Biological Sequence Data Formats

Here we present three standard formats in which
biological sequence data (DNA, RNA and protein) can be
stored and presented.

Raw Sequence: Data without description.

FASTA Format: One line of description, then sequence.

GenBank Record: Lots of detailed description about the
sequence.



Raw Sequence: DNA

In the text box below, is an example of “raw” DNA sequence. Just the
four different nucleotides of one particular DNA strand. No information
on the gene or the organisms the sequence came from. (See “Biology
in the Computer”.)

ATGAGTAATTTCACAGCTGAGGACAAGGCTGCTATCACTAGCCTGTGGGGCAAGGTGAATGTGGAAGATG
CTGGGGGAGAAACCCTGGGAAGGCTCCTGGTTGTGTACCCATGGACCCAGAGGTTCTTCGACAGCTTTGG
AAGCCTGTCCTCTCCCTCTGCCATCATGGGCAACCCCAAAGTCAAGGCGCATGGCGTGAAGGTGCTGACT
TCCTTGGGAGAAGCTATAAAGAACCTTGATGATCTCAAGGGCACCTTTGGCCAGCTGAGTGAGCTGCACT
GTGACAAGCTGCATGTGGATCCTGAGAACTTCAGGCTCCTGGGAAATGTGCTGGTGACTGTTTTGGCAAT
CCTTCATGGCAAAGAATTCACCCCTGAGGTGCAGGCTTCCTGGCAGAAGATGGTGGCTGGAGTGGCCAGT
GCCTTGGCCTCCAGATACCACTGA

Raw Sequence: Protein

Below is an example of a “raw” protein sequence. The letters indicate
one of the twenty different amino acids and the order tells how they
are put together.

MSNFTAEDKAAITSLWGKVNVEDAGGETLGRLLVVYPWTQRFFDSFGSLSSPSAIMGNPKVKAHGVKVLT
SLGEAIKNLDDLKGTFGQLSELHCDKLHVDPENFRLLGNVLVTVLAILHGKEFTPEVQASWQKMVAGVAS
ALASRYH




FASTA Format

The fasta format (originally created for a program called, you guessed
it, “FASTA") is a ubiquitous format in bioinformatics and is accepted as
input to many bioinformatics analysis tools. It is almost as simple as
the raw format, but has a Title Line that provides some information

about the sequence.

FASTA formats always have a title line, and it always begins with a “>”
and ends with a return character.

FASTA Format: DNA

Below is a FASTA file for the DNA sequence that codes for the G-
gamma-globin protein of a spider monkey, Ateles geoffroyi.

ATGAGTAATTTCACAGCTGAGGACAAGGCTGCTATCACTAGCCTGTGGGGCAAGGTGAATGTGGAAGATG
CTGGGGGAGAAACCCTGGGAAGGCTCCTGGTTGTGTACCCATGGACCCAGAGGTTCTTCGACAGCTTTGG
AAGCCTGTCCTCTCCCTCTGCCATCATGGGCAACCCCAAAGTCAAGGCGCATGGCGTGAAGGTGCTGACT
TCCTTGGGAGAAGCTATAAAGAACCTTGATGATCTCAAGGGCACCTTTGGCCAGCTGAGTGAGCTGCACT
GTGACAAGCTGCATGTGGATCCTGAGAACTTCAGGCTCCTGGGAAATGTGCTGGTGACTGTTTTGGCAAT
CCTTCATGGCAAAGAATTCACCCCTGAGGTGCAGGCTTCCTGGCAGAAGATGGTGGCTGGAGTGGCCAGT
GCCTTGGCCTCCAGATACCACTGA




FASTA Format: Protein

Below is a fasta file for the Protein sequence for the G-gamma-globin
protein of a spider monkey, Ateles geoffroyi. This is the FASTA
sequence record from GenBank, a major database of biological
sequence information. The codes at the beginning of the title are
tracking identifiers used by’GenBank to organize and find sequences
in the database.

>gi|342383|gb|AAA36926.1|| G-gamma-globin [Ateles geoffroyi]

MSNFTAEDKAAITSLWGKVNVEDAGGETLGRLLVVYPWTQRFFDSFGSLSSPSAIMGNPKVKAHGVKVLT
SLGEAIKNLDDLKGTFGQLSELHCDKLHVDPENFRLLGNVLVTVLAILHGKEFTPEVQASWQKMVAGVAS

ALASRYH

FASTA Format: Make up your own titles

You do not have to have complicated titles. It is easy to make up your
own titles. For example:

> Seql
CCCTAAACCCTAAACCCTAAACCCTAAACCTCTGAATCCTTAATCCCTAAATCCCTAA



WARNING: Some programs have difficulty with titles that are too long,
include spaces or non-letter or number characters. Avoid (1) Names
longer than 15 character; (2) Spaces; and (3) Characters other than
letters or numbers.

FASTA Format: Multiple Entries

Sometimes you need to input many sequences at the same time to a
program, such as a multiple sequence alignment program. This is
easy in FASTA format — see below. (Note: These sequences are all the
same length, but this does not have to be the case.)

