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What is a database?

> A database is a collection of information stored in a computer in a
systematic way, such that a computer program can consult it to
answer questions. The software used to manage and query a
database is known as a database management system (DBMS).
The properties of database systems are studied in information
science.




Database types

> Flat files (semi-structured text files)
« Traditionally used for sequence databases
» large indexes needed
» XML database
« Typically extensions of flat files
> Relational databases
« Used for gene expression and genome databases
« Data stored in tables (that are cross-referenced)




What makes a good database?

> Quality » Coverage
* Manual (slow) » Automatic (fast)
* No overlap between entries » Overlapping entries
* Reliable » Errors, biases

« Some data might be missing « Up-to-date




Main sequence databases

> DNA: ACGGGCTATGTAGTGCTAGC
EMBL / Genbank / DDBJ
RefSeq

> Protein: YTCFSATFCFSAGDJSGAJGD
UniProt / SWISS-PROT
RefSeq

» Genomes:
Ensembl
UCSC Genome Browser




Hierarchy of databases -
an illustrative example

Nucleotide Protein
Genbank/EMBL/DDBJ UniProt

+ Primary
dbSNP

)

RefSeq
}  Secondary
Ensembl




DNA sequences

» EMBL / Genbank
* Primary DNA sequence databases!
 Release v. update
« Divisions (hum, mus, est, ...)
> RefSeq
« Curated
* Less redundancy and errors




Protein sequences

» UniProt
* Minimal redundancy, specialist annotation, extensive cross-referencing
« Basically, contains three parts:
SWISS-PROT
TrEMBL ("translated EMBL”)
PIR




NRDB

> NRDB (non-redundant database) contains information combined from
several sources
* Nucleotide: Genbank, RefSeq...

No ESTs, STSs (sequence tagged sites), GSSs (genome survey sequences)
or HTGSs (high throughput genomic sequences)

* Protein: translated Genbank, SWISS-PROT, RefSeq
» Non-redundancy doesn’t hold anymore!




Genomes

» Ensembl
* European effort
« Contains only eukaryots
» UCSC
» University of California effort
* Insects! (hard to find elsewhere)




Others

> dbSNP
« Database for single nucleotide polymorphisms (SNPs)

» dbEST
« Database for expressed sequence tags (ESTs)

» UniGene
« ESTs clustered to represent "genes”

Nuc. Acids. Res (2009) vol. 37 suppl. 1
http://nar.oxfordjournals.org/content/vol37/suppl_1/index.dtl




Others, cont.

> OMIM / OMIA
* Online Mendelian Inheritance in Man / Animals
« Used to be published as a book
» Pubmed
* Public Medline
» Contains abstract and links to articles
» GO ontology
» A controlled vocabulary of functionality etc. terms for, e.g., gene annotation




About accession numbers

» Every sequence entry is individually labeled with an accession number. E.g., from Genbank
you can always retrieve the same sequence, if you know the accession number.

» Accession number: alpha-numeric code

» ID: human readable sequence name

» Some examples:

XRCC1 HUGO ID

M36089 EMBL accession number

P18887 UniProt accession number

NM_006297 RefSeq, nucleotide sequence

NP_006388 RefSeq, protein sequence

Hs.98493 UniGene ID

ENSG00000073050 Ensembl, gene sequence

ENS000000262887 Ensembl, protein sequence

7515 Locuslink ID, Entrez Gene GenelD




Downloading the DBs

> Most of the sequence databases can be downloaded and installed
locally (on your own computer)
« This will make, e.g., blast searches much faster, but it takes much disk space
» Some links
« http://hgdownload.cse.ucsc.edu/downloads.html

» http://www.ncbi.nim.nih.gov/Ftp/
http://www.ebi.ac.uk/uniprot/database/download.html

> Remember that these are copyrighted!




