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Lab 1 — EXPLORING NUCLEOTIDE DATABASES

Objectives :

By the end of Lab 1 (comprising the lab including its boxes, and the lecture), you should:

1.

Know how to search for records at NCBI, both using search terms or identifiers and GQuery.
Know the difference between a GenBank accession number, a version number, and a GI number.

Understand the difference between the nucleotide sequence database part of GenBank and the
protein sequence part of it.

Know the parts of a GenBank record and be able to switch between sequence formats (e.g., to
FASTA format).

Be familiar with the interconnectedness of various NCBI databases and be able to call up linked
records with ease.

Be able to use the Help function to address any question you may have with regard to the NCBI
interface.
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Part 1: NCBI

Software needed: web access

he National Center for Biotechnology Information (NCBI) maintained by the US National

Library of Medicine and National Institutes of Health is one of the world’s most important

resources and repositories for biological data. This fantastic online resource provides an
extensive network of databases cataloging an ever-growing wealth of genetic, medical, and
biochemical information from all walks and crawls of life. Entire genomes, from viruses to humans,
are compiled, organized, and cross-referenced within these networks, such that surfing the genome
can be almost as easy as surfing the web.

But you have to know
a) What you're looking for, and
b) What you're looking at to get anything out of these databases.

This is what this first lab is going to help you do.

*Note that Google and other search engines typically do not index database-driven websites, which

is why it cannot be used for searching for information that is stored at NCBI.
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The primary portal for accessing data at NCBI is called GQuery. But first, let’s start by visiting

NCBI’s website and examining the interface, which undergoes constant change.

-Open your Web browser and go to NCBI's homepage: www.ncbi.nlm.nih.gov. This page provides
links to all of NCBI databases and resources. It's worth exploring here just to get a better idea of the
scope of NCBI. If you click About the NCBI you will be taken to a page summarizing some of these

resources. You can also check out the NCBI handbook for more information.
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Figure (1): NCBI homepage.
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- Let’s move to the Search NCBI Databases (also known as GQuery) portal — select All Databases

from the navigation bar at the top of the NCBI start page, by clicking “Search” on the empty field.

First, scan down the assortment of databases queried through this portal. You will notice there is
everything from the biomedical literature at PubMed to nucleotide databases, taxonomy databases,

protein structure databases, and expression profile databases.

Let’s see what happens when you do an unguided search on the site.

In the "Search across databases" box, type in bacteria. The output is a summary page of the number

of hits in each section. A search of bacteria gives millions of hits — not very helpful. We need

specifics.

Search NCBI {MW_\O : x i Sear

Results found in 33 databases
Literature Genes Proteins
Bockshel! [ 20332 ] Germ <D Conserved Domains [ 23001 ]
Me5H [ 554 GEO DataSets [ 284492 ] Kertical Proteln Groups
NLM Catalog n GED Profiles n Proten m
PubMed HomaloGene Protein Family Models [ 20795 ]
PubMed Central PopSet Structure <D
Genomes Clinical PubChem
Assembly Chnical Trials. gov m BioAssays m
BioColiections & ChnVar Compounds @
BioProject [ 137129 ] @GP [ e ] Poways [ 524 )
BoSample NP ¢ Substances «©
Gerome [ 2080 ] oo ®
— @D o o
s @EED ke [0
Taxosooy ° OMIM o

Figure (2): The Search NCBI Databases portal page with bacteria used as a search word.
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- Usually when searching these databases, you have either a region of DNA or a protein (or protein

function) of interest. For this lab you’ll be using a gene from Human (BRCAT1). The protein product

of this gene is recorded under accession numberNP 009225.1, and it is a tumor suppressor.

-Go back to the NCBI GQuery portal page and try a more focused search. Use the search terms

found associated with the gene sequence we'll be using with the GenBank Field Qualifiers shown

below (a full list of qualifiers is presented in Appendix 1). Try the four different searches presented

below and look at the number records, specifically “Protein” records, found:

. gene keywords
e.g., BRCAI1
. gene keyword AND organism

e.g., BRCA1 AND Human

. gene keyword [PROT] AND organism [ORGN]
e.g., BRCA 1 [PROT] AND Human [ORGN]

. accession or GI number e.g., NP_009225.1
That narrowed things down significantly!
Note that using parentheses can be very helpful in making sure you get exactly what you

want. For example:

* BRCA1 AND (Mouse [ORGN] OR Human [ORGN]) is a very different search than
[SMC AND Mouse [ORGN] OR Human [ORGN]

Also, using quotation marks can also dramatically affect your search (ie,16s rRNA vs. “16s rRNA”).

Finally, always capitalize the Boolean operators such as AND / OR / NOT. Ultimately, the most

specific search items you can use are accession numbers.
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Box 1. Accession numbers and Version numbers.

An Accession number is a unique identifier for a particular sequence record. An accession
number is assigned to a specific record and stays with that record forever. In other words,
Accession numbers track a particular record and do not change even if the information in the
record is changed at the author's request (e.g., if a better annotation or more complete sequence is
provided). Accession numbers are usually a combination of a letter(s) and numbers, such as a
single letter followed by five digits (e.g., U12345) or two letters followed by six digits (e.g.,
AF123456).

Version numbers follow the Accession number and indicate the revision history of that entry

starting with 1 and increasing with each revision. The standard format is Accession. Version.

Example: When a new entry was submitted to GenBank it was assigned an accession number
(say AF000001). Since this is the first version the Accession would be appended with .1°, so it
would look like AFO00001.1. The updated record would keep the same Accession number but

would increase in version number (AF000001.2). The new record would have been given a

- Search for our accession number of interest (e.g.NP_009225.1 from above) through the GQuery
portal page. It should give you one protein sequence hit. Click on it (it is a hyperlink) so that you get
its full GenBank description.

Protein Proten a

GonPept + Send 1o ~

breast cancer type 1 susceptibility protein isoform 1 [Homo sapiens]
NCBI Reference Sequence. NP_008225.1

¥ Proty aphics
LOCUS NP_099225 1863 aa linear PRI 13-FEB-2022
OEFINITION breast cancer type 1 susceptibility protein isofors 1 [Howo
sapiens),
ACCESSION  NP_0@9225
VERSION NP_099225.1
DBSOURCE REFSEQ: accession NM_0@7254,4
KEYWORDS RefSeq; MANE Select,
SOURCE Hozo saplens (human)
ORGANISM Horo saplens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Maplorrhini;
Catarrhing; Hominidae; Homo.
REFERENCE 1 (residues 1 to 1863}
AUTHORS  Orban TI and Olah E.
TITLE Emerging roles of BRCAY altermative splicing
JOURNAL Mol Pathol 56 (4), 191-197 (2093)
PUBMED 12899739
REMARX Review article
REFERENCE 2 (residues 1 to 1853)
AUTHORS Orban TI and Olah E.
TITLE Expression profiles of BRCAL splice variants in asynchronous and in
G1/S synchronized tumor cell lines
JOURNAL  Bioches Biophys Res Cosaun 289 (1), 32-38 (2001}
PUBMED 11162473
REFERENCE 3 (residues 1 to 1853)
AMJITHORS  Paterson JW.
TITLE BRCAL; & review of structure and putative functicns
JOURNAL  Dis Markers 13 14), 261-274 [1998)
PUBMED 9553742

oeuAcy Onusms setirla

Figure (3): GenBank record for accession NP_009225.1, in GenPept format.
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- Notice all the hyperlinks within the text. It looks messy but is in fact straightforward. For example,
for taxonomic information, click on the SOURCE ORGANISM hyperlink. Some records have links
to the primary publication where this sequence was originally cited in a PUBMED number
hyperlink (not the case in the above example, but there is a PubMed reference for the sequence).
Click around on different links and see what you find.

e What is the taxonomic lineage of your organism?
* Has the genome of this organism been sequenced, i.e., is there a Genome Project?
¢ If so, can you find the accession for the full sequence or one of the chromosomes?

-To find out much more information on the structure of the Genbank file at http://
www.ncbi.nlm.nih.gov/Sitemap/samplerecord.html

- Go back to the GenBank record and click on the CDS link, just above the actual sequence.

a. Where did this take you or what happened when you did this?

- Go back to the Genbank record and examine the Related Information section on the lower right.

This gives you direct links to other databases with information on this query. Find the Gene link.

...... a2 o e =L s
PUBMED 8972225
ERENCE 7 (bases 1 to 7088)
UTHORS  Lu M, Conzen SD, Cole CN and Arrick BA. Protein
ITLE Characterization of functional messenger RNA splice variants of PubMed
BRCA1 expressed in nonmalignant and tumor-derived breast cells i
OURNAL  Cancer Res 56 (20), 4578-4581 (1996) Taxonomy
PUBMED 8840964
ERENCE 8 (bases 1 to 7088) Annotated Genomic
UTHORS Holt JT, Thompson ME, Szabo C, Robinson-Benion C, Arteaga CL, King

MC and Jensen RA. BioSystems
ITLE Growth retardation and tumour inhibition by BRCA1
OURNAL  Nat Genet 12 (3), 298-302 (1996)
PUBMED 8589721
EMARK Erratum: [Nat Genet 1998 May;19(1):102]

Related information

CCDs

Components (Core)

ERENCE 9 (bases 1 to 7088) Full text in PMC
UTHORS Xu CF, Brown MA, Chambers JA, Griffiths B, Nicolai H and Solomon E.
ITLE Distinct transcription start sites generate two forms of BRCALl mRNA Functional Class
OURNAL  Hum Mol Genet 4 (12), 2259-2264 (1995)
PUBMED 8634696 e
ERENCE 10 (bases 1 to 7088) OMIM
UTHORS  Miki Y, Swensen J, Shattuck-Eidens D, Futreal PA, Harshman K,

Tavtigian S, Liu Q, Cochran C, Bennett LM, Ding W et al. PubMed (RefSeq)
ITLE A strong candidate for the breast and ovarian cancer susceptibility

gene BRCA1 PubMed (Weighted)

OURNAL  Science 266 (5182), 66-71 (1994)
PUBMED 7545954

cocunrc 11 [harar 1 +a 7000\

Figure (4): The Related Information menu for NM_007294.4, to the right of the record.

Select Gene from the Related Information menu. This is a great starter resource at NCBI. Scroll

through the different sections. Use them to answer the following questions.

* Where is your gene’s location in the genome? (Tip: hover with your cursor over the green bars
in the “Genomic regions, transcripts, and products” section; the green bars represent the

gene in the sequence viewer)
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* How many exons do you see in this gene? Tip: how many green boxes are there?
e What are the names of the genes surrounding it (i.e. what is its “Genomic context”)?

* Does it have any conserved domains? What are they called? (Tip: use the “Related
Information” link to Conserved Domains on the right of the Gene page)

* After exploring conserved domains go back to the Gene page. What biological
process (Gene Ontology terms) is this gene involved with (scroll down!)?
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Figure (5): GenBank Gene page for At2g28830 (also known as PUB12), the gene that encodes
NP_001318308.

10



BIOINFORMATIC PRACTICAL MANUAL LAB1

- On the Gene page, there are also Additional links to examine a gene’s structure, function and
phylogenetic relationships further. The navigation sidebar on the right has an “Additional links”
hyperlink which will take you to the bottom of the page, where they’re found for most genes. Click

[+] Gene Link Out to see them.
a. Click on Additional Links. What kind of information is in this section?

b.Click around and explore the variety of ways that data for BRCAI are interconnected and
displayed (don’t worry, you can’t break anything). Using the Related Information links can you find
any publications associated with this gene? What about gene expression data? The next page shows
the related “RefSeq” record for the corresponding mRNA (NCBI'’s RefSeq aims to provide canonical

“reference” sequences — genomic, mRNA, CDS, protein etc. — for many model organisms).

c. Why is the length of the mRNA different from the value you can calculate from the start and

stop positions in Question 9a?

Cnange regon shown D
Arabldopsis thallana armadillo/beta-catenin repeat protein (PUB12), mRNA
NCE Reference Sequence NM_001336150 1
CASTA  Gephica
— — Analyze this sequence —
u® Rl BLASY
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Souece Arsbidopais thalisms (thale cress) Degracasion of v ARA coscapor ADIY by

CRRAATIM  fcabldcgall thallace PUBIY1S Ubax E3 bpmen [Nat Comwmen 2999

Cuharyots; Virtdiplentas; Streptophyte; Gsbryophyts; Trachesphyts;
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Figure (6): RefSeq RNA linked from Gene page for At2g28830.
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Box 3. Helpful Hints for NCBI searches

On most NCBI search pages (except, oddly, GQuery) click on “Save Search” below the search

box. Register for an account and save your search. You can also combine previous searches using

the History tab and the search numbers listed within it, as well as save your searches by

12
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Part 2: ENSEMBL

nsembl is a genome browser for vertebrate genomes that supports research in comparative
genomics, evolution, sequence variation and transcriptional regulation. Ensembl annotates
genes, computes multiple alignments, predicts regulatory function and collects disease data.
Ensembl tools include BLAST, BLAT, BioMart and the Variant Effect Predictor (VEP) for all

supported species.

BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog €]~ Search all species... Q
Ensembl is a genome browser for vertebrate genomes that supports
Tools BioMart > BLAST/BLAT > Variant Effect Predictor > research in comparative genomics, evolution, sequence variation
and transcriptional regulation. Ensembl annotate genes, computes
All tools Export custom datasets from Search our genomes for your DNA  Analyse your own variants and multiple alignments, predicts regulatory function and collects

disease data. Ensembl tools include BLAST, BLAT, BioMart and the

Ensembl with this data-mining tool or protein sequence predict the functional
Variant Effect Predictor (VEP) for all supported species.

consequences of known and

Smown varants Ensembl Release 106 (Apr 2022)

* New AlphaFoldDB data for human, mouse and zebrafish
® Updated allele frequency data from gnomAD 3.1
* New assemblies for Atlantic salmon, Rainbow trout, European

seabass and Carp
= a-

("Go | More release news on our blog

e.g. BRCA2 or rat 5:62797383-63627669 or rs699 or coronary heart disease Ensembl Rapid Release

New assemblies with gene and protein annotation every

two weeks.
All genomes Favourite genomes 7
Note: species that already exist on this site will continue to be

-- Select a species -- 9 Human updated with the full range of annotations.
¢ 8l GRCh38.p13 m

Pig breeds Still using GRCh37? The Ensembl Rapid Release website provides annotation for
¥ Pig reference genome and 12 additional breeds recently produced, publicly aval\ablg vertebrate and non-

Mouse vertebrate rom such as
GRCma3g Darwin Tree of Life, the Vertebrate Genomes Project and the
Earth BioGenome Project.

View full list of all species Rapid Release news on our blog

I Zebrafish Other news from our blog

g GRCz11

® 03 May 2022: Getting to know us: Nuno from Ensembl Variation &

® 29 Apr 2022: Cool stuff Ensembl VEP can do: run faster with
Nextflow &

| — S

Figure (7): Ensemble start page

What is the content of the start page?

-type in the search box (human or species) and the second box BRCA1
Check what you have get after you press GO

13
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BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog

New Search

< all Species Only searching Human BRCA1
Only searching Human 337 results match BRCA1 when restricted to [ species: Human % |

Restrict category to:

Did you mean... v
Gene 44
BRCA1 (Human Gene)
Transcript 220 ENSGO00000012048 17:43044295-43170245:-1
BRCA1 DNA repair associated [Source:HGNC Symbol;Acc:HGNC:1100]

Variant 53
: BREAST CANCER 1 GENE; BRCAT1 [*113705] (MIM gene record; description: BREAST CANCER 1
Phenotype 6 GENE; BRCAL1,) is an external reference matched to Gene ENSG00000012048
Variant table « Phenotypes e Location « External Refs. « Regulation « Orthologues « Gene tree
GeneTree 1

) BRCA1-204 (Human Transcript)
Clones & Regions 1 ENST00000412061 17:43093570-43095866:-1
BRCA1 DNA repair associated [Source:HGNC Symbol;Acc:HGNC:1100].
Location « External Refs. « cDNAseq. « Exons e Variant table « Protein seq. « Population « Protein summary

Protein Domain 12

BRCA1-224 (Human Transcript)

ENST00000497488 17:43094112-43125300:-1

10 25 50 100 BRCA1 DNA repair associated [Source:HGNC Symbol;Acc:HGNC:1100].

Location  External Refs. « cDNAseq. « Exons e Varianttable « Protein seq. « Population « Protein summary

Layout: BRCA1-205 (Human Transcript)
ENST00000461221 17:43045678-43125288:-1
Standard  Table BRCA1 DNA repair associated [Source:HGNC Symbol;Acc:HGNC:1100]

R-HSA-9704331 (Reactome transcript record; description: Defective HDR through Homologous
Recombination Repair (HRR) due to PALB2 loss of BRCAT binding function) is an external reference

Help and Documentation can be matched to Transcript ENST00000461221

searched from the homepage! Just Location « External Refs. « cDNAseq. « Exons e Variant table « Protein seq. « Population « Protein summary
type |r\:)a tetrrr|1‘kyou want to know BRCA1-206 (Human Transcript)

more aJoul, ke noSynonymous ENST00000461574 17:43076537-43091824:-1

SNP. BRCA1 DNA repair associated [Source:HGNC Symbol;Acc:HGNC:1100].

