


Objective of this lecture




What is a Gene and Genome

o A genome is the complete set of DNA.

o A gene is a section of DNA that makes up the
building plans for physical traits.

Genes vary a lot in size:
» Humans: average 3000 bp.
» Largest 2.4 million bp.

» A base pair (bp) is a unit consisting of two
nucleobases bound to each other by
hydrogen bonds.

o Genes are separated by sequences with
unknown function.




o Genomes of 1000s of organisms have
been completely sequenced (300,000
species!)

o Publicly available databanks now contain
quadrillions (>10'°) of nucleotides of DNA

sequence data, soon to be quintillions
(>10'8 bases).




What is a DNA Sequencez®e

o The DNA double helix is made up of a series of
chemical bases stung along a sugar backbone.

o There are 4 bases usually represented by the letters
A, T, Cand G.

o The linear sequence in which these bases occur
determines all the instructions for building an
organism.




Features of DNA Sequence analysis

o Detecting open reading frames (ORF):
o Initial codon: ATG
o Stop codon: TGA, TAA, TAG I
o Features may be used as indicators of potential protein
coding regions in DNA:
o Sufficient ORF length

o Recognition of flanking Kozak consensus sequence ((gcc)
gccRccAUGQG)

o Patterns of codon usage

o A general preference for G/C over A/T in third base
(wobble) position of a codon

o Ribosome binding sites
o Alignment with homologous protein sequences




An example of DNA seguence

ACCACTTITTCACAATCTGCTAGCAARNGGTTATGCAGCGCGTGAACATGATCATGGCAGAATCACCAGGCCT
CATCACCATCTGCCTI I TTIAGGATATC TACTCAGTGCTGAATGTACAGTTTTTCTTGATCATGAARDAIDCGCC
ANRNCAA NN A T TC TGAATCGGCC AN A GAGGTATAAT TCAGGTAAA T TGGAAGAGTTTGTTCAAGGGAACCTTG
AGCGAGAGAA TG TATGGAAGAA DA NG TG TAGT TITTTGAAGAAGCACGAGAAGTTTTTGAAAACACTGARADGARNC
AN C TGAAT T I TGGAAGCAGTATG T TGATGGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGCGGCAGT
TGCAAGGATGACAT IAAT TCC TATGAATGTTGG TG TCCCTTTGGATT TGAAGGAAAGAACTGTGAATTAG
A TG TAACA TG TAACAT TAAGAANATGGCAGATGCGAGCAGTTI T IGTAAA DD ATAGTGCTGATANACAAGGTGGT
TTGCTCCTGTACTGCGAGGGATATCGACTTGCAGAAA AN CCAGAAGTCCTGTGAACCAGCAGTGCCATTTCCA
rTCTrcGCAaAAGAGT I TC TIGTI T I CACAA AN C T I CTAAGC T CACCCGTGOCTGAGACTGTTITTITITCCTGATGTGGACT
A TG TAA A T TCTACTGAAGC TGAA A CCAT T T TGGATAACATCACTCAANGCACCCAATCATTTAATGACTT
CACTCGGGTTGTTIGGTGGAGARMNGATGCCAAACCAGGTCAATTCCCTTGGCAGGTTGTTTTGAATGGTAAD
GCTITGATGCATTC TG TGGAGGC TCTATCGT T TAATGAA A A AT GGAT TG TAAC TGCTGCCCACTGSTGTTGAAD
CTGGTGTTAAA AT TACAGTTGTCGCAGGTGAACATAATATTGAGGAGACAGAANCATACAGAGCAADADDDNNGCG
AN TG TGAT I CGAA T TAT T TCCTCACCACAACTACAATGCAGCTATTAATANGTACADACCATGACATTGCC
CTITCTGGGAACTGGACGAACCCT TAGTGCTAAACAGCTACG T TACACCTATTTGCATTGCTGACAAGGAAT
ACACGAACAT C T ICCTCAA A T T TGGATCTGGCTATGTAAGTGCGGCOCTGCGEGEGGEGAAGAGTCTTCCACAAINAGGEGGAG
ATCAGC T I TAGT I ITCTTCAGTACCTTAGAGTTCCACTITGTTIGACCGAGCCACATGTCTTITCGATCTACARAAG
T TrTCACCATCTATAACA A CA TG T TC TG TGCTGGCTTCCATGAAGGAGGTAGAGATTCATGTCAAGGAGATA
CTrCGECGEGEGGACCCCAT G I TACTGAAGTGGGCGAAGGGACCAGT ITC T TAACTGCGGAAT TATTAGCTCGEGEGGEGTGAAGA
G TG TIGCAATGAAAGGCAA AT A TGCGGAAT AT ATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGARARDRDND
ACAA AN GCTCAC T T AATGAAAAGATGGAT T TCCAAGGTTAAT TCATTGGAATTGAAAAATTAACAGGGCCTCT
CcCaAaCTA A C TAATCAC T T TCCCATC T T T TG T TAGA T TI TGAAT A TATACAT TCTATGATCATTGCTTTTTCTC
T T TrTACAGGGCGGAGAAT T TCAT AT T TTACCTGAGCAA AT TGATTAGAADAIATGCGGAACCACTAGAGGAATATARN
TG TG TITAGGAA AT TACAGTCAT T TCTAAGGGCCCAGCCCTTGACAAAA T TG TGAAGTTAAATTCTCCACT
CTreTrCcCATCAGATACTATGGTTCTCCACTATGGCAACTAACTCACTCAATT T TCCCTCCTTAGCAGCATT
CCATCTTCCCGATCTTCTTITGGCTTICTCCAACCAA A A C AT CAATG T I TAT T TAGT T TCTGTATACAGTACAGG
ATrC I T I GG TCTACTCTATCACAAGGCCAGTACCACACT CATGCGAAGCGAAADRRGCGADNDCACAGCGGAGTAGCTGAGAGG
CcCTrAa A A A CTCATCAA A A CACTACTCC T T T TCCTCTACCCTATTCCTCAATCTTTTACCTTTTCCAAATCC
CcCAATCCCC A A A T CAGT I T I TC T TC T T TC T TACTCCCTCTCTCCCTTTTACCCTCCATGGTCGTTAANAGGAG
AGATGGGGAGCATCATTCTGTTATACTTCTGTACACAGTTATACATGTCTATCAAN A CCCAGACTTGCTTC
CGGTAGTGGAGACT T IGCTTITI T T CAGANANCATAGGGATGAAGTAAGGTGCCTGAANDNAGTITTGECGEGEGGEGGAAAAGTTT
CcCrrrceaGcGcaAaAGAaAG T IAAG T TIA T I T T AT AT AT AT A A T AT AT ATATAADD AT ATATAATATACAATATAAADATATA
TAGTGTGTGTGTATGCGTGTGGTGTAGACACACACGCATACACACATATAATGGGAAGCAATAAGCCATTCT
AN GCGAGC T IGTAT GG T TATGGAGGTC TGACTAGGCATGAT I TCACGAAGGCAAGAT ITGGCATATCATTGTA
ACTaAaAAA A A GCTGACAT ITGACCCAGACAT AT TG TACTC T ITCTAAAAA AT AN TAATAATAATGCGCTARCAGA
ANGAARGAGAAACCG T TICGTTITGCAATC TACAGC TAGTAGAGACT T TGAGGAAGAATTCAACAGTGTGTCTT
CAGCAGTGTITITCAGAGCCAAGCAAGAAGT TGAAGT TITGCCTAGACCAGAGGACATAAGTATCATGTCTCCTT
TAANCTAGCATACCCCGAAGTGCGGAGAAGGEGGTGCAGCAGGCTCAAAGGCATAAGTCATTCCAATCAGCCAAC
rTAAAG T IGTCC T I T I CTITGG T I TCG TG T TCACCATGGAAC AT T TTGATTATAGT TAATCCTTCTATCTTGAND
TC T TCTAGAGAGT I IGCTGACCAACTGACGTATG T T ITCCCTTITGTGAATTAATARDNACTGGTGTTCTGGTTC
AT