Queries




Entrez — main page
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Entrez — use limits for filtering

Entrez Nucleotide - Microsoft Internet Explorer
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Entrez — use qualifiers as filters

Search all the sequences containing term XRCC
 P4b*
Search using the author’s name
Tuimala J or Tuimala JJAUTH]
Search using the journal’s name
J. Gen. Virol.[JOUR]
Search using an organism name
Human[ORGN]
Search using the sequence length
400[SLEN]
400:500[SLEN]
Date limits
«  2005/12/01:2005/12/31[PDAT] (YYYY/MM/DD)
Search by accession numbers
. M18838[ACCN] or M18838:M18848[ACCN]
Terms can be combined, e.g.
«  P4b* Tuimala JJAUTH] 400:500[SLEN]




Getting the sequences
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Save Search
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M1: A¥455311 Reports Links
Eed deer parapoxvirus strain DPV putative viral core protein P4b gene, partial cds
gif2741865)gb| AT455311.1|[42741865]

[#12: AT455310 Repotts Links
Pseudocowpox virus stram VE634 putative viral core protem P4b gene, partial cds
http: ffwww. nchbi. nlm. nih.govfentrez/query. fcgi?CMD = Text@DB=nucleotide - Microsoft Internet Explorer g@ﬁ
ile  Edit ‘iew Favortes Tools  Help
Liriks
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>0l | 42741565 | gh| A¥455311.1| Red deer parapoxvirus strain DPV putative viral core protein P4b gene, partial cds
TGGGGCGCACGCGGTGGTICTOG TGO AGCTGC TGCAGCAGCGAGAGGC TGTCCCCGATCACGALGGUGGT
CTCCAGTGCGGGCAGGCGCACGCCGAAGAGCGCCATGACGATGGGGTGCACGCAGCTCACGGAGTCGCLAG
FACTTGAACGAGALGAGCAGGTCGUTGGAGGAGGACATGTCCTTGAAGTGGU TCGACTGGAACTGCGTGG
TGGAGAGCALGTTCTGGTAGC TGGAGAGGTTGTAC AGGC TCTCGAGC TCCTTCATCTGCCTGTTCACGCG
CTGCGAGTTCCGCGTGTAGATCATCACCAGCGGGTGC GAGTCGCTGACCGTCACGCCGGTGTCCGCCATG

FCCGCGCGCACGCTTGTGAGC AGGTCGAAGAGC TCCGAGCGGTCGCGGCCCCGGATGCCCAGCTTGCT ‘ :O py & P aste

-1 | 42741663 |ghb | A¥Y455310.1| Pseudocowpox wirus strain WVRE34 putative wiral core protein Pd4b gene, partial cds
CGGGGCGCACGCGGUTGTTC TGO TG AGCTGAGCCAGCAGCGAARGAC TGTCGCCGGTCACGLAGGUGGT

CTCGATGGCGGRCAGC TTCACGCCGLACAGAGCCATGACGATGGGGTGCACGALTCCCACGGAGTCGGT
FACTTGAACGAGAATAGARGATCGCTGGATGAGCTCATGTCCTTGAAGTGCGCGGACTGGAAC TGTGTGG
TGGALACCAGGTTCTGGTAGC TGGACATGCTCTGC AGGTCGTCGATC TCCTTCATCTGC TTGTTCACGCG
AGTCGATCCGCGTCCGTAGATGATCACCAGCGGATGGGTCTGGCTCACAGACAGGCCCGAGTCCGTCATG

FCGGCGCGAACGCTGTGCAGC AAATCGAACAGCTCCGAGCGGTCTCTGTTGTGAATACCCACCTTCGA




FastA-format
>qi|42741865|gb|AY455311.1| Red deer...
TGGGGCGCACGCGGTGGTTGTGGTGC

>RedDeer parapox DPV P4b AY455311
TGGGGCGCACGCGGTGGTTGTGGTGC

> You can modify the title to your liking, but always retain the
accession number!




A sequence record

Genbank accession number

V Links to other data sources (get protein segs, etc.)

[11: AT455311 Reports Links
Eed deer paraposonrus strain DEV putative wiral core protemn Pdb gene, partial cds

o|42741865|gb[AY455311.1|[42741865] k

Sequence description

» Genbank Gl-number (identifies the sequence, also).

* Note that the accession number (AY455311.1) has a
version number in the end. If you search other databases
(like EMBL) for the same sequence, you need to omit the
version number (.1).




What if you have the acc. numbers?

» Under Entrez tool, there a Batch Entrez that let’s you retrieve several sequences at
the same time, if you know the accession numbers.

