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Multiple Sequence Alignments & Building
Phylogenetic Trees

* Basic BLAST: input query and search database for homologous
sequences and see pair-wise matches (query/subject)

* However, what if you want to specify the sequences to align?
1) Two sequences: NCBI BLAST — (bl2seq)
2) Three or more sequences: Clustal Omega

3) Building trees from multiple sequence alignments: Clustal
Simple Phylogeny

Clustal: Creating a Multiple Sequence Alignment

You SELECT sequences to align to identified conserved
nucleotides or amino acids

What conserved sequences might you identify in a multiple
sequence alignment of DNA sequences?

What conserved sequences might you identify in a multiple
sequence alignment of amino acid sequences?

How could you use multiple sequence alignments to build
phylogenetic trees?

Consensus Nucleotide Sequences

¢ A consensus nucleotide sequence is derived by making a
multiple sequence alignment and calculating the most
represented nucleotide at each position

Provides insight into the functional regions of a given
sequence (more important for function = conservation
through evolution)

Example: If a DNA binding site is necessary to recruit a
specific protein, that DNA sequence could be conserved
during evolution

Consensus Nucleotide Sequences:
Promoters

Determine consensus sequence found in promoter for RNA
polymerase recruitment by multiple sequence alignments of
regions upstream of genes

Closer a promoter is to consensus sequence, stronger the
promoter in driving expression of gene (better at recruiting
RNA polymerase)

Individual promoters usually differ from the consensus at
one or more positions

Prokaryotic -10 & -35 Promoter Consensus
Sequence

¢ The prokaryotic promoter consensus sequence

¢ Closer to this sequence, more easily recognized by
prokaryotic RNA polymerase

Prokaryotic Promoter

-85 sequence 16-18 bp -10 sequence startpoint
@i TTGACA | [ TATAAT | I
rompiate B AAGTGT | [ | ]

Transcription
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Prokaryotic -10 & -35 Promoter Consensus
Sequence

Transcription
starts here

{8

5  —10 3’

(A) CGTATGTTGTGTGGA
B) GCTATGGTTATTTCA
() GTTAACTAGTACGCA
(D) GTGATACTGAGCACA
(E GTTTTCATGCCTCCA

TATAAT

A Eukaryotic Consensus Sequence
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Deep Thoughts:
Any idea what this consensus sequence controls?

Proteins: Conserved Domains

e Can find conserved domains in proteins by performing

multiple sequence alignments of amino acid sequences

¢ |f aregion of a protein has a particular function that is

important (e.g., DNA binding domain/ protein-protein
interaction domain/ enzymatic active site) will see
conservation of amino acids within that domain

e Conserved domains tend to fold independently of other
parts of protein (therefore structure of domain conserved)

Appears that conserved domains have been “shuffled”
during evolution to create new proteins

Proteins: Conserved Domains

Conserved domain model,

toreveal the same, or simi
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Many Proteins have Multiple Conserved

Domains
E. coli RecQ — |
S. cerevisiae  Sgsl [ I T T ]
H. sapiens
RecQl /T
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Clustal Omega: Creating a Multiple Sequence
Alignment

* Select sequences to align:
» from NCBI or other sequence databases (e.g., FlyBase)
* Nucleotide or amino acid
* Obtain FASTA sequences and paste into text document

* Click on the link for the EMBL-EBI Clustal Omega page:
* https://www.ebi.ac.uk/Tools/msa/clustalo/

* Copy and paste selected FASTA formatted sequences into
Clustal Omega window
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https://www.ebi.ac.uk/Tools/msa/clustalo/

Clustal Omega:
Creating a Multiple Sequence Alignment

o

“Tools > Multple Sequence

ment > Clustal Omega

Multiple Sequence Alignment

Clustal Omegais a

or For instead use our

Important note:

STEP 1 - Entor your input soquences

Enororpaste et of
PROTEIN

sequences in any supported format:

o

EMBL-EBIE 1 Hindton -
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Generating the Sequence Files

* Create a new text file
— Using WordPad in MS Windows, TextEdit in macOS

* For each sequence you like to align:
— Retrieve the sequence in FASTA format
— Copy and paste it into the text file, then hit return
— Save the text file

* Repeat the previous step until the text file
includes all the sequences you like to align
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Clustal Omega: Enter Your Input Sequences

