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Unix II – Scripting, web clients, databases  
and formats

Goals of today’s lecture:

• Creating simple bash scripts
• Survey of Bioinformatics databases (Ouellette)

– Primary vs reference
– Annotations and cross-references
– Survey of file formats

• Scripts as web browsers

Biol4230 Thurs, Jan 25, 2017
Bill Pearson  wrp@virginia.edu 4-2818  Pinn 6-057

fasta.bioch.virginia.edu/biol4230

To learn more:
• Scripting the bash shell (Google "bash introduction", 

focus on variables, flow control)
– tldp.org/LDP/abs/html/  (concise intro)
– Learning the Bash Shell, 3rd edition (Ch 4 and 5)
proquest.safaribooksonline.com/book/operating-systems-
and-server-administration/unix/0596009658
– Practical Computing, Ch. 4, 5, 6
– Practical Computing, App. 3

practicalcomputing.org/files/PCfB_Appendices.pdf
• Bioinformatics databases:

Pevsner (2004) "Bioinformatics and Functional Genomics 2nd

ed" Wiley-Blackwell, Ch. 1 (on reserve)
• Web clients – curl, wget (man curl, man wget)

fasta.bioch.virginia.edu/biol4230
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3Module #: Title of Module

You are free to:
Copy, share, adapt, or re-mix;

Photograph, film, or broadcast;

Blog, live-blog, or post video of;

This presentation. Provided that:

You attribute the work to its author and respect the
rights and licenses associated with its components.

Slide Concept by Cameron Neylon, who has waived all copyright and related or neighbouring rights. This slide only ccZero.
Social Media Icons adapted with permission from originals by Christopher Ross. Original images are available under GPL at;
http://www.thisismyurl.com/free-downloads/15-free-speech-bubble-icons-for-popular-websites

fasta.bioch.virginia.edu/biol4230
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Unix II – scripting, web clients, databases

• Scripting – putting commands in a file
– bash commands: 

for file in *.fasta ; do ... ; done
– Essential for reproducibility – your electronic lab 

notebook
– Automation of repetitive tasks (run blast search using 20 

files)
• Web clients – curl/wget – allow scripting of web 

access
– Download a list of protein sequences using accessions
– Homework – (a) do a blast search with tabular output; (b) 

extract accessions of hits; (c) download those 
sequences; (d) search with them

fasta.bioch.virginia.edu/biol4230

(bash) shell scripts

• files ending with .sh suffix
• shebang: #!/bin/bash or #!/bin/sh
• useful to capture (potentially long) history of 

UNIX commands into a reproducible analysis
– you will always need to repeat your analysis
– you will never remember all the necessary steps

• with some modification, your script can be 
made generic, and reusable for other data

fasta.bioch.virginia.edu/biol4230
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shell scripts contain commands

franklin: 1 $ echo $PATH # a simple command
/home/wrp/bin:/usr/local/bin:/bin:/usr/bin:.:/seqprg/bin

franklin: 2 $ echo_path.sh
# echo_path.sh contains "echo $PATH"

bash: ./echo_path.sh: Permission denied
# cannot execute because -rw-r-r--

franklin: 3 $ sh echo_path.sh # can execute with 'sh'
/home/wrp/bin:/usr/local/bin:/bin:/usr/bin:.:/seqprg/bin

franklin: 4 $ chmod +x echo_path.sh # make executable

franklin: 5 $ echo_path.sh # now it works
/home/wrp/bin:/usr/local/bin:/bin:/usr/bin:.:/seqprg/bin

fasta.bioch.virginia.edu/biol4230

(bash) shell variables

• Your unix session has two kinds of variables, env (environment) 
variables, and SHELL variables, refer to them with $NAME (env) / 
$name (shell)
– Individual variables can be seen with 'echo'

echo $PATH
– All environment variables are listed with 'env'