Figure 1.3 Practical Bioinformatics (© Garland Science 2013)




An example of DNA seguence

ACCACTTTITCACAATCTGCTAGCARAANAGGT AGCGCGGTGAACATGATCATGGCAGAATCACCAGGCCT
CATCACCATCTGCCTTTITTAGGATATCTA TGGCTGAATGTACAGT TTTTCTTGATCATGAADDIDNCGCC
ARCAIADR A TTCTGAATCGGCCAADRDGAGGTA T TrCAGGTAAAT T TGCGGAAGAGTTTGTTCAAGGGAACCT TG

AGAGCGAGA A TG TATGGAAGAAA DN NG TG TAGT T T TGAAGARAGCACGAGAAGTTT T TGAAADCIACTGARIDNGARDC
AR C T TIrGAA T I T I GGAAGCAG T A TG T ITGATGGCGAGATCAGTGTGAGTCCAATCCATGTTTAAATGGGCGGCAGT
T AAGGATGAC AT T A AT TCC T TATGAA TG T TITGG TG TCCC T T IGGAT T T GCGAAGGAA DA GAACTGTGAATTAG
A TG T TITAANC A TG T AAC AT TALARGAANANTGCGGCAGATGCGAGCAGT I T IIGTAAAD DD AN TAGTGCTGATADNCAEADDGGTGGT
T TrGCTCC TG TACTGAGGGATATCGACTTGCGCAGAA DD A CCAGAAGTCCTGTGAACCAGCAGTGCCATTITCCA
TG TIrCcGAAGAG T I TC ITIGTI T T CACAA NN C T T TC T AAGC T CACCCGTGCTGAGACTGTTITTTCCTGATGTGGACT
A TG TrAA A T TC T AC TGAAGC TGAA DN CCAT T T TITIGGA T AR C AT CACTCAADDGCACCCAATCATITTAATGACTT
CACTCGGGG T TG T TITIGGTGGAGAAGCGATGCGCCAAAACCAGGTCAAT T TCCCTTGEGGCGCAGGTTGTITTTGAATGGGTAAD
G T TGCGATGCAT T C TG TGGAGGC TCTATCG T T AATGCGAA A A A TGCGAT TG TAACTGCTGCCCACTGSTGTTGAAD
CTr GGG IrIrGIrIrTAA A AT T ACAGT TG TCGCAGGTGCGAACAT A AAT AT TGAGGAGACAGCGADNCATACAGAGCARADDINGCG
AN A TG TITGA T ITCGAA T TAT TCC TCACCACAACTACAATGCAGC TA T TAATANGTACAAACCATGACATTGCC
C T T TG AAC T GGACGAACCC T TAGTGC TAANCAGC TACG T TITACACCT AT T TGCATTGCTGACAAGGAAT
ACACGAAC AT C I T CC T CAAA AT T TGGATC TGCGGCTATGCGTAAGTGCGGOCTEGEGGEGGCGAAGAGTCTITCCACARADNGCGGEGGAG
ATCAGC T T TAGT T TC T TCAGTACCTTAGAGT T CCACTTGTIGACCGAGCCACATGTCTITCGATCTACAADNG
T TIrIrCACC AT C T AT AACAAAC A TG T TICTGTGCTGGC T T CCATGCGAAGGCGAGGTAGAGATTCATGSTCAAGGAGATA
GTGCGEGEGGGACCCC T TACTGAAGTGCGGAAGGGACCAGT T I ITC T TAACTGGAA T TATTAGCTGEGEGEGGEGTGAAGA
GTGTGCAATGE AN AT A TGGAA T ATATACCAAGGTATCCCGGTATGTCAACTGGATTAAGGARADRDD
ACARANAAGCTCAC CGAA A GCGATGCGGAT I TCCAAGG T TAAT TCATTGGAATTGAADATTAACAGGGCCTCT
CACTAACTAATC TCCCATC T T I ITGTITI TAGA T I TG A AT AT A TACAT TCTATGATCATTGCTTTTTCTC
T T T ACAGGGGAGA AT T T C AT AT I T T ACCTGCGAGCAAA T TGAT TAGAADA A ATGCGGCGAACCACTAGCGAGGAATATAND
TG TG T TAGGAAA AT TACAGTCAT T TCTAAGGGCCCAGCCCTTGACAAA AT TG TGAAGTTAAATTCTCCACT
CTGTCCATCAGATACTATGGTTCTCCACTATGGCAACTAACTCACTCAATTTIT TCCCTCCTTAGCAGCATT
CCATC T ITITICCCGATCT T TCTITITGC T TCTCCAACCAA A A C AT CAA TG T T TATTAGT T TCTGTATACAGTACAGG
A TrC T T ITIGGTICTAC T C T AT CACAANGGCCAGTACCACACTCATGGAAGAAAAAGARDNCACAGGAGTAGCTGAGAGG
CcCTraaanaCrTCATCAADA A CACTACTCCTTTTCCTCTACCCTATTCCTCAATCTTTTACCTTTITTCCAAATCC
CcCAATCCCCAA A T C AG T I T TI TC T TC T T TC T TACTCCCTCTCTCCCTTTTACCCTCCATGGTCGTTAAINLAGGAG
AGATGEGGGGAGCA T CAT TC TG T TATACTTCTGTACACAGT TATACATGTCTATCAANACCCAGACTTGCTTC
CETAGTGGAGACT ITIGC T T I T CAGAAC AT AGGGATGAAGT AAGGTGCCTGAAANAGTTTGEGEGEGGEGGAAAAAGTTT
CcCrrrcaAaGAGAGT TIAAG T T AT T T TA T AT AT A T A A T A T AT AT AT AA D AT ATATADNTATACAATATADDTATA
TAGTGTGTGTGTATGCGTGSGTGTGTAGACACACACGCATACACACATATAATGCGGAAG CAATANGCCATTCT
AN GCGAGC T IGTATGG T ITIATGGAGGTCTGACTAGGCATGAT T TCACGAAGGCAAGATTGGCATATCATTGTA
ACTAAN DDA A AN GC TGACAT TGACCCAGACAT AT I GTACTC T T TCTAA A AT ADNTADNTAATADATGCTARDCAGA
ANRGAANGAGAACCGTICGTTITGCAATCTACAGCTAGTAGAGACTTITITGAGGAANGAA T TCADCAGTGTGTCTT
CAGCAGTGTTCAGAGCCAAGCAAGAAGTTGCGAAGTITITGCCTAGACCAGAGGACATAAGTATCATGTCTCCTT
TAACTAGCATACCCCGAAGTGCGGCGAGANDNGGEGGTGCAGCAGGC TCAAAGGCATAANGTCATTCCAATCAGCCAAC
TAAG T I IGTCC T T I TC TIGGT I TCG TG T TCACCATGGAAC AT T T TGAT TATAGT TAATCCTTCTATCTTGAND
T I TC I AGAGAGT I GC TGACCAACTGACGTATG T T T CCC T T IGTGAA T TAA T AN CTGGTGTTCTGGTTC
AT

