SKILLS CENTER A BIOFIZZ
STANDARD OPERATING f
PROCEDURE L
PRODUCTON
Introduction to Effective Date: 12/1/2023 Revision 1.0
Jalview Author:
PRQs: D. Roberts
Module Hours: Checked by
25 Editor: M. Stowell

Background:

Sequence alignment in a

I n
nutshell is simply the process of [
comparing biological sequences. I
These “similarities” being detected A workbench for multiple

ref‘?r to the number of identical sequence alignment and analysis
residues/nucleotides across

sequences.

Researchers have used sequence editing for decades to determine the
evolutionary heritage of organisms. Over the course of evolution, much of the code for
life is maintained. The DNA polymerase of a mouse has a near identical sequence to
the DNA polymerase of a human. A DNA polymerase in an E. Coli will have a similar
sequence to a human but not as similar as a mouse. This data shows us that a mouse
is more closely related to a human than an E. Coli bacterium, but it also points to a
common “code of life” inferring that organisms are all related. Sequence alignment
helps us determine how closely related we are.

In addition to evolutionary study, sequence alignment helps us compare
structures to determine functions. An alignment score measures the number of
residues that are identical in the sequences being compared. If the alignment score is
high, the sequence is closer to being identical. A more highly related sequence often
points to a similar structure, and consequently, a similar function. If we were studying an
abnormal protein found in stomach cells, but discovered its sequence alignment was
very similar to a proteasome, we could infer that the protein probably has a function that
is similar to a proteosome. While this strategy is often effective, comparing actual
structure rather than just alignment score is necessary to form these inferences.
Sometimes, 2 proteins could have a completely different sequence but a very similar
structure. Additionally, 2 proteins could have a very similar sequence but have a very
different structure, depending on the properties of the residues. However, alignment
score is a piece of the puzzle that can be used to draw conclusions.
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While incredibly applicable, protein sequence analysis is difficult to do without a
suitable program to store and compare a large number of sequences. Manually
comparing protein sequences is tedious and costly. However, with a computer program
to line up the data for us, it becomes easier and more manageable to run multiple
sequence alignments.

Jalview is a free, cross-platform program used for multiple sequence alignment
editing, visualization and analysis. First developed in 1995 by the University of Oxford,
Jalview has been run by the University of Dundee since 2001. In addition to its
sequence alignment capabilities, Jalview has built in DNA, RNA and protein sequence
and structure visualization and analysis capabilities. It provides a linked view of aligned
DNA and Protein products.

1. Purpose

The purpose of this procedure is to recognize the multitude of applicable uses of
Jalview sequence analysis and to familiarize oneself with its most common applications.

2. Scope
- This procedure applies to qualified skills center users.

3. Responsibility

- Itis the responsibility of the user to understand and perform the procedure
described in this document.

- Itis the responsibility of the user performing the procedure to fully document any
deviations from the written procedure (in a computer lab, document your findings
using the database.)

- Itis the responsibility of the user to become trained in the use of this application.

4. Definitions

- RCSB Protein Data Bank — A database that houses information about 3D macromolecule
structures, such as proteins and nucleic acids.

- Residue — an amino acid within a polypeptide sequence (protein)

- Sequence — chain of amino acids
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- JalView — an application that allows for detailed protein, DNA, and RNA
sequencing, structure visualization, and tree creation

5. Materials/Equipment
- Jalview Application
- RCSB PDB

6. Procedures
- 6.1 Downloading the Jalview Application:
o Go to the following link and hover your mouse over the “download” tab on
the top right bar of the home page: https://www.jalview.org/

IS Jalview

Home About Help Development Training Schools NEWETAS Download

{ Latest Forum Topics & Jalview is a free cross-platform program for multiple sequence alignment editing, visualisation and analysis. Use it to align, view and edit
sequence alignments, analyse them with phylogenetic trees and principal components analysis (PCA) plots and explore molecular structures and
annotation.
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o Click the “download” tab which corresponds to your computer (windows,
mac, etc.).



https://www.jalview.org/
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o Open the application from your files.

