis 6 of the data (marginalizing
over hypotheses) Y BT :

Lewis (2018)
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http://www.columbia.edu/~cjd11/charles_dimaggio/DIRE/styled-4/styled-11/code-4/

How many trees are there, anyway?

number Number of rooted Number of unrooted
of taxa fully bifurcating trees fully bifurcating networks|
1 1 -
2 1 1
3 3 1
4 15 3
5 105 15
20 8,200,794,532,673,891,559,375 221,643,095,476,699,771,875

Forey (https:/ /www.palass.org/publications /newsletter / cladistics-
palaeontologists / cladistics-palaeontologists-part-3-tree-building)

[f there are more than 50 sequences (not at all uncommon), the number of
possible rooted trees exceeds the number of atoms in the observable
universe (~1078)

For this reason, it’s impossible to search all trees—instead, we explore tree-space


https://www.palass.org/publications/newsletter/cladistics-palaeontologists/cladistics-palaeontologists-part-3-tree-building
https://www.palass.org/publications/newsletter/cladistics-palaeontologists/cladistics-palaeontologists-part-3-tree-building
https://www.palass.org/publications/newsletter/cladistics-palaeontologists/cladistics-palaeontologists-part-3-tree-building

Sampling the Posterior (MCMC)

Estimating 2-parameters:

p(D16,) p()p(6) | =
The marginal probability can
p(0, ¢1D)= IG I¢ p(D16,®) p(d)p(6) dd df +—— quickly get out of hand

Using the Metropolis et al. (1953) algorithm of the Markov chain Monte Carlo, we can
sample the posterior without calculating the marginal.

Start with a random parameter estimation and tree.

Propose a new estimate—is it better or worse?

If better, take the step and repeat. If worse, stay where you are and try again.
Continue until you have generated a good sample of the posterior.

s SN

p(6™ 1 D)p(6*)

oy p(6 1 D)p(0)

/Pﬁj) P(@ | D)P(H) <4— Original proposal

p(@* | D)p(é’*) <+—— New proposal




Slightly downhill steps are usually Drastic “off the cliff”” downbhill

accepted because R is near |

Currently at 6.2 m
Proposed at 5.7 m
R =5.7/6.2 =0.92

e
L
e
......
e
L
D

Uphill steps are always
accepted because R > |

Currently at 1.0 m takes
Proposed at 2.3 m
R=23/1.0=23 random

steps are almost never accepted
because R is near 0

Currently at 6.2 m
Proposed at 0.2 m
R=0.2/6.2 = 0.03

A step 11

a Uniform(0,1)

Metropolis et al. 1953, Equation of state calculations by fast
computing machines. J. Chem. Physics 21(6):1087-1092.
e —————

Lewis (2018)



Are we there yet?
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Not reached convergence (ESS = 7)

We can also use some convergence summary stats such as estimated sample

PN

PTG T

BT e

ALCONEN

size (ESS). A “good” sample of the posterior is an ESS > 200

1EDNEY)

Likely has reached convergence (ESS = 2084)



(Quick word about the dataset

¢

Hancock (2017)




Walkthrough

Open the file “RawCO1segs.txt” in your text editor. This file is in FASTA format:

“>Name [ENTER]
Sequence [ENTER]”

Highlight the first sequence in the file (A1_CO1) and copy it to the clipboard.

