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Spring 2024

BIOS 477/877

Bioinformatics and Molecular Evolution

Lecture 2

1

BIOS477/877 L2 - 2

Ø Introduction to Internet Resources
(NCBI, databases)

Ø Assignment #1

TODAY'S TOPICS
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General Web Search

DO NOT blindly believe what you find on internet (e.g., Google, Wikipedia)! 

Lots of information are incorrect. Misinformation propagates rapidly! 
Always double-check with the original information source (journal articles).
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National Center for Biotechnology Information (NCBI)
https://www.ncbi.nlm.nih.gov

NCBI Resources
NCBI Tools
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National Center for Biotechnology Information (NCBI)
https://www.ncbi.nlm.nih.gov

Or choose one
from this list

Type keywords to start searching, or
to see all databases, simply click "Search"
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https://www.ncbi.nlm.nih.gov/search
NCBI Databases

Many online books

Literature search

Scroll down to find more databases
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https://www.ncbi.nlm.nih.gov/search
NCBI Databases

GEO (Gene Expression Omnibus):
microarray & RNA-Seq data

Genome & DNA sequences

SRA (Sequence Read Archive):
next-gen sequencing data
(454, Illumina, PacBio, Nanopore, etc.) 
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https://www.ncbi.nlm.nih.gov/search
NCBI Databases

Biological systems & pathways

Protein sequences & 
structures
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PubMed: Literature Search
https://pubmed.ncbi.nlm.nih.gov

bioinformatics Start searchingType a query
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PubMed: Literature Search
https://pubmed.ncbi.nlm.nih.gov

Advanced search

To see only reviews✓
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PubMed: Literature Search

https://pubmed.ncbi.nlm.nih.gov/

Type new query(s) here

Click the number to 
see the result
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PubMed: Literature Search

https://pubmed.ncbi.nlm.nih.gov/

gene prediction

Start searching

Or show only the number of hits 
without doing the actual search

new query
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PubMed: Literature Search

https://pubmed.ncbi.nlm.nih.gov/

gene prediction

Search is done using ”gene” and “predication” independently
= Search for ”gene” AND Search for “predication” 

Many papers are nothing to do with ”gene predication” 

“gene prediction”

Search is done using ”gene predication” as a phrase
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PubMed: Literature Search

https://pubmed.ncbi.nlm.nih.gov/

Use the pull-down menu to choose a specific search fields.

- Default: All Fields (search is done against texts in all fields)

bioinformatics        

Only the ”Journal” field is used to search “bioinformatics”

bioinformatics        

Number of papers found in journals whose titles contain 
"bioinformatics" ("Bioinformatics", "BMC bioinformatics", etc.)
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PubMed: Literature Search

https://pubmed.ncbi.nlm.nih.gov/

Each provided 
term is 

automatically 
translated/expan
ded to find more 

results

To suppress translation, use “” Only “bioinformatics” is searched

No translation is done
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PubMed: Literature Search

https://pubmed.ncbi.nlm.nih.gov/

[Task]
Find all articles about "gene prediction" 
published in journals whose titles include 
"bioinformatics"

Requires a complex query

Involves combining two searches:
1: "gene prediction"
2: "bioinformatics" in Journal title 

1 2
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PubMed: Literature Search

https://pubmed.ncbi.nlm.nih.gov/

How to create a complex query

"gene prediction"                   
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PubMed: Literature Search

https://pubmed.ncbi.nlm.nih.gov/

Choose the operator: AND, OR, or NOT 

To search papers about “gene prediction” in journals whose titles include “bioinformatics”

How to create a complex query
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PubMed: Literature Search

https://pubmed.ncbi.nlm.nih.gov/

Or use search history to 
combine multiple search results

Click here
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PubMed: Literature Search

https://pubmed.ncbi.nlm.nih.gov/

Add the first query

”gene prediction”

Or use search history to 
combine multiple search results
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PubMed: Literature Search

https://pubmed.ncbi.nlm.nih.gov/

Or use search history to 
combine multiple search results

”gene prediction”

Combine with the second query

("gene prediction") AND (“bioinformatics"[Journal])
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PubMed: Literature Search

https://pubmed.ncbi.nlm.nih.gov/

Number of papers about “gene prediction” in 
journals whose titles include “bioinformatics”

Or use search history to 
combine multiple search results
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https://www.ncbi.nlm.nih.gov/search
NCBI Database Search

Start a global cross-database search

drosophila
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Search results for 
DNA sequences

Search results for 
protein sequences

NCBI Entrez Global Query
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Various filters to obtain 
subgroups of the search result

View in different format

Nucleotide Database Search

Obtain only sequences from 
mitochondria, chloroplasts, 
etc. 