• You can make your own variables for a command as well:
files=$(ls *.aa)
echo $files
– shell variables never have a '$' on the left of the '=', and ALWAYS 

have a '$' on the right side.
– no spaces around the '='
new_files=$files

• $SHELL variables are transient; to make them permanent, use:
export PATH=$PATH:/seqprg/bin

fasta.bioch.virginia.edu/biol4230
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(bash) shell flow control

• for name in [...] ; do [...] ; done
– do something for each item in a list

• if [...] ; then [...] ;
elif [...]; then [...];
else [...]
fi
– specify behavior depending on conditions

• ';' are only necessary when putting multiple 
commands on one line.
for ... ; do ...; done

fasta.bioch.virginia.edu/biol4230

Producing new filenames

$ for f in *.aa; # file glob (*)
> do
> n=$(basename $f .aa) # $(command) makes output  

into a string
> nn=${f%.*}  # basename() requires a suffix string
> new=$n.new # ${n} if no '.' or '/'
> new2="this${n}that"
> echo $f $new $new2
> done
gstm1_human.aa gstm1_human.new thisgstm1_humanthat
sequence.aa sequence.new thissequencethat

fasta.bioch.virginia.edu/biol4230
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Extracting parts of lines: cut

# do a blastp search:
$ blastp –outfmt 6 –query atp6_human.aa –d /slib2/bl_dbs/pir1 > atp6.bl_out

# look at first three lines
$ head –n 3 atp6.bl_out  
sp|P00846|ATP6_HUMAN P00846 100.000 226 0 0 1 226 1 226 2.00e-157 434
sp|P00846|ATP6_HUMAN P00847 77.876 226 50 0 1 226 1 226 3.58e-124 349
sp|P00846|ATP6_HUMAN P00848 75.664 226 55 0 1 226 1 226 5.66e-112 318

#qsid ssid perc alen mism gaps qstart qend sstart sendevalue bits

# extract only the ssid column (field)
$ cut -f 2 atp6.bl_out | head -n 3
P00846
P00847
P00848
# change field delimiter with -d " ", -d "|", etc.

fasta.bioch.virginia.edu/biol4230

COMPUTATIONAL & COMPARATIVE GENOMICS: 
Understanding and Using Biological Databases

November 30th, 2012

B.F. Francis Ouellette francis@oicr.on.ca
• Associate Director, Informatics and Biocomputing, 

Ontario Institute for Cancer Research, Toronto, ON
• Associate Professor, Department of Cell and Systems Biology, 

University of Toronto, Toronto, ON.
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Bioinformatics reagent: Databases

• Organized array of information
• Place where you put things in, and (if all is 

well) you should be able to get them out 
again.

• Resource for other databases and tools.
• Simplify the information space by 

specialization.
• Bonus: Allows you to make discoveries.
• Important question to ask:

what is the data model?

Bioinformatics experiments:

BLAST searchSequence Alignment

Reagents:

•Sequence
•Databases

Method:

•P-P BLASTP
•N-P BLASTX
•P-N TBLASTN
•N-N BLASTN
•N (P) – N (P) TBLASTX

Interpretation:

•Similarity
•Hypothesis testing

Know 
your reagents

Know 
your methods

Do your controls
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Databases

Information system        

Query system          

Storage System
Data

Databases

Information system        

Query system          

Storage System
Data

GenBank flat file   
PDB file
Interaction Record
Title of a book
Book
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Databases

Information system        

Query system          

Storage System
Data

Boxes
Oracle
MySQL
PC binary files
Unix text files
Bookshelves

Databases

Information system        

Query system          

Storage System
Data

A List you look at
A catalogue
indexed files
SQL
grep
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The library of Congress
Google
Entrez
EnsEMBL
UCSC genome browser

Databases

Information system        

Query system          

Storage System
Data

http://www.ncbi.nlm.nih.gov/
All [filter] Jan, 2017

www.ncbi.nlm.nih.gov/gquery/?term=all[filter]
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Formats

• DNA sequence (GenBank Flat Files)
• Protein Sequences
• Other formats to know about

– FASTA
– GFF3
– XML

GenBank Flat File (GBFF)

Features (AA seq)

