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Many different 
databases



NCBI | PubMed



NCBI | Nucleotide



NCBI | Genome



NCBI | Taxonomy



NCBI | BLAST
Basic Local Alignment Search Tool



NCBI | SRA
Sequence Read Archive



NCBI
National Center for Biotechnology Information

Databases contain an extraordinary 
amount of (useful!) information

But, interacting with them manually 
can be frustrating

(particularly when you have many queries)



Sparrows

NCBI
But, interacting with NCBI manually 

can be frustrating

aimophila rufescens 
ammodramus leconteii 
ammodramus savannarum 
amphispiza belli 
amphispiza bilineata 
arremon aurantiirostris 
arremon brunneinucha 
arremonops rufivirgatus 
atlapetes citrinellus 
atlapetes gutturalis 
calamospiza melanocorys 
chlorospingus ophthalmicus 
chondestes grammacus 
geothlypis trichas 
icterus gularis 

junco phaeonotus 
melospiza melodia 
melozone aberti 
melozone leucotis 
oriturus superciliosus 
passerculus sandwichensis 
passerella iliaca 
peucaea ruficauda 
pezopetes capitalis 
pipilo chlorurus 
pooecetes gramineus 
rhynchospiza strigiceps 
spizella arborea 
spizella atrogularis 
zonotrichia atricapilla

Imagine we have some sparrows….
and we want various information from each



NCBI
Imagine we have some sparrows….

We could do all of 
this manually, one-by-

one…

slow,
slow,
slow,
slow,
slow,
slow…



NCBI
Imagine we have some sparrows….

Or, we could do all of 
this programmatically!

% python get_taxonomy.py —tax_list taxonomy.txt
aimophila rufescens, superkingdom: Eukaryota; kingdom: Metazoa; phylum: Chordata; 
subphylum: Craniata; class: Aves; superorder: Neognathae; order: Passeriformes; 
family: Passerellidae; genus: Aimophila 

ammodramus leconteii, superkingdom: Eukaryota; kingdom: Metazoa; phylum: Chordata; 
subphylum: Craniata; class: Aves; superorder: Neognathae; order: Passeriformes; 
family: Passerellidae; genus: Ammodramus 

ammodramus savannarum, superkingdom: Eukaryota; kingdom: Metazoa; phylum: Chordata; 
subphylum: Craniata; class: Aves; superorder: Neognathae; order: Passeriformes; 
family: Passerellidae; genus: Ammodramus 

amphispiza belli, superkingdom: Eukaryota; kingdom: Metazoa; phylum: Chordata; 
subphylum: Craniata; class: Aves; superorder: Neognathae; order: Passeriformes; 
family: Passerellidae; genus: Amphispiza



Bio.Entrez
The BioPython module for interacting with NCBI

How it works:

1. You determine database and query 
2. You send data to NCBI (over internet) using Bio.Entrez 
3. Your query is processed by their servers 
4. The result is returned as XML 
5. You or Bio.Entrez parse the XML result 
6. # do stuff



Bio.Entrez
Returns XML

eXtensible Markup Language
Structured Language (like html) for tagging and conveying information

Generally speaking, let BioPython parse this for you…



Bio.Entrez
The BioPython module for interacting with NCBI

Bio.Entrez, which uses NCBI eUtils has some caveats:

1. You must pass your valid email address 
2. You must limit queries over 100 items 

3. Not more than 3 requests per second 

9:00 PM to 5:00 AM



Bio.Entrez
Has a number of sub-modules

Bio.Entrez.einfo() Bio.Entrez.esearch()

Bio.Entrez.epost() Bio.Entrez.efetch()

Gets info on
Entrez databases

Searches for Entrez
Identification Values

Searches for Entrez
Identification Values

(in bulk)

Fetches and returns
Entrez data

And, you need to be aware that all items in Entrez databases are 
retrieved using some form of unique identifier

(and, you have to discover that identifier before you retrieve a record)



Bio.Entrez
Normal Workflow

Bio.Entrez.einfo()

Bio.Entrez.esearch()

Bio.Entrez.efetch()

Gets info on
Entrez databases

Searches for Entrez
Identification Values

Fetches and returns
Entrez data

Determine your database

Fetch unique IDs

Fetch records based on IDs

(not usually necessary)



