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Protein sequence databases
and
sequence annotation at UniProtKB
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Friday 14 October 2022

09:00 - 13:00 Protein sequence databases and sequence annotation in UniProtKB (theory and practicals)
13:00 - 14:00 LUNCH

14:00 - 17:00 Proteomes & Automated annotation in UniProtKB (theory and practicals)

17:00 End & exam (deadline: 22h, email MCB) (0.25 ECTS)
.?? I~ o
y Q\? H . . I
‘4 Do not hesitate to ask questions !

Chat, Google doc and orally...

= Several Coffee Breaks

Pro'.tu‘z g
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Marie-Claude.Blatter@sib.swiss
&
Elisabeth.Gasteiger@sib.swiss
&
lvo.Pedruzzi@sib.swiss

Swiss-Prot group, Geneva

SIB Swiss Institute of Bioinformatics

%
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SIB Swiss Institute of Bioinformatics

SIB is a federation of bioinformatics research and service groups from the major Swiss schools of higher education and
renowned Swiss research institutes:

BASEL
B ORGUPS VILLIGEN ST. GALLEN
1GROUP 1GROUP
ZURICH
9 GROUPS
WADENSWIL
BERN
4 GROUPS il
YVERDOMN
1GROUP DAVOS
2 GROUPS
FRIBOURG
4 GROUPS
LAUSANNE
25 GROUPS
BELLINZONA
GENEVA 2 GROUPS
# GROUPS
MARTIGNY
1GROUP LUGANO
2 GROUPS
ORGE. EPFL [Eme— o ML EM_ gy Cawer @ g Ocms
G hek = e = h ===
LR LUDWIG r— aw SUPSI
msr—e— _ CAMCER SwissTPH USZ oo
RESEARCH
:llll ntY =—rr— enn e
e 8 JelTi3P SHUimalr

80 groups, 800 collaborators

Prot ¢ WWW.Sib.Swiss
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ﬂ Careers  Contact  Directory Q

Swiss Institute of 2 . 2
Bioinformatics Research infrastructure - Community - Services - About -

Home

Swiss-Prot

The Swiss-Prot team excels in the art of generating machine-
readable knowledge of biology from the ever growing body of
scientific publications...

Related content

i i
Focus on the group's mission $ iy Evokilici DaytAud ais

The Swiss-Prot team excels in the art of generating machine-readable knowledge of biology from the ever growing body of Walisiie i colabied:...

scientfic publications. It 15 harnessing the power of deep learning to accelerate literature triage and information extraction, ¢ Cellosaurus and Rhea join the

thus delivering the most accurate and informative evidence to users in a timely manner portfolio of ELIXR Core Data
Resources

« : : 2% Frédérigue Lisacek's group
‘As a competence centre for biocuration and knowledge

900 1 _ 5 1
management, we develop, annotate and maintain internationatly I AGS Balo: Lyt Lanes

renowned knowledge resources such as UniProtkB/Swiss-Prot. R
Our resources provide an essential framework for biofogical data Enhanced enzyme annotation in
science.” UniProtkB using Rhea

Alan Bridge, Director Domain(s) of activity:

'i= and proteomes

L
UniProt e

Swiss Institute of
oe Bioinformatics


https://www.sib.swiss/alan-bridge-group

What is your current position?

by a guest - less than a minute ago - &

Choose one answer:
O Students (master, PhD)

O Working at university (postdoc, professor)

O Working in industry

O Other

.
J
Pl"Ot.. Swiss Institute of

Bioinformatics



https://strawpoll.com/polls/6QnM7KORlZe

- Google doc (Q&A):

In one sentence:

Why are your expectations for today ?

Pro'.tu‘z &

Swiss Institute of
Bioinformatics


https://docs.google.com/document/d/1EGornxLPlLbg6GgTVrkQfrny--1gWyR74PZTfkvLqLY/edit#heading=h.eriftm2ftu8c

Which database(s) are you familiar with ?

Choose one or more answers:

() NCBInr

[:] Swiss-Prot
() UniProtkB

[:] nexXtProt
E] RefSeq

() pDbB

[:] GenPept

(] PR

"% p
Prot &
® Swiss Institute of
Bioinformatics



https://strawpoll.com/polls/kogjvakq1g6

How often do you use UniProt?

by a guest - just now

Make a choice:
daily
once a week
once a month
less

never

Prot_,‘

il Results

‘ﬂ: Share
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https://strawpoll.com/polls/GPgV3K6pAZa

UniProtKB, protein sequence databases
and sequence annotation

Protein sequence and annotation: overview
Nucleic acid sequence databases
INSDC, Ensembl, RefSeq
UniProtKB
UniProtKB/Swiss-Prot
UniProtkKB/TrEMBL
Biochemical data (Rhea & ChEBI)
Gene Ontology

UniProt web sites and tools
NCBI Protein sequence databases
RefSeq

Pro'.tu‘z ﬁ

Swiss Institute of
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UniProtKB, protein sequence databases
and sequence annotation

Protein sequence and annotation: overview
Nucleic acid sequence databases
INSDC, Ensembl, RefSeq
UniProtKB
UniProtKB/Swiss-Prot
UniProtkKB/TrEMBL
Biochemical data (Rhea & ChEBI)
Gene Ontology
UniProt web sites and tools
NCBI Protein sequence databases
RefSeq

Pro'.tu‘z g

Swiss Institute of
Bioinformatics



@ Protein sequences

e > 200 billion ‘different’ proteins on earth (> N species x M genes)

e |~ 227 million ‘known and public’ protein sequences today

— 50 % more by next year !

L
UniProt e
oo

Swiss Institute of
Bioinformatics



Protein sequences

> 200 billion ‘different’ proteins on earth (> N species x M genes)

~ 227 million ‘known and public’ protein sequences today

— 50 % more by next year !

~ 99% of the protein sequences are derived from the translation
of nucleotide sequences (MRNA or DNA/genome)

~ 1 % come from direct protein sequencing (Edman, MS/MS...)

-t 'o. p
"iProt o
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The life of a protein sequence ...

ggggggg

mRNA geﬁeé: zgé&ifhes

Voo by

Nucleic acid ENA, GenBank, DDB!

databases (INSDC)

...Iif the submitters provide an
annotated CoDing Sequence (CDS)

no CDS
Ensembl, RefSeq 4 %

gene prediction

95 %

M.DSKESLTPGREENPSSVLAQERGDVLLDFYKTLRGGATVKVSASSPSLAVASQSDSKQBR
LLVEERE PLE
LLE] SIANLNRSTSVPE‘.NPKSSAS'IAVSAAPTE‘.K.E‘.E‘PKTHSDVSSE‘.QQHLKGQTG'I GN

VELYTT KE SPLIEGN M
Eﬁ%@% Sequence-- UniProtkB
1 H 1 YCRRSFEG LIRQUD! IPFIEVG
D | reCt p rOtEI N Seq uenci ng SENFNRCQGSGDINLTSLGTLNFEGRIVESNGYSSESMREDVSSEPSSS5TRTTGERERL .
CLV SDEASGCHYGVLT DKIRRKNCP K

1% . databases NCBI protein
0 PE‘.V YAGYDSSVPDST LHLDDQ,MTLLSW

MFLELE - ) - ——
E‘.E‘.YLC:M.KTLLLLSSVPKDGLKSQELFDEIRMTYIKELGKMVKREGNSSQNWQ,RE‘YQLTK

LLDSMHEVVENLLNYCFQTFLDETMS IEFPEMLAR I TTNQI PRYSNGN IRELLFEQK ﬂ

Swiss Institute of
Bioinformatics
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The life of a protein sequence ...

1 agettsotgag cagstacttt gog catctotgag

3% g9 g g9 aggtgtecgg te g

121 ageagstecg g 3

R'_Ngg A goCCCoARgA cccAcACOCA COLCLOcAQC RACCCogtoA goocogga

1 ). W Y & W - " ovn ® m e S
mRNA;-genes; :genomes, ...

361 cgacccoogy ‘coag®Egc agagtoccty ggocafococg™¥tgotogot gogotgogoo

421 cf

ety oy

Nucleic acid ENA, GenBank, DDB!

databases (INSDC)

...Iif the submitters provide an
annotated CoDing Sequence (CDS)

no CDS
Ensembl, RefSeq 4 %

gene prediction

95 %

M.DSKESLTPGREENPSSVLAQERGDVLLDFYKTLRGGATVKVSASSPSLAVASQSDSKQBR
LLVEERE PLE
LLE] SIANLNRSTSVPE‘.NPKSSAS'IAVSAAPTE‘.K.E‘.E‘PKTHSDVSSE‘.QQHLKGQTG'I GN

VELYTT KE SPLIEGN M
Eﬁ%@% Sequence-- UniProtkB
1 H 1 YCRRSFEG LIRQUD! IPFIEVG
D | reCt p rOtEI N Seq uenci ng SENFNRCQGSGDINLTSLGTLNFEGRIVESNGYSSESMREDVSSEPSSS5TRTTGERERL .
CLV SDEASGCHYGVLT DKIRRKNCP K

1% . databases NCBI protein
0 PE‘.V YAGYDSSVPDST LHLDDQ,MTLLSW

MFLELE - ) - ——
E‘.E‘.YLC:M.KTLLLLSSVPKDGLKSQELFDEIRMTYIKELGKMVKREGNSSQNWQ,RE‘YQLTK

LLDSMHEVVENLLNYCFQTFLDETMS IEFPEMLAR I TTNQI PRYSNGN IRELLFEQK ﬂ

Swiss Institute of
Bioinformatics
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GenBank X02158

GenBank
Nucleotide sequence

a2l
801
(1.8
T2l
781
241
01
g9l
1021
1081
1141
1201
126l
1321
1381
1441
1501
156l
162l
1881
1741
1801
1861
1921
1981
2041
2101
21681
2221
2281
2341
2401
2481
2321
2581
26841
2701
276l
2821
288
2941
3001
306l
3121
3181
3241
3301
336l

Gene EPO (DNA)

ctooccggga
ggccaggoge
cocgggteoot
tCcaaggaccy
gtgccagogg
cacagtttog
agotgataay
ctgtcacacc
tgtgcacacy
gttggggace
acagccacoo
tgocotggotyg
cgococcacca
Jgaggccgag
agggcttoag
ggaagctaga
azactaggca
gggacccttyg
tgaatgagas
aggtgagtte
ttttggatga
gcotgggoge
gcttgageooo
aacatttaas
ggoctgaggog
accactgoac
agaaaaatas
STCCATLCAT
gcttggggct
ccactococcty
ggaagctgto
gcagcotgcat
tctgggagec
gaagggtcott
agcgacctoo
gctgotocac
aatttcctoc
tgaccaggty
caccoctoooo
cCcatggacac
aactctgaga
gagagcaget
accoctgcaas
catcagggac
cgggcatggy
gaagacagga
accTCAattga
coctocaasto

Tgagggccoc

ggagatgggyg
gtttgagegg
gogacttgtco
ggacttggag
gggttgagag
ctgataacot
aggattgaag
goagcaggat
ggaaggacyga
ttctcococtoo
tggcttotec
cgoctoatot
aatatcacgg
ggaactooto
cactgooooo
aggagoazag
actcococoggg
tatcactgto
CELELELLEE
aagggagast
agaggctcac
tggagtttoa
zzaattagtc
ggaggatogco
toccagoctoa
tgagggctgt
tCEttoatto
gctgagggac
taggtogggc
ctgcggggoc
gtggataaag
caggtgagta
goctaaggadgt
tgttttotoo
tccgaacaat
ggggaaagct
tgtccacctyg
cgccactcct
toccagtgooa
tctaaggatg
ttaaactoay
attgatgoca
aggatgacct
Ccactooothg
tgggggctay
caagaactda
cocotggotot

cOggTgTggte
gtgcacggtg
ggatttageg
aaggacccog
gagtccttgg
gaagaaggtt
gggogetgga
tttggoocgga
tgaatgaagy
gotggggcag
cegoctgact
tgtooctgct
gtgacagcog
tgagaccect
cocagatccadg
ctacataaga
ccagcagate
ctgtgtgcat
CCagacacca
TTLLTLCCtE
gatcgaggga
gtctataato
gaccaaccta
aggtgaagtyg
ttgagcccag
gtgacagagt
atggaatacy
aacaagtott
aggagggaga
agcaggccgt
aggocctgtt
cocgtocagtgg
ggagcggaca
acaggaactyg
ttggcagasayg
cactgctgac
Jaagctgtac
ggcatatcca
gaacccogte
cCcEatgacat
tCcacagggce
ggacagacce
ggacacgctt
ggagaactta
gtggcaagag
cctotggote
BEaCCaccast
gtcoccacteoo

accoggogos
agtactogoyg
ccooggotat
gaaggoggag
ggatggcaas
tggggggttc
gococaccactt
gaagtbggatyg
ccagggagge
agacgtgggg
ctocagootgg
gtogoteoocot
agtcotgoag
tcooccageac
gaacctggoa
ataagtctgg
ctacgocctgt
ttocagacggg
aagttaattt
tCtTLtggag
aaggtazsat
ccaggotgag
ggcagcatag
gtgcatggtyg
gaatttgagy
gaggccctgt
Ltcattatto
aTtgCatace
gggtgacate
agaagtctgg
ggtcaactet
ccttogoage
cttotgottg
tcogtattoo
gaagccatct
actttocogea
acaggggagy
ccacctooot
gaggggctet
ctocaggggoe
aacttgaggg
atgotgggas
tggaggcgat
ggtggcaage
ccoccttgac
tcatggggte
atgactottg
tggcagca

CCAgITogoT
ggctgggcgc
tggecaggag
ggg9gtaTay
aacctgacct
tgctgtgoca
atctgocads
ctggtagoct
agcacctgag
atgaaggaay
ctatctgtto
ctgggoctoc
aggtacctot
attccacaga
cLtogtttgg
tggcococaas
ggccagggoo
ctgtgctgas
ctatgootgg
2atctoattt
ggagcagcag
atggcocgage
tJagatoooo
gtagtcocccag
ctgcagtgag
ctocazzazag
attcactcac
ttotgtttgo
coctocagotge
cagggcctag
toocagoogt
ctcaccacto
Ccootttotgh
ttoootitot
cococctocaga
aactcttccg
cotgocaggac
caccaacatt
cagctcageg
agaggaactyg
coccagagcag
gacgocotgag
ttacctgttt
tgtgacttct
accggugtay
caacttttgt
gottttotgt

gagggacceoo
tococogoococgo
gtggctgggt
cagococtcoac
gtgaagggga
gtggagagga
ggggaagcct
gggggtyggg
tgcttgocaty
ctgtoctteoo
tagaatgteoo
cagtocctggy
tggaggccaa
actcacgeote
ggtggagtey
ccatacctgg
agagccttoa
cactgcagect
aagaggatyg
gocgagoctga
agatgaggct
tgggagaatt
Catototaca
atatttggaa
ctgtgatcac
aazagasasa
tcactcacte
tCagottagt
ctcococagagt
ccoctgotgte
gggagcceoct
tgcttoggge
aazgaaggggs
gtggcactgo
tgcggoctea
agtctacteoo
aggggacaga
gocttgtgoca
ccagootgte
tococagagage
gaagcatteca
ctcactogge
tocgoacctac
ccaggtotea
tgggaaccat
gtattcttca
tttotgggasa

