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* A first perspective of the field of bioinformatics is the cell.

* Bioinformatics has emerged as a discipline as biology has
become transformed by the emergence of molecular
sequence data. Databases such as the European Molecular
Biology Laboratory
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While the discipline of bioinformatics focuses
on the analysis of molecular sequences,
genomics and functional genomics are two
closely related disciplines.



 The goal of genomics is to determine and analyze the
complete DNA sequence of an organism, that is, its genome.
The DNA encodes genes can be expressed as ribonucleic acid
(RNA) transcripts and then, in many cases, further translated
into protein.

* Functional genomics describes the use of genome-wide
assays to study gene and protein function. For humans and
other species, it is now possible to characterize an
individual’s genome, collection of RNA (transcriptome),
proteome and even the collections of metabolites and
epigenetic changes, and the catalog of organisms inhabiting
the body



* A second perspective of bioinformatics is the organism.

* Broadening our view from the level of the cell to the organism,
we can consider the individual’s genome (collection of genes),
including the genes that are expressed as RNA transcripts and

the protein products.

* For an individual organism, bioinformatics tools can therefore
be applied to describe changes through

* developmental time, -
* changes across body regions, and
* changes in a variety of physiological
or pathological states. g ;{|

region of
body

physiological or
pathological state



A third perspective of the field of bioinformatics is
represented by the tree of life.

The scope of bioinformatics includes all of life on Earth,
including the three major branches of bacteria, archaea, and
eukaryotes.

Viruses, which exist on the borderline of the definition of
life, are not depicted here.

For all species, the collection and analysis of molecular
sequence data allow us to describe the complete collection
of DNA that comprises -~~~ ~75-~"-= "~ - genome).
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Homolog structure: Similar
structure and position, but
different function

Courtesy of Prof. Ken Sytsma

Analog structure:
Similar function, but
different origin

http://evolution.berkeley.edu



Analogy

e Different structures which perform the same function
(Owen, 1843)

* Convergence: Similarities between organisms that
evolved independently.




Types of homology

* Homologues (homologous genes) are genes that
derive from a common ancestor-gene

* Orthologues (orthologs) are homologous genes in
different species

* Paralogues (paralogs) are homologous genes in one

species that derive from gene duplication

When one gene is duplicated, the duplication event results in two paralogous
genes (paralogues)

Studies of paralogs have found that one paralogue of a pair often retains the
ancestral gene’s function, while the other paralogue is free to

evolve and adopt new functions
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Search NCBI databases

Literature

Books

MeSH

NLM Catalog
PubMed
PubMed Central

Health

ClinVar

dbGaP

GTR

MedGen

OMIM

PubMed Health

Genomes

Assembly
BioProject
BioSample
Clone
dbVar

® | www.ncbi.nim.nih.gov/gquery/

Illicit Drugs Researc D¢ Garmin Forerunner

bocks and reports

ontology used for PubMed indexing

bocks, journals and moere in the NLM Cellections
scientific & medical abstracts/citations

full-text joumnal articles

human variations of clinical significance
genoty pe/phenctype interaction studies
genetic testing registry

medical genetics literature and links
online mendelian inheritance in man

clinical effectiveness, disease and drug reports

genome assembly information

biclegical projects providing data to NCBI
descriptions of biclegical source materials
genomic and cDNA clones

genome structural vanation studies

B IRONMAN UK 2014

Genes

EST

Gene

GEO DataSets
GEO Profiles

HomoloGene
PopSet

UniGene
Proteins

Conserved Domains
Protein

Protein Clusters
Structure

Chemicals
BioSystems

PubChem BioAssay

PubChem Compound

Digiturk Diledigin Y= ¢ En Partada. "Réquie Recipes - The Offici-

Sign in to NCBI

Help

expressed sequence tag sequences

ceollected information about gene loci

functicnal genomics studies

gene expression and molecular abundance prefiles
hemelogous gene sets for selected organisms

sequence sets from phylogenetic and population
studies

clusters of expressed transcripts

censerved protein domains
protein sequences
sequence similanty-based protein clusters