Bio.Entrez.einfo()
In:   from Bio import Entrez 

In:   Entrez.email = "brant@lsu.edu" 

In:   entrez_db = Entrez.einfo() 

In:   print(entrez_db.read()) 
Out: 
<?xml version="1.0" encoding="UTF-8"?> 
<!DOCTYPE eInfoResult PUBLIC "-//NLM//DTD einfo 20130322//EN" "http://eutils.ncbi.nlm.nih.gov/eutils/dtd/20130322/einfo.dtd"> 
<eInfoResult> 
<DbList> 

	 <DbName>pubmed</DbName> 
	 <DbName>protein</DbName> 
	 <DbName>nuccore</DbName> 
	 <DbName>nucleotide</DbName> 
	 <DbName>nucgss</DbName> 
	 <DbName>nucest</DbName> 
	 <DbName>structure</DbName> 
	 <DbName>genome</DbName> 
	 <DbName>annotinfo</DbName> 
	 <DbName>assembly</DbName> 
	 <DbName>bioproject</DbName> 
	 <DbName>biosample</DbName> 
	 <DbName>blastdbinfo</DbName> 
	 <DbName>gapplus</DbName> 

  (…truncated…) 
</DbList> 
</eInfoResult>

Import Bio.Entrez

Set email

Run einfo()

Print einfo() result in XML

All current databases
(truncated)



Bio.Entrez.esearch()

Sialia sialis

Imagine we want to look up all PubMed Papers
having to do with Eastern Bluebirds (Sialia sialis)

1. We need to get PubMed Identifiers…



Bio.Entrez.esearch()

Sialia sialis

Imagine we want to look up all PubMed Papers
having to do with Eastern Bluebirds (Sialia sialis)

In:   from Bio import Entrez 
In:   Entrez.email = "brant@lsu.edu" 
In:   esearch_query = Entrez.esearch(db="pubmed", term="eastern bluebird", retmode="xml") 

In:   esearch_result = Entrez.read(esearch_query) 
In:   print(esearch_result)

1. We need to get PubMed Identifiers…

database search terms return data mode

parse XML with 
Entrez.read()



Bio.Entrez.esearch()

Sialia sialis

Imagine we want to look up all PubMed Papers
having to do with Eastern Bluebirds (Sialia sialis)

Out:{'TranslationStack': [{'Count': '25', 'Explode': 'N', 'Field': 'All Fields', 
'Term': 'eastern bluebird[All Fields]'}, 'GROUP'], 'RetStart': '0', 
'QueryTranslation': 'eastern bluebird[All Fields]', 'IdList': ['26137900', 
'26121017', '24688852', '24457931', '24287858', '24275608', '23524000', 
'23432192', '22622467', '22392542', '20514141', '20161226', '19894014', 
'19706928', '23538326', '19158016', '19655039', '16764468', '16343620', 
'16317482'], 'Count': '25', 'ErrorList': {'FieldNotFound': ['Orgn'], 
'PhraseNotFound': []}, 'RetMax': '20', 'TranslationSet': []}

1. We need to get PubMed Identifiers…
In:   from Bio import Entrez 
In:   Entrez.email = "brant@lsu.edu" 
In:   esearch_query = Entrez.esearch(db="pubmed", term="eastern bluebird", retmode="xml") 

In:   esearch_result = Entrez.read(esearch_query) 
In:   print(esearch_result)

database search terms return data mode



Bio.Entrez.efetch()

Sialia sialis

Imagine we want to look up all PubMed Papers
having to do with Eastern Bluebirds (Sialia sialis)

2. Now, need to fetch records from PubMed…



In:   esearch_result = Entrez.read(esearch_query) 

In:   for iden in esearch_result['IdList']: 
            pubmed_entry = Entrez.efetch(db="pubmed", id=iden, retmode="xml") 

2. We need to fetch records from PubMed…

database identifier return data 
mode

Sialia sialis

Bio.Entrez.efetch()



In:   esearch_result = Entrez.read(esearch_query) 