Obtain only mRNA sequences
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Nucleotide Database Search

Shows how search is actually done.
➜ Check this when unexpected 

search results are suspected.
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Nucleotide Database Search

Choose a specific search field

"Title" field corresponds to the 
DEFINITION line
(not reference titles!)
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Nucleotide Database Search

Choose a specific search field

Perform the search,
 or 
Add the search result in the 
history
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Nucleotide Database Search

Notice the difference!!

#2: Searched [Organism] field
#1: Searched [All Field] 
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Nucleotide Database Search

Compare this to slide 26. 
Now only list Animals!

(including 3 from fungi)

This is also different from the 
“Search details” shown in slide 26

30
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Nucleotide Database Search

Save the search 
result to a file
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Change the output format to FASTA

Current format

GenBank Entry

This is genomic DNA.
mRNA entries are indicated by ‘mRNA’.

32

BIOS477/877 L2 - 33

Submit the sequence directly 
to BLAST/Primer-BLAST

GenBank Entry
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GenBank Entry

Coding sequence (CDS) 
can be extracted

Both nucleotide and 
protein sequences can 

be downloaded
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The sequence is partial 
on the 5' (<) and 3' (>) 
ends 

GenBank Entry

Exon-intron structure
(4 exons, 3 introns)
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GenBank Entry

Click on the specific feature (gene, CDS, 
exon, etc.) to extract a specific region
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Find the corresponding 
protein sequence

GenBank Entry
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GenPept Entry (tranlasted GenBank)

Find the corresponding 
DNA sequence

Find Conserved Domains
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Sequence Formats

Ø FASTA: a standard format used in many programs
>AAK58030.1 glycoprotein coupled receptor [Human betaherpesvirus 5]
MTPTTTTAELTTEFDYDEDATPCVFTDVLNQSKPVTLFLYGVVFLFGSIGNFLVIFTITWRRRIQCSGDV

YFINLAAADLLFVCTLPLWMQYLLDHNSLASVPCTLLTACFYVAMFASLCFITEIALDRYYAIVYMRYRP
VKQACLFSIFWWIFAVIIAIPHFMVVTKKDNQCMTDYDYLEVSYPIILNVELMLGAFVIPLSVISYCYYR
ISRIVAVSQSRHKGRIVRVLIAVVLVFIIFWLPYHLTLFVDTLKLLKWISSSCEFERSLKRALILTESLA

FCHCCLNPLLYVFVGTKFRQELHCLLAEFRQRLFSRDVSWYHSMSFSRRSSPSRRETSSDTLSDEVCRVS
QIIP

• A sequence begins with a single-line description, followed by 
lines of sequence data 

• Up to the first space is usually considered as the sequence id
• The description line is distinguished from the sequence data 

by a greater-than (>) symbol
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FASTA Formats
[Single sequence FASTA file]
>P29627
FGNLSSAQAIMGNPRIRAHGKKVLTSLGLAVQNMDNL
KETFAHLSELHCDKLHVDPENFKLLGNVLVIVLSTHF
AKEFTPEVQAAWQKLVAGVANALSHKYH

>HBB_HORSE
--------VQLSGEEKAAVLALWDKVN--EEEVGGEALGRLLV
VYPWTQRFFDSFGDLSNPGAVMGNPKVKAHGKKVLHSFGEGVH
HLDN-----LKGTFAALSELHCDKLHVDPENFRLLGNVLVVVL
ARHFGKDFTPELQASYQKVVAGVANALAHKYH------
>HBA_HUMAN
---------VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFL
SFPTTKTYFPHF-DLS-----HGSAQVKGHGKKVADALTNAVA
HVDD-----MPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTL
AAHLPAEFTPAVHASLDKFLASVSTVLTSKYR------
>HBA_HORSE
---------VLSAADKTNVKAAWSKVGGHAGEYGAEALERMFL
GFPTTKTYFPHF-DLS-----HGSAQVKAHGKKVGDALTLAVG
HLDD-----LPGALSNLSDLHAHKLRVDPVNFKLLSHCLLSTL
AVHLPNDFTPAVHASLDKFLSSVSTVLTSKYR------
>GLB5_PETMA
PIVDTGSVAPLSAAEKTKIRSAWAPVYSTYETSGVDILVKFFT
STPAAQEFFPKFKGLTTADQLKKSADVRWHAERIINAVNDAVA
SMDDT--EKMSMKLRDLSGKHAKSFQVDPQYFKVLAAVIADTV
AAG---------DAGFEKLMSMICILLRSAY-------