- 6.2 Navigating the Home Page:
o When you open the application, you will notice that three windows appear.
One window is the alignment window, one is the structure window, and the
final one is the tree window as shown below:

Original | Phosphorylation Site Predictions | MAFFT Alignment Ordering ~ FE2S2 Representatives  Spinach Feredoxin Structure

Average distance tree using BLOSUMEZ from FE252Re.. — O X File View Colours Help
File View

R
|

o In the alignment window, there are three panels: the sequence ID, the
sequence alignment, and the annotation panels.
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MAFFT Multiple Sequence Alignment of Retrieved from Uniprot - 0O X

Fle  Edit  Select  View  Annotations  Format  Colour  Calculate  Web Service

Original Phosphorylation Site Predictions MAFFT Alignment Ordering FE2S2 Representatives Spinach Feredoxin Structure
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[Celumn 121

o Inthe alignment window you can locate residues very easily with the
“curser” feature: hit the F2 key to go into curser mode and click on a
residue (it should appear highlighted in black). If you are not in curser
mode, it will merely have a black outline.

o You can locate residues by typing the column of interest of interest first “,”
followed by the row of interest, then type “enter.” For example, if | wanted
to identify the 140™ column in the 2" row’s residue, | would type, 140,2
“‘enter.”
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o In the bottom left corner of the window, there is information about that
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specific residues ID and information (in this example | am looking at
residue 137,7).

R o

E
8

1w W w0
DQLEEGWULTCVAYPQSDYT IETHKEAELVG
DOLEEGWVLTOVAYPQSDYT IETHKEAELVG -
DQEAAGFVLTOVAYPKGDVT IETHKEEELTA
rrrrrrrrrrrrrrrrrrrrrrrrrrr
EQIEAGFVLTOVAYPTSDVV IETHKEEDLTA
EQIEGGWULTCVAFPTSDVT IETHKEEELTA
b1 KEGWVLTOV /P TGDVT IETHKEEELTA-
DQ I DEGWVLTGAAVPVSDVT IETHKEEELTA

v c
vEc
vsc
MISTSFLPRKPUVTSL - KAISNVGE- - ALFGLKS- RNGR I TCMAS LT 1 BB o LEvsc
vsc
vsc
vEc
vsc

ALFGLKS-SASR-GRVTAN
SLFGLKT-GSR- -GGRMTH|

SLFGLKS-GTARGGRVTAN vsc
vsc
SLFGLKS- STARGGRVTAN vEc
‘SLFGLK‘S smneenvmm vsc
CALFAAKY -SSRR--RLRAGATYHNY| LT L v 1B BvscRABls csscal
APPPCFSSPLRLRV AVAKPLA APMRRQLLRAI} a EScRABlS csscal

EQ IGEGFVLTCAAYPTSDVT IETHKEED V-
DO I AEGFVLTCAAYPTSDVT IETHKEEELY -
EQMSEGYVLTOVAYPTSDVY IETHKEEA M-

PR R e e e Bl
o
»

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
os EEFLN HQVADGWYLTCAAYPTSDYY IETHKEDDLL -

ALSMS ILR-

11001--0000000--2111001-2 00020 e ERET 50 3 R a7 3 5 48 010003232321322014322335330011

" - . g, T g S
MA+TLGTPALSGT+USTSF LRROPAPTSLRSLPSIVGTF Pt LFGLKSVSTARGGRVTAMATYKVKLITPEGE!}EFEEPDDVY\LDAAEEAGIBLFYSERAGSGSSGAGKVVSGSVB!}SB SFLDDDO I AEGWYLTOVAYPTSDVT [ETHKEEEL T

[Sequence 7 1D: FERT_MESCR Residue: ALA (130)

You can also search the alignment panel for a common sequence of
residues. Click “Select” followed by “find” (or ctrl F) and then type in your
desired sequence. Make sure the entire sequence is selected before using
the “find” feature. Do this by clicking and dragging your mouse across the
whole sequence (or ctrl A).

You can hide columns or rows by clicking on the desired sequence, “right
click” and select hide sequence, or type ctrl H. This can be undone by
right clicking the blue arrow that appears when a sequence is hidden, and
selecting the “reveal all” tab.

You can reorder sequences by selecting the sequence and typing the up
or down arrow.

You can change the highlighted color of the residues by selecting “color.”
There are multiple ways you can sort your residues (like hydrophobicity,
percent identity, etc.).

- 6.3 Importing a protein of interest:
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First, select a protein of interest from the PDB database:
Visit the RCSB databank website: https://www.rcsb.org/

Search for a protein of interest, and note the ID. The ID in this example is

6HV3. For the module mastery tasks, you will be selecting 3 related
proteins of interest.