DNA Sequence

Header
•Title
•Taxonomy
•Citation

LOCUS       JN675711                1704 bp mRNA    linear   PLN 01-NOV-2011
DEFINITION  Prunus salicina mitogen-activated protein kinase 1 mRNA, complete

cds.
ACCESSION   JN675711
VERSION     JN675711.1
KEYWORDS    .
SOURCE      Prunus salicina

ORGANISM  Prunus salicina
Eukaryota; Viridiplantae; Streptophyta; Embryophyta; Tracheophyta;
Spermatophyta; Magnoliophyta; eudicotyledons; Gunneridae;
Pentapetalae; rosids; fabids; Rosales; Rosaceae; Maloideae;
Amygdaleae; Prunus.

REFERENCE   1  (bases 1 to 1704)
AUTHORS   Jiang,C., Pan,D. and Chen,G.
TITLE     Construction and Analysis of a Normalized Full-Length cDNA Library

of Brown Prunus salicina
JOURNAL   Unpublished

REFERENCE   2  (bases 1 to 1704)
AUTHORS   Jiang,C., Pan,D. and Chen,G.
TITLE     Direct Submission
JOURNAL   Submitted (18-AUG-2011) Horticulture, Fujian Agriculture and

Forestry University, Fuzhou, Fu Jian 350002, China
FEATURES             Location/Qualifiers

source          1..1704
/organism="Prunus salicina"
/mol_type="mRNA"
/isolate="A"
/db_xref="taxon:88123"

CDS             128..1249
/note="MAPK 1"
/codon_start=1
/product="mitogen-activated protein kinase 1"
/protein_id="AEQ28763.1"
/translation="MESSSASAGDHNIKGVPAHGGRYVQYNVYGNFFEVSRKYVPPIR
PVGRGAYGIVCAAVNAETREEVAIKKIGNAFDNRIDAKRTLREIKLLRHMDHENVIAI
KDIIRPPQKENFNDVYIVYELMDTDLHQIIRSNQPLNDDHCRYFLYQLLRGLKYVHSA
NVLHRDLKPSNLLMNANCDLKIGDFGLARTTSETDFMTEYVVTRWYRAPELLLNCSEY
TAAIDIWSVGCILGEIMTRRPLFPGKDYVHQLRLITELLGSPDDSSLGFLRSDNARRY
VRQLPQYPKQSFSAGFPNMSPGAVDLLEKMLVFDPNRRITVDEALCHPYLAPLHDINE
EPVCPMPFNFDFEQPSFTEENIKELIWRESVKFNPDPIH"

ORIGIN      
1 ccattacggc ctagttacgg gggatcatta gtgctctcta tagctccttc tctacaagtc

61 ttagcctttt agcaccgaaa tcctaactgg ttcttgaccc atttcggatt cggatccctg
121 gttaactatg gaatccagct ctgcttcagc aggtgatcac aatatcaaag gggtacctgc
181 ccacggtgga cgctatgttc agtacaatgt gtacggtaac ttctttgagg tttctaggaa
241 gtacgtccct cccataaggc ccgtagggag aggtgcttat ggtattgttt gtgctgctgt
301 gaatgctgag actcgtgagg aggttgccat taagaagatt ggtaatgcat ttgacaacag
361 aattgatgcc aagaggactt tacgagaaat taaacttctt cggcacatgg atcatgaaaa
421 tgttattgcc atcaaagaca tcatacggcc tccacagaag gagaacttca atgatgtcta

...
1621 aaggtaggtc tgaatataaa cggttgcctt ttttccaaaa gaaaaaaaaa aaaaaaaaaa
1681 aaaaaaaaaa aaaaaaaaaa aaaa

//
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FASTA

>P03069.1 RecName: Full=General control protein GCN4; ...
MSEYQPSLFALNPMGFSPLDGSKSTNENVSASTSTAKPMVGQLIFDKFIKTEEDPI
IKQDTPSNLDFDFALPQTATAPDAKTVLPIPELDDAVVESFFSSSTDSTPMFEYEN
LEDNSKEWTSLFDNDIPVTTDDVSLADKAIESTEEVSLVPSNLEVSTTSFLPTPVL
EDAKLTQTRKVKKPNSVVKKSHHVGKDDESRLDHLGVVAYNRKQRSIPLSPIVPES
SDPAALKRARNTEAARRSRARKLQRMKQLEDKVEELLSKNYHLENEVARLKKLVGE
R