< Entrez Nucleotide - Microsoft Internet Explorer

File Edit View Favorites Tools  Help

> Make a list of the numbers in Q- O [¥ @ @ P e w-UJd3
- Address jhttp; v, nichi nlm,nib,gow fentrez/batchentrez, cgirdb=MNuclectide A Go Links
Notepad (one per line) a e -

Save the list as text file
Retrieve the sequences

’

My NCBI H
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Y

File: | ChMyFiles\poltaitress

Y

Batch Entrez

Batch Entrez has changed!

¥ou will need Batch Entrez now only to upload a file of Gl or accession
numbers for an Entrez search. You ean do aif ofher large searches
directly within Enfrez.

There are now two ways to retrieve large amounts of sequence data
using Entrez

1. Begin at one of the Entrez pages and perform a large search just
like any other Entrez search:

Linkout o Enter a gquery

o Designate the database as Nucleatide or Protein, as

it appropriate

o Press Go; you will see a list of document summaries

o Select a format for the sequence data

o Press Save to download, you will be prompted for a
filename

ar

2. Begin at the top of this Bateh Entrez page and input (Lpload) a
list of Gl or accession numbers

o Create a file with a list of Gl or accession numbers and 5

e I, IR



Sequence submission




Genbank / EMBL policy

» Some journals need you to submit the sequences before the publication is
accepted.

»> You can select a date when your sequences will be published, i.e.,
sequences can be submitted to the database, but kept secret for a few
month before the publication appears in the journal.

» Only the submitter can later change the record.




Genbank / EMBL submission

» One or a few sequences
« Banklt (Genbank), Webin (EMBL)
» Several sequences
« Sequin (Genbank), personal contact (EMBL)

> You need to fill in the www-forms with all the data that appears in
the record, including the description the coding regions, etc.




Genbank does not allow

Shorter than 50bp of sequence

Only primers

Only protein sequence

Multiple exons without the intron sequences
Mix of genomic and mRNA sequence

VV VYV V VY




Genome databases:
Ensembl, UCSC, MapViewer




What are genome databases?

» Genome databases contain, well, genomic information collected from
many sources.

« Genome assembly

« (Gene predictions

« Known genes, mRNA, ESTs, proteins

« Genetic maps, markers and polymorphisms
« Gene expression and phenotypes

« Annotations

* Interspecies homologues




Why genome databases?

Genome structure

Gene identification

Complete catalog or blueprint

Rapid identification of proteins

Genetic, transcriptome, proteome analysis
Comparative genomics

YV VV V VYV V




Databases to be introduced

» Ensembl
« http://www.ensembl.org
« 19 species (Chordates!)

» UCSC Genome Browser
« http://[genome.ucsc.edu/
« 28 species (Insects!)

> NCBI MapViewer

* http://www.ncbi.nlm.nih.gov/mapview/
« 38 species (Plants, Fungi!)




There’s no single truth

» Number of human genes:
« 24 194 (Ensembl)
23 951 (UCSC)
« 26626 (MapViewer)
24 625 (RefSeq mRNAs)

» And all use (almost) the same genomic assembly from 2004!
> So where is the difference?




Gathering data

Ensembl MapViewer
Mask repeats Mask repeats
l Genscan +BLAST l Add mRNA (RefSeq)
(EMBL, UniProt...)

L kx| —-ooc———

l Add mRNA (EMBL, RefSeq...) l

Refine with other sequences

L kx| —-ooc———

l Final gene prediction l Final gene prediction

— oo I — oo 1




Other organisms

> Yeast:

» http://www.yeastgenome.org/
» Microbes:

* http://www.tigr.org/tdb/mdb/mdbcomplete.html
> Parasites, single celled eukaryots...

» http://www.tigr.org/tdb/euk/
» http://www.sanger.ac.uk/Projects/




Some considerations

> Selection of the database
« Organism content
Speed (MapViewer can be slow)

» Organism specific databases can be more up-to-date than general
databases

» Genome databases are not a one stop shop for all information,
other databases like EMBL and UniProt are still needed




Queries to Ensembl




Ensembl front page

©) Ensembl Genome Browser - Mozilla Firefox

File Edit ‘wiew History Bookmarks Tools  Help
<j - - @ ﬁ |@ http: v ensembl org/findes. bkl Al | hd | [}‘] |'|ensembl | “ ]

’ Getting Starked 15 Latest Headlines | | Tistokone

Browse
genome

@ Ensembl Genome Browser & | [ Mudl, Acids Res. -- Table of Contents (...