In:   for iden in esearch_result['IdList'][-1]: 
            pubmed_entry = Entrez.efetch(db="pubmed", id=iden, retmode="xml") 
            print(Entrez.read(pubmed_entry)) 
Out: [{'MedlineCitation': DictElement({'PMID': StringElement('16317482', attributes={'Version': '1'}), 'GeneralNote': [], 'CitationSubset': ['IM'], 'OtherID': [], 'DateRevised': 
{'Day': '21', 'Year': '2013', 'Month': '11'}, 'DateCompleted': {'Day': '07', 'Year': '2006', 'Month': '06'}, 'Article': DictElement({'ArticleDate': [DictElement({'Day': '30', 'Year': '2005', 
'Month': '11'}, attributes={'DateType': 'Electronic'})], 'Journal': {'JournalIssue': DictElement({'Volume': '15', 'PubDate': {'Year': '2006', 'Month': 'Feb'}, 'Issue': '1'}, 
attributes={'CitedMedium': 'Print'}), 'ISOAbbreviation': 'Ecotoxicology', 'Title': 'Ecotoxicology (London, England)', 'ISSN': StringElement('0963-9292', attributes={'IssnType': 
'Print'})}, 'Language': ['eng'], 'AuthorList': ListElement([DictElement({'Identifier': [], 'Initials': 'DS', 'LastName': 'Henshel', 'AffiliationInfo': [{'Identifier': [], 'Affiliation': 'School of 
Public and Environmental Affairs, Indiana University, 1315 E. 10th #340, Bloomington, IN 47401, USA. dhenshel@indiana.edu'}], 'ForeName': 'Diane S'}, attributes={'ValidYN': 
'Y'}), DictElement({'Identifier': [], 'Initials': 'DW', 'LastName': 'Sparks', 'AffiliationInfo': [], 'ForeName': 'Daniel W'}, attributes={'ValidYN': 'Y'})], attributes={'CompleteYN': 'Y', 
'Type': 'authors'}), 'Pagination': {'MedlinePgn': '9-18'}, 'ArticleTitle': 'Site specific PCB-correlated interspecies differences in organ somatic indices.', 'ELocationID': [], 
'PublicationTypeList': [StringElement('Comparative Study', attributes={'UI': 'D003160'}), StringElement('Journal Article', attributes={'UI': 'D016428'}), 
StringElement("Research Support, U.S. Gov't, Non-P.H.S.", attributes={'UI': 'D013486'})], 'Abstract': {'AbstractText': ['We correlated site specific differences in the organ …
truncated…']}}, attributes={'PubModel': 'Print-Electronic'}), 'OtherAbstract': [], 'KeywordList': [], 'DateCreated': {'Day': '10', 'Year': '2006', 'Month': '03'}, 'MedlineJournalInfo': 
{'MedlineTA': 'Ecotoxicology', 'NlmUniqueID': '9885956', 'Country': 'United States', 'ISSNLinking': '0963-9292'}, 'ChemicalList': [{'NameOfSubstance': 
StringElement('Environmental Pollutants', attributes={'UI': 'D004785'}), 'RegistryNumber': '0'}, {'NameOfSubstance': StringElement('Polychlorinated Biphenyls', 
attributes={'UI': 'D011078'}), 'RegistryNumber': 'DFC2HB4I0K'}], 'SpaceFlightMission': [], 'MeshHeadingList': [{'DescriptorName': StringElement('Animals', attributes={'UI': 
'D000818', 'MajorTopicYN': 'N'}), 'QualifierName': []}, {'DescriptorName': StringElement('Environmental Monitoring', attributes={'UI': 'D004784', 'MajorTopicYN': 'N'}), 
'QualifierName': []}, {'DescriptorName': StringElement('Environmental Pollutants', attributes={'UI': 'D004785', 'MajorTopicYN': 'N'}), 'QualifierName': [StringElement('analysis', 
attributes={'UI': 'Q000032', 'MajorTopicYN': 'N'}), StringElement('metabolism', attributes={'UI': 'Q000378', 'MajorTopicYN': 'Y'}), StringElement('toxicity', attributes={'UI': 
'Q000633', 'MajorTopicYN': 'N'})]}, {'DescriptorName': StringElement('Passeriformes', attributes={'UI': 'D046109', 'MajorTopicYN': 'N'}), 'QualifierName': 
[StringElement('metabolism', attributes={'UI': 'Q000378', 'MajorTopicYN': 'Y'})]}, {'DescriptorName': StringElement('Polychlorinated Biphenyls', attributes={'UI': 'D011078', 
'MajorTopicYN': 'N'}), 'QualifierName': [StringElement('analysis', attributes={'UI': 'Q000032', 'MajorTopicYN': 'N'}), StringElement('metabolism', attributes={'UI': 'Q000378', 
'MajorTopicYN': 'Y'}), StringElement('toxicity', attributes={'UI': 'Q000633', 'MajorTopicYN': 'N'})]}, {'DescriptorName': StringElement('Species Specificity', attributes={'UI': 
'D013045', 'MajorTopicYN': 'N'}), 'QualifierName': []}, {'DescriptorName': StringElement('Tissue Distribution', attributes={'UI': 'D014018', 'MajorTopicYN': 'N'}), 'QualifierName': 
[]}]}, attributes={'Owner': 'NLM', 'Status': 'MEDLINE'}), 'PubmedData': {'ArticleIdList': [StringElement('10.1007/s10646-005-0038-0', attributes={'IdType': 'doi'}), 
StringElement('16317482', attributes={'IdType': 'pubmed'})], 'PublicationStatus': 'ppublish', 'History': [DictElement({'Day': '2', 'Year': '2005', 'Month': '4'}, attributes={'PubStatus': 
'accepted'}), DictElement({'Day': '30', 'Year': '2005', 'Month': '11'}, attributes={'PubStatus': 'aheadofprint'}), DictElement({'Day': '1', 'Year': '2005', 'Minute': '0', 'Month': '12', 'Hour': 
'9'}, attributes={'PubStatus': 'pubmed'}), DictElement({'Day': '8', 'Year': '2006', 'Minute': '0', 'Month': '6', 'Hour': '9'}, attributes={'PubStatus': 'medline'}), DictElement({'Day': '1', 
'Year': '2005', 'Minute': '0', 'Month': '12', 'Hour': '9'}, attributes={'PubStatus': 'entrez'})]}}]  

