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Why to align?

> To provide a measure of how much two nucleotide or
amino acid sequences have in common

> |t allows us to make biological
inferences in terms of: omer
e structural relations
e functional relations
e evolutionary relationships
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Nucleic Acid Alignment: Why?

My DNA (or RNA, cDNA) sequence:
> is already present in nucleic acid databases (EMBL/Genebank), even
if only in part, or is completely new?

> |tis similar to other genes/sequences present in the databases?

\

Can be aligned to a genome?
> (Can encode a known protein or a protein similar to known proteins in

other species?



v

v

Protein Alignment: Why?

Is my protein "new" or it is already known?

Is my protein similar to any known protein, also in other species?
Can we recognize in my protein any sequence matching know
functiona/structural conserved domain?

Can we use it in evolutionary studies of protein families?

Can we do comparative modeling of protein fold?



Biosequence Alignment: Programs

Pairwise sequence alignment (PSA) anbd similarity
search:

e BLAST (NCBI)

e BLAT (UCSC)

Multiple sequence alignment (MSA):
e Muscle



BLAST (Basic Local Alignment Search Tool, NCBI)

e Allows you to compare biological sequences (DNA, RNA or
protein sequences) against constantly updated sequence
databases

e Alignment not as precise as Needleman-Wunsch and
Smith-Waterman exact algorithms but much faster, as
explained in the course

e |t comes in a series of sub-programs that vary according to
the type of sequences to be compared and the database
chosen (blastn, blastp, tblastn, tblastx) and to specific
purposes



What can BLAST be useful for?

Identify sequence similarity indicative of homology
Detect orthologues or paralogs of a test sequence

Locating the functional domains of a protein

Mapping a DNA/RNA/protein sequence to find the
chromosomal location of the corresponding gene or
similar genes in the same species or in others

Locate similar genes between two related species (can be
used to “map” annotations from one organism to another)



BLAT (Blast-like Alignment Tool, UCSC)

Pairwise sequence alignment algorithm developed by Jim Kent at the University of
California Santa Cruz (UCSC) in the early 2000s to assist in the assembly and
annotation of the human genome.

It was primatrily designed to reduce the time required to align millions of mouse genomic
reads and expressed sequence tags against the human genome sequence.

BLAST-like algorithm

Aligns DNA, RNA or protein sequences with genomic sequences
Search for similarities between a sequence under examination and the
sequence of a genome

Effective for short sequences (at least 40 characters and maximum
25,000 nucleotides or 10,000 amino acids)



What can BLAT be useful for?

e Alignment of mMRNA, RNA, or protein sequences to the
genome to:
o find the coordinates of the gene that encodes it
o Determine the distribution of exons and introns in a
gene by
e Cross-species analysis: alignment of a protein or mMRNA
from one species against a sequence database from another
species



Practical lesson 2: Nucleotide sequence alignment

1. Find out if the query nucleotide sequence “seqA”is part of a known
gene;

2. Visualize the “ seq1”and “ seq2” sequences as they align on the
genome and what their functional role is
(coding/non-coding/regulatory)



1 - Download the file from Guide in “ll Bioinformatics practical session”
http://compgen.bio.unipd.it/~stefania/Didattica/AA2025-2026/MMOL_BIOINFQO_EB/Practical_session_2.zi
b

2 - unzip the file Practical_session_2.zip and open the file 3segs.txt with the text editor

3 - Write Blast on Google and click on Nucleotide BLAST:

Basic Local Alignment Search Tool

BLAST now supports the new RefSeq Select databases.

BLAST finds regions of similarity between biological sequences. The program The RefSeq Select data-set consists of a representative or “Select” transcript for every
compares nucleotide or protein sequences to sequence databases and protein-coding gene.
calculates the statistical significance. Learn more

Tue, 13 Oct 2020 12:00:00 EST More BLAST news...
Web BLAST

BLAST Genomes

Human Mouse Rat Microbes


http://compgen.bio.unipd.it/~stefania/Didattica/AA2025-2026/MMOL_BIOINFO_EB/Practical_session_2.zip
http://compgen.bio.unipd.it/~stefania/Didattica/AA2025-2026/MMOL_BIOINFO_EB/Practical_session_2.zip

2 - Enter seqA as query sequence and call the analysis “SegA”:

Standard Nucleotide BLAST

m blastp blastx tblastn tblastx

BLASTN programs search nucleotide databases using a nucleotide query. more...

Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) © cicar Query subrangee
>SegA

CTCAAAAGTCTAGAGCCACCGTCCAGGGAGCAGGTAGCTGCTGGGCTCCG From | |
GGGACACTTTGCGTTCGGGC

TGGGAGCGTGCTTTCCACGACGGTGACACGCTTCCCTGGATTIGGCAGCCA To | |
Or, upload file | Browse... | No file selected. [2]

Job Title [ SeqA |

Enter a descriptive title for your BLAST search e
] Align two or more sequences (2]



3 — Make sure that the selected database is “Nucleotide collection (nr/nt)” and that the type is
“Standard databases” ( click on the question mark to see the database features
chosen ); choose “mammalia” as the organism:

Standard Nucleotide BLAST
m blastp blastx tblastn tblastx

BLASTN programs search nucleotide databases using a nucleotide query. more... Reset page

Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) © ciear Query subrangee

= S —
CTCAAAAGTCTAGAGCCACCGTCCAGGGAGCAGGTAGCTGCTGGGCTCCG

GGGACACTTTIGCGTICGGGC
TGGGAGCGTIGCTTTCCACGACGGTGACACGCTTICCCTGGATTGGCAGCCA To

Or, upload file | Browse... | No file selected. (2]

Job Title [Sear !

Enter a descriptive title for your BLAST search 0
J Align two or more sequences @

Choose Search Set

Database @ Standard databases (nr etc.): O rRNA/ITS databases () Genomic + transcript databases O Betacoronavirus O Experimental databases
l Core nucleotide database (core_nt) »¥ @

Organism - o -

Optional l Mammalia (taxid:40674) Add Organism
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown 9

Exclude D Models (XM/XP) D Uncultured/environmental sample sequences

Optional

Limit to D Sequences from type material

Optional

Entrez Query ‘ | Youll[llJ Create custom database

Optional

Enter an Entrez query to limit search 0



3 — Make sure that the selected database is “Nucleotide collection (nr/nt)” and that the type is
“Standard databases” ( click on the question mark to see the database features
chosen ); choose “mammalia” as the organism:

Standard Nucleotide BLAST
m blastp blastx tblastn tblastx

BLASTN programs search nucleotide databases using a nucleotide query. more... Reset page

Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) © ciear Querysubrangee

CTCAAAAGTCTAGAGCCACCGTCCAGGGAGCAGGTAGCTGCTGGGCTCCG L

GGGACACTTTIGCGTICGGGC
TGGGAGCGTIGCTTTCCACGACGGTGACACGCTTCCCTGGATTGGCAGCCA To

Or, upload file | Browse... | No file selected. (2]

Job Title [Sear !

Enter a descriptive title for your BLAST search 0
J Align two or more sequences @

Choose Search Set

Database @ Standard databases (nr etc.): O rRNA/ITS databases () Genomic + transcript databases O Betacoronavirus O Experimental databases
l Core nucleotide database (core_nt) ¥ @

Organism - — -

optional [ Mammalia (taxid:40674) Add Organism
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown 9

Title:Core nucleotide BLAST database

Description:The core nucleotide BLAST database consists of GenBank+EMBL+DDBJ+PDB+RefSeq sequences, but excludes EST, STS, GSS, WGS, TSA, patent sequences as well as phase 0, 1, and 2
HTGS sequences and most eukaryotic chromosome sequences. The database is non-redundant. Identical sequences have been merged into one entry, while preserving the accession, G, title and
taxonomy information for each entry.

Molecule Type:mixed DNA

Update date:2025/10/05

Number of sequences:119087540



Megablast is optimized to align nearly identical sequences, whose
differences may arise from sequencing errors or polymorphisms.

discontiguous megablast is mainly used
for comparative genomics projects :
sequences from related species are

Program Selection compared, whose sequences do not
Optimize for @ Highly similar sequences (megablast) / diverge as much as those of evolutionarily
A L . . distant species, but more than identical
\_J More dissimilar sequences (discontiguous megablast)

BLAST

sequences (apart from polymorphisms)

O somewhat similar sequences (blastn) .
from the same species.

Choose a BLAST algorithm e

Search database core_nt using Megablast (Optimize for highly similar sequences)
E' Show results in a new window

he difference between megablast and blastn is in the
choice of the "word size", that is, the minimum length of
the string of contiguous residues considered for the
purpose of identity evaluation, which in Megablast is
optimal with values greater than or equal to 16 (multiples
of 4). This makes the acceptance of identities more
selective and Megablast up to 10 times faster , which is
therefore better suited to use with very long and
extremely similar sequences ;




4 - Optimize for megablast, leave the default algorithm parameters and start the search:

Program Selection

Optimize for @ Highly similar sequences (megablast

O More dissimilar sequences (discontiguous megablast)
O sSomewhat similar sequences (blastn)
Choose a BLAST algorithm Q

BLAST Search database core_nt using Megablast (Optimize for highly similar sequences)

[j Show results in a new window



BLAST result:

< Edit Search

save the parameters used for a possible future search J

return to the search page to be able to redo it by changing parameters J

shows a table with the parameters used for the search J

Save Search Search Summary v

I € Your search is limited to records include: Mammalia (taxid:40674)

Job Title

RID

Program
Database
Query ID
Description
Molecule type
Query Length
Other reports

SegA

GTW4FWVKO1S Search expires on 10-30 00:34am Download All v
BLASTN@  Citation v

core_nt See details v

Icl|Query_7910667

SeqA

dna

2512

Distance tree of results MSA viewer @

@ How to read this report? @ BLAST Help Videos *DBack to Traditional Results Page

Filter Results
Organism only top 20 will appear [j exclude
Type common name, binomial, taxid or group name
=+ Add organism
Percent Identity E value Query Coverage
to to to

(Research information J

| filters |




Download selected hits in allows you to choose allows you to choose how

various formats which columns to display many rows to display
Graphic Summary Alignments Taxonomy
ing signi i e < v
Sequences producing significant alignments Download Select columns Show | 100 (2}
select all 700 sequences selected GenBank Graphics Distance tree of results =~ MSA Viewer
- P Max = Total Query E Per.
Descrlpnon Sment@ Name | ccore | Score | Cover [value | Ident Acc.vLen Accession
v v v v v
Homo sapiens tumor protein p53 (TP53), transcript variant 1, mRNA Homo sapiens 4639 4639 100% 0.0 100.00% 2512 NM_000546.6
TPA: Homo sapiens Processed transcript p53-mRNA (p53 gene) Homo sapiens 4639 4639 100% 0.0 100.00% 2586  HG975427.1
Homo sapiens tumor protein pS3 (TP53), transcript variant 2, mMRNA Homo sapiens 4619 4619 100% 0.0 99.88% 2509 NM_001276761.3
Homo sapiens p53 protein mRNA, complete cds Homo sapiens 4599 4599 100% 0.0 99.88% 2521 AF307851.1
Homo sapiens tumor protein p53, mMRNA (cDNA clone MGC:646 IMAGE:3544714), complete cds Homo sapiens 4580 4580 99% 0.0 99.88% 2508 BC003596.1
PREDICTED: Pan troglodytes tumor protein pS3 (TP53), transcript variant X2, mRNA Pan troglodytes 4553 4553 100% 0.0 99.36% 2537 XM_001172077.6
PREDICTED: Gorilla gorilla gorilla tumor protein p53 (TP53), transcript variant X2, mRNA Gorilla gorilla g... 4545 4545 100% 0.0 99.36% 2529 XM_004058511.5
. . . E - Value (Expected value): the
Max score: The highest Total score: the sum of b f( / p - z db
. numper or alignment expecte
calculated score of the the alignment scores of all ' allg P y
: . : chance with the calculated score.
alignment, counting prizes segments of the same

. For significant alignments the
and penalties. Sl e, E-value should be very close to 0.