Lo

B RawCO1seqs.txt Evaluation Ended

~[/Desktop/OSOSWorkshop/RawCO1seqgs.txt ., Yy . . 2. B

(WY

3
4
5
6
7
8
g

[ T S S e S
S LN HEWNRS®

ZééaigéCTTTTGATTTTTTGGTCATCCAGAAGTCTATATTTTAATTCTTCCAGCCTTTGGAATAATCTCACACATTGTTAACCAAGAGTCAAGAAAAAAAGAAGCCTTCGGCT
ZééaigécTTTTTGATTTTTTGGTCATCCAGAAGTCTATATTTTAATTCTTYCAGCCTTTGGAATAATCTCACACATTGTTAACCAAGAGTCAAGAAAAAAAGAAGCCTTCGGC
ZééaigéCTTTTGATTTTTTGGTCATCCAGAAGTCTATATTTTAATTCTTCCAGCCTTTGGAATAATCTCACACATTGTTAACCAAGAGTCAAGAAAAAAAGAAGCCTTCGGCT
ZézaigéCTTTTGGTTTTTTGGTCATCCAGAAGTCTATATTTTAATTCTTCCAGCCTTTGGAATAATCTCACACATTGTTAACCAAGAGTCAAGAAAAAAAGAAGCCTTCGGCT
Zggi?g2}GAGGTATATATTTTAATTCTGCCAGCCTTTGGAATAATTTCACACATTGTCAACCAAGAATCAAGAAAAAAGGAGGCCTTCGGCTCCCTCGGCATGATTTATGCTA
ZEEEK$2éTCTTTGATTTTTTGGTCATCCTGAGGTATATATTTTAATTCTGCCAGCCTTTGGAATAATTTCACACATTGTCAACCAAGAATCAAGAAAAAAGGAGGCCTTCGGC
ZggézigéTTTGATTTTTCGGTCACCCTGAGGTATATATTTTAATTCTGSCAGCCTTTGGAATAATTTCACACATTGTCAACCAAGAATCAAGAAAAAAGGAGGCCTTCGGCTC
ZgggzigéTTTTGGTTTTTTGGTCACCCTGAGGTATATATTTTAATTCTGCCAGCCTTTGGAATAATTTCACACATTGTCAACCAAGAATCAAGAAAAAAGGAGGCCTTCGGCT
ZE22K$2}CTCCTGGTTTTTTGGTCACCCTGAGGTATATATTTTAATTCTGCCAGCCTTTGGAATAATTTCACACATTGTCAACCAAGAATCAAGAAAAAAGGAGGCCTTCGGC
;gii?ég}CATCCTGAGGTATATATTTTAATTCTGCCAGCCTTTGGAATAATTTCACACATTGTCAACCAAGAATCAAGAAAAAAGGAGGCCTTCGGCTCCCTCGGCATGATTT




BLAST - Horme  Recenrt Resudis Saved Strategies Help

Basic Local Alignment Search Tool

Introducing the BLAST widgat - intogra ting your BLAST rasults inta NCBI's

BLAST finds regions of similarity besween biolegical sequences. The program Genoma Data Viewar!
compares nucleatide or protein spquences to seguenoe databases and Anclyze voar BLAST resalts i a genome browser acd compire those
ca.culates the statstica| mgmficanm. Leam more recults inss other gename assembly mmms.m_xics the Genome
Datles Viewer (CDVY and lhe BLAST widgel.
Tue, 130un 2010 24:00:00 T5T B o B A5 news..

Go to https:/ /blast.ncbi.nlm.nih.gov/Blast.cgi and select “Nucleotide BLAST”

Standard Nucleotide BLAET

| blastn | blsetp | Blaetx  thiastr | thlaetx |
BLASTN programs search nucleotide databases using a nucleotide query. more...

Enter Query Sequence

Enter accession number(s), gi(s), er FASTA sequence(s) © Clea- Query subrange &

I From
d To

Or. upload file (2nnse =ile | nntie sElrcted 12)]

Job Title

Enter a descriptive titl2 tor vour BLAS | search &)
| Align twe or more sequences &

Paste the sequence you copied into the box above, then scroll down and hit

BLAST



https://blast.ncbi.nlm.nih.gov/Blast.cgi

GerBank -

Sequences producing significand alignments:

Seleat Al None Seleernd:)

*1 Allgnment=s
Dessriotion

il‘l"".'ﬂ. S et wedcher NATSO eyinchreme axinnse subunit L_Jl)_gl‘m el o) mineneanial