Figure 1.4 Practical Bioinformatics (© Garland Science 2013)




AN example of DNA sequence

A ACTTTCACAATCTGCTAGCAAAGGTT

@AG CGC GTG AAC ATG ATC ATG GCA GAA TCA CCA GGC CTC ATC ACC ATC TGC CTT TTA GGA TAT CTA CTC AGT

AA TGT ACA GTT TTT CTT GAT CAT GAA AAC GCC AAC AAA ATT CTG AAT CGG CCA AAG AGG TAT AAT TCA GGT
AAA TTG GAA GAG TTT GTT CAA GGG AAC CTT GAG AGA GAA TGT ATG GAA GAA AAG TGT AGT TTT GAA GAA GCA CGA
GAA GTT TTT GAA AAC ACT GAA AGA ACA ACT GAA TTT TGG AAG CAG TAT GTT GAT GGA GAT CAG TGT GAG TCC AAT
CCA TGT TTA AAT GGC GGC AGT TGC AAG GAT GAC ATT AAT TCC TAT GAA TGT TGG TGT CCC TTT GGA TTT GAA GGA
AAG AAC TGT GAA TTA GAT GTA ACA TGT AAC ATT AAG AAT GGC AGA TGC GAG CAG TTT TGT AAA AAT AGT GCT GAT
AAC AAG GTG GTT TGC TCC TGT ACT GAG GGA TAT CGA CTT GCA GAA AAC CAG AAG TCC TGT GAA CCA GCA GTG cCcaA
TTT CCA TGT GGA AGA GTT TCT GTT TCA CAA ACT TCT AAG CTC ACC CGT GCT GAG ACT GTT TTT CCT GAT GTG GAC
TAT GTA AAT TCT ACT GAA GCT GAA ACC ATT TTG GAT AAC ATC ACT CAA AGC ACC CAA TCA TTT AAT GAC TTC ACT
CGG GTT GTT GGT GGA GAA GAT GCC AAA CCA GGT CAA TTC CCT TGG CAG GTT GTT TTG AAT GGT AAA GTT GAT GCA
TTC TGT GGA GGC TCT ATC GTT AAT GAA AAA TGG ATT GTA ACT GCT GCC CAC TGT GTT GAA ACT GGT GTT AAA ATT
ACA GTT GTC GCA GGT GAA CAT AAT ATT GAG GAG ACA GAA CAT ACA GAG CAA AAG CGA AAT GTG ATT CGA ATT ATT
CCT CAC CAC AAC TAC AAT GCA GCT ATT AAT AAG TAC AAC CAT GAC ATT GCC CTT CTG GAA CTG GAC GAA CCC TTA
GTG CTA AAC AGC TAC GTT ACA CCT ATT TGC ATT GCT GAC AAG GAA TAC ACG AAC ATC TTC CTC AAA TTT GGA TCT
GGC TAT GTA AGT GGC TGG GGA AGA GTC TTC CAC AAA GGG AGA TCA GCT TTA GTT CTT CAG TAC CTT AGA GTT CCA
CTT GTT GAC CGA GCC ACA TGT CTT CGA TCT ACA AAG TTC ACC ATC TAT AAC AAC ATG TTC TGT GCT GGC TTC CAT
GAA GGA GGT AGA GAT TCA TGT CAA GGA GAT AGT GGA CCC CAT GTT ACT GAA GTG GAA GGG ACC AGT TTC TTA
ACT GGA ATT ATT AGC TGG GGT GAA GAG TGT GCA GGC AAA TAT GGA ATA TAT ACC AAG GTA TCC CGG TAT
GTC AAC TGG ATT AAG GAA AAA ACA AAG CTC ACT
TGAAAGATGGATTTCCAAGGTTAATTCATTGGAATTGAAAATTAE EGGCCTCTCACTAACTAATCACTTTCCCATCTTTTGTTAGATTYSAATATATACA
TTCTATGATCATTGCTTTTTCTCTTTACAGGGGAGAATTTCATATTTTACCTGAGCAAATTGATTAGAAAATGGAACCACTAGAGGAATARAATGT S TTAGG
AAATTACAGTCATTTCTAAGGGCCCAGCCCTTGACAAAATTGTGAAGTTAAATTCTCCACTCTGTCCATCAGATACTATGGTTCTCCACTASY GAACTAAC
TCACTCAATTTTCCCTCCTTAGCAGCATTCCATCTTCCCGATCTTCTTTGCTTCTCCAACCAAAACATCAATGTTTATTAGTTCTGTATACAGTACAGGATC
TTTGGTCTACTCTATCACAAGGCCAGTACCACACTCATGAAGAAAGAACACAGGAGTAGCTGAGAGGCTAAAACTCATCAAAAACACTACTCCTTTTCCTCT
ACCCTATTCCTCAATCTTTTACCTTTTCCAAATCCCAATCCCCARATCAGTTTTTCTCTTTCTTACTCCCTCTCTCCCTTTTACCCTCCATGGTCGTTAAAG
GAGAGATGGGGAGCATCATTCTGTTATACTTCTGTACACAGTTATACATGTCTATCAAACCCAGACTTGCTTCCGTAGTGGAGACTTGCTTTTCAGAACATA
GGGATGAAGTAAGGTGCCTGAAAAGTTTGGGGGAAAAGTTTCTTTCAGAGAGT TAAGTTATTTTATATATATAATATATATATAAAATATATAATATACAAT
ATAAATATATAGTGTGTGTGTATGCGTGTGTGTAGACACACACGCATACACACATATAATGGAAGCAATAAGCCATTCTAAGAGCTTGTATGGTTATGGAGG
TCTGACTAGGCATGATTTCACGAAGGCAAGATTGGCATATCATTGTAACTAAARAARAAGCTGACATTGACCCAGACATATTGTACTCTTTCTAAAAATAATAAT
AATAATGCTAACAGAAAGAAGAGAACCGTTCGTTTGCAATCTACAGCTAGTAGAGACTTTGAGGAAGAATTCAACAGTGTGTCTTCAGCAGTGTTCAGAGCC
AAGCAAGAAGTTGAAGTTGCCTAGACCAGAGGACATAAGTATCATGTCTCCTTTAACTAGCATACCCCGAAGTGGAGAAGGGTGCAGCAGGCTCAAAGGCAT
AAGTCATTCCAATCAGCCAACTAAGTTGTCCTTTTCTGGTS GTTCACCATGGAACATTTTGATTATAGTTAATCCTTCTATCTTGAATCTTCTAGAGA
GTTGCTGACCAACTGACGTATGTTTCCCTTTGTGAATTAR QLGGTGTTCTGGTTCAT