Location « External Refs. « cDNAseq. « Exons e Varianttable « Protein seq. « Population « Protein summary

BRCA1-207 (Human Transcript)

ENST00000461798 17:43099831-43125370:-1
BRCA1 DNA repair associated [Source:HGNC Symbol;Acc:HGNC:1100]

Figure (8): search result of BRCA1 on Ensembl.

-Check the right bar.
-Click on (BRCA1 (Human Gene)).

Login/Register
BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog
A Human @Rch3sp1) v
Location: 17:43,044,205-43,170,245 . (TSI

Gene-based displays

Gene: BRCA1 EnsGo0000012048

Description BRCA1 DNA repair associated [Source:HGNC Symbol;Acc:HGNC:1100¢]
Gene Synonyms BRCC1, FANCS, PPP1RS3, RNF53
ary Structure Location Chromosome 17: 43,044,295-43,170,245 reverse strand.

ive Gi

GRCh38:CM000679.2

c alig
Gene tree About this gene This gene has 34 transcripts (splice variants), 198 orthologues and is associated with 134 phenot
Gene gai/loss tree . .
Orthologues bl Show transcript table
Paralogues
Ensembl protein families
= Ontologies Summary @
GO: Biological proc
GO: Cellular Name BRCA1 & (HGNC Symbol)
GO: Molecula
Phenotypes ccos This gene is a member of the Human CCDS set: CCDS11453.1¢%, CCDS11454,2¢, CCDS11455,24%, CCDS11456.2¢, C
= Genetic Variation UniProtkB This gene has proteins that correspond to the following UniProtKB identifiers: P2
le
RefSeq This E bl/Gencode gene contains for which we have sele cal RefSe (s). If there are other RefSeq

transcripts available they will be in the External references table

Gene expression LRG LRG_292 provides a stable genomic reference framework for describing sequence variants for this gene
Pathway
“cqu‘n\ - Ensembl version ENSG00000012048.23
External references Other assemblies This gene maps to 41,196,312-41,322,262 in GRCh37 coordinates.
PG SVicioos View this locus in the GRCh3? archive: EN 0012048
= ID History
Gene history Gene type Protein coding
£ Configure this page Annotation method Annotation for this gene includes both automatic annotation from Ensembl and Havana manual curation, see article.

Annotation Attributes overlapping locus [Definitions&]

« Share this page
b B Ee2
R Bookmark this page 145,95 kb Forward strand g

=, Goto Region in Detail for more tracks and navigation options (e.g. zooming)

Figure (9): Ensemble record of Human BRCAI.
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-What is Ensemble Accession number? Compare it with Genbank Accession Number.
-Look at Transcripts and Orthologues of BRCA 1(ENSG00000012048)

-Look at the Summary section.

Gene summary

-This page gives an overview of the information available at the gene level and it's composed of
three sections.

-At the top, the page shows the gene name and Ensembl gene ID, the full description of the gene, its
synonyms, its genomic location and strand, INSDC coordinates, and its number of transcripts.

-The following sections show the Transcript Table and the Summary with links to external databases,

and a Gene Diagram.

TRANSCRIPT TABLE
-It shows each splice variant of a gene, i.e. protein-coding and non-coding transcripts, in addition to
transcript and translation length, the transcript table displays information about biotype, mapped
CCDS and RefSeq IDs as well as MANE, APPRIS and TSL flags. This table is hidden by default.
Each transcript is given an Ensembl Transcript ID, which is unique and stable.
SUMMARY
-It provides additional information and links to external databases:
* Name - from official gene nomenclature committees such as HGNC (for human) and MGI (for
mouse)
* CCDS - coding sequence IDs from the Consensus Coding Sequence Set
*UniProtKB - protein IDs from UniProtKB that match one of the translations of this gene
» RefSeq - Indicates if the gene has transcript(s) identified as MANE.
*LRG - IDs from the Locus Reference Genomic (LRG) project matching the Ensembl gene
* Ensembl version - versioning of the Ensembl gene ID
* GRCh37 assembly - (for human only) with genomic coordinates and links to the Location
and Gene views of the gene on the previous human assembly

* Gene type - The gene type includes both status (e.g. known) and biotype (e.g. protein coding)
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* Annotation method - It can be the Ensembl automatic, Havana manual or a merge between
automatic and manual (for human, mouse, zebrafish, pig, and rat)
* Alternative genes - IDs from the HAVANA project that match the Ensembl gene
- Scroll down. What you see?

-Go to region in details

== Go to Region in Detail for more tracks and navigation options (e.g. zooming)

T

® Region in detail allows you to browse genes, variants, sequence conservation, and other
annotation along the genome. There are three main images (or panels): Chromosome, Overview
and Region

CHROMOSOME IMAGE

The first panel shows the chromosome of interest, marking any haplotypes or patches in red or green,
respectively, and a cytogenetic banding pattern when available.

Explore what you have obtained

Sontigs
Genes (Comprehensive AT e e e : it ! sacarpr)
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set from GENCODE 40) protein coding unprocessed
b4t ' e ' AN At + H A0
< BRCAL- 203 ENST00000357654 < ENST00000635600
protein codin IncRNA
——]
< BRCA1-201 - ENST00000352993 < ENST00000659136
protein coding IncRNA
-+ + Wt + L S + H 1
< BRCA1-208 - ENST00000468300 < ENST000|
protein coding processed ol
At A+ —
< BRK‘AI 232 ENST00000644379 < BRCA1-230 - ENSTD0000634433
protein cod| protein coding
M— ) | —
< BRCAL-. 227 ENST00000591849 < ENST00000642336
protein codin, IncRNA
[ ] m— )
< BRCAl-ZZS - ENSTOOOOOS?IS}J < ENST00000590740
protein coding IncRNA
bt + i 1 A
< BRCA1-225 - ENST00000586385 < ENST000006530
protein coding IncRNA
bt ' e o ' At H (=]
< BRCA1-221 - ENST00000493795 < ENST000006:
protein coding IncRNA
| o0
! < BRCA1-219 - ENST00000491747 < ENST000006
| protein coding INcRNA
|
| < BRCA1-205 - ENSWOWO‘HZZI
| nonsense mediated dec;
| < BRCA1-215 - ENSTD0000478531
| protein coding
| L e e e e e g S| W
| < BRCA1-216 - ENSTD0000484087 < BRCA1-228 - ENSTO0000618469
| protein coding protein coding
| < BRCA1-222 - ENST00000493919
| protein coding
[ [ A
< BRCA1-. 211 ENST00000472490 < BRCA1-207 - ENSTDOW04617%
[ retained introl nonsense mediated dec;
| [ = N
| < BRCA1-217 - ENSTO0000487825
| protein coding
[ —
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! —t

Figure (10): Ensemble transcript record of BRCAI.
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GENE DIAGRAM
-It depicts the gene and all its transcripts in the context of the genome. The image can be configured
to add or remove data tracks.
-Transcripts are drawn as boxes for exons and connecting lines for introns. Filled boxes show
coding sequence, and empty boxes show UTRs (untranslated regions). Transcripts drawn above the
blue bar (i.e the contig) are on the forward strand, whereas transcripts below are on the reverse
strand.
-Transcripts are represented by different colours:
Blue, pink or grey transcripts are noncoding. Go to the transcript summary help page for more
information

. Red or transcripts are protein coding. Gold transcripts are identical between the

annotation from Ensembl automatic pipeline and the manual annotation from HAVANA

BIOTYPE
-it’s an indicator of biological significance for genes.

-If a gene has been manually annotated (i.e., in human, mouse, zebrafish, pig, and rat), we use the
-biotypes assigned by the HAVANA team.
-Biotypes can be grouped into protein coding, pseudogene, long noncoding and short noncoding.

- look at the right bar and then choose Sequence.

- explain what you see

- Compare with genbank records.

- How do you identify exons and introns?

- Now choose Gene tree

[» Gene tree About this gene This gene has 34 transcripts (splice variants), 198 orthologues and is associated with 134 phenotypes.
- Gene gain/loss tree o ot
|- Orthologues TANSCrpes Show transcript table
|- Paralogues
[
Ensembl protein families
Ontologies Gene tree @
|- GO: Biological process
|- GO: Cellular component GeneTree ENSGT00440000034289
L GO: Molecular function o
Phenotypes Number of genes 207
Genetic Variation
L Veimitiale Number of speciation nodes 176
|- Variant image Number of duplication 1
L Structural variants
kbl Number of ambiguous 10
Pathway Number of gene split events 9
Regulation
Supporting evidence & < 0@t
1D History P Placentals: 7 homologs RN SN 1 SIS SIS — i S
- Gene history 5 i
- Rodents and rabbits: 20 homologs. e hie L mm e m— e e
B Configure this page
4 Chimparzees: 2 homologs e hie Lm0 — e
1 — T T T
BRCAL Gorilla 1 RUR e e —
1 Exportdata s v aaran e — W
BACAL, Gibbon 10 WUE — R m— e Lisis
e I it PR
(| M World monkeys: 10 homologs P Rle i — e — e
R Bookmark this page < New World monkeys: & homologs f— B1nm— Lm0 — e
Lt temuriformes: 2 homologs b e m— ) m e w — 810
T Shrew s o At T
L BACAL Hedgehog (81 18 m— e SR e —
Lo= = Chordates: 44 homologs bl m— Lm0 — e
L Chardates: 103 homologs | )L R —
b —— == Placentals: 7 homologs. T > &
elegans (PR)! T, L | — S — —
LEGEND
Branch Length Nodes Genes Collapsed nodes Collapsed Alignments  Expanded Alignments

Figure (11): Ensemble Gene tree of BRCAI.
Explore the options on the right bar
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Lab 2 — EXPLORING PROTEIN DATABASES
Objectives:
By the end of Lab 2 (comprising the lab including its boxes, and the lecture) You should:
1. To be able to explore UniProt Database.
2. To know different sections of UniProt.
3. To be able to explore and obtain secondary structure from Uniprot.
4. Know the advantages and disadvantages of representing structural elements in protein

sequences as motifs or profiles.
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UniProtKB:

he UniProt Knowledge-base (UniProtKB) is the central hub for the collection of functional
information on proteins, with accurate, consistent, and rich annotation. In addition to
capturing the core data mandatory for each UniProtKB entry (mainly, the amino acid
sequence, protein name or description, taxonomic data, and citation information), as much
annotation information as possible is added. This includes widely accepted biological ontologies,
classifications and cross-references, and clear indications of the quality of annotation in the form of
evidence attribution of experimental and computational data.
The UniProtKB consists of two sections:
A-UniProtKB/Swiss-Pro: Section containing manually annotated records with information
extracted from literature and curator-evaluated computational analysis.
Reviewed, manually annotated.
B-UniProtKB/TrEMBL: Section with computationally analysed records that await full manual
annotation.
Unreviewed, automatically annotated.
Where do the protein sequences come from?
-More than 95% of the protein sequences provided by UniProtKB are derived from the translation of
the coding sequences (CDS) which have been submitted to the public nucleic acid databases, the
EMBL-Bank/GenBank/DDBJ databases (INSDC). All these sequences, as well as the related data

submitted by the authors, are automatically integrated into UniProtK B/TrEMBL.

19


http://www.insdc.org/

BIOINFORMATIC PRACTICAL MANUAL

BLAST Align

Retrieve/ID mapping Peptide search SPARQL

UniProt ¢
oo

N e

Advanced~ O Search A}

-
Help Contact

The new UniProt website 5 here! ke me to uniprot BETA B
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Figure (1): UniProtKB home page.

5 &N

State Secretariat for Education,
Research and Innovation SERI

-Type PMS1 in the search box and press search (according to orange arrow in Figure 1).
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BLAST Align Retrieve/ID mapping Peptide search SPARQL

UniProtkB 2022_02 results

© Agvanced~ Q Search ]

Help Contact

- Basket v

X
UniProtkB consists of two sections:
LY The UniProt Knowledgebase (UniProtkB) is the central hub for the collection of
R (ot i sV Sneotated functional information on proteins, with accurate, consistent and rich annotation. In
Records with information extracted from literature and curator-evaluated computational  addition to capturing the core data mandatory for each UniProti® entry (mainly, the
analysis. amino acid sequence, protein name or description, taxonomic data and citation
information), as much annotation information as possible is added.
JALL)e _ Snahasd @Help B UniProtKB help video B Other tutorials and videos & Downloads

Records that await full manual annotation.

Filter by" oy S : o B 41102505768 p Show 25 @

Reviewed (81)
+prot

Oz

e~ romnone —owerers ——owun o

P54277 PMS1_HUMAN PMS1 protein homolog 1 PMS1 PMSL1 Homo sapiens (Human) 932
mm‘i"’*‘"ew“ (5,687) P14242 PMS1_YEAST % DNA mismatch repair PMS1 YNLO82W, N2317 Saccharomyces cerevisiae 873
protein PMS1 (strain ATCC 204508 /
Popular organisms 5288c) (Baker's yeast)
Qoal6 PMS1_ARATH 1§ DNAmismatch repair PMS1 Atdg02460, T14P8.6  Arabidopsis thaliana (Mouse- 923
Human (39) * protein PMS1 ear cress)
Mouse (16) P54278 PMS2_HUMAN f Mismatch repair PMS2 PMSL2 Homo sapiens (Human) 862
endonuclease PMS2
Bovine (11) AQAIE3XIZO )_PASMD - murE BGK37_07895 Pasteurella multocida 494
B alanyl-D-glu...
P54279 PMS2_MOUSE Mismatch repair Pms2 Mus musculus (Mouse) 859
Rat (10) endonuclease PMS2
N AODA1E3XIOS _PASMD g gpt BGK37_10230, Pasteurella multocida 153
Other organisms phosphoribosyltran... C2800_07785
C2) AOAIE3XI2S _PASMD A c0aBC BGK37_09975 Pasteurella multocida 400 ]
Search terms _PASMD. 6 PfkA A6J89_009190, Pasteurella multocida 321
Filter “pms1" as: phosphofructokinase BGK37_10580,
gene name (1,189) €2800_00940
P54280 PMS1_SCHPO [ DNA mismatch repair pms1 SPAC19G12.02¢ Schizosaccharomyces pombe 794
plasmid (4) protein pms1 (strain 972 / ATCC 24843)
protein name (2,636) (Fission yeast)
AOALE3XIVS AOAIE3XIVS PASMD |l dITP/XTP BGK37_05650 Pasteurella multocida 202
strain (1,907) pyrophosphatase
AOA: 4! - Ribos h hate A6)89_010105, P 1l; It
sy %) OAIESXL4S AOALE3XL4S_PASMD [ a m::—; ;:::kl:. 2 CoER asteurella multocida 315
€2800_01850
View by
|_PASMD . tRNA sulfurtransferase thil BGK37_08655 Pasteurella multocida 480
AOALESXHLL AOALESXHLLPASMD i, CTP synthase PYrG BGK37_11145 Pasteurella multocida 542
Taxonomy
Keywords AOA140D7U9 A0A140D7US_PASMD - ATP-dependent zinc ftsH hflB, BGK37_11910 Pasteurella multocida 639
metalloprotease ...
Gene Ontology _PASMD. 1. ligase serS BGK37_02450 Pasteurella multocida 428
Enzyme class ”
AOALE3XLS7 AOAIE3XLS7_PASMD [l  Multifunctional CCA cca BGK37_02400 Pasteurella multocida 424
Pathway protein
UniRef ADALE3XHK7 AOALE3XHK7_PASMD [,  Enolase Mutifunctional CCA protein 3060, Pasteurella multocida 433
[lla(s] BGK37_11150,
€2800_07420,
Your results in sequence NCTC10722_02001
clusters with identity of: _PASMD BGK37_07775 Pasteurella multocida 815
100%, 90% or 50% aspartokinase/homoseri...
Demo » - AGALE3XI90 | AGAIESXJS0_PASMD | I | Ribonuclease E rne BGK37_06460 Pasteurella multocida 1,006
a
Help video AOALE3XIC7 AOALESXIC7 PASMD | ATP-dependent bioD BGK37_09180 Pasteurella multocida 244
dethiobiotin syntheta...
_PASMD [ protein HIJE  hIdE BGK37_09610, Pasteurella multocida 476
NCTC10722_00467
AOA1E3XJY6 AOA1E3XIY6_PASMD ‘ Ubiquinone/menaquinone ubiE BGK37_05550 Pasteurella multocida 257
biosynthesis..
_PASMD [ ilv BGK37_04730 Pasteurella multocida 611
dehvdratase

Figure (2): Result page of PMSI search on UniProtKB.

Describe what the result page

- Notice the black arrow /f Inside the search box . Click on advanced search.

Explore the search parameter which appear.
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UniProt 3
[ 1)

Searching in UniProtkB @ Help x

..................... Ten“

BLAST Align Retrieve/I[ [j Search for field L

UniProtkB 2 a

UniProtkB AC

Search

UniProtkB consists of-wwerseswe

Entry name [ID] The UniProt Knowledgebase (UniProtKB) is the central hub for the collection of
functional information on proteins, with accurate, consistent and rich annotation. In
addition to capturing the core data mandatory for each UniProtKB entry (mainly, the
amino acid sequence, protein name or description, taxonomic data and citation
information), as much annotation information as possible is added.