T
Swiss Institute of
Bioinformatics



Question

Prot ¢

Look for this GenBank entry (Human EPO gene)
Click on the annotated ‘CDS’ link

Bonus: click on the link to the UniProtKB entry

IIIIIIIIIIII


https://www.ncbi.nlm.nih.gov/nuccore/x02158

CDS

GenBank X02158
Nucleotide (DNA) sequence

Annotated CDS
submitted by the submitter

join(€15..627,1194..1339,15%6..1682,2294..2473,2608..2763)
/codon_start=1
/product="erythropoisetin"

/protein id="CAA26095.1"
/db_xref="GDB:119110"
/db_xref="GOR:P01588"
/db_xref="HGNC:HGNC:3415"
/db_xref="InterPro:IFR0O01323"
/db_xref="InterPro:IPR0O03013"
/db_xref="InterPro:IPR0O09079"
/db_xref="InterPro:IPR0O12351"
/db_xref="InterPro:IPR0O19767"
/db_xref="PDB:1BUY"
/db_xref="PDB:1CN4"
/db_xref="PFDB:1EER"

/db xref="UniProtEB/Swiss-Prot:P01588"

/translation="MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICDSRVLORYLL
EAREAENITTGCAEHCSLNENITVEPDTEVNEYAWKRMEVGOOAVEVWQGLATLLSEAVL
RGOALLVNSSQPWEPLOLHVDEAVSGLESLTTLLRALGAOKEATSPPDARASARPLETT
TADTFRELFRVY SNFLRGRLELYTGEACRTGDR"

Automated translation
-> protein sequence

Prot_,‘

541 ctteoocoggga
601 ggccaggogc
68l ccgggtccct
721 tcaaggacog
781 gtgccagcocgg
841 cacagtttgg
901 agctgataag
961 ctgtcacacc
1021 tgtgcacacg
1081 gttggggaca
1141 acagccaccc
T gcctggetg

Gene EPO (DNA)

tgagggccoo
goagiyssfsisis]
gtttgageogg
gogacttgto
ggacttgggg
gogttgagag
ctgataaccot
aggattgaag
gocagoaggat
ggaaggacga
tcotooctoo
tggottotoo

cggrgtggec
gtgcacgsyds]
ggatttagcg
aaggaccccg
gagtccttgg
gaagaaggtt
gggcgetgga
tttggccgga
tgaatgaagg
gctggggeag
ccgoctgact
tgtocotget

acccggogoc
agtactcgcg
cccocggotat
gaagggggag
ggatggcaaa
tggggggtoe
gccaccactt
gaagtggatg
ccagggaggc
agacgtgggg
ctcagcotgg
gtcgoteoct

ccaggtcget
ggctgggcgc
tggccaggag
gogggtoggy
aacctgacct
tgotgtgoca
atctgccaga
ctggtagcct
agcacctgag
atgaaggaag
ctatetgtte
ctgggoctoc

gagggaccoo
tcocogocogo
gtggctogggt
cagococtocac
gtgaagggga
grggagagga
ggggaagoct
gggggtogog
tgottgoatg
ctgtccttee

TagEEs el

1261 [slsfeleladet-Toalat-1
1321 [sfsfls(spetetaf-Ts]
1381 agggeocttcoag
1441 ggaagctaga
1501 aaactaggca
1561 gggacccttg
P FMNC gaatgagaa

cgootoatot

aatatcacgl
ggaactccte
cactgccccc
aggagcaaag
actccocggg
tatcactgtc

gtgacagccg
tgagacccct
ccagatccag
ctacataaga
ccagcagatc
ctgtgtgcat
ccagacacca

agtcctgcag
tccccagcac
gaacctggca
ataagtctgg
ctacgootgt

aggtacctet
attccacaga
cttggtttgg
tggccccaaa
ggCccagggocc

actcacgctc
ggrtggagttg
ccatacctgg
agagccttca

aagttaattt

ctgtgctgaa
ctatgcctgg

cactgcagct
aagaggatg

1681 FEgtgagtte
1741 trcttggatga
1801 gcctgggogo
1861 gocttgagooo
1921 aacatttaaa
1981 ggctgaggcg
2041 accactgcac
2101 agaaaaataa
218l attcattcat
2221 gocttggggot
2281 ccactcocctg
pb3logaagotgte
2401 [sfs=tefmmeetin

CCLCLCCECTT
aagggagaat
agaggctcac
tggagtttoa
aaaattagtc
ggaggatcgc
tccagoctca
tgagggcetgt
tcattcattoc
getgagggge
Cagegeedsslsfed

gtggataaag

2461 EEETEEEEEE ataagta
gotaaggagt
tgttttctee
tccgaacaat

2521 gaagggtcott
2581 agcgacctoco
PLTY o Cctgochocac

CTETLTCCL
gatcgaggga
gtctataatc
gaccaaccta
aggtgaagtg
ttgagcccag
gtgacagagt
atggaatacg
aacaagrLctt
aggagggaga
agcaggccgt
aggcocotgtt
ccgtcagtgg
ggagoggaca
acaggaactg
ttggcagEE]
cactgctgac

tocttttggag
aaggrtaaaat
ccaggctgag
ggcagcatag
gtgcatggtg
gaatttgagg
gaggccotgt
ttcattattc
attgcatacc
gggrgacatc
agaagtctgg
ggtcaactct
ccttocgocage
cttctgottg
tcocgrattoc
gaagccatct
actttccgca

aatctcattt
ggagcagcag
atggccgaga
tgagatccco
gtagtcccag
ctgcagtgag
ctcaaaaaag
attcactcac
ttotgtttoe
cctcagetga
cagggcctgg
tocccageegt
ctcaccactc
coctttotgt
ttocococtttct
cccctocaga

gogagoctga
agatgaggct
tgggagaatt
catctctaca
atatttggaa
ctgtgatcac
aasagaaaaa
tcactcactc
tcagocttggt
ctccocagagt
ccctgebgt

aagaagggga
gtggcactge

aactcttccg ag

2701 EElnadada
2761 [fflccaggty
2821 caccctcccc
2881 ccatggacac
2941 aactctgaga
3001 gagagcagct
3061 accectgcoaaa
3121 catcagggac
3181 cgggcatggg
3241 gaagacagga
3301 acctcattga
3361 cctocaaatc

ggggaaagot
tgtccacctg
COgCCactoct
tccagtgoca
tctaaggatg
ttaaactcag
attgatgcca
aggatgacct
Cactcocttg
tgggggctag
caagaactga
cococtggetet

gaagctgtac
ggcatatcca
gaaccccgtc
ccaatgacat
tcacagggoc
ggacagaccc
ggacacgctt
ggagaactta
gtggcaagag
cctotggote
aaccaccaat
gteccactec

acaggggagg
ccacctccoct
gaggggctct
ctcaggggoc
aacttgaggg
atgctgggaa
tggaggogat
ggtggcaage
cccccttgac
tcatggggtc
atgactcttg
tggcagea

coctgoaggac
CACCAACAtT
cagctcagog
agaggaactg
cCccagagcag
gacgoctgag
LLACCLgLth
tgtgacttot
accggggtag
caacttttgt
gottttotgt

aggggacag
gcttgtgoca
Ccagcctgtc
tccagagagc
gaagcattca
ctcactcggc
tcgcacctac
ccaggtctca
tgggaaccat
gtatctottca
tttctgggaa

iiis!!

Swiss Institute of

Bioinformatics


https://www.ncbi.nlm.nih.gov/nuccore/x02158

This CDS is derived from experimental data ?

by a guest - just now

Make a choice:

yes
no

| don't know

Prot_,‘

il Results

ﬁ: Share

Swiss Institute of
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https://strawpoll.com/polls/mpnbaApVvy5

The life of a protein sequence ...

Nucleic acid
databases (INSDC)

no CDS

Ensembl, RefSeq 4 %

gene prediction

Direct protein sequencing

1%

Prot ¢

mRNA geﬁeé: zgé&ifhes

!

ggggggg

TR b

ENA, GenBank, DDBJ

...Iif the submitters provide an
annotated CoDing Sequence (CDS)

(gene prediction or experimental data)

MDSEES

LLVRBERE

LLEESTRANLNRST SVPE‘.NPKSSAS TAVSRAPTEREFPETHSDVSS E‘.QQHLKGQTGT

VELJTT
SHERC]
YCQRSFE

5
CLV
PE‘.V
ME"

FlRCQGSGDDNLTSLEGTLNFPGRIVESNGYSS PSMZRPDVS SPPS555TRTTGFEFEL
SDEM GCHYGVL:@%
YAGYDS SVEDST

Sirhate
EEYLCMETLLLLSSVPRDGLESQELFDEIRMTYIRELGRAIVRREGNS SQNWORFYQLTE

95 %

LTPGREENFS SVLAQERGDVLLDE‘YKT LRGGATVEVSASSES LAVASQSDS KQB.R

Not so well documented...

Pﬁ??ﬁﬁ&i&“%ﬁ%ﬁ%ﬁﬁ%

DKIRRKNCP LCENE
IE
LHLDDQ,MTLL -
oL

UniProtKB
NCBI protein

LLDSMHEVVENLLNYCFQTFLDRTMS IEFPEMLAEITTNQIPRY SNGNIRELLEFHQE

Swiss Institute of
Bioinformatics



The life of a protein sequence ...

ggggggg

mRNA geﬁeé: zgé&ifhes

Voo by

Nucleic acid ENA, GenBank, DDB!

databases (INSDC)

...Iif the submitters provide an

annotated CoDing Sequence (CDS)
no CDS (gene prediction or experimental data)

Ensembl, RefSeq 4 %

gene prediction

95 %

M.DSKESLTPGREENPSSVLAQERGDVLLDFYKTLRGGATVKVSASSPSLAVASQSDSKQBR
LLVEERE PLE
LLE] SIANLNRSTSVPE‘.NPKSSAS'IAVSAAPTE‘.K.E‘.E‘PKTHSDVSSE‘.QQHLKGQTG'I GN

VELFTT KE sPLIEGN a
Eﬁ%ﬁ&&ﬁ Sequence-- UniProtkB
1 H 1 YCRRSFEG LIRQUD! IPFIEVG
D | reCt p rOtEI N Seq uenci ng SENJNRCQGSGDINLTSLGTLNFEGRIVESNGYSSESMREDVSSEPSSS5TRTTGERERL .
CLV SDEASGCHYGVLT DKIRRKNCP K

1% . databases NCBI protein
0 PE‘.V YAGYDSSVPDST LHLDDQ,MTLLSW

P - , - ——
E‘.E‘.YLC:M.KTLLLLSSVPKDGLKSQELFDEIRMTYIKELGKMVKREGNSSQNWQ,RE‘YQLTK

LLDSMHEVVENLLNYCFQTFLDETMS IEFPEMLAR I TTNQI PRYSNGN IRELLFEQK ﬂ

Swiss Institute of
Bioinformatics
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Protein sequence databases
organization

PIR, PDB, PRF,
Ensembl, RefSeq

integration + cross-links

Proteins

UniProt Knowledgebase

UniProtKB: Swiss-Prot + TrEMBL
RE:\I:iE:WEd Unr:ewed
{Swiss-Prot) [TrEMBL)
568,002 226771948

NCBI protein: Swiss-Prot + GenPept + RefSeq + PIR + PDB + PRF

Protein

| B e
| The Protein database is a collection of sequences from several sources, including translations from annotated coding

regions in GenBank, RefSeq and TPA, as well as records from SwissProt, PIR, PRF, and PDB. Protein sequences are

) the fundamental determinants of biological structure and function.

"%
[
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http://www.uniprot.org/
https://www.ncbi.nlm.nih.gov/protein/

@ The definition of 'redundancy’
varies among databases

UniProtKB/Swiss-Prot
one record — one gene — one or several protein sequences

UniProtKB/TrEMBL
one record — one protein sequence

RefSeq
one record —one mMRNA sequence — one protein sequence

Due to these different concepts,
it is not possible to draw conclusions
on the quality and completeness of a database
according to the number of entries.

P
Prot o ﬁ
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(gene:GYPA) AND (taxonomy_id:9606)

% Reviewed (Swiss-Prot) (1)

Unreviewed (TrEMBL) (49)

AOAOQCADFT7
AQOATGIPFV2
B8Q183
P02724 5
Q58HE7
X5M4Z9
ADAO0B7WUL29
AOA2ZRBY7F9
E9PD10
Q8wwpP1
Qswwp2
Q8WWP3
Q8WwWPp4
E7EQF3
E9PH25
K9JI14
Q13030
AOABEBD7U?
AOABEBD9B7

G8Cwo2

AOAQCADFT7_HUMAN
AOATGIPFV2_HUMAN
B8Q183_HUMAN
GLPA_HUMAN
Q58HE7_HUMAN
X5M479 HUMAN
AQADBTWU29_HUMAN
AOAZREY7F9_HUMAN
ESPD10_HUMAN
QEWWP1_HUMAN
QE8WWP2_HUMAN
Q8WWP3_HUMAN
Q8WWP4_ HUMAN
E7EQF3_HUMAN
ESPH25_HUMAN
K2JI114_ HUMAN
Q13030_HUMAN
AOABEED7U?_HUMAN
AOABEEDB7_HUMAN

GBCWO02_HUMAN

Glycophorin
Glycophorin
Glycophorin
Glycophorin-Al..]
Glycophorin
Glycophorin
Glycophorin
Glycophorin-A
Glycophorin
Glycophorin A
Glycophorin A
Glycophorin A
Glycophorin A
Glycophorin
Glycophorin-A
Glycophorin-A
Glycophorin Erik I-IV[...]
GPA

GPA

Glycophorin A

GYPA
GYPA
GYPA
GYPA, GPA
GYPA
GYPA
GYPA
GYPA
GYPA
GYPA
GYPA
GYPA
GYPA
GYPA
GYPA
GYPA
GYPA, GPErik, hCG_2026259
GYPA
GYPA

GYPA

(...)