5 - Click on “Taxonomny” to see the the taxonomic distribution of matched subject sequences in the
database.

Descriptions Graphic Summary Alignments
Reports | Organism Taxonomy

100 sequences selected (2]

Organism Blast Name Score Number of Hits Description
Euarchontoglires placentals 115
. Simiiformes primates s
. . Catarrhini primates 103
. . Hominoidea primates 73
. . Hominidae primates 68
..... Homininae primates 66
...... Homo sapiens primates 4639 60 Homo sapiens hits
...... Pan troglodytes primates 4553 2 Pan troglodytes hits
...... Gorilla gorilla gorilla primates 4545 2 Gorilla gorilla gorilla hits
...... Pan paniscus primates 4521 2 Pan paniscus hits
..... Pongo abelii primates 4327 1 Pongo abelii hits
. « « .« « PONgo pygmaeus primates 4311 1 Pongo pygmaeus hits
. Nomascus leucogenys primates 4135 1 Nomascus leucogenys hits
. Symphalangus syndactylus ~ primates 4124 3 Symphalangus syndactylus hits
. Hylobates moloch primates 4117 1 Hylobates moloch hits
. . Piliocolobus tephrosceles primates 3982 1 Piliocolobus tephrosceles hits
. . . Macaca fascicularis primates 3978 2 Macaca fascicularis hits
. . Cercocebus atys primates 3971 1 Cercocebus atys hits




< Edit Search Save Search Search Summary v © How to read this report? @ BLAST Help Videos DBack to Traditional Results Page

I € Your search is limited to records include: Mammalia (taxid:40674)

Job Title SeqgA Filter Results
RID G1WAFWVKO15 Search expires on 10-30 00:34 am Download All v
i ly top 20 will

Program BLASTN @ Citation v Organism only top 20 will appear D exclude
Databuse COreifit  Sesdstails ¥ Type common name, binomial, taxid or group name

=+ Add organism
Query ID Icl|Query_7910667
Description SeqA Percent Identity E value Query Coverage
Molecule type  dna to to to

Query Length 2512
P 2 Reset
Other reports Distance tree of results MSA viewer @ m




Blast Tree View

This tree was produced using BLAST pairwise alignments. more...
Reset Tree

BLASTRID G1TJG5ZC014 Query ID [cl|Query_5842903 Database core_nt
Tree hod Max Seq Difference Seqq Label
Fast Minimum Evolution v ] (> [0.75 v ] >l [ Sequence Title (if avail v ] @

Mouse over an internal node for a subtree or alignment. Click on tree labe! to select sequence to download Hide legend
@ Fne - @ c W QLGN B2 RToos + | @Upoad | | 7 - | Ladelcolormap
query
»PREDICTED: Cebus imitator cellular tumor antigen p53-like (LOCI108312243), misc RNA : from type material
PREDICTED: Sapajus apella cellular tumor anﬁg;e&gﬁ—like (LOC116524518), misc RNA
PRE ED: Aotus nancymaae tumor protein p53 (TP53), transcript variant X3, mRNA

PREDICTED: Aotus nancymaae tumor protein p53 (TP53), transcript variant X2, mRNA
§PREDICI' ED: Saimiri boliviensis tumor protein p33 (TP53), transcript variant X2, mRNA

| PREDICTED: Saimiri boliviensis tumor protein p53 (TP53), transcript variant X1, mRNA
f APREDICTED: Sapajus apella tumor protein p53 (TP53), transeript variant X2, mRNA
X PREDICTED: Sapajus apella tumor protein p53 (TPS3), transcript variant X1, mRNA
PREDICTED: Cebus imitator tumor protein fﬁ} (TP53), transcript variant X1, mRNA
©PREDICTED: Callithrix jacchus tumor protein p53 (TP53), transcript variant X1, mRNA
primates | 29 leaves
primates | 2 leaves
<@l primates | 5 leaves

7 Homo sapiens isolate iPCH358_Coll tumor suppressor p53 (TP53) mRNA, complete cds
- DICTED: Gorilla gorilla gorilla tumor protein p33 (TPS3), transcript variant X2, mRNA

PREDICTED: Gorilla gorilla gorilla tumor protein p33 (TP53), transcript variant X1, mRNA
Human mRNA for p53 cellular tumor antigen

s primates |2 leaves
primates | 2 leaves

& Homo sapiens isolate iPCH358 _Coll1 tumor suppressor p53 (TP53) mRNA, complete eds
Human p53 cellular tumor antigen mRNA, complete ¢
Homo sapiens mRNA for Cellular tumor antigen p53 variant, clone: RCC127A11
' Homo sapiens cDNA FLI54299 complete ods, highly similar to Cellular tumor antigen p53
Human mRNA fragment for phosphoprotein p33
“Human p53 cellular tumor antigen mRNA, complete cds

AaHomo sapiens dell33 p53 beta isoform (TP53) mRNA, complete cds

‘ primates |9 leaves

“Human p353 cellular tumor antigen mRNA, complete cds
Homo sapiens tumor rolein5p53 (TP53), lmnscri?ll variant 14, non-coding RNA
¥ Homo sapiens cDNA FLI54297 complete cds, iihly similar to Cellular tumor antigen p53

+TPA: Homo sapiens Processed lranscri_ft p53-mRNA (p53 gene)
Homo sapiens tumor protein p33 (TP53), transcript variant 9, mRNA
“ Homo sapiens tumor protein p33 (TP33), transcript variant 8, mRNA
wHomo sapiens tumor protein p53 (TP33), transcript variant 2, mRNA
| Homo sapiens tumor suppressor TP53 (TP53) mRNA, complete cds, alternatively spliced
& Homo sapiens tumor protein p53 (TP53), transcript variant 6, mRNA

Homo sapiens tumor protein p53, mRNA (¢cDNA clone MGC:646 IMAGE:3544714), complete ods

Homo sapiens mRNA for P33, complete ods
Homo sapiens p53 protein mRNA, complete cds
Homo sapiens cell line HCT116p53-/- nonfunctional delta40-P53 transcript variant (TP53) mRNA, complete sequence
,Homo sapiens tumor protein p53 (TPS3), transcript variant 7, mRNA
) Homo sapiens phosphoprotein p53 (TP33) gene, complete eds
 Homo sapiens tumor protein p53 (TP33). transcript variant 5, mRNA




< Edit Search Save Search Search Summary v © How to read this report? @ BLAST Help Videos DBack to Traditional Results Page

I € Your search is limited to records include: Mammalia (taxid:40674)

Job Title SeqgA Filter Results
RID G1WAFWVKO15 Search expires on 10-30 00:34 am Download All v
i ly top 20 will

Program BLASTN @ Citation v Organism only top 20 will appear D exclude
Databuse COreifit  Sesdstails ¥ Type common name, binomial, taxid or group name

=+ Add organism
Query ID Icl|Query_7910667
Description SeqA Percent Identity E value Query Coverage

Molecule type  dna
Query Length 2512

to to to

Other reports Distance tree of results MSA viewer @




NCBI MSA Viewer 1.26.0 Help Release Notes

Alignment
| Link To View | Feedback
P 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 25K
sy
Sequence ID |stat | 1 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
5842903 (+ Ly 2.
NM_000546.6 ¥ | EEEEE— Homo sapiens
HG975427.1 s, Homo sapiens
s — Homo sapiens
S | || | —— Homo sapiens
: Y | | T | S —— Homo sapiens
3 = | e | troglodytes
3 | | s ) gorilla gorilla
XM ( 2 L | | | | | | Pan paniscus
DQ191317.1 (+¥49 3 | | 1 s | Homo sapiens
FJ207420.1 & S | I e | 1 | s Homo sapiens
DQ2869641  (+ 3 | [ | T | s | Homo sapiens
AB082923.1 ¥ e e e e Homo sapiens
NM_001407266. ¥ e — Homo sapiens
NM_001407262. ¥ —— Homo sapiens
NM _001407262. ¥ Homo sapiens
NM_001407265. ¥ A sapiens
XM _063700589. ¥ | | | | 7 o | illa gorilla gorilla
XM _002826974. | e e e et e Pongo abelii
XM _054457336. e I e e Pongo pygmaeus
NM _001126118.2 ¥ | —— Homo sapiens
JN900492. 8|— i
JN214348. ¥ | ———— i
XM _016931470.3 (+1 3 | . | | | | O Pan troglodytes
XM 0 5.1 (+362 [ 1 o e 1 o e e | ot 1 S o
XM 055256596.2 (+)¥145 ¥ 1 I I R T 2,644 ISvmphalanaus svndactvius
DNA: 1 - 2,512 (2,512 bases shown) - anchor Query_5842903 -~ ¥ Rows shown: 343/343




What is the best alignment?

Graphic Summary Alignments

Taxonomy

Sequences producing significant alignments

Download v

Select columns ¥ Show (2]

select all 700 sequences selected GenBank Graphics Distance tree of results =~ MSA Viewer
e Scientific =~ Max Total Query E Per. e lon A
w Name Score Score Cover value Ident v
v v v v v v

Homo sapiens tumor protein p53 (TP53), transcript variant 1, mRNA Homo sapie... 4639 4639 100% 0.0 100.00% 2512 NM_000546.6
TPA: Homo sapiens Processed transcript pS3-mRNA (p53 gene) Homo sapie... 4639 4639 100% 0.0 100.00% 2586 HG975427.1
Homo sapiens tumor protein p53 (TPS3), transcript variant 2, mMRNA Homo sapie... 4619 4619 100% 0.0 99.88% 2509 NM_001276761.3
Homo sapiens p53 protein mRNA, complete cds Homo sapie... 4599 4599 100% 0.0 99.88% 2521  AF307851.1
Homo sapiens tumor protein p53, mRNA (cDNA clone MGC:646 IMAG... Homo sapie... 4580 4580 99% 0.0 99.88% 2508 BC003596.1
PREDICTED: Pan troglodytes tumor protein p53 (TP53), transcript vari... Pan troglod... 4553 4553 100% 0.0 99.36% 2537 XM _001172077.6
PREDICTED: Gorilla gorilla gorilla tumor protein p5S3 (TP53), transcript ... Gorilla gorill... 4545 4545 100% 0.0  99.36% 2529  XM_004058511.5
PREDICTED: Pan paniscus tumor protein p53 (TP53), transcript varian... Pan paniscus 4521 4521 100% 0.0  99.20% 2555 XM_003810066.5
Homo sapiens p53 protein (TP53) mRNA, complete cds, alternatively s... Homo sapie... 4518 4518 100% 0.0  99.09% 2584 DQ191317.1

<< <EM<N <M< N4




What is the best alignment?

