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INTRODUCTION OF ANNOTATIONS
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.id / .description

CGTABCAAGGTTTCCGTAGGTGAACCTGCGGAAGGATCATTGTTGAGACAACJ.GMTATATGATCGAGTG
AATCTGGAGGACCTGTGGTAACTCAGCTCGTCOTGGCACTGCTTTTGTCGTGACCCTGCTTTGTTGTTGE
GOCTCCTCAAGAGCTTTCATGOCAGGTTTGAACTTTAGTACGGTGCAGTTTGCGCCAAGTCATATAAAGT
ATCACTGATGAATGACATTATTGTCAGAAAAAATCAGAGGGGCAGTATGCTACTGAGCATGCCAGTGAAT
TTTTATGACTCTCGCAACGGATATCTTGGCTCTAACATCGATGAMGAACGCAGCTAAATGCGATAAGTGG
TGTGBATTGCAGAATCCCGTGAACC&TCGAGTCI‘TT&& TCGAGGCCATCAGGCTAAG
GGCACGCCTGCCTGGGCGTCGTGTCTTGCGTCTC TGGCATATCGCTAAGCTGE
CATTATACGGATGTGAATGATTGGCCCCTTGTOCCTAGGTGCOO TGO T AAGGATTGTTGCTTTGATG
GOTAGGAATGTGOCACGAGGTOGAGAATGCTAACAGTCATAAGGCTGCTATTTGAATCCCCCATGTTGTT
GTATTTTTTCGAACCTACACAAGAACCTAATTGAACCCCAATGGAGCTARAATAACCATTGGGCAGTTGA

TTTCCATTCAGATGCGACCCCAGGTCAGGCGGGGCCACCCGCTGAGTTGAGGC

Definition of Annotations:
« The metadata other than sequences.

* e.g., ID, Name, Reference, Features...etc.
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« GenBank

| LOCUE DNA linear PLN 30-NOov-2006

DEFINITION gvaggd SI;ss ’d escrlptf&n

278533 .1 Gl 2755653

ITSI IT52.
SOURCE Cypripedinm i rapsanun
ORGAHISM Cypripedium irapeanum
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophyta; Liliopsida; Asparagales; Orchidaceae;

REFERENCE |
AUTHORS ~ Cox,A.V., Pridgeon,A.M., Albert,V.4. and Chase,M.V.
TITLE Phylogenetics of the slipper orchids (Cypripedioideae:
Orchidaceae): miclear rDNA ITS sequences

aabrngtations[‘references’]

AUTHORS ~ Cox,A.V.
TITLE Direct Submission
JOURNAL ~ Submitted (19-ADG-1996) Cox A.V., Royal Batanic Gardens, Kew,
—i sl
FEATURES Location/Qualifiers
source 1..740

forganism="Cypripedium irapeanum"

A

fmol_type="genomic DHA"
fdb_xref="taxon:49711"

misc_feature

nfeatu res
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cgea agtigegeoc gaggecatca
TotlaageeC acgectgott clct ctootgocaa tgotigeccg
481 goatacagce aggocgeCet getglgeatg tgaallkatig gooootiglg cotaggtece
541 gegggicraa gagolggtst t1igatgglr Cggaacoogs Caagaggtsg acgeatacly
601 geagcaghtg coglglgaat cocCratgll glegtglllg 1Cggacagee aggagaacce
661 ticcgaacce caalggaggs Cggligacty CCatiCggal glgaccoiag gicagalgss
) .
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— TURES Location/Qualifiers
Source 1..740
forganism="Cypripedium irapearmm” 5 source
Jmol_type="genomic DNA" (genomic DNA of Cypripedium irapeanum)
fdb_xref="taxon:49711" |
misc_feature 1..380 (| 1
/note="internal transcribed spacer 1" 2
g k1 gene 740

gene 381..550
fgene="5.83 «RNA" (5.8S rRNA)

misc_feature
rRHA ?ié{,ﬁg-“ . misc_feature rRNA (Internal Transcribed
(Internal Transcribed Spacer 1) (5.8S ribosomal RNA) Spacer 1)

Jproduct="5.8% ribosomal RMA"
_e misc_feature  551.,740 1 A A
fnote="internal transcribed spacer 2" :

