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INTRODUCTION
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What is “Sequence Alignment”?

• Identify regions of similarity against DNA, RNA, or protein sequences
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Types of Sequence Alignment

• Pairwise Alignment • Multiple Alignment
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Align 3+ Sequences a TimeAlign 2 Sequences



Commonly Used Algorithms

• Smith–Waterman Algorithm

– A local alignment method.

– Based on dynamic programming by given start and end points.

– Precise but slow.

• FASTA (@EMBL)

– Use a subset of sequence (known as a “word”) with length of k to query.

– Align "words" to the sequences in databases and find the local similarity among sequences.

– Faster than Smith–Waterman Algorithm, but slower than BLAST.

– Prefer for querying shorter sequences.

• BLAST (@NCBI)

– Align "words" with length of k to to the sequences in databases for local similarity.

– A faster alternative to FASTA without sacrificing much accuracy.

– Prefer for querying sequences among huge databases.
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Commonly Used File Formats

• FASTA
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Commonly Used File Formats

• Stockholm Format
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• # STOCKHOLM 1.0

Annotation Lines
• #=GF: Generic File annotations
• #=GS: Generic Sequence annotations
• #=GR: Generic Residue annotations
• #=GC: Generic Column annotations
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Sequences (to be aligned)
• O83071/192-246   MTCRAQ...ERS

<Sequence ID> <Sequence>

https://en.wikipedia.org/wiki/Stockholm_format
https://en.wikipedia.org/wiki/Stockholm_format
https://en.wikipedia.org/wiki/Stockholm_format
https://en.wikipedia.org/wiki/Stockholm_format


Commonly Used File Formats

• PHYLIP Format
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DATA STRUCTURE FOR ALIGNMENTS

Bio.Align.MultipleSeqAlignment
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Bio.Align.MultipleSeqAlignment
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Alignment with 3 rows and 12 columns
ACTGCTAGCTAG Alpha
ACT-CTAGCTAG Beta
ACTGCTAGDTAG Gamma



Practice

• Bio.Align.MultipleSeqAlignment
– Write and Run the following codes on a Colab page called “Alignment.ipynb”:
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(Solution URL of this Practice)

https://colab.research.google.com/drive/1DQyAE_3bDLJVZ3ZDlJmztJ9lWJYa4GB0?usp=sharing


PARSE ALIGNMENT FILES

FASTA, Stockholm, PHYLIP
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Parse FASTA File

• FASTA File to be Parsed
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Parse FASTA File
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Alignment with 7 rows and 52 columns
AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIRL...SKA COATB_BPIKE/30-81
AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIKL...SRA Q9T0Q8_BPIKE/1-52
DGTSTATSYATEAMNSLKTQATDLIDQTWPVVTSVAVAGLAIRL...SKA COATB_BPI22/32-83
AEGDDP---AKAAFNSLQASATEYIGYAWAMVVVIVGATIGIKL...SKA COATB_BPM13/24-72
AEGDDP---AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKL...SKA COATB_BPZJ2/1-49
AEGDDP---AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKL...SKA Q9T0Q9_BPFD/1-49
FAADDATSQAKAAFDSLTAQATEMSGYAWALVVLVVGATVGIKL...SRA COATB_BPIF1/22-73



Practice

• Parse FASTA File
– Write and Run the following codes on a Colab page called “Alignment.ipynb”:
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(Solution URL of this Practice)

https://colab.research.google.com/drive/1DQyAE_3bDLJVZ3ZDlJmztJ9lWJYa4GB0?usp=sharing


Parse Stockholm File

• Stockholm File to be Parsed
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Parse Stockholm File
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Alignment with 7 rows and 52 columns
AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIRL...SKA COATB_BPIKE/30-81
AEPNAATNYATEAMDSLKTQAIDLISQTWPVVTTVVVAGLVIKL...SRA Q9T0Q8_BPIKE/1-52
DGTSTATSYATEAMNSLKTQATDLIDQTWPVVTSVAVAGLAIRL...SKA COATB_BPI22/32-83
AEGDDP---AKAAFNSLQASATEYIGYAWAMVVVIVGATIGIKL...SKA COATB_BPM13/24-72
AEGDDP---AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKL...SKA COATB_BPZJ2/1-49
AEGDDP---AKAAFDSLQASATEYIGYAWAMVVVIVGATIGIKL...SKA Q9T0Q9_BPFD/1-49
FAADDATSQAKAAFDSLTAQATEMSGYAWALVVLVVGATVGIKL...SRA COATB_BPIF1/22-73