“Bh 399671 Practical Bioinformatics Madul. .

|| Chipster manual

Home Login / Register | BLAST/BLAT |BioMart |Docs & FAQs

Search Ensembl New to Ensembl?
Search: | All species v |f0r Did you know you can:
The new Ensem
| (30 e? Add custom tracks

e.g. human gene BRCAZ2 or rat X:100000..200000 or insulin ;Sing|0ur nesw Contral
ane

€2 Upload your own data
Browse a Genome and save it to your

. E bl t
The Ensembl project produces genome databases for vertebrates and other nEemblaceoun

eukaryotic species, and makes this information freely available online. e? Search for a protein sequence
Click on a link below to go to the species' home page. using or BLAT
Popular genomes (Lag in to custamize this list) e i only the data you want

frorn our public database, using the Ensembl Parl AP

i Download our datahases via FTP
in FASTA, My3CL and other formats

s ,1 Human

2 Mine Ensembl with BioMart
and export sequences or tables in text, html, or Excel format

Zebrafish

TGP ZFISHT

Still got questions? Try our FAQS

What's New in Release 52 (9 December 2008)
All genomes

# Homo sapiens core database (Hurnan)

[_2alact a cnarias — |

Q Find: {3 Next % Previous || Highlight all [] Match case

Done




Explore the genome

% Ensembl 52: H.sapiens - Description - Search Ensembl Human - Mozilla Firefox

File  Edit  Wew History Bookmarks Tools  Help

<j - - @ ﬁ |@ http: S, ensembl. org/Homo_sapiens Info/Indesx A | A | D‘] |'|c0untry codes .pt | g ]

’ Getting Started 5 Latest Headlines | | Tietokone

| Chipster manual £ 399671 Practical Bioinformatics Modul. . @ Ensembl 52: H.sapiens - Descripti... [

Home > Human

Login / Register | BLAST/BLAT |BioMart |Docs & FAQs

Karyotype
(=chromosome
view)

About this species Search Ensembl Human

Description
B Genome Statistics Search for |
?;;i??ﬂ;g?ﬁ?gerﬂunc e.g. gene BRCA2 or AL032821.2.1.143563 or muscular d
Top 500 InterPro hits
Wyhat's Mew
B Sample entry points
Karyotype Assembly
Location (ALO32521.2.1.7
Gene (BRCAZ)
Transcript (FOXP2-203)

Assembly and Genebuild »

This release is based on the NCEI 36 assembly of the hurman genome [Movernber 2005]. The data consists of a
reference assembly of the complete genome plus the Celera WGS and a number of alternative assemblies of

« Configure this page 2#___.&.--_-/; individual haplotypic chromosomes or regions. Full list of assemblies —
e Add custom data to page L x-_.*i. | The International Hurman Genome Sequencing Consortium have published their scientific analysis of the finished
* Export data F\ci @ﬁ‘\\} i huran genorme.
) | ¥ |
* Bookmark this page =G> ® Nature 431, 931 - 945 (21 October 2004)

® WT Sanger Institute Press Release

Annotation

Since release 38 (April 2008) the gene annotation presented has been a combined Ensembl-Havana, geneset which incorporates mare than
18,000 full-length protein-coding transcripts annotated by the Havana tearn with the Ensembl automatic gene build. The human genorme
sequence is now considered sufficiently stable that since 2004 the major genome browsers have come together to produce a common set
of identifiers where CDS annotations of transcripts can be agreed and these identifiers are also shown,

@ Maore information about the CCDS project.
The ENCODE (EMCyclopedia Of DMNA Elements) project aims to find functional elements in the hurman genome.

@ Maore information about the ENCODE resources at Ensembl,

Q Find: {F Mext {0 Previous [ Highlight al [] Makch case

Done




Explore chromosomes

¥ Ensembl 52: H.sapiens - Whole genome - Karyotype - Mozilla Firefox

File  Edit Wiew History Bookmarks Tools  Help

<,_|_ - - @ ﬁ @ http: i, ensembl.orgfHomo_sapiensyLocationGenome Sl | B v country cades .pt Gy

’ Getting Started (3 Latest Headlines | | Tietokone
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& Export data
® Bookmark this page
1 4 g [ 7 g 9 10 11 1z 13
17 1a 19 2 H ¥ HT
Click on the image ahove to jump to a chromosome, or click and drag to select a region
Summary 2
[ Find: |transmembrane {3 Mext i Previous [ Highlight al [] Match case