ﬁ Reviewed (Swiss-Prot) - Man

:::«IJ;;: with information extracted fr Protein name [DE] uated computational

. Gene name [GN]
. Unreviewed (TrEMBL) - Comp

@ Help B UniProtkB help video B Other tutorials and videos & Downloads
Records that await full manual annotz  Organism [OS]

Taxonomy [OC]
Filter by' %, BLAST ® Add to basket £ Columns 41t0250f5768 p Show 25 @
™ oem | rounns —Jomenams ——ommen —Luoan |
‘k Reviewed (81)
Swiss-Prot P542] protein Existence [PE] ) ﬁ PMS1 protein homolog 1 PMS1 PMSL1 Homo sapiens (Human) 932
kMK"'eViewed (5,687 P142  Eynction » I DNAmismatch repair PMS1 YNLO82W, N2317  Saccharomyces cerevisiae 873
protein PMS1 (strain ATCC 204508 /
Popular organisms Subcellular location » $288c) (Baker's yeast)
Q941 ﬁ DNA mismatch repair PMS1 At4g02460, T14P8.6  Arabidopsis thaliana (Mouse- 923
Human (39) protein PMS1 ear cress)

Figure (3):Advanced box choices on uniprot on search box.
What are the and shapes referring to?

- Go to PMS 1 Human protein

Advanced v ‘Q Search

BLAST Align Retrieve/ID mapping Peptide search SPARQL Help Contact

he new UniProt website is here! take me to uniprot BETA &

UniProtkB - P54277 (PMS1_HUMAN)

Display O Helpvideo BLAST FAign &£)Format @ Addtobasket @ History # Add a publication € Feedback
Protein| PMS1 protein homolog 1
Publications Gene PMS1

Feature viewer Organism Homo sapiens (Human)

Feature table | 1N R 3
Status g‘ Reviewed - Annotation score: ®®@@@® - Experimental evidence at protein level!

Noge.

Figure (4): Summary Section for PMS1 on UniProt.
-Scroll Down to the Function Section

The Function section contains information about the molecular functions, biological processes and

their related tools and websites.
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- Function'

Probably involved in the repair of mismatches in DNA.
# 1 Publication «

Publications

Feature viewer

Regions

Feature key Description Actions | Graphical view | Length

DNA binding 571 - 639 HMG box @ PROSITE-ProRule annotation + & Add ™\ BLAST B 69

Feature table

None

Function

GO - Molecular function'

Names & Taxonomy

ATP binding € Source: InterPro

ATP hydrolysis activity € Source: GO_Central +
DNA binding € Source: ProtInc v

enzyme binding € Source: UniProtkB
mismatched DNA binding € Source: InterPro

Subcellular location

Pathology & Biotech

PTM / Processing

Expression Complete GO annotation on QuickGO ...
Interaction GO - Biological process'

Structure = mismatch repair € Source: GO_Central v
= resp to i # Source: Ensembl

Family & Domains

Complete GO annotation on QuickGO ...

Sequences (4+)

i
Similar proteins Keywords

Molecular DNA-binding
Cross-references function

D i Biological process DNA damage, DNA repair

. vty datab
PathwayCommons'  P54277
Signalink!  P54277

SIGNOR'  P54277

Miscellaneous

Figure(5): Function Section for PMS1 on UniProt.

Function section
Last modified August 16, 2019
This section provides any useful information about the protein, mostly biological knowledge.
The information is filed in different subsections. The current subsections and their content are listed below:
Subsection Content
Function General function(s) of a protein
Miscellaneous Any relevant information that doesn't fit in any other defined sections
Caution Warning about possible errors and/or grounds for confusion
Catalytic activity Reaction(s) catalyzed by an enzyme
Cofactor Non-protein substance required for enzyme activity
Activity regulation It y of y t P 's, microbial transcription factors
Biophysicochemical properties  Biophysical and physicochemical properties
Pathway Associated metabolic pathways
Active site Amino acid(s) directly involved in the activity of an enzyme
Metal binding Binding site for a metal ion
Binding site Binding site for any ch | group (co: yme, prosth group, etc.)
Site Any interesting single amino acid site on the sequence
Calcium binding Position(s) of calcium binding region(s) within the protein
Zinc finger Position(s) and type(s) of zinc fingers within the protein
DNA binding Position and type of a DNA-binding domain
GO 'Molecular function' Selection of Gene Ontology (GO) terms
Keywords 'Molecular function'  Selection of controlled vocabulary which summarises the content of an entry
Keywords 'Biological process' Selection of c y which ises the content of an entry
Keywords ‘Ligand' Selection of controlled vocabulary which summarises the content of an entry
Enzyme and pathway databases Selection of cross-references that point to data collections other than UniProtkKB
Family databases Selection of cross-references that point to data collections other than UniProtKB

Figure(6): Summary of Function section on UniProt.
-Now scroll down on the rest of the section which gives information about the protein. As you see on

the right bar.
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Box (1): Different Section of uniprot result page:

*Names & Taxonomy: This section provides information about the protein and gene name(s)
and synonym(s) and about the organism that is the source of the protein sequence.

*Subcellular location: This section provides information on the location and the topology of the
mature protein in the cell.

*Pathology & Biotech: This section provides information on the disease(s) and phenotype(s)
associated with a protein.

*PTM / Processing: This section describes post-translational modifications (PTMs) and/or
processing events.

*Expression:This section provides information on the expression of a gene at the mRNA or
protein level in cells or in tissues of multicellular organisms.

Interaction: This section provides information on the quaternary structure of a protein and on
interaction(s) with other proteins or protein complexes.

*Structure:This section provides information on the tertiary and secondary structure of a protein.
*Family & Domains: This section provides information on sequence similarities with other
proteins and the domain(s) present in a protein.

*Sequences (4+):This section displays by default the canonical protein sequence and upon

request all isoforms described in the entry. It also includes information pertinent to the

sequence(s), including length and molecular weight. The information is filed in different
subsections.

*Similar proteins:This section provides links to proteins that are similar to the protein
sequence(s) described in this entry at different levels of sequence identity thresholds (100%, 90%
and 50%) based on their membership in UniProt Reference Clusters (UniRef).
*Cross-references:This section is used to point to information related to entries and found in
data collections other than UniProtKB.

*Entry information

*Miscellaneous
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inding Secondary Structure Information:

When examining the structure panel in UniProt, you can look at additional “Features”,
specifically, experimentally validated alpha helices and beta sheets (turns). UniProt
collects these structures from other databases (mostly, the Protein Data Bank). You can
find links to these resources as well. This is usually an easy way to find the main 2D features.
Unfortunately, this might not be available for all proteins. Thankfully, there are dedicated structure
databases that can be used instead.
The best way to find the secondary structure is probably to look for the tertiary structure. By
definition, tertiary structure prediction means resolving the secondary structure as well. That means,
you can use (most of) the resources providing tertiary structure to visualize the secondary structure.
However, secondary structures can be resolved without necessarily predicting 3D (tertiary) folding.
Using Experimental Data:
Protein structure resources like RCSB PDB will give you the chance to examine the secondary
structure. This is available in 2D in the Sequence panel of the Protein Feature View (you may need
to hit expand) or otherwise in the 3D View panel.
Using Predicted Structures:
Homology Modelling is predicting the structure of a single protein based on a (very) similar template

(usually a homolog). The Swill-Model repository (https://swissmodel.expasy.org/repository/) is a

database of structures created using homology modelling.
Recently, protein structure prediction has moved from using known structures as templates for
homology modelling towards Artificial Intelligence and Machine Learning methods. The current

state-of-the-art method is called Alpha Fold. AlphaFold Database (https://alphafold.ebi.ac.uk/) will

give you the predicted secondary and tertiary structures of almost all known proteins (for sure all

those in UniProt).
Structures from these databases can be visualised online on the same website (Alpha Fold,
SwissModel) but the online visualisation is designed with 3D/tertiary structure viewing in mind (e.g.,

it might not be very easy to get the exact boundaries of helices & sheets).

However, structures can be downloaded as PDB files for local visualisation if one wants to highlight

the secondary structure better. You can then use other online programs like PolyView (https://
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polyview.cchmc.org/) or some locally installed free programs (like Jalview, CLC Sequence Viewer,
UniPRO UGene, Chimera).
As an exercise you can import a PDB structure to PolyView-2D and see how it looks compared to

the original PDB Sequence view (https://www.rcsb.org/sequence/1 EXB#E).

RCSB PDB Deposit + Search ~ Visualize + Analyze + Download ~+ Lean ~ More ~ Documentation ~ Careers

Structure Summary 3D View Annotations Experiment Genome Ligands Versions

1EXB

STRUCTURE OF THE CYTOPLASMIC BETA SUBUNIT-T1 ASSEMBLY OF VOLTAGE-DEPENDENT K CHANNELS
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Figure(7): Example of a 2D structure of the T1 domain of the rat potassium channel Kv1.1 (from:

https://www.rcsb.org/sequence/l EXB#E). Secondary structure is shown as panels of yellow and red

blocks under the sequence. You can hover over one block to see if it’s an alpha helix or a beta sheet.
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PolyView2D (Online)
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Figure(8): Secondary structure visualisation of an experimentally obtained structure of the T1
domain of the potassium channel Kcnal. For the online visualisation, the structure was imported
from RCSB PDB (PDB: 1EXB) to PolyView2D. For the local visualisation, the structure was

downloaded and visualised using three different programs (Jalview, CLC Viewer, UniPro UGene).
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These are the same structure features displayed in the previous figure from RSCB PDB. Note the
slight difference in the boundaries between PolyView and the others.

Creating your own structure models:

SwissModel:

Since predicting structures using complex and advanced methods like Alpha Fold is complex and
computationally intensive, it might not be available for general users (no server where you can
simply submit sequences to predict the structure). If your protein is not already on the Alpha Fold
database, you may need to create your own model. Here, homology modelling comes handy as it is
much simpler and faster. It is possible to search for templates with known structure and use these to

predict the structure of a similar protein in SwillModel (https:/swissmodel.expasy.org/interactive/).

Take a protein accession number from uniprot and try to create a structure model using SwissModel
(this may take 10-15 minutes if your sequence is not too long). You will get the 3D visualisation on
the right-hand side and the 2D visualisation on the left-hand side (it is hidden by default; you will
have to click on Model-Template Alignment). When looking at the 3D structure, click on the settings
(the ‘gear’ icon) and see how different secondary structure prediction methods change the boundaries

of the predicted helices/sheets.
JPred:

If you are only interested in the secondary structure and do not want to bother with 3D folding, there
are some servers that are dedicated for this. JPred is one of those (https://

www.compbio.dundee.ac.uk/jpred/). You can put a protein sequence and simply wait for the results.
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LAB 2

Figure(9): 2D predicted secondary structure of the PMSI1 protein structure using homology

modelling (using PMS2 as a model). Helices (rectangles) and sheets (arrows) are shown in different

colours.
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red 4

Incorporating Jnet

A Protein Secondary Structure Prediction Server

I I 2 e I )

Results

After much trouble and strife, Bob the scheduling penguin has retrieved your results! Rejoice. For your pleasure the
following viewing options are available. You may bookmark this page for future reference although data is not kept on
the server for more than two days.

» View results summary in SVG - displayed below (details on acronyms used):
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Figure(10): predicted structure of the protein Ribulose Phosphatase using JPred. Compare this to the
experimental structure found in RCSB PDB (PDB: 6kyi).
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Lab 3—PROTEIN TERTIARY STRUCTURE VISUALISATION
Objective:

By the end of lab3 (comprising the lab including its boxes, and the lecture) you should know:
¢ Know the main methods for determining protein structure.

*  Be familiar with Protein Database records and how to determine which method was used
to ascertain a given protein’s structure;
In this lab, we will visit the online protein structure repository, the Protein Data Bank (PDB), and

will obtain models for the tertiary structure of several proteins.
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Protein Data bank :

ince 1971, the Protein Data Bank archive (PDB) has served as the single repository of

information about the 3D structures of proteins, nucleic acids, and complex assemblies.

The Worldwide PDB (wwPDB) organisation manages the PDB archive and ensures that the
PDB is freely and publicly available to the global community.

PDBe (protein data bank Europe ) is a founding member of the Worldwide Protein Data Bank which
collects, organises and disseminates data on biological macromolecular structures. In collaboration
with the other Worldwide Protein Data Bank (wwPDB) partners, we work to collate, maintain and
provide access to the global repository of macromolecular structure models, the Protein Data Bank
(PDB).

The PDB archive is a repository of atomic coordinates and other information describing proteins and
other important biological macromolecules. Structural biologists use methods such as X-ray
crystallography, NMR spectroscopy, and cryo-electron microscopy to determine the location of each
atom relative to each other in the molecule. They then deposit this information, which is then
annotated and publicly released into the archive by the wwPDB.
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Figure(1): Protein Data Bank world wide.
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Nature Structural Biology 10, 980 (2003)
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> Distributing PDBx/mmCIF-Formatted Assembly
Files

The PDB archive now
distributes assembly files in
PDBx/mmCIF format,
allowing direct access and
visualization of curated
assemblies for all PDB
entries.

Read more

03/18/2022

ModelCIF, an extension of
PDBx/mmCIF for computed
structure models, is now

available. A software library
' called python-modelcif has
been developed to support

ModelCIF and enables
reading and writing mmCIF
files compliant with
ModelCIF.

Read more

03/16/2022
> CASP15 Call for Targets

CASP (Critical Assessment of

C - protein Structure Prediction)
A ) is in search for targets for the
S . upcoming CASP15 modeling
P experiment (starting in May
15 2022).

Read more

All News

Cite wwPDB:

Nature Structural Biology 10, 980 (2003)

doi: 10.1038/nsb1203-980

More publications
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Box1: wwPDB Partners

RCSB PDB

RCSB PDB (RCSB.org) is the US data centre for the global Protein Data Bank (PDB) archive of
3D structure data for large biological molecules (proteins, DNA, and RNA) essential for research
and education in fundamental biology, health, energy, and biotechnology.

PDBe

Is the founding member of the Worldwide Protein Data Bank which collects, organises and
disseminates data on biological macromolecular structures.

PDBj

PDBj (Protein Data Bank Japan) is a project team operating under the Joint Usage and Research

activities of the Institute for Protein Research, Osaka University.

BMRB

Biological Magnetic Resonance Data Bank

BMRB collects, annotates, archives, and disseminates spectral and quantitative data derived from

NMR spectroscopic investigations of biological macromolecules and metabolites.

EMDB

The Electron Microscopy Data Bank is a public repository for electron cryo-microscopy maps
and tomograms of macromolecular complexes and subcellular structures. It covers a variety of
techniques, including single-particle analysis, electron tomography, sub-tomogram averaging,

fibre diffraction and electron crystallography.
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Figure(2) : Input page of RCSB PDB

LAB3

-Connect to PDB through the RCSB portal ( the black arrow): http://www.rcsb.org/pdb/home/

home.do and type “PAX6” in the search field at the top of the page and click on Go.
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-What is the Structure Summary page?
For any PDB entry, the Structure Summary page provides an overview of the structure. It presents
information about the structure, what the structure looks like, which macromolecules and small
molecule ligands it contains, which experimental method(s) were used to determine the structure,
who solved the structure, what the quality of the structure is, which publications describe this
structure, etc. All information pertaining to the structure in the PDB and in other bioinformatics data
resources can be found here.
-Each section of the Structure Summary page is described here to describe

*  What does the interface look like for this section?

*  What can you learn about the structure from this section?

*  How to explore the archive to find related structures?

-Let us explore the different section of PDB result .

-Move to 3D view section where you can see 3D visualisation.

HUOD FUD veposit v Searcn v visuanze v  Analyze v vownioaa v Leamn v more v vocumentauon v Lareers

A4

Figure(5): 3D visualisation of PAX6 gene.
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-What is the 3D View?

The real value of PDB data is the opportunity to visualise molecular structures and analyse them in
three-dimensions (3D). Each PDB entry has a 3D View tab that can be used to upload the coordinate
file(s) of the structure and display them for interactive analysis using Mol*. Detailed information
about using the visualisation tool is available in the Mol* Documentation. Here we introduce the tool
in the context of exploring a specific structure.

-The interface

The Mol* tool, used in the 3D View tab, simultaneously displays the molecules in the structure in 3D
and the sequences of polymers present in the structure, as well as any ligands, ions, water molecules

etc.

-The 3D canvas is where the molecule is displayed. Moving your mouse in this region of the screen
allows you to move (rotate, translate, and zoom into) the structure.

-The sequence panel is marked with a horizontal box with a red outline. This can be used to click on
any one or a group of amino acids to centre on them and zoom in to see the non-covalent interactions

around it or them.

-The Controls panel provides options for you to display, hide, change representations, and color the
polymer chains and ligands displayed.

RCSB PDB  Deposit + Search ~ Visualize v Analyze ~ Download ~ Learn v More ~ Documentation ~ Careers
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Figure(6): Sequence view of PAX6.
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-The Sequence Summary page is mostly used to integrate information about various aspects of the
polymer being studied from various data resources. However, in the row displaying the UniProt

sequence.

-The interactive sequence display provides a quick summary of the protein and nucleic acid
polymers present in the structure. They help integrate information from a variety of resources and
map them on the structure in an easily accessible format. Exploring this page can inform you about
the structure and functions of the polymer - where the active site, binding site, etc. are located; where
the hydrophilic and hydrophobic regions are located; where the mutations (if any) are present; and

much more.

-The first row in the display lists the sequence of the protein from the PDB entry.
-The second row shows the reference sequence in a purple rectangle - e.g., UniProt.