Arastrache furcala isogte AL 744397 ciaochome oxicase susunit 1 (207) gene, petie cds; mrochendrial

Arastranha Turata i3nigTe ATRTAAS ryaanme nyinase sununi 1(0X07) gene, patie ods; mrothendrial
Homoizgerus malayersts M cchondnon, complele genome

Dresoonila pachea cidochro skiase elbuit | 4COD) Jena 0z-sl ods: micchondrial

=4

Max Teta Query F
sccre score  covar vaue

Je-82 B82% KRE58492.° h

2083 BN% KY<2R3701

leenl Aoosessor

330 350 93%
320 320 9R%
320 320 9e%
283 P38 4%

2c 33 81% Kr<28272.1
1e-76 80% KIA12407 1

2€3 298 92% e-76 80% KiBIEIE

Scroll down until you see the sequences that best matched the query. The first
sequence should be Nipharqus timavi. Click on the blue link on the far right
under the tab “Accession”.

Sanc o -

Niphargus timavi voucher NA190 cytochrome oxidase subunit | (COIl) gene, partial
cds; mitochondrlal
GenZank: KRES3292.1

FASETA Crapiics PopSel
4%
fagi 12 ¥2338492 562 bo INA lincar INV 09-2UC-2013
FIRTTTON Koohvwargaa tiravi eanatar NATID eytasnvemn avidasn anoamie 7 (007

QUUEYEICN
VERIICN
XTYWORET
SRIMCF
ORGARISM

RFPFENFROT
AUTECURS
TITLE

TOIRKAT,

R it LR

guis, partis. ode; pituvshuoiczoal.
FRILE49L2
XRJoequzll

mobnehoads inn Nipharges Eimcy

Eakaryvota; Metazoa; EBocvsozron; Arthropocs; Crustacea; Ne_acos.race;
Eamalaccosiraca; Peracarzda; aoohlpoda; Seaticaadata; Camrmaride;
crangenyeosidira: Oranennpe~oldra: Ninhavgidae: Niphargaa.

1 (Bames 1 o S62)

Yoswr,Z., Lturmatt,¥., Zakevk,V., Enapic,T. aad riser,C.
Morphc_cgically Urypiic Amphipod fpacies Jre 'Zcolcgical Ulones &t
Regional but Mot at Zocal Scale: A Case Study cof Fcour Nipharqus
Exeniena

Flal CH® 10 (7)), ED'SASRA (5075

Below the identifier is another link
that reads “FASTA”. Click on this link
to view the sequence in a FASTA
format.



Highlight the sequence and the identifier and copy it; return to the RawCO1seqs.txt file
and paste it just beneath the last sequence. Be sure there are no extra spaces! Save the file
as RawCO1segsout.txt to indicate it now has an outgroup.

Niphargus timavi voucher NA190 cytochrome oxidase subunit | (COI) gene, partia

cds; mitochondrial

GenBank: KR858492.1
GenBank Graphics PopSet

>KR858492.1 Niphargus timavi voucher NA190 cytochrome oxidase subunit I (COI) gene,

partial cds; mitochondrial

TCACCCTGAAGTTTATATTTTCATTTTACCTGCTTTTCGCCATAATCTCCCATATTGTCAGACAACGAAGCA
GGTAAAARACGAAACATTCCCGCCCCTTCGCTATAATCTATCCTATATTAGCAATTCGGTCTATTACGCGGTTTA
TTCTGCTGCCCTCACCATATATTTACTGTACCGAATAGATCTCGCATACTCCAGCTTATTTCACATCTGCTAC

AATAATCATTGCTGCTCCCAACAGCTATTAAAGCTATTTACGTTCATTAGCGTACTCTTCAAGCAGGTAAACTA (:()¥)}7!

