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Our Animal DNA:

Comparing genes across the Tree of Life

Practical 2: align sequences with Clustal

Step 1: Fetch human sequence

First, we need to export our sequences from Ensembl. We already have our human
sequence from Practical 1, which looks like this:

>ENSG00000139648:ENST00000267119.6 peptide: ENSP00000267119 pep:protein_coding

MSRQFTCKSGAAAKGGFSGCSAVLSGGSSSSFRAGSKGLSGGFGSRSLYSLGGVRSLNVA . .
SGSGKSGGYGFGRGRASGFAGSMFGSVALGPVCPTVCPPGGIHQVTVNESLLAPLNVEL A m | n O a C | d

H e a d e r PEIQKVRAQEREQTKALNNKFASFIDKVRFLEQONQVLETKWELLQQLDLNNCKNNLEPT
LEGYISNLRKQLETLSGDRVRLDSELRNVRDVVEDYKKRYEEEINKRTAAENEFVLLKKD
VDAAYANKVELQAKVESMDQEIKFFRCLFEAEITQIQSHISDMSVILSMDNNRNLDLDST 1 - I e tt e r
IDEVRTQYEEIALKSKAEAEALYQTKFQELQLAAGRHGDDLKNTKNEISELTRLIQRIRS
EIENVKKQASNLETAIADAEQRGDNALKDARAKLDELEGALHQAKEELARMLREYQELMS
LKLALDMEIATYRKLLESEECRMSGEFPSPVSISIISSTSGGSVYGFRPSMVSGGYVANS C O d e S
SNCISGVCSVRGGEGRSRGSANDYKDTLGKGSSLSAPSKKTSR

If you have lost this sequence, follow steps 1 and 2 of the first practical to find it again

Copy and paste this into a document. To make it easier to see what’s what, change the
header (the line beginning >) to:
>human_KRT71

Make sure the header line starts with >, otherwise Clustal won’t know it's the header and
will try to read it as amino acid sequence. The amino acid lines should not have > at the
beginning. Make sure you don’t remove the newline between the header and the first line
of sequence. Do not add any extra newlines between the header and the first line of the
sequence. Do not have multiple lines starting with >.

Step 2: Fetch other species sequences
Now you need to find the sequences from sea otter, black swan and Atlantic cod.

Go back to the tab with your BLAST results. Click on the identifier in the first column of the
first row in the results table — this is the protein identifier.

Results table =

o
Show IR entries Showihide columns (2 hidden) [Fie
Subject name j j G i Orientation  Query Query Length Score o E- %ID

end ori Location start end val

ENSGMOP00000026268 ENSGMOG00000014429 101 441 Forward  1:23583241- Forward 102 444 343 [Sequence] 424 9e-  58.31 [Alignment]
23621465 [Sequence] 142

ENSGMOP00000039893 ENSGMOG00000014429 239 578 Forward 1:23583241- Forward 102 443 3e- 58.48 [Alignment]
23621462 [Sequence] 140

ENSGMOP00000038280 ENSGMOG00000014429 239 578 Forward 1:23583241- Forward 102 443 342 [Sequence] 424 3e- 58.48 [Alignment]
23621462 [Sequence] 140

ENSGMOP00000043242 ENSGMOG00000014429 239 578 Forward  1:23583241- Forward 102 443 342 [sequence] 424 3e-  58.48 [Alignment]
23621462 [Sequence) 140
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If you no longer have the BLAST results open, you can search for the IDs you noted down
instead.

This will take you to a protein page. This page shows us the regions of the protein that are
known to be involved in particular functions. These have been computed from the
sequence, based on those functions in other proteins.

Location: 1:23,682,829-23,622,805  Gene: ENSGMOG00000014429 (RICLERINE o (LT &l  BLAST results v

| Transcript-based displays

F Summary Transcript: ENSGMOT00000033979.1
El- Sequence
IE ES")\&S Location Primary_assembly 1: 23,582,829-23,622,805 forward strand.
c
Protein About this transcript This transcript has 9 exons and is annotated with 27 domains and features.
- Protein Information Gene i e i
t Protein summary This transcript is a product of gene ENSGMOG00000014429.2 IEHETRIELERRET ]
Domains & features
- External References
L General identifiers Protein summary @

Functional regions of the protein

Supporting evidence

Protein domains for ENSGMOP00000026268.1

&% Configure this page
4 Exnort data
«{ S are this page eTMEgIate Tament, 100 comain
=t el
Pfam RetnnPe T e e megate T ment roC comain

Export
button -

Scale bar 0 60 120 180 240 300 360 320

As before, we can export the sequence by clicking on the Export data button and selecting
Peptide sequence only, ensuring that you select None under Genomic sequence. Refer
back to step 2 of Practical 1 for more details and a screenshot of what to select.