-The data directly derived from the PDB or computed based on data from the PDB are marked with a
blue line on the left of the display.

-Annotations integrated from various bioinformatics resources are marked with an orange line on the
left of the display.

The display is interactive so you can zoom in and out to examine the sequence(s).

- Inthe sequence section, press and explore it
S f  6PAX | CRYSTAI @
- Y =] - equence of :
IPIDES 3D Protein Feature View: 6PAX Help - Hack | Sertnes of L X1 0 & S
ABGCATTTICACGCATGAGT GCACAG 6PAX | CRYSTAL STRUCTURE OF ... (1l
CRYSTAL STRUCTURE OF THE HUMAN PAX-6 PAIRED DOMAIN-DNA COMPLEX REVEALS A
GENERAL MODEL FOR PAX PROTEIN-DNA INTERACTIONS Type Assembly
Chain p AsmId  1: Author Defined Asse...
C [auth... Paired box protein Pax-6 - Homo sapiens Help v N
Dynamic Bonds X Off
— T T T T T T T T ®
0 10 20 30 40 50 60 70 80 90 100 110 120 130 [
PDB INSTANCE Clauth A] Q -
UNIPROT P26367 = 1 Residue Selected ®
SECONDARY STRUCTURE I [ I E . v
ROTAMER OUTLIER o o ° ® o ° = % Measurements
BINDING CHAIN Afauth B] I 1
BINDING CHAIN B[auth C] n | | & Q Structure Motif Search
BURIED RESIDUES | | 11 I © Components 6PAX
HYDROPATHY LI B b B e B | [Q Preset + Add =
DISORDER . l . I Water BalaStick & §
DISORDERED BINDING AR et [
I — 3
PFAM B [auth C] Caoon & @O
CATH C [auth A] Caoon ® @

SCOoP

Unit Cell P21 21 21

%

ECOD # Density
MOLECULE PROCESSING
GENOME VARIANT @[@co fas @0 @00 0 o o @ © Quality Assessment
DNA BINDING
REGION I 1 I |
SEQUENCE SPLICING I ¥ Export Models

4 Assembly Symmetry

& Export Animation
£

Export Geometry

- Figure (7): 3D PAXG6 protein Feature view.
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= For more information about how to use PDB go the help link : https://www.rcsb.org/docs/
exploring-a-pdb-entry/structure-summary-page.

= Other databases where you can visualise the 3D structure are:
o NCBI-Structure database.
o NCBI-conserved domain.

« Uniprot structure section.

« Alphafold.
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Lab 4—BASIC BLAST

Objectives:
By the end of this lab (comprising the lab including its boxes, and the lecture) you should know:
1. Know how to use BLAST.

2. Be able to use nucleotide BLAST (Blastn) to search GenBank, and be able to interpret the output

— what does the E-value tell you etc.

3. Understand the meaning of homologous, orthologous, and paralogous sequences.
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Introduction:

he Basic Local Alignment and Search Tool (BLAST) is a very powerful approach to
identifying database sequences that share local similarity to a query sequence (see below for

definitions).

One of the most important bioinformatic strategies used for the functional annotation of genes and
genomes is to predict the function of uncharacterised genes or proteins based on their similarity to
sequences with better functional annotations. BLAST is perhaps the single most important tool for

finding database sequences that are similar to a query sequence of interest.
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Box 1. BLAST and Homology

There is a very important chain of assumptions used in biological research that is generally
followed when using BLAST: Homologous genes share sequence similarity

* Orthologous genes have the highest similarity among multiple species

* Orthologous genes most likely have similar functions

 Consequently, sequences that are most similar between multiple species share similar functions

Note, it is very important to understand that these are only assumptions, and there are many
reasons and instances where these assumptions prove to be false. Nevertheless, they are a

reasonable starting place.
Definitions:

Similar sequences — sequences that share a significant number of residues (nucleotides
or amino acids). Sequences can be similar due to homology or simply by chance. The

higher the similarity between sequences, the more likely they are to be homologous.

Homologous sequences — sequences that are related through common ancestry.
Homology is qualitative — two sequences either are, or are not related through common
ancestry. Homologous sequences can vary greatly in their level of similarity — from 100%
to 0%.

Orthologous sequences — sequences that are related through a past speciation event.

Orthologous sequences are assumed to share common functions.

Paralogous sequences — sequences that are related through a past gene duplication event.
Genes often diverge in function after duplicating; therefore, paralogous sequences are not

assumed to share a common function.
Query sequence — your sequence; the sequence you are interested in finding more about.

High Scoring Segment Pair (HSP) — ‘hits’ to the database. A subsequence match

between your query sequence and a database sequence returned by BLAST.
Local alignment — a sequence alignment that extends only across part of the sequence.

Global alignment — a sequence alignment that extends across the entire sequence (from
end to end).

43



BIOINFORMATIC PRACTICAL MANUAL LAB 4

1. First, we need a query sequence for the search. Let’s start with our given gene again, but this
time we’ll the nucleotide sequence corresponding to the protein sequence, not the protein
sequence. First try finding the gene’s DNA sequence using GQuery again.

* On the Search NCBI Databases (GQuery) Portal (All Databases) page, search for your given Gene
sequence again using the search box Using the Gene ( PMS1)

* The first page that comes up is the summary page. Once you’re on this page you can move to the
database of interest. In this case you probably don't have hits in too many databases since you had a

very specific search.

* Choose the Gene link.
- Does the Gene page give you the gene sequence alone?
-What do you get instead?

Note the context specific link menus that pop up when you hover over the graphic of the gene with
your mouse pointer. You can click on the green boxes denoting the exons of the gene to get links to
various sequences and analyses associated with the gene. Note that the green track is a composite of
the mRNA and CDS tracks — click on either the NM_ or NP_ number to see the deconvolution of the
green track.

PP ic regi ripts, and prodi Al 7| Books
_ CcDps
Go to reference sequence details
Genomic Sequence: NC_000002.12 Chromosome 2 Reference GRCh38.p14 Primary Assembly & # 0 2 PMS1
Gene: PMS1
Go't Name: PMS1 homolog 1, mismatch repair system component
RNA title: mRNA-PMS1 homolog 1, mismatch repair system component, transcript
£ NC_000002.12 + | Find: v ] in == 3 variant 1
== ¢I E> a @ = ~ Protein title: PMS1 protein homolog 1 isoform a
89,778 K [189.780 K 189,790 K __[essie K 189820 K [189.830 K [189.840 K Protein comment: isoform a is encoded by transcript variant 1
Merged features: NM_000534.5 and NP_000525.1
Genes, MANE Project (release v1.0) d O Location: 189,784,450..189,877,629

[Length)
ORMOL1 Span on NC_000002.12: 93,180 nt

p—e———s—t— N1016467S Aligned length: 3,156 nt
T PR 1 CDS length: 2,799 nt
T Y ———— o - = Z 3 = - Protein length: 932 aa
3 | gees3ac 3 5 1 e & (Qualifiers]

Status: MANE Select

Genes, NCBI Hofo sapiens Annotation Release 110, 2022-04-08 (; v Download FASTA: NP_000525.1
NM_000534.5
g NM_000534.5 exons
781 exon B e
331 Links & Tools
1 CCDS: CCDS2302.1

1 Ensembl: ENSP00000406490.3
by E
t GenelD: 5378 (PMS1)
HGNC: 9121

MIM: 600258

BLAST mRNA: NM_000534.5

BLAST Protein: NP_000525.1
BLAST nr: NC_000002.12 (189,784,450..189,877,629)

BLAST to Genome: NP_000525.1
NC_000002.12 (189,784,450..189,877,629)

NM_
FASTA record: NP_000525.1
NM_000534.5
GenBank record: NP_000525.1

NM_000534.5
Graphical View: NP_000525.1
000534.5

Figure (1): Part of the Gene page for PMS1 homologous 1, showing pop-up to sequence links. 1.
Click the green bars to make mRNA and protein tracks appear; 2. Hover over the mRNA track to see
info panel; 3. Click on NM_000534.5 link to see GenBank record.
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* Click on the mRNA link (NM_000534.5 — the “M” in the accession number denotes mRNA — you
may notice that this record is identical to the “RefSeq” record you accessed in a different way in Step
10 of the first lab) and select GenBank View (you may need to scroll to the right to access this link;
see Figure 1). This takes you to the mRNA that encodes the protein you have been looking at. Notice
the feature list in the record. One Feature in the GenBank record is gene, and corresponds to base
position 1-3156 on this record. Another features is the coding sequence (CDS), which corresponds to
base position165-2963.

a. Given your biology background knowledge, why do you think these are different?

* On the pop-up on the Gene page click on the Nucleotide Link NM_000534.5 , and select GenBank
View. This takes you to the genomic region that encodes the mRNA you were just looking at. Notice
how the gene feature corresponds to positions 1-3156, while the mRNA feature corresponds to
positions 145..296, 297-479, 480-582, 583-746, and 747-863, 864-986, 987-1130, 1131-2020,
2021-2506, 2507-2637, 2638-2798, 2799-3156 and the CDS feature corresponds to positions
165..2963.

b. Again, why are these different? Tip: recall the Central Dogma of Molecular Biology.

*  Let's return the mRNA record we were previously working with (NM_000534.5). Click on
the CDS link. Now you are looking at the information for the coding sequence, as opposed to

the whole gene or protein (highlighted in brown ).

e  Using the “Display: FASTA” option in the grey bar at the bottom of the page generate a
FASTA-formatted version of the CDS.

*  Now you have the sequence in the most basic and easily managed format — FASTA format.
FASTA format is simply a header line that starts with a >’ followed by text describing the
sequence, and then the actual sequence beginning on the next line. The sequence can be
either DNA or protein, and may be continuous (scrolling off the page), or cut into more
manageable lengths typically ranging between 60-80 residues.

Figure 10. Sequence in FASTA text format.

2. Let’s do some BLASTing! Use the “Run BLAST” link in the “Analyze This Sequence” part of the
webpage. [Or open a new tab or window in your browser and go back to the NCBI home page
(www.ncbi.nlm.nih.gov), then select BLAST from the Resources dropdown along the top, under the
DNA&RNA subsection].
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GenBank « Send to: »
Change region shown »
Homo sapiens PMS1 homolog 1, mismatch repair system component (PMS1), =
. . ustomize view -
transcript variant 4, mRNA
NCBI Reference Sequence: NM_001289408.2
FASTA  Graphics Analyze this sequence =
Run BLAST
Goto: ()
- 7 rimers
LOCUS NM_001289408 3053 bp mRNA linear PRI 08-MAY-2022 Highlight Sequence Features
DEFINITION Homo sapiens PMS1 homolog 1, mismatch repair system component oo g u
(PMS1), transcript variant 4, mRNA. Find in this Sequence
ACCESSION  NM_001289408
VERSION NM_001289408.2
KEYWORDS RefSeq.
SOURCE Homo sapiens (human) Articles about the PMS1 gene &
ORGANISM Homo sapiens ot : 28 K
T = : g Investigation of discordant sibling pairs from
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; z
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini; heraditary breast cancer.fai [Cancer Genet. 2022]
Catarrhini; Hominidae; Homo. A proximity-dependent biotinylation map of a
REFERENCE 1 (bases 1 to 3053) human cell. [Nature. 2021]
AUTHORS Landry KK, Seward DJ, Dragon JA, Slavik M, Xu K, McKinnon WC,
Colello L, Sweasy J, Wallace SS, Cuke M and Wood ME. Dual proteome-scale networks reveal cell-
TITLE Investigation of discordant sibling pairs from hereditary breast specific remodeling of the human inte [Cell. 2021]
cancer families and analysis of a rare PMS1 variant
JOURNAL  Cancer Genet 260-261, 30-36 (2022) Seeall...
PUBMED 34852986
REMARK GeneRIF: Investigation of discordant sibling pairs from hereditary
12200, S =111 i3 8 R 1 10 K LR (e L e ST e T R oL T —

Figure (2): Run blast option on the left bar of gene database of NCBI

-There are lots of options here. Since our sequence is a nucleotide sequence, we want to do a

nucleotide blast.

blastx tblastn tblastx

BLASTN search

prog| using a ide query. more...

Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) © Clear
NM_001289408.2

Query subrange @
o
4 T[]

Or, upload file Choose File no file selected (2]

Job Title [ ‘

Enter a descriptive title for your BLAST search e

[__J Align two or more sequences @

Reset page

Figure(3): The blastn query page, with optimisation for “Somewhat similar sequences (blastn)”

selected.

* On the BLAST page, note that under the Enter Query Sequence section, the NCBI system has

automatically entered the accession number (but you can also enter a GI number, or FASTA
sequence) and subrange (we’ll be searching with just the coding sequence part of the mRNA
sequence). You could also copy-and-paste the FASTA formatted CDS sequence you found as in
without defining a subrange — you should be clear on the difference between an mRNA sequence

and coding sequence at this point...
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Box 2:A. Query Input and database selection

LAB 4

The query sequence(s) to be used for a BLAST search should be pasted in the 'Search' text area.

BLAST accepts a number of different types of input and automatically determines the format or

the input. To allow this feature there are certain conventions required with regard to the input of

identifiers (e.g., accessions or gi's). These are described in 3) below.
Accepted input types are FASTA, bare sequence, or sequence identifiers .
Upload file

This function allows users to upload a text file containing queries formatted in FASTA format.

The file can also contain sequence identifiers instead of FASTA sequences.

Query subrange

A segment of the query sequences can be used in BLAST searching. You can enter the range in

the "Form" and "To" boxes provided under "Query subrange" to specify the position of this

segment. For example to limit matches to the region from 24 to 200 of a query sequence, you

would enter 24 in the "From" field and 200 in the "To" field. If one of the limits you enter is out

of range, the intersection of the [From,To] and [1,length] intervals will be searched, where length

is the length of the whole query sequence.
Query Genetic Code

Genetic code to be used in blastx and tblastx translation of the query. See list of Genetic Codes in

Taxonomy.

e —
Enter Query Sequence
Enter gi(s), or FASTA © ciear Query subrange @
NM_001289408.2
= Fom [ ]
To
Or, upload file Choose File no file selected (2}

Job Title |

Enter a descriptive title for your BLAST search @

U Align two or more sequences e

Choose Search Set

Database @ standard databases (nr etc.): O rRNAITS O Genom Nipt O Betaco
[ Nucleotide collection (nr/nt) hd

Organi O

Optional \ | exclude (Add Sgnism )

Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown @

Exclude Models (XM/XP) [ Ui i sample

Optional

Limit to L__J Sequences from type material

Optional

Entrez Query { ] YoulllllJ Create custom database

Optional Enter an Entrez query to limit search @

Program Selection
Optimize for @ Highly similar sequences (megablast)
O More dissimil i i
) Somewhat similar sequences (blastn)
Choose a BLAST algorithm @

BLAST Search database Nucleotide collection (nr/nt) using Megablast (Optimize for highly similar sequences)

___| Show results in a new window

Figure(4) : BLAST search parameters.
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Box 3 :B. BLAST Search Parameters

Limit by Organism

A BLAST search may be limited by organism. The entry field will suggest completions once a
user starts typing. A checkbox will exclude rather than include the organism in the search.

Limit by Entrez Query

A BLAST search can be limited to the result of an Entrez query against the database chosen. This
restricts the search to a subset of entries from that database fitting the requirement of the Entrez

query. Terms normally accepted by Entrez nucleotide or protein searches are accepted here.

Examples are given below.Scan the sections of the page. You have quite a bit of control over how

the algorithm runs (particularly if you click [+] Algorithm parameters near the bottom.

-We want to query the full NCBI database; limit the search to human database .The nr database is the

non-redundant collection of sequences in GenBank.

Choose Search Set

Database @ Standard databases (nr etc.): O rRNATS databases Genomic + transcript databases () Betacoronavirus
v Nucleotide collection (nr/nt) ] (2]
Organism RefSeq Select RNA sequences (refseq_select) |
Optionss Reference RNA sequences (refseq_rna) ° eo'm
RefSeq Representative genomes (refseq_representative_genomes) "
gxcluc‘le RefSeq Genome Database (refseq_genomes)
ptional 2
Limit to Whole-genome shotgun contigs (wgs)
Optional Expressed sequence tags (est) E
Entrez Query Sequence Read Archive (SRA) J Youllll} Create custom database

Optional
Transcriptome Shotgun Assembly (TSA)

Targeted Loci(TLS)
Program Selec High throughput genomic sequences (HTGS)
Optimize for Patent sequences(pat)
PDB nucleotide database (pdb)
Genomic survey sequences (gss)
Sequence tagged sites (dbsts)

BLAST Search d Nucleotid llection (nr/nt) using N b (Optimize for highly similar sequences)

Show results in a new window

Figure(5): databases options.
*  Change the Program Selected / Optimised for to Somewhat similar sequences (blastn).

*  Note all the small question mark icons around the page pink search above. Click any one of
these to find out more about the associated parameter. For example, by clicking the question
mark in the Program Selection section you get a very brief summary of the different methods.
By clicking more you jump to a new page with full documentation for the algorithms.
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Program Selection
Optimize for @® Highly similar sequences (megablast)
O More dissimilar sequences (discontiguous megablast)
O somewhat similar sequences (blastn)
Choose a BLAST algorithm @

Figure (6):program selection parameters.

a. When would you want to use megaBLAST? What about discontinuous megaBLAST? (if you

have time, try each to see how your results differ)

*  Megablast is intended for comparing a query to closely related sequences and works best if
the target percent identity is 95% or more but is very fast.

