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Chapter 02. Working with Annotations



Agenda

• Introduction of Annotations

• Sequence Records
– Bio.SeqRecord.SeqRecord

• References
– Bio.SeqFeature.Reference

• Features, Locations, Positions
– Bio.SeqFeature.SeqFeature

• Sequences + Features
– Bio.Seq.Seq

• Summary
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INTRODUCTION OF ANNOTATIONS
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What is “Annotations”?

• FASTA • GenBank
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Definition of Annotations:
• The metadata other than sequences.
• e.g., ID, Name, Reference, Features…etc.



The Gem of GenBank File
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Annotation related Objects
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Bio.SeqIO

Bio.SeqFeature.Reference ×2

Bio.SeqFeature.SeqFeature ×5

Bio.SeqRecord.SeqRecord ×1GenBank File

Bio.Seq.Seq ×1

.name = 278533

.description = C. irapeanum 5.8S…

.id = 278533.1

…..

1 .. 740

Bio.SeqFeature.Position Bio.SeqFeature.Position

Bio.SeqFeature.FeatureLocation

Blue:
Annotation
related Objects



Brief of this Section

• Annotation-related Objects
– Parsing: Bio.SeqIO

– Records: Bio.SeqRecord.SeqRecord (+ .attributes)

– References: Bio.SeqFeature.Reference

– Features: Bio.SeqFeature.SeqFeature
• Locations: Bio.SeqFeature.FeatureLocation

• Positions: Bio.SeqFeature.Position

– Sequences: Bio.Seq.Seq
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SEQUENCE RECORDS

Bio.SeqRecord.SeqRecord
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Parse Records from GenBank
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↑ seq_records = [rec, rec, rec, …] + [rec]
[0] [1] [2] [n]…

Total Number of Records: 94

--- First Record ---
ID: Z78533.1
Name: Z78533
....
Seq('CGTAAC...CGC')



Practice

• Parse Records from GenBank
– Write and Run the following codes on a Colab page called “AnnotationObjects.ipynb”:
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(Solution URL of this Practice)

https://colab.research.google.com/drive/1jprH43XtZH8fO0ep5BvzXR3s4O681KT5?usp=sharing


Attributes of SeqRecord
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Practice

• Get Attributes of SeqRecord
– Write and Run the following codes on a Colab page called “AnnotationObjects.ipynb”:
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(Solution URL of this Practice)

Locus Name: Z78533
Sequence Type: DNA
Sequence Topology: linear
Published Date: 30-NOV-2006
Sequence Definition: C.irapeanum 5.8S rRNA gene and ITS1 and ITS2 DNA
Accession No.: ['Z78533']
Sequence Version: 1
NCBI GenInfo Identifier (G.I.): 2765658
Keywords: ['5.8S ribosomal RNA', '5.8S rRNA gene', ...]
Sequence Source: Cypripedium irapeanum

https://colab.research.google.com/drive/1jprH43XtZH8fO0ep5BvzXR3s4O681KT5?usp=sharing


Operation: Get Length
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Practice

• Get the Length of Sequence in SeqRecord
– Write and Run the following codes on a Colab page called “AnnotationObjects.ipynb”:
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(Solution URL of this Practice)

Length of SeqRecord: 740

https://colab.research.google.com/drive/1jprH43XtZH8fO0ep5BvzXR3s4O681KT5?usp=sharing


Operation: Slicing
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NCBI Index (1-based): [381 : 550]

Python Index (0-based): [380 : 549]

Upper bound Exclusive: [380 : 550) Slice + Annotations Preserved !!



Practice

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

https://colab.research.google.com/drive/1jprH43XtZH8fO0ep5BvzXR3s4O681KT5?usp=sharing


Operation: Reverse Complement
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Original 5' to 3':
ID: Z78533.1
Name: Z78533
Description: C.irapeanum 5.8S rRNA gene and ITS1 and ITS2 DNA
Number of features: 5
/molecule_type=DNA
...
Seq('CGTAAC…...CGC')

Reverse Complement 5' to 3':
ID: <unknown id>
Name: <unknown name>
Description: <unknown description>
Number of features: 5
Seq('GCGTAA…...ACG')

• Not all the Annotations Preserved !!
But .features were kept!

• No .complement() support currently



Practice

• Reverse Complement of a SeqRecord
– Write and Run the following codes on a Colab page called “AnnotationObjects.ipynb”:
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(Solution URL of this Practice)

https://colab.research.google.com/drive/1jprH43XtZH8fO0ep5BvzXR3s4O681KT5?usp=sharing


Operation: Drop Nucleotides

• Drop a Single Nucleotide at index=2 (0-based)
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CATCGAGTCTTTTGAACGCAAGTTGCGCCCGAGGCCATCAGGCTAAGGGCACGC...CAA

CA_CGAGTCTTTTGAACGCAAGTTGCGCCCGAGGCCATCAGGCTAAGGGCACGC...CAA

0~1 3~2

Modified rRNA: ID: Z78533.1
Name: Z78533
Description: C.irapeanum 5.8S rRNA gene and ITS1 and ITS2 DNA
Number of features: 0
/molecule_type=DNA
Seq('CACGAGTCTTTTGAACGCAAGTTGCGCCCG...CAA')



Practice

• Drop Nucleotides of SeqRecord
– Write and Run the following codes on a Colab page called “AnnotationObjects.ipynb”:
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(Solution URL of this Practice)

https://colab.research.google.com/drive/1jprH43XtZH8fO0ep5BvzXR3s4O681KT5?usp=sharing


Operation: Reorganize two Genes
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CATCGAGTCT...CAA

381 550

LOCUS: Z78533

GTCTTTGAAC...TGT

381 550

LOCUS: Z78532

GTCTTTGAAC...TGT

381 550

LOCUS: Z78532

AACCTGGGCG... TAC

550 381

LOCUS: Z78533 (rev.)