experimentally-determined biomelecular structures

molecular pathways with links to genes, proteins and
chemicals

bioactivity screening studies

chemical information with structures, information and
links
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1. 2,442 bp linear mRNA
Accession: MM_DD1102851.1 Gl: 156717561
GenBank FASTA  Graphics
Trypanosoma gravi glucokinase partial mRMNA
2. 1,131 bp linear mRNA
Accession: XM_00S310115.1 Gl 685531888
GenBank FASTA  Graphics
Human liver glucokinase (ATP:D-hexose 6-phosphotransferase) mEMA. complete cds
3. 2,550 bp linear mRNA
Accession: MES0S1.1 Gl 183226
I 2115 1 A N 2 =141
Z.mobilis glucose transport protein (glf). glucose-6-phosphate dehvdrogenase (zwf). &-
4. phosphogluconate dehydratase (edd) and glucokinase (glk) genes. complete cds
6,440 bp linear DMNA
Accession: MEDE15.1 Gl 1555809
GenBank FASTA  Graphics
Homo sapiens glucokinase (GCK) gene. &' end of coding regicns from three isoforms
5. 4261 bp linear DNA
Accession: MS0228.1 Gl 183276
GenBank FASTA  Graphics
Brucella sp. BO1 partial alk gene for glucokinase. strain BO1
6. 475 bp linear DNA
Accession: AMBE4814.1 Gl 170015682
GenBank FASTA  Graphics
O Mus musculus glucokinase mBMNA. exon 1
7. 146 bp linear mRNA

Accession: L38S88.1 Gl 886340
GenBank FASTA  Graphics

Escherichia coli (107}
Streptococcus equi subsp.
Zooepidemicus (104)
Yersinia pestis (67)

All other taxa (4033)

IWare...

Find related data =
Database: | Select ]

Search details =

GLUCOKIMNASE[AL]l Fields] MOT SIMILAR[ALL
Fields]

|~ Search | See more...

Recent activity =

Tum Off Clear

Q, GLUCOKINASE NOT SIMILAR (4637)
Nucleofide

Q, glycokinase (0)
Nucleofide

glucose transport protein [Zymomonas
mobilis subsp. mobilis str. CP4 = NRR Frosin

mabilis str. CP4 = NERL B-14023] Protein

£ mobilis glucose transport protein (glf),
glucose-G-phosphate dehydrogen: Nuceotids

o
B glucokinase [Fymomaonas mobilis subsp.
o
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Sign in to NCBI
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Advanced

Display Settings: [ GenBank

@ Complete Record

Xenopus (Silurana) tropicalis glucokinase (hexokinase 4) (gck), m © coding Sequences

NCBI Reference Sequence: NiM_0011028511
FASTA  Graphics

Go to:

=

LOCUS
DEFINITION

ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS

TITLE

JOURNAL

PUBMED
COMMENT

NM_@a1182851 2447 bp mRNA linear  VRT 21-APR-2014
Xenopus (Silurana) tropicalis glucokinase (hexckinase 4) (gck),
mRHA.

NM_8a1182851

NM_@a11e2851.1 GI:156717561

RefSeq.

Xenopus (Silurana) tropicalis (western clawed frog)

Xenopus (Silurana) tropicalis

Eukaryota; Metazoa; Chordata; Craniata; Vertebrats; Euteleostomi;
Amphibia; Batrachia; Anura; Pipoidea; Pipidae; Xenopodinae;
Xenopus; Silurana.

1 (bases 1 to 2442)

Klein SL, Strausberg RL, Wagner L, Pontius J, Clifton SW and
Richardson P.

Genetic and genomic tools for Xenopus research: The NIH Xencpus
initiative

Dev. Dyn. 225 (4), 384-391 (2002)

12454917

PROVISIOMAL REFSEQ: This record has not yet been subject to final
NCBI review. The reference sequence was derived from BC135716.1.

() Gene Features

) Collections

Add to Clipboard

Choose Desti m
DIFile @ Clinhoard

© Analysis Tool

Help

" 1 shown v
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Euence =
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SAVED FOR 8 HOURS

Articles about the gck gene

Generation and initial analysis of more than
15,000 fullleng [Proc Matl Acad Sci U S A. 2002]

Genetic and genomic tools for Xenopus
research: The NIH Xenopus initi; [Dev Dyn. 2002

F

Seeall.

|
Pathways for the gck gene =
Metabolism

SLC-mediated transmembrane transport




Saving the DNA Sequence

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161l
2221
2281
2341
2401

aaaggactga
gatacctggg
taaaagccct
gcgagcatgg
caggaggaag
cacctggaaa
cctgatggct
gtcatgttgg
aaaatgtatt
attgcagaat
ctgggattta
aactggacca
agagatgcta
acagtggcca
gtagggacag
ggagaggagg
ctggaggatt
cagcaactct
ctgataaaga
acccgaggag
aagcagactc
gctgtgcecgcet
cttgctgcga
gtgggagtcg
actgtgcaca
gggcgtggtg
tagtgagaaa
tccacagatc
gcttctaagt
acagagagct
gatatatcca
atggctttca
accaagcgaa
gtcaatagca
agattgagtt
atcatatcaa
ctagcatttg
gtggagaacc
tacacagcca
tgttcctcct
aacatttgtg