ORIGIN L 11 380 | 381 550 | 551 740

Cgtaacaagg tttccgtagg tgaacctglg gaaggatcat tgatgagace gtggaataaa 5
61 cgatcgagtg aatccggagg accggtgtac tcagctcace gggggoattg ctocogiggt
121 gaccctgatt tgttgttiggg ccgoclogge ageogiccatg goggetliiga acctctagec
181 cggcgcagtt tgggogocaa gocatatgaa ageatcaccg glgaatgeca ttgtottoce
241 caaaacccgg agoggcggcg tgotgtcgog tgcccaatga attttigatga ctotogoaaa
301 cgggaatctt ggoctctttge atcggatgga aggacgrage gaaatgogat aagtggtgtg
361 aattgcaaga tcccgtgaac catcgagtct tttgaacgeoa agttgogooe gaggecatca
421 ggetaagggt acgecigott gggtgtogog citogiotot ctectgocaa tgotigooog :
481 geatacageo aggocgzlgt ggtgCgzatg tgaaagattg goococottgtz cotaggtzes v \ 4 \ 4 \ 4
541 gogggtocaa gagotggtgt tttgatggoco cggaacccgg caagaggtgg acggatgotg

601 gcagcagotg coglgogaat coocatgtt giogtgCilg 1oggacagsr ageagaacce cgtaac .................. gtgaac cat........ Cgt ggt ....... CcgcC

661 ttccgaacco caatggageg Cpgttgaccg ccattcgeat gtgacoccag gtoagecges .

721 pzcacccgot gagtttacge

g

—




GenBank File

LocTs 278533 740 bp DNA linear PLN 30-KOV-2006

DEFINITION C.irapeanum 5.835 rRMA gene and ITS1 and ITS2 DNA.

ACCESSION  Z78533

VERSION Z78533.1 G1:2765658

KEYWORDS  5.88 ribosomal RNA; 5.85 rRNA gene; intemal transcribed spacer;
ITs1; I1TS2.

SOURCE Cypripedium 1rapeanun

ORGANISM Cypripedinm irapeanum

Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophwta; Liliopsida; Asparagales; Orchidaceae;

ingn

REFERENCE |
AUTHORS ~ Cox,A.V., Pridzeon,A.M., Albert,V.A. and Chase M.V,
TITLE Phylogenetics of the slipper orchids (Cypripedioideae:
Oxchidacaae) mclear (DHA ITS sequences
REFERENCE 2 (bases 1 to 740)
AUTHORS ~ Cox,A.¥.
TITLE Direct Submission
JOURNAL  Submitted {19-AUG-1994) Cox 4.V., Royal Botanic Gardens, Kew,
Richmond, Surzev TW!
FEATURES Location/Qualifiers
source 1..740
Jorganism="Cypripedium irapeanum*
/mol_type="genomic DNA"
fdb_xref="taxon:49711"
380

misc_feature 551, TAU
note="internal transcribed spaces 2"

ORIGIN

1 cgtaacaagz tttccgtagg tgaaccigog gaaggatcat tgatgagacc gtggaataaa
61 cgatcgagtz aatccggagg acCgzigtac tcagotcacc gggggCattg ctoccgtzgt
121 gaccctgatt tgttgttggg cogoctogzg agogiocatg gogggtitga acctctagoe
181 cggogragtt tgggrgoraa grratatgaa agratcaccg gogaatggra ttgtottcce
241 caaaacccgg agoggcggce tgctgtogog tgoccaatga attitgatga ctotogeaaa
301 cgggaatctt ggotctttge atcggatgga aggacgcage gaaatgogat aagtgztgtg
361 aattgcaaga tccogtgaac catcgagtct tttgaacgla agtilgegloe gaggecatca
421 ggrctaaggge acgectgott gggrgicghg CtiCgtotct ctcotgoraa tgottgoocg
481 gratacagce aggecggogt ggtglggatg tgaaagattg gococttgtg cotaggtgog
541 geggztocaa gagetgetzt titgatggoe cggaaccogg caagaggtge acggatgetg
601 gragecagctz cogtgogaat cocccatgtt gtogtgottg tcggacagge aggagaacce
661 ncczaaccc caaluagu cggltgaccg ccaticggat glgaccecag gicaggczss

Bio.SeqgRecord.SeqRecord x1

.name = 278533

.description = C. irapeanum 5.8S...

.id = 278533.1

Bio. Seq Feature. Reference ><2

HFEHNT )
AUTHORS on AN.. Pridgeon, AN, Klbect,V.A. and Chaze 0¥
TITLE Ph:flo;?ne-x b ol the !Il-pﬂ srthlds |"',|pu:¢d.d|d?|?