Figure 1.5 Practical Bioinformatics (© Garland Science 2013)




What is a Protein Sequence®?¢

o Proteins are complex molecules which control most
aspects of cell biology.

o Constructed of small subunits called amino acids. I

o There are 20 main types of amino acids that form
proteins.

o Assembled by ‘reading’ (or translating) the DNA
sequence.

o Every set of 3 bases (e.g. ATG) corresponds to an
amino acid.

o So a protein is built up one amino acid at a fime
according to the DNA blueprint.




Sequence analysis

oSequence analysis is the
process of subjecting
a DNA, RNA or pepftide
sequence tfo any of a wide
range of analytical methods to
understand ifs features,
function, structure, or evolution.




Applications

Sequence analysis can be used in following fields of
molecular biology:

o The comparison of sequences in order to find similarity,
often to infer if they are related (homologous) I

o ldentification of intrinsic features of the sequence such
as active sites, post translational modification sites, gene-
structures, reading frames, distributions
of infrons and exons and regulatory elements.

o ldentification of sequence differences and variations such
as point mutations and single nucleotide
polymorphism (SNP) in order to get the genetic marker.

o Reveadling the evolution and genetic diversity of
sequences and organisms

o ldentification of molecular structure from sequence alone




Uses of sequence analysis ,

1. Proteomics (determining protein structure).
2. Sequence Alignment.

3. Genomics.

4. Evolutionary Biology (Phylogenetics).

5. Systems biology.




Looking at DNA seguences

o Analysis of DNA or protein sequences is a
frequent requirement of research.

o Locating genes within a sequence.

o Comparing two sequences for similarity.

o Searching for similar genes (orthologues) in other
organisms.




Using a DNA Sequence In
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Centralized Databases Store
DNA Sequences

o We begin with three main sites that have
been responsible for storing nucleotide
sequence data from 1982 to the present

@ernational Nucleotide Sequence Database Collaboration (INS@

GenBank | «——p | ENA I E—— 'DDBJ'

— NCBI ¥DDBI

FIGURE 2.1 The nucleotide collections of GenBank at NCBI, EMBL-Bank at the European Bioin-
formatics Institute, and DDBJ at the DNA Data Bank of Japan are all coordinated by the International
Nucleotide Sequence Database Collaboration (INSDC).




Growth of DNA In Repositories
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What Is database?¢

o It is a collection of data from different
sources.

o Each stored data is called entry.

o Used to retrieve data (or entrez).

o Searchable with keyword (called query).




Why do we need databasese

o To arrange these large number of
sequences, i.e., to make a library and
catalogue of genes, RNA and proteins

o To remove redundant sequences. So, we
have only unique sequences per gene.

o To annotate (hame) the sequences. So,
we know what the protein does or where
the gene starts and ends.




Scales of DNA Base Pairs

TABLE 2.1 Scales of DNA base pairs.

Base pairs Unit Abbreviation Example

1 1 base pair Tbp

1000 1 kilobase pair 1kb Size of a typical coding region of a gene
1,000,000 1 megabase pair 1 Mb Size of a typical bacterial genome

10° 1 gigabase pair 1Gb The human genome is 3 billion base pairs
10 1 terabase pair 1Tb

1015 1 petabase pair 1Pb




GenBank

o A database consisting of DNA and
protein sequences.

o Contains bibliographic and biological
annotation.

o Data are available free of charge from
NCBI.

o Over 310,000 different species!




GenBank

o Over 1000 new species added per month

o Over the past 30 years the number of
bases in GenBank has doubled
approximately every 18 months

o GenBank receilved submissions since 1982,
INcluding sequences from thousands of
individual submitters.




TABLE 2.3 Taxa represented in GenBank.