GTCTTTGAAC...TGT

381 550

LOCUS: Z78532

GenBank File

Locus ID: Z78533

Locus ID: Z78532



Operation: Reorganize two Genes
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Practice

• Reorganize two Genes of SeqRecord
– Write and Run the following codes on a Colab page called “AnnotationObjects.ipynb”:
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(Solution URL of this Practice)

https://colab.research.google.com/drive/1jprH43XtZH8fO0ep5BvzXR3s4O681KT5?usp=sharing


Operation: Print in Other Formats
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>Z78533.1 C.irapeanum 5.8S rRNA gene and ITS1 and ITS2 DNA
CGTAACAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGATGAGACCGTGGAATAAA
CGATCGAGTGAATCCGGAGGACCGGTGTACTCAGCTCACCGGGGGCATTGCTCCCGTGGT
GACCCTGATTTGTTGTTGGGCCGCCTCGGGAGCGTCCATGGCGGGTTTGAACCTCTAGCC
CGGCGCAGTTTGGGCGCCAAGCCATATGAAAGCATCACCGGCGAATGGCATTGTCTTCCC
CAAAACCCGGAGCGGCGGCGTGCTGTCGCGTGCCCAATGAATTTTGATGACTCTCGCAAA
CGGGAATCTTGGCTCTTTGCATCGGATGGAAGGACGCAGCGAAATGCGATAAGTGGTGTG
AATTGCAAGATCCCGTGAACCATCGAGTCTTTTGAACGCAAGTTGCGCCCGAGGCCATCA
GGCTAAGGGCACGCCTGCTTGGGCGTCGCGCTTCGTCTCTCTCCTGCCAATGCTTGCCCG
GCATACAGCCAGGCCGGCGTGGTGCGGATGTGAAAGATTGGCCCCTTGTGCCTAGGTGCG
GCGGGTCCAAGAGCTGGTGTTTTGATGGCCCGGAACCCGGCAAGAGGTGGACGGATGCTG
GCAGCAGCTGCCGTGCGAATCCCCCATGTTGTCGTGCTTGTCGGACAGGCAGGAGAACCC
TTCCGAACCCCAATGGAGGGCGGTTGACCGCCATTCGGATGTGACCCCAGGTCAGGCGGG
GGCACCCGCTGAGTTTACGC

Supported Format

Full List: https://bit.ly/3c5q4Fs
(Note: Some format only support for read, not write)

https://bit.ly/3c5q4Fs


Practice

• Print SeqRecord in Other Formats
– Write and Run the following codes on a Colab page called “AnnotationObjects.ipynb”:
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(Solution URL of this Practice)

https://colab.research.google.com/drive/1jprH43XtZH8fO0ep5BvzXR3s4O681KT5?usp=sharing


Brief of this Section

• Bio.SeqRecord.SeqRecord

– Attributes: .id, .name, .description, .annotations[]...

– Objects: .features[], .seq...

– Operations:

• Get Length: len(seq_rec)

• Slicing: seq_rec[0:20] + Annotation Preserved

• Reverse Complement: seq_rec.reverse_complement() + features kept

• Drop Nucleotides: seq_rec[:2] + seq_rec[3:]

• Reorganize: seq_rec[0][380:550:-1] + seq_rec[1][380:550]

• Output Format: seq_rec.format("fasta")
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REFERENCES

Bio.SeqFeature.Reference
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What is “Reference”
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Bio.SeqIO

Bio.SeqRecord.SeqRecord

.annotations[‘references’]

Bio.SeqFeature.Reference

Bio.SeqFeature.Reference



Attributes of References
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Practice

• Show the Attributes of Bio.SeqFeature.Reference
– Write and Run the following codes on a Colab page called “AnnotationObjects.ipynb”:
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(Solution URL of this Practice)

https://colab.research.google.com/drive/1jprH43XtZH8fO0ep5BvzXR3s4O681KT5?usp=sharing


FEATURES, LOCATIONS, POSITIONS

Bio.SeqFeature.SeqFeature
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What is “Features”

• The Annotations to explain sub-sequences
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Bio.SeqIO

Bio.SeqRecord.SeqRecord

.features[  ]

Bio.SeqFeature.SeqFeature

Bio.SeqFeature.SeqFeature

Bio.SeqFeature.SeqFeature

Bio.SeqFeature.SeqFeature

Bio.SeqFeature.SeqFeature



Attributes of SeqFeature
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.type (string)
• The type of feature.

① ②

③

①
②
③

.location (Bio.SeqFeature.FeatureLocation)
• The location of a feature.
• A compound object containing:

• .start: The start position (e.g., 1)
• .end: The end position (e.g., 740)

.qualifiers (OrderedDict)
• A dictionary stores the additional information.

• Key: The name of information.
• Value: The information itself.



Practice

• Show the Attributes of Bio.SeqFeature.SeqFeature
– Write and Run the following codes on a Colab page called “AnnotationObjects.ipynb”:
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(Solution URL of this Practice)

https://colab.research.google.com/drive/1jprH43XtZH8fO0ep5BvzXR3s4O681KT5?usp=sharing
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