Orchidacese]: nucloasr PEK 1T fequences
JOURNAL.  Unpublisheed

Bio.SeqFeature. Sequature x5

souite ‘ 1.. M0

: l’oulr..:ln-\“‘vnz-rhun b rapédmma®
fmal_type="gemenic DEA*
Idb x e f="tamom: LITIL"

[

Bio.SeqFeature.FeatureLocation

Bio.SeqFeature.Position Bio.SegFeature.Posi

Bio.Seq.Seq x1

> 1..740 <

_ Annotation
@ Biue: related Objects
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Annotation-related Objects
— Parsing: Bio.SeqlO

— Records: Bio.SeqRecord.SegRecord (+ .attributes)
— References: Bio.SegFeature.Reference

— Features: Bio.SegFeature.SeqFeature

» Locations: Bio.SeqFeature.FeatureLocation
» Positions: Bio.SegFeature.Position

— Sequences: Bio.Seq.Seq
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Bio.SeqRecord.SeqRecord

SEQUENCE RECORDS
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Total Number of Records: 94

--- First Record ---
ID: Z78533.1
Name: 278533

Seq('CGTAAC...CGC))
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 Parse Records from GenBank
— Write and Run the following codes on a Colab page called “AnnotationObjects.ipynb”:



https://colab.research.google.com/drive/1jprH43XtZH8fO0ep5BvzXR3s4O681KT5?usp=sharing
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Get Attributes of SeqRecord

— Write and Run the following codes on a Colab page called “AnnotationObjects.ipynb”:

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 Genlnfo Identifier (G.I.): 2765658

Keywords: ['5.8S ribosomal RNA', '5.8S rRNA gene’, ...]

Sequence Source: Cypripedium irapeanum

(Solution URL of this Practice) 1


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

Operation: Get Length

13
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« Get the Length of Sequence in SeqRecord

— Write and Run the following codes on a Colab page called “AnnotationObjects.ipynb”:

14


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

NP PR TS !
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NCBI Index (1-based): [381 : 550]
Python Index (0-based): [380 : 549]
Upper bound Exclusive: [380 : 550) Slice + Annotations Preserved !!

15



» Slice a SeqRecord
— Write and Run the following codes on a Colab page called “AnnotationObjects.ipynb”:

(Solution URL of this Practice)

16


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

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: <unknowr! id>

Name: <unknowi name>
Description: <unknown description>
Not all the Annotations Preserved !! Number/of features:'5

Seq((GCCTAA...../ACG))

But .features were kept!
No .complement() support currently
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« Reverse Complement of a SeqRecord
— Write and Run the following codes on a Colab page called “AnnotationObjects.ipynb”:

(Solution URL of this Practice)

18


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

 Drop a Single Nucleotide at index=2 (0-based)

CATCGAGTCTTTTGAACGCAAGTTGCGCCCGAGGCCATCAGGCTAAGGGCACGC...CAA

CA_CGAGTCTTTTGAACGCAAGTTGCGCCCGAGGCCATCAGGCTAAGGGCACGC...CAA

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")
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 Drop Nucleotides of SeqRecord
— Write and Run the following codes on a Colab page called “AnnotationObjects.ipynb”:

(Solution URL of this Practice)

20


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

LOCUS: 278533 LOCUS: 278532

GenBank File 381 550 381 550
— CATCGAGTCT...CAA GTCTTTGAAC..TGT p—

LOCUS: 278532
381 550

—GICTTTGAAC..TGT

LOCUS: 278533 (rev.) LOCUS: 278532
550 381 381 550
—1 AACCTGGGCG... TAC GTCTTTGAAC..TGT |—

21
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 Reorganize two Genes of SeqRecord
— Write and Run the following codes on a Colab page called “AnnotationObjects.ipynb”:

(Solution URL of this Practice)

23


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

-(seq_records[2].format( ))

U

>778533.1 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
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* Print SeqRecord in Other Formats
— Write and Run the following codes on a Colab page called “AnnotationObjects.ipynb”:

(Solution URL of this Practice)

25


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

Bio.SeqRecord.SeqRecord

— Attributes: .id, .name, .description, .annotationsy]...
— 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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Bio.SeqFeature.Reference

REFERENCES

27
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Bio.SeqlO
Bio.SeqRecord.SeqRecord

.annotations|references’]

Bio.SeqFeature.Reference

Bio.SeqFeature.Reference
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 Show the Attributes of Bio.SeqFeature.Reference
— Write and Run the following codes on a Colab page called “AnnotationObjects.ipynb”:

(Solution URL of this Practice)

30


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

FEATURES, LOCATIONS, POSITIONS



 The Annotations to explain sub-sequences
Bio.SeqlO

=

Bio.SeqRecord.SeqRecord
features| ]

Bio.SeqgFeature.SeqFeature !

Bio.SeqFeature.SeqFeature

Bio.SeqFeature.SeqFeature

Bio.SeqgFeature.SeqFeature I

Bio.SeqgFeature.SeqFeature

32



type (string)
* The type of feature.

Jocation (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)

* Adictionary stores the additional information.
*  Key: The name of information.
*  Value: The information itself.

33
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 Show the Attributes of Bio.SeqFeature.SeqFeature

— Write and Run the following codes on a Colab page called “AnnotationObjects.ipynb”:

(Solution URL of this Practice)

34


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