>HBB_HORSE
VQLSGEEKAAVLALWDKVNEEEVGGEALGRLLVVYPWT
QRFFDSFGDLSNPGAVMGNPKVKAHGKKVLHSFGEGVH
HLDNLKGTFAALSELHCDKLHVDPENFRLLGNVLVVVL
ARHFGKDFTPELQASYQKVVAGVANALAHKYH
>HBA_HUMAN
VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPT
TKTYFPHFDLSHGSAQVKGHGKKVADALTNAVAHVDDM
PNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLP
AEFTPAVHASLDKFLASVSTVLTSKYR
>HBA_HORSE
VLSAADKTNVKAAWSKVGGHAGEYGAEALERMFLGFPT
TKTYFPHFDLSHGSAQVKAHGKKVGDALTLAVGHLDDL
PGALSNLSDLHAHKLRVDPVNFKLLSHCLLSTLAVHLP
NDFTPAVHASLDKFLSSVSTVLTSKYR
>GLB5_PETMA
PIVDTGSVAPLSAAEKTKIRSAWAPVYSTYETSGVDIL
VKFFTSTPAAQEFFPKFKGLTTADQLKKSADVRWHAER
IINAVNDAVASMDDTEKMSMKLRDLSGKHAKSFQVDPQ
YFKVLAAVIADTVAAGDAGFEKLMSMICILLRSAY

[Multiple sequence FASTA file]

[Alignment FASTA file]
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Sequence Databases: DNA

Ø INSDC: International Nucleotide Sequence Database 
Collaboration

 • GenBank: NIH genetic sequence database
  https://www.ncbi.nlm.nih.gov/genbank/

 • ENA: European Nucleotide Archive
  https://www.ebi.ac.uk/ena/browser/home

 • DDBJ: DNA Data Bank of Japan
 https://www.ddbj.nig.ac.jp/index-e.html

 ➜ Data are shared among the three databases
 ➜ They share the accession numbers!
 ➜ They use different formats
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Sequence Databases: DNA
EMBL Format GenBank (DDBJ) Format

ID vs. LOCUS: 
not required to be the same.

Accession numbers (AC, ACCESSION):
are the same among databases.
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Sequence Databases: DNA
EMBL Format GenBank (DDBJ) Format

ID or LOCUS may change in the future. 
Accession numbers are permanent.
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Ø Protein Databases
 • UniProt the Universal Protein Resource
  https://www.uniprot.org/
  ➜ Collaboration between European Bioinformatics Institute 

(EMBL-EBI), Swiss Institute of Bioinformatics (SIB), and Protein 
information Resource (PIR, https://proteininformationresource.org/)

  ➜ UniProtKB Protein Knowledgebase
    Two sections:
    ◆ Swiss-Prot (manually annotated and reviewed)
    ◆ TrEMBL (automatically annotated and NOT reviewed)

Sequence Databases: Protein

Protein databases have more information
(functions, domains, superfamily, cross-references, etc.)
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Sequence Databases: Protein
UniProt Format (similar to EMBL format; used by all protein databases)

Cross-references to other 
databases

(DNA, domain, etc.)

Protein family information
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UniProt graphic view

https://www.uniprot.org/uniprotkb/P69905/entry

Accession # Entry name

Swiss-Prot entries are manually 
annotated (high quality)

TrEMBL entries are only computationally annotated.
After careful review, TrEMBL entries will be moved to Swiss-Prot.
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READSEQ: Sequence Format Converter

• Readseq @ phylogeny.fr
 http://www.phylogeny.fr/one_task.cgi?task_type=readseq

• Sequence Format Conversion @ EBI
 https://www.ebi.ac.uk/Tools/sfc/emboss_seqret/

• Readseq @ mafft website
https://mafft.cbrc.jp/alignment/server/cgi-bin/readseq.txt

• Format Converter @ lanl.gov
 https://www.hiv.lanl.gov/content/sequence/FORMAT_CONVERSION/form.html

[More on the course website, Links page]
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Sequence Analysis Tools on the Web

Ø NCBI Sequence Analysis Tools (BLAST, etc.)
https://www.ncbi.nlm.nih.gov/guide/sequence-analysis/

Ø EBI Bioinformatics services 
 https://www.ebi.ac.uk/services
Ø ExPASy: SIB Bioinformatics Resource Portal
 https://www.expasy.org
Ø Max-Planck Institute Bioinformatics Toolkit
 http://toolkit.tuebingen.mpg.de/

• Many more links are available on the Course website, Links page
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Ø Download the assignment file from Canvas
  • Go to “Assignments” page
  • Open “Assignment 1”
  • Download the file “Assignment1.doc”
Ø Submit the file with your answers to Canvas
  • Go to “Assignments” page
  • Open “Assignment 1”
  • Submit your Assignment 1 file with your answers
  WARNING!!
  Once you click on "Submit" button, you cannot delete/change/add file. 
  But you can resubmit your assignment file(s) multiple times.

*Each assignment is due at 11:59 pm on the specified date.

Assignment #1 – Feb 1 due*
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