> HumanGlobin
CCCTAAACCCTAAACCCTAAACCCTAAACCTCTGAATCCTTAATCCCTAAATCCCTAA
ATCTTTAAATCCACCCTAAACCCTAAACCCTAAACCTCTGAATCCTTAATCCCTAAAT
> MonkeyGlobin
GTATATAATGATAATTTTATCGTTTTTATGTAATTGCTTATTGTTGTGTGTAGATTTT
TTTGAGGTCAATACAAATCCTATTTCTTGTGGTTTTCTTTCCTTCACTTAGCTATGGA
> HorseGlobin
ATTTGTTATATTGGATACAAGCTTTGCTACGATCTACATTTGGGAATGTGAGTCTCTT
GGGTTGGTTTATCTCAAGAATCTTATTAATTGTTTGGACTGTTTATGTTTGGACATTT



GenBank Record

The GenBank format is an
example of a data-rich
format. It is used by The
National Center for
Biotechnology Information
(NCBI) and each record is
given a unique identification
code. (Actually more than
one.) The full biological
sequence of the record is
always at the end of the
record. To the right is the
GenBank record for the
Spider Monkey globin gene.

Read below for more details
on the types of information
in a GenBank file.

LOCUS
DEFINITION
ACCESSION
VERSION
KEYWORDS
SOURCE
ORCANISM

REFERENCE
AUTEORS
TITLE
JOURNAL

PUBMED

COMMENT

FEATURES

source

exon

CDs

exon

exon

ORIGIN

MNXEGBCGAG 444 bp DNA linear
A.geoffroyi G-gamma~-globin gene, complete cds.
MI6E773 REGION: join(195..286,410..632,1422..1550)
MI6773.1 GI:342382

G-garmma globin; gamma-globin; hemoglobin.

Ateles geoffroyi (black~handed spider monkey)

PRI 07-JUN-1994

Ateles geoffroyi
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Eaplorrhini;
flatyrrhini; Atelidae; Atelirae; Ateles.
1 (bases 1 to 444)
Giebel,L.B., van Santen,V.L., Slightom,J.L. and Spritz,R.A.
Nucleotide segquence, evolution, and expression of the fetal globin
gene of the spider nonkey Ateles geoffroyi
Proc. Natl. Acad. Sci. U.S.A. 82 (20), 6985-6989 (1985)
2413451
Original source text: Ateles geoffroyi skin DNA.
Location/Qualifiers
1..444
/organism="Ateles geoffroyi”
/mol_type="genomic DNA"
/db_xref="taxon:9508°
fcell type="fibroblast”
/tissue_type~="skin"
<1..92
/note="G-garma~globin; putative”
/number=1
1..444
/note="G-garma~globin®
fcodon_start=l
/protein_id="AAA36926.1"
/db_xref="G1:342383"
Jtranslation="MSNFTAEDXAAITSLWGXVNVEDAGGETLGRLLVVYPWTQREFD
SFCSLSSPSAINCNPEVEAEGVRXVLTSLCEAIXNLDDLXGTFCQLSELHCDXLHVDRE
NFRLLGNVLVIVLAILHGXEFTPEVQASWOKMVAGVASALASRYE"
$3..1315
/note="G-gamrma~-globin®
/number=2
316..>444
/note="G-gamma~-globin; putative”
/number=3

1 atgagtaatt tcacagctga ggacaagget gotatcacta goctgtgggg caaggtgaat
61 gtggaagatg ctgggggaga aaccctggga aggotcoctgg ttgtgtacce atggacccag
121 aggttctteg acageotttgg aagoctgtoc tctccctotg ccatcatggg caaccccaaa
181 gtcaaggcge atggogtgaa ggtgotgact tcottgggag aagctataaa gaaccttgat
241 gatctcaagg goacctttgg ccagotgagt gagotgocact gtgacaageot goatgtggat
301 cctgagaact tcaggctcct gggaasatgtg ctggtgactg ttitggoaat ccttcatgge
361 aasagaattca cccctgaggt gcaggeottoc tggcagaaga tggtggotgg agtggocagt
421 gccttggeet ccagatacca ctga




GenBank Record: Background on the sequence

The beginning of the GenBank file contains background information
such as the source of the biological molecule (what organism) and the

scientists who discovered the sequence.

On the left side of the file are keywords indicating the
details present in the file.

—

The accession number and the Gl (GenBank

94

l/ Identification) number are unique to this record.
mOC S MNKHGBGGAG
DEFINITION A.geoffroyi/G-gamma-glébin gene, complecte c¢ds.
ACCESSION M36773
VERSION M36773.1 GI:342382
KEYWORDS G-gamma globin; gamma-globin; hemogloééﬂ;_,——”’—”—-
SOURCE Ateles geoffroyi (black-handed spider TMonkey)
ORGANISM Ateles geoffroyi

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata;

Platyrrhini; Atelidae; Atelinae; Ateles.

The organism, or other source,
of the biological sequence.

Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;

Information on the discoverers of the
sequence, publications with the
sequence, and more.