TACCTCTCTCCTTCTCTCTTATCGAGCTCTTGGCTTTATTTTTTTATTCACATTACGCGAGCGTCTAACAGGTA
TTATATTAGCTAATTCATCAATTCATATTATCCTTCATCGATACCTATTATGTACGTAGCCCATTTTCATTA
TCGTCTTATCCATACCGAGCTCTCTTTGCTATTTTTCCTCGCATTTATTCATTCGATTCCCTTTATTCACAGEC
CTTACCCTTAATAATTACTTAGCTAAAATTCATTTTTATCTTATATTTATTGCGACGTTAACATAACCTTTT

TCCCCCAACATTTTTTAGGTTTAAGGGGTATA

Once you’ve added the outgroup to the file, go to htt

ps: / / mafft.cbre.jp/alignment/

server /, which is the online version of MAFFT for sequence alignment.

Beneath the box where it says “Choose file”, select the RawCO1seqsout.txt file.

Scroll down and hit “Submit”.


https://mafft.cbrc.jp/alignment/server/
https://mafft.cbrc.jp/alignment/server/

LAST hils (sewee>3) Latween thee Cusiel loema. | Fasta formel | MAFFT resul. | Vieaw | Tive | Reline da.ese. | Relern Lo fone
oo segounce and the oo wrs.

Voew
Cgenczllplox

B Reforr=at  tc GCG, CHIVLIR MST, NLXUS, uppe case/bowvercese, otz with Readses

GUINANCE?  compuites the resid oeew sn confide~ee scares 2oe extracts we -aligne resicoes
It21ine dataset

"7y ogenet ¢ 128

MAFFT-L-INS-| Result

CLUS_AL zormat zligrmant oy MAREL (v/.402)

— AL COL  =mecemmcccccccmccccccmccccaccccacecsscssmsssscsasscsessemea-
A4 OO

T7 OOL  =eececccccccccccccccccccccccccccccacscessssssscsamcsascameee
1 T S S
A=10_COl = = mc s m s s s s mmee e ———
A= (01 e e

ST=4_COl  ==eccccccccccccccccccccccccccceccccccsssesssssssesssee—————
: s 2 L S —
S 14 CO-
= ST=8 €Ol =  ==eccccccccccc e emmesssssmemese—————
13 CO-
T8 COL = =meeecccccccccccccccccccceccceeeeeeessssesssssssessscese————
110_CoL
TS CO. = ecccccccccccccccccccccccccccccccccccccssecsesesasnens-——————

Your readout should look like the one above. Note that MAFFT produces the alignment in
CLUSTAL format. Copy this readout, and then open a new text document in your text editor.

Paste the readout and save it as “CO1MAFFT.txt”.



‘o090 Mesquite

=Imp Incetior

MESQUITE

sequance simulatiors

Yersian 330 (ouid §59

AARCAARSAARSC ARSI AN AN I AN AN

The current relecase version o Mesquite is 3.51 ouid £98 (the varsicn you
nave instal ed is 3.31). The lazes: version s down oadable at:

ttp:/ www. mesquite drolec:.org/Insta lation.htmil.  You may also be able to
nstall this using Mesquite's au.ormgtic instal ativn system (look in Fle meu
ancer Availab e to Install or Lpdate).

tRRCRRCRRCRR IR CIRC IR IR

Mesqguite > openFile
Doering file
at Mon Jul 16 12:42:15 ZDT 2018

{Fle Dalog: Open file as independent proect:
i/ Jsers Jzacharyhancoc;Deskton,Projact/) #
IMesquite) # I neation® jlisars/zacharshancock/Desk-ap/Pmiject /HaustCOI

Reading NEXJ5 ‘i e HaustCOI
2eading spacial block data

Kitaxa, {9l chasacers.
Fie reading complete (file HaustCOI)
‘mesquize.lib.MasquitzFrame] > closeWindowFReguested
Closing Prgject o* "HaustCOI"

| 1 Searca Features

Now, open Mesquite. Go to “File” and select “Open file,”
and choose “COIMAFFT.txt”. A new window will open
prompting you to choose what format the file is in. Select
“Clustal (DNA/RNA)”.