Multiple Sequence Alignment

proge three
For th Joaso instead use our

a suB.
STEP 1 - Enter your inpu sequences

Enter or past a set of

PROTEN

sequences in any supported format:

>AACS5182.1 putative profferating cell nuciear antigen, PCNA [Avabidopsis thaliana)
MLELRLVQGSLKKVLEAVKDLVNDANFDCSTTGFSLOAMDSSHVALVSLLLRSEGFEHYRCDRNLSMGM
NLGNMSKMLKCAGNDDIITIKADDGS DTVTFMFESPTQDKIADFEMKLMDIDSEHLGIPDAEYHSIVAMP
SOl SSIGO VYISV TKEGVKF STAGDICTANIVLFONTTVDKPEDAIENNEFVSL SFALR
MNSFTKATPLSETVTISLSSELPVVVEYKVAEMGYIRYYLAPKIEEEEDTKPE

>NP._476905.1 prolferating coll nuclear anigen, isoform A [Drosophila melanogaster

stor]
AL GOATIL LN KDL HEATFOCSOSGIL GAUDNH L Ve TLASBGFDRemoomNL o
LGS AKLCANNE DN THKAGONAD TV TP SANQEKVEOVENKL N DGEH, GPETDF SV
AMEFARICRDLAQFSESWVI A GOV TANIKLAGT COVOKEEEAVIEMOEPVTLTFACK
R TRAT LTV GLSMCADVP LV AANDLGHIYLAPKIEONET

2P 5714792 prolfraing col nuclar antge [Dani eri)

VOGS KKVLEA KDLITEACWDVSSS GISLOSMDSSHVSLVOLTLASDGFDSYRCORNLAMGY
NS KAGNE DI FAEDNABALAL EETLNQEKVSDVENKLDL OVEQLGIPEQEVSCWINP
SO ARGl SOICDAYMISCAKDCVK SASGEL GTNKLSQTSNVOKEDEAVTIENNEPVOLIFALN

PLSKTVTLSMSADIPLVVEYKIADMGHVKYYLAPKIDEESS

;8A8204241 protforating oo e antgon (Gl gals)

VL EAL KDL TEACHID! CECOISl GaMDSSHVSIVOUTLASEGFOTRCORNIAMGY
NLNsMsKlLKcAGNEmmRAEDNAmu EAPNQEKVSDYEMKLMDLOVEQLGIPEQEYSCVVKMP
AR SHIGDANISCAKDOVKE SANGELGNGRIK STV EEEATIEUNEPVOLTFALR
AP LSP T P SMSADY LV EVKIADMGHLOYYLAPIEDOGEG!

Or,upload a fl: Browsa... No e seiected.
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Clustal Omega: Creating the Initial Alignment

Important note: This tool can align up to 4000 sequences or a maximum file size of 4 MB.
STEP 1 - Enter your input sequences

Ener or paste a set of

PROTEIN

sequences in any supported format

/

Or, upload a i [ Chaose Fle o e chosen

Glear sequence

STEP 2- Set your parameters
QUTPUT FORMAT

ClustalW with character counts.

The default settings willulfil the needs of most users.

More options...| (Ciick here, if you want to view or change the default settings.)

STEP 3 - Submit your job

018 ot by email (Tick, 7 you want o be notified by email when the results are available)
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Generating the Sequence Files

* Prudent to save the text file after you add each
sequence to the file (in case of malfunction)

 After you have created the sequence file:
— Select all the FASTA formatted sequences in the
text document
— Copy and paste the sequences into the “Enter your
input sequences” text box in the Clustal Omega
window
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Clustal Omega: The Alignment Report

Results for job clustalo-120191224-074035-0184-47913577-p1m

PEIET Result Summary | Guide Tree  Phylogenetic Tree | Results Viewers Submission Details
Download Alignment File ' Show Colors

CLUSTAL 0(1.2.4) multiple sequence alignment

aacos6z.1 60
WP_476905.1 0
N s71479.2 60
BAB20424.1 FEARLVOG: e v BGPDTY 60

aacos6z.1 120

NP_476905.1 120
NPS71479.2 ci 120
BAB20424.1 120
aacos6z.1 180
WP_476905.1 180
NP_571479.2 180
BAB20424.1 180
aacosiaz.1 200
WP_476905.1 260
NE_571479.2 260
BAB20424.1 240