Graphic Summary Alignments Taxonomy
Sequences producing significant alignments Download Select columns ¥ Show e
select all 700 sequences selected GenBank Graphics Distance tree of results =~ MSA Viewer
e Scientific =~ Max Total Query E Per. e lon Ao
w Name Score Score Cover value Ident v
‘ v v v v v S 4
[_E Homo sapiens tumor protein p53 (TP53), transcript variant 1, mRNA Homo sapie... 4639 4639 100% 0.0 100.00% 2512 NM_000546.6
TPA: Homo sapiens Processed transcript p53-mRNA (p53 gene) Homo sapie... 4639 4639 100% 0.0 100.00% 2586 HG975427.1
Homo sapiens tumor protein p53 (TPS3), transcript variant 2, mMRNA Homo sapie... 4619 4619 100% 0.0 99.88% 2509 NM_001276761.3
Homo sapiens p53 protein mRNA, complete cds Homo sapie... 4599 4599 100% 0.0 99.88% 2521  AF307851.1
Homo sapiens tumor protein p53, mRNA (cDNA clone MGC:646 IMAG... Homo sapie... 4580 4580 99% 0.0 99.88% 2508 BC003596.1
PREDICTED: Pan troglodytes tumor protein p53 (TP53), transcript vari... Pan troglod... 4553 4553 100% 0.0 99.36% 2537 XM _001172077.6
PREDICTED: Gorilla gorilla gorilla tumor protein p5S3 (TP53), transcript ... Gorilla gorill... 4545 4545 100% 0.0  99.36% 2529  XM_004058511.5
PREDICTED: Pan paniscus tumor protein p53 (TP53), transcript varian... Pan paniscus 4521 4521 100% 0.0  99.20% 2555 XM_003810066.5
Homo sapiens p53 protein (TP53) mRNA, complete cds, alternatively s... Homo sapie... 4518 4518 100% 0.0  99.09% 2584 DQ191317.1
[ ]



6 - Click on the first “Description” link to see the alignment of the query sequence with this target sequence:

Descriptions Graphic Summary m Taxonomy

-

alignment display

(target sequence

information

alignment information

AIignmentview‘ Pairwise WV ‘ W:‘ - deferert :
mode
100 sequences selected 0
X Downloadv  GenBank Graphics
Homo sapiens tumor protein p53 (TP53), transcript variant 1, mRNA
Sequence ID: NM_000546.6 Length: 2512 Number of Matches: 1
See 1 more title(s) v See all Identical Proteins(IPG)
Range 1: 1to 2512 GenBank Graphics
“Score Expect Identities Gaps Strand
4639 bits(2512) 0.0 2512/2512(100%) 0/2512(0%) Plus/Plus ¢
Query 1 CTCAAAAGTCTAGAGCCACCGTCCAGGGAGCAGGTAGCTGCTGGGCTCCGGGGACACTTT 60
awsee 1 SN IO DO,
Query 61 GCGTTCGGGCTGGGAGCGTGCTTTCCACGACGGTGACACGCTTCCCTGGATTGGCAGCCA 120
sosee o1 GHUHIHITNINI IO O0Y o,
Query 121 GACTGCCTTCCGGGTCACTGCCATGGAGGAGCCGCAGTCAGATCCTAGCGTCGAGCCCCC 180
sotee 121 AWHHIIENTREEIIO TN g,
Query 181 TCTGAGTCAGGAAACATTTTCAGACCTATGGAAACTACTTCCTGAAAACAACGTTCTGTC 240
aosee 1e1 WAL TELT
Query 241 CCCCTTGCCGTCCCAAGCAATGGATGATTTGATGCTGTCCCCGGACGATATTGAACAATG 300
sosee 2o HLHEHHLITRTTATOTEEEECETOIN o,
Query 301 GTTCACTGAAGACCCAGGTCCAGATGAAGCTCCCAGAATGCCAGAGGCTGCTCCCCCCGT 360
sosee o1 AHUEMUAEOMUUIN DML LY
Query 361 GGCCCCTGCACCAGCAGCTCCTACACCGGCGGCCCCTGCACCAGCCCCCTCCTGGCCCCT 420
sojct 361 GOLHSAMAAMAE LU 120
Query 421 GTCATCTTCTGTCCCTTCCCAGAAAACCTACCAGGGCAGCTACGGTTTCCGTCTGGGCTT 480
sosee szn WKL AL LA LT LAY e



7 - Click on “GenBank” to see the GenBank information for this gene:

Descriptions Graphic Summary m Taxonomy

Alignment view ‘ Pairwise v ‘ [ | cDS feature @

100 sequences selected 9

X Downloadv  GenBank Graphics
Homo sapiens tumor protein p53 (TP53), transcript variant 1, mRNA
Sequence ID: NM_000546.6 Length: 2512 Number of Matches: 1

See 1 more title(s) v See all Identical Proteins(IPG)

Range 1: 1to 2512 GenBank Graphics

Score xpect Identities Gaps Strand

4639 bits(2512) 0.0 2512/2512(100%) 0/2512(0%) Plus/Plus

Query 1 &3 K AGTCTAGAGCCACCGTCCAGGGAGCAGGTAGCTGCTGGGCTCCGGGGACACTTT 60
LU E LT L LT

Sbjct 1 CTCAAAAGTCTAGAGCCACCGTCCAGGGAGCAGGTAGCTGCTGGGCTCCGGGGACACTTT 60

Query 61 GCGTTCGGGCTGGGAGCGTGCTTTCCACGACGGTGACACGCTTCCCTGGATTGGCAGCCA 120

) LLLILLL UL UL L L L L L L LT LT
Sbjct 61  GCGTTCGGGCTGGGAGCGTGCTTTCCACGACGGTGACACGCTTCCCTGGATTGGCAGCCA 120

Query 121  GACTGCCTTCCGGGTCACTGCCATGGAGGAGCCGCAGTCAGATCCTAGCGTCGAGCCCCC 180

. ELLLLLELEE LT L L L L L LT
Sbjct 121  GACTGCCTTCCGGGTCACTGCCATGGAGGAGCCGCAGTCAGATCCTAGCGTCGAGCCCCC 180

Query 181  TCTGAGTCAGGAAACA CAGACCTATGGAAACTACTTCCTGAAAACAACGTTCTGTC 240

) IIIIIIII|||I||Il|IIIIIIIIIl|IIIIIIIIIIIIIIIIIIIIIIIIII||II|I
Sbjct 181  TCTGAGTCAGGAAACATTTTCAGACCTATGGAAACTACTTCCTGAAAACAACGTTCTGTC 240

Query 241 CCCCTTGCCGTCCCAAGCAATGGATGATTTGATGCTGTCCCCGGACGATATTGAACAATG 300

; III[II||III||III|IIIIlII|IIIIII||IIIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 241 CCTTGCCGTCCCAAGCAATGGATGATTTGATGCTGTCCCCGGACGATATTGAACAATG 300

Query 301  GTTCACTGAAGACCCAGGTCCAGATGAAGCTCCCAGAATGCCAGAGGCTGCTCCCCCCGT 360
sbjct 301 GHEATGMALAHUAMSMHUL UM UL 360
Query 361  GGCCCCTGCACCAGCAGCTCCTACACCGGCGGCCCCTGCACCAGCCCCCTCCTGGCCCCT 420
sojct 361 GLLLUALAMASUHUAALES UL AL GG 420
Query 421  GTCATCTTCTGTCCCTTCCCAGAAAACCTACCAGGGCAGCTACGGTTTCCGTCTGGGCTT 480

; LLLLLLLE L L L L L L L LT
Sbjct 421  GTCATCTTCTGTCCCTTCCCAGAAAACCTACCAGGGCAGCTACGGTTTCCGTCTGGGCTT — 480



7 - Click on “GenBank” to see the GenBank information for this gene:

GenBank = Sendto:

Homo sapiens tumor protein p53 (TP53), transcript variant 1, mRNA

NCBI Reference Sequence: NM_000546.6
FASTA Graphics

Go to:

LOCUS NM_ 000546 2512 bp mRNA linear PRI 12-JUN-2025
DEFINITION Homo sapiens tumor protein p53 (TP53), transcript variant 1, mRNA.
ACCESSION NM 000546

VERSION NM_000546.6
KEYWORDS RefSeq; MANE Select.
SOURCE Homo sapiens (human)

ORGANISM Homo sapiens
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Homo.




8 - click on “Gene” to see NCBI Gene information about this gene:

& Download v GenBank Graphics

Homo sapiens tumor protein p53 (TP53), transcript variant 1, mRNA
Sequence ID: NM_000546.6 Length: 2512 Number of Matches: 1
See 1 more title(s) v See all Identical Proteins(IPG)

Range 1: 1 to 2512 qusank Graphics

Score Expect Identities Gaps Strand

4639 bits(2512) 0.0 2512/2512(100%) 0/2512(0%) Plus/Plus

Query 1 CTCAAAAGTCTAGAGCCACCGTCCAGGGAGCAGGTAGCTGCTGGGCTCCGGGGACACTTT 60
osce 1 CHACRCEALKELCALLCH AL A
Query 61 GCGTTCGGGCTGGGAGCGTGCTTTCCACGACGGTGACACGCTTCCCTGGATTGGCAGCCA 120

. LLLELELLELELE UL L L L L LT
Sbjct 61  GCGTTCGGGCTGGGAGCGTGCTTTCCACGACGGTGACACGCTTCCCTGGATTGGCAGCCA 120

<4Descriptions

Related Information
Gene - associated gene details
enome Data Viewer - aligned
enomic context




Summary exercises

e Can you find possible orthologs of P53 gene in Dolfins?
o Use seq1 as query
o Subset the database to Tursiops truncatus
o Examine results. Can you describe the best hit alignment scores?



Practical lesson 2: Nucleotide sequence alignment

1. Find out if the query nucleotide sequence “segA”is part of a known
gene;

2. Visualize the “ seq1”and “ seq2” sequences as they align on the
genome and what their functional role is
(coding/non-coding/regulatory)



Connect to UCSC Genome Browser, BLAT and enter Seq1 in the space

specific. Check that the Genome Assembly is that of Feb. 2009 and that the species
both Human. Start search:

A Genomes Genome Browser Tools Mirrors Downloads My Data Projects Help About Us

Human BLAT Search

BLAT Search Genome

Genome: | | Search all Assembly: Query type: Sort output: Output type:
Human v , Feb. 2009 (GRCh37/hg19) v I BLAT's guess Iquery,score M I hyperlink M
C

>Seql

actggcgctaaaagttttgagctttcctttacaattct aagtctagagccaccgtccagggagcaggtagctgctgggctccggggacactttgecgttcgggectgggagcgtgectttccacgacggtgacacgecttccctg
gattggcagccagactgccttccgggtcactgccatggaggagccgcagtcagatcctagegtcgageccccctctgagtcaggaaacattttcagacctatggaaactacttcctgaaaacaacgttctgtcccccttgecgtc
ccaagcaatggatgatttgatgctgtccccggacgatattgaacaatggttcactgaagacccaggtccagatgaagctcccagaatgeccagaggcetgctcccccecgtggeccctgecaccagcagetcctacaccggeggeccc
tgcaccagccccctecctggeccctgtcatcttectgtcccttcccagaaaacctaccaggggacctacggtttccgtctgggettcttgecattctgggacageccaagtctgtgacttgcacgtactcccctgecctcaacaagat
gttttgccaactggccaagacctgccctgtgcagctgtgggttgattccacacccccgeccggetttacgegeccatggeccatctacaagcagtcacagcacatgacggaggttgtgaggecgectgeccccaccatgagegetget
cagatagcgatggtctggcccctcctcagcatcttatccgagtggaaaccttgatttgecgtgtggagtatttggatgacagaaacacttttcgacatagtgtggtggtgcccttttaccatgctgaggttggctctgactgtac
caccatccactcattaactacatgtgtaacagttcctgcatgggcggcatgaaccggaggcccatcctcaccatcatcacactggaagactccagtggtaatctactgggacggaacagctttgaggtgecgtgtttgtgectgt
cctgggagagaccggcgcacagaggaagagaatctccgcaagaaaggggagcctcaccacgagctgecccccagggagcactaagcgagcactgecccaacaacaccag

Y\

"] All Results (no minimum matches) Submit I'm feeling lucky || Clear




o] Genomes Genome Browser Tools Mirrors Downloads My Data Projects Help About Us

Human (hg19) BLAT Results

BLAT Search Results

Go back to chrX:15,578,261-15,621,068 on the Genome Browser.