A second window will open asking you if you want to save
the file as “CO1IMAFFT.txt.nex”, select “OK” and the
alignment should be displayed.

Slide the bar over to the 105th position—the should be the last position of gaps for all in-
group taxa. Slide to the end of the alignment, position 499. We need to exclude positions 1-

105 and 499-703.

To do this, open the file COIMAFFT.txt.nex in your text editor.



Scroll down to the end of the alignment—you should see a line that reads “END;”
Click next to the semicolon and hit ENTER twice. Now, add:

exclude 1-102 505-703;

Be sure to add this exactly as typed above, with a single space between each and a
semicolon at the end. Save the file. Now, open PAUP*. Click File —> Open —> and
choose “CO1MAFFT.txt.nex”

2unning on IA-32 a-~chlitectura [54-01iT worc length)
35C vectorizatZon enabled
s&8=3 1rstructions suppo-ted

Mot Litheeat ng eoabled Tor Tikelibood osicg Flhreais

Lcnda.ac using Lntel compiler [icc) 11.1.¢ (tuild Zowyiell)

Trozcssing of file "-/Deskton/0508Workshop,/CCIHAF=T, txt.nex" boains...

Xzta read in CNA format

Jzta natrix hes B2 taxa, 763 characters
Vz.1c craracter-ctate symbols: MGI
Missing data identifisml by '?°

Scps identificd by ' !

Fpa e ooy in #lMee
Ryr == (AC]
Y,v ==> {(CT}
H,n —=~ “AC}
K,k ==~ <51}
5,5 —=~ ~CC}
W,w == <A1}
H,h ==> {ACT}
3,b == CCT}
Y, v ==> {ACG}H
D,d ==> (ACT}
N,n ==> {ACGT}

Jarscter-excluzion status c"lan;ed:
¢ cbaraciers exo Tinled
2tal numrber ot cChar~acters now exc.xed — 374
Mavher of ivcluded cha e =rs = 363

Zrarzcter types changed:
31€ claracters a-¢ excluded
Of the remaining 3Y3 included characterc:
AL cheracters are of tyoe 'unord’
N .L characters have egual weaagnt

NCTZ: PAUPY deces not support the *lodzfet" zcnmend.

doine Clcigping "MESQUITECHATMODELS" olock
t+~ Ekippirg "MCSOUITC" block

It has been skioped.

You should get a readout like the one
here, showing the number of characters

excluded (301) and the new number of
characters (402).

Go to File —> Export Data —> Choose
to export the file as a “NEXUS” and save
it as “TrimmedCO1.nex”



Return to Mesquite. Open the file TrimmedCO1.nex, it should look like:

RARLLLLEL L= L L R
“rir |EIE Characssr Matrix
« Matax  Alter  Szlect  wsplay  AnavsisMatrex o Window Character Matris
1 c|s|a]s|e]e]s]y]-shfre|iz|_afas|iefid]_s| skeof2_|ac|2sfea]as |ae|e oo g n suls 1) 253 ]5¢ se | 3a) A 38 sulasfe 1fae]az |aafes|an 3 [a e ] v s a[se s s a]as [se]s o g oot fb L 2fas b4 b o lobfa
Tl L | Taxen \ Charcar
i Lo d 60 GOuQ ‘ @
. el ¢ |B3LUL q B LiLAG | | L | A A
% 4[5 [1mco: 4 8 B8 3 iz | c cilc N clalc c|
A @ |4 [2scc clc clc G c £
— 5 Ao d [s clriacG c c Ir CTCACAC G
by a Ty a oo A 0 O QA I ] u ] A a
A =5 | 7 [sTco; qd E clcillc = G G CWCACAC G|
.- .| 8 |T2c0: qd E clcillc | G| G c < N C i c | G
o €N 19 Tdcol CC CCAC (o c C CHNCNICNC c C
;'-,\' -',E' I | ST-RCN1 G G|C c|c 6
A TN [ 1@ EEO C C . I EEE O <
= b [Taco: qd E clcilc I I c B EGE 3 a
w B | [Tom GG|C clc G [3
e R d [s ciriacG c c Ir CTCACAC G G