Human GYPA gene and its protein sequences
Biology and/or redundancy

Homeo sapiens (Human)
Homeo sapiens (Human)
Homeo sapiens (Human)
Homo sapiens (Human)
Homeo sapiens (Human)
Homeo sapiens (Human)
Homeo sapiens (Human)
Homo sapiens (Human)
Homeo sapiens (Human)
Homeo sapiens (Human)
Homeo sapiens (Human)
Homo sapiens (Human)
Homo sapiens (Human)
Homeo sapiens (Human)
Homeo sapiens (Human)
Homeo sapiens (Human)
Homo sapiens (Human)
Homeo sapiens (Human)
Homeo sapiens (Human)

Homo sapiens (Human)

150AA

150AA

150 AA

150 AA

150AA

150AA

148 AA

145 AA

137 AA

132AA

132 AA

132 AA

132 AA

118 AA

105 AA

104 AA

85 AN

77 AA

77 AA

77 AA

Swiss Institute of
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National Library of Medicine

National Center for Biotechnology Information

Protein ' Protein v

(gypa[Gene]) AND "Homo sapiens"[porgn]

Create alert Advanced

Species Summary - 20 per page » Sort by Default order « Send to:
Animals (537)

Customize ...
See the results of this search (2 items) in our new ldentical Protein Groups database.

Source databases
RefSeq (13)

UniProtkB / Swiss-Prot (1) Items: 1 to 20 of{537
Customize ...

Page [1 | 0f27 Next> Lastz>

Sequence length

[J RecName: Full=Glycophorin-A; AltName: Full=MN sialoglycoprotein; AltName: Full=PAS-2;
Custom range...

1. AltName: Full=Sialoglycoprotein alpha; AltName: CD antigen=CD235a; Flags: Precursor

Molecular weight 150 aa protein
Custom range. .. Accession: P02724.2 GI: 259016238 .
PubMed Taxonomy Swiss-Prot
Release date
Custom range._. GenPept Identical Proteins FASTA Graphics
Revision date [ glycophorin-B isoform 1 precursor [Homo sapiens]
Custom range. . 2. 91 aa protein
Accession: NP_002091.4 GI- 1736863041 RefSeq
Clear all BioProject Nucleotide PubMed Taxonomy
Show additional filters GenPept Identical Proteins FASTA Graphics ()

NCBI protein: Swiss-Prot + GenPept + RefSeq + PIR + PDB + PRF



. _ ——
Jeranslation="MGVHECPAWLWLLLSLLELPLGLEVLGAPPRLICDS RVLORYLL
ERFERENITTGCAEHCSILNEN I TWPDTEVHEY AWK RMEVGOOAVEVNOS LALLEERAVL
RGOALLVNES0PNE PLOLAVDEAYSGLES LT TLLRALGACREAL SPPDAASARPLETI
TADTFRELFRVYSNFLRGELELYTCEACRTCOR LLAALGAOEEAT SPPDAAE]

Biocuration

From Wikipedia, the free encyclopedia

Biocuration is the field of life sciences research dedicated to translating and integrating biomedical
knowledge from scientific articles to interoperable databases 112l The biocuration of biomedical knowledge
is made possible by the cooperative work of biocurators, software developers and bioinformaticians [']

= adding biological information (annotation) mainly to a (reviewed or not) protein sequence.

* expert biocurators (reviewed) - source: publication & prediction and validation
* automated (unreviewed) - source: prediction

* Free text
* Controlled vocabulary (CV), i.e. Keywords, in-house CV...
* Ontology, i.e. Gene Ontology, ChEBI, ...

"% p
Prot &
® Swiss Institute of
Bioinformatics



Example of biocuration/annotation (subcellular location)
(same gene, same protein sequence)

P02724 AOAOCADFT7

UniProtKB/Swiss-Prot annotation UniProtKB/TrEMBL annotation

Subecellular Location®

Subcellular Location:

UniProt Annotation JGO Annotation
UniProt Annotatign GO Annotation

Q@ Cellmembrane | 1 pusication : Single-pass type | membrane protein M 1 Pubiication

AT e Appears to be colocalized with SLCAAL. _ @ cytosol 2
D Ce - —~
0° Ve (& o\ - < o 9 22N @ plasma membrane €
.:: S ® el N\ v - :‘-:;;: Complete GO annotation on QuickGO [
.-Fej," K s \ Qs :
I 1 ® ) Tl !
‘ > k / I‘::' ( @ ;- l":-"
' . | | |
= L % I
le. . ."1" * ‘l
® = @ J
—> . . : : o /
i .-:__,__:__:__:__:__:__ = 4
B B
. expert biocurators (reviewed) - source: publication & prediction . expert biocurators (reviewed) - source: publication & prediction
+  automated (unreviewed) - source: prediction *  automated (unreviewed) - source: prediction
. Free text * Free text
+  Controlled vocabulary (CV), i.e. in-house CV, Keywords, ... *  Controlled vocabulary (CV), i.e. in-house CV, Keywords, ...
+  Ontology, i.e. Gene Ontology, ChEBI, ... ¢ Ontology, i.e. Gene Ontology, ChEB|, ...

Human gene: GYPA @ UniProtKB
_.--.. ﬂ
Prot »
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NP_002090.4

RefSeq annotation

Summary: Glycophorins A (G¥EBRA)} and B (CYVDEL are mador

sialoglycoproteins of the| human erythrocyte membrane |[which bear the
antigenic determinants for the MHN and 5= bklood groups. In addition
to the M or H and 5 or 5 antigens that commonly occur in all
populations, about 40 related wvariant phenotypes have been
identified. These wvariants include all the wariants of the
Miltenberger complex and several i=zoforms of 5ta, as well as Dantu,
Sat, He, Mg, and deletion wvariants Ena, S5-2-U- and Mk. MHMost of the
variants are the result of gene recombinations between GYPL and
GYPFB. [provided by RefSeq, Jul 2008].

. expert biocurators (reviewed) - source: publication & prediction -> provided by RefSeq
. automated (unreviewed) - source: prediction

. Free text

. Controlled vocabulary, i.e. in-house CV, Keywords, ...
. Ontology, i.e. Gene Ontology, ChEBI, ...

Human gene: GYPA @ RefSeq

Swiss Institute of
Bioinformatics



We will discuss questions such as (theory and practices):

* Where do the protein sequences come from?

* What are the differences between the major protein sequence databases?
* What are the manual and automated gene / protein annotation pipelines?
* What are the Gene Ontology (GO) annotation pipelines?

* How to assess protein sequence accuracy and annotation quality?

* How to extract biological knowledge from a Blast result or gene list?

-
"%
PfOt : Swiss Institute of

Bioinformatics . _te of
Bioinformatics


https://www.sib.swiss/training/course/20221014_PRODB

UniProtKB, protein sequence databases
and sequence annotation

Protein sequence and annotation: overview
Nucleic acid sequence databases
INSDC, Ensembl, RefSeq
UniProtKB
UniProtKB/Swiss-Prot
UniProtkKB/TrEMBL
Biochemical data (Rhea & ChEBI)
Gene Ontology
UniProt web sites and tools
NCBI Protein sequence databases
RefSeq

Pro'.tu‘z g

Swiss Institute of
Bioinformatics



The life of a protein sequence ...

ggggggg

mRNA geﬁeé: zgé&ifhes

Voo by

Nucleic acid ENA, GenBank, DDB!

databases (INSDC)

...Iif the submitters provide an

annotated CoDing Sequence (CDS)
no CDS (gene prediction or experimental data)

Ensembl, RefSeq 4 %

gene prediction

95 %

M.DSKESLTPGREENPSSVLAQERGDVLLDFYKTLRGGATVKVSASSPSLAVASQSDSKQBR
LLVEERE PLE
LLE] SIANLNRSTSVPE‘.NPKSSAS'IAVSAAPTE‘.K.E‘.E‘PKTHSDVSSE‘.QQHLKGQTG'I GN

VELYTT KE SPLIEGN M
Eﬁ%@% Sequence-- UniProtkB
1 H 1 YCRRSFEG LIRQUD! IPFIEVG
D | reCt p rOtEI N Seq uenci ng SENFNRCQGSGDINLTSLGTLNFEGRIVESNGYSSESMREDVSSEPSSS5TRTTGERERL .
CLV SDEASGCHYGVLT DKIRRKNCP K

1% . databases NCBI protein
0 PE‘.V YAGYDSSVPDST LHLDDQ,MTLLSW

MFLELE - ) - ——
E‘.E‘.YLC:M.KTLLLLSSVPKDGLKSQELFDEIRMTYIKELGKMVKREGNSSQNWQ,RE‘YQLTK

LLDSMHEVVENLLNYCFQTFLDETMS IEFPEMLAR I TTNQI PRYSNGN IRELLFEQK ﬂ

Swiss Institute of
Bioinformatics
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ENA/GenBank/DDBJ

INSDC

About Policy Advisors Submitting Standards News & Anncuncements Documents

4

The International Nucleotide Sequence Database Collaboration (INSDC) is a long-standing
foundational initiative that operates between DDBJ, EMBL-EBI and NCBI.

INSDC covers the spectrum of data raw reads, through alignments and assemblies to functional
annotation, enriched with contextual information relating to samples and experimental configurations

UDDB] ncBI  ENAPR/

A Dt B n European Nucleotide Archive

Databases

Data type DDBJ EMBEL-EBI NCEI

Samples BioSample Archive BioSample

Mext Generation reads

European
Mucleotide

Assembled Sequenced

Studies BioProject BioProject

DNA Data Bank of Japan, Mishima, Japan.
EMBL-EBI, European Nucleotide Archive, Cambridge, UK.
GenBank, NCBI, Bethesda, MD, USA.

http://www.insdc.org/

"% p
UniProt & -
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ENA/GenBank/DDBJ

Serve as nucleic sequence archives (primary databases):

Contain all public sequences derived from:

. . I Sequence quality !
— Genome projects (> 80 % of entries)

Protein sequences in UniProtkB
map to genome sequences

— Sequencing centers (cDNAs, ESTs, RNAs...)

— Individual scientists ( 15 % of entries)

— Patent offices (i.e. European Patent Office, EPO)

* Sequences from > 1'250°000 different species;

It contains about 3’000 millions sequence entries

Pro'.tu‘z g

Swiss Institute of
Bioinformatics



e An example...
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Volume 15 Number 19 1987 Nucleic Acids Research
m

Complete nucleotide sequence of the fast-twitch isoform of chicken skeletal muscle o-tropomyosin

C.Gooding*, F.C.Reinach* and A.R.Macleod Individual scientists

Ludwig Institute for Cancer Research, MRC Centre, Hills Road, Cambridge CB2 2QH, UK
Submitted September 10, 1987 Accession no.Y00456

The complete nucleotide sequence of the mRNA encoding the fast-twitch
isoform of chicken ske]etal muscle a-tropomyosin has been determined. The
sequence cnmpri;*' otides of the 5' untranslated region, an open
reading frame o encoding a 284 amino-acid tropomyosin and the
complete 3' untf%e gd sequence of 205 nucleotides. This sequence differs
from the partial sequence reported previously (1) at eight positions. These
are 315 (T to C), 450 (G to C), 620 (T to C), 670 (A to G), 995 (deletion of
T), 1085 (insertion of T), 1093 (insertion of C} and 1104 (deletion of A). Of

the four coding sequences changes only one (630) results in an amino-acid
substitution (V to A).

AATTCCGCCGTCCCGCACTCGTTGGCCCCAGCGCTCCCCGGGGCCAGCGACTCAGATTCATATCGGEGCTCTCCGCCGCTTTCCTGCTCTG 90

M D A I £E K KM 0O M L K L D K
ATTTCGGCTGTACTTCTCGCGGGAACGGCCCTAACCCACCACCACCATAAATACCATCAAGAAAAAGATGCAGATGCTGAAACTGGACAA 180

E N A L D R A E @ A E A D K EKE A A E E R 8 K Q@ L E D E L V A
GGAGAATGCCTTGGACAGAGCCAAGCAAGCCGAAGCGGACAAGAAGGCAGCGGAGOAGAGGAGCAAGCAGCTGGAGAACGAGCTGGTGGC 270

L ¢ £ XK L XK ¢ TEDE LD K Y S E 8 L KD A @ E K L E L A D
TCTACAAAAGAAGCTGAAGGGCACTGAGGATGAGCTGAACAAATACTCCGAGTCCCTTAAAGATGCACAGGAAAAGTTGGAACTGGCTGA 360

K K A T D A E S E ¥V A 8 L N R R I @ L vV E & E L D R A Q@ E R
CAAAAAGGCCACAGATGCTGAGAGTGAAGTAGCTTCCCTGAACAGACGCATCCAACTGATTGAGGAAGAGTTGGATCGGACTCAGGAGCG 450

L A T A L @ KE L B E A E K A A D E 8 E R G M K V I E NIR A @
CTTGGCTACTGCCCTACAGAAGCTGGAGGAGACTOAGAAGACTGCAGATGAGAGTGAAAGAGGAATGAAGGTCATTGAAAATAGAGCCCA 540

Swiss Institute of
Bioinformatics



G B k LOCTS CHEALTRO 11924 bp mRNAL linear WRT 2Z5-APR-12393
en a n DEFINITION Chicken fast-twitch alpha-tropomyosin mPNA, complete cds.
ACCEZSTION M3z441
M32441 VERSION M3z441.1 GI:211225
EEYWORDS alpha-tropomyosin.
SOURCE Gallus gallus (chicken)
ORGANISM Gallus gallus
Eukaryota; Metazoa; Chordata:; Craniata; Vertebratas; Euteleostomi:
hrchosauria; Dinosauria; Saurischia; Theropoda; Coelurosauriar
byves; Neognathae; Galliformes; Phasianidae; Phasianinae; Gallus.
REFERENCE 1 (hases 1 to 1194)
AUTHORS Gooding,C., Reinach,F.C. and Macleod,i.R.
TITLE Complete nucleotide secquence of the fast-twitch isoform of chicken
skeletal mwuscle alpha-tropomyosin
JOURITAL Mucleic bcids BEes. 15 (19), 8105 (1987)
PUEMED 3671073
COMMENT Original source text: Chicken skeletal muscle, cDWNL to mRITAL.
FEATURES Location/Qualifiers
Source 1..1194
Jforganism="Gallus gallus"™
fmol type="mRIA"
/dh_;ref="tax0n:22§l"
mENAL <1..1154
B procluict="alpha-tropoyosin mRMA™
CDE 137..991
............ note="alpha-tropomyosin®™
foodon start=1
/protein id="iipd4sein. 1t
fdb_xref="GI:zllzza"
ftranslation="NDAIKEEKMOMLELDEENALDEAEQLEADKEKLAEERSKQLEDELY
ALOEKLEGTEDELDEYVSESLEDAQENLELADEEATDAESEVASLNRRIQLVEEELDRA
QERLATALQKLEEAEKAADESERGHEVIENRAQKDEEKNEIQEIQLEELAKHIAEEADR
EYEELARELVIIEGDLERAEERAELSESKCAELEEELKTVTHNNLESLEAQAEKYSQOKE
DEYEEEIEVLTDELEEAETRAEF AERSVTKLEKSIDDLEDEL YAQKLEYKATISEELDH
ALNDMTSI"™
ORIGIN