VAEMGYIRYYLAPKIEEEE:

BAB20424.1
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Clustal Omega: The Alignment Report

* Consensus symbols for protein alignments

Symbol

b Position with a fully conserved residue

Conservation between groups of strongly similar properties
Conservation between groups of weakly similar properties

Position with residues that have different properties

* Consensus symbols for nucleotide alignments

Symbol

& Position with fully conserved nucleotide
Position with different nucleotides

Ignore the “:” and “” consensus symbols for nucleotide alignments
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Clustal Omega: The Alignment Report

« coLour
‘Show Colors
“Show Colors
NOTE:
ALY Smal (smas hycrophooi (nclaromat )
oe
3 Basc
sTonca Hysroxyl + Amino + Basc-Q
omers
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Simple Phylogeny: Making a Phylogenetic Tree

» Simple Phylogeny can only assemble a phylogenetic tree from
multiple sequence alignments generated by Clustal Omega
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Clustal Omega: The Alignment Report

Results for job clustalo-120191224-074035-0184-47913577-p1m

Result Summary Guide Tree Phylogenetic Tree Results Viewers Submission Details
Download Alignment File  Show Colors

CLUSTAL 0(1.2.4) multiple sequence alignment

AAC95182.1 60
NP_476905.1 1 60
NP_571479.2 DSY 60
BAB20424.1 DY 60
AAC95182.1 120
NP_476905.1 1 120
NP_571479.2 1L 120
BAB20424.1 120
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Result Summary Guide Tree Phylogenetic Tree Results Viewers Submission Details
Download Alignment File = Hide Colors

CLUSTAL 0(1.2.4) multiple sequence alignment

AAC95182.1 G CFEHY 60
NP_476905.1 LKKILDAIKDL LRSDGFDKF 60
NP_571479.2 TLRSDGFDSY 60
BAB20424.1 LRSEGFDTY 60

AAC95182.1 RCDRNLSMGMNLGN! GNDDI
NP_476905.1
NP_571479.2 RCl LKCAGNEDI — 12
BAB20424.1 RCDRNIAMGVNLNSMSKILKCAGNEDIIT} NADT 12

AAC95182.1 IDSEHLGT GDTVVIS GDIGTANT
NP_476905.1 LDQEHLGIPET T T
NP_571479.2 LDVEQLGT! 'SASGELGTGNT
BAB20424.1 LDVEQL KMP: SHIGDAVVI N

AAC95182.1 LRONT s SETVTISLSSELPVWVEYK 24
NP_476905.1 A 2
NP_571479.2 TEMNEPVQLIFALNYLN SKTVILSMSADIPLVVEYK 24
BAB20424.1 TEMNEPVQLTS NFFTKATPLSPT 24

AAC95182.1 VAEMGYIRYYLAPKIEEEEDTKPE
NP_476905.1
NP_571479.2
BAB20424.1

22

Simple Phylogeny: Making a Phylogenetic Tree

Tree format

Determines the outputs tha the Simple Phylogeny too produces.

cusa

Ditarce Motr
ews NEXUS format e i acdtion tothe PHYLIP tree s

Defaut vale is: Oefault [ohyp]

Distance correction

be set ‘o has the effect o stretching
branch lengths. For

Defout vlue is: off[faise]

Exclude gaps

tne have 2 gap wil be excluded, ue
sequences

Defaut vlue is: off[faise]
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PHYLIP: Phylogeny Inference Package Simple Phylogeny: Making a Phylogenetic Tree

Ag

V%

PHYLIP

A new release of PHYLIP, version 3.695, is now available as source code. This release

Clustering method

Clustering Methods

out, and n s
ficense -- from version 3.696 on, we have had an open source license, 50 that PHYLIP can

Description
Neighbour-joining | Uses the neighbour-j

Version 3.695,

, but 1
will pdate them soor.

algorithm to construct trees from the distance matrix

users of 64-bit Windows systems have had difficulty running the Java Usesthe faster UPGMAItree construction/algorithm)