Organisms in GenBank

Ranks Higher taxa Genus Species Lower taxa Total

Archaea 143 140 525 0 808
Bacteria 1,370 2,611 13,331 819 18,131
Eukaryota 20,443 67,606 297,207 22,608 407,864
Fungi 1,550 4,620 29,450 1,128 36,748
Metazoa 14,670 45,517 145,044 11,428 216,659
Viridiplantae 2,622 14,680 113,529 9,789 140,620
Viruses 618 442 2,349 0 3,409
All taxa 22,603 70,806 313,443 23,427 430,279

Source: GenBank, NCBI, @ http://www.ncbi.nlm.nih.gov/Taxonomy/txstat.cgi.




NCB| and EBI

Two of the main centralized bioinformatics hubs:

o The National Center for Biotechnology
Information (NCBI)

o The European Bioinformatics Institute (EBI).

In many cases those sites begin with similar
raw data and then provide distinct ways of
organizing, analyzing, and displaying data
across a broad range of bioinformatics
applications.




NCBI

o Creates public databases.
o Conducts research in computational
biology

o Develops software tools for analyzing
genome data

o Disseminates biomedical information




NCBI Resources

o Entrez: integrates scientific literature, DNA, and protein
sequence databases, 3D protein structure data,
population study datasets, and assemblies of complete
genomes into a fightly coupled system I

o PubMed: search service from the National Library of
Medicine (NLM) that provides access to over 24 million
citations

o BLAST: (Basic Local Alignment Search Tool) is NCBI's
sequence similarity search

o OMIM: Online Mendelian Inheritance in Man (OMIM) is a
catalog of human genes and genetic disorders

o Books: NCBI offers about 200 books online

o other




NCBI| Entrez

Entrez:
o Accessed from the home page of NCBI

o Provides links 1o results from 40 different NCB|
databases

» scientific literature, DNA, and protein
sequence databases, 3D protein structures,
population study datasets, and assemblies
of complete genomes

Simple ‘one
[ [ [ |
DNA Literature Protein Genome Taxonomy
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Entrez Main Screen

NCBI

(CA

Entrez, The Life Sciences Search Engine

SITE MAF PubMed

All Databases

Human Genome |

GenBank | Map Viewer

BLAST

Search across databases ||

|[ o |[clear] neip

Welcome to the Entrez cross-database search page

PubMed: biomedical literature citations and abstracts

PubMed Central: free, full text journal articles

Site Search: NCBI web and FTP sites

CoreMucleotide: Core subset of nuclectide sequence records

EST: Expressed Sequence Tag records

GSS: Genome Survey Sequence records

Protein: sequence database

Genome: whole genome sequences

Structure: three-dimensional macromolecular structures

Taxonomy: crganisms in GenBank

SMNP: =ingle nuclectide polymorphism

Gene: gene-centered information

1+ HomoloGene: eukaryotic homology groups

h GENSAT: gene expression atlas of mouse central nervous system

i Probe: sequence-zpecific reagents

E Genome Project: genome project information

Journals: detailed information about the journals indexed in PubMed and other

Entrez databases

MNLM Catalog: catalog of books, journals, and audiovisuals in the NLM

collections
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)

%

Books: online books

OMIM: cnline Mendelian Inheritance in Man

OMIA: cnline Mendelian Inheritance in Animals

dbGaP: genotype and phenotype

UniGene: gene-oriented clusters of transcript sequences

CDD: conserved protein domain database

3D Domains: domains from Entrez Structure

UniSTS: markers and mapping data

PopSet: population study data sets

GEOD Profiles: expression and molecular abundance profiles

GEOD DataSets: experimental sets of GEO data

Cancer Chromosomes: cytogenetic databazes

PubChem BioAssay: bicactivity screens of chemical substances

PubChem Compound: unigue small molecule chemical structures

PubChem Substance: deposited chemical substance records

Protein Clusters: a collection of related protein sequences

MeSH: detailed information about NLM's controlled wvocabulary
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PubMed: provides access to over 24 million

citations.

PubMed citations come from
1) MEDLINE indexed journals (largest subset of PubMed)

2) Journals/manuscripts deposited in PMC, and
3) NCBI Bookshelf.

= € search

@ i & https://www_ncbi.nim.nih.gov/pubmed
NCBI Resources How To =]
Publmed ac | PubMed ™D ]
US National Library of Medicine Navancaa
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PubMed

= & PubMed comprises more than 26 million citations for biomedical
life science journals, and online books.

Citations may include links to full-text content from PubMed Central and

literature fromm MEDLINE,

publisher web sites.

Using PubiMVMed PubiVied Tools
PubMed Mobile

PubMed Quick Start Guide
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J Infect Public Health. 2016 Sep 15. pil: $1876-0341(16)30146-0. doi: 10.1016/j.jiph.2016.09.007. [Epub ahead of prin{]

Building predictive models for MERS-CoV infections using data mining techniques.
A-Turaiki I, Alshahrani M2, Aimutairi T3,

4 Author information

Abstract
BACKGROUND: Recently, the outbreak of MERS-CoV infections caused worldwide attention to Saudi Arabia. The novel virus belongs to

the coronaviruses family, which is responsible for causing mild to moderate colds. The control and command center of Saudi Ministry of
Health issues a daily report on MERS-CoV infection cases. The infection with MERS-CoV can lead to fatal complications, however little
information is known about this novel virus. In this paper, we apply two data mining techniques in order to better understand the stability
and the possibility of recovery from MERS-CoV infections.

N

METHOD: The Naive Bayes classifier and J48 decision tree algorithm were used to build our models. The dataset used consists of 1082
records of cases reported between 2013 and 2015. In order to build our prediction models, we split the dataset into two groups. The first

group combined recovery and death records. A new attribute was created to indicate the record type, such that the dataset can be used to
predict the recovery from MERS-CoV. The second group contained the new case records to be used to predict the stability of the infection
based on the current status attribute.




What is the difference between
pubmed and medline¢

Pubmed is an interface used fto search Medline, as well as
additional biomedical content. Medline is an interface for
searching only Medline content.

Pubmed is more user-friendly and allows you to search through
more content than Ovid Medline. However, Medline allows you
to perform a more focused search. You will get slightly different
results by searching in each database.

In Pubmed, in addition fo Medline articles, you will have access to
PubMedCentral papers, which are full text articles deposited to
promote open access, and articles that are “in press” that is, prior
to being indexed with MeSH terms, and articles submitted by
publishers, “ahead of print.” This is why if you search for the same
term in Medline and in Pubmed, you may obtain as many as ten
thousand more articles in Pubmed.
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NCBI

o BLAST: sequence similarity search

o OMIM: a catalog of human genes and
genetic disorders.

o Books: NCBI offers about 200 books online.