Custom track name: | blat Seq1

Custom track description: | blat on Seq1

Build a custom track with these results

ACTIONS QUERY SCORE START  END QSIZE IDENTITY CHROM STRAND START END  SPAN
browser details Seql 1057 1 1115 1115 99.4% chrl7 - 7576908 7590832 13925
browser details Seql 38 471 810 1115 95.4% chr2 = 37029480 37047471 17992
browser details Seql 30 401 450 1115 66.7% chrl = 223362777 223362812 36
browser details Seql 29 999 1043 1115 96.8% chr4 - 145830377 145830766 390
browser details Seql 25 214 253 1115 70.4% chr3 + 136385181 136385209 29
browser details Seql 21 536 550 1115 100.0% chr4 = 5763145 5763165 21

browser details Seql 20 367 388 1115 95.5% chr2 + 63944551 63944572 22




Which is the best alignment?

) Genomes Genome Browser Tools Mirrors Downloads My Data Projects Help About Us

Human (hg19) BLAT Results

BLAT Search Results

Go back to chrX:15,578,261-15,621,068 on the Genome Browser.

Custom track name: | blat Seq1

Custom track description: | blat on Seq1

Build a custom track with these results

ACTIONS QUERY SCORE START END QSIZE IDENTITY CHROM STRAND START END SPAN
browser details Seql 1057 1 1115 1115 chrl7 - 7576908 7590832 13925
browser details Seql 38 471 810 1115 95.4% chr2 - 37029480 37047471 17992
browser details Seql 306 401 450 1115 66.7% chrl - 223362777 223362812 36
browser details Seql 29 999 1043 1115 96.8% chr4 - 145830377 145830766 390
browser details Seql 25 214 253 1115 4% _ chr3 - 136385181 136385209 29
browser details Seql 21 530 550 1115 @ chra - 5763145 5763165 21
browser details Seql 20 367 388 1115 05.5% chr2 - 63944551 63944572 22




Which is the best alignment?

) Genomes Genome Browser Tools Mirrors Downloads My Data Projects Help About Us

Human (hg19) BLAT Results

BLAT Search Results

Go back to chrX:15,578,261-15,621,068 on the Genome Browser.

Custom track name: | blat Seq1

Custom track description: | blat on Seq1

Build a custom track with these results

ACTIONS QUERY SCORE START END QSIZE IDENTITY CHROM STRAND START END SPAN
[browser details Seql 1057 1 1115 1115 99.4% chrl7 - 7576908 7590832 13925]
browser details Seql 38 471 810 1115 95.4% chr2 - 37029480 37047471 17992
browser details Seql 306 401 450 1115 66.7% chrl - 223362777 223362812 36
browser details Seql 29 999 1043 1115 96.8% chr4 - 145830377 145830766 390
browser details Seql 25 214 253 1115 70.4% chr3 - 136385181 136385209 29
browser details Seql 21 530 550 1115 100.0% chr4 - 5763145 5763165 21

browser details Seql 20 367 388 1115 95.5% chr2 + 63944551 63944572 22




3 - Click on “details” to see the alignment:

() Genomes Genome Browser Tools Mirrors Downloads My Data Projects Help About Us

Human (hg19) BLAT Results

BLAT Search Results

Go back to chrX:15,578,261-15,621,068 on the Genome Browser.

Custom track name: | blat Seq1

Custom track description: | blat on Seq1

Build a custom track with these results

ACTIONS QUERY SCORE START  END QSIZE IDENTITY CHROM STRAND START END  SPAN
browser details Seql 1057 1 1115 1115 99.4% chrl7 - 7576908 7590832 13925
brows etails Seql 38 471 810 1115 95.4% chr2 - 37029480 37047471 17992
bro etails Seql 30 401 4506 1115 66.7% chrl - 223362777 223362812 36

broWger details Seql 29 999 1043 1115 96.8% chr4 - 145830377 145830766 390
browser details Seql 25 214 253 1115 70.4% chr3 + 136385181 136385209 29
browser details Seql 21 530 550 1115 100.0% chrd4 - 5763145 5763165 21
browser details Seql 20 367 388 1115 95.5% chr2 + 63944551 63944572 22




4 - Click on “together” in the left menu:

Side by Side Alignment

0000001 a agttttgagc 0000022

<<<<e IIIIIIIIIIIIIIIIIIIIII <<<<e

7590832 a aagttttgagc 7590811

0000035 t accgtccagggagcaggtagctgetgggetc 0000084
<<<<<e I|IIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIII <<<<e<
7590810 t agccaccgtccagggagcaggtagctgetgggetc 7590761
0000085 cggggacactttgcgttcgggctgggagegtgctttccacgacggtgaca 0000134
<g<<<<< || [[FILEEPPEETTEERRERERPEEREEEETREEREEETTEETTTTTT ] <<<<<e<
7590760 cggggacactttgcgttcgggctgggagegtgctttccacgacggtgaca 7590711
0000135 cgcttccctggattgg 0000150

<<<<<<< ||| [[[T[TI]]]]] <<<<<<<

7590710 cgcttccctggattgg 7590695

0000151 ¢ tgccttccgggtcactgecatggaggagecgecagtcagatc 0000200
<< IIIIIIIII|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII <<ee<<<
7579940 c gactgccttccgggtcactgeccatggaggagecgecagtcagatec 7579891
0000201 c tcgagecccctctgagtcaggaaacattttcagacctatggaaa 0000250
<<e<e<< I|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII <<ee<<<
7579890 ctagcgtcgagccccctctgagtcaggaaacattttcagacctatggaaa 7579841
0000251 ct 0000252

<<<<<<<
7579840

|| <<<<<<<
ct 7579839



Side by Side Alignment

0000001 a agttttgagc 0000022
<egeee< IIIIIIIIIIIIIIIIIIIIII <eg<ees
7590832 a aagttttgagc 7590811
0000035 t accgtccagggagcaggtagctgctgggetc 0000084
<egece< IIIIlIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIII <<<eces
7590810 t gccaccgtccagggagcaggtagetgctgggete 7590761
0000085 cggggacactttgcgttcgggctgggagegtgctttccacgacggtgaca 0000134
<<<<<<< [[[TTIIPEEEEREEEEEEEREEEEEEEETETRRRREEEETTTTTITTT ] <<<<<<<
7590760 cggggacactttgcgttcgggctgggagegtgetttccacgacggtgaca 7590711

0000135
<<<<<<<

cgcttccctggattgg 0000150
IIIIIIIIIIIIIIII <<<<<<<

7590710 cgcttccctggattgg 7590695

(z;OOISI tgccttccgggtcactgecatggaggagecgecagtcagatc 0000200
<<<<< IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII <<<<<<
7579940 c actgccttccgggtcactgccatggaggagccgcagtcagate 7579891
0000201 c tcgagecccctctgagtcaggaaacattttcagacctatggaaa 0000250
<<<<<s IlIIlIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIlIIIIIIIlIII <<<<<<
7579890 ctagcgtcgagccccctctgagtcaggaaacattttcagacctatggaaa 7579841
0000251 ct 0000252

<<
Qnue

|| <<<<<<<
ct 7579839




Side by Side Alignment

0000001 a agttttgagc 0000022

<egeee< IIIIIIIIIIIIIIIIIIIIII <eg<ees

7590832 a aagttttgagc 7590811

0000035 t accgtccagggagcaggtagctgctgggetc 0000084
<<<eee< IIIIlIIIIIIIIIIIIlIII IIIIIIIIIIIIIIIIIIIIIIIIIIIII <<<eeeg
7590810 t gccaccgtccagggagcaggtagetgctgggete 7590761
0000085 cggggacactttgcgttcgggctgggagegtgctttccacgacggtgaca 0000134
<<<<<<< [[[TTIIPEEEEREEEEEEEREEEEEEEETETRRRREEEETTTTTITTT ] <<<<<<<
7590760 cggggacactttgcgttcgggctgggagegtgetttccacgacggtgaca 7590711

0000135 cgcttccctggattgg 0000150
<egece< IIIIIIIIIIIIIIII <eecees
7590710 cgcttccctggattgg 7590695

f’;;OOISI tgccttccgggtcactgecatggaggagecgeagtcagatce

<<<<<es II|IIIlIIIIIIIlIIIIIlIIIIIIIlIlIIIIIIIIIIIIIIIIIII
7579940 ¢ gactgccttccgggtcactgecatggaggagecgcagtcagate

0000201 ctagcgtcgagccccctctgagtcaggaaacattttcagacctatggaaa

<<z IIIIIIIIIl|IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
7579890 ctagcgtcgagccccctctgagtcaggaaacattttcagacctatggaaa

0000251 ct 0000252
<<<<<<< || <<<<<<<

\\1579849 ct 7579839

0000200
<<<<<<<

7579891

0000250
<<<<e<<

7579841

151

seql |

target |

7,579,940

252

7,579,839



1 35 150 151 252

seql |

Side by Side Alignment

target |
0000001 a agttttgagc 0000022
<<<<<<< IIIIIIIIIIIIIIHIIIIII <<<<<<<
7590832 a aaagttttgagc 7590811 7,590,810 7,590,695 7,579,940 7,579,839

@00635 accgtccagggagcaggtagctgctgggetc 0000084 \

<<<<<e< IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIllIIIIlIlIIIIlIIIIII <<<<<e<
7590810 t ccaccgtccagggagcaggtagetgetgggete 7590761

0000085 cggggacactttgcgttcgggctgggagegtgctttccacgacggtgaca 0000134

<<<<<< IIIIIIIIIIIIIIlIIIII|II|IIIIIIIIIIIIIIIIIIIIIIIIII <<<<<es
7590760 cggggacactttgcgttcgggctgggagegtgetttccacgacggtgaca 7590711

0000135 cgcttccctggattgg 0000150

<<<<<< IIIIIIIIIIIIIIII <<<<ec<

Qgtme cgcttccctggattgg 7590695 j
0000151 ¢ tgccttecgggtcactgccatggaggagecgcagtcagatc 0000200
<<<<<es IIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIII <<<<<<
7579940 c gactgccttccgggtcactgccatggaggageccgcagtcagate 7579891
0000201 c gagccccctctgagtcaggaaacattttcagacctatggaaa 0000250
<<<<<s IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII <<<<<<

7579890 ctagcgtcgagccccctctgagtcaggaaacattttcagacctatggaaa 7579841

0000251 ct 0000252
<<<<<<< || <<<<<<<
7579840 ct 7579839



1 22 35 150 151 252

seq1
Side by Side Alignment
target
0000001 a agttttgagc 0000022 -
<<<<<<< IIIIIIIIIIIIIIIIIIIIII <<<<<<<
7590832 a aagttttgagc 7590811 7,590,832 RN Cb'\0 D 7,579,940 7,579,839
) N g N
P 4%
0000035 t accgtccagggagcaggtagctgctgggetc 0000084 ’\ N /\\
<<<<<e< IIIIIIIIIIIIIIIIIIIIl Il|IIIIIIIIIIII|IIIIIIIII|III <<<<<e<
7590810 t gccaccgtccagggageaggtagetgetgggete 7590761

0000085 cggggacactttgcgttcgggctgggagegtgctttccacgacggtgaca 0000134

<<<<<< IIIIIII|IIIIIIlIIlIIIIl|IIIIIIIIIIIIIIIIIIIIIIIIII <<<<<e<
7590760 cggggacactttgcgttcgggctgggagegtgetttccacgacggtgaca 7590711

0000135 cgcttccctggattgg 0000150
<egece< IIIIIIIIIIIIIIII <<<aces
7590710 cgcttccctggattgg 7590695

0000151 ¢ tgccttccgggtcactgecatggaggagecgecagtcagatc 0000200
<<<<<es II|IIIlIII|IIIlIIIIIIIlIIIIIIIIIIIII|IIIIIII|IIIII <<<<<<
7579940 c gactgccttccgggtcactgccatggaggageccgcagtcagate 7579891
0000201 c tcgagccccctctgagtcaggaaacattttcagacctatggaaa 0000250
<<<<<s IIIII|lIIl||IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII <<<<<<