Step 3: Make your sequence file

Copy and paste the sequence you get into the same document as the human protein
sequence and change the name to give you the species again, making sure that you have
> at the beginning of the header line and not at the beginning of the sequence lines.

Now do the same for the other two species. You should end up with a document
containing four protein sequences, like this:
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>human_KRT71
MSRQFTCKSGAAAKGGFSGCSAVLSGGSSSSFRAGSKGLSGGFGSRSLYSLGGVRSLNVA
SGSGKSGGYGFGRGRASGFAGSMFGSVALGPVCPTVCPPGGIHQVTVNESLLAPLNVELD
PEIQKVRAQEREQIKALNNKFASFIDKVRFLEQQONQVLETKWELLQQLDLNNCKNNLEPI
LEGYISNLRKQLETLSGDRVRLDSELRNVRDVVEDYKKRYEEEINKRTAAENEFVLLKKD
VDAAYANKVELQAKVESMDQEIKFFRCLFEAEITQIQSHISDMSVILSMDNNRNLDLDSI
IDEVRTQYEEIALKSKAEAEALYQTKFQELQLAAGRHGDDLKNTKNEISELTRLIQRIRS
ETIENVKKQASNLETAIADAEQRGDNALKDARAKLDELEGALHQAKEELARMLREYQELMS
LKLALDMEIATYRKLLESEECRMSGEFPSPVSISIISSTSGGSVYGFRPSMVSGGYVANS
SNCISGVCSVRGGEGRSRGSANDYKDTLGKGSSLSAPSKKTSR

>sSwan
MSRQSTVRIQRGRSGFSAASAIVPNTCRTSFSSRSVTRVGSCNAGSGFSRVGGGFGSKSL
YNVGGCKRISVAGRGGGFYGPAGFGGGAGSVYGCGGGFGMPANLVSVNQSLLKPLNLEID
PSIQRIRKEEKEQIKTLNNKFASFIDKVRFLEQQONKVLETKWSLLQEQGMKTVKNNLEPL
FETYINNLRMQLNSLLSDKGRLEGELVNTQYLVEDFKKKYEDEINRRTVAENEFVTLKKD
VDASYMNKVELQAKVDALTEEINFLRALYEAELSQMQTQISDTSVVLTMDNNRNLDLDSI
ISEVKAQYEDIANRSRAEAESWYQTKYEELQATAGRHGDDLRNTKQEISELNRHVQRLRS
EIDSVKKQCANLKAATIADAEERGELALKDAKAKLAELEDALQQAKADLARQLREYQELMN
VKLALDIEIATYRKLLEGEECRWVGNTTLLVLVLEDPTQVLVMLGISEMHMLNGVSRGRG
KGCLVNSVTL

>otter
MSRQFTCKSGAATKGGFSGCSAVLSGGSSSSYRAGGKGISGGFGSRSLYSLGGIRNISFN
MTSGSGKSGGYGFGRGRASGFAGSMFGSVALGPVCPSVCPPGGIHQVTVNESLLAPLNVE
LDPEIQKVRAQEREQIKALNNKFASFIDKVRFLEQQNQVLETKWELLQQLDLNNCKNNLE
PILEGYISNLRKQLETLSGDRVRLDSELRSVRDVVEDYKKKYEEEINRRTAAENEFVLLK
KDVDAAYANKVELQAKVDSMDQEIKFFKCLYEAEIAQIQSHISDMSVILSMDNNRDLNLD
SIIDEVRAQYEEIALKSKAEAEALYQTKFQELQLAAGRHGDDLKNTKNEISELTRLIQRI
RSEIENVKKQASNLETAIADAEQRGDNALKDARAKLDELESALHQAKEELARMLREYQEL
MSLKLALDMEIATYRKLLESEECRMSGEFPSPVSISIISSTSGSGGYGFRPSSVSGGYVA
SSSSCISGVCSVRGGDVRGRGSSSDYKDTLGRGSSQSTSSKKASR