The EBl website is comparable to
NCBI In Ifs scope and mission, and
It represents a complementary,
Independent resource.

\;@ www.ebi.ac.uk c \ Search ﬁ g ¥+ A

The European Bioinformatics Institute

The home for big data in biology

At EMBL-EBI, we use bioinformatics — the science of storing, sharing and analysing
biological data — to help people everywhere understand how living systems work, and
what makes them change.

~Nnd a gene, protein or chemical:




EBI

o EB| features six core molecular databases:

o EMBL-Bank is the repository of DNA and
RNA sequences that is complementary
to GenBank and DDBJ

o Swiss-Prot and TrEMBL are two protein
databases

o MSD is a protein structure database

o Ensemblis one of the main genome
browsers

o ArrayExpress is for gene expression
data




Access to Information via i
Gene Resource at NCBI

o To illustrate the use of NCBI Gene we
search for human beta globin.
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(5225466..5227071,
complement)
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subunit beta
[Homo sapiens
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CD113t-C, beta-globin

Chromosome 9,
NC_030685.1
(36978881..36980393,
complement)

hemoglobin
subunit gamma
1 [Xenopus
tropicalis

beta-globin, hbb1, hbga,
hbgr, hsggl1

 hbg1
ID: 394453
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HBB hemoglobin subunit beta [ Homo sapiens (human) ]

Gene ID: 3043, updated on 22-Sep-2016

+ Summary

Official Symbol
Official Full Name
Primary source
See related

Gene type
RefSeq status
Organism
Lineage

Also known as
Summary

Orthologs

Information is provided on the gene structure
and chromosomal location, as well as a

summary of the protein’s function.

HBB providedby

hemoglobin subunit beta provided by HGNC

HGNC:HGNC:4827

Ensembl:ENSG00000244734 HPRD:00786; MIM:141900; Vega:OTTHUMGO00000066678

protein coding

REVIEWED

Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria; Euarchontoglires;
Primates; Haplorrhini; Catarrhini; Hominidae; Homo

CD113t-C; beta-globin

The alpha (HBA) and beta (HBB) loci determine the structure of the 2 types of polypeptide chains in adult
hemoglobin, Hb A. The normal adult hemoglobin tetramer consists of two alpha chains and two beta chains.
Mutant beta globin causes sickle cell anemia. Absence of beta chain causes beta-zero-thalassemia. Reduced
amounts of detectable beta globin causes beta-plus-thalassemia. The order of the genes in the beta-globin
cluster is 5'-epsilon -- gamma-G -- gamma-A -- delta -- beta--3'. [provided by RefSeq, Jul 2008]

all




Access to Information via
Gene Resource at NCBI

- Genomic regions, transcripts, and products

~[|?

Go to reference sequence details
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Seqguence format in databases

o A sequence format defines the permitted layout
and content of text in a file.

o The FASTA format is a very widely used format. It

consists of a header line starting with

a ">" character followed by a code identifying
the sequence and, very often, some text
describing the sequence. The header line is
followed by one or more lines containing the
sequence itself.

o FASTA files may contain one or more sequences




Homo sapiens chromosome 11, GRCh38.p7 Primary Assembly

NCBI Reference Sequence: NC_000011.10 d i
GenBank  Graphics / eSCription

@i |568815587:¢5227071-5225466 Homo sapiens chromosome 11, GRCh38.p7 Primary
Assembly
ACATTTGCTTCTGACACAACTGTGTTCACTAGCAACCTCAAACAGACACCATGGTGCATCTGACTCCTGA
GGAGAAGTCTGCCGTTACTGCCCTGTGGGGCAAGGTGAACGTGGATGAAGTTGGTGGTGAGGCCCTGGGC
AGGTTGGTATCAAGGTTACAAGACAGGTTTAAGGAGACCAATAGAAACTGGGCATGTGGAGACAGAGAAG
ACTCTTGGGTTTCTGATAGGCACTGACTCTCTCTGCCTATTGGTCTATTTTCCCACCCTTAGGCTGCTGG
TGGTCTACCCTTGGACCCAGAGGTTCTTTGAGTCCTTTGGGGATCTGTCCACTCCTGATGCTGTTATGGG
CAACCCTAAGGTGAAGGCTCATGGCAAGAAAGTGCTCGGTGCCTTTAGTGATGGCCTGGCTCACCTGGAC
AACCTCAAGGGCACCTTTGCCACACTGAGTGAGCTGCACTGTGACAAGCTGCACGTGGATCCTGAGAACTE= SEeguEeNncCe
TCAGGGTGAGTCTATGGGACGCTTGATGTTTTCTTTCCCCTTCTTTTCTATGGTTAAGTTCATGTCATAG
GAAGGGGATAAGTAACAGGGTACAGTTTAGAATGGGAAACAGACGAATGATTGCATCAGTGTGGAAGTCT
CAGGATCGTTTTAGTTTCTTTTATTTGCTGTTCATAACAATTGTTTTCTTTTGTTTAATTCTTGCTTTCT
TTTTTTTTCTTCTCCGCAATTTTTACTATTATACTTAATGCCTTAACATTGTGTATAACAAAAGGAAATA

FASTA is both an alignment program and @
commonly used sequence format




FASTA files may contain one or more
sequences

———> >crab_anapl ALPHA CRYSTALLIN B CHAIN (ALPHA(B)-CRYSTALLIN).
MDITIHNPLIRRPLFSWLAPSRIFDQIFGEHLQESELLPASPSLSPFLMR
SPIFRMPSWLETGLSEMRLEKDKFSVNLDVKHFSPEELKVEVLGDMVEIH
GKHEERQDEHGF IAREFNRKYRIPADVDPLTITSSLSLDGVLTVSAPREQ
SDVPERSIPITREEKPAIAGAQRK

—> >crab_bovin ALPHA CRYSTALLIN B CHAIN (ALPHA(B)-CRYSTALLINY.
MDIAIHHPWIRRPFFPFHSPSRLFDQFFGEHLLESDLFPASTSLSPFYLR
PPSFLRAPSWIDTGLSEMRLEKDRFSVNLDVKHF SPEELKVKVLGDVIEY
HGKHEERQDEHGF ISREFHRKYRIPADVDPLAITSSLSSDGVLTVNGPRK
QASGPERTIPITREEKPAVTAAPKK