Done




Chromosome summary

©) Ensembl 52: H.sapiens - Chromosome summary - Chromosome 22: 33,885,613-33,985,613 - Mozilla Firefox
File Edit Wiew History Bookmarks Tools  Help

<‘: = < @ ﬁ @ http: /v ensembl.orgfHoma_sapiensLocationfChromosome?r=22: 3358561 3-3398561 3 2|~ | B ' country codes .pE bt
P Getting Started B Latest Headlines || Tietokane
S
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e Configure this page
o Add customn data to page
® Export data
® Bookmark this page pil.2
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alk.2 b
Q Find: | transmembrane {3 Mext {0 Previous [ Highlight all [] Match case

Done




Synteny View

) Ensembl 52; H.sapiens - Synteny - Chromosome 22: 33,885,613-33,985,613 - Mozilla Firefox
File Edit View History Bookmarks Tools Help

@ - - @ ﬁ |@ http: ! fremin .ensembl.orgfHomo_sapiens|LocationSynteny r=22:33885613-33985613 G | & | D‘] |'|c0untry codes .pt | “+, ]
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o Add customn data to page
s Export data 1oom B
* Bookmark this page |
C’:\:I i
50H o
Chr 16
: F2om ]
100H 4 ||
FSoH
Che 10
7 F1nom
SiH [3oH L_LisiH
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Ensembl front page

Ensembl Genome Browser, - Microsoft Internet Explorer

BioMart

File Edit Wiew Faworites Tools  Help 'l','
@Back - @ - \ﬂ @ .._;j /':\J Search \i:( Fawvorites e} [_'\:- L:\,_‘,_ ly_fl @ _J ﬁ 'ﬁ
&ddress |@| hittp: f v, ensernbl, orgfindesx, html b /
~
E, [ Ensembl Search all Ensemb, | Gene e [ s- |8
[ ]
Sep 2005 m_

Use Ensembl to...

"Run a BLAST search
s earch Ensembl

# Data mining [BioMart
=pload your own data
™Export data
=Download data

Docs and downloads

nformation
Ahat's New

= Ahout Ensembl
™Ensembl data
™Software

Other links

®Home
Wsitemap
* Vega
Prelpre Ensembl
®Trace server
"™ Archive! sites
®W<table Archive! link for this

‘ e

browse a genome

b _51 Homo sapiens [NCEI 35)
L

L

hrowse [what's new | Vega

Pan rr-ogfodyres [CHIMP1]
hrowse | what's new

' Macaca mulatta [Mmul0.1]
Pre; urowse prel site

Mus musculus [NCEl m34)
brovwse [what's new | Vega

Rattus norvegicus
[RESC 3.4]
browse | what's new
£ ""1_“ Canis familiaris [CanFami 0]
‘}i hrowse | what's new | Yega
. e B50S taurus [Btau 1.0]
k’ browse | what's new | praf
[Btau 2.00

fﬂonodefpm's domestica
€y [MonDomz)]
hrowse pref site

About Ensembl

Other chordates

Gallus gallus prasHUC
® browese | what's new

Xenopus tropicalis [Js 3]
brovese | what's new
Danio rerio [#Ts1 Zvs]

[ browse | what's new | Veda

Tﬁkffl’.fg ur Lfbf'fPES
A [Fugu 2.0]

hrowse | what's new
0 Tetraodon nigroviridis
[TETRAODON 7]
-

hrowse | what's new

Ciona intestinalis [Jzl 1 93]
brovese | what's new

Other eukaryotes

. Drosophila melanogaster
[BE0F 4]

browse |what's new

"‘Sgé_ Anopheles gambiae
4 e Moz 2]
e hrowese | what's new

Apis mellifera [~mel 2.0]
*- hrowse | what's news

Caenorhabditis elegans
\ i, 1151401

hrowse | what's new

Saccharomyces
cerevisiae [350]

hrowse | what's new

What's New in Ensembl 33
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Ensembl front page

Ensembl Genome Browser - Mozilla Firefox

ile  Edit  Wiew History Bookmarks  Tools  Help

A =

\,:l - - @ ﬁ |@ http: v ensembl, org/findes. html A | A | D‘] |'|ensembl | -+, ]

P Getting Startked |54 Latest Headlines | | Tietokone Q u iCk
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SNPs and disease research

» One might be interested in studying how certain SNPs are associated with, say,
length of the nose.