- - 212,303 Structures from the PDB
3=
PROTEIN DATA BANK 1,068,577 Computed Structure

" Models (CSM)

~ 3D Structures @ Enter search term

Advanced Search | Browse Annotations

SPDB #onatca: §NAKB [ @ PDB-Dev

Include CSM @ n

Help

Gvoo

Annotations

Structure Summary Structure

Experiment Sequence Genome Versions

© Explore in 3D: Structure | Sequence Annotations
| Electron Density | Validation Report |
Ligand Interaction (SO4)

6HV3

Yeast 20S proteasome with human beta2i (1-53)
PDB DOI: https://doi.org/10.2210/pdb6HV3/pdb
Classification: HYDROLASE

Organism(s): Sacchz
Expression System: Sacch:
Mutation(s): No @

, Homo sapier

Deposited: 2018-10-10 Released: 2019-01-30
Deposition Author(s): Huber, E.M., Groll, M
Funding Organization(s): German Research Foundation

Experimental Data Snapshot wwPDB Vi

Method: X-RAY DIFFRACTION
Resolution: 2.70 A
R-Value Free: 0.209

R-Value Work: 0.177 Ramachand

i Display Files v~ ® Download Files v [R<JoElERNCI]

FASTA Sequence

PDBx/mmCIF Format
PDBx/mmCIF Format (gz)

PDB Format
PDB Format (gz)

PDBML/XML Format (gz)

Structure Factors (CIF)

Structure Factors (CIF - gz)

Validation Full PDF sport | Full Report

Validation (XML - gz) Value

— 0.213
Biological Assembly 1 (CIF - gz) @ 2
- .a ce 4 s n no.

o Return to the JalView app and upload your sequences: select “file” “fetch

sequences

retrieve IDs” and input the IDs of your chosen related

proteins separated by semicolons. Be careful not to import the sequences
into the list originally in the app. Make sure to click the top left “file” rather
than the alignment window “file.”


https://www.rcsb.org/
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Original Phosphorylation Site Predictions MAFFT Alignment Ordering FE2S2 Representatives Spin...
er | PDB Sequence Fetcher T 0 x

Free Text Search Retrieve IDs

Example query: 1QIP
Enter one or more accession IDs separated by a semi-coion *;"

Replace commas with semi-colons

Clear

7. Troubleshooting
- If the application will not run on your PC because it is labelled as “not safe,” click
“‘more information” and then at the bottom of the pop up, click “run anyway”
- You might need to update the app to the existing installation: just follow the
prompts.
- The Jalview website has some good training videos on the home page that might
be helpful if you are confused with any of the tasks.

8. References

“‘Jalview Home Page.” Jalview, www.jalview.org/. Accessed 13 Oct. 2023.
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9. Module Mastery Task (MMT)

9.1 Open the app: on the home screen, what residue is at row 13, column 143?
9.2 What is the sequence ID of this residue?
9.3 Use the “find” function to determine the number of “EEE” sequences are
there.
9.4 Rearrange your sequences and submit a resulting image. Why might
reordering sequences be beneficial to researchers?
9.5 Hide the FER3_RAPSA sequence and submit the resulting image.
9.6 Select 5 related proteins of interest from the RCSB PDB database and load
them into the application. Submit the resulting image. HINT: it might be helpful to
find the same protein of 5 different organisms.
9.7 Which proteins did you choose and why did you choose them? What were
their PDB ID’s? What function do these proteins serve?
9.8 Apply a percentage identity color filter on your sequences. Submit a resulting
image. What does a darker shade tell you about your sequence comparison?
Were you surprised by the results? Why or why not?
9.9 Save this file and be prepared to use it for the next JalView computer
module. Make sure you save the whole file (click the very top left file rather than
the alignment file).
9.10 Write a concise conclusion that encompasses the following key elements:
o Restate the purpose of the Module Mastery Task (ie. the objectives you
were expected to achieve).
o Describe the most significant lessons or insights you gained from
completing the tasks.
o Explain how you intend to apply the knowledge and skills acquired during
this module in your academic or professional pursuits.

10. Feedback

This is your space to help make this module better! Which aspects of the module
did you like? Which aspects can be improved upon? Do you have any remaining
areas of confusion? Did the number of hours assigned to this SOP accurately
reflect the time spent on this skill?