>sp|P03069|GCN4_YEAST General control protein GCN4 ... GN=GCN4 PE=1 SV=1
MSEYQPSLFALNPMGFSPLDGSKSTNENVSASTSTAKPMVGQLIFDKFIKTEEDPIIKQD
TPSNLDFDFALPQTATAPDAKTVLPIPELDDAVVESFFSSSTDSTPMFEYENLEDNSKEW
TSLFDNDIPVTTDDVSLADKAIESTEEVSLVPSNLEVSTTSFLPTPVLEDAKLTQTRKVK
KPNSVVKKSHHVGKDDESRLDHLGVVAYNRKQRSIPLSPIVPESSDPAALKRARNTEAAR
RSRARKLQRMKQLEDKVEELLSKNYHLENEVARLKKLVGER

NCBI

uniprot.org

Databases

• Primary (archival)
– GenBank/EMBL/DDBJ
– UniProt
– PDB
– Medline (PubMed)
– Intact

• Secondary (curated)
– RefSeq
– Taxon
– UniProt
– OMIM
– SGD
– Biosamples/Bioprojects
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https://nar.oxfordjournals.org/content/45/D1.toc January 2017

Sequence Databases

• Primary DNA (archive) (avoid)
– DDBJ/ENA/GenBank

• Primary protein (curated/automation)
– UniProtKB

• Curated Databases (lots of human 
labour)
– RefSeq (Genomic, mRNA and protein)
– UniProtKB/SwissProt and neXtprot 
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Identifiers

• You need identifiers which are stable through time
• Need identifiers which will always refer to specific 

sequences
• Need these identifiers to track history of 

sequence updates
• Also need feature and annotation identifiers (need 

to tract important things)
– Genes
– Transcripts
– Proteins
– ((( Phenotype )))

LOCUS, Accession, NID and protein_id

LOCUS: Unique string of 10 letters and numbers in the database.
Not maintained amongst databases, and is therefore a poor 
sequence identifier. 

ACCESSION: A unique identifier to that record, citable entity; 
does not change when record is updated.  A good record 
identifier, ideal for citation in publication.

VERSION: ID system where the accession and version play the 
same function as the accession and gi number.

protein_id: Identifier which has the same structure and function as 
the nucleotide Accession.version numbers, but slightly 
different format.
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Accession.version

LOCUS, Accession, (gi) and PID
LOCUS       HSU40282     1789 bp mRNA            PRI       21-MAY-1998
DEFINITION  Homo sapiens integrin-linked kinase (ILK) mRNA, complete cds.
ACCESSION   U40282
VERSION     U40282.1

CDS             157..1515
/gene="ILK"
/note="protein serine/threonine kinase"
/codon_start=1
/product="integrin-linked kinase"
/protein_id="AAC16892.1“

LOCUS: HSU40282
ACCESSION: U40282

VERSION: U40282.1  
protein_id: AAC16892.1

Protein_id

ACCESSION
LOCUS

In closing ...
• Often only use FASTA files (e.g. for BLAST)
• Using any sequence where the coordinates are 

important, need an accession.version
• Keep in mind that GenBank is DNA centric and is a poor 

vehicle for protein and mRNA expression/interaction 
information: NCBI (and others) have other databases for 
these entities.