gtgttcatta
cagggacatt
tctataaacc
aaaagtttga
atttgcatgt
ccaatgagga
ccgaggtggyg
taaaggttgg
caattccaga
gcatttctga
ccttctcettt
aaggattcaa
tcaagagacg
ctatgatatc
gttgtaacgc
gacgtatgtg
tccgtctgga
atgaaaagat
tggtgaatga
cctttgacac
tcaacatcct
tagcatgtga
tattgaaccg
atggatctgt
aactgacttc
ctgccctaat
tgcatacatg
tgaagagatt
gcaattactt
aatttcgctg
gaaatcagta
caaacatgtt
atgaattcaa
actaacagat
atccaccaaa
atcttgacaa
ctgcttacgc
accaggcagc
tcaaaatgtg
aaacttttca
aaatgtcaaa

aaaaaatgac
tagacacttc
cttcattgag
acagaacgag
tctgatgtgt
ggccagtgtt
tgacttccta
ggaggatttg
ggatgccatg
ttacctggac
cccagttagg
agcatctgga
tggtgatttt
ttgttactat
ctgctacatg
tgtgaacaca
gtatgaccga
gattggtgga
gaatctgata
acaatttgtg
gcggactcta
gagtgtatct
catgcaccaa
gtacaaacta
aggctgtgaa
atcagcagtg
acatacagac
ccttcatatt
actaagggga
ttgcagtgtt
ggcaagagat
ctacagagca
cactggaaaa
aaggggttcc
aactgccact
aagttatgtg
ccttcaccgg
acttctgtga
agaatgaact
agcatcaaca
ggctgtcaaa

tacatcccag
ccacaagatc
ctgcatctgce
gtggatcaaa
aggatgcagg
aaaatgctgce
gccctggacc
gaagggcagt
actggaacag
cagcaaaaca
catgaggata
gcagaaggaa
gagatggatg
gaagaccatc
gaggagatga
gagtggggag
gtggtggatg
aaatacatgg
tttggaggag
tcccagatag
ggggttcagg
actcgagctg
agcagaagag
catcctagtt
attaccttca
gcgtataaga
ccagaagcca
tacaatgtag
atcttactct
cctctggata
ccaaagacca
cagatccacc
taactacaga
aaagataatg
aataagtgtt
gcggagcatt
tttaagagtt
tccagatcaa
aaatgtatca
ttaaatcatc
aaaaaaaaaa

aaatactttt
tactaaaaga
tgcggaagat
tcctgtctga
ctgagatgga
ccacctatgt
ttgggggaac
ggaaagtgga
cggagatgct
tgaaacacaa
ttgacaaggg
acaatgttgt
tggttgccat
actgtgaggt
gtaatgtgga
catttggcga
aggcatctct
gagagctggt
aatcttctga
aggcggacac
ccacaattgg
ccgtcatgtg
gggaactgtc
tcaaagacaa
ttcagtcaga
tggctgtcct
ctcttaggtt
aacatctgac
aaaacagctt
ctgccataag
tttctatgtt
aaacattgga
agacatttgc
gctattatta
caacctggtg
caacccatga
acttagagct
tgaccattcg
atagccacac
taaaagcctc
aa

aatcaccata
tacactgaca
tcecetttcaa
gttccatctc
gaggggtctt
tcgttctaca
caactttcga
gacaaaacac
attcgactac
gaaactgccc
tattcttctc
tggactcctt
ggtgaatgat
tggcttgatc
gttggtagaa
cacaggggaa
taatcctggt
gagactagtc
aaagctgaag
ctcagatttt
agactgtcat
ttcctctgge
tcgaattaca
gttccatgcc
ggaaggaagc
gattggtcac
tgcagtgcat
aaaacattct
tataaaatgc
gtgtactgaa
tacacaataa
gtgtccacta
aaaatgctaa
gaccctaagg
tttcttagac
caatttacca
tacacctcaa
tcatgtatat
cagcagccac
ccatcacggg



AUTHORS  Barnell,W.0., Yi,K.C. and Conway,T. Taxonany

TITLE Sequence and genetic organization of a Iymomonas mobilis gene
cluster that encodes several enzymes of glucose metabolism

JOURNAL 1. Bacteriel. 172 (12), 7227-7248 (199@) ..