>cod
MSRQFTCKSGAATKGGFSGCSAVLSGGSSSSYRAGGKGISGGFGSRSLYSLGGIRNISFN
MTSGSGKSGGYGFGRGRASGFAGSMFGSVALGPVCPSVCPPGGIHQVTVNESLLAPLNVE
LDPEIQKVRAQEREQIKALNNKFASFIDKVRFLEQQNQVLETKWELLQQLDLNNCKNNLE
PILEGYISNLRKQLETLSGDRVRLDSELRSVRDVVEDYKKKYEEEINRRTAAENEFVLLK
KDVDAAYANKVELQAKVDSMDQEIKFFKCLYEAEIAQIQSHISDMSVILSMDNNRDLNLD
SIIDEVRAQYEEIALKSKAEAEALYQTKFQELQLAAGRHGDDLKNTKNEISELTRLIQRI
RSEIENVKKQASNLETAIADAEQRGDNALKDARAKLDELESALHQAKEELARMLREYQEL
MSLKLALDMEIATYRKLLESEECRMSGEFPSPVSISIISSTSGSGGYGFRPSSVSGGYVA
SSSSCISGVCSVRGGDVRGRGSSSDYKDTLGRGSSQSTSSKKASR

Check that:
1. All header lines start with >.
2. Each sequence has only one line of header.
3. The sequence lines do not start with >.

4. There are no extra lines between the header and sequence.

Step 4: Clustal input

You need to put these sequences into Clustal Q. Go to
https://www.ebi.ac.uk/Tools/msa/clustalo/.

rwin
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# EMBL-EBI Services Research Training Industry About us Q EMBL-EBI Hinxton ~

Clustal Omega

Input form Web services ’ Help & Documentation ‘ Bioinformatics Tools FAQ ‘ ®; Feedback < Share
Tools > Multiple Sequence Alignment > Clustal Omega

Multiple Sequence Alignment

Clustal Omega is a new multiple sequence alignment program that uses seeded guide trees and HMM profile-profile techniques to generate alignments between three
or more sequences. For the alignment of two sequences please instead use our pairwise sequence alignment tools.

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

Enter or paste a set of

PROTEIN

sequences in any supported format:

Ninput

Z

Or, upload a file: | Choose file | No file chosen Use a example sequence | Clear sequence | See more example inputs

STEP 2 - Set your parameters

ou MAT

‘ ClustalW with character counts

The default settings will fulfill the needs of most users.

(Click here, if you want to view or change the default settings.)

STEP 3 - Submit your job

(7] Be notified by email (Tick this bRoufnbe notified by email when the results are available)

Submit

Copy all four sequences into the input box on Clustal. Then click on Submit.

Step 5: Clustal results

yourgenome.org
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Al lEhlEr | Result Summary | Guide Tree || Phylogenetic Tree | Results Viewers | Submission Details
Download Alignment File | Show Colors 4~ \/|@W the all gnment In

CLUSTAL 0(1.2.4) multiple sequence alignment d iffe re n t Ways
human MSRQFTCKSGAA---AKGGF SGCSAVLSGGSS SSFRAGSKGLSGG 42
sea MSRQFTCKSGAA---TKGGF SGCSAVLSGGSS SSYRAGGKGISGG 42 .
Atlantic MSKRVQTSYSVRSSSAPRNYSSASYSGPSMGGSRQSYSARST--FGGASRGMGGGGGGGE 8 AI I n e d
black MSRQ----STVRIQRGRSGFSAASAIVPN--TCRTSFSSRSVTRVGSCNAGSGFSRVGGG

W . . . ®, ¥ e w oW

sequences

human FPGSRSLYSLGGVRSL--NVASGSGKSGGYGFGRGRASGFAGSMPGSVALGPVCPTVCPPG 100 q 9
sea PGSRSLYSLGGIRNISFNMTSGSGKSGGYGFGRGRASGFAGSMPGSVALGPVCPSVCPPG 102
Atlantic PISSSSA-YGG---———- MGLGS SMAGGGGMGMGMGGGFGGGMGMGMG A 99
black PGSKSLYNVGGCKRISV-AGRGGGFYGPAGFGGGAGSVY-~GCGGGPG-—mmmmm— === M 100

L W LI * L
human GIHQVTVNESLLAPLNVELDPEIQKVRAQEREQIKALNNKFASFIDKVRFLEQQNQVLET 160
sea GIHQVTVNESLLAPLNVELDPEIQKVRAQEREQIKALNNKFASFIDKVRFLEQQNQVLET 162
Atlantic PITAVTVNKSLLAPLNLAIDPNIQAVRTHEKEQIKGLNNRFASFIDKVRFLEQQNKMLET 159
black PANLVSVNQSLLKPLNLEIDPSIQRIRKEEKEQIKTLNNKFASFIDKVRPLEQQNKVLET 160