2. We need to fetch records from PubMed…
Bio.Entrez.efetch()



[ 
    { 
        'MedlineCitation':  
            DictElement({'PMID': StringElement('16317482', attributes={'Version': '1'}),  
            'GeneralNote': [],  
            'CitationSubset': ['IM'],  
            'OtherID': [], 
            'DateRevised': {'Day': '21', 'Year': '2013', 'Month': '11'},  
            'DateCompleted': {'Day': '07', 'Year': '2006', 'Month': '06'}, 
             'Article':  
                DictElement( 
                    {'ArticleDate': [DictElement({'Day': '30', 'Year': '2005', 'Month': '11'}, attributes={'DateType': 'Electronic'})],  
                    'Journal': { 
                        'JournalIssue':  
                            DictElement( 
                                {'Volume': '15', 'PubDate': {'Year': '2006', 'Month': 'Feb'}, 'Issue': '1'}, attributes={'CitedMedium': 'Print'}),  
                        'ISOAbbreviation': 'Ecotoxicology', 
                        'Title': 'Ecotoxicology (London, England)', 
                        'ISSN': StringElement('0963-9292', attributes={'IssnType': 'Print'})}, 
                        'Language': ['eng'],  
                        'AuthorList':  
                            ListElement([ 
                                DictElement({'Identifier': [], 'Initials': 'DS', 'LastName': 'Henshel', 'AffiliationInfo': [{'Identifier': [], 'Affiliation': 'School  
                                    of Public and Environmental Affairs, Indiana University, 1315 E. 10th #340, Bloomington, IN 47401, USA.  
                                    dhenshel@indiana.edu'}], 'ForeName': 'Diane S'}, attributes={'ValidYN': 'Y'}),  
                                DictElement({'Identifier': [], 'Initials': 'DW', 'LastName': 'Sparks', 'AffiliationInfo': [], 'ForeName': 'Daniel W'},  
                                    attributes={'ValidYN': 'Y'})],  
                            attributes={'CompleteYN': 'Y', 'Type': 'authors'}),  
                            'Pagination': {'MedlinePgn': '9-18'},  
                            'ArticleTitle': 'Site specific PCB-correlated interspecies differences in organ somatic indices.',  
                            'ELocationID': [], 
                            (...TRUNCATED...) 
        'PubmedData':  
            {'ArticleIdList': [StringElement('10.1007/s10646-005-0038-0', attributes={'IdType': 'doi'}), StringElement('16317482', 
attributes={'IdType': 'pubmed'})],  
            'PublicationStatus': 'ppublish',  
            (...TRUNCATED...) 
    } 
]  