——> »crab_chick ALPHA CRYSTALLIN B CHAIN (ALPHA(B)-CRYSTALLIN).
MDITIHNPLVRRPLFSWLTPSRIFDQIFGEHLQESELLPTSPSLSPFLMR
SPFFRMPSWLETGLSEMRLEKDKFSVNLDVKHFSPEELKVKVLGDMIEIH
GKHEERQDEHGFIAREFSRKYRIPADVDPLTITSSLSLDGVLTVSAPRKQ
SDVPERSIPITREEKPAIAGSQRK

/




Some identifiers used in fasto
description

GenBank gb
EMBL Data Library emb
DNA Database of Japan dbj
SWISS-PROT SP
Protein Data Bank pdb
NCBI| Reference Sequence ref




Other formats

o Beyond FASTA, the most widespread
sequence formats are those used by the
major sequence databases:

o EMBLhitp://www.ebi.ac.uk/embl/Docume
nitation/User manual/format.html

o GenBankhitp://www.ncbi.nlm.nih.gov/Ge
nbank/GenbankOverview.html

o SwissProthitp://ca.expasy.org/sprot/userm
an.himl#whatis



http://www.ebi.ac.uk/embl/Documentation/User_manual/format.html
http://www.ncbi.nlm.nih.gov/Genbank/GenbankOverview.html
http://ca.expasy.org/sprot/userman.html#whatis

HVR sequence

A hypervariable region (HVR) is a location
within nuclear DNA or the D-loop of mitochondrial
DNA in which base pairs of nucleotides repeat (in the
case of nuclear DNA) or have substitutions (in the case

of mitochondrial DNA). Changes or repeats in the

hypervariable region are highly polymorphic.




N

Example of HVR sequence

YOUR MITOCHONDRIAL HVR | SEQUENCE

16126C, 16147T, 16183C, 16189C, 16294T, 16296T, 16297C,
16304C, 16519C

Box 1.1 Practical Bioinformatics (© Garland Science 2013)



COMMAND-LINE ACCESS TO
DATA AT NCBI

o The websites of NCBI, EBI, Ensembl, and
other bioinformatics sites offer convenient
access to resources through a web
browser

o An alternative is to use command-line
fools.




ACCESS TO INFORMATION
GENOME BROWSERS

Genome browsers are databases with )
a graphical interface that presents o
representation of sequence information
and other data as a function of position
across the chromosomes.

o Three principal genome browsers
(Ensembl, UCSC, and NCBI)




ACCESS TO INFORMATION
GENOME BROWSERS
Genome build refers to an assembly in

which DNA sequence is collected and
arranged to reflect the sequence along

" each chromosome. For a given z
organism’s genome, a build is released
only occasionally (typically every few |

years)




ACCESS TO INFORMATION
GENOME BROWSERS

Annotation is the assignment of I
information such as the start and stop

position of genes, exons, repetitive DNA
elements, or other features.

o Best to use the most recent available
build.

o Earlier builds have richer annotation




Annotations (Features)

olt Is a type of metadata (sideway
database)

olt Is the complete information
required to be known about that
particular sequence (could be
DNA, RNA or protein).




INn case of nucleofides,
annotation is the process of:

oldenftifying the locations of genes,
coding regions and other specific
locations that are of importance in
a DNA sequence or genome.

o Associating relevant information
with those locations (e.g.
determining what the identified
genes do).




In case of proteins,
annotation is the process of:

o Describing regions or sites of inferest

INn the protein sequence, such as
nost-translational modifications,
oinding sites, enzyme active sites,
ocal secondary structure or other
characteristics.
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The University of California,
Santa Cruz (UCSC) Genome

Browser

o Provides graphical views of chromosomal
locations at various levels of resolution
(from several base pairs up to hundreds of
millions of base pairs spanning an entire
chromosome).

o Each chromosomal view is accompanied
by horizontally oriented annotation tracks.




The University of California,
Santa Cruz (UCSC) Genome

Browser

o There are hundreds of available user-
selected tracks in categories such as
mapping and sequencing, phenotype
and disease associations, genes,
expression, comparative genomics, and
genomic variation.

o These annotation tracks offer the
Genome Browser fremendous depth and
flexibility.
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Our tools

® Genome Browser
interactively visualize genomic data

E BLAT
rapidly align sequences to the genome
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download data from the Genome Browser database
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get functional effect predictions for variant calls




The University of California,
Santa Cruz (UCSC) Genome

Browser
SINTACRIL P05 Genome Browser Gateway
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The Ensembl Genome Browser

o To many users, it is comparable in scope
and importance to the UCSC Genome
Browser, and it is often useful for new users
to visit both sites.




@ asia.ensembl.org/index.html El|l & "‘*Search

You have been redirected to your nearest mirror. Click here to go back to www.e

ASIA

BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | More v

Search: | All species : | for | Go |

e.g. BRCA2 or rat 5:62797383-63627669 or rs699 or coronary heart disease

Still using Human Variant Effect Predictor
Browse a Genome GRCh37?
Ensembl is a genome browser for vertebrate Go to " ~e ., .
genomes that supports research in comparative m

genomics, evolution, sequence variation and
transcriptional regulation. Ensembl annotate
genes, computes multiple alignments, predicts

regulatory function and collects disease data. Gene expression in Find SNPs and other
Ensembl tools include BLAST, BLAT, BioMart and different tissues variants for my gene
the Variant Effect Predictor (VEP) for all supported T
species. GITATACAT]
CRTRAAAGTCT
Popular genomes CTTCT AATT
GIAACATTTT(

N Human Humang’




Login/Registe

ASIA

BLAST/BLAT | BioMart | Tools | Downloads | Help & Documentation | More v | RSt

Human (GRCh38.p7) ¥  Location: 11:5,225,464-5,229,395 (el-IH15]5]
Gene-based displays
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= Sequence Synonyms beta-globin, HBD, CD113t-C
!C Secondary gtructu-re Location Chromosome 11: 5,225,464-5,229,395 reverse strand.
5 Comparative Genomics GRCh38:CM000673.2
Genomic alignments
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GO: Biological process
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- Genetic Variation
| Variant table UniProtKB This aene has proteins that corresoond to the followina UniProtKB identifiers: P688
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LARGE-SCALE QUERIES OF
REGIONS AND FEATURES

o In many cases we are interested in a single gene.

o In many other cases we want to know about large
collections of genes, proteins, or indeed any other
element.

o Example:
»  What is the complete set of human globin
genese
»  To which chromosomes are they
assigned?