1 mattocgocy toccogoactc ghibgyoccoa gogohboccccd gJUucogogyce boggattoght

6l atcggggotc CCOgUCgoET LOCLOOLOCY SLLLogUotg CRCLLOLCOE OUysscogoc
121 ctaacccacc QUCQuCatyy Atgooatcas gaaaaa cagatgotya aactgyacas
181 ggagastgoc Lbggacagay Cogagoaags cgaagogyac Sagsagyoay Ccogagyagag
241 gagosagoay CLOgaggacy agotgdtggs Cotgoassad asgotgasgy Ooactoagoga
301 tgagctggac saatactcocy agbccchbtasa agatgoacay gaasagbigy aactggotga
36l caassaggoc scagatgoty agadytgaagt SQoTLCCCtd Sscagacgos LOCRAcCtOOr
471 tgagyaagay CLOgatcgoy CLoaggagey CLLOUCLact gooctgoags agotyogagoa
431 ggotgagaay gotgoagaty agagbgassay aggastgoag ghtcatbgaas atagagoooa
E41 gaagyatgas JRUaAagatgy asstccaags JatCoagott ASagaagots agoacattgo
601 tgaagagget gaccgoasgt atgasgagoge ggotcgtaay cLoghLgatcs thgagogtga

ve

Prot ¢

taxonomy

publication

CDS annotation

protein or gene name

CDS translation
(automated)

Nucleic acid sequence
(mRNA or DNA)

=

Swiss Institute of
Bioinformatics


http://www.ncbi.nlm.nih.gov/nuccore/M32441.1

ENA
M32441

M32441; 5V 1; linear; mBNA; STD; VRT; 11594 BP.
M32441;

26—JUL-1991 (Rel. 28, Created)
27-JUN-2018 {Rel. 137, Last updated, Versicn 3)

Chicken fast-twitch alpha-tropomycsin mBENA, complete cds.
alpha-tropomycsin.

Gallus gallus (chicken)

Eukarvota; Metazoa; Chordatar Craniata; Vertebrata; Euteleocstomi;
Archelosauria; Archosauria; Dincsauria; Saurischia; Theropoda;
Coelurcsauria; Aves; Necgnathae; Gallcanserae; Galliformes; Phasianidae;
Phasianinae; Gallus.

[1]

1-1154

DOI; 10.1093/nar/15.19.8105.

FUBMED; 3671073.

Gooding C., Beinach F.C., Maclecd A.R.;

"Corplete nucleotide sequence of the fast-twitch iscform of chicken
zkeletal muscle alpha-tropomyoesin®™;

Nucleic Acids Res. 15(19):3105-8105({1987).

MD5; ecT44947el3e772fdéblbc2bieald5aa.

Original scurce text: Chicken skeletal muscle, cDNA toc mBNA.
Key Location/Qualifiers

1..11594

forganism="Gallus gallus™

/mol type="mRNA™
fdb xref="taxon:9031"

Jource

TR <1..1194
/product="alpha-tropomyc3in mENA"
CD3 137..991

foodon_atart=1
/note="alpha-tropomyoc3sin™
fdb_xref="GOA:P04268"™
fdb_xref="InterPro:IFRO00533™
fdb_xref="FL0B:1IC2"
/db_xref="FLB:3MIU"
fdb_xref="FLB:3M0D"
fdb_xref="FLB:3U1A"
/db_xref="FLB:3U1C"

Jdb gref="UniProtEB/Swiss-Prot:PO4268"
/protein id="ARR4E610.1"

/translation="MDAIKFKEMMLKL.DKENALDRAEQAEADKKAREERSK)LEDELVA
LOKKLEGTEDELDKY SESLEDAREKLELADKKATDAE SEVASLNREIQLVEEELDRAQE
RLATALOKLEERAEKAADESERGMEVIENRAQKDEERME IQEIQLEEARKHIAEEADRKYE
EARRKLVIIEGDLERAEERAELSESKCAELEEELKTVINNLESLEAQAEKY SQKEDKYE
EEIKVLIDKLKEAETRAEFAERSVIKLEKSIDDLEDELYAQKLEKYEAT SEELDHALNDM

ISI™

Sequence 1154 BE; J47 A, =20l C; 333 &, 2353 I 0 uiler;

aattccgoocg tccogoactc gttggocccoca gogotocococg gggocgoggo tcoggattogt
atcggggotc toccgocgott tococtgotctg atttocggotg tacttoctogo gggaacggce
ctaacocace googocatgg atgocatcaa gaaazagatg cagatgotga aactggacasz
ggagaatgoc ttggacagad cocgadcoaagc cgaagoggac aagaaggcad cogaggagag
gagcaagcag ctggaggacg agctggtggc totgcaaaag aagctgaagg gcactgagga
tgagctggac asatactceog agtoccttaa agatgoacag gassagttgg aactggotga

&0
120
1g
240
300
360

taxonomy

publication

protein or gene name

cross-references added by ENA

CDS translation
(automated)

Swiss Institute of
Bioinformatics


https://www.ebi.ac.uk/ena/browser/api/embl/M32441

ENA/GenBank/DDB)J

“Beyond limited editorial control and some internal integrity
checks (for example, proper use of INSD formats and translation
of coding regions specified in CDS entries are verified), the
qguality and accuracy of the record are the responsibility of the
submitting author, not of the database.”

http://www.insdc.org/policy

Prot ¢

Bioinformatics



ENA/GenBank/DDB)J

many scientists assume that GenBank annotation is kept up to
date, and they are surprised to hear that it is not

the annotation has remained static: a gene labeled 'hypothetical
protein' a few years ago might now have a known function.

erroneous and inconsistent naming of genes.
scientists should fix errors that they find. But this would quickly

destroy the archival function of GenBank, as original entries would
be erased over time.

oroe PMID: 17274839 =

Swiss Institute of
Bioinformatics



From
ENA/GenBank/DDBJ
to
protein sequence databases

Pro'.tu‘z g
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What is transferred from nucleotide sequence databases
such as UniProtKB ?

 The protein sequence (translated CDS)

e Publication provided by the submitting author
* Gene and protein names

 EC number (enzyme classification)

e Origin of the sequence (tissues)
* Taxonomy

Pro'.tu‘z ﬁ

Swiss Institute of
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What is transferred from nucleotide sequence databases
such as UniProtKB ?

 The protein sequence (translated CDS)

e Publication provided by the submitting author
 Gene and protein names

 EC number (enzyme classification)

e Origin of the sequence (tissues)
* Taxonomy

Pro'.tu‘z ﬁ

Swiss Institute of
Bioinformatics



What is transferred to UniProtKB (‘imported’):

DR EMBL; DQ339047; ABC68418.1; -; mRNA.

FT source 1..1397

FT /organism="Rattus norvegicus"
FT /strain="Sprague-Dawley"

FT /mol_type="mRNA"

FT /sex="female"

FT /tissue type="ovary"

FT /db_xref="taxon:10116"

FT CDS 70..1329

FT /codon_start=1

FT /product="testis derived transcript"
FT /note="TES"

FT /db_xref="GOA:Q2LAP6"

Prot ¢

Publications for Q2LAP6

Seo Y.M., Jang S.J., Chun SY.

Cited for NUCLEOTIDE SEQUENCE [MRNA]
Strain Sprague-Dawley

» Tissue Ovary

Categories Sequences

Source % UniProtKB reviewed (Swiss-Prot)

Protein names®

Recommended name | Testin

Gene names:

» Name | Tes

Swiss Institute of
Bioinformatics


https://www.ncbi.nlm.nih.gov/nuccore/DQ339047
https://www.uniprot.org/uniprotkb/Q2LAP6/entry

What is transferred from nucleotide sequence databases
such as UniProtKB ?

 The protein sequence (translated CDS)

e Publication provided by the submitting author
* Gene and protein names

e EC number (enzyme classification)

e Origin of the sequence (tissues)
* Taxonomy

Pro'.tu‘z g
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ref|NP 884595.1| 4-amwinobutyrate aminotransferazse [Bordetella pa... 186 le-45

o5 ge-45

L= Ul o . o = . 4 — =T (1 1] W
ref|NP 1265958.1| 4-aminobutyrate gquil se dilate awminotransferase ... 152 le-34
: : e === Ze—14q
AbAITRLACFA9953 .11 unnnamed nrotein nroduact TMas mmiscmliasl =i 351950 0. 172 Ar=-44
FT CDS complement (45959..47332)
FT /db_xref="SPTREMBL:Q9UZ71"
FT /note="PAR2386"

FT /trans;:%abiefff

FT /oroduds="4-AMINOBUTYRATE qul se dilate AMINOTRANSFERASE
—

FT @2.6.1.19)"

ET /protein id="CAB50188.1"

FT /translation="MDYPRIVVNPPGPKAKELIEREKRVLSTGIGVKLFPLVPKRGFGP
FT FIEDVDGNVFIDFLAGAAAASTGYSHPKLVKAVKEQVELIQHSMIGYTHSERAIRVAEK
FT LVKISPIKNSKVLFGLSGSDAVDMAIKVSKESTRRPWILAFIGAYHGQTLGATSVASEQ
FT VSQKRGYSPLMPNVEWVPYPNPYRNPWGINGYEEPQELVNRVVEYLEDYVESHVVPPDE
FT VAAFFAEPIQGDAGIVVPPENFFKELKKLLDEHGILLVMDEVQTGIGRTGKWFASEWEE
FT VKPDMIIFGKGVASGMGLSGVIGREDIMDITSGSALLTPAANPVISAAADATLEIIEEE
FT NLLKNATEVGSFIMKRLNELKEQFDIIGDVRGKGLMIGVEIVKENGRPDPEMTGKICWR
FT AFELGLILPSYGMEGNVIRITPPLVLTKEVAEKGLEI IEKAIKDATIAGKVERKVVTWH"

Challenge: making the link between enzyme activity and protein sequence(s)...

"% p
Prot ¢
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Challenge: making the link between enzyme activity and protein sequence(s)...

Prot.,:

complement (47269, . 48642)
/locus tag="PRBZ3E&"

/codon_start=1

ftransl =

/prod t="PyIiEExal phosphate—dependent aminotransferase”
/protein TO=SCRBS0IEE.1"

/db xref="GCA:QYUZT1"

fdb_;ref="1ntEIPIn
/db_xref="InterPro
/db_xref="InterPro
/db_xref="InterPro

EEVVIWH"

:IBPROOS5E14"
:IFRO1IS421"
tIPRO1S422"
:IFPRO15424"
/db_ xref="UniProtRB/TrEMBL:QOUZ71"

Jtranslation="MDYPRIVVNEECPEAEFELIFRFERVLSTGIGVELFELVEERGES
PRIEDVDGHNVEIDFLAGAL A STCGY SHEELVEAVEEOVELIQHSMIGYTHSEREATEVA
ERLVEISPIRNSEVLEFGLSGSDAVDMATRVSEFSTERPFWILAFTGAYHGOTLEATSVE
SP VSRR GY SPLMEPNVEWY EY PNEYENEPWGINGYEEPQELVNEVVEYLEDYVESHVVY
PEPLDEVAAFFREPIOGDAGIVVEPENFFRELRRLLDEHGILLVMDEVOQTGIGETGEWEA
SEWFEVEPDMI TFGEGVASCGHMGLSGVIGREDIMDITSGSALLTEARNEVISARADATL,
EITEEENLLENATEVGSFIMEELNELEEQFDI TGDVEGEGLM T GVEIVEENGREPDEEM
TEEICWRAFELGLILESYGMFGNVIRITERLVLTREEVAEEGLEITERATEDATAGEVE

Swiss Institute of
Bioinformatics


https://www.ncbi.nlm.nih.gov/nuccore/AJ248287.2

Q9UZ71- Q9UZ71_PYRAB

4-aminobutyrate aminotransferase - Pyrococcus abyssi (strain GE5S / Orsay) - Gene: PAB2386 - 457 amino acids - Inferred from homology -

Names & Taxonomy'

Protein names!

4-aminobutyrate aminotransferase | Imported|
Pyridoxal phosphate-dependent aminotransferase |  Imported |

Submitted names

Gene names!

Ordered locus PAB2386 |  Imported |

names

Organism names’

Organism | Pyrococcus abyssi (strain GE5 / Orsay) |  Imported |

Taxonomic | 272844 NCBI[Z
identifiert
Taxonomic | cellular organisms > Archaea > Euryarchaeota > Thermococci > Thermococcales > Thermococcaceae > Pyrococcus > Pyrococcus
lineage® | abyssi

Prot ¢
®
ro ] Swiss Institute of

Bioinformatics


https://www.uniprot.org/uniprotkb/Q9UZ71/entry

What is transferred from nucleotide sequence databases
such as UniProtKB ?

 The protein sequence (translated CDS)

e Publication provided by the submitting author
* Gene and protein names

 EC number (enzyme classification)

e Origin of the sequence (tissues)
* Taxonomy

Pro'.tu‘z ﬁ
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Taxonomy biocuration: examples
Collaboration with NCBI taxonomy

UniProtkKB taxonomy data is manually curated: next to manually verified organism names, we provide a
selection of external links, organism strains and viral host information.