Results are highly nested…

Nested Dictionaries

In a list (only 1 element)



In:   esearch_result = Entrez.read(esearch_query) 

In:   for iden in esearch_result['IdList'][-1]: 
            pubmed_entry = Entrez.efetch(db="pubmed", id=iden, retmode="xml") 
            result = Entrez.read(pubmed_entry) 

         break 

In:   result.keys() 
Out:dict_keys(['PubmedArticle', 'PubmedBookArticle'])

2. We need to fetch records from PubMed…

Sialia sialis

In:   result['PubmedArticle'][0].keys() 
Out:dict_keys(['MedlineCitation', 'PubmedData']) 

In:   result['PubmedArticle'][0]['MedlineCitation'] 
Out: DictElement({'GeneralNote': [], 'OtherAbstract': [], 'KeywordList': 
[ListElement([StringElement("Swainson's thrush", 
attributes={'MajorTopicYN': 'N'}), StringElement('fat stores', 
attributes={'MajorTopicYN': 'N'}),  (...TRUNCATED...)

Results are highly nested…

Bio.Entrez.efetch()



In:  result['PubmedArticle'][0]['MedlineCitation']['Article']['AuthorList'] 

Out: ListElement([DictElement({'AffiliationInfo': [DictElement({'Identifier': [], 
'Affiliation': 'Department of Natural Resources and Environmental Sciences, 
University of Illinois, Urbana-Champaign, IL, USA mpward@illinois.edu.'}, 
attributes={}), DictElement({'Identifier': [], 'Affiliation': 'Illinois Natural History 
Survey, Prairie Research Institute, University of Illinois, Urbana-Champaign, 
IL, USA.'}, attributes={})], 'Identifier': [StringElement('http://orcid.org/
0000-0002-1081-6244', attributes={'Source': 'ORCID'})], 'LastName': 'Ward', 
'ForeName': 'Michael P', 'Initials': 'MP'}, attributes={'ValidYN': 'Y'}),  
(...TRUNCATED...)

2. We need to fetch records from PubMed…
Results are highly nested…

Bio.Entrez.efetch()

Sialia sialis



Sialia sialis

Now imagine we want to look up all Sequence Data
having to do with Eastern Bluebirds (Sialia sialis)

How do we do this?
What are the steps?



Sialia sialis

Bio.Entrez.esearch()
Imagine we want to look up all Sequence Data
having to do with Eastern Bluebirds (Sialia sialis)

1. We need to get Taxonomy Identifiers…
In:   from Bio import Entrez 
In:   Entrez.email = "brant@lsu.edu" 
In:   esearch_query = Entrez.esearch(db="taxonomy", term="eastern bluebird", retmode="xml") 

In:   esearch_result = Entrez.read(esearch_query) 
In:   print(esearch_result)

database search terms return data mode

Out:{'TranslationStack': [{'Count': '1', 'Explode': 'N', 'Field': 'All Names', 
'Term': 'eastern bluebird[All Names]'}, 'GROUP'], 'RetStart': '0', 
'QueryTranslation': 'eastern bluebird[All Names]', 'IdList': ['172413'], 
'Count': '1', 'RetMax': '1', 'TranslationSet': []} 

What's important in the above?



Sialia sialis

Bio.Entrez.esearch()
Imagine we want to look up all Sequence Data
having to do with Eastern Bluebirds (Sialia sialis)

1. We need to get Taxonomy Identifiers…
In:   from Bio import Entrez 
In:   Entrez.email = "brant@lsu.edu" 
In:   esearch_query = Entrez.esearch(db="taxonomy", term="eastern bluebird", retmode="xml") 

In:   esearch_result = Entrez.read(esearch_query) 
In:   print(esearch_result)

database search terms return data mode

Out:{'TranslationStack': [{'Count': '1', 'Explode': 'N', 'Field': 'All Names', 
'Term': 'eastern bluebird[All Names]'}, 'GROUP'], 'RetStart': '0', 
'QueryTranslation': 'eastern bluebird[All Names]', 'IdList': ['172413'], 
'Count': '1', 'RetMax': '1', 'TranslationSet': []} 

What's important in the above?