» How many exons are on chromosome 11,
and how many repeat elements occur in
each exone




TABLE 2.10 File formats for custom tracks used at Ensembl and/or UCSC. Two definitions of GTF (from Ensembl and

UCSC) are given.
File Format Definition Typical file size
BAM Any size; often millionsof rows
BED Browser extensible data Any size; often dozens to thousands or millions of rows
BedGraph Any size
bigBed
GFF/GTF General feature format, General transfer format Any size
Gene transfer format
MAF
PSL Any size
WIG Wiggle Any size
BAM Binary alignment/map Very large
BigWig Very large

VCF Variant call format Very large




LARGE-SCALE QUERIES OF
REGIONS AND FEATURES

o Collect information one gene at a fime?¢
o tedious, inefficient, and error-prone

o There are many bioinformatics tools that
allow us to collect genome-wide
Information.

o UCSC Table Browser
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Conclusion

o Bioinformatics is an emerging field whose
defining feature is the accumulation of bio-
logical information in databases.

o The three major traditional DNA databases —
GenBank, EMBL-Bank, and DDBJ — are adding
several million new sequences each year as
well as billions of nucleotides.

o Next-generation sequencing technology is
producing vastly greater amounts of DNA.




Nucleotide Database

o NCBI's sequence databases accept genome data from sequencing
projects from around the world and serve as the cornerstone of
bioinformatics research. I

GenBank:

o An annotated collection of all publicly available nucleotide and amin
acid sequences.

EST database:

o A collection of expressed sequence tags, or short, single-pass sequen
reads from mRNA (CDNA).

GSS database:

o A database of genome survey sequences, or short, single-pass genom
sequences.

HomoloGene:

o A gene homology tool that compares nucleotide sequences betwee
pairs of organisms in order to identify putative orthologs.



http://www.ncbi.nlm.nih.gov/Genbank/GenbankSearch.html
http://www.ncbi.nlm.nih.gov/dbEST/index.html
http://www.ncbi.nlm.nih.gov/dbGSS/index.html
http://www.ncbi.nlm.nih.gov/HomoloGene/

Nucleotide Database

HTG database:

o A collection of high-throughput genome sequences
from large-scale genome sequencing centers,
including unfinished and finished sequences.

SNPs database:

o A central repository for both single-base nucleotide
substitutions and short deletion and insertion
polymorphisms.

RefSeq:

o A database of non-redundant reference sequences
standards, including genomic DNA contigs, mRNAs,
and proteins for known genes. Multiple collaborations,
both within NCBI and with external groups, supports
data-gathering efforts.



http://www.ncbi.nlm.nih.gov/HTGS/
http://www.ncbi.nlm.nih.gov/SNP/
http://www.ncbi.nlm.nih.gov/RefSeq/

Nucleotide Database

STS database:

o A database of sequence tagged sites, or short sequences that are
operationally unigue in the genome.

UniSTS:

o A unified, non-redundant view of sequence tagged sites (STSs).

UniGene:

o A collection of ESTs and full-length mRNA sequences organized into
clusters, each representing a unique known or putative human gene

annotated with mapping and expression information and cross-
references to other sources.

UniGene computationally identifies transcripts from the same locus;
analyzes expression by tissue, age, and health status; and reports
related proteins (protEST) and clone resources.



http://www.ncbi.nlm.nih.gov/dbSTS/index.html
http://www.ncbi.nlm.nih.gov/genome/sts/
http://www.ncbi.nlm.nih.gov/UniGene/

Single Nucleotide Polymorphism (SNP)
database

o The SNP Database (also known as dbSNP) is an archive for genetic
variation within and across different species developed and hosted by

NCBI in collaboration with the National Human Genome Research
Institute (NHGRI).

o Polymorphism in biology occurs when two or more clearly different phenotypes

exist in the same population of a species: related to biodiversity, genetic
variation and adaptation

o The dbSNP accepts apparently neutral polymorphisms, polymorphisms
corresponding to known phenotypes, and regions of no variation.

o It was created in September 1998 to supplement GenBank (NCBI's
nucleic acid and protein sequences)



http://en.wikipedia.org/wiki/National_Human_Genome_Research_Institute
http://en.wikipedia.org/wiki/Biodiversity
http://en.wikipedia.org/wiki/Genetic_variation
http://en.wikipedia.org/wiki/Adaptation

Single Nucleotide Polymorphism (SNP)
database

o Its goalis to act as a single database that contains
all identified genetic variation, which can be used
to investigate a wide variety of genetically based
natural phenomenon. Specifically, access to the
molecular variation cataloged within dbSNP aids
basic research such as physical mapping,
population genetics, investigations into
evolutionary relationships, as well as being able to
quickly and easily quantify the amount of variation
at a given site of interest.

o Appliedresearch, genetic engineering, drug
discovery, etc.
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NCBI abbreviations for nucleotide

Category Description
NC #####AHH DNA
NM_#HE#H#HH MRNA

XM H#HH#HHHHH Predicted mRNA




NCBI abbreviations for protein

Category Description

NP_##HHHHAH Protein

XP ####### Predicted Protein




Predicted & Known Proteins

o Predicted proteins are predicted by gene
identification tools (software) and they
share sequence similarity to well-
characterized proteins.

o Known proteins are experimentally proven
to exist and are linked to a known gene.




Information Hyperlinked Over Proteins (iHOP)

IHOP provides fast, accurate, comprehensive, and up-to-date
summary information on more than 80, 000 biological
molecules by automatically extracting key sentences from
millions of PubMed documents.

It is an online text-mining service that provides a gene-guided
network to access PubMed abstracts.

IHOP (Information Hyperlinked over Proteins) allows researchers
to explore a network of gene and protein interactions based Z
on published scientific literature. For each gene search, iHOP
reports sentences from abstracts associating it with other
genes, links out to full abstracts, and reports experimental
evidence for the interactions, if available. You can also select
sentences to create and visualize your own gene model

http://www.ihop-net.org/UniPub/iHOP/
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Conclusion

o Many databases and resources are available,
some as websites and some (such as R packages
or NCBI E-Utilities) via programing languages.

o There is no single correct way to find information;
many approaches are possible.

o Resources are closely interrelated, providing links
between the databases.

o Bioinformatics databases are evolving extremely
rapidly.

o Each January, the first issue of the journal Nucleic
Acids Research includes nearly 100 brief articles on
databases.