Wahhahhh Whhs shE Wk sk _RaREEs REE s ARRAAARRRRRRNN N s hA ‘\ Symbols

human KWELLQQLDLNNCKNNLEPILEGYISNLRKQLETLSGDRVRLDSELRNVRDVVEDYKKRY
sea KWELLQQLDLNNCKNNLEPILEGYISNLRKQLETLSGDRVRLDSELRSVRDVVEDYKKKY 222 I n d I C a te
Atlantic KWNLLQQQT--TTRSNIDAMFEAYITNLRRQLDGLGNDKMKLEADLENMQGLVEDFKNKY 217
black KWSLLQEQGMKTVKNNLEPLFETY INNLRMQLNSLLSDKGRLEGELVNTQYLVEDFKKKY 220

LR T e LT L I LA L T matCheS Or
human EEEINKRTAAENEFVLLKKDVDAAYANKVELQAKVESMDQE IKFFRCLPEAEITQIQSHI 280 .
sea EEEINRRTAAENEFVLLKKDVDAAYANKVELQAKVDSMDQEIKPFPKCLYEAETAQIQSHI 282 a rt I a I
Atlantic EDEINKRASVENEFVLLKKDVDGAYMNKIELEAKVDALQDE INFLRAVYEAELRELQGQI 277
black EDEINRRTVAENEFVTLKKDVDASYMNKVELQAKVDALTEE INFLRALYEAELSQMQTQI 280

WA NIhs L NWRKK RRRRAR, sk RN RSz REmrz: shkshzzLiIhRR: sik oW matCheS
human SDMSVILSMDNNRNLDLDSIIDEVRTQYEEIALKSKAEAEALYQTKFQELQLAAGRHGDD 340
sea SDMSVILSMDNNRDLNLDSIIDEVRAQYEEIALKSKAEAEALYQTKFQELQLAAGRHGDD 342
Atlantic KDTSVIVEMDNSRGLDMDS IVAEVRAQYEEIANRTRGEAEGWYKQKFEEMQTSAGQYGEN 337
black SDTSVVLTMDNNRNLDLDSIISEVKAQYEDIANRSRAEAESWYQTKYEELQATAGRHGDD 340

LW Wz Wk W WsihNK: MksikkRse® sz RRR. hp Nzshsh swksswss
human LKNTKNEISELTRLIQRIRSEIENVKKQASNLETAIADAEQRGDNALKDARAKLDELEGA 400
sea LKNTKNEISELTRLIQRIRSEIENVKKQASNLETAIADAEQRGDNALKDARAKLDELESA 402 N um be rs s h ow th e
Atlantic VRNTKSEIAEINRMISRLONEIDNVKSQRASLEAQIAEAEERGELAVKDAKLRIRELEEA 397
black LRNTKQEISELNRHVQRLRSEIDSVKKQCANLKAAIADAEERGELALKDAKAKLAELEDA 400 ' i

e position in the
human LEQAKEELARMLREYQELMSLKLALDMEIATYRKLLESEECRMSGEFPSPVSISIISSTS 460 Seq uence. Ga pS
sea LEQAKEELARMLREYQELMSLKLALDMEIATYRKLLESEECRMSGEFPSPVSISIISSTS 462
Atlantic LORAKQDMARQVREYQELMNVKLALDIEIATYRKLLEGEECRIGSGTSTAHISSSISSSS 457 mean that th ese
black LQQAKADLARQLREYOEU{NVKLALDIEIATYRKLLEGEECRENGNTTLLVLVLE DPTQV 460
RN DN DANRREAR, AR RARRRRRRAR RN . numbers are not the
human —--—GGSVYGFRPSMVSGGYVANSSNCISG-VCSVRGGEGRSRGS--ANDYKDTLGKGSS 513 same.
sea ----GSGGYGFRPSSVSGGYVASSSSCISG-VCSVRGGDVRGRGS--SSDYKDTLGRGSS 515
Atlantic SGGGGGGGGGFGLGYGGGEEEEEEECY SMKSSY SSSGGGGGGPGSGSMIGGGGGFGGGSG 517
black LVMLG--ISEMHM--LNGVSRGRGKGCLVNSVTL 490
w : .

human ) X J——— A-PSKKTSR-- 523
sea [T I T-SSKKASR-- 525
Atlantic LSSGGGVSYSSSSSVRSSRGF 538
black = = e 490

The symbols underneath the aligned sequences indicate how similar the sequences are.
- A dash indicates a gap, where there is no sequence.
* An asterisk indicates that all the amino acids at that position are the same.
: A colon indicates that they are very similar.
. A dot indicates there is some similarity.
A blank indicates no similarity at all.