7579890 ctagcgtcgagccccctctgagtcaggaaacattttcagacctatggaaa 7579841

0000251 ct 0000252
<<<<<<< || <<<<<<<
7579840 ct 7579839



5 - Click on “Seqg1” in the left menu:

22

35
DNA Seql

ACTGGCGCTA AAAGTTTTGA GCtttccttt acaalTCTCA AAAGTCTAGA
GCCACCGTCC AGGGAGCAGG TAGCTGCTGG GCTCCGGGGA CACTTTGCGT

TCGGGCTGGG AGCGTGCTTT CCACGACGGT GACACGCTTC CCTGGATTGG
CAGCCAGACT GCCTTCCGGG TCACTGCCAT GGAGGAGCCG CAGTCAGATC

CTAGCGTCGA GCCCCCTCTG AGTCAGGAAA CATTTTCAGA CCTATGGAAA
CTACTTCCTG AAAACAACGT TCTGTCCCCC TTGCCGTCCC AAGCAATGGA

150

50

160
150
200
250
300

7,590,832

Genomic chr17 (reverse strand):

ggattacttg cccttacttg tcatggcgac tgtccagctt tgtgccagga
gcctcgcagg ggttgatggg attggggttt tcccctccca tgtgctcaag
ACTGGCGCTA AAAGTTTTGA GCTTCTCAAA AGTCTAGAGC CACCGTCCAG
GGAGCAGGTA GCTGCTGGGC GGGACA CTTTGCGTTC GGGCTGGGAG
CGTGCTTTCC ACGACGGTGA CACGCTTCCC TGGATTGCLgt aagctcctga
ctgaacttga tgagtcctct/ctgagtcacg ggctctcguc tccgtgtatt
ttcagctcgg gaaaatcgce ggggacttag
cgagtttggg ggtgagtggg atggaagctt ggctagaggg
gagttgcatt gttgggagac ctgggtgtag atgatgggga

7,590,810 7,590,695

7,590,811

7590883
7590833
7590783
7590733
7590683
7590633
7590583
7590533
7590483



35 150

\CTGGCGCTA AAAGTTTTGA GCtttccttt acaaTTCTCA AAAGTCTAGA /50 \

GCCACCGTCC AGGGAGCAGG TAGCTGCTGG GCTCCGGGGA CACTTTGCGT / 160 FIOgemgLor. 1 Catictgn atreacacil FTcEtelton aoEhGECRGN 7573001
e D e cuu e 1 CTGCCTTCCG GGTCACTGCC ATGGAGGAGC CGCAGTCAGA TCCTAGCGTC 7579883
CAGCCAGACT GCCTTCCGGG TCACTGCCAT GGAGGAGCCG CAGTCAGATC 200 N I T e TR O e Do | sl
TAGCGTCGA GCCCCCTCTG AGTCAGGAAA CATTTTCAGA CCTATGGAAA 250 ggHtecatty’gangaacagn  EECHCeRtec: CEaEnacaas. Caracaece 737078

TACTTCCTG AAAACAACGT TCTGTCCCCC TTGCCGTCCC AAGCAATGGA 300

151 252 7,579,839



6 - Go back and click on “browser” to see the sequence in the Genome Browser:

() Genomes Genome Browser Tools Mirrors Downloads My Data Projects Help About Us

Human (hg19) BLAT Results

BLAT Search Results

Go back to chrX:15,578,261-15,621,068 on the Genome Browser.

Custom track name: | blat Seq1

Custom track description: | blat on Seq1

Build a custom track with these results

ACTIONS QUERY SCORE START  END QSIZE IDENTITY CHROM STRAND START END  SPAN
browser details Seql 1057 1 1115 1115 99.4% chrl7 - 7576908 7590832 13925
browser details Seql 38 471 810 1115 95.4% chr2 37029480 37047471 17992
browser details Seql 30 401 4506 1115 66.7% chrl 223362777 223362812 36
browser details Seql 29 999 1043 1115 96.8% chr4 145830377 145830766 390
browser details Seql 25 214 253 1115 70.4% chr3 136385181 136385209 29
browser details Seql 21 530 550 1115 100.0% chr4 5763145 5763165 21
browser details Seql 20 367 388 1115 95.5% chr2 63944551 63944572 22

+ 1+




UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move <<< << < > >> >>> (zoomin 1.5x 3X 10x base |zoomout 1.5x 3X 10x 100x

chrl7:7,576,908-7,590,832 13,925 bp. | enter position, gene symbol, HGVS or search terms ’ go

|chr‘17 p13.1) (G Pl I BEIEN 175112 P 176112 BEECTEN fge2 24 EEEE oS 1] 17025.3 |
+

Scale S kb} | haig
J chri17: |7,575,0008]|7,579,000|7,550, 000|7,551, 00e| 7,552, 00e|7,5583, eee| 7,554, ves|7,5585, eoe|7,556, 000| 7,557, 000|7,555, ooe| 7,559, 00e|7,590, aas|
blat on Seqi
seq1

|

3

Reference Assembly Fix Fatch Sequence Alighments
Reference Assembld Alternate Haplotupe Sequence Alignments

@Sequence from Blat S% al

ucsc Genés (RefSeq, GenBank, CCDS, Rfam, tRNAs & Comparative Genomics)

A1t Haplotupes

WRAFSS m:

WRAFS

MM MMM

HY941428 | HY9414481 HY941444)
HY9414354 | HY941473) TPSS Il
HY941456 HY9414358)

¥

114

I'

TPS3

TPS3 il
TP53

114

{13

'I

HV341429
HYS41442
jeq genes, curated subset (NM_x, NR_%, NF_x or YP_%) - Annotation Release NCBI Homo sapiens Updated Annotation Release 165,20196966 (261
TS K= WRAFSS
TFS3 K- WRAFS3iA
PSS [C-——-—————H=
TPS3 [C—— - -l—
PSS [ -—
TPSS [C-——-————— -
TFS3 K1
TPS3 Kl
TFS3 Kl
TFS3 K1
TFS3 K1
PS5 Kl
TFS3 Kl
TPS3 [
TFS3 K1

hv 4

hv 4

MM MMM

Pihlirarinnc: famiancacs in Sciantif€ic Anticlac



7 - Zoom out 2 times to 3x to see to which portion of the gene the query sequence corresponds
to: UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move <<< << < > >> >>> |zoomin | 1.5x 3x 10x base ' zoomout 1.5x 3x 10x 100x

chrl7:7,552,363-7,608,063 55,701 bp. ‘ enter position, gene symbol, HGVS or search terms go

Scale 29 Ko} ] hota
chr17: | 7,se0,000] 7,565,000 7,570,008] 7,575,000 7,580,000 7,585,000] 7,590,000 7,595,008 7,600,000] 7,605,000
Track per hioinfo2 biocevo
Your Segquence from Blat Search
Seql

[T [ ]

Intersection of simple CAG repeats with Genes
S— UCSC Genes (RefSeq, GenBank, CCDS, Rfam, tRNAS & Comparative Genomics)
e —
TPS3
TPS3
TFS3
TFS3
TFS3
TPS3
TPS3
TFS3
TPS3
TPS3 o
TPS3 o
TP53 —
HV941451
HY941453
HV941428
HVS41434
HV341486
TPS3 —
TPS3 T IOPE VRRPPRUTSUPPPIE PRI DU PR N
TPS3 (AT ORI PRI DS SOV OISR M
HVa41429
TPS3 Bttt ettt M
HVSG41448
HV941478
HVS41442
HUG41444 |
TPS3 | B
HVG41430
HRAPS3 8+
WRAPS3 [T
WRAPS3 o
WRAPS3 o
WRAFSS A N O S U RN S P-4

WRAPSS (IS NGNS SN M0MMtNNIe I
4

WRAFSS
y Human mRNAS from GenBank

= Human mRNAS —HH—{ - I t -t + R | |
Gene Expression in 54 tissues from GTEx RNA-seq of 17382 samples, 948 donors (V8, Aug 2019)

ATF1B2

Ll LA A RP11-199F11.2 il P O TR |
iied || Ll wreess 1) TP o T




8 - Go back and insert the second sequence into the form:

Human BLAT Search

BLAT Search Genome

Genome: || Search all Assembly: Query type: Sort output: Output type:
Human i Feb. 2009 (GRCh37/hg19) v |BLAT's guess < |query,score 1 |hyperlink o

>Seql
a51g99castaaaag gad a5A3 233391c1a030CCacatccagddagsagatagetactagg gg99aca 9£attca99ct9a9agcaly 4C0369919aCace
0931199cagccagaciy 0991Cactoccatagaggagcacaglcada 20calcaag g291cag923aca agacclatggaaacta 03333Ca3 d q
4ccy 33952310931 931119atactyg 093¢931atlg3acaalgatlcactaaadacccaqqtccagatgaag a92231d0cagagqctg qxag 0€accagcag
ggcag geaccag ag grca g 403333£C1a65R29909aCCTacqg gtclaqg 0C3 gagacag grcrgigaciiacace
y A3C3a9atg 0CCaaCTa0ccaagacctg atg9cagctalaggtiaa 463 4£Lcag 369£9¢6a%a9ccaretacaancag ag 03£99399%191dag9cacty
atgagcactacicadatagcgatgatctag 3053 31ccdagiagaas gatttacqigtagadtatiiagatgacagaaaca gacataglaigatagid
d Jg4aqg g4 dd gLid d d d gig d g g gqgcdag dad gqagaad aqg (g adgiggidd a4qg qd
g 0a99%aLgtgtiiataccig §99230392£c99£9cacagagdgaagagas 0¢23923394999ag aC£acgaqcty 3gdgagcaciaagcdad q 3CCad
>Seq2
Ataccagctlaga 3349 acla1923099a1atr19992a0a19t3adaaaty 062411339991 1agtttacaatcadscacs 309%aggaqccca 3CCA1actaaccagaganagetc
acxatiagaz a3 aaggcccalatctgigasatactggcaritgcaccta 3Cadagtacatgggiiaatgaaataataracatciag 4333053 atlacatgaqgictaga
3 36££AtIIa09at1agtlla 033311991c901999ta91a0tcatctacaqtlonecagcigatlaggtagaggdagliigtcaad s{oyse]ea(aef=Ts folet: 1] gretaacaa
t

3 = ala3 qgagga gltaiaidgaiga gaa aCCaaga d a1g 30449 a3 g ,
fititttttctitttctttoanactanantctcactitattacccanactanantaonantaoncatoatcttancttactactttaaacctttttaactttanantttacccacctcancctccanantanctaonnaccaci 2

"] All Results (no minimum matches) Submit I'm Feeling lucky 7 Clear

Paste in a query sequence to find its location in the the genome. Multiple sequences may be hed if separated by lines starting with >'
followed by the sequence name.

File Upload: Rather than pasting a sequence, you can choose to upload a text file containing the sequence.
Upload sequence: Sfoglia... = Nessun file selezionato. = submit file



™ Genomes Genome Browser Tools Mirrors Downloads My Data Projects Help About Us

Human (hg19) BLAT Results

BLAT Search Results

Go back to chrl7:7576908-7590832 on the Genome Browser.