Sialia sialis

Bio.Entrez.esearch()
Imagine we want to look up all Sequence Data
having to do with Eastern Bluebirds (Sialia sialis)

2. We need to get Genbank Identifiers…
In:   bb_id = esearch_result['IdList'] 
In:   bb_id 
Out:['172413'] 
In:   bb_id = "txid{}".format(bb_id[0]) 
In:   genbank_entries = Entrez.esearch(db="nucleotide", term=bb_id, retmode="xml") 

database search terms return data
mode

In:   esearch_result = Entrez.read(genbank_entries) 
In:   print(esearch_result)

Out: {'TranslationStack': [{'Count': '212', 'Explode': 'N', 'Field': 'All Fields', 'Term': 'txid172413[All 
Fields]'}, 'GROUP'], 'RetStart': '0', 'QueryTranslation': 'txid172413[All Fields]', 'IdList': 
['1002002998', '295001782', '514252612', '514252610', '514252608', '514252606', 
'514252604', '514252602', '514252600', '514252598', '514252596', '514252594', '514252592', 
'514252590', '514252588', '442773967', '442773966', '442773885', '442773884', 
'442773883'], 'Count': '212', 'RetMax': '20', 'TranslationSet': []}



In:   esearch_result = Entrez.read(esearch_query) 

In:   bb_seq_id = esearch_result['IdList'] 
In:   for record in bb_seq_id['IdList']: 

         genbank_entry = Entrez.efetch(db="nucleotide", id=record, retmode="xml") 
      data = Entrez.read(genbank_entry) 

# do stuff

3. We need to fetch records from Genbank…

Sialia sialis

Bio.Entrez.efetch()