*  Discontiguous megablast uses an initial seed that ignores some bases (allowing mismatches)
and is intended for cross-species comparisons.

. BlastN is slow, but allows a word-size down to seven bases.

- Algorithm parameters

(_Restore default search parameters )

General Parameters

Max target 100 v

Select the maximum number of aligned sequences to display (2]

Short queries A ically adjust p s for short input sequences @
Expect threshold (2]
Word size 2]

Max matches in a [ 0 ]e
query range e

Scoring Parameters

Match/Mismatch [12v]®
Scores :
Gap Costs

[ Linear V ] (2]

Filters and Masking

Filter Low complexity regions (2]
[ species-specific repeats for: | Homo sapiens (Human) v @
Mask Mask for lookup table only @

[_] Mask lower case letters @

BLAST Search i ion (nr/nt) using Megablast (Optimize for highly similar sequences)

__ Show results in a new window

Figure (7):Algorithm parameters for blastn.

*  Open the Algorithm Parameters near the bottom.
e  What is the Expect threshold?
e What would happen if you decreased it? Increased it?
e What would be the effect of increasing the Word size?

e Why is there a Low complexity regions filter? Should we keep it on?
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*  Make sure you have your query sequence entered in the input box, and check the box next to
Show results in a new window near the BLAST button. Now (finally) click the BLAST

button.

*  While BLAST is running or after the search is complete you can choose to adjust the format
of the search results by clicking on the Format options link. We won’t do this right now, as

the defaults usually work fine.

rs
eneral Parameters

Max target 100 v

sequences Select the maximum number of aligned sequences to display &
Short queries Automatically adjust parameters for short input sequences &
Expect threshold 10 @

Word size n ~@

Max matches in a 0 @
query range
Scoring Parameters

Match/Mismatch 23 - @
Scores

Gap Costs ‘Existence: 5 Extension:2 v @
Filters and Masking
Filter Low ity regions @&
Species-specific repeats for: Homo sapiens (Human) - @
Mask Mask for lookup table only @

Mask lower case letters &

Search datab. Nucleotid llection (nr/nt) using Blastn (Optimize for somewhat similar sequences)
Show results in a new window

Figure(8): custom Algorithm parameters.

Box 4:Word-size :

BLAST is a heuristic that works by finding word-matches between the query and database
sequences. One may think of this process as finding "hot-spots" that BLAST can then use to
initiate extensions that might eventually lead to full-blown alignments. For nucleotide-nucleotide
searches (i.e., "blastn") an exact match of the entire word is required before an extension is
initiated, so that one normally regulates the sensitivity and speed of the search by increasing or
decreasing the word-size. For other BLAST searches non-exact word matches are taken into
account based upon the similarity between words. The amount of similarity can be varied. The
webpage allows the word-sizes 2, 3, and 6.
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Box 5 : Algorithm parameters for BLAST:
Filter

*  Filter (Low-complexity) This function mask off segments of the query sequence that
have low compositional complexity, as determined by the SEG program of Wootton and
Federhen (Computers and Chemistry, 1993) or, for BLASTN, by the DUST program of
Tatusov and Lipman. Filtering can eliminate statistically significant but biologically
uninteresting reports from the blast output (e.g., hits against common acidic-, basic-or
proline-rich regions), leaving the more biologically interesting regions of the query
sequence available for specific matching against database sequences.

Filtering is only applied to the query sequence (or its translation products), not to database
sequences. Default filtering is DUST for BLASTN, SEG for other programs.

It is not unusual for nothing at all to be masked by SEG, when applied to sequences in
SWISS-PROT or refseq, so filtering should not be expected to always yield an effect.
Furthermore, in some cases, sequences are masked in their entirety, indicating that the
statistical significance of any matches reported against the unfiltered query sequence
should be suspect. This will also lead to search error when default setting is used.

*  Filter (Human repeats) This option masks Human repeats (LINE's, SINE's, plus
retroviral repeats) and is useful for human sequences that may contain these repeats.
Filtering for repeats can increase the speed of a search especially with very long
sequences (>100 kb) and against databases which contain large number of repeats (htgs).
This filter should be checked for genomic queries to prevent potential problems that may
arise from the numerous and often spurious matches to those repeat elements.

For more information please see "Why does my search timeout on the BLAST servers?"
in the BLAST Frequently Asked Questions.

*  Filter (Mask for lookup table only) BLAST searches consist of two phases, finding hits
based upon a lookup table and then extending them. This option masks only for purposes
of constructing the lookup table used by BLAST so that no hits are found based upon low-
complexity sequence or repeats (if repeat filter is checked). The BLAST extensions are
performed without masking and so they can be extended through low-complexity
sequence.

*  Mask Lower Case With this option selected you can cut and paste a FASTA sequence in
upper case characters and denote areas you would like filtered with lower case. This
allows you to customise what is filtered from the sequence during the comparison to the
BLAST databases.

One can use different combinations of the above filter options to achieve optimal
search result.
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Descriptions Graphic Summary Alignments Taxonomy

Q hover to see the title & click to show alignments Alignment Scores [ll<40 [l40-50 [I]50-80 [@80-200 [>=200 @

10 sequences selected (2} A 2 i % 5
Distribution of the top 15 Blast Hits on 10 subject sequences

& - Query | 8
1 600 1200 1800 2400 3000

Figure (9): Graphic summary result of BLASTn PMSI.

At the very top is the job summary, which simply shows details about your query and the database

searched. You can find more details about your search by clicking Search Summary.

*  How many sequences are in the nt/nr database?

*  What sequences are not included in the nt/nr database? (Trick question: this
information is actually available by clicking on the question mark beside the Database option

on the input page!)

National Library of Medicine

National Center for Biotechnology Information

BLAST @ » blastn suite » results for RID-87DYXVFR013 Home RecentResults Saved Strategies Help
< Edit Search Save Search Search Summary v © How to read this report? @ BLAST Help Videos 'OBack to Traditional Results Page

I € Your search is limited to records that exclude: models (XM/XP), uncultured/environmental sample sequences

Job Title ref[NM_001289408.2| Filter Results

RID 87DYXVFRO13 Search expires on 05-18 22:57 pm Download All v

Program BLASTN@ Citation v Organism only top 20 will appear | | exclude

Database nt See details v ‘ ‘
=+ Add organism

Query ID NM_001289408.2

Description Homo sapiens PMS1 homolog 1, mismatch repair syste: ... Percent Identity E value Query Coverage

Molecule type  nucleic acid ‘ ‘ to { ‘ ‘ ‘ to \ ‘ [ ’ to ’ ‘

Query Length 3053

Other reports Distance tree of results MSA viewer @ m
Descriptions Graphic Summary Alignments Taxonomy

Sequences producing significant alignments Download ~  Select columns > Show @ x
2
select all 10 sequences selected GenBank Graphics Distance tree of results ~ MSA Viewe E
D i Scientific N Max Total Query E Per. Acc. m
esc:p o Clen'f @M€ Score Score Cover value Ident  Len Accession
v - v - v v
n Homo sapiens PMS1 homolog 1, mismatch repair system component (PMS1), transcript variant 4, mMRNA Homo sapiens 5638 5638 100% 0.0 100.00% 3053 NM 001283408.2

Figure(10): Summary page of BLASTn result.
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»-Next is the Graphic Summary. Scroll your mouse over the coloured bars. c. What do the coloured

bars mean?

. How does the colour code work?

*  What information is displayed in the box near the top of the graphic summary?

*  What do you notice about the significance values as you move down the graphical

summary?

*  What is the genus and species of the top (best) hit?

*  What happens if you click on one of the entries?

* The Descriptions section is next, listing:

Graphic Summary Alignments Taxonomy

Sequences producing significant alignments

select all 10 sequences selected

Description
v

Mus musculus PMS1 homolog 1, mismatch repair system component (Pms1), mMRNA

Mus musculus targeted non-conditional, lacZ-tagged mutant allele 1700019A02Rik:tm1e(EUCOMM)Hmgu; tran

Mus musculus BAC clone RP24-481M4 from chromosome 1, complete sequence

CECHCH<N<H<E<N<N<N<

Mus musculus BAC clone RP23-9019 from 1, complete sequence

Figure(11): Blastn output descriptions

*  Max Score — the alignment bit score

Mus musculus postmeiotic segregation increased 1 (S. cerevisiae), mMRNA (cDNA clone MGC:36491 IMAGE:53...

Mus musculus 10 days neonate cerebellum cDNA, RIKEN full-length enriched library, clone:B930091C19 produ...

Mus musculus targeted KO-first, conditional ready, lacZ-tagged mutant allele 1700019A02Rik:tm1a(EUCOMM)...

Mus musculus 9.5 days embryo parthenogenote cDNA, RIKEN full-length enriched library, clone:B130019E04 ...

Mus musculus targeted KO-first, conditional ready, lacZ-tagged mutant allele Pms1:tm1a(EUCOMM)Hmgu tm1...

Select columns ¥ Show (2]

Download ~
GenBank Graphics
Scientific Max  Total
Name Score Score
v v v
Mus musculus 1812 2151
Mus musculus 1812 2151
Mus musculus 1009 1348
...Mus musculus 394 394
Mus musculus 394 394
Mus musculus 394 886
Mus musculus 339 339
Mus musculus 196 196
Mus musculus 196 196
Mus musculus 196 196

Distance tree of results

Query
Cover
-
88%
88%
63%
15%
15%
48%
10%
5%
5%
5%

E

value
v

0.0
0.0
0.0
3e-106
3e-106
3e-106
1e-89
9e-47
9e-47

9e-47

Per.
Ident

v
80.75%
80.75%
78.35%
81.52%
81.52%
81.52%
85.32%
87.21%
87.21%
87.21%

Acc.

Len
v

3077
3045
2204
37857
37900
179082
3054
38014
38000
256751

Description [hyperlinked to corresponding Alignment(s) in Alignments section]

MSA Viewer

Accession

NM_153556.2
BC028939.1
AK140689.1
JN957801.1
JN953826.1
AC129288.3
AK045010.1
JN948157.1

AC122925.3

*  Total Score — another alignment bit score which may differ from the Max Score if

your query matched a single database entry in multiple regions.

*  Query Coverage — what percent of the query had similarity to the database hit.
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*  E-value — probably the best measure of hit quality. Smaller numbers mean better
hits, with 0.0 being the best value possible.
*  Identity — the highest identity found between query and HSP.
*  Accession — linked to the indicated sequence at NCBI

How many sequence matches are listed for this query sequence? How are they ordered? (you can
sort these segments in other ways, like by identity, score, and query start position.)

What happens if you click the Accession hot-link?

What happens if you click the Alignments hot-link?

Descriptions Graphic Summary Taxonomy

AIignmentviewI Pairwise v | [ ] cDs feature (2] Download v

10 sequences selected (2]

& Download v GenBank Graphics sortby: | E value v | v Next <«Descriptions
Mus musculus PMS1 homolog 1, mismatch repair system component (Pms1), mRNA
Seq ID: NM_153556.2 Length: 3077 Number of Matches: 2
Range 1: 580 to 2921 GenBank Graphics ¥ Next Match Related Information
Score Expect Identities Gaps Strand Gene- associate'd gene details
1812 bits(981) 0.0 1934/2395(81%) 61/2395(2%) Plus/Plus GEO Profiles - microarray
Q 478  AGGTACAACTGTAACTGCTTTAAGATTATTTAAGAATCTACCTGTAAGAAAGCAGTTTTA 537 R
uery PubChem BioAssay - bioactivity
sbjct sso  AGCTALMUIAMLH ctMacHeHHAAAM Ul AAMAAHHA 630 sereaning

Genome Data Viewer - aligned
Query 538 CTCAACTGCaaaaaaatitaaaﬁﬁaaataaaaaaGATCCAAGATCTCCTCATGAGCTT 597

OO YNy T i
coser 700 M HML ol MOl acr A ARCEERC AT e
cover 00 MMM DS OLR as
arer s20 dootll Mool AU M 5re
soyer 300 HellWenc MU ACAH NG oae

Query 837  TCATCTTCATAAACAGTCGACCAGTACATCAAAAAGATATCTTAAAGTTAATCCGACATC 896

nsm 030 HARHARMAHLGLUSALI AMA A At AAS At cer 006

B Feedback

Figure (12): Blastn output alignments
Finally we get down to the actual HSP Alignments.

*  Compare the information presented for the first HSP alignment to the first entry in

the graphical summary and HSP summary.

*  Asyou scroll down the alignments, you will see the alignment quality drop — that is,

the e-value increases.

54



BIOINFORMATIC PRACTICAL MANUAL LAB 4

1. What do the vertical bars ( | )represent between the Query and the Subject (database sequence)?

What does Strand=Plus/Plus, Strand=Plus/Minus mean? Hint: are genes always in the same direction

on a piece of chromosomal DNA?

* Go back to the top of the page and click Formatting options. Change the Alignment View to Query-

anchored with dots for identities. Click Reformat and score down to the HSP alignment section.

Describe the difference between this format and the previous format. Can you imagine cases where
the different formats might be most useful?

o. Play with these format options to get a feel for what they mean.

* Return the formatting to the original Pairwise format. Go back to the graphical summary. If there

are any low-scoring segments (i.e.: green or blue-coded blocks), click on one.

o What is 1ts E-value?

*  Does it have a high percent identity? If so, why would BLAST give it such a
poor E-value?

* Do you think these hits are homologous? Why or why not?
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Box 6:Alignment View

Pairwise: The databases alignments are displayed as pairs of matches between query and
subject sequence. A middle line between the query and subject sequence displays the status
of a letter. For protein alignments (e.g, BLASTP/BLASTX/TBLASTN), identities present
the letter, conservative substitutions present a "+", and nothing otherwise. For nucleotide
alignments (e.g., BLASTN and megaBLAST) a "|" is shown for matches and nothing for
mismatches. This is the default view.

Pairwise with dots for identities: The databases alignments are anchored (shown in
relation to) to the query sequence in pairwised fashion with mismatches colored in red.
Subject will be in red and bold font if a line in the alignment contains mismatches. See
example below.

Query-anchored with dots for identities: The databases alignments are anchored (shown
in relation to) to the query sequence. Identities are displayed as dots (.), with mismatches
displayed as single letter abbreviations.

Query-anchored with letters for identities: Identities are shown as single letter
nucleotide abbreviations.

Flat Query-anchored with dots for identities: The 'flat' display shows inserts as deletions
on the query. Identities are displayed as dots (.), with mismatches displayed as single letter
abbreviations.

Flat Query-anchored with letters for identities: The 'flat' display shows inserts as

deletions on the query. Identities are shown as single letter abbreviations.

Further Reading

Chapter 2 “Information Organization and Sequence Databases” in Concepts in Bioinformatics and

Genomics by Jamil Momand and Alison McCurdy, Oxford University Press, 2017. pp 21-37.

SF Altschul , TL Madden , AA Schaffer , J Zhang , Z Zhang , W Miller , and DJ Lipman (1997)
Gapped BLAST and PSI-BLAST: a new generation of protein database search programs. Nucl.
Acids Res. 25: 3389-3402.

NM Luscombe, D Greenbaum, M Gerstein (2001) What is bioinformatics? An introduction and
overview. Yearkbook of Medical Informatics 2001:83.

CA Kerfeld, KM Scott (2011) Using BLAST to Teach *“E-value-tionary’” Concepts. PLoS Biol 9(2):
e1001014. http://dx.doi.org/10.1371/journal.pbio.1001014.
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Lab S—MULTIPLE SEQUENCE ALIGNMENT

Objectives:

By the end of this lab (comprising the lab including its boxes, and the lecture )you should:
1-Understand How to use MUSCLE.
2-Understand how to use Clustal W.

3-Differentiate between different sequence alignment tool.
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Clustal Omega:

lustal Omega is a new multiple sequence alignment program that uses seeded guide trees and
HMM profile-profile techniques to generate alignme58!nts between three or

more sequences. For the alignment of two sequences please instead use our pairwise

sequence alignment tools.

# EMBL-EBI Services Research Training Industry About us (o} EMBL-EBI Hinxton ~

Clustal Omega

Web services Help & Documentation Bioinformatics Tools FAQ ‘ ®: Feedback

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 v

sequences in any supported format:

y

Or, upload a file: choose File no file selected Use a example sequence | Clear sequence | See more example inputs

Figure (1): Clustal Omega Sequence Input Window.

Step 1 - Sequence

Sequence Input Window

Three or more sequences to be aligned can be entered directly into this box. Sequences can be in
GCG, FASTA, EMBL (Nucleotide only), GenBank, PIR/NBRF, PHYLIP or UniProtKB/Swiss-Prot

(Protein only) format.
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Sequence File Upload

A file containing three or more valid sequences in any format (GCG, FASTA, EMBL (Nucleotide
only), GenBank, PIR, NBRF, PHYLIP or UniProtKB/Swiss-Prot (Protein only)) can be uploaded and

used as input for the multiple sequence alignment.

Sequence Type( PROTEIN, DNA, and RNA).