• All databases I mentioned today are fully “open” …
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Scripting from the WWW: wget/curl

• Most bioinformatics analyses require resources from the web, 
e.g. sequences, domain information, datasets, etc.
– The NCBI and EBI resources are usually scriptable; e.g. write a 

script that takes a set of accessions from a file and get the 
sequences

– Often all that is required is to recognize the URL of the 
information desired

http://www.ncbi.nlm.nih.gov/protein/P09488
– Sometimes, you will need more information to get the desired 

format (e.g. FASTA)
http://www.ncbi.nlm.nih.gov/protein/121735?report=fasta

• curl and wget allow you to pull a web page into a file from the 
command line:

curl http://uniprot.org/uniprot/P09488.fasta > p09488.fasta
• Sometimes this is what you need; other times more work is 

required

fasta.bioch.virginia.edu/biol4230

Finding a URL (www.uniprot.org)

fasta.bioch.virginia.edu/biol4230
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Finding a URL to download (uniprot)

curl http://www.uniprot.org/uniprot/P09488.fasta
fasta.bioch.virginia.edu/biol4230

Finding a URL to download (NCBI)

fasta.bioch.virginia.edu/biol4230
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Finding a URL to download (NCBI)
curl http://www.ncbi.nlm.nih.gov/protein/P09488?report=fasta

fasta.bioch.virginia.edu/biol4230

NCBI e-utilities
• The NCBI does not allow their web server to be 

used for large-scale, automated downloads (unlike 
Uniprot)
www.ncbi.nlm.nih.gov/guide/howto/dwn-records/

• NCBI provides e-utilities (esearch.cgi, efetch.cgi) 
for programmatic access to ALL NCBI databases 
(proteins, DNA, also PubMed)
www.ncbi.nlm.nih.gov/books/NBK25500/ (this document is currenty
out of date because it still users GI numbers)
In 2017, NCBI also uses accessions for downloads, so 
downloading a fasta file is easy:
curl 
'https://eutils.ncbi.nlm.nih.gov/entrez/eutils/efetch.f
cgi?db=protein&id=P09488&rettype=fasta&retmode=text'

Quotes are required to protect '&' and '?' from shell
fasta.bioch.virginia.edu/biol4230
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Homework (due Monday, Jan. 29, 12:00 noon)
1. Do a search of the SwissProt database using blastp using 

NP_001171499 (honeybee_gst.aa) saving the output in "tabular" 
format (-outfmt 6)

2. Repeat step 1, using the ssearch36 program specifying the 
BLOSUM62 matrix (-s BP62).  (you can produce tabular output 
using the –m 8 option):
ssearch36 –m 8 –s BP62 honeybee_gst.aa q > output

3. For both the blastp and ssearch results, make a copy of each 
results file and remove all the lines with E() > 0.001. Write a bash 
script to isolate the library (subject) accession information for each of 
the lines in the edited file, and save the accession in a new file

4. For each accession, split it into its component parts (hit 'man cut' to 
see how to change the delimiter).
– Write a script to save the accessions (P12345.3) to a file, and isolate only 

the accessions without the version information.
5. Compare the list of SwissProt accessions with E() < 0.001 from 

BLASTP and SSEARCH. Which program finds more homologs?  For 
the program that finds fewer homologs, what are the E()-values of 
those hits in the list of hits from the other program?

fasta.bioch.virginia.edu/biol4230

Homework (due Monday, Jan. 29)
7. Edit new copies of the original blastp and ssearch output files file to 

save the lines with 0.1 < E()-values < 2.0 (you can do this by hand, 
or with a script)  The 'awk' program makes it very easy to parse tab-
delimited files for lines that meet criteria and print the sseqid, e.g.
awk '($11 > 0.1 && $11 < 2.0){print $2}' tab.output
In this example, the E()-value is in column 11 ($11), and the sseqid in column 2 ($2)

7. For the accessions 0.1 < E() < 2.0 from step 7, run the script from 
steps 4,5 to isolate the SwissProt accessions.  Then use the protein 
accessions to get the sequences from UniProt.

8. Write a script to take the accessions from with 0.1 < E() < 2.0 from 
the blastp search and re-search Swissprot for each of those 
accessions, saving the new search results in files named after the 
accession numbers.

9. Write a description of your work in the file "hwk2.notes", labeling the 
scripts that you wrote, and save the description, scripts, and results 
files in biol4230/hwk2.

fasta.bioch.virginia.edu/biol4230