> In a typical setting we collect a number of individuals, make an interview and
collect background information (age, sex, parity, etc.), and genotype the
individuals for (certain) SNPs, and look for correlations (used here as in
common language) between SNPs, background data and length of the nose.

> These data are typically best preserved in a database (inside the lab).




SNPs in databases |

> dbSNP
« Contains SNPs, microsatellites (ACACAC), and other small polymorphisms
 >10 million SNPs for human, 4.5 million validated
* Mouse, chicken, dog, maize, chimp are other dominant species in the DB
« Most of the data is not in Genbank, but is cross-referenced to it.




SNPs in databases Il

» HGVbase

« Last update in 2003, but contains good quality data
» HapMap data in Ensembl

« Validated SNP data from three populations (269/270 individuals)
» SNP500CANCER

« Validated SNP data from three populations (102 individuals)
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Biological pathways




Pathway databases

» Reactome
« Curated
« Pathways and reactions
> KEGG
« Curated
« Manually drawn pathway maps for molecular interactions and reactions
« Used extensively

> Both contain data for several species




Pathway databases

> cMAP
« Resembles KEGG

> GO
* Gene ontologies

> MINT
Protein-protein interactions




GO




Gene Ontology (GO)

> A controlled vocabulary for describing gene product
» The same term always describes the same entity
V. cell (battery, prison, part of a table, ...)

» Go annotation describe activities and localizations of gene
products

Evidence codes!




GO

» GO is a hierarchy (directed acyclic graph)
> AmiGO

» Three related ontologies
« Biological process
* Cellular component
Molecular function
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KEGG

» Kyoto encyclopedia of genes and genomes.

» Established in 1995

» Curated

» Pathways and reactions (in the pathway database) — enzymes!
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Structural databases




PDB and MSD

> PDB contains structures of biological macromolecules.
« Mainly proteins, but also DNA and RNA structures

» MSD is also a collection of biological structures, but it extends the
PDB data format, and circumvents some problems.
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Integrating databases




Why integration?

» Data is distributed to several sources

« That can prevent efficient access to data
> Genomics

« Study of whole genomes, knowledge of gene content, expression etc. needed
> To get a better view to cells

« Systems biology

* Reductionism doesn’t work by itself anymore, we need integration of knowledge

One PhD student, one gene ;(
» Add protein studies, metabolomics, etc.




Hierarchy of databases -
an illustrative example

Nucleotide Protein
Genbank/EMBL/DDBJ UniProt

+ Primary
dbSNP

)

RefSeq
}  Secondary
Ensembl




About accession numbers

» Every sequence entry is individually labeled with an accession number. E.g., from Genbank
you can always retrieve the same sequence, if you know the accession number.

» Accession number: alpha-numeric code

» ID: human readable sequence name

» Some examples:

XRCC1 HUGO ID

M36089 EMBL accession number

P18887 UniProt accession number

NM_006297 RefSeq, nucleotide sequence

NP_006388 RefSeq, protein sequence

Hs.98493 UniGene ID

ENSG00000073050 Ensembl, gene sequence

ENS000000262887 Ensembl, protein sequence

7515 Locuslink ID, Entrez Gene GenelD




Problems in integration

> Integration can’t be based on accession nhumbers
« Every database uses a different system
> Integration can’t be based on sequences

« Sequence is not necessarily unique

ACGT is a substring of ACGTACGTA and ACGTGGTATTGCTAG, so
which gene does it actually represent?

» What about common terms (you wish!)




Problems in semantic integration

> Differences in terminology
* Vector
A line with a direction (math.)
Carrier of an infectious agent (biol., med.)

Virus or DNA molecule used for transferring genetic material to or from
cells (biol.)

Breakfast cereal manufactured by Kellogg (food)
A rock band (music)
Ghost town (Final Fantasy VI)




Solutions to terminology

» Controlled vocabularies
» A setlist of terms that are used to describe certain elements
« GO ontology: hierarchical ontology of gene functions, cellular localizations, etc.
« eVOC ontology: describe elements of humans
» Ontologies
+ Knowledge representation systems
« Use richer semantic terms to describe relationships between elements
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