REFERENCE 1 (bases 1 to 1705)

AUTHORS Giebel,L.B., van Santen,V.L., Slightom,J.L. ary

TITLE Nucleotide sequence, evolution, and expressioj

gene of the spider monkey Ateles geoffroyi
JOURNAL Proc. Natl. Acad. Sci. U.S.A. 82 (20), 6985-6989 (1985)
PUBMED 2413451

COMMENT Original source text: Ateles geoffroyi skin DNA.
FEATURES Location/Qualifiers




GenBank Record: The sequence

At the end of the file is the biological sequence. In this case it is a DNA

sequence, but it may also be RNA or protein.

[ORIGIN

181

cttgtccag.

301

241 ggggcaaggt

ccaggacgag

421

361 gatttgtggc

tgtacccatg

541

481 tcatgggcaa

ctataaagaa

841

601 acaagctgca
661 gttaagaaac
721 ggagtgcctc

1 ccatgggttg gccagccttg ccttgaccaa tagctttgac aaggcaacct

tcgggtgagg cccgggggce ggtgggtgge tagggatgaa
catcagttcc acatactcgc tctgaaacgt ctgagattat

tgaccaatag
gaataaaaqg
caataaqgctc

acctt
gaccg

c

The nucleotides (or amino acids in the case of |a
protein) are numbered. The “c” is the first |9¢
nucleotide of the file.

t

ccccaaagtce
ccttgatgat
tgtggatcct

ttcagaggac
taaaaatcga

781 aggacaatga

gattatctat

cttttcttta
ttaaaacatc

961

901 ggcagaggca

taaggctatt

tatattggct
cctgtaatta

1021
1081
1141
1201
1261
1321
1381
1441

//

cttacatcct

ataattccaa

catttgtcct
tttgtgtgtg

tgtgcgagca tgtgtttctt

aaggcgcatg gcgtgaaggt
ctcaagggca cctttggcca gctgagtgag
gagaacttca gggtgagtcc
tacctgggct gagacccagt
gagggacaac tttggcttcg agaaaagagt
ttagagtctg gtagaaagaa
tatctgaaag caggacaagt
ccatccaagt ggagaacttt

gctggacaca

tacaaaatgc

gctgacttcce

aggagatatt
taatgttt

ctttatcttt

atggccatta

ggtggccaaa
tgcaaatgct

actagcctgt
gctctggtga
tgcctctcag
ctcctggttg
ccctctgeca
ttgggagaag
ctgcactgtg
ggggttggga
tagggcctac
tgtggaaacg
ccctcatttt
aaaagatgca

catatattgc
tcattataaa

atggggcaaa agtgtttctg
ggagtagatt ttttagtcag ttgcgagtgt gtgtatgtat gtgtgttttt

ttaaagtttt

ggggtgagaa

cagcctacaa

agaatagaaa

aatacagggt

aagaagatag ctagatttaa attatgccag tgactaatgc tgcaagggga

1 The end of the file is demarcated by

two back slashes.

agaagatggt ggctggagtg gccagtgcct tggcctccag

catgatgcag agctttcaag gagtggcttt attccgcaag
ttccgctcaa agatcacacg tgattgtcgt cagttatttt

1681 gcgaaccaca aagggtttat gttga

tgagggaagt
ccaggctgga
gctcctggga

tgaggtgcag
ataccactga

taacataggc
gccctectgtt
aatgtgctgg
gcttcectgge
agcccctgcce

caataaaaat
ttccttgtce

aataaaacta
ttccaaatat




GenBank Record: Feature section

In the middle of the file, the FEATURES section describe the various
molecular features of the sequence and some of the biological activity.

/— The positions (length) of the sequence

The exon and
intron features
indicate their
positions in the
sequence
below.

FEATURES
source

Locatiogigggléffg;s
1..1705

at the end of the file. _‘

/mg.,lmf_c.xg.gf "genomic DNA® Biological information. In this
;gvb‘i}fvgff“: E;a-,f(ogjﬁg%%g/ case the DNA was derived
CeLitYPE= 11Dbrob.as from spider monkey skin

141..286
/note="G-gamma-globin; putative"

cells.

/number=1

CDS

intron

—5in(195..266,410..632,1422,.155
/note="G-gamma-globin"

CDS stands for CoDing
Sequence. Indicates if part
or all of the sequence is
translated into protein.

/translation='

SNFTAEDKAAITSLWGKVNVEDAGGETLGRLLVVYPWTQRFFD
SFGSLSSPSAIMGNPKVKAHGVKVLTSLGEAIKNLDDLKGTFGQLSELHCDKLHEVDPE
NFRLLGNVLVTVLAILHGKEFTPEVQASWQKMVAGVASALASRYH"

287..409

/note="G-ga -globin"
/number=1

410..632

/note="G-ga

/number=2 Accession/Gl numbers
633..1421 of a different
/note="G-gammg GenBank file
/number=2 with the protein
1422..1636 TR
/note="G-gammd=—growrrr—pececsre—

/number=3

The amino acids of the
translated protein.
Very convenient!