Taxonomy 2,417,253 results

"% p
Prot &
® Swiss Institute of
Bioinformatics



Taxonomy biocuration: examples
Collaboration with NCBI taxonomy

Drosophila fruit fly <genus>

Bacteria

Venturia

Asterina

prokaryotes <superkingdom>

fungus <genus>

ascomycetes <genus>

Prot ¢

7215 fruit fly <subgenus> 32281 basidiomycete fungus <genus> 2081351

2 Insect Bacteria Latreille et al. 1825 [synonym: Bacteria] <genus>
[06.21.2017] renamed Bacteria Latreille et al. 1825

» Bacteria Latreille et al. 1825  Ciick on organism neone to get more information.
= Bacteria abnormis
= Bacteria aborigena
= Bacteria acuminatocercata
= Bacteria aetolus
= Bacteria amazonica
= Bacteria ambigua H H
= Bacteria nnnu;gi:_umis StICk InseCts (phasmes)
= Bacteria apolinari
= Bacteria baculus
= Bacteria bahiensis
= Bacteria ferula
= Bacteria horni
= Bacteria ploiaria
= Bacteria yersiniana
= Bacteria sp. 1 JAR-2018

5024 ichneumonid wasp <genus>

859380 starfish <genus>

629395

92443

7593

Swiss Institute of
Bioinformatics



Question

For fun:
Look at this GenBank entry:

Where does the sequence come from ?
- Which organism ? Which isolate ?

What is the length of the protein sequence?

"%
[
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https://www.ncbi.nlm.nih.gov/nuccore/Z71230

Taxonomy biocuration: examples
Collaboration with NCBI taxonomy

source 1..124
/organism="Nicotiana tabacum"
/organelle="plastid:chloroplast"
_/mol tvpe="gepomic DNAY

fizolate="Cuban cahibo cigar, gift from President Fidel

Castro"
/db xref="taxon:4097"

ttps://www.pinterest.ch/abidabdellatif/castro/

source 1..29934
Jorganism="whale fall metagenome”
/mol_type="genomic DNA"
/isolation_source="microbial mat from gray whale carcass
in the Pacific Ocean (depth=1674 meters), Santa Cruz Basin
(N33.30 W119.22)"
/db_xref="taxon:412756"
/environmental sample
Jcountry="USA: Pacific Ocean, Santa Cruz Basin"
/note="metagenomic"”

Prot_,‘
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Bioinformatics



https://www.ncbi.nlm.nih.gov/nuccore/Z71230
https://www.ncbi.nlm.nih.gov/nuccore/AAFZ00000000.1

What is transferred from nucleotide sequence databases
such as UniProtKB ?

* The protein sequence (translated CDS)

e Publication provided by the submitting author
 Gene and protein names

 EC number (enzyme classification)

e Origin of the sequence (tissues)
* Taxonomy

Pro'.tu‘z g
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CDS

GenBank X02158

GenBank
Nucleotide sequence
Annotated CDS
CoDing Sequence

join(€15..627,1194..1339,15%6..1682,2294..2473,2608..2763)
/codon_start=1
/product="erythropoisetin"

/protein id="CAA26095.1"
/db_xref="GDB:119110"
/db_xref="GOR:P01588"
/db_xref="HGNC:HGNC:3415"
/db_xref="InterPro:IFR0O01323"
/db_xref="InterPro:IPR0O03013"
/db_xref="InterPro:IPR0O09079"
/db_xref="InterPro:IPR0O12351"
/db_xref="InterPro:IPR0O19767"
/db_xref="PDB:1BUY"
/db_xref="PDB:1CN4"
/db_xref="PFDB:1EER"

/db xref="UniProtEB/Swiss-Prot:P01588"

/translation="MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICDSRVLORYLL
EAREAENITTGCAEHCSLNENITVEPDTEVNEYAWKRMEVGOOAVEVWQGLATLLSEAVL
RGOALLVNSSQPWEPLOLHVDEAVSGLESLTTLLRALGAOKEATSPPDARASARPLETT
TADTFRELFRVY SNFLRGRLELYTGEACRTGDR"

Protein sequence:
which accuracy ?

Prot_,‘

541
601
66l
721
781
841
901
98l
1021
1081
1141
1201
126l
1321
1381
1441
1501
1561
lezl

cttcococggga
ggccaggege
cocgggtcoct
tcaaggaccg
gtgccagegy
cacagtttgg
agctgataag
ctgtcacacc
tgtgcacacg
gttggggaca
acagccaccc
tgcoctggetg
cgccccacca
ggaggccgag
agggcttoag
ggaagctaga
aaactaggca
gggacccttg

tgaatgagaa
1681 FEgtgagtte

1741
1801
1861
1321
1581
2041
2101
2161
2221
2281
2341
2401

tottggatga
gCCt gggcgc
gottgagooo
aacatrttaaa
ggctgaggog
accactgcoac
agaaaaataa
attcattcat
gottgggget
ccactcoccotg
ggaagctgte
gcagotgoat

tgagggcccc
goagiyssfsisis]
gtttgageogg
gocgacttgte
ggacttgggg
gogttgagag
ctgataacct
aggattgaag
gcagcaggat
ggaaggacga
CToTCoCtee
tggcttoctoc
cgoccteatct
aatatcacgl
ggaactccte
cactgccecce
aggagcaaag
actccocggg
tatcactgtc
CCLCLLLTLE
aagggagaat
agaggctcac
tggagtttoa
aaaattagtc
ggaggatcgc
tccagoctca
tgagggcetgt
Tcattcattc
getgagggge
Cagegeedsslsfed

gtggataaag

2461 pdeadsfsief-leflilola gt Jagta

gaagggrott
agcgacctcc
gctgctccac

2521
2581
2841
2701 EElnadada
2761 [fflccaggty
2821 caccctcccc
2881 ccatggacac
2941 aactctgaga
3001 gagagcagct
3061 accectgcoaaa
3121 catcagggac
3181 cgggcatggg
3241 gaagacagga
3301 acctcattga
3361 cctocaaatc

gctaaggagto
tgtcttetec
tccgaacaat
ggggaaagot
tgtccacctg
COgCCactoct
tccagtgoca
tctaaggatg
ttaaactcag
attgatgcca
aggatgacct
Cactcocttg
tgggggctag
caagaactga
cococtggetet

cggrgtggec
gtgcacgsyds]
ggatttagcg
aaggaccccg
gagtccttgg
gaagaaggtt
gggcgetgga
tttggccgga
tgaatgaagg
gctggggeag
ccgoctgact
tgtocotget
gtgacagccg
tgagacccct
ccagatccag
ctacataaga
ccagcagatc
ctgtgtgcat
ccagacacca
TCCLtoLtoctt
gatcgaggga
gtctataatc
gaccaaccta
aggtgaagtg
ttgagcccag
gtgacagagt
atggaatacg
aacaagrLctt
aggagggaga
agcaggccgt
aggccoctgtt
ccgtcagtgg
ggagoggaca
acaggaactg
ttggcagEE]
cactgctgac
gaagctgtac
ggcatatcca
gaaccccgtc
ccaatgacat
tcacagggcc
ggacagaccc
ggacacgctt
ggagaactta
gtggcaagag
cctotggote
aaccaccaat
gteccactec

acccggogoc
agtactcgcg
cccocggotat
gaagggggag
ggatggcaaa
tggggggtoe
gccaccactt
gaagtggatg
cocagggagge
agacgtgggg
ctcagcotgg
gtcgoteoct
agtcotgoag
tccccagcac
gaacctggca
ataagtctgg
ctacgootgt

ccaggtcget
ggctgggcgc
tggccaggag
gogggtoggy
aacctgacct
tgotgtgoca
atctgccaga
ctggtagcct
agcacctgag
atgaaggaag
ctatetgtte
ctgggoctoc
aggtacctct
attccacaga
cttggtttgg
tggccccaaa
ggCccagggocc

gagggaccoo
tcocogocogo
gtggctogggt
cagococtocac
gtgaagggga
grggagagga
ggggaagoct
gggggtogog
tgottgoatg
ctgtccttee

TagEEs el

actcacgctc
ggrtggagttg
ccatacctgg
agagccttca

aagttaattt
tocttttggag
aaggrtaaaat
ccaggctgag
ggcagcatag
gtgcatggtg
gaatttgagg
gaggccotgt
ttcattattc
attgcatacc
gggrgacatc
agaagtctgg
ggtcaactct
ccttocgocage
cttctgottg
tcocgrattoc
gaagccatct
actttccgca
acaggggagg
ccacctccoct
gaggggctct
ctcaggggoc
aacttgaggg
atgctgggaa
tggaggogat
ggtggcaage
cccccttgac
tcatggggtc
atgactcttg
tggcagea

ctgtgctgaa
ctatgcctgg
aatctcattt
ggagcagcag
atggccgaga
tgagatccco
gtagtcccag
ctgcagtgag
ctcaaaaaag
attcactcac
ttotgtttoe
cctcagetga
cagggcctgg
tocccageegt
ctcaccactc
coctttotgt
ttocococtttct
cccctocaga

cactgcagct
aagaggatg

gogagoctga
agatgaggct
tgggagaatt

catctctaca
atatttggaa
ctgtgatcac
aasagaaaaa
tcactcactc
tcagocttggt
ctccocagagt
ccctgebgt

aagaagggga
gtggcactge

aactcttccg ag

coctgoaggac
CACCAACAtT
cagctcagog
agaggaactg
cCccagagcag
gacgoctgag
LLACCLgLth
tgtgacttot
accggggtag
caacttttgt
gottttotgt

aggggacag
gcttgtgoca
Ccagcctgtc
tccagagagc
gaagcattca
ctcactcggc
tcgcacctac
ccaggtctca
tgggaaccat
gtatctottca
tttctgggaa

iiis!!
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https://www.ncbi.nlm.nih.gov/nuccore/x02158

GenBank X02158

GenBank ~

GenBank
Nucleotide sequence

Human gene for erythropoietin

GenBank: X02158.1
FASTA  Graphics

Go to: (v

LOCUS ¥02158 3398 bp DNA linear PRI 14-Nov-20086
DEFINITION Human gene for erythropoietin.

ACCESSION 02158

VERSION ¥02158.1

EEYWORDS erythropoietin; glycoprotein hormone; hormone; signal peptide.
SOURCE Homo sapiens (human)

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

REFERENCE 1 (bacec 1 to 3303)

AUTHORS Jacobs,K., Shoemaker,C., Rudersdorf,R., Neill,s.D., Kaufman,R.J.,
Mufson,A., Seehra,J., Jones,S.S., Hewick,R., Fritsch,E.F.,
Rawakita,M., Shimizu,T. and Miyake,T.

TITLE Isolation and characterization of genomic afd cDNA clones pf human
erythropoietin

JOURNAL Nature 313 (6005), 506-810 (15853)

gy
COMMENT Data kindly reviewed (24-FEB-1986) by K. Jacobs.

Prot ¢

e

€1
121
181
241
201
JEL
421
481
541
€01
€61
721
781
a41
201
g€l
102l
1081
1131
1201
1361
13zl
1381
1441
1501
15€1
1621
1€81
1741
1801
18€1
1821
1581
2041
2101
21€el
2321
2281
2321
2401
24€1
2521
2581
2641
2701
27€EL
2821
2881
2531
anol
J0€el
3lal
3181
3231
3301
33€l

agocttoctggg
totoogoooa
agocagoctoog
coogggagoa
ctoaacoocag
toacgoacac
cgaccooogg
goacogogot
gogoooootg
cttoooggga
ggocaggogo
cogggtooot
tocaaggacog
gtgocagogy
cacagtttgg
agotgataag
ctgtocacaco
tgtgocacacg

gttggggaca
acagoccacoo

tgooctggotg
cgooococacca
ggRggcocgag
agggocttocag
ggaagcoctaga
saactaggoa
gggaccocttg
tgaatgagaa
aggtgagtto
ttttggatga
geotgggoge
gottgagooo
Sacatttaaa
ggotgaggeg
accactgoac
agaaaaataa
attocattoat
gettggggot
coactoootg
ggaagctgtoc
gocagotgoat
totgggagoo
gaagggtott
agogacctoo
gotgotocac
satttoctoo
tgaccaggtg
cacocotooos
Ccoatggacac
aactotgaga
gagagcagot
Soocotgoaan
catcagggac
cgggoatggy
gaagacagga
Socctoattga

cotocaaato

cttoccagacoc
agacogggat
coagtoooaa
goocooocatga
gogtootgos
agooctotooo
cocagagoogo
gtoctoocogg
gacagocogoo
tgagggoocoo
ggRgatgggy
gtttgagogg
gogacttgbo
ggacttgggy
gogttgaggg
ctgataacct
aggattgaag
gocagocaggat
ggaaggacga
ttotoootoo
tggcttotoo
cgootoatot
aatatcacgg
ggaactocto
cactgoooos
aggagocaaag
actoococoggg
tatoactgto
cttttttttt
aagggagaat
agaggctocac
tggagtttoa
aazattagto
ggaggatogo
tocagootoa
tgagggotgt
toattoatto
gotgagggge
taggtoggge
ctgoggggoo
gtggataaag
caggtgagta
gotaaggagt
tgttttotoo
toogaacaat
ggggaaagot
tgtocacctg
cgooactoct
tocagtgocoa
totaaggatg
ttaaactoag
attgatgooa
aggatgacct
cactoccoctbg
tgggggotgy
caagaactga

cocctggotot

cagotacttt
goocooooagg
gggtgogoaa
coocacacgoa
cotgototga
cocacooooac
agagtocooctg
agoocggacog
ctotootooa
eggtgtggte

gtgcacggtg
ggatttagog

aaggaccoog
gagtocttgg
gaagaaggtt
gggogotgga
tttggocogga
tgeatgaagg
gotggggoag
cogootgact
tgtococtgot
gtgacagoog
tgagaccoct
ccagatoocag
ctacataaga
coagoagato
ctgtgtgoat
coagacacca
ttttttooctt
gatcgaggga
gtctataatoc
gacocaacota
aggtgaagty
ttgagocococag
gtgacagagt
atggaatacg
aacaagtott
aggagggaga
agoaggoogt
aggooctgtt
cogtocagtag
ggagoggaca
acaggaactg
tTtggocagaag
cactgotgac
gaagotgtac
ggocatatooa
gaaccoogto
coaatgacat
tocacagggoo
ggacagacos
ggacacgott
ggagaactta
gtggoaagag
cototggoto
aacocaccaat

gtococcactoo

goggaactoa
aggtgtoogg
coggotgoac
cgtotgoago
cooogggtgg
cogogoacgo
ggcoccacocoog
gggococacogo
ggooogtggy
accoggogoo
agtactogog
coocoggotat
gaagggggag
ggatggoaaa
tggggggtte
goocacocactt
gaagtggatg
cocagggaggo