E. & Mo Tl OO o o v . oA M A

1€ |1-7CO1 qd E clcillc G G G G C I C [l [l C | G|

17 |a2CC1 4 [3 clc@lc c c G G 4 [ [ [ G =

16 | TGO qd [s (ds Ir 5 C

(UREITR GCu[CEC ClC G | G| L . G| A A

20 |CALLCCL GG|C HE O C C G G CIF CACAC G|

21 | B10CCL HdE EEE 4 Iz] Iz] G G C [l C [l C [l C | G|

22 | B3 CO1 cc|lcilc cl|cillc c c G [ 4 [ [ - G

Now, at the top of the screen, go to the tab that reads “Matrix” and scroll down to
select “Genetic Code”



00 TrimmedCO 1.nex

Lharactars Lnaracter Matr x.%

(= projectof “Irin|[d Chzraczer Mazrix

Project « List Colurns »  Window
l:] TrirmmedCOLr m Characte- ’ In Croup | Cadon Pasition = Ganetic Code i
Add.. 1 Character: v 7 N Standa-d
: 2 Character? g ? N Standa-d
et 3&\' 3 Character3 g ? N standa“d
[ Characta- Viat- 2 Caaracter4 v ? N standar
= 5 Character$ v ? N Standa-c
3 1aracter b v ? N Standa-d
7 Charaaer? v ’ N Standa ¢
8 Chalauerd v 7 N Standa-c
) Charauer 9 v 7 N Standa-c
10 Character i€ v 7 N Standa-d
11  Character .1 Vg ? N Standac
17 Character 22 v ? N standa e
13  Character 23 v ? N Standa“c
14 Craracter _¢ v ? N Standa-d
15 aaracrer s v ] N Standa-d
16 Craracer 26 v’ ’ N Standa ¢
17 Chaauer 17 v 7 N Standa-c
18 Character i€ v 7 N Standa-d
19 Character I° Vg ? N Standac

Highlight the entire block using COMMAND+A (or CTRL+A). Then select
“Genetic Code”, choose “Invertebrate Mitochondria”.

Next, select the tab Codon Position —> Set Codon Position —> Minimize Stop
Codons

Return to the sequence matrix.



Directly above the matrix is a tab that says “Display”. Select it, choose Color
Matrix Cells —> Color Nucleotide by Amino Acid

N | TrimmadCO1.nex

et o | S0 aacacter Matex ‘EI haracters T hzracer Matny*
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qa ipp L Artud L Ccor Taxon Names Backgrounc »  Assigned Colors L
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aracter Mol X 3 [ L CcorText » Taxon Group Calor o

20 |2 n L Asslar Color to Salected »  Annotation Attached < M B
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Al 16 [aocc t|  Background Color » | Excluded 5

- >\' T STacn” G . Foctrote Present = G

e El ksl | Bird's Eye View Matcking First Taxon c c

zl\ 8\ 9 [TACC1 G Widths > Taxan Valua G C

4. % | 10 |sT-3co: ¢ Names > Aligning Colors c C

e AR c Lghten »  Highlight Gaps in Cadirg Regians < C

S R G Show Changes Since Saved Highlight Apparently Slightly Misaligned < JC i C|

+e¢ 57|13 [Tccol G| ¥ Linked Scrolling Color Nucleotide by Amino Acic CCAC

= =] 14 |SCC1 ¢ Add Char Info Strip > Cell value C &l c|

R FRET G, Show State Names Strip Cclor AAs to Check CCAC

16 | A-r el v Show Annotztlons Panel . C
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18 | Lorl ¢ Show Character Reference Strip L Al AAc s|o L
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This will change the color of the matrix to match the amino acid coded for. Slide through the
matrix to check for black codons—this indicates a premature stop codon (there should not be

any!).