UPGMA
Draviree tree-crawing programs. This was because this
Was 32-bit code. With the version 3.698 executables, bit distribution

available and these shouid run properly. The 3.695 Windows executables that are 32-bit
, for 32t

ighbour-joining
UPGMA

Default value is: Neighbour-joining

P proor Itis distriuted o0 i, and a number exccutables. These Web pages, by
e et B o o Voo s o o A o et e e Percent identity matrix
urce code and documentation to your compte.
Output the percentage identity matrix
« A general escriotion of PHYLIP.
« Progroms in the PHYLIP package
« Rbout the Executables
« About the Source code ... compilng it yourself
« The documentation web pages for PHYLIP can be read here
et

« How to install PHYLIP off false

on true
« PHYLIP on the web (HTML documentation, server services)
versions of

. < Default value is: off [false]

Ol versions o PHYLI. Incuding version 3.5

* Bugt n the package, known o recenly hied
Payiogeny programs avaable isewhere

© Creats (pecple. orents e
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Neighbor Joining vs. UPGMA Neighbor Joining

UPGMA Neighbor Joining

T ] B T T
‘ .l__F r'—‘\li: ’ ) 7\; h 7v\
+ | 2

Start with an unresolved (star) tree a

. . x b
N b ’ * Find the two nodes with the shortest g
+ Assumption: Divergence o «+ Constructs an unrooted guide di ioi . ’
h istance and join them together
sequencesiisiassumed, tree from a distance matrix ?
°‘_:°"" ata consta_nt rate + We do not assume constant rate *
« Distance to rootis equal

Repeat the process until the tree is

of evolution fully resolved

"Neighbor joining 7 taxa start to finish
diagram.svg" by Tomfy
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Simple Phylogeny: Making a Phylogenetic Tree

4

m Result Summary Guide Tree Phylogenetic Tree Results Viewers Submission Details
Download Alignment File  Hide Colors

Simple Phylogeny: Making a Phylogenetic Tree

Simple Phylogeny

“This ool

ot signment toa.To perorm
amultle sequence aignment please use one of our MSA toos.

CLUSTAL 0(1.2.4) multiple sequence alignment STEP 1 - Enteryour maltle soquence alignment

Arc95182.1 G csTIGE Clustalo-120191224-0740350184-47913577-p1m

NP_476905.1 MFEARLGQATILKKILDATKDLLNEAT

Np_571479.2 AFEARLVQGS TLKKVLEALK

BAB20424.1 MFEARLVQGS TEACHDLGSGGISL

LY
N g

cvmmmote s v CHANGE to “on”! »
Simple Phylogeny

STEP 2. Set your Phylogeny options
TREE FORMAT

DSTANCECORRECTIN  ExOLUDE GPs cLusTERNG NETHOD i
Detaul o <ot « | Neighbourioining o
A phylogenetic tree has been generated from this alignment. If you want more
i STEP 3. Submit your job
control over the algorithms and/or parameters you can create a new one:
(Tick this box if are available)

— [ suom |
Send to Simple Phylogeny ‘
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Simple Phylogeny: Making a Phylogenetic Tree

Simple Phylogeny

“Tns tool provides access to phylogenlic tree generation methods from the ClustalW2 package. Piease note this is NOT a multple sequence aignment ool To perform
‘2 muliple sequence alignment please use one of our MSA tools

'STEP 1 - Enter your multiple sequence alignment

Entororpaste @ muliple sequenco alignment in any supported format
lustalo-120101224-074035-0184-47913577-p1m

Or,upload afle: rowse. o e lcte. Use a example soquence | Clearsequence | See more exampl nputs

STEP 2 Set your Phylogeny optons

TREE FORMAT DISTANGE CORRECTION EXCLUDE GAPS CLUSTERING METHOD. Pum
Detauit “lon ot « | Neighbour-oining o
STEP 3. Submit yourfob
(Tik this box . i o aro availabio)

» ACladogram is a branching diagram (tree) assumed to
be an estimate of a phylogeny where the branches are of
equal length, thus cladograms show common ancestry,
but do not indicate the amount of evolutionary "time"
separating taxa.
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Simple Phylogeny: Making a Phylogenetic Tree

Results for job simple_phylogeny-120191224-080626-0952-14189101-p1m

Result Summary | Submission Details
Phylogram g/

Branch length: © Cladogram Real

AAC95182.1 0.31272
NP_476905.1 0.22206
NP_571479.2 0.05434
BAB20424.1 0.0622

Distance Value = Number of substitutions as

Phylogenetic Tree
Y09 a proportion of the alignment, excluding gaps

View Phylogenetic Tree File
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