agacgtgggy
ctoagooctgg

gtogotooct
agtooctgoag
toocococagoac
gaacctggoa
ataagtotgg
ctacgootgt
ttocagacggg
aagttaattt
tottttggag
aaggtazaat
cocaggoctgag
ggoagoatag
gtgoatggty
gaatttgagg
gaggoootgt
ttoattatto
attgoataco
gggtgacato
agaagtotgg
ggtocaactot
ccttogoago
cttotgottg
toogtattoo
gaagocatot
actttoogoa
acaggggagg
coacoctooct
gaggggotot
ctocaggggoo
aacttgaggg
atgotgggaa
tggaggogat
gotggoaages
coccocottgac
toatggggto
atgactottg
tggoagoa

goaaccocagy
gagooocagos
toocooctooog
agoooogtoa
coocotacocoo
acacatgoag
googotogoet
goocogototg
gotggoootg
coaggtogot
ggctgggoge
tggooaggag
gogggtIggy
aacctgacct
tgotgtgooa
atoctgooaga
ctggtagoct
agocacctgag
atgaaggaag
ctatoctgtto
ctgggococtoo
aggtacotot
attocacaga
cttggtttgg
tggooooaaa
ggccagggoc
ctgtgotgaa
ctatgootgg
aatoctoattt
ggagoagoag
atggoocgaga
tgagatoooo
gtagtoocoag
ctgocagtgag
ctoaaaaaag
attocactoac
ttoctgtttgo
cotoagotga
cagggooctgg
tocococagoegt
ctocaccacto
coctttotgt
ttoooctttot

catctoctgag
tttoococagat
cgaccocaggg
goococoggago
tggogacoos
ataacagooo
gogotgogoo
ctococgacaco
cacocgoogag
gagggaccoo
tocococgoocogo
gtggotgggt
cagootooac
gtgaagggga
gtggagagga
ggggaagoot
gogggtIggy
tgotbtgoatg
ctgtocttoo
tagaatgtoo
cagtoctggg
tggaggooaa
actocacgoto
gotggagttyg
coatacotgg
agagoocttoa
cactgoagot
aagaggatgg
gogagootga
agatgaggot
tgggagaatt
catototaca
atatttggaa
ctgtgatcac
aaaagaaaza
toactoacto
tocagottggt
ctoocagagt
cooctgotgto
gggagcococt
tgottogggo
aagazgggga
gtggoactgo

coocotoocaga
aactottoog
cotgoaggac
caccaacatt
cagotoagog
agaggaactg
cocagagoag
gacgootgag
ttacoctgttt
tgtgacttot
accgoogtgy
caacttttgt
gottttotgt

tgoggooctoa
agtotactoo
aggggacaga
gottgtgooa
coagootgto
toocagagago
gaagoattoa
ctoactoggo
togoacotac
cocaggtotoa
tgggaaccat
gtattottoa
tttotgggaa


https://www.ncbi.nlm.nih.gov/nuccore/x02158

CDS

GenBank X02158

GenBank
Nucleotide sequence
Annotated CDS

gene prediction or
experimentally proven (cDNA)

join(€15..627,1194..1339,15%6..1682,2294..2473,2608..2763)
/codon_start=1
/product="erythropoisetin"
/protein id="CAA26095.1"
/db_xref="GDB:119110"
/db_xref="GOR:P01588"
/db_xref="HGNC:HGNC:3415"
/db_xref="InterPro:IFR0O01323"
/db_xref="InterPro:IPR0O03013"
/db_xref="InterPro:IPR0O09079"
/db_xref="InterPro:IPR0O12351"
/db_xref="InterPro:IPR0O19767"
/db_xref="PDB:1BUY"
/db_xref="PDB:1CN4"
/db_xref="PFDB:1EER"

P

L T WS R . C L. TN 1]

/translation="MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICDSRVLORYLL
EAREAENITTGCAEHCSLNENITVEPDTEVNEYAWKRMEVGOOAVEVWQGLATLLSEAVL
RGOALLVNSSQPWEPLOLHVDEAVSGLESLTTLLRALGAOKEATSPPDARASARPLETT
TADTFRELFRVY SNFLRGRLELYTGEACRTGDR"

Protein sequence

Prot_,‘

541
601
66l
721
781
841
901
98l
1021
1081
1141
1201
126l
1321
1381
1441
1501
1561
lezl

cttcococggga
ggccaggege
cocgggtcoct
tcaaggaccg
gtgccagegy
cacagtttgg
agctgataag
ctgtcacacc
tgtgcacacg
gttggggaca
acagccaccc
tgcoctggetg
cgccccacca
ggaggccgag
agggcttoag
ggaagctaga
aaactaggca
gggacccttg

tgaatgagaa
1681 FEgtgagtte

1741
1801
1861
1321
1581
2041
2101
2161
2221
2281
2341
2401

tottggatga
gCCt gggcgc
gottgagooo
aacatrttaaa
ggctgaggog
accactgcoac
agaaaaataa
attcattcat
gottgggget
ccactcoccotg
ggaagctgte
gcagotgoat

tgagggcccc
goagiyssfsisis]
gtttgageogg
gocgacttgte
ggacttgggg
gogttgagag
ctgataacct
aggattgaag
gcagcaggat
ggaaggacga
CToTCoCtee
tggcttoctoc
cgoccteatct
aatatcacgl
ggaactccte
cactgccecce
aggagcaaag
actccocggg
tatcactgtc
CCLCLLLTLE
aagggagaat
agaggctcac
tggagtttoa
aaaattagtc
ggaggatcgc
tccagoctca
tgagggcetgt
Tcattcattc
getgagggge
Cagegeedsslsfed

gtggataaag

2461 pdeadsfsief-leflilola gt Jagta

gaagggrott
agcgacctcc
gctgctccac

2521
2581
2841
2701 EElnadada
2761 [fflccaggty
2821 caccctcccc
2881 ccatggacac
2941 aactctgaga
3001 gagagcagct
3061 accectgcoaaa
3121 catcagggac
3181 cgggcatggg
3241 gaagacagga
3301 acctcattga
3361 cctocaaatc

gctaaggagto
tgtcttetec
tccgaacaat
ggggaaagot
tgtccacctg
COgCCactoct
tccagtgoca
tctaaggatg
ttaaactcag
attgatgcca
aggatgacct
Cactcocttg
tgggggctag
caagaactga
cococtggetet

cggrgtggec
gtgcacgsyds]
ggatttagcg
aaggaccccg
gagtccttgg
gaagaaggtt
gggcgetgga
tttggccgga
tgaatgaagg
gctggggeag
ccgoctgact
tgtocotget
gtgacagccg
tgagacccct
ccagatccag
ctacataaga
ccagcagatc
ctgtgtgcat
ccagacacca
TCCLtoLtoctt
gatcgaggga
gtctataatc
gaccaaccta
aggtgaagtg
ttgagcccag
gtgacagagt
atggaatacg
aacaagrLctt
aggagggaga
agcaggccgt
aggccoctgtt
ccgtcagtgg
ggagoggaca
acaggaactg
ttggcagEE]
cactgctgac
gaagctgtac
ggcatatcca
gaaccccgtc
ccaatgacat
tcacagggcc
ggacagaccc
ggacacgctt
ggagaactta
gtggcaagag
cctotggote
aaccaccaat
gteccactec

acccggogoc
agtactcgcg
cccocggotat
gaagggggag
ggatggcaaa
tggggggtoe
gccaccactt
gaagtggatg
cocagggagge
agacgtgggg
ctcagcotgg
gtcgoteoct
agtcotgoag
tccccagcac
gaacctggca
ataagtctgg
ctacgootgt

ccaggtcget
ggctgggcgc
tggccaggag
gogggtoggy
aacctgacct
tgotgtgoca
atctgccaga
ctggtagcct
agcacctgag
atgaaggaag
ctatetgtte
ctgggoctoc
aggtacctct
attccacaga
cttggtttgg
tggccccaaa
ggCccagggocc

gagggaccoo
tcocogocogo
gtggctogggt
cagococtocac
gtgaagggga
grggagagga
ggggaagoct
gggggtogog
tgottgoatg
ctgtccttee

TagEEs el

actcacgctc
ggrtggagttg
ccatacctgg
agagccttca

aagttaattt
tocttttggag
aaggrtaaaat
ccaggctgag
ggcagcatag
gtgcatggtg
gaatttgagg
gaggccotgt
ttcattattc
attgcatacc
gggrgacatc
agaagtctgg
ggtcaactct
ccttocgocage
cttctgottg
tcocgrattoc
gaagccatct
actttccgca
acaggggagg
ccacctccoct
gaggggctct
ctcaggggoc
aacttgaggg
atgctgggaa
tggaggogat
ggtggcaage
cccccttgac
tcatggggtc
atgactcttg
tggcagea

ctgtgctgaa
ctatgcctgg
aatctcattt
ggagcagcag
atggccgaga
tgagatccco
gtagtcccag
ctgcagtgag
ctcaaaaaag
attcactcac
ttotgtttoe
cctcagetga
cagggcctgg
tocccageegt
ctcaccactc
coctttotgt
ttocococtttct
cccctocaga

cactgcagct
aagaggatg

gogagoctga
agatgaggct
tgggagaatt

catctctaca
atatttggaa
ctgtgatcac
aasagaaaaa
tcactcactc
tcagocttggt
ctccocagagt
ccctgebgt

aagaagggga
gtggcactge

aactcttccg ag

coctgoaggac
CACCAACAtT
cagctcagog
agaggaactg
cCccagagcag
gacgoctgag
LLACCLgLth
tgtgacttot
accggggtag
caacttttgt
gottttotgt

aggggacag
gcttgtgoca
Ccagcctgtc
tccagagagc
gaagcattca
ctcactcggc
tcgcacctac
ccaggtctca
tgggaaccat
gtatctottca
tttctgggaa

ﬂ
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https://www.ncbi.nlm.nih.gov/nuccore/x02158

Question

Haemophilus influenzae genome in GenBank

(1) What are the different CDS ‘inferences’ ?

(2) Look at the information available for the gene ProS
o Look at the Enzyme classification number (EC number)

(3) Follow the link to ‘Protein’ (column on the right; Related information)
How many proteins are predicted to be encoded by this genome ?

(4) How many proteins in UniProtKB? (query with JMQP01000002)

(5) Look at the entry corresponding to the gene ProS in UniProtkKB (AOAODOIHI5)

"% p
Prot ¢
® Swiss Institute of
Bioinformatics


https://www.ncbi.nlm.nih.gov/nuccore/JMQP01000002

Haemophilus influenzae strain 1209 contig000002, whole genome shotgun

GenBank JMQP01000002 sequence

GenBank: JMQP01000002.1
FASTA Graphics

LOCUS JMQPO1000002 1799554 bp DNZ& linear BCT 20-FEB-2015
DEFINITICN Haemophilus influenzae strain 1209 contig000002, whole genome
shotgun segquence.

/inference="ab initic predicticn:Prodigal:2.607
Jinference="3imilar to AL sequence:UniProtKB:POASHE™

/inference="gbh initic predicticn:Preodigal:2.60"
/inference="protein motif:Pfam:PF10675.3"

Jinference="ab initic predicticn:Prodigal:2.607
Jinference="protein motif:Cdd:COG5567T"

Gene prediction ‘validated’ by similarity (homology)
Gene prediction ‘validated’ with the presence of a known protein domain.

This type of information is not mandatory for the submitters (not always
present)...

"% p
Prot ¢
® Swiss Institute of
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EC number =

Protein name =)

Gene ProS

B1Ee..590904

/gene="pro3"

/locus tag="NTHI1209 001&0"

/EC_number="6.1.1.15"

/inference="ab initic prediction:Prodigal:Z2.&0"
finference="similar to AL sequence:UniProtEB:P43830"
fcodon start=1

/transl table=11

/product="Proline--tRNA ligase"

/protein id="KI534580.1"
Jtranslation="MRTSQYLESTLEETENDAOVVSHQIMLRAGMIRFMASGLYNWLE
IGIEVLERVERVVREEMNEGEAIEVILMEVVOPAELWEESGRWDRYGPELLRFEDRGIHER
NEVLGEFTHEEVITDLVEREVSSYRQLPLNLYQIQTRFRDEVEPRFGVMESEEFIMEDR
YSFHTTOES LA TY DVMY VY SN I FNRELGLDFRAVOADTGS IGGSASHEFQVLASSGE
DDVWESTESDEFARNIELAR R TATCERQAPTARMCLVDTENART IARLVEQFNLETEERT
VETLIVREGADENQPLVALI TRGDHELNETRAOFHPLVADPLEFADETETRARTGAGV S
SLGEVNLNIPATTDRIVALMSDFSCGANT DGEHY FNVHNWERDVAMPEVFDLENVVEGD
BSPDGRGILGIFRGIEVGHIFQLGEEY SEAMEA TV GEDGEPLVMTMGCYGIGVIRVY
ASATEQHADERGITWESDETAPFTVATVEMNMHE SELVORYARELYRTLOSQGVOVIE
DDERERPGVMEADMELIGVEAMVVIGERNLDNGETEYFNERTGEREMT SEDELLS VLI
EELGNL"

Swiss Institute of
Bioinformatics



The corresponding protein in UniProtKB:
https://www.uniprot.org/uniprotkb/AOAODOIHI5/entry

AOAODOIHI5 - AOAODOIHI5S_HAEIF

Proline--tRNA ligase - Haemophilus influenzae} EC:6.1.1.15 - [Gene: proS - [572 amino acids - Inferred from homology - Annotation score: z@

Entry Feature viewer Publications External links History

BLAST &, Download + & Add Addapublication Entry feedback

Function:

Catalyzes the attachment of proline to tRNA(Pro) in a two-step reaction: proline is first activated by ATP to form Pro-AMP and then transferred to the acceptor end of tRNA(Pro). As ProRS can
inadvertently accommodate and process non-cognate amino acids such as alanine and cysteine, to avoid such errors it has two additional distinct editing activities against alanine. One activity is
designated as 'pretransfer' editing and involves the tRNA(Pro)-independent hydrolysis of activated Ala-AMP. The other activity is designated 'posttransfer' editing and involves deacylation of
mischarged Ala-tRNA(Pro). The misacylated Cys-tRNA(Pro) is not edited by ProRS. | 1 Automatic Annotation|

Caution

The sequence shown here is derived from an EMBL/GenBank/DDBJ whole genome shotgun (WGS) entry which is preliminary data. | Imported |

Catalytic Activity

ATP + L-proline + tRNA(Pro) = AMP + diphosphate + L-prolyl-tRNA(Pro) [ 2 Automatic Annotations |
EC:6.1.1.15 (UniProtKB | ENZYME[Z |Rhea[3 )

Source: Rhea 143057

A Hide Rhea reactinn

Sequence databases

RefSeq | WP_005665064.1 4 NZ_UEWZ01000029.1 %

SEQUENCE PROTEIN MOLECULE TYPE STATUS
JMQP01000002 [EMBL[Z | GenBank[i |DDBJ[ ) KIS34560.1 (EMBL[Z | GenBank[Z |DDBJ[Z ) Genomic DNA
"% p
Prot s
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The corresponding protein in UniProtKB:
https://www.uniprot.org/uniprotkb/AOAODOIHI5/entry

Names & Taxonomy:

Protein names®

Recommended name | Proline--tRNA ligase | 1 Automatic Annotation

ECnumber | EC:6.1.1.15 | 1Automatic Annotation | EC: validated by HAMAP rules

Automatic assertion according to rules (Automatically inferred from sequence model)?
UniRule HAMAP-Rule: MF_01569

(UniProtKB | ENZYMELZ |Rheal? )

Alternative names | Prolyl-tRNA synthetase | 1Automatic Annotation | (ProRS | 1Automatic Annotation |)

Gene names?