The similarity is based on both chemical similarity between the amino acids at that position
and also how many of them match between the different sequences.

yourgenome.org



° /in
)
mm 0505020,
UDLCL‘P_\_‘DL
- 0,0 0 0,0
- e 0 0 0 0
eje 0 0 0
- 0%% %%
e_0_0_0"
ege e
m C’OD

Questions:

1. Could you do this without a computer? How long do you think it would take to
align all these sequences and spot similarities and differences between them by
hand?

2. What if you had to do this for all 20,000 protein coding genes in a species?

Step 6: Change your view

There are other ways to see the alignments. Click on Show colors.

Results for job clustalo-120201015-095701-0397-7099231-p2m
m Result Summary ' Guide Tree Phylogenetic Tree | Results Viewers | Submission Details

Download Alignment File ' Hide Colors

CLUSTAL 0(1.2.4) multiple sequence alignment

human MSRQFTCKSGAA---AKGGF---==-----SGCSAVL FRAGSKGLSGG 12
sea MSR ) SGCSAVL RAGGKGISGG 12
Atlantic YSSASYSGPSMGGSRQSYSARST-~-FGGASRGMGGGGGGGG 58
black MSRQ----STVRIQRGRSGFSAASAIVPN--TCRTSFSSRSVTRVGSCNAGSGFSRVGGG

human FGSRSLYSLGGVRSL--NVASGSGKSGGYGFGRGRASGFAGSMFGSVALGPVCPTVCPPG 100
sea FGSRSLYSLGGIRNISFNMTSGSGKSGGYGFPGRGRASGFAGSMFGSVALGPVCPSVCPPG 102
Atlantic FISSSSA-Y --MGLGSSMAGGGGMGMGMGGGFGGGMGMGMG - -~ === ===== A

black FGSKSLYNV: KRISV-AGRGGGFYGPAGFGGGAGSVY-~-GCGGGFG---========M

human GIHQVTVNESLLAPLNVELDPEIQKVRAQEREQIKALNNKFASFIDKVRFLEQONQVLET 160
sea GIEQVTVNESLLAPLNVELDPEIQK EREQIKALNNKFASFI FLEQONQVLET 162
Atlantic PITAVTVNKSLLAPLNLAIDPNIQAVRTEEKEQIKGLNNR F FLEQONKMLET 1
black PANLVSVNQSLLKPLNLEIDPSIQRIRKEEKEQIKTLNNKE /

The colours can make it easier to see similarities and differences — it is easy to spot a
column of matching colours than to spot a column of matching letters. There are 20
different amino acids, and some are more similar than others. Chemically similar amino
acids are coloured the same, so we can most easily identify changes that are likely to
affect the protein.

For example, one column shows R, R, K and K, all in magenta. R and K are Arginine and
Lysine, respectively, which are both alkaline. In contrast, another column shows E, E
(blue), K (magenta) and Q (green), which represent Glutamic acid (acidic), Lysine
(alkaline) and Glutamine (with an amide group).

yourgenome.org
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Questions:

3. Can you find any sections in the alignment with long runs of matching sequence?
What is the longest you can find?

4. Look at position 5 in the alignment. What amino acids can you see there? Why
have these been coloured differently? This is a great chart to look at for amino
acids: https://www.compoundchem.com/2014/09/16/aminoacids/

5. Why do you think that some parts of the protein have lots of similarity between
species, and other parts do not?

yourgenome.org
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Another option is to see a tree constructed from the sequences, showing us which
sequences are most similar to each other. Click on Phylogenetic tree at the top of the

page.
Results for job clustalo-120201015-095701-0397-7099231-p2m
Alignments | Result Summary Guide Tree Results Viewers = Submission Details

Download Phylogenetic Tree Data

Phylogenetic Tree

This is a Neighbour-joining tree without distance corrections.

Branch length: @ Cladogram O Real
i human 0.03735
L sea 0.0334
Atlantic 0.25266
black 0.17114
Questions:

6. Which sequences are most similar to each other?

7. Why do you think this is?

yourgenome.org
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Extended practical

Only if you have time or are particularly interested in this.

Why not see if you can find KRT71 in more species and carry out an alignment of more
sequences?

Why not find a different human gene and try searching for that?

Some genes to try:
ADAMS30
NOTCH2NLR
PPIAL4A

LIX1L

GJAS

yourgenome.org