Protein Protein 8)[PAX6 ° D
Create alert Advanced Help
Species Summary ~ 20 per page ~ Sort by Default order ~ Send to: »  Filters: Manage Filters
Animals (4,246)
Plants (40) -
Fungi (5) Results by taxon
Bacteria (1) Top Organisms [Tree]
Customize ... Mus musculus (520)
i H i 152)
Source databases GENE Was this helpful? ol " P:"\“:’r:;'g:y‘::s( (67;
PDB (3) . Pongo abelii (65)
RefSeq (3,479) PAX6 — paired box 6 Rattus norvegicus (67)
UniProtKB / Swiss-Prot (44) . All other taxa (3443)
Customize ... Hom fens (buman) More...
Also known as: AN, AN1, AN2, ASGDS5, D11S812E, FVH1, MGDA, WAGR
Genetic Gene ID: 5080
compartments . v~
Mitochondrion (1) RefSeq transcripts (53) ~ RefSeq proteins (51) ~ RefSeqGene (1) ~ PubMed (398) Find related data
S Database: Select
Sequence length { Orthologs J { Genome Data Viewer ] [ BLAST J [ Download }
Custom range...
Molecular weight
Custom range...
Reloase date RefSeq Sequences * | search details ~
Custom range... PAX6 [A11 Fields]
Revision date
Custom range... Items: 1 to 20 of 4308
4
Selected: 6 Page 1 of216 Next> Last>>
Clearall
Search See more...
Show additional filters Pax6 [Mus musculus musculus
1. 64 aa protein
Accession: CAC83743.1 Gl: 17385424 =
Nucleotide ~PubMed  Taxonomy Recent activity
GenP ical P N FASTA G N Tum Off Clear
Q PAX6 (4308)
M- ! [E ! ] Protein
2. 146 aa protein [ PAXS, partial [Homo sapiens]
o e T in”in a new tab 18658.1 Gl: 1663646 Protein

Figure (2): PAX6 search result on NCBI protein database.

-GO to NCBI protein database and search PAX6 gene, then download the FASTA for 6 different

sequences.
-Then upload the file into the sequence upload window in the Clustal omega.

-After you upload your file then click on Submit.
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Clustal Omega

Input form ‘ Web services Help & Documentation ‘ Bioinformatics Tools FAQ

Tools > Multiple Sequence Alignment > Clustal Omega

Results for job clustalo-120220820-174936-0677-96546417-p2m
Result Summary ' Guide Tree | Phylogenetic Tree | Results Viewers = Submission Details

Download Alignment File | Show Colors

CLUSTAL 0(1.2.4) multiple sequence alignment

BAF51689.1 MRKSNKHNGTNQLGGNFVNGRPLPNQTRQEIIKL 34
BAF51690.1 MRKSNKHNGTNQLGGNFVNGRPLPNQTRQEIIKL 34
AAY27075.1 MEGLAAEDPMNRALTAQKNFYSALDFSGTDLGHSGVNQLGGAFVNGRPLPDSTRQKIVEL 60
AB070134.1 MQNSHSGVNQLGGVFVNGRPLPDSTRQKIVEL 32
AMB21744.1 ———————— MP—————~ TKEEEQQKKNRPKRGHSGVNQLGGVFVNGRPLPDSTRQRIVEL 45

kKo kkkokk kkokkkkkk 1L kkk, kD Ik

BAF51689.1 AYSGARACDISRILQ VSNGCVSKILCRYNETGCFEPRTIGGSKPRV 80

BAF51690.1 AYSGARACDISRILQ-- ——=VSNGCVSKILCRYNETGCFEPRTIGGSKPRV 80

AAY27075.1 AHSGARPCDISRILQ VSNGCVSKILARYYETGSIKPRAIGGSKPRV 106
AB070134.1 AHSGARPCDISRILQTHADAKVQVLDNQNVSNGCVSKILGRYYETGSIRPRAIGGSKPRV 92

AMB21744.1 AHSGARPCDISRILQ-————————————- VSNGCVSKILGRYYETGSIRPRAIGGSKPRV 91

kkckkk skekkckkokokok skokrckkokokk ko kekk. 1ok kekekkokokkok
BAF51689.1 ATNHVIQYIAQYKRECPSIFAWEIRDRLLNNAVCTQENVPSISSINRVLRNLQTGNIKDI 140
BAF51690.1 ATNHVIQYIAQYKRECPSIFAWEIRDRLLNNAVCTQENVPSISSINRVLRNLQTGNIKDI 140
AAY27075.1 ATPEVVNKIADYKRECPSIFAWEIRDRLITENVCNSDNIPSVSSINRVLRNFQNDKMVGS 166
AB070134.1 ATPEVVSKIAQYKRECPSIFAWEIRDRLLSEGVCTNDNIPSVSSINRVLRNLASEKQQ-- 150
AMB21744.1 TTPEVVQKIAQYKRECPSIFAWEIRDRLLSEAVCNQDNIPSVSSINRVLRNLTSDTQKSP 151
kKDL kKR IeRokekokkkkkkkkkK D 4 1 KK. o DK IRK DRKRKKKkRKKK |

BAF51689.1 SSHSTYTTDYQPRHEIGYATNWAFPREMFTQNLSN 175
BAF51690.1 SSHSTYTTDYQPRHEIGYATNWAFPREMFTQNLSN 175
AAY27075.1 SPPSS———-I--SWSPDTTANWPFA—————- ANSS-—VDFGTPSADS ----------- TK 201
AB070134.1 MGADGMYDKL--RMLNGQTGSWGTRPGWYPGT-SVP PT 187
AMB21744.1 LCQSPIYDKF——GLLNGO——SWPRPSPWYTPGAPMHGIGMTTPYPSOPRSPTHPIPEKKE 207
BAF51689.1 —————————- SS—————-, AEQSSMSNVLQDTPVKKKSQRNRTSFSAEQLKTMDEHFQQSH 219
BAF51690.1 ~  —————————- SS—————-, AEQSSMSNVLQDTPVKKKSQRNRTSFSAEQLKTMDEHFQQSH 219
AAY27075.1 DTS—————-, ASSISASDEDRVKEDPDIQARLQLKRKLQRNRTSFTQQQIESLESEFERTH 255
AB070134.1 QDGCQQQEGGGENTNSISSNGEDSDEAQMRLQLKRKLQRNRTSFTQEQIEALEKEFERTH 247
AMB21744.1 ITNCSSQGSNG————- S——AHNGETDEQMRMRLKRKLQRNRTSFTNAQIEALEKEFEKTH 260

https://www.ebi.ac.uk/Tools/services/rest/clustalo/result/clustalo-120220820-174936-0677-96546417-p2m/aln-clustal_num

Figure (3): Alignment result of Clustal Omega.

What does (*, : , .) denotes?

Results for job clustalo-120220820-174936-0677-96546417-p2m
Alignments ‘ Guide Tree ‘ Phylogenetic Tree ‘ [ Results Viewers ‘ Submission Details

Input Sequences
clustalo-120220820-174936-0677-96546417-p2m.input

Tool Output
clustalo-120220820-174936-0677-96546417-p2m.output

Alignment in CLUSTAL format with base/residue numbering
clustalo-120220820-174936-0677-96546417-p2m.clustal_num

Guide Tree
clustalo-120220820-174936-0677-96546417-p2m.dnd

Phylogenetic Tree
clustalo-120220820-174936-0677-96546417-p2m.ph

Percent Identity Matrix
clustalo-120220820-174936-0677-96546417-p2m.pim

Figure (4): Result summary of Clustal Omega.
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Clustal Omega

Input form ‘ Web services Help & Documentation Bioinformatics Tools FAQ ®; Feedback

Tools > Multiple Sequence Alignment > Clustal Omega

Results for job clustalo-120220820-174936-0677-96546417-p2m
Alignments = Result Summary Phylogenetic Tree Results Viewers = Submission Details

Download Guide Tree Data

Phylogram
Branch length: © Cladogram Real
BAF51689.1 0

—
| — BAF51690.1 0

AAY27075.1 0.257282

ABO70134.1 0.224771

AMB21744.1 0.224771

Figure (5): Guide tree of Clustal Omega.

BOX1: Multiple Sequence Alignment online tools:
COBALT (Constraint-based Multiple Alignment Tool) New

COBALT computes a multiple protein sequence alignment using conserved domain and

local sequence similarity information.
ClustalW (everybody uses it),

MUSCLE (very fast)

BOX 2: Cabalistic signs:

(*) A star indicates an entirely conserved column.

(1) A colon indicates columns where all the residues have roughly the same size and the
same hydropathy.

(.) A period indicates columns where the size OR the hydropathy has been preserved in

the course of evolution.
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MUSCLE:

USCLE stands for MUItiple Sequence Comparison by Log-Expectation.
MUSCLE is claimed to achieve both better average accuracy and better speed than
Clustal W2 or T-Coftee, depending on the chosen options.
MUSCLE enables high-throughput applications to achieve average accuracy comparable to the most
accurate tools previously available, which is expected to be increasingly important in view of the
continuing rapid growth in sequence data.
Multiple alignments of protein sequences are important in many applications, including phylogenetic

tree estimation, secondary structure prediction and critical residue

MUSCLE

Input form Web services Help & Documentation Bioinformatics Tools FAQ | ®. Feedback

Tools > Multiple Sequence Alignment > MUSCLE

Multiple Sequence Alignment

MUSCLE stands for MUItiple Sequence Comparison by Log- Expectation. MUSCLE is claimed to achieve both better average accuracy and better speed than ClustalW2
or T-Coffee, depending on the chosen options.

Important note: This tool can align up to 500 sequences or a maximum file size of 1 MB.
STEP 1 - Enter your input sequences

Enter or paste a set of sequences in any supported format:

4

Or upload a file: choose File  no file selected Use a example sequence | Clear sequence | See more example inputs

STEP 2 - Set your Parameters

Figure (6): MUSCLE Sequence input box.
Upload the same file used in Clustal Omega. To compare.

Click submit and run the tool.
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MUSCLE

Input form ‘ Web services ‘ Help & Documentation Bioinformatics Tools FAQ ®, Feedback

Tools > Multiple Sequence Alignment > MUSCLE

Results for job muscle-120220820-203235-0604-25506255-p1m
Result Summary Phylogenetic Tree Results Viewers = Submission Details
Download Alignment File ' Hide Colors

CLUSTAL multiple sequence alignment by MUSCLE (3.8)

BAF51689.1 MRKSN KHNGTNQLGGNFVNGRPLPNQTRQEIIKL
BAF51690.1 =  ————————————mrf MRKSN=————mm e e e KHNGTNQLGGNFVNGRPLPNQTRQEIIKL
AAY27075.1 MEGLAAEDPMNRALTAOKNFVSALDFSGTDLGHSGVNOLGGAFVNGRPLPDSTRQKIVEL
AB070134.1 SHSGVNQLGGVFVNGRPLPDSTRQKIVEL
AMB21744.1 ] MPTKEEEQQKKN——————— RPKRGHSGVNQLGGVFVNGRPLPDSTRQRIVEL

¥ * ok koklolok SkokokooloRoRok L LRk K Dk

BAF51689.1 AYSGARACDISRILQ ~=VSNGCVSKILCRYNETGCFEPRTIGGSKPRV
BAF51690.1 AYSGARACDISRILQ- VSNGCVSKILCRYNETGCFEPRTIGGSKPRV
AAY27075.1 AHSGARPCDISRILQ ~~VSNGCVSKILARYYETGSIKPRAIGGSKPRV
AB070134.1 AHSGARPCDISRILQTHADAKVQVLDNQNVSNGCVSKILGRYYETGSIRPRAIGGSKPRV
AMB21744.1 AHSGARPCDISRILQ-====mmmmmmmm! VSNGCVSKILGRYYETGSIRPRAIGGSKPRV

2k, kR oK sokoiololoioloiok ok ok, 1okl Diskokoiololok
BAF51689.1 ATNHVIQYIAQYKRECPSIFAWEIRDRLLNNAVCTQENVPSISSINRVLRNLQTGNIKD-
BAF51690.1 ATNHVIQYIAQYKRECPSIFAWEIRDRLLNNAVCTQENVPSISSINRVLRNLQTGNIKD-
AAY27075.1 ATPEVVNKIADYKRECPSIFAWEIRDRLITENVCNSDNIPSVSSINRVLRNFQNDKM-——
AB070134.1 ATPEVVSKIAQYKRECPSIFAWEIRDRLLSEGVCTNDNIPSVSSINRVLRNLASEKQQ-—
AMB21744.1 TTPEVVQKIAQYKRECPSIFAWEIRDRLLSEAVCNQDNIPSVSSINRVLRNLTSDTQKSP

B I e I N e e S
BAF51689.1 ISSHSTYTT-— ~~DYQPRHEIGYATNWAFPREMF -~ -
BAF51690.1 ISSHSTYTT- DYQPRHEIGYATNWAFPREMF: -
AAY27075.1 VGSSPPSSI-— ~SWSP-~--DTTANWPFAANSS VDFGTPSA
AB070134.1 MGADGMVDKLRMLNGDTGSW** GTRPGWY-PGTSV~- PGQPTQ
AMB21744.1 LCQSPIYDKFGLLNGQ-—SW-— PRPSPwYTPGAPMHGIGMTTPYPSOPRSPTHPIP
BAF51689.1 ~~TQNLSNSSAEQSSMSNVLQDTP-~~~--~VKKKSQRNRTSFSAEQLKTMDEHFQQSHY
BAF51690.1 ~~TQNLSNSSAEQSSMSNVLQDTP-—-—-—---VKKKSQRNRTSFSAEQLKTMDEHFQQSHY
AAY27075.1 DSTKDTSASSISASDEDRVKEDPD-IQARLQLKRKLQRNRTSFTQQQIESLESEFERTHY
AB070134.1 DGCQQQEGGGENTNSISSNGEDSDEAQMRLQLKRKLQRNRTSFTQEQIEALEKEFERTHY

Figure (7): Colored sequence alignment of MUSCLE.

MUSCLE

Input form ‘ Web services ’ Help & Documentation ’ Bioinformatics Tools FAQ

Tools > Multiple Sequence Alignment > MUSCLE

Results for job muscle-120220820-203235-0604-25506255-p1m
Alignments Result Summary Results Viewers  Submission Details

Download Phylogenetic Tree Data

Phylogenetic Tree

This is a Neighbour-joining tree without distance corrections.

Branch length: © Cladogram Real
I BAF51689.1 0
| L BAF51690.1 O
| AAY27075.1 0.20388

ABO70134.1 0.14367
AMB21744.1 0.16677

Figure (8): phylogenetic tree of MUSCLE.

63



BIOINFORMATIC PRACTICAL MANUAL LAB S5

NOTE:

-It is common to find conserved tryptophans. Tryptophan is a large hydrophobic residue that sits
deep in the core of proteins. It plays an important role in their stability and is therefore difficult to

mutate.

-It is common to find conserved columns with a glycine or a proline in a multiple alignment. These

two amino acids often coincide with the extremities of well-structured beta strands or alpha helices.

-Cysteines are famous for making C-C (disulphide) bridges. Conserved columns of cysteines are
rather common and usually indicate such bridges. Columns of conserved cysteines with a specific

distance provide a useful signature for recognizing protein domains and folds.

-Histidine and serine are often involved in catalytic sites, especially those of proteases. Conserved

histidine or a conserved serine are good candidates for being part of an active site.

-K (Lysine), R (Arginine), D (Aspartic Acid), E (Glutamic Acid)These charged amino acids are often
involved in ligand binding. Highly conserved columns can also indicate a salt bridge inside the core
of the protein.
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Lab 6 —VARIANT ANNOTATION AND SCORING:
Objectives:

By the end of this lab (comprising the lab including its boxes, and the lecture )you should:

1. To Know how to use and interpret data on SNP database and ClinVar.

2. To be able to interpret variants according to ACMG guidelines.
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SNP database:

he dbSNP has been designed to support submissions and research into a broad range of
biological problems. These include physical mapping, functional analysis,
pharmacogenomics, association studies, and evolutionary studies. Because dbSNP was
developed to complement GenBank, it may contain nucleotide sequences from any organism.
dbSNP only assigned RefSNP for human organisms as an outcome of the recent collaborations with
EMBL-EBI European Variation Archive (EVA). dbSNP Build 152 (November 2018) contains more

than 650 million human RefSNP records, of which over 580 million records have population

frequency data.

National Library of Medicine

National Center for Biotechnology Information

dbSNP o
Advanced Help

dbSNP

dbSNP contains human single nucleotide variations, microsatellites, and small-scale insertions and deletions along with
publication, population frequency, molecular consequence, and genomic and RefSeq mapping information for both
common variations and clinical mutations.

Getting Started Submission Access Data
dbSNP 20th Anniversary How to Submit Web Search
Overview of dbSNP Hold Until Published (HUP) Policies eUtils API

About Reference SNP (rs) Submission Search Variation Services
Factsheet FTP Download
Entrez Updates (May 26, 2020) Tutorials on GitHub

You are here: NCBI > Variation > Database of Single Nucleotide Polymorphisms (dbSNP)

Support Center

s,

k

Figure(1):dbSNP start page.

In the search box write PMSI.
See the result page.

Answer the following questions
1. How many SNPs are returned?

Look at the right bar .What do you see?
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Box(1):

You can access the dbSNP through the Entrez Gene page again, use the ‘Links’ menu on the right
side to view the link out choices and select the ‘SNP’ option.

This will automatically query the Entrez SNP database for all SNPs in dbSNP for the any gene

for species you are viewing (i.e., ‘homo sapiens’).