PUBMED 2254282 Recent activity

FEATURES Location/Qualifiers Tur

source 1..6448 B  Zmobilis glucose transport prot
Jforganism="Zymomonas mobilis subsp. mobilis str. CP4 = glucose-6-phosphate dehydrog
NRRL B-l4@23" i i i
/mol_type="genomic DHA™ = gSu:_I-l;qucn_I-;tlnas_e [ll_'leml-;lnase 4]
/strain="Cpa” (Silurana) tropicalis]
fdb_wref="taxon:627343" B xXenopus (Silurana) tropicalis gl

gene 185..16@6 (hexokinase 4) (gck), mRNA
/gene="glf" )

cos 130 1808 Q, GLUCOKIMASE NOT SIMILAR (
fgene="glf"

Q

frodon_start=1 alycokinase (0)

Coding sequence /transl_table=11

Jproduct="glucose transport protein”
Jfprotein_id="AAAZ7E91.1"

oL W SR B ol ol =¥ 1]
i I

Jtranslation="MSSESSQGLVTRLALIAAIGGLLFGYDSAVIAATGTPVDIHFIA
PRHLSATAAASLSGMWVAVLVGCVTGOSLLSGWIGIRFGRRGGLLMSS ICFVAAGFGA
ALTEKLFGTGGSALQIFCFFRFLAGLGIGVVSTLTPTY IAEIRPPDKRGOMYSGOQMA
IVTGALTGY IFTHWLLAHFGS IDWVNASGWCWSPASEGLIGIAFLLLLLTAPDTPHWLY
MEGRHSEASKILARLEPQADPNLTIOK IKAGFDEAMDKSSAGLFAFGITWVWEAGWYSVA
AFQOLVEIMNAVLYYAPOMFONLGFGADTAL LQTISTIGVVNE IFTMIASRVVDRFGRER
LLIWGALGMAAMMAYLGCCFWFEVGGVLP LASYLLY TAVF GMSWGPYCWWVVYLSEMFPS
SIKGAAMPIANVTGOWLANILVNFLFKVADGSPALNQTFNHGFSYLVFAALSTILGGLIV
ARFVPETKGRSLDETEEMWRSQK"

gene 1752. .3280
fgene="zwf"
D5 1752. .3280
fgene="zwf"

Jcodon_start=1

Jtransl_table=11

Jproduct="glucose-6-phosphate dehydrogenase”
Sprotein_id="AAAZ7692.1"

fdb_xref="GI:155591"
JStranslation="MTHNTVSTMILFGSTGDLSQRMLLPSLYGLDADGLLADDLRIVCT



Jdb_xref="CDD:182235"

MNucleotide
Region 15. .454
"""""""""" Jregion_name="MF5" PubMed
/note="The Major Facilitator Superfamily (MF5) is a large Related Structures (List)
and diverse group of secondary transporters that includes Related Structures (Summsz
uniporters, symporters, and antiporters. MFS proteins
facilitate the transport across cytoplasmic or internal Taxonomy
membranes of a wariety of...; cd@gl74"
Jdb_xrer="CDD0:119352"
site order(28,31..33,35..36,53,56..57,60,72..73,75..76, Recent activity
138..131,134..135,138..139,142,154 . .155,158. . 159,165,281,
284..285,288..289,292,305,309,313, 315, 328,370,373, . 374,
377,383, .384,387,308..399,4982, 403,486, .487,418) i) glucose transport prote
/site type="other" mabilis subsp. mohilis
/note="putative substrate translocation pore" M 7 mobilis glucose trans
.-"db_xr'EF="CDD:119392" g|ucnse_ﬁ_phnsphate C
22 ié;-:zi“glf" B gek glucokinase (hexo
/coded_by="M6@615.1:185. .1606" (Silurana) tropicalis]
e B xXenopusSilurana)tro
ORIGIN (hexokinase 4) (gck), n
1 mssessgglv trlalisalg gllfgydsav iaalgtpvdi hfiaprhlsa taaaslsgmv
61 wvvavlvgevt gsllsgwigi rfgrrggllm ssicfvaagf gealteklfg tggsalgifc @ GLUCOKINASE NOT S
121 ffrflaglgi guvvstltpty laeirppdkr ggmvsggqma ivtgaltgyi ftwllahfgs
181 idwvnasgwc wspaseglig i1aflllllts pdtphwlvmk grhseaskil arlepqadpn
241 1tigkikagf dkamdkssag lfafgitvwf agvsvaafgqg lvginavlyy apgmfgnlgf
381 gadtallgti sigvvnfift miasrvedrf grkplliwga lpmaammavl gccfwfkvgg
361 vlplasvlly iavfgmswgp vowvvlsemf pssikgaamp iaviggwlan ilvnflflkva . .
421 dgspalngtf nhgfsylvfa alsilggliv arfupetkgr sldeieemar sqk Save amino aC|d Sequence
£
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