Custom track name: | blat Seq1+1

Custom track description: | blat on 2 queries (Seq1, Seq2)

Build a custom track with these results

ACTIONS QUERY SCORE START  END QSIZE IDENTITY CHROM STRAND START END  SPAN
/browser details Seql 1057 1: 3115 J11S 99.4% chrl7 - 7576908 7590832 13925
browser details Seql 38 471 810 1115 95.4% chr2 - 37029480 37047471 17992
browser details Seql 30 401 450 1115 66.7% chrl - 223362777 223362812 36
browser details Seql 29 999 1043 1115 96.8% chr4d - 145830377 145830766 390 E;Ea(q 1
browser details Seql 25: 214: 253 J115 70.4% chr3 + 136385181 136385209 29
browser details Seql 21 530 550 1115 100.0% chr4 - 5763145 5763165 21
browser details 7 8 1115 95.5% chr2 + 63944551 63944572 22 /
rowser details Seq2 910 1 996 996 97.1% chrl7 - 7571736 7572719 9
browser details Seq2 171 551 856 996 85.0% chr5 + 49950222 49950507 286
browser details Seq2 167 547 854 996 85.6% chrlo - 27408468 27408791 324
browser details Seq2 158 566 844 996 86.0% chr22 + 28176923 28177196 274
browser details Seq2 156 552 834 99 83.6% chr2 - 37248781 37249047 267
browser details Seq2 155 553 865 996 85.0% chré - 38263541 38263850 310
browser details Seq2 149 547 865 996 86.4% chrlo - 104340658 104365268 24611 Seq2
browser details Seq2 148 550 856 996 83.6% chrils - 43833643 43833952 310
browser details Seq2 148 561 865 996 82.6% chr2 + 26597435 26597736 302
browser details Seq2 147 550 856 996 86.3% chrd + 101191092 101191390 299
browser details Seq2 146 565 857 996 82.5% chr9 + 80078922 80079207 286
browser details Seq2 144 548 851 996 89.2% chr3 - 73757750 73758057 308
browser details Seq2 143 552 855 996 85.3% chré + 155350920 155351215 296
I¥

\\growser details Seq2 143 550 844 996  84.8% chrl5
167045434 167045723 2

75466123 75466409 287
rowser details Seq2 141 551 855 996 85.8% chr3 9




¥ Genomes Genome Browser Tools Mirrors Downloads My Data Projects Help About Us

Human (hg19) BLAT Results

BLAT Search Results

Go back to chrl7:7576908-7590832 on the Genome Browser.

Custom track name: | blat Seq1+1

Custom track description: | blat on 2 queries (Seq1, Seq2)

Build a custom track with these results

ACTIONS QUERY SCORE START  END QSIZE IDENTITY CHROM STRAND START END SPAN
L browser details Seql 1057 I© 1115 1115 99.4% chrl7 - 7576908 7590832 13925 J
T 38 4/ 8lu IIIS 95.4%  Chr2 = 37029480 3/047471 17992 |
browser details Seql 306 401 450 1115 66.7% chrl - 223362777 223362812 36
browser details Seql 29 999 1043 1115 96.8% chr4 - 145830377 145830766 390 Seq1
browser details Seql 25: 214: 253 3315 70.4% chr3 + 136385181 136385209 29
browser details Seql 21 530 550 1115 100.0% chr4 - 5763145 5763165 21
= qets e () b 885 L B N U4a4 Uad
etails Seq2 910 1 996 996 97.1% chrl7 - 7571736 7572719 9

rowser details seq2 T7T 551 856 996  85.0% chrs + 49950 : 86
browser details Seq2 167 547 854 996 85.6% chrlo - 27408468 27408791 324
browser details Seq2 158 566 844 996 86.0% chr22 + 28176923 28177196 274

browser details Seq2 156 552 834 99 83.6% chr2 37248781 37249047 267
browser details Seq2 155 553 865 996 85.0% chré - 38263541 38263850 310
browser details Seq2 149 547 865 996 86.4% chrlo 104340658 104365268 24611 E;E;(]ZZ
browser details Seq2 148 550 856 996 83.6% chrils 43833643 43833952 310
browser details Seq2 148 561 865 996 82.6% chr2 26597435 26597736 302
browser details Seq2 147 550 856 996 86.3% chrd 101191092 101191390 299
browser details Seq2 146 565 857 996 82.5% chr9 80078922 80079207 286
browser details Seq2 144 548 851 996 89.2% chr3 73757750 73758057 308
browser details Seq2 143 552 855 996 85.3% chré 155350920 155351215 296
\\growser details Seq2 143 550 844 996 84.8% chrls 75466123 75466409 287
rowser details Seq2 141 551 855 996 85.8% chr3 167045434 167045723 29

IR




UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move | <<< << < > >> >>> zoomin 1.5x 3x 10x base |zoomout 1.5x 3X 10x 100x

chrl7:7,571,736-7,572,719 984 bp.‘ enter position, gene symbol, HGVS or search terms ‘ go
|chr17 (p13.1) T7611.2 Pl 17011.2 5 ] q24.3
Scale 288 bases}| | he19
chr17: | 7.571,908| 7,572, 008| 7,572,108| 7.572,2908| 7,572,308| 7.572,498| 7.,572,5088| 7,572,608| 7,572,798|
plat on Seqi

Reference emb 1y Fix Fatch Seguence Alighmer

Reference Assemb 1y Alternate Haplotupe Sequence Alignments

AT Haplotupes
Your Seguence from Blat Search

Seqz2 e
UCSC Genes (RefSeq, GenBank, CCDS, Rfam, TRNAs & Comparative Genomics)

e e e Attt U S S S S S SP I S DS ST RS Lt o £

5

o o B e L o T B S ot e o T B e o B e o o S B T L et e o B R €

A

e genes, curated subset (NM_%, NR_%, NF_% or YF_%) - Annotation Release NCBI Homo sapiens Updated Annotation Release 165,261963686 (261




9 - Zoom 2 times to 3x to see at which portion of the gene the query sequence corresponds:

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move <<< <<

chrl7:7,567,800-7,576,655 8,856 hp. ’ enter position, gene symbol, HGVS or search terms ’ go

>> >>> |zoomin| 1.5x 3x 10x base |zoom out| 1.5x 3x 10x 100x

chri1? (p13.1) 15.SEERCIRES. 1 IRRREE 1 7011.2 |

+ SCE BN

)

Scale
chri7: |

7,569, 000|

2 kbl | ha1g
7,570, 000| 7,571, 0808| 7,572, 000| 7,573, 000| 7,574, 008| 7,575, 000| 7,576, 000|
Track per bioinfo2 hioevo
Your Sequence from BIlat Search
— e -
Intersection of simple CAG repeats with Genes

UCSC Genes (RefSeq, GenBank, CCDS, Rfam, TRNAS & Comparative Genomics)

TPS3 }‘l ...................... R i O, A D i e i i O S L e O R D S

TFS3
TPS3
TFS3
TPS3
TFS3
TFS3
TFS3
TFS3
TPS3
TPS3
TPE3
HV941431

Human mRNAs

Il

Human mENAS from GenBank

TPS3 ﬂ |

=
Gene Expression in 54 tissues from GTEx RNA-seq of 17382 samples, 948 donors VS, Aug 2019)

B suseigeg




10 - Move the browser a little to the left and zoom first to 3x and then to 1.5x to see
how the two sequences are positioned on the TP53 gene:

UCSC Genome Browser on Human Feb. 2009 (GRCh37/hg19) Assembly

move <<< << < > >> >>> |zoomin| 1.5x 3x 10x base | zoom out| 1.5x 3x 10x 100x

chrl7:7,559,566-7,599,417 39,852 bp. ’ enter position, gene symbol, HGVS or search terms go

chr17 <p13.1) [1S.SEERE RS 1 IRRETEN 17011 .2 ) BECTSEY 17012 DNEITEI .

Scale 10 Kb} { ha19
chr17: | 7,568, 000| 7,570, 000 7,575,000l 7,580,000 7,585, 000| 7,590, 086| 7,595, 008|
] Track Losds = o
[_ quence from Blat Search
seat fegzhi-h 1
I=] glersec ifple CAG repeats with Genes
ucsc o= RefSeq, GenBank, Ci s Rrams = Ve o 1Cs)
L e e tstattantaststo s L]
L T Ty
[ A
—peee e
——— R 1 I | o
— i
i
4
h
1
— et
— e
-4
— o e
»
Laas |
ftHh
b
5 L B .k ™
HVG41449
HVG4147,
HV941442
HYS41444 !
TPS B PUSSIPUSI TP ST PRI TP
HVY941438 |
WRAPSS3
WRAFSS
WRAPS3 i
WRAPS3 il
WRAPS3 L
=] WRAPSS L T A
Human mRNAS from GenBank
2 Human mRNAs I I + L S 1 t o T | |
Gene Expression in 54 tissues from GTEX RNA-seq of 17382 samples, 948 donors (V8, Aug 2019)




Practical lesson 2: Multiple protein sequence alignment

1.

Given a protein sequence query from Homo sapiens, identify the
protein to which it belongs and highlight if it belongs to a protein
family

Align the protein with some other members of the family also
belonging to other species (Tursiops truncatus, Rattus norvegicus,
Pan troglodytes) present in the Reference proteins database (RefSeq
protein)

Obtain and analyse the cladogram and the phylogenetic tree resulting
from the multiple alignment



1 - Enter Protein BLAST:

BaSIC Local Allgnment searCh TOOI BLAST now supports the new RefSeq Select databases.

BLAST finds regions of similarity between biological sequences. The program The RefSeq Select data-set consists of a representative or “Select” transcript for every
compares nucleotide or protein sequences to sequence databases and protein-coding gene.
calculates the statistical significance. Learn more

Tue, 13 Oct 2020 12:00:00 EST More BLAST news...

Web BLAST

LT

BLAST Genomes

Enter organism common name, scientific name, or tax id m

Human Mouse Rat Microbes




2 - Paste sequence 3 in FASTA format, choose the UniProtKB/Swiss-Prot database and start the
search with default parameters:

Standard Protein BLAST
blastn | blastp | blastx | tblastn | tblastx |

BLASTP programs search protein databases using a pro’

Enter Query Sequence
Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
>seg
From |
To | |

Or, upload file = ) .
B Sfoglia... | Nessun file selezionato. @

Enter a descriptive fitle for your BLAST search &

! Align two or more sequences &

Job Title

Choose Search Set
Database

+ | UniProtKB/Swiss-Prot(swissprot) v©®
Org =
Optional | !exclude . *
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. @)
Exclude M M 8 M 2
Optional Models (XM/XP) ' Non-redundant RefSeq proteins (WP) ' Uncultured/environmental sample sequences

Program Selection

Algorithm
9 ° blastp (protein-protein BLAST)

PSI-BLAST (Position-Specific Iterated BLAST)
PHI-BLAST (Pattern Hit Initiated BLAST)

DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)
Choose a BLAST algorithm &

Search database swissprot using Blastp (protein-protein BLAST)

)
Show results in a new window

(¥ Algorithm parameters Note: Parameter values that differ from the default are highlighted in yellow and marked with ¢ sign



3 - Analyze the result of the similarity search, to understand which human protein corresponds to the
sequence fragment under analysis (see “Descriptions”, “Alignments”, “GenPept” and “Gene”):

Descriptions Graphic Summary Alignments Taxonomy

Sequences producing significant alignments Download ¥  Manage columns ~ Show e

select all 72sequences selected GenPept Graphics Distance tree of results Multiple alignment
Description i | ol S = ree Accession

Score Score Cover value Ident

RecName: Full=Laminin subunit beta-1: AltName: Full=Laminin B1 chain: AltName: Full=Laminin-1 subunit beta: AltName: Full=Laminin-10 subuni 410 635 100% 4e-132 100.00% P07942.2

RecName: Full=Laminin subunit beta-1; AltName: Full=Laminin B1 chain: AltName: Full=Laminin-1 subunit beta: AltName: Full=Laminin-10 subuni 393 615 100% 3e-126 94.42% P02469.3