== An omcial wepsite Of tne United States government Here's how you know v

National Library of Medicine

National Center for Biotechnology Information

doSNP w8 pust

Create alert Advanced Help
Clinical Display Settings: + Summary, 20 per page, Sorted by SNP_ID Send to: »  Filters: Manage Filters
Significance
benkan Find related data -
likely benign Search results mcirelaingod
pathogenic Database: Select 2]

Items: 1 to 20 of 34158 Page 1 0f1708 Next> Last>>

Validation Status

by-ALFA

by-cluster rs1145231 [Homo sapiens]

by-frequency 1

Publication Variant type: SHV: Search details -
Alleles: T>C  [Show Flanks)] :

Litvar Annotated Chromosome: 2:189854453 (GRCh38) PMS1[ALL Fields]

PubMed Cited

2:190719179 (GRCh37)
Canonical SPDI: NC_000002.12:189854452:T:C
Gene: PMS1 (Varview), LOC105373796 (Varview)
Functional Consequence:

PubMed Linked

Function Class
inframe deletion

%

intron_variant,missense_variant,genic_downstream_transcript_variant,non_coding_transcript_variant,coding_s

Search

inframe indel PR A " See more...
inframe insertion Cllrflcal significance: benign,not-provided
initiator codon variant Validated: by frequency,by alfa,by cluster
intron MAF: C=0.001963/443 (ALFA) R T— =
S €=0.000259/1 (ALSPAC) ecent activity
non coding transcript variant (;:0'00027/1 (TWINSUK) 2 Tum onSlea
synonymous ...more Q PMS1(34158)
HGVS: NC_000002.12:9.189854453T>C, NC_000002.11:9.190719179T>C, SNP
Variation Class NG_008648.1:9.75369T>C, NM_000534.5:c.1181T>C, NM_000534.4:¢.1181T>C,
del NM_001321047.2:c.1181T>C, NM_001321047.1:c.1181T>C, [ The Single Nucleotide Polymorphism
delins MLE ANAANIALE Nie 4404TLN RIS ANINNANLE 4.a 4404 TN — Database (dbSNP) of Nucleotide Sequence
bl PubMed LitVar Q_ pmsi[gene] (92)
miny ClinVar
Annotation rs1145232 [Homo sapiens] Q_ BRCA1(35717)
somatic 2. SNP
Variant type: SNV
Global MAF Alleles: G>A  [Show Flanks] Q_ BRCA1 AND (inframe indel[Function_Class])

Figure(2) : dbSNP result page of PMSI.

2. Below the search box and tabbed menu choices (i.e., ‘Advanced search,' etc), the ‘Display’ feature
menu to show this list as a ‘FASTA’. The page should automatically update when you make your
selection.

3. In the ‘Send To’ drop down menu, select the ‘Text’ option. The page should Update the results in
plain text format. This selection can be directly copied to a file on your computer.

4. Use the ‘BACK’ button on your browser. Alternatively this data can be “Sent To’ a ‘File’ directly,

that is saved on your computer.
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Box(2): Definitions.

Variant type:An alteration in the most common DNA nucleotide sequence. The term variant
can be used to describe an alteration that may be benign, pathogenic, or of unknown
significance.

Canonical:the longest transcript, though not necessarily the most biologically relevant
MAF:the frequency at which the second most common allele occurs in a given population.

Press on any SNP rs:

Now explore the page which you encountered

dbSNP Short Genetic Variations

Examples: rs268, BRCA1 and more Advanced search

0 Welcome to the Reference SNP (rs) Report
All alleles are reported in the Forward orientation. Click on the Variant Details tab for details on Genomic Placement, Gene, and Amino Acid
changes. HGVS names are in the HGVS tab.

Reference SNP (rs) Report
LDownload 3 @ B ©

€ Switch to classic site

Current Build 155
Released April 9,2021

Organism Homo sapiens Clinical Significance Reported in ClinVar
Position chr2:189854453 (GRCh38.p13) @ Gene: Consequence PMSI : Missense Variant
LOC105373796 : Intron Variant
Alleles T>C
Publications 2 citations
Variation Type SNV Single Nucleotide Variation /WitVar@
Frequency €=0.014783 (3913/264690, TOPMED)
€=0.003907 (977/250058, GnomAD_exome) Genomic View Seers on genome

C=0.001963 (443/225696, ALFA) (+ 11 more)

Frequency Variant Clinical HGVS Submissions History Publications Flanks
Details Significance

ALFA Allele Frequency

B Feedback

Figure(3): Reference SNP report with rs1145231.

This page reports data for a single dbSNP Reference SNP variation (RefSNP or rs) from the new
redesigned dbSNP build.

Top of the page reports a concise summary for the rs, with more specific details included in the
corresponding tabs below.

All alleles are reported in the Forward orientation. Use the Genomic View to inspect the nucleotides
flanking the variant, and it's neighbours.

For more information see Help documentation.
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& Download ©

Search:

Study “  Population Group Sample Size Ref Allele Alt Allele
rreTroToTaay FeSTEnT Suo oo T o
The PAGE Study PuertoRican Sub 7918 T=0.9898 C€=0.0102
The PAGE Study NativeHawaiian Sub 4534 T=0.9982 C=0.0018
The PAGE Study Cuban Sub 4230 T=0.9891 C=0.0109
The PAGE Study Dominican Sub 3828 T=0.9726 C=0.0274
The PAGE Study CentralAmerican Sub 2450 T=0.9910 €=0.0090
The PAGE Study SouthAmerican Sub 1982 T=0.9924 C=0.0076
The PAGE Study NativeAmerican Sub 1260 T=0.9929 C=0.0071
The PAGE Study SouthAsian Sub 856 T=0.999 C=0.001
TopMed Global Study-wide 264690 T=0.985217 C=0.014783
UK 10K study - Twins TWIN COHORT Study-wide 3708 T=0.9997 C=0.0003
South Asian Sub 296 T=1.000 C=0.000 '

Figure(4): Allele frequency tables.

-Frequency tab displays a table of the reference and alternate allele frequencies reported by various
studies and populations.

-Table lines, where Population="Global" refer to the entire study population, Whereas lines, where
Group="Sub", refer to a study-specific population sub-groupings (i.e. AFR, CAU, etc.), if available.
-Frequency for the alternate allele (Alt Allele) is a ratio of samples observed-to-total, where the
numerator (observed samples) is the number of chromosomes in the study with the minor allele
present (found in "Sample size", where Group="Sub"), and the denominator (total samples) is the
total number of all chromosomes in the study for the variant (found in "Sample size", where Group =

"Study-wide" and Population = "Global").
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Genomic regions, transcripts, and products TopA @
a ; ety .
Choose placement GRCh38.p13 (NC_000002.12) & See rs1145231 in Variation Viewer
0 £ NC_000002.12 + | Find: vl Q Q= T A Tools~ | ¥ Tracks» ¥, Download » & 7 ~
54,400 189,854,410 189,854,420 189,854,430 189,854,440 IEE rs1145231 8 EEEIRG |189.854.470 189,854,480 189,854,490 189.854.500
AAAGAATTATTCAAATGT TGATACTTCAGTCATTCCATTCCAARATGATATGCATAATGATGAATCTGGAAAAAACACTGATGATTGTTTAAATCACCAGATAAG
Genes, NCBI Homo sapiens Annotation Release 110, 2022-04-08 "TRRY 0 0@
> > > >
ClinVar variants with precise endpoints “, (2L 100 x
135057 a c 1338580 [l 6
189854469
Live RefSNPs, dbSNP bl55 v2 o oD 100 x
66/6 rs2055103066 M T/6 5768772690 W C/6 5761838436 M R/G rs760960503 BN 6/T | rs1486404163 B8 T/A rs766607361 EEmm—— TGATGAT/TGAT  rs750862528 W8 A/G
5921891115 B8 T/C rs779635658 MR A/G rs767757337 W8 C/6 rs1145231 jl T/C 5746511496 r5777655415 EEmm— CACCA/CA
rs763001065 B A/6 rs1288776103 MR 6/R/C rs1458691405 B C/T  rs1238300469 M 6/A rs779867265 IR 66/6 rs2055110392 W 6/R rs868155651 IW C/T rs205511182
6/C r51236835013 W A/C 51382511375 W C/T  rs750642262 B A/G rs145374126 W A/C/G rs1176545632 MR A/C 5766147034 I A/C 516255631
rs774486487 I8 A/C rs766742199 IR A/T)| rs205510809¢ W 6/T rs756743623 I A/6/T rs1559305696 &R 6/- rsi
r5754255687 B8 TYC rs567192785 B T/6 5891976152 B8 A/6
rs2095107652 B A/G r51449160010 B8 T/C
51291764318 B8 A/6
rs1246361610 B8 A/6
Clinical, dbSNP b155 v2 s 100 x
rs1145231 [ T/C rsi
Cited Variations, dbSNP b155 v2 MU @ L00x
rs1145231 | T/C
1000 Genomes Phase 3, dbSNP b155 v2 [ Y 100 x
rs1145231 [ T/C  rsS67192785 B8 T/6
§plice Donor Regicn variations, dbSNP b1SS5 v2 (7Y L00x
Jarming: No track data found in this range
Splice Acceptor Region Variations, dbSNP b155 v2 s 100 x
Jarning: No track data found In this range
Missense Variations, dbSNP b155 v2 1 100 x
52055103066 W T/6 5769772690 M C/6 5767757337 BB C/6 rs1145231 [ T/C  rsS67192765 MM T/6 rs756743623 ME A/G/T  rs2065110392 BN G/A rs868155651 B8 C/T rS205511182
751236835013 M8 A/C r51288776103 B8 6/A/C rs750642262 B A/G rs145374126 W A/C/6 891976152 B8 A/G 5768147034 B A/C r51025563
rs774486487 W A/C rs760960503 IR 6/T rs1486404163 W T/R rs780862528 I A/6 rs
rs766742199 W A/T| | rs2055106096 B 6/T
rs1238300469 B 6/A rsi291764318 BB A/6
53045107652 B8 A/G
Frameshift Variations, dbSNP bl55 v2 [ 100 x
66/6 rs746511496 EEENNNNNNEE ARRRRA/ARARRARA rs1559305696 B 6/-
rs779867265 IR 66/6
54,400 189,854,410 189,854,420 189,854,430 189,854,440 |189,854|450 189,854,460 189,854,470 189,854,480 189,654,490 |189.854,500

Figure(5): Genomic region using NCBI Graphical Sequence Viewer.

-NCBI Graphical Sequence Viewer display of the genomic region, transcripts and protein products
for the reported RefSNP (rs).

-Use the zoom option to view the nucleotides around the RefSNP and find other neighboring
RefSNPs.

-Visit Sequence Viewer for help with navigating inside the display and modifying the selection of
displayed data tracks.

What is a Reference SNP?

- The dbSNP Reference SNP (rs or RefSNP) number is a locus accession for a variant type assigned
by dbSNP.

-The RefSNP catalog is a non-redundant collection of submitted variants which were clustered,
integrated and annotated. RefSNP number is the stable accession regardless of the differences in
genomic assemblies.

-RefSNP numbers facilitate large-scale studies in association genetics, medical genetics, functional

and pharmacogenomics, population genetics and evolutionary biology, personal genomics, and
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precision medicine. They provide a stable variant notation for mutation and polymorphism analysis,

annotation, reporting, data mining, and data integration.

Distinguishing RefSNP Features

Non-redundancy and globally unique accession series (1)

Composed from over 2 billion Submitted SNP (ss) from thousands of submitters.

More than 20 years of tracking histories for all assigned, merged, and deleted RefSNP.
Annotated and linked to the latest human assembly and RefSNP nucleotide and protein
sequences.

Updates to reflect current knowledge of sequence data and biology

Data validation.

Ongoing curation and annotation by NCBI staff and collaborators.

Searchable across variation and genomic databases

Supported and reported in open-source and commercial software and tools.

Over 400K RefSNP are in ClinVar

Cited in over 51K publications with biological, functional, disease, and clinical information
for variants across the genomes (2,3.4)

Linked to many NCBI internal and external resources such as ClinVar, PubMed,
PubMedCentral, RefSeq, UCSC, EBI, TopMed, and GnomAD.

Supports consistent reporting and non-redundant variation annotations across related
sequences including alternate haplotypes, GRC patches, and future graph genomes if the

alignment or sequence relationship is known.

Variation Type

Despite its name, RefSNP is assigned to all variation types listed below with precise locations for

both common and rare variations, including mutations. Most are typically small variations (<=

50bp).

Single nucleotide variation (SNV)
Short multi-nucleotide changes (MNV)
Small deletions or insertions

Small STR repeats
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*  retrotransposable element insertions
dbSNP Accession Types
Submitted SNP (ss) — submitted variant based on asserted location or flanking sequences
Reference SNP (rs) - Non-redundant set of variations based on clustering of SS’es of same variant

type and sequence position.
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ClinVar:

linVar is a freely accessible, public archive of reports of the relationships among human

variations and phenotypes, with supporting evidence. ClinVar thus facilitates access to and

communication about the relationships asserted between human variation and observed
health status, and the history of that interpretation.
ClinVar processes submissions reporting variants found in patient samples, assertions made
regarding their clinical significance, information about the submitter, and other supporting data. The
alleles described in submissions are mapped to reference sequences, and reported according to the
HGVS standard. ClinVar then presents the data for interactive users as well as those wishing to use
ClinVar in daily workflows and other local applications. ClinVar works in collaboration with
interested organizations to meet the needs of the medical genetics community as efficiently and

effectively as possible. Read more about using ClinVar.

Here's NOwW you know Vv

National Library of Medicine

National Center for Biotechnology Information

ClinVar ClinVar @

Advanced Help

Home About ¥ Access ¥ Help « Submit Statistics ~ FTP «

ACTGATGGTATGGGGCCAAGAGATATATCT ClinVar
CAGGTACGGCTGTCATCACTTAGACCTCAC
CAGGGCTGGGCATAAAAGTCAGGGCAGAGC ClinVar aggregates information about genomic variation and its relationship to human health.

CCATGGTGCATCTGACTCCTCAGGAGAAGT
GCAGGTTGGTATCAAGGTTACAAGACAGGT
GGCACTGACTCTCTCTGCCTATTGGTCTAT

Using ClinVar Tools Related Sites
About ClinVar ACMG Recommendations for Reporting of Incidental ClinGen
5 Findings "
Data Dictionary GeneReviews ®
5 ClinVar Submission Portal

Downloads/FTP site GTR®
Submissions

FAQ MedGen
Variation Viewer

Contact Us OMIM ®
Clinical Remapping - Between assemblies and "

Factsheet Variation

RefSeqGenes

Submitter highlights

B Feedback

We gratefully acknowledge those who have submitted data and provided advice during the development of ClinVar.
Follow us on Twitter to receive announcements of the release of new datasets.

Want to learn more about who submits to ClinVar?

Figure(6): ClinVar start page.
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-ClinVar is an active partner of the ClinGen project, providing data for evaluation and archiving the

results of interpretation by recognised expert panels and providers of practice guidelines. ClinVar

archives and versions submissions which means that when submitters update their records, the

previous version is retained for review. Read more about submitting data to ClinVar.

-ClinVar supports submissions of differing levels of complexity. The submission may be as simple as
a representation of an allele and its interpretation (sometimes termed a variant-level submission), or
as detailed as providing multiple types of structured observational (case-level) or experimental
evidence about the effect of the variation on phenotype.

-A major goal is to support computational (re)evaluation, both of genotypes and assertions, and to
enable the ongoing evolution and development of knowledge regarding variations and associated
phenotypes.

Implementation

-A preliminary view of ClinVar was launched in 2012, with the first full public release in April 2013.
The initial dataset included variations from OMIM, GeneReviews, some locus-specific databases
(LSDB), contributing testing laboratories, and others. ClinVar is an active participant in the ClinGen
project, leading to improved content and representation of that content. ClinVar continues to evolve
in response to the needs of the clinical genetics community.

Scope

-ClinVar accepts variants in any part of the genome and interpreted for any type of condition.

ClinVar currently includes clinical assertions for variants identified through several methods of data
collection, including clinical testing, research, and reports from the literature (literature only). See

our documentation on submitting collection method for more details.