3. We need to fetch records from Genbank…
Bio.Entrez.efetch()

[{'GBSeq_topology': 'linear', 'GBSeq_locus': 'KT852372', 'GBSeq_feature-table': [{'GBFeature_key': 'source', 'GBFeature_quals': 
[{'GBQualifier_value': 'Sialia sialis', 'GBQualifier_name': 'organism'}, {'GBQualifier_value': 'genomic DNA', 'GBQualifier_name': 'mol_type'}, 
{'GBQualifier_value': 'taxon:172413', 'GBQualifier_name': 'db_xref'}, {'GBQualifier_value': 'posterior telencephalon', 'GBQualifier_name': 
'tissue_type'}, {'GBQualifier_value': 'nestling', 'GBQualifier_name': 'dev_stage'}, {'GBQualifier_value': 'USA: Auburn, AL', 'GBQualifier_name': 
'country'}, {'GBQualifier_value': 'Apr-2011', 'GBQualifier_name': 'collection_date'}], 'GBFeature_location': '1..656', 'GBFeature_intervals': 
[{'GBInterval_accession': 'KT852372.1', 'GBInterval_to': '656', 'GBInterval_from': '1'}]}, {'GBFeature_partial5': StringElement('', 
attributes={'value': 'true'}), 'GBFeature_partial3': StringElement('', attributes={'value': 'true'}), 'GBFeature_key': 'gene', 'GBFeature_quals': 
[{'GBQualifier_value': 'ESR1', 'GBQualifier_name': 'gene'}], 'GBFeature_location': 'complement(<1..>656)', 'GBFeature_intervals': 
[{'GBInterval_iscomp': StringElement('', attributes={'value': 'true'}), 'GBInterval_accession': 'KT852372.1', 'GBInterval_to': '1', 
'GBInterval_from': '656'}]}, {'GBFeature_partial5': StringElement('', attributes={'value': 'true'}), 'GBFeature_key': 'mRNA', 'GBFeature_quals': 
[{'GBQualifier_value': 'ESR1', 'GBQualifier_name': 'gene'}, {'GBQualifier_value': 'estrogen receptor 1', 'GBQualifier_name': 'product'}, 
{'GBQualifier_value': 
'GACATATCTGCTTTCACTGTCAACAGTGAGATCGGCAGCTGGCAGTCCACCTAAAAAAAATACCAGAACCTATTCTGAGGCTCAGCAGAAATCA
TAATAAAGCAGCACTACACAGGTATTCCTCTAATCTCGGCAAGGAGGAGGATACAAACAAATGCAGAGTGAGCACTGAAAATGCACATTCTCTCT
CTTCTTCCCTCCCTCTCCCTCTCTCTAACTTTTAGGAACTCCTCATCTGCACTAATATGCATTACAAGGTGCTGGCTGCAAGCCAGGAGCCCTTG
CCTTGTGCCGACGTTGGTTTAAACATCACTTCAGAAACAATTAGTTCTGGAGTTATACCAAAGAGTTGTCCGTCTAAATGTTACTTCATTCTTACTG
ATCTTTTAATTTTTCACTTCAGGGTACAGTGCTTTGCAGAAACCAACGGGAAAGAACACTTAAATTCACCCAGGAAGACTAGTCCAGTGGTCAGT
CAGATTACTGCCTTTTATTCCTCAGCAGGCTCCAATCTATCTGTGCTTATCTCTCCTCCTGTTTGATTCATTTGCATGTTTGCTAGAAATATGTAATGT
GTACATTGTACTGACCCTGGGCAGGACTGTGCTGTAACCGAGATAGGGAAAGCAGAATGTGTGTATGCGTGTGTGTGCAAG', 
'GBQualifier_name': 'transcription'}], 'GBFeature_location': 'complement(1..>656)', 'GBFeature_intervals': [{'GBInterval_iscomp': 
StringElement('', attributes={'value': 'true'}), 'GBInterval_accession': 'KT852372.1', 'GBInterval_to': '1', 'GBInterval_from': '656'}]}, 
{'GBFeature_partial5': StringElement('', attributes={'value': 'true'}), 'GBFeature_key': "5'UTR", 'GBFeature_quals': [{'GBQualifier_value': 'ESR1', 
'GBQualifier_name': 'gene'}], 'GBFeature_location': 'complement(1..>656)', 'GBFeature_intervals': [{'GBInterval_iscomp': StringElement('', 
attributes={'value': 'true'}), 'GBInterval_accession': 'KT852372.1', 'GBInterval_to': '1', 'GBInterval_from': '656'}]}], 'GBSeq_primary-accession': 
'KT852372', 'GBSeq_length': '656', 'GBSeq_references': [{'GBReference_authors': ['Bentz,A.B.', 'Sirman,A.', 'Wada,H.', 'Navara,K.J.', 
'Hood,W.R.'], 'GBReference_title': 'Maternal environment alters epigenetic state of estrogen receptor alpha in wild Eastern Bluebird (Sialia 
sialis) nestlings', 'GBReference_journal': 'Unpublished', 'GBReference_reference': '1', 'GBReference_position': '1..656'} …TRUNCATED…

Results are highly nested…



3. We need to fetch records from Genbank…
Bio.Entrez.efetch()

Results are highly nested…

In:   data = Entrez.read(genbank_entry) 
In:   data[0].keys() 
Out:dict_keys(['GBSeq_topology', 'GBSeq_locus', 'GBSeq_feature-table', 'GBSeq_primary-
accession', 'GBSeq_length', 'GBSeq_references', 'GBSeq_strandedness', 'GBSeq_comment', 
'GBSeq_update-date', 'GBSeq_sequence', 'GBSeq_create-date', 'GBSeq_taxonomy', 
'GBSeq_source', 'GBSeq_accession-version', 'GBSeq_other-seqids', 'GBSeq_division', 
'GBSeq_organism', 'GBSeq_moltype', 'GBSeq_definition']) 

In:   data[0]['GBSeq_sequence'] 
'cttgcacacacacgcatacacacattctgctttccctatctcggttacagcacagtcctgcccagggtcagtacaatgtacacattacatatttctagcaaacatgcaaa
tgaatcaaacaggaggagagataagcacagatagattggagcctgctgaggaataaaaggcagtaatctgactgaccactggactagtcttcctgggtgaatttaagtgtt
ctttcccgttggtttctgcaaagcactgtaccctgaagtgaaaaattaaaagatcagtaagaatgaagtaacatttagacggacaactctttggtataactccagaactaa
ttgtttctgaagtgatgtttaaaccaacgtcggcacaaggcaagggctcctggcttgcagccagcaccttgtaatgcatattagtgcagatgaggagttcctaaaagttag
agagagggagagggagggaagaagagagagaatgtgcattttcagtgctcactctgcatttgtttgtatcctcctccttgccgagattagaggaatacctgtgtagtgctg
ctttattatgatttctgctgagcctcagaataggttctggtattttttttaggtggactgccagctgccgatctcactgttgacagtgaaagcagatatgtc'