Practice

• Parse Stockholm File
– Write and Run the following codes on a Colab page called “Alignment.ipynb”:
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(Solution URL of this Practice)

https://colab.research.google.com/drive/1DQyAE_3bDLJVZ3ZDlJmztJ9lWJYa4GB0?usp=sharing


Parse Stockholm File

• Get more information
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Total Records: 7
Sequence Length: 52

DSSP (Dictionary of Secondary Structure of Proteins) Classification Details

https://en.wikipedia.org/wiki/Protein_secondary_structure#DSSP_classification


Practice

• Get More Information from Stockholm File
– Write and Run the following codes on a Colab page called “Alignment.ipynb”:
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(Solution URL of this Practice)

https://colab.research.google.com/drive/1DQyAE_3bDLJVZ3ZDlJmztJ9lWJYa4GB0?usp=sharing


Parse PHYLIP File

• PHYLIP File to be Parsed
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Parse PHYLIP File
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Total Records: 5
Sequence Length: 6

Alpha (ID: Alpha)
Description: Alpha
Features: []
Annotations: {}
Sequence: AAACCA
DSSP: N/A



Practice

• Parse PHYLIP File
– Write and Run the following codes on a Colab page called “Alignment.ipynb”:
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(Solution URL of this Practice)

https://colab.research.google.com/drive/1DQyAE_3bDLJVZ3ZDlJmztJ9lWJYa4GB0?usp=sharing


PAIRWISE ALIGNMENT
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Prepare Sequences
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Practice

• Prepare Sequences to be Aligned
– Write and Run the following codes on a Colab page called “Alignment.ipynb”:
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(Solution URL of this Practice)

https://colab.research.google.com/drive/1DQyAE_3bDLJVZ3ZDlJmztJ9lWJYa4GB0?usp=sharing


Align Sequences
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Score: 49.0
Length: 42



Practice

• Align Sequences
– Write and Run the following codes on a Colab page called “Alignment.ipynb”:
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(Solution URL of this Practice)

https://colab.research.google.com/drive/1DQyAE_3bDLJVZ3ZDlJmztJ9lWJYa4GB0?usp=sharing


BLAST
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Query & Save the Result

31

blastn, blastp, blastx, tblastn, tblastx nr, refseq, nt...

NCBI Databases
(Full List)

my_blast.xml

https://www.ncbi.nlm.nih.gov/books/NBK62345/#_blast_ftp_site_The_blastdb_subdirectory_


Practice

• Query BLAST and Save the Result
– Write and Run the following codes on a Colab page called “Alignment.ipynb”:
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(Solution URL of this Practice)

Takes 3~5 minutes

https://colab.research.google.com/drive/1DQyAE_3bDLJVZ3ZDlJmztJ9lWJYa4GB0?usp=sharing


Show the BLAST Result
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Practice

• Show the BLAST Result
– Write and Run the following codes on a Colab page called “Alignment.ipynb”:
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(Solution URL of this Practice)

https://colab.research.google.com/drive/1DQyAE_3bDLJVZ3ZDlJmztJ9lWJYa4GB0?usp=sharing


WRITE INTO ALIGNMENT FILES
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Create a Set of Alignments
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Write as a PHYLIP File
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3 Alignments wrote successfully!



Practice

• Write as a PHYLIP File
– Write and Run the following codes on a Colab page called “Alignment.ipynb”:
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(Solution URL of this Practice)

https://colab.research.google.com/drive/1DQyAE_3bDLJVZ3ZDlJmztJ9lWJYa4GB0?usp=sharing


Converting Files

• Convert from Stockholm to Clustal Format
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Converted 1 alignments



Practice

• Converting Files
– Write and Run the following codes on a Colab page called “Alignment.ipynb”:
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(Solution URL of this Practice)

https://colab.research.google.com/drive/1DQyAE_3bDLJVZ3ZDlJmztJ9lWJYa4GB0?usp=sharing


Summary

• Commonly Used Alignment Algorithms

– Smith–Waterman, FASTA, BLAST

• Commonly Used File Formats

– FASTA, Stockholm Format, PHYLIP Format

• Data Structure for Alignments

– Bio.Align.MultipleSeqAlignment

• Parse Alignment Files

– Bio.AlignIO.read()

– Bio.AlignIO.parse()

• Pairwise Alignment

– Bio.Align.PairwiseAligner()

• BLAST

– Bio.Blast.NCBIWWW.qblast()

• Write into Alignment Files

– Bio.AlignIO.write()
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