ClinVar currently does not include uncurated sets of data from GWAS studies, although variants that
were identified through GWAS and have been individually curated to provide an interpretation of

clinical significance are in scope.
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ClinVar Clinvar 8 |PMS1[gene]|  Search |
Create alert Advanced Help
Home About ¥  Access ¥ Help Submit ¥ Statistics ¥ FTP
Clinical Tabular ~ 100 per page ~ Sort by Location ~ Download: »
significance
Conflicting interpretations (0)
Benign (28) Did you mean PMS1 as a gene symbol? Search ClinVar for PMS1
Likely benign (10) See PMS1 PMS1 homolog 1, mismatch repair system component in the Gene database
Uncertain significance (18) L
Likely pathogenic (1) 5 = = &
Pathogenic (25) (i} Showing for results for variants in the PMS1 gene. Search instead for all ClinVar records that mention PMS1
Molecular
Soneeiancs Search results
Frameshift (3) Items: 92
Missense (34)
Nonsense (3)
Splice site (0)
NcRNA (44) Variation Protein Clinical Review
Near gene (0) Gene(s) Condition(s) significance Accession
UTR (20) Location change (Lgn et status
Variation type GRCh38/hg38 2931.1-33.2(chr2:174898 AGPS, ATPSMC3, BMPR2, BOLL, CALCRL- See cases Pathogenic  criteria VCV000057301
Deletion (16) 1. 848-203941548)x1 AS1, CARF, CD28, CLK1, ALS2, ANKAR, (Aug 12,2011 provided,
Duplication (16) GRCh37: Chr2:175763576-204806271 ANKRD44, BZW1, CDK15, CHN1, single
Indel (1) GRCh38: Chr2:174898848-203941548 CHROMR, CFLAR-AS1, CERKL, CYP20A1, submitter
s ...more
Insertion (5)
Single nucleotide (59) GRCh38/hg38 2q31.1-32.3(chr2:176086 AGPS, ANKAR, ASDURF, ASNSD1, See cases Pathogenic  no VCV000155417
Variant length 2. 763-193201970)x1 C20rf88, CALCRL, CALCRL-AS1, CAVIN2, (Jun25,2013)  assertion
< 1Kb, single gene (60) GRCh37: Chr2:176951491-194066696 CAVIN2-AS1, CCDC141, CERKL, criteria
> 1kb, single gene (1) GRCh38: Chr2:176086763-193201970 CHROMR, COL3A1, COL5A2, CWC22, provided
s SN0 gone. ..more
> 1kb, multiple genes (10)
Réview statiii GRCh38/hg38 2q31.1-33.1(chr2:176304 AGPS, ALS2, ANKAR, ANKRD44, See cases Pathogenic  criteria VCV000058770
S e 3. 445-202039790)x1 ANKRD44-AS1, ANKRD44-1T1, AOX1, (Aug 12,2011)  provided,
Frachios quideting (0) GRCh37: Chr2:177169173-202904513 ASDURF, ASNSD1, BOLL, BZW1, BZW1- single 3
Expert panel 0) GRCh38: Chr2:176304445-202039790 AS1, C2CD6, C20rf66, C20rf69, C20r88, submitter
Multiple submitters (5) ...more
Single submitter (51)
At least one star (56) GRCh38/hg38 2q31.2-32.3(chr2:177827 ANKAR, ASDURF, ASNSD1, C20rf88, See cases Pathogenic  no VCV00015328.
Conflicting interpretations (0) 4. 730-195125329)x1 CALCRL, CALCRL-AS1, CAVIN2, CAVIN2- (Mar24,2014)  agsertion m
GRCh37: Chr2:178692457-195990053 AS1, CCDC141, CERKL, CHROMR, criteria
Clear all GRCh38: Chr2:177827730-195125329 COL3A1, COL5A2, CWC22, DIRC1, provided
—

Figure(7): Result Section of ClinVar.

-Check the right bar : Describe what you notice

-Click on one of the variant on the table
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.
Cll nva r Genomic variation as it relates to human health y Xpre Search ClinVar 9
Advanced search
About Access Submit Stats FTP Help Were new search queries using location, c-dot, and p-dot helpful? « @
@Te & Print & Download
NM_000534.5(PMS1):c.2766del (p.His923fs) Cite this record
(2}
Interpretation: Pathogenic
Review status: ¥ Y¢ Y ¥ no assertion criteria provided
Submissions: 1 (Most recent: Feb 21, 2021)
Accession: VCV000998151.1
Variation ID: 998151
Description: 1bp deletion
Variant details (2]
NM_000534.5(PMS1):c.2766del (p.His923fs)
Conditions Allele ID: 985851
Variant type: Deletion
Gene(s) Variant length: 1bp
Cytogenetic location: 2q32.2
Genomic location: 2:189877398 (GRCh38) GRCh38 UCSC
2:190742124 (GRCh37) GRCh37 UCSC
HGVS: Nucleotide Protein MCisciS %
consequence 8
NM_000534.5:c.2766de| (INESTEGRO | NP_000525.1:p.His923fs frameshift '§
NM_000534.5:c.2766delT (UNEEERO &
NM_001128143.2:c.2649del NP_001121615.1:p.His884fs | frameshift m
Canonical SPDI: @ NC_000002.12:189877397:TTTTTT:TTTTT
Functional consequence: -
Global minor allele -
frequency (GMAF):
Allele frequency: -
Links: dbSNP: rs2057666079
VarSome
Submitted interpretations and evidence 7]
Interpretation Review status Condition Submitter More information
(Last d) (A (Inheritance)
Pathogenic no assertion criteria provided Colorectal cancer Genomic Center,National Cancer
© Method: case-control Affected status: yes Institute
Allele origin: germli A ion: SCV001481771.1
Submitted: (Feb 21, 2021)
Functional evidence 9
There is no functional evidence in ClinVar for this variation. If you have generated functional data for this variation, please consider submitting that data to ClinVar.
Citations for this variant 0
There are no citations in ClinVar for this variation. If you know of citations for this variation, please consider submitting that information to ClinVar. g
Text-mined citations for rs2057666079 none o
These citations are identified by LitVar using the rs number, so they may include citations for more than one variant at this location. Please review the LitVar results
carefully for your variant of interest.
< 4

Figure(8): ClinVar description of variants.
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A ClinVar record contains the following elements:
1-ClinVar Accession and version
1. Submission accession number/version number separated by a decimal (SCV000000000.0)
assigned to each submitted record.
2. Reference accession number/version separated by a decimal (RCV000000000.0) assigned to
sets of submitted records about the same variation/condition pair.
3. Variation accession number/version separated by a decimal (VCV000000000.0) assigned to
sets of submitted records about the same variation.
2-Identifiers for each variant allele or allele set
1. HGVS expressions
2. Published allele names
3. Database identifiers
3-Attributes of each phenotype
1. Name
2.  Descriptions
3. Defining features
4. Database identifiers
4-Description of the genotype/phenotype relationship
1. Review status of the asserted relationship

Submitter of the assertion

2
3. Clinical significance - see full documentation on clinical significance
4. Summary of the evidence for clinical significance

Number of observations of genotype/allele in those with the phenotype
Number of observations of genotype/allele in those without the phenotype
Family studies

Description of the population sampled

In vitro studies

o o A W N =

In silico studies
7. Animal models

5. Mode of inheritance
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6. Study design

7. Citations, including URLs
Submission information

1. Submitter description

2. Dates submitted and updated

3. Data added by NCBI computation

Detailed descriptions of the data elements are available in the ClinVar Data Dictionary .

Box(4): ClinVar Accessions
Accessions, with the format SCV000000000.0, are assigned to each submitted record. If there are

multiple submitted records about the same variation/condition pair, they are aggregated within
ClinVar's data flow and reported as a reference accession with the format RCV000000000.0.
Because of this model, one variant will be included in multiple RCV accessions whenever
different conditions are reported for that variant.

Submitted records for the same variation are also aggregated and reported as an accession with
the format VCV000000000.0. This aggregation lets a user review all submitted data for a variant,

regardless of the condition for which it was interpreted.

*ClinVar archives submitted information, and adds identifiers and other data that may be
available about a variant or condition from other public resources. However ClinVar neither
curates content nor modifies interpretations independent of an explicit submission. If you have
data that differs from what is currently represented in ClinVar, we encourage you to submit your
data and the evidence supporting your interpretation. There is a submission wizard to guide you

through that process.

Represents medical phenotypes

-ClinVar aggregates the names of medical conditions with a genetic basis from such sources as
SNOMED CT, GeneReviews, Genetic Home Reference, Office of Rare Diseases, MeSH, and
OMIM®. ClinVar also aggregates descriptions of associated traits from Human Phenotype Ontology
(HPO), OMIM, and other sources. Each source of information is tracked, and can be used in queries.
Represents variations

-Human variations are reported to the user as sequence changes relative to an mRNA, genomic and
protein reference sequence (if appropriate), according to the HGVS standard. The defaults are as ‘c.’

and any protein sequence change. Genomic sequences are represented in RefSeqGene/LRG
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coordinates, as well as locations on chromosomes (as versioned accessions and per assembly name,
such as NCBI36/hgl18 and GRCh37/hgl9). Novel variations are accessioned in NCBI’s variation
databases (dbSNP and dbVar).

Represents the relationships among phenotypes and variations

ClinVar is designed to support the evolution of our understanding of the relationship between
genotypes and medically important phenotypes. By aggregating information about variations
observed in individuals with or without a phenotype, ClinVar supports establishment of the clinical

validity of human variation.
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HOPE(Have (y)Our Protein Explained)

OPE is an easy-to-use web service that analyses the structural effects of a point mutation
in a protein sequence. Input your protein sequence and the mutation and HOPE will
collect and combine available information from a series of web services and databases
and will produce a report, complete with results, figures and animations.
-To explain the molecular origin of a disease related phenotype caused by mutations in human
proteins. In this aspect HOPE resembles the aforementioned systems (PolyPhen, SIFT, ALAMUT).
HOPE we have takes the logical next step in the e-Science era in that the data gathering is done using
Web services and DAS servers.
-HOPE takes a protein 3D structure centred approach. HOPE collects information from data sources
such as the protein's 3D structure and the UniProt database of well-annotated protein sequences.
-A life-scientist friendly report is produced that explains and illustrates the effects of the mutation.
-This report is presented using an interface that is designed specifically for the intended user
community of human genetics researchers. The report is enriched with figures that illustrate the
effects of the mutation, while any residual bioinformatics jargon is linked to our in-house, online

dictionary of bioinformatics jargon. The conclusions are drawn in the report .
HOPE  BiCreate report @ Support  @About <> API

Input Sequence

Enter a protein sequence (single letter code) or a Uniprot-accession code (for example P01542)

Select a Residue to Mutate
Select Mutation

Select Modeling Method

Figure(9): Sequence deposition window.

Go to UniProt and choose the BTD gene and copy the uniprot ID P43251 to the sequence input box.
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HOPE  BiCreate report @ Support  @About  <»>API

Input Sequence

Select a Residue to Mutate

10 20 30 40 50 60 70 80 90 100

MAHAHIQGGRRAKSRFVVCIMSGARSKLALFLCGCYVVALGAHTGEESVADHHEAEYYVAAVYEHPSILSLNPLALISRQEALELMNQNLDIYEQQVMTA

110 120 130 140 150 160 170 180 190 200
|
AQKDVQIIVFPEDGIHGFNFTRTSIYPFLDFMPSPQVVRWNPCLEPHRFNDTEVLQRLSCMAIRGDMFLVANLGTKEPCHSSDPRCPKDGRYQFNTNVVF

210 220 230 240 250 260 270 280 290 300

| | | | | | | | | |
SNNGTLVDRYRKHNLYFEAAFDVPLKVDLITFDTPFAGRFGIFTCFDILFFDPAIRVLRDYKVKHVVYPTAWMNQLPLLAATEIQKAFAVAFGINVLAAN

310 320 330 340 350 360 370 380 390 400

| | | | | | | | | |
VHHPVLGMTGSGIHTPLESFWYHDMENPKSHLIIAQVAKNPVGLIGAENATGETDPSHSKFLKILSGDPYCEKDAQEVHCDEATKWNVNAPPTFHSEMMY

410 420 430 440 450 460 470 480 490 500

| | I I | | | | | I
DNFTLVPVWGKEGYLHVCSNGLCCYLLYERPTLSKELYALGVFDGLHTVHGTYYIQVCALVRCGGLGFDTCGQEITEATGIFEFHLWGNFSTSYIFPLFL

510 520 530 540

TSGMTLEVPDQLGWENDHYFLRKSRLSSGLVTAALYGRLYERD

Figure(10): Select residue to mutation box.

Now select the amino acid at position 444, which is Aspartic acid.

Select Mutation
Aleﬁne ArgiRnine Asp!:gine
Cyst(Zine GIutarrEc Acid Glut(a?nine
Glgne HisEine Isole!mine
LeuLcine Lylsfle Met:\i?nine
Pyrr(?ysine PhenyIIZIanine Pr<|:ne
Se?ne Thr;zI)—nine Selenolisteine
Trypthhan TyroYsine V::ﬁe
s

Figure (11): Selection of the substitution amino acid.

-Choose Histidine as the substitution amino acid.
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Select Modeling Method

v Original a

AlphaFold 2
- RESTART PREV SUBMIT

The original HOPE will use a PDB file when the corresponding protein structure has been solved experimentally. (95-100% match)
Whenever this is not the case, HOPE will build a homology model using an existing template (between 30-95% match).

This generally results in a protein structure prediction which can be used for further analysis.

We estimate that HOPE uses information obtained from the 3D-structure in 60-70% of the cases.

Figure(12): Modelling Method selection box.
This is new section has been added last year.
Choose the AlphaFold2 method and clic submit.

Il Now explore the result report.

Amino Acids
You are interested in the mutation of a Aspartic Acid into a Histidine at position 444.

The figure below shows the schematic structures of the original (left) and the mutant (right) amino acid. The backbone, which is the same for
each amino acid, is colored red. The side chain, unique for each amino acid, is colored black.

HQ N
O \ NH
OH
2 HoN
O o)

Figure(12):Overview of the protein in ribbon-presentation. The protein is coloured by element; a-
helix=blue, B-strand = red, turn=green, 3/10 helix=yellow and random coil=cyan. Other molecules in

the complex are coloured grey when present.
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Figure(13):Close-up of the mutation. The protein is coloured grey, the side chains of both the wild-

type and the mutant residue are shown and coloured green and red respectively.
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InterVar:

Clinical Interpretation of genetic variants by ACMG/AMP 2015 guideline.
nterVar is a bioinformatics software tool for clinical interpretation of genetic variants by the
ACMG/AMP 2015 guideline. The input to InterVar is an annotated file generated from
ANNOVAR, while the output of InterVar is the classification of variants into 'Benign', 'Likely

benign', 'Uncertain significance', 'Likely pathogenic' and 'Pathogenic', together with detailed

evidence code.

The Classify System is combing the rules from the Evid Sy The tion of our
InterVar mainly consists of two major steps: 1) automatically interpretation by 28 criteria;
and 2) manual adjustment by users to re-interpret the clinical significance.

Clinical Interpretation of genetic variants by ACMG/AMP 2015
guideline

InterVar is a bioinformatics software tool for clinical interpretation of genetic variants by the ACMG/AMP 2015 guideline. The input to InterVar is an annotated file generated from
ANNOVAR, while the output of InterVar is the classification of variants into 'Benign’, 'Likely benign', 'Uncertain significance', 'Likely pathogenic' and 'Pathogenic', together with
detailed evidence code.

Search your exonic variants from pre-built wintervar databases(updated 2022-June-13 17:57:28 with 100M sites):
If you already know the criteria of your variant, you can clik here to interpret your variant directly.

This server is for exon variants interpretation only, if you have indels, you need to download the intervar tool from github, then interpret your variant on local.
if you have cancer/somatic variant or CNV, you can click CancerVar to interpret your cancer variant directly.
if you have germline CNV, you can click CNVinter to interpret your copy number variation directly.

Please select the genomic version: hg19_updated.v.202107 %

Query by genomic coordinate

Gl s poc ieonzes et YN

Figure(14): Home page of InterVar.

Search your exonic variants from pre-built wintervar databases(updated 2022-June-13 17:57:28 with 100M sites):
If you already know the criteria of your variant, you can clik here to interpret your variant directly.

This server is for exon variants interpretation only, if you have indels, you need to download the intervar tool from github, then interpret your variant on local.
if you have cancer/somatic variant or CNV, you can click CancerVar to interpret your cancer variant directly.
if you have germline CNV, you can click CNVinter to interpret your copy number variation directly.

Please select the genomic version: hg19_updated.v.202107 &
Query by genomic coordinate
Chr{1 § POS: 115828756 Ref: G Alt: A

Query by dbSNP ID
rs.:| rs373849532

© Query by HGNC gene symbol and cDNA
Gene: BTD cDNA change: c.| D444H

Query by HGNC gene symbol and Protein Change

Gene: | KRAS Protein change: p.| G12D

Submit Reset

Figure(15): Input section of InterVar.
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Now insert any mutation you want to examine.

Clinical Interpretation of genetic variants by ACMG/AMP 2015
guideline

InterVar is a bioinformatics software tool for clinical interpretation of genetic variants by the ACMG/AMP 2015 guideline. The input to InterVar is an annotated file generated from

ANNOVAR, while the output of InterVar is the classification of variants into '‘Benign’, ‘Likely benign', ‘Uncertain significance’, 'Likely pathogenic' and 'Pathogenic’, together with
detailed evidence code.

Warning: All listed results were from the automated interpretation on default parameters!
Users are advised to examine detailed evidence and use prior knowledge on ethnicity/disease to perform manual adjustments.

Database version:hg19_update
You searched by dbSNP ID with rs373849532

’ Restore columns Copy to clipboard ‘ ’ Download result as CSV Search:

Show/hide columns

N N B Disease
Chr* Positon  Ref  Alt :::f":ene) Intervar (Er’:f’g:n':;"c SNP :;Z’f')sc"pts M'::r::D AlLigonome) "
g - 9 OrphaNet
Likely pathogenic 373849532(details  NM_005340
5 130495187 G T HINTA nonsynonymous s (Cetals = 3.23E-5 (show in 7 POPs) 324442
(DetailsaAdjust) SNV of MAF) pH112N
Showing 1 to 1 of 1 entries Previous i ‘ Next

(Move mouse to popover or click the button of "Show/hide columns" for more information;

Figure(16): Result section of InterVar.
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