We can drill down into results



3. We need to fetch records from Genbank…
Bio.Entrez.efetch()

Results are highly nested…

In:   data = Entrez.read(genbank_entry) 
In:   data[0]['GBSeq_sequence'] 
'cttgcacacacacgcatacacacattctgctttccctatctcggttacagcacagtcctgcccagggtcagtacaatgtacacattacatatttctagcaaacatgcaaa
tgaatcaaacaggaggagagataagcacagatagattggagcctgctgaggaataaaaggcagtaatctgactgaccactggactagtcttcctgggtgaatttaagtgtt
ctttcccgttggtttctgcaaagcactgtaccctgaagtgaaaaattaaaagatcagtaagaatgaagtaacatttagacggacaactctttggtataactccagaactaa
ttgtttctgaagtgatgtttaaaccaacgtcggcacaaggcaagggctcctggcttgcagccagcaccttgtaatgcatattagtgcagatgaggagttcctaaaagttag
agagagggagagggagggaagaagagagagaatgtgcattttcagtgctcactctgcatttgtttgtatcctcctccttgccgagattagaggaatacctgtgtagtgctg
ctttattatgatttctgctgagcctcagaataggttctggtattttttttaggtggactgccagctgccgatctcactgttgacagtgaaagcagatatgtc'

We can drill down into results

And you could use this information to
make sequence record, perform other analyses, etc

But, there is a smarter/easier way…



3. We need to fetch records from Genbank…
Bio.Entrez.efetch()

Results are highly nested…
We can change the type and mode of our query!

The smarter/easier way…

In:   esearch_result = Entrez.read(esearch_query) 

In:   bb_seq_id = esearch_result['IdList'] 
In:   for record in bb_seq_id['IdList']: 

         genbank_record = Entrez.efetch(db="nucleotide", id=record, rettype="gb", retmode="text")

return data
mode

return data
type



3. We need to fetch records from Genbank…
Bio.Entrez.efetch()

Results are highly nested…

The smarter/easier way…

In:   esearch_result = Entrez.read(esearch_query) 

In:   bb_seq_id = esearch_result['IdList'] 
In:   for record in bb_seq_id['IdList']: 

         genbank_record = Entrez.efetch(db="nucleotide", id=record, rettype="gb", retmode="text") 
      record = SeqIO.read(genbank_record, 'genbank')

We can change the type and mode of our query!

And, SeqIO will parse 'genbank' formats



3. We need to fetch records from Genbank…
Bio.Entrez.efetch()

Results are highly nested…

In:   esearch_result = Entrez.read(esearch_query) 

In:   bb_seq_id = esearch_result['IdList'] 
In:   for record in bb_seq_id['IdList']: 

         genbank_record = Entrez.efetch(db="nucleotide", id=record, rettype="gb", retmode="text"") 
      record = SeqIO.read(genbank_record, 'genbank') 

# do stuff

In:   record 
Out:SeqRecord(seq=Seq('CTTGCACACACACGCATACACACATTCTGCTTTCCCTATCTCGGTTACAGC
ACA...GTC', IUPACAmbiguousDNA()), id='KT852372.1', name='KT852372', description="Sialia 
sialis estrogen receptor 1 (ESR1) gene, 5' UTR.", dbxrefs=[])

We can change the type and mode of our query!

So, we can use SeqIO to parse the returned record
And  then it behaves like a SequenceRecord



One last item…



Bio.Entrez
The BioPython module for interacting with NCBI

Bio.Entrez, which uses NCBI eUtils has some caveats:

1. You must pass your valid email address 
2. You must limit queries over 100 items 

9:00 PM to 5:00 AM

3. Not more than 3 requests per second



One last item…
So, how do you limit the speed of requests?

Using your old friend, the time module

In:  for item in range(0, 10, 1): 
         print(item)



One last item…
So, how do you limit the speed of requests?

Using your old friend, the time module

In:  import time 
In:  for item in range(0, 10, 1): 

         print(item) 
   time.sleep(1)

time.sleep()  
pauses execution

by () seconds