Name | pros | 1AutomaticAnncltatian] | ImpDrted]

ORF names | NTHI1209_ 00160 7 imported|

"% p
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® Swiss Institute of
Bioinformatics



GenBank JMQP01000002

Prot.,:

Number of entries @ NCBI protein

Items: 1 to 20 of 2037

[
1.

I

L

=~ [

Fage of 102 Mext =

Ribosomal EMA large subunit methyltransferase L [Haemophilus influenzae]
711 aa protein

Accession: KIS358588.1 Gl 7578218580

BioProject Muclectide Taxonommy

GenPept |dentical Proteins FASTA Graphics

Membrane-bound lytic murein transglycosylase A precursor [Haemophilus influenzae]
369 aa protein

Accession: KIS38587.1 Gl 757821589

BioProject Muclectide Taxonommy

GenPept |dentical Proteins FASTA Graphics

Sulfur carrier protein ThiS adenylyltransferase [Haemophilus influenzae]
261 aa protein

Accession: KIS35586.1 Gl 7578216388

BioProject MNucleotide Taxonommy

GenPept |dentical Proteins FASTA Graphics

hypothetical protein MTHI1209 02245 [Haemophilus influenzas]
43 aa protein

Accession: KIS38585.1 Gl 757821887

BioProject Muclectide Taxonommy

GenPept [dentical Proteins FASTA Graphics

Swiss Institute of
Bioinformatics



GenBank JMQP01000002

Number of entries @ UniProtKB

UniProtKB 2,016 results

4. Download View: Cards O Table ® £ Customizecolumns & Share v
Entry Name 4 Protein Names . Gene Names 4 Organism a
[J AOAODOIE41 AOAODOIE41_HAEIF dITP/XTP pyrophosphatase]...| NTHI1209_02050 Haemophilus 195 AA
influenzae
[0 AOA158SZC3 AOA158SZC3_HAEIF  Ribosomal RNA large subunit methyltransferase J[...] rlmJ, NTHI1209_01858 Haemophilus 299 AA
influenzae
[J AOA158SVF9 AOA1585VF9_HAEIF  Coenzyme A biosynthesis bifunctional protein CoaBC]..] coaBC, NTHI1209_00456 Haemophilus 400 AA
influenzae
[J AOA158T077 AOA158TO77_HAEIF  Na(+)-translocating NADH-quinone reductase subunit C[...] nqrC, NTHI1209_02176 Haemophilus 257 AA
influenzae
[J AOA158T084 AOA158T084_HAEIF  Phosphatidylserine decarboxylase proenzyme]...] psd, NTHI1209_02183 Haemophilus 290 AA
influenzae
[0 AOA158SZX4 AOA1585ZX4_HAEIF  Queuine tRNA-ribosyltransferasel...] tgt, NTHI1209_02068 Haemophilus 396 AA
influenzae
[J AOA158T071 AOA158TO71_HAEIF  tRNA-specific 2-thiouridylase MnmA]...] mnmA, NTHI1209_02170 Haemophilus 413 AA
influenzae
[J AOAODOILW3 AOAODOILW3_HAEIF  CTP synthasel..] pyrG, NTHI1209_00584 Haemophilus 545 AA
influenzae

100 % identical protein sequences are merged.
Do not hesitate to contact us !
Prdg.:z ﬂ

Swiss Institute of
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The life of a protein sequence ...

ggggggg

mRNA geﬁeé: zgé&ifhes

Voo by

Nucleic acid ENA, GenBank, DDB!

databases (INSDC)

...Iif the submitters provide an
annotated CoDing Sequence (CDS)
no CDS (gene prediction or experimental)

Ensembl, RefSeq 4 %

gene prediction

95 %

M.DSKESLTPGREENPSSVLAQERGDVLLDFYKTLRGGATVKVSASSPSLAVASQSDSKQBR
LLVEERE PLE
LLE] SIANLNRSTSVPE‘.NPKSSAS'IAVSAAPTE‘.K.E‘.E‘PKTHSDVSSE‘.QQHLKGQTG'I GN

VELYTT KE SPLIEGN M
Eﬁ%ﬁ&&ﬁ Sequence-- UniProtkB
1 H 1 YCRRSFEG LIRQUD! IPFIEVG
D | reCt p rOtEI N Seq uenci ng SENFNRCQGSGDINLTSLGTLNFEGRIVESNGYSSESMREDVSSEPSSS5TRTTGERERL .
CLV SDEASGCHYGVLT DKIRRKNCP K

1% . databases NCBI protein
0 PE‘.V YAGYDSSVPDST LHLDDQ,MTLLSW

MFLELE - ) - ——
E‘.E‘.YLC:M.KTLLLLSSVPKDGLKSQELFDEIRMTYIKELGKMVKREGNSSQNWQ,RE‘YQLTK

LLDSMHEVVENLLNYCFQTFLDETMS IEFPEMLAR I TTNQI PRYSNGN IRELLFEQK ﬂ
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Question

Look at this record

Any annotated CDS ?
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https://www.ncbi.nlm.nih.gov/nuccore/AADB02000196

20850, USA

This is the November 2001 ceombined whole gencme shotgun assembly
applied to the 27 millicn reads cof Celera's whole gencme shotgun
data and 16 million reads of shredded GenBank data from other
human gencme projects (Nature 2001. 409:2380-921). It relied cn
Celera's paired reads and BAC end reads from TIGE for long range
crder and crientation. Its scaffclds were mapped to chromoacmes
using 5T5 maps. For more detailed informaticn about whole gencme
gequencing and Celera's assembly proces3, please refer to Venter,

COMMENT

FEATURES

J.C. et al. Science 2001. 291:1304-1351.
Locaticn/Qualifiers

Jource

CRIGIN

cagcgtgago
CCCCttttct
gatctoggct
cocgagtaget
Ccagacagagt
coctgotttgg
aaacaatttt
atgctogaata
caagaagtag
atttgtagtt
aattaacatt
ttgggaggece
acggtgaaac
tatataaagsa
tagoattttg
gggcaacata

cataaggggs
atcasattgt

1..129668

Sorganism="Homo sapiens™

fmol_tiype="genomic DNA

fdb_xref="taxon: 3606
Sehromoscme="1"

cactgeoacct
LLLtttttat
cactgocaaco
gggattacag
tttaccatgt
cotoocaaddg
gaaaaagaat
zagtgazaat
ttttaaaagg
ccagotacoo
aataaatacg
2agUCcaagca
tggatectta
tctaaacata
ggaggccaag
gggagaccot
CCaEaaacca
cctaaaacta

ggoccagttot
ggagtctoge
toccaactooo
gcatgotogg
tggeocaggot
tgotgggatt
gttgaggggyg
tttazatgga
ggcatattac
agcaggctga
agggctgggt
gatcacctga
cocteatgoca
agggaacotyg
goaggaggat
gtoctotatoa
goagtgaaas
taaaadgaaas

catgatttaa
tctgtegooo
gagttcaage
goocoggctas
ggtctocaaac
acaggogtas
ctggggtgga
ggaccagocac
atcacagatc
ggtgagagga
googtggote
ggtctggagt
tatatazage
gococgggcaty
ccocttgageo
zzaataaaaa
2acaaaaaag
aaggcacttt

aagagagoga
aggctggagt
aattoctootg
LELttgtatt
tococtgaccto
gocactgoac
cttgttetge
aggaatatat
agoccaggoat
ttaggaagag
atgoctgtaa
ttgagaccag
tggatcoctta
acggctcaco
caggagttog
taaaatazaa
atctaaacct
tgtggocaac

No submitted annotated CDS

actgoatttt
gocagtggoat
cctocagooto
LtLtttagta
aggtgatocog
cocagotacoa
ccataccaaa
aataggcocas
agtggocatgo
ctggaccatt
tooccaacact
coctggocaac
coctocatgaca
cctgtaatoo
agagcagoct
taaatazaasa
aaaaaccaas

cgtggtggct

Swiss Institute of
Bioinformatics



The life of a protein sequence ...

ggggggg

mRNA geﬁeé: zgé&ifhes

Voo by

Nucleic acid ENA, GenBank, DDB!

databases (INSDC)

...Iif the submitters provide an
annotated CoDing Sequence (CDS)
no CDS (gene prediction or experimental)

Ensembl, RefSeq 4 %

gene prediction

95 %

M.DSKESLTPGREENPSSVLAQERGDVLLDFYKTLRGGATVKVSASSPSLAVASQSDSKQBR
LLVEERE PLE
LLE] SIANLNRSTSVPE‘.NPKSSAS'IAVSAAPTE‘.K.E‘.E‘PKTHSDVSSE‘.QQHLKGQTG'I GN

VELYTT KE SPLIEGN M
Eﬁ%ﬁ&&ﬁ Sequence-- UniProtkB
1 H 1 YCRRSFEG LIRQUD! IPFIEVG
D | reCt p rOtEI N Seq uenci ng SENFNRCQGSGDINLTSLGTLNFEGRIVESNGYSSESMREDVSSEPSSS5TRTTGERERL .
CLV SDEASGCHYGVLT DKIRRKNCP K

1% . databases NCBI protein
0 PE‘.V YAGYDSSVPDST LHLDDQ,MTLLSW

MFLELE - ) - ——
E‘.E‘.YLC:M.KTLLLLSSVPKDGLKSQELFDEIRMTYIKELGKMVKREGNSSQNWQ,RE‘YQLTK

LLDSMHEVVENLLNYCFQTFLDETMS IEFPEMLAR I TTNQI PRYSNGN IRELLFEQK ﬂ

Swiss Institute of
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UniProtKB and Ensembl, RefSeq

Complementary pipelines for import of protein sequences have been
developed in collaboration with

 Ensembl for vertebrate species,

 Ensembl Genomes for non-vertebrate species,
« WormBase, ParaSite for parasitic nematodes

* VectorBase for pathogen vector genomes.

In addition, a new pipeline imports selected non-redundant genomes
annotated by NCBI RefSeq.

These sources provide proteome sequences for a number of key
genomes of special interest where the INSDC submission is lacking
gene model annotation (CDS annotation).

Pro'.tu‘z &
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UniProtKB, protein sequence databases
and sequence annotation

Protein sequence and annotation: overview
Nucleic acid sequence databases
INSDC, Ensembl, RefSeq
UniProtKB
UniProtKB/Swiss-Prot
UniProtkKB/TrEMBL
Biochemical data (Rhea & ChEBI)
Gene Ontology
UniProt web sites and tools
NCBI Protein sequence databases
RefSeq

Pro'.tu‘z g
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elé}{i}'
Core Data

Resource

e Creates, integrates and distributes reference datasets

e Joint project between EBI and the Sanger Centre

transcript protein gene
< < U
Ensembl’ ENST00000252723; ENSP0O0000252723; ENSG00000130427.

e UniProtKB contains protein sequences derived from Ensembl gene
prediction pipelines are not submitted to ENA/GenBank/DDBJ

Swiss Institute of
Bioinformatics

Prot ¢



Prot_,‘

Gene prediction

Ensembl annotation

Protein-coding genes are automatically
annotated using Ensembl's genebuild pipeline.
All transcripts are based on mRNA and proteins
in public scientific databases.

® (Genome assemblies

el{é@"
Lore Data

Resource

Pax6 INS
BRCA2

Swiss Institute of
Bioinformatics


https://www.ensembl.org/info/genome/index.html
https://www.ensembl.org/info/genome/genebuild/index.html

UniProtKB, protein sequence databases
and sequence annotation

Protein sequence and annotation: overview
Nucleic acid sequence databases
INSDC, Ensembl, RefSeq
UniProtKB
UniProtKB/Swiss-Prot
UniProtkKB/TrEMBL
Biochemical data (Rhea & ChEBI)
Gene Ontology
UniProt web sites and tools
NCBI Protein sequence databases
RefSeq

Pro'.tu‘z g
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= | RefSeq: NCBI Reference Sequence Database

| A comprehensive, integrated, non-redundant, well-annotated set of reference sequences including genomic,
'f transcript, and protein.

e Creates, integrates and distributes reference datasets,
constructed from INSDC sequences.

EPO — erythropoietin

Official Symbol EFO provided by HGHC
Homo sapiens (human) Official Full Name erythropoietin provided by HGNC
Also ki - DBAL, ECYT5, EP, MVCD2

=0 oW a3 Primary source HGNCHGNC-3415

Gene ID: 2056
RefSeq transcripts (1) RefSeq proteins (1) RefSeqGens (1) Publed {418) see related Ensembl:ENSG00000130427 MIM:133170

transcript protein gene

< < @

RefSeq  NM_000799.4; NP_000790.2; NG_021471.2

e UniProtKB contains protein sequences derived from RefSeq gene
prediction pipelines which are not submitted to
ENA/GenBank/DDBJ
PrdE} ﬂ
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RefSeq: NCBI Reference Sequence Database

A comprehensive, integrated, non-redundant, well-annotated set of reference sequences including genomic,
transcript, and protein.

The NCBI Eukaryotic Genome Annotation Pipeline

The MCBI Eukaryotic Genome Annotation Pipeline provides content for various NCBI resources including Mucleotide, Protein, BLAST, Gene and the Genome Data Viewer gename
browser.