Next, open BEAUti. Select “Import Alignment” and choose TrimmedCO1.nex.

® @ BEAUti 2. Standard
Tip Dates  Site Model Clock Mocdel  Priors MCMC
Link Site Mocels Unlink Sita Models Link Clozk Models Unlink Clock Madals Link Trees Unlink Treecs
Namre File Taxa Sites Data Type Site Model Clock Model Tree
TrimmadCO1 TrimmedCO1 81 393 nucleotidz TrimmedC... [ = TrimmecCOl ) TrimmedC.. [

Go over to the tab that says “Site Model”. Check the box that says “estimate”
beside “Substitution Rate” and then scroll down and select “GTR” as the

substitution model.

Substitution Ratc

Subst Model

Gamma Site Model

Camma Catagory Count

Prcportion Invariant

1.0 estimate
0
0.0 | estimate
CTR H
Rate AC 1.0 estimate .
Rate AC 1.0 estimate o~
Rate AT 1.0 estimate o~
Rate CC 1.0 estimate
Rate CT 1.0 | estimate o/
Rate GT 1.0 ectimate o7
Freguancies Estimared B 4




Scroll over to the “Priors” tab. We will keep the model the same here, but click on

the arrows beside each rate prior to see how different o and 3 values affect the
sampling distribution of the prior. You can also change the shape from gamma.

O BEAUtI 2. Standarc
Partitions  Tip Dates  Site Mocel Clock Mcdel W MCMC
P Tree.t:TrimmedCO: Yule Model
P birthRate.t:TrimmedCO1 - initial = [1.0] [-e¢,2¢]  Yule spcciation process kirth rate of partition t:TrimmedCO1
Gamma
W rateAC.s:TrimmedCOl Gamma ﬁ initial = [1.0] [0.0,00] GTR A-C substitution parameter ot partiticn s:TrimmedCO1
Alphz 2.0 | estimate zi‘:_
- - 0150
Beta 2.0 estimate B /\
0 100 \
\,
Mode ShapeScale E 00750+ L
0.0500- \
RUTYE \
Offset 0.0 A)'Wo on 230 < }w 7':0 ml.s nl t: H:lo 17' < 200
¢.5% Quantile 0.484 mean £.00
5% Quamtile 0.711
Median 3.36
35% Quantile 9.49
97.5% Quantile 11.1
P rateAC.s:TrimmedCOl1 Camma = initial = [1.0][0.0,»]  CTR A-GC substitution parameter of partiticn s:TrimmedCO1
P rateAT.s:TrimmedCO_ Camma B Inital = [1.0][0.0,0¢]  GTR A-T substitution parameter of partition s:TrimmedCO 1
P rateCG.s:TrimmedCO1 GCamma B initial =[1.0]10.0..¢] ~ GTR C-G substitution parameter of partiticn s:TrimmedCO1
P rateGT.s:TrimmedCO: Camma B initial = [1.0] [0.0,e¢] GTR G-T substitution parameter of partition s:TrimmedCO1
+ Add Prior



Now go to the MCMC tab to set-up the run. The default is 10,000,000
generations. Click on the arrow next to the tab that says “tracelog”—here,
you’'ll see that the run will log the posterior every 1,000 generations.

AFALt 2. Standard
Partitions  TipDates  Site Model  Clock Model  Priors . ’EH“V‘E"

Chain length

Store Every
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Nurn Initialization Allempls
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Sort
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rateAC s Trimmead CO1
rateAL < TrimmadCO1
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rateGT.s:TrimmedCO1
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T 0000NON
-1
0

-
i

TrimmadCOLlcg Go the File —> Save —> Save
1000 the file as “CO1BEAST.xml”.

autodctect E

smart a



Now, go to https: / /www.phylo.org, which is the CIPRES portal. Sign-in to your account.
Select the tab that says “Create New Folder”, and title it “OSOS”.