RecName: Full=Laminin subunit beta-2; AltName: Full=Laminin-11 subunit beta; AltName: Full=Laminin-14 subunit beta: AltName: Full=Laminin-1¢ 176 361 100% 9e-50 45.64% 0Q61292.2
RecName: Full=Laminin subunit beta-2: AltName: Full=Laminin chain B3: AltName: Full=Laminin-11 subunit beta: AltName: Full=Laminin-14 subur 175 362 100% 1e-49 45.69% P15800.1

RecName: Full=Laminin subunit beta-2: AltName: Full=Laminin B1s chain: AltName: Full=Laminin-11 subunit beta: AltName: Full=Laminin-14 sub. 164 354 100% 9e-46 44.28% P55268.2

RecName: Full=Laminin subunit beta-4: Flags: Precursor [Danio rerio] 124 410 94% 1e-31 37.43% Q8JHV6.1

Name: Full=Laminin subunit beta-1: ame: Full=Laminin B1 chain: Flags: Precursor [Drosophila melanogaster’ 120 347 98% 1e-30 37.50% P11046.4

&S&&NSN_@I

RecName: Full=Laminin subunit beta-4: AltName: Full=Laminin beta-1-related protein: Flags: Precursor [Homo sapiens 102 341 88% 4e-24 36.57% A4D0S4.1




3 - Analyze the result of the similarity search, to understand which human protein corresponds to the
sequence fragment under analysis (see “Descriptions”, “Alignments”, “GenPept” and “Gene”):

Descriptions Graphic Summary Alignments Taxonomy

Seauences producing significant aliznments Download *~ Manage columns ~ Show e
LAMB1 laminin subunit beta 1 [ Homo sapiens (human) ]

Gene ID: 3912, updated on 20-Sep-2020

~| Summary 2
Official Symbol LAMBL provided by HGNC
Official Full Name laminin subunit beta 1 provided by HGNC

Primary source HGNC:HGNC:6486
See related Ensembl:ENSG00000091136 MIM:150240
Gene type protein coding
RefSeq status REVIEWED
Organism Homo sapiens
Lineage Eukaryota; Metazoa: Chordata: Craniata: Vertebrata; Euteleostomi;: Mammalia; Eutheria; Euarchontoglires: Primates; Haplorrhini; Catarrhini; Hominidae; Homo
Also known as CLM; LIS5
Summary Laminins, a family of extracellular matrix glycoproteins, are the major noncollagenous constituent of basement membranes. They have been implicated in a wide variety of biological processes
including cell adhesion, differentiation, migration, signaling, neurite outgrowth and metastasis. Laminins are composed of 3 non identical chains: laminin alpha, beta and gamma (formerly A, B1, and
B2, respectively) and they form a cruciform structure consisting of 3 short arms, each formed by a different chain, and a long arm composed of all 3 chains. Each laminin chain is a multidomain
protein encoded by a distinct gene. Several isoforms of each chain have been described. Different alpha, beta and gamma chain isomers combine to give rise to different heterotrimeric laminin
isoforms which are designated by Arabic numerals in the order of their discovery, i.e. alphalbetalgammal heterotrimer is laminin 1. The biological functions of the different chains and trimer
molecules are largely unknown, but some of the chains have been shown to differ with respect to their tissue distribution, presumably reflecting diverse functions in vivo. This gene encodes the beta
chain isoform laminin, beta 1. The beta 1 chain has 7 structurally distinct domains which it shares with other beta chain isomers. The C-terminal helical region containing domains | and Il are
separated by domain alpha, domains Il and V contain several EGF-like repeats, and domains IV and VI have a globular conformation. Laminin, beta 1 is expressed in most tissues that produce
basement membranes, and is one of the 3 chains constituting laminin 1, the first laminin isolated from Engelbreth-Holm-Swarm (EHS) tumor. A sequence in the beta 1 chain that is involved in cell
attachment, chemotaxis, and binding to the laminin receptor was identified and shown to have the capacity to inhibit metastasis. [provided by RefSeq, Aug 2011]
Expression Broad expression in placenta (RPKM 75.7), fat (RPKM 65.2) and 23 other tissues See more
Orthologs mouse all




Exercise 2: Multiple protein sequence alignment

1. Given a protein sequence query from Homo sapiens, identify the
protein to which it belongs and highlight if it belongs to a protein
family

2. Align the protein with some other members of the family also
belonging to other species ( Tursiops truncatus, Rattus
norvegicus, Pan troglodytes ) present in the Reference proteins
database (RefSeq protein)

3. Obtain and analyse the cladogram and the phylogenetic tree resulting
from the multiple alignment



1 - Retrieve the reference sequence (Accession number, FASTA), save it in a text file and change
the header to make it more readable, e.g. “>LAMB1_HUMAN_ precursor”:

*Documento senza titolo 1 x

MGLLQLLAFSFLALCRARVRAQEPEFSYGCAEGSCYPATGDLLIGRAQKLSVTSTCGLHKPEPYCIVSHL
QEDKKCFICNSQDPYHETLNPDSHLIENVVTTFAPNRLKIWWQSENGVENVTIQLDLEAEFHFTHLIMTF
KTFRPAAMLIERSSDFGKTWGVYRYFAYDCEASFPGISTGPMKKVDDIICDSRYSDIEPSTEGEVIFRAL
DPAFKIEDPYSPRIQNLLKITNLRIKFVKLHTLGDNLLDSRMEIREKYYYAVYDMVVRGNCFCYGHASEC
APVDGFNEEVEGMVHGHCMCRHNTKGLNCELCMDFYHDLPWRPAEGRNSNACKKCNCNEHSISCHFDMAV
YLATGNVSGGVCDDCQHNTMGRNCEQCKPFYYQHPERDIRDPNFCERCTCDPAGSQNEGICDSYTDFSTG
LIAGQCRCKLNVEGEHCDVCKEGFYDLSSEDPFGCKSCACNPLGTIPGGNPCDSETGHCYCKRLVTGQHC
DQCLPEHWGLSNDLDGCRPCDCDLGGALNNSCFAESGQCSCRPHMIGRQCNEVEPGYYFATLDHYLYEAE
EANLGPGVSIVERQYIQDRIPSWTGAGFVRVPECAYLEFFIDNIPYSMEYDILIRYEPQLPDHWEKAVIT
VQRPGRIPTSSRCGNTIPDDDNQVVSLSPGSRYVVLPRPVCFEKGTNYTVRLELPQYTSSDSDVESPYTL
IDSLVLMPYCKSLDIFTVGGSGDGVVTNSAWETFQRYRCLENSRSVVKTPMTDVCRNIIFSISALLHQTG
LACECDPQGSLSSVCDPNGGQCQCRPNVVGRTCNRCAPGTFGFGPSGCKPCECHLQGSVNAFCNPVTGQC
HCFQGVYARQCDRCLPGHWGFPSCQPCQCNGHADDCDPVTGECLNCQDYTMGHNCERCLAGYYGDPIIGS
GDHCRPCPCPDGPDSGRQFARSCYQDPVTLQLACVCDPGYIGSRCDDCASGYFGNPSEVGGSCQPCQCHN
NIDTTDPEACDKETGRCLKCLYHTEGEHCQFCRFGYYGDALQQDCRKCVCNYLGTVQEHCNGSDCQCDKA
TGQCLCLPNVIGQNCDRCAPNTWQLASGTGCDPCNCNAAHSFGPSCNEFTGQCQCMPGFGGRTCSECQEL
FWGDPDVECRACDCDPRGIETPQCDQSTGQCVCVEGVEGPRCDKCTRGYSGVFPDCTPCHQCFALWDVII
AELTNRTHRFLEKAKALKISGVIGPYRETVDSVERKVSEIKDILAQSPAAEPLKNICGNLFEEAEKLIKDV
TEMMAQVEVKLSDTTSQSNSTAKELDSLQTEAESLDNTVKELAEQLEFIKNSDIRGALDSITKYFQMSLE
AEERVNASTTEPNSTVEQSALMRDRVEDVMMERESQFKEKQEEQARLLDELAGKLQSLDLSAAAEMTCGT
PPGASCSETECGGPNCRTDEGERKCGGPGCGGLVTVAHNAWQKAMDLDQDVLSALAEVEQLSKMVSEAKL
RADEAKQSAEDILLKTNATKEKMDKSNEELRNLIKQIRNFLTQDSADLDSIEAVANEVLKMEMPSTPQQL
QNLTEDIRERVESLSQVEVILQHSAADIARAEMLLEEAKRASKSATDVKVTADMVKEALEEAEKAQVAAE
KAIKQADEDIQGTQNLLTSIESETAASEETLFNASQRISELERNVEELKRKAAQNSGEAEYIEKVVYTVK
QSAEDVKKTLDGELDEKYKKVENLIAKKTEESADARRKAEMLQNEAKTLLAQANSKLQLLKDLERKYEDN
QRYLEDKAQELARLEGEVRSLLKDISQKVAVYSTCL



2 - Return to Protein BLAST, use the sequence just retrieved as the query, limiting the search to
“Reference proteins (refseq protein)” of proteins in the taxonomic groups Homo Sapiens , Tursiops
tfruncatus , Rattus norvegicus and Pan troglodytes and start the search:

Standard Protein BLASI
blastn m blastx tblastn tblastx

Enter Query Sequence

BLASTP programs search protein databases using a protein query. more...

Enter accession number(s), gi(s), or FASTA sequence(s) @ ciear Query subrange @
Rt R —
MGLLQLLAFSFLALCRARVRAQEPEFSYGCAEGSCYPATGDLLIGRAQKLSV
TSTCGLHKPEPYCIVSHLQEDKKCFICNSQDPYHETLNPDSHLIENVVTTFAP +
NRLKIWWQSENGVENVTIQLDLEAEFHFTHLIMTFKTFRPAAMLIERSSDFCK | To
Or, upload file | Scegli file | Nessun file selezionato (2]

Job Title [ LAMB1_Human_Precursor |

Enter a descriptive title for your BLAST search 9

(] Align two or more sequences @

Choose Search Set
Database ~ =
0| Reference proteins (refseq protein) v |Q
Or i =
|0 exclude

Optional | Homo sapiens (taxid:9606)
| Tursiops truncatus (taxid:9739) ](J exclude
[ Rattus norwegicus (taxid:10116) |(J exclude
[ Pan troglodytes (taxid:9598) ](J exclude
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown 9
Excmdle [J models (XMIXP) [J Non-redundant RefSeq proteins (WP) [[J uncultured/environmental sample sequences
ptional

Program Selection

Algorithm @ blastp (protein-protein BLAST)
(O PSI-BLAST (Position-Specific Iterated BLAST)

(O PHI-BLAST (Pattern Hit Initiated BLAST)
O DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)

Choose a BLAST algorithm 0

QuIickBLASTP is an accelerated version of BLASTP that is very fast and works best if the target percent identity is 50% or more
BiastP simply compares a protein query to a protein database.

PSI-BLAST allows the user to build a PSSM (position-specific scoring matrix) using the results of the first BlastP run
PHI-BLAST performs the search but limits alignments to those that match a pattern in the query.

