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Why to align?

Similar 
Function

Similar 
Sequence

Structure
Similarity

Comparative 
analysis

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

➢ It allows us to make biological 
inferences in terms of:

● structural relations
● functional relations
● evolutionary relationships



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?

➢ It is 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?



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:
● BLAST (NCBI)
● BLAT (UCSC)

Multiple sequence alignment (MSA):
● Muscle 



BLAST (Basic Local Alignment Search Tool, NCBI)

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

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

● It 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)

● 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)

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



What can BLAT be useful for?

● Alignment of mRNA, RNA, or protein sequences to the 
genome to:
○ find the coordinates of the gene that encodes it
○ Determine the distribution of exons and introns in a 

gene by
● Cross-species analysis: alignment of a protein or mRNA 

from one species against a sequence database from another 
species



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)

Practical lesson 2: Nucleotide sequence alignment



1 - Download the file from Guide in “II Bioinformatics practical session” 
http://compgen.bio.unipd.it/~stefania/Didattica/AA2025-2026/MMOL_BIOINFO_EB/Practical_session_2.zi
p  
2 - unzip the file Practical_session_2.zip and open the file 3seqs.txt with the text editor
3 - Write Blast on Google and click on Nucleotide BLAST:

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 “SeqA”:



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:



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:



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 
compared, whose sequences do not 
diverge as much as those of evolutionarily 
distant species, but more than identical 
sequences (apart from polymorphisms) 
from the same species.

 The 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:



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

save the parameters used for a possible future search

shows a table with the parameters used for the search

BLAST result:

Research information filters



Download selected hits in 
various formats

allows you to choose 
which columns to display

allows you to choose how 
many rows to display

Max score: The highest 
calculated score of the 
alignment, counting prizes 
and penalties.

Total score: the sum of 
the alignment scores of all 
segments of the same 
sequence.

E - Value (Expected value): the 
number of alignment expected by 
chance with the calculated score. 
For significant alignments the 
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. 











What is the best alignment?



What is the best alignment?



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

alignment display 
mode

target sequence 
information

alignment information



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



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



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



Summary exercises

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



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)

Practical lesson 2: Nucleotide sequence alignment



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:





Which is the best alignment?



Which is the best alignment?



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



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





seq1
151 252

target
7,579,940 7,579,839

1



seq1
151 252

target

7,579,940 7,579,839

1 15035

7,590,6957,590,810



seq1
151 252

target

7,579,940 7,579,839

1 15035

7,590,695

7,590,810

7,590,8117,590,832

22



7,590,832
7,590,695

1 22
15035

7,590,811
7,590,810

5 - Click on “Seq1” in the left menu:



151 252

15035
7,579,940

7,579,839



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





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



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



seq1

seq2



seq1

seq2





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



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:



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

Practical lesson 2: Multiple protein sequence alignment



1 - Enter Protein BLAST:



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



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”):



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”):



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”:



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 
truncatus , Rattus norvegicus and Pan troglodytes and start the search:



3 - Select the sequences of Homo 
sapiens , Pan troglodytes , Tursiops 
truncatus, Rattus norvegicus of the 
laminin beta 1 and 3 family (if there are 
more isoforms, choose “precursor” for Hs 
and “X1” for Rn )

FASTA format (“ Download ”) and copy 
them into a text file.

5- Modify the sequence headers to make 
them short, informative and unique (e.g. 
“>Hs_lamb1_pre”, “>Pt_lamb1”)



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

Exercise 2: Multiple protein sequence 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:

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


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

“*” = same amino acid
for all sequences

“:” = conservative 
substitution

“.” = semi-conservative 
substitution

“ ” = non-conservative 
substitution



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