The folder should now appear in the left panel with two selectable tabs: Data (0) and Tasks
(0). Select Data —> Enter Data —> Choose file —> Select the CO1BEAST.xml file and hit

“Save”.

All Data

There is currertly 1 data tem in this fo'der.

Uplead Deta |
- R F=ap21ofl1 B

ot} B records ar aach pega

Use Data
~ Select all User Data D Label Bytes Data Format Date Created
B 1818675 CO1BLCAST.Xm 4S1351 Unknewr 7/ 810, 12:02
AMave B selectec to | Data GO

Delete Selactec J

Now, go to the tab on the left that says “Tasks” and then select “Create New Task”.


https://www.phylo.org

Name the task “CO1BEAST”. Below, choose the data file you just uploaded
(should be the only option). Next, select the “Select Tool” button and choose
BEAST2 on XSEDE as shown below.

Create new task

Task Summary Select Data Selec: Tocl Set Parameters

Ifthere s a 100l Or a feature you reed, please et us krow,

Bali-Phy on XSEDE (3.0 belz) {J - Bali-Fhy estimates multiple sequence alignmerts and evolutionary trees.
q DEASTZ on XSEDE (2.7 - 2.4.8) {j - Bayessian Lvelutonary Analysss by Sampling “ees - rur on XSLOL

BEAST on XSEDE (1.8.0 - " .8.4) {{j) - Bayasian Evolisionary Analysis by Sampling Trees - run on XSEQF

Clearcut (1.0.8) { - Fast Implementation of Relaxed Neighbor Joining

ClustalW (2.1) i - Create Multip'e Alignmants from Sequences

Consense (Phylip 3.66) i - Finc 4 Corzensus Tree

Simgle Parameters
Which BEAST2 Version? “ | 2.48 )
1/ 77
Maximur Haurs to Run (up to 168 Fours) 7 0.5 GO tO Input Parameters and type
How many patterns doee your data have? (Jce ft chare If you arant sure] * 393 <— ”402” into the tab indicated by the

My data set is partifiocnec *

This Is 2 Path Sampling analvsis [ aArrow on the left

How many partitions doee your data rava? *
Do not use Baagle [~

Specify a seed for this run (hy default a random seed is used) (] SeleCt //Save and Run Taskll

Erter the seec value here 12345
Cverwrite existing log files [



~1 Select all

You can choose “View Status” and periodically select the “Refresh Task”
button to keep up with the progress of the run. When it is finished, it will
say “COMPLETED” beside Status. You will also receive an email stating
that the task has terminated.

Tool Output
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a2¢ Viaw Download
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Running BEAST on your own computer will
generate a read-out like the one above, allowing
you to see each proposal made during the
MCMC and how many of them were accepted or
rejected.

For high rejections and / or high acceptance, the
program will make “suggestions” as to how to

even-out the MCMC.



Open TRACER, and import the file “TrimmedCO1.log”.
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Open the TreeAnnotator app and upload the file “TrimmedCOl1.trees”. The
Burnin percentage is 10.

Click “Choose File” by the Output File tab and name the new file
“CO1lconsensus”.

Bumin percentage:
Posterior probability limit:
Target tree type-

Node heights:

Target Tree File
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Output File:

Low memory:
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Quit Run
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Open FigTree. Go to File —> Open —> choose “CO1consensus.tree”
On the consensus tree, find and select the branch leading to the outgroup (KR858492.1), and
select “re-root” at the top.
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On the left-hand tab, check the box labelled “Node Labels”, and hit the scroll
down until you find “posterior”. This will plot the posterior of each node.

You can also play with the shape of the tree, color different clades, etc.
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If we want to visualize the full set of trees that were generated, we can do so

in DensiTree. Open the DensiTree app, go to File —> Open —> choose
“TrimmedCO]1.trees”
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