This page provides an overview of the annotation process. Please referto the Eukaryotic Genome Annotation chapter of the MCEI Handbook for algorithmic details.

The pipeline uses a modular framework for the execution of all annotation tasks from the fetching of raw and curated data from public repositories (sequence and Assembly databases) o
the alignment of sequences and the prediction of genes, to the submission of the accessioned annotation products to public databases. Core components of the pipeline are alignment
programs (Splign and ProSplign) and an HMM-based gene prediction program (Gnomon) developed at NCBI.

PGAP is now available as a stand-alone software package. You can annotate your genomes on your own machine, local cluster or the Cloud! Get
started by watching a short video!

NCBI Prokaryotic Genome Annotation Pipeline
The NCBI Prokaryotic Genome Annofation Pipeline (PGAP) is designed to annotate bacterial and archaeal genomes (chromosomes and plasmids).

Genome annotation is a multi-level process that includes prediction of protein-coding genes. as well as other functional genome units such as structural RNAs, tRNAs, small RMAS, pseudogenes,
control regions, direct and inverted repeats, insertion sequences, fransposons and other mobile elements.

NCBI has developed an automatic prokaryotic genome annotation pipeline that combines ab initio gene prediction algorithms with homology based methods. The first version of NCBI Prokaryotic
Genome Pipeline was developed in 2001 and is regularly upgraded to improve structural and functional annotation quality (Haft DH et al 2018, Tatusova T ef al 2016). Recent improvements utilize
curated protein profile hidden Markov models (HMMs), including TIGRFAMS and new HMMs for antimicrobial resistance proteins, and curated complex domain architectures for functional annotation
of proteins.

"% p
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https://www.ncbi.nlm.nih.gov/genome/annotation_euk/process/
https://www.ncbi.nlm.nih.gov/genome/annotation_prok/

RefSeq: NCBI Reference Sequence Database

A comprehensive, integrated, non-redundant, well-annotated set of reference sequences including genomic,
transcript, and protein.

Announcements

July 15, 2022
RefSeq Release 213 is available for FTP

This release includes:

Proteins: 234 520,053

Transcripts: 45.781,716

Organisms: 121,461

Available at:  ftp//ftp.ncbi.nlm.nih.gov/refseq/release/
Documentation:Release Notes

See previous announcements, follow NCBI on Twitter, or
subscnbe to NCBI's refseg-announce mail list to receive

announcements.
Organisms:
UniProtKB/Swis-Prot: ~12,000
% 1 . v p
proe 3 UniProtKB/TrEMBL: ~1,290,000 ﬁ

Bioinformatics



Question Different databases, different datasets

R

(1) Look at the first submitted genome of SARS-CoV-2 (GenBank)

How many CDS (right column: select ‘Protein’) ?

(2) Look at the reference genome of SARS-CoV-2 (RefSeq)
How many CDS (right column: select ‘Protein’) ?

(3) SARS-CoV-2 proteome in UniProtKB

How many proteins (CDS) ?

Prot ¢

Bioinformatics


https://www.ncbi.nlm.nih.gov/nuccore/MN908947
https://www.ncbi.nlm.nih.gov/nuccore/NC_045512
https://www.uniprot.org/uniprotkb/?query=proteome:UP000464024

R

(1) Look at the first submitted genome of SARS-CoV-2

Items: 10

[1 ORF10 protein [Severe acute respiratory syndrome coronavirus 2]
1. 38 aa protein

Accession: QHIA21585.1 GL 1798172433

Nucleotide PubMed Taxonomy

GenPept |dentical Proteins FASTA Graphics

(2) Look at the reference genome of SARS-CoV-2 (RefSeq)

Identical sequence - different gene model
Note: ORF10 is ‘not’ in UniProtKB !

Items: 12

[0 ORFTb [Severse acute respiratory syndrome coronavirus 2]
1. 43 aa protein

Accession: YP_009725318.1 Gl 1820616061

BioProject MNucleotide PubMed Taxonommy

GenPept Identical Proteins FASTA Graphics

(3) SARS-CoV-2 proteome in UniProtKB

% Reviewed (Swiss-Prot) (17)
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https://www.ncbi.nlm.nih.gov/nuccore/MN908947
https://www.ncbi.nlm.nih.gov/nuccore/NC_045512
https://www.uniprot.org/uniprot/?query=proteome:UP000464024

4 A0A663DJA2 - ORF10_SARS2

Putative ORF10 protein - Severe acute respiratory syndrome coronavirus 2 (2019-nCoV) (SARS-CoV-2) - Gene: ORF10 - 38 amino acids - Uncertain - Annotation score: 2@

Entry Feature viewer Publications External links History

BLAST &, Download ~ @ Add Addapublication Entryfeedback
Function’
Caution

Could be the product of a pseudogene. Probably does not encode a functional protein. Mo subgenomic RMA was detected that could encode the protein (PubMed:33722935).
It has been shown to be non-essential in vivo and in vitro (PubiMed:33301543).
There are no similar proteins in other betacoronavirus (PubMed:33301543). | H 3 Publications |

Names & Taxonomy:

Protein names®

Recommended name ‘ Putative ORF10 protein (™ 1publication)

Gene names!

Name ‘ ORF10 [ ™ imported |

Organism names’

Organism ‘ Severe acute respiratory syndrome coronavirus 2 (2019-nCoV) (SARS-CoV-2) [ N Imported ]

L3
J
Pfot.. Swiss Institute of

Bioinformatics




-> 5 additional protein sequences in UniProtKB
(proteome:UP000464024) NOT NC_045512

UniProtKB 5 results
+. Download View: Cards O Table ® £ Customizecolumns & Share ~
u Entry Name . Protein Names . Gene Names . Organism . Length .
[J PODTD2 % ORF9B_SARS2 ORF%b protein|..] 9b Severe acute respiratory syndrome coronavirus 2 (2019-nCoV) (SARS-CoV-2) 97 AA
] PODTD3 % ORF9C_SARS2 Putative ORF9c protein|..] 9c Severe acute respiratory syndrome coronavirus 2 (2019-nCoV) (SARS-CoV-2) 73AA
[J PODTF1 % ORF3B_SARS2 Putative ORF3b protein[...] Severe acute respiratory syndrome coronavirus 2 (2019-nCoV) (SARS-CoV-2) 22 AA
[ PODTG1 % ORF3C_SARS2 ORF3c protein|..] Severe acute respiratory syndrome coronavirus 2 (2019-nCoV) (SARS-CoV-2) 41 AA
[ PODTGO % ORF3D_SARS2 Putative ORF3d protein Severe acute respiratory syndrome coronavirus 2 (2019-nCoV) (SARS-CoV-2) 57 AA

Manually reviewed:
Direct contact with authors
+ publication (reviewed)

"% p
Prot ¢
® Swiss Institute of
Bioinformatics




UniProtKB, protein sequence databases
and sequence annotation

Protein sequence and annotation: overview
Nucleic acid sequence databases
INSDC, Ensembl, RefSeq
UniProtKB
UniProtKB/Swiss-Prot
UniProtkKB/TrEMBL
Biochemical data (Rhea & ChEBI)
Gene Ontology
UniProt web sites and tools
NCBI Protein sequence databases
RefSeq

Pro'.tu‘z g

Swiss Institute of
Bioinformatics



.**%
o
Prot
www.uniprot.org
~227 millions of proteins/records
derived from ~ 1,290,000 different species

8 million unique visitors/year

New release every 8 weeks

Prot & Release 2022 _03 | Statistics

Bioinformatics



Prot .+

UniProt consortium :  EMBL-EBI i @. ﬁ

EBI : European Bioinformatics Institute (UK)
SIB : Swiss Institute of Bioinformatics (CH)
PIR : Protein Information Resource (USA)

el?ﬁ'
Core Data

Resource

x
UniPr O.t..' iss Institute o
ormatics



UniProt
[ ]

Prot &

BLAST Align Peptide search 1D mapping SPARQL

Release 2022_03 | Statistics .;."ﬁoEl Help

Find your protein

Examples: Insulin, APP, Human, P05067, organism_id:9606

UniProt is the world’s leading high-quality, comprehensive and freely accessible resource of protein sequence and functional information.

Accessing UniProt pre ically? Have a look at th Pl

If you still need it, the legacy version of the website is available until the 2022 04 release.

Proteins

UniProt Knowledgebase

Species

Proteomes

Reviewed Unreviewed

(Swiss-Prot} (TrEMBL)
568,002 226,771,948

Clusters of protein sequences at 100%, Non-redundant archive of publicly available

90% & 50% identity protein sequences seen across different

databases

Su pporting Data Taxonomy Keywords Literature Citations

Human diseases Cross-referenced databases Subcellular locations Automatic annotations: UniRule &

ARBA

www.uniprot.org
Prdt_}

Swiss Institute of
Bioinformatics

B Feedback




UniProt databases

Proteins Species Protein Clusters

UniProt Knowledgebase Proteomes | UniRef

-

MNon-redundant archive of publicly available

i Protein sets for species with sequenced Clusters of protein sequences at 100%,
Reviewed Unreviewed genomes from across the tree of life 90% & 50% identity
(TrEMBL)
226,771,948

protein sequences seen across different

databases

"% p
UniProt & -

L Swiss Institute of
Bioinformatics



UniProt databases

Proteins Species Protein Clusters
UniProt Knowledgebase Proteomes ) UniRef

i Protein sets for species with sequenced Clusters of protein sequences at 100%, MNon-redundant archive of publicly available

Reviewed Unreviewed genomes from across the tree of life 90% & 50% identity
(TrEMBL)
226,771,948

protein sequences seen across different

databases

"% p
UniProt & -

L Swiss Institute of
Bioinformatics



UniProt databases

Proteins Species Protein Clusters

UniProt Knowledgebase Proteomes , UniRef

VTP

i Protein sets for species with sequenced Clusters of protein sequences at 100%, MNon-redundant archive of publicly available

Reviewed Unreviewed genomes from across the tree of life 90% & 50% identity
(TrEMBL)
226,771,948

protein sequences seen across different

databases

"% p
UniProt & -

L Swiss Institute of
Bioinformatics



Automatic Expert manual
annotation annotation

% p&
UniProt ¢

Swiss Institute of
Bioinformatics



UniProtKB is composed of 2 sections

UniProtKB/Swiss-Prot

Reviewed - Expertly annotated
Records with information extracted from literature
and curator-evaluated computational analysis.
One gene / one record

UniProtKB/TrEMBL

Unreviewed — Computationally analyzed

Records that await full manual annotation...
One protein / one record

some redundancy...

Pro'.tu‘z g

Swiss Institute of
Bioinformatics



What is the % of expert curated protein entries in UniProtkKB ?

Make a choice:

100
50

10

0.5

III RESUHS d SharE

Swiss Institute of
Bioinformatics

Prdg::: ﬂ


https://strawpoll.com/polls/40Zmd7DaKga

UniProtKB is composed of 2 sections

Major differences in the
protein sequence and
annotation
accuracy |

Prot ¢

h
a

Reviewed

(Swiss-Prot)
568,002

_

Unreviewed

(TrEMBL)
226,771,948

UniProt release 2022_03

0.25 % of
UniProtKB protein
sequences

99.75 % of
UniProtKB protein
sequences

Swiss Institute of
Bioinformatics



Does UniProtKB contain all protein sequences ?

UniProtKB excludes the following protein sequences:

1.Most non-germline immunoglobulins and T-cell receptors

2.Synthetic sequences

3.Most patent application sequences

4.Small fragments encoded from nucleotide sequence (<8 amino acids)
5.Pseudogenes

6.Sequences from redundant proteomes

7.Sequences from proteomes that NCBI genomes/RefSeq considers to be low
guality assemblies, i.e. excluded proteomes

8.Fusion/truncated proteins

9.Not real proteins

P
Prot o ﬁ

Swiss Institute of
Bioinformatics


https://www.uniprot.org/help/immunoglobulins
https://www.uniprot.org/help/proteome_redundancy
https://www.ncbi.nlm.nih.gov/assembly/help/anomnotrefseq/
https://www.uniprot.org/help/proteome_exclusion_reasons
https://www.uniprot.org/help/uniprotkb_coverage

UniProtKB entry content: overview

Entry Feature viewer Publications External links History

Protein sequence & biological knowledge

Function
Names & Taxonomy
Subcellular Location

Disease & Variants
MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICDSRVLERYLLEAKEAENITTGCAEHC

SLNENITVPDTKVNFYAWKRMEVGQQAVEVWQGLALLSEAVLRGQALLVNSSQPWEPLQL .
HVDKAVSGLRSLTTLLRALGAQKEAISPPDAASAAPLRTITADTFRKLFRVYSNFLRGKL PTM/pI'OCESSI ng
KLYTGEACRTGDR
Expression
Interaction
Structure

Family & Domains

Sequence & Isoforms

veu, [+
Prot .: Similar Proteins é

Swiss Institute of
Bioinformatics



UniProtKB, protein sequence databases
and sequence annotation

Protein sequence and annotation: overview
Nucleic acid sequence databases
INSDC, Ensembl, RefSeq
UniProtKB
UniProtKB/Swiss-Prot
UniProtkKB/TrEMBL
Biochemical data (Rhea & ChEBI)
Gene Ontology
UniProt web sites and tools
NCBI Protein sequence databases
RefSeq

Pro'.tu‘z g

Swiss Institute of
Bioinformatics



What is expert biocuration?

“Biocuration requires a combination of
human intelligence, well-designed software tools,
and advanced computational methods for literature identification and triage.”

UniProtKB manual curation
process

1. Sequence curation

2. Sequence analysis

3. Literature curation
4. Evidence attribution
5. Family-based curation

6. Quality assurance

Reviewed Swiss-Prot

“The SIB Swiss Institute of Bioinformatics’
r rces: f n cur o
esources: focus on curated databases L
PrOt. .. Swiss Institute of
Bioinformatics


https://doi.org/10.1093/nar/gkv1310

Video
‘Insert expert biocuration in UniProtkKB/Swiss-Prot’

Part 1 Introduction
00:30 What iz UniProtKB?

01:22 What is UniProtkB/Swiss-Prot?

01:56 What type of information can be found in a Swiss-Prot record?
03:23 What is expert biocuration?

04:57 NUDT12 as an example (biclogical context)

Part 2 Demo

06:56 The curation editor

08:36 Import the records corresponding to the mammalian genes NUDT12
09:03 Discover the entry view (mouse NUDT12)

11:00 Protein seqguence curation

12:04 Literature triage

14:00 Update of the UniProtkB/Swiss