DELTA-BLAST constructs a PSSM using the results of a Conserved Domain Database search and searches a sequence database



3 - Select the sequences of Homo

; B Sequences producing significant alignments Download ~ [ Select v Show | 100V | @
Saplens ’ Pan trog/OdyteS ’ Turs,ops [ selectall 8 sequences selected GenPept  Graphics Distance tree of results ~ Multiple alignment [EMSA Viewer

fruncatus, Rattus norvegicus of the v [walom | & | 7 =

Score Score Cover value = Ident  Len Accession
.. . . v v - v = =
laminin beta 1 and 3 family (if there are e S5 9 0% G0 N0 1798 NP g2
. f h I3 ” f H laminin subunit beta-1 [Pan troglodytes] Pan troglodytes 3601 3691 100% 0.0 99.61% 1786 XP_001165667.4
m o re ISO Orms’ C Oose p recu rsor o r S () 1aminin subunit beta-1 isoform X1 [Homo sapiens] Homo sapiens 3678 3678 99% 0.0 99.72% 1810 XP_016867690.1
and “X1 ”» for Rn ) laminin subunit beta-1 [Tursiops truncatus] Tursiops truncatus 3492 3492 100% 0.0 93.17% 1786 XP_033718774.1
D laminin subunit beta-1 isoform X2 [Rattus norvegicus] Rattus norvegicus 3438 3438 100% 0.0 92.61% 1786 XP_006240058.1
laminin subunit beta-1 isoform X1 [Rattus norvegicus] Rattus norvegicus 3437 3437 100% 00 92.61% 1834 XP_0037501851
« ”» () 1aminin subunit beta-1 isoform X2 [Homo sapiens] Homo sapiens 2368 2688 65% 0.0 99.56% 1212 XP_016867691.1
FASTA format ( Download ) and co py T e — T Lot feek G5! S0, 1808 e TR T
. . () 1aminin subunit beta-2 isoform X1 [Rattus norvegicus] Rattus norvegicus 1905 1905 99% 0.0 51.18% 1801 XP_0062437711
them |nt0 a teXt flle (0 1aminin subunit beta-2 precursor [Rattus norvegicus] Rattus norvegicus 1905 1905 99% 0.0 51.18% 1801 NP_037106.1
() 1aminin subunit beta-2 isoform X2 [Rattus norvegicus] Rattus norvegicus 1901 1901 99% 0.0 51.18% 1800 XP_038936809.1
(0 1aminin subunit beta-2 isoform X1 [Tursiops truncatus] Tursiops truncatus 1809 1899 98% 0.0 51.10% 1809 XP_033720799.1
5_ M od Ify th e Seq u e n Ce h ead e rS to m a ke () 1aminin subunit beta-2 [Pan troglodytes] Pan troglodytes 1882 1882 98% 0.0 50.65% 1798 XP_016796574.2
() 1aminin subunit beta-2 precursor [Homo sapiens] Homo sapiens 1878 1878 98% 00 50.65% 1798 NP_002283.3
th e m S h o rt’ i nfo rm ative a n d u n i q u e (e . g . (J 1aminin subunit beta-2 isoform X3 [Rattus norvegicus] Rattus norvegicus 1763 1763 93% 0.0 50.51% 1667 XP_038936810.1
« - ” (J taminin subunit beta-4 isoform 1 precursor [Homo sapiens] Homo sapiens 1358 1358 98% 0.0 41.31% 1761 NP_001304975.1
> H S Ia m b 1 p re 5 > Pt Ia m b 1 ) D laminin subunit beta-4 isoform X1 [Homo sapiens] Homo sapiens 1336 1336 95% 0.0 41.32% 1772 XP_011514277.1
- - - (J taminin subunit beta-4 isoform X2 [Homo sapiens] Homo sapiens 1336 1336 95% 0.0 41.32% 1753 XP_016867368.1
() 1aminin subunit beta-4 isoform X3 [Homo sapiens] Homo sapiens 1334 1334 95% 00 41.31% 1723 XP_011514280.1
(J taminin subunit beta-4 isoform X4 [Homo sapiens] Homo sapiens 1334 1334 96% 0.0 41.22% 1703 XP_011514281.1
() 1aminin subunit beta-4 isoform X6 [Homo sapiens] Homo sapiens 1312 1312 86% 00 43.34% 1564 XP_0115142821
(0 1aminin subunit beta-4 isoform X5 [Homo sapiens] Homo sapiens 1311 1311 86% 0.0 43.34% 1567 XP_016867369.1
() 1aminin subunit beta-4 isoform 2 precursor [Homo sapiens] Homo sapiens 1081 1375 64% 00 49.77% 1101 NP_001304976.1
(J taminin subunit beta-4 (Pan Pan troglodytes 739 1274 62% 0.0 49.93% 772 XP_016813513.2
() 1aminin subunit beta-4 isoform 3 precursor [Homo sapiens] Homo sapiens 736 1271 62% 0.0 49.79% 772 NP_001304977.1
laminin subunit beta-3 precursor [Rattus norvegicus] Rattus norvegicus 416 1133 87% 3e-121 43.54% 1172 NP_0010943111
laminin subunit beta-3 [Pan troglodytes] Pan troglodytes 410 1046 87% 2e-119 41.56% 1171 XP_003949737.2
1aminin subunit beta-3 precursor [Homo sapiens] Homo sapiens 408 1001 87% le-118 41.19% 1172 NP_000219.2
laminin subunit beta-3 [Tursiops truncatus] Tursiops truncatus 400 927 85% 5e-116 42.25% 1172 XP_033708792.1



Exercise 2: Multiple protein sequence alignment

1. Given a protein sequence query from Homo sapiens, identify the
protein to which it belongs and highlight if it belongs to a protein
family

2. Align the protein with some other members of the family also
belonging to other species (Tursiops truncatus, Rattus norvegicus,
Pan troglodytes ) present in the Reference proteins database
(RefSeq protein)

3. Obtain and analyse the cladogram and the phylogenetic tree
resulting from the multiple alignment



Muscle

Performs multiple protein sequence alignments

Highly optimized both in terms of time and accuracy of results
(can be used to align up to 1000+ sequences)

Based on progressive alignment followed by iterative
refinements



1 - Connect to the EBI Muscle home page dedicated to multiple alignments
( https://www.ebi.ac.uk/jdispatcher/msa/muscle?stype=protein ) .

2 - Select the fasta file with the 8 sequences and start the analysis with the default parameters:

Muscle

Multiple Sequence Alignment (MSA)

N - - - 4
Job Dispatcher Help & Privacy Your Jobs Input form

Welcome to the new Job Dispatcher website. We'd love to hear your feedback about the new webpages! 5

MUSCLE stands for MUltiple Sequence Comparison by Log-Expectation. MUSCLE is claimed to achieve both better average accuracy and better speed than
ClustalWw2 or T-Coffee, depending on the chosen options.This tool can align up to 500 sequences or a maximum file size of 1 MB.

Input sequence ® Paste your sequence here - or use the example sequence

4
Sfoglia... seqdump(1).txt | Use the example I | Clear sequence I More example inputs

Parameters OUTPUT FORMAT ®

I ClustalWw v |

Mara nntinne «s


https://www.ebi.ac.uk/jdispatcher/msa/muscle?stype=protein

CLUSTAL multiple sequence alignment by MUSCLE (3.8)

Rattus_norvegicus_LAMB1
Tursiops_truncatus_LAMB1
Homo_sapiens_LAMB1
Pan_troglodytes_LAMB1
Rattus_norvegicus_LAMB3
Tursiops_truncatus_LAMB3
Pan_troglodytes_LAMB3
Homo_sapiens_LAMB3

Rattus_norvegicus_LAMB1
Tursiops_truncatus_LAMB1
Homo_sapiens_LAMB1
Pan_troglodytes_LAMB1
Rattus_norvegicus_LAMB3
Tursiops_truncatus_LAMB3
Pan_troglodytes_LAMB3
Homo_sapiens_LAMB3

Rattus_norvegicus_LAMB1
Tursiops_truncatus_LAMB1
Homo_sapiens_LAMB1
Pan_troglodytes_LAMB1
Rattus_norvegicus_LAMB3
Tursiops_truncatus_LAMB3
Pan_troglodytes_LAMB3
Homo_sapiens_LAMB3

MERPLSSLPTFAFSPLYLSRKEDTKKRRAACLPRPPSRAASPRLOGLDMGVLQVFAFGVL
------------------------------------------------ MGRLQMFAFSFL
------------------------------------------------ MGLLQLLAFSFL
------------------------------------------------ MGLLQLLAFSFL
----------------------------------------------- MMTALFLLWLALP

3 - Click on “Show colors” to display a color for each group of amino acids (polar, non-polar,

“*” = same amino acid
for all sequences

£€.9) — H
ALWGTRVCAQEPEFSYGCAEGSCYPATGDLLIGRAQKLSVTSTCGLHKPEPYCIVSHLQE = (:()r1ssear\/zat|\/ee
ALCGAQVSAQEPEFSYGCAEGSCYPATGDLLIGRAQKLSVTSTCGLYKPEPYCIVSHLQE

ALCRARVRAQEPEFSYGCAEGSCYPATGDLLIGRAQKLSVTSTCGLHKPEPYCIVSHLQE
ALCRARVRAQEPEFSYGCAEGSCYPATGDLLIGRAQKLSVTSTCGLHKPEPYCIVSHLQE
GL----LCAQQP----- CSRGACYPPVGDLLIGRTQLLRASSTCGLTKPETYC-TQYGQW
SV----LCAQQA----- CSRGACYPPVGDLLIGRTRFLRASSTCGLAKPETYC-TQYGEW
GL----LHAQQA----- CSRGACYPPVGDLLVGRTRFLRASSTCGLTKPETYC-TQYGEW
GL----LHAQQA----- CSRGACYPPVGDLLVGRTRFLRASSTCGLTKPETYC-TQYGEW

T K1 okikkk, kkkkIRKD, Kk L Ihkkkk kkk kk o

DKKCFICDSRDPYHETLNPDSHLIENVVTTFAPNRLKIWWQSENGVENVTVQLDLEAEFH
DKKCFICNSQDPYHETLNPDSHLIENVVTTFAPNRLKIWWQSENGVENVTIQLDLEAEFH
DKKCFICNSQDPYHETLNPDSHLIENVVTTFAPNRLKIWWQSENGVENVTIQLDLEAEFH
DKKCFICNSQDPYHETLNPDSHLIENVVTTFAPNRLKIWWQSENGVENVTIQLDLEAEFH
QMKCCKCDSRLPR- - - -NYNSHRVENVVSSSGPMR - - -WWQSQNDVSPVSLQLDLDKRMQ
QMKCCKCDSRLPH- - - -NYNSHRVENVVSSSGPMR - - -WWQSQNDVSPVSLQLDLDRKFQ
QMKCCKCDSRQPH- - - -NYYSHRVENVASSSGPMR - - -WWQSQNDVNPVSLQLDLDRRFQ
QMKCCKCDSRQPH- - - -NYYSHRVENVASSSGPMR - - -WWQSQNDVNPVSLQLDLDRRFQ

Dokkx kik, o K okk Tkkk DD Lk ok kkkkIk, k. KoL lkkkk:

substitution

“.” = semi-conservative
substitution

“% = non-conservative

<

substitution



4 - Click on “Phylogenetic Tree” to view the phylogenetic tree:

Tool Output

Phylogenetic Tree

Phylogram

Alignments Phylogenetic Tree

(

Rattus_norvegicus_LAMB1:0.03710,
(

Tursiops_truncatus_LAMB1:0.03657,
(
Homo_sapiens_LAMB1:0.00149,

Pan_troglodytes_LAMB1:0.00299)
:0.03118)

:0.00937,
(

Rattus_norvegicus_LAMB3:0.08783,
(

Tursiops_truncatus_LAMB3:0.07624,
(
Pan_troglodytes_LAMB3:0.00809,

Homo_sapiens_LAMB3:0.01049)
:0.06524)

:0.01733)
:0.51843);

@ Radial

Rattus_norvegicus_LAMB1 0.03710
Tursiops_truncatus_LAMB1 0.03657
Homo_sapiens_LAMB1 0.00149
Pan_troglodytes_LAMB1 0.00299
Rattus_norvegicus_LAMB3 0.08783
Tursiops_truncatus_LAMB3 0.07624
Pan_troglodytes_LAMB3 0.00809
Homo_sapiens_LAMB3 0.01049

Results Viewers

Result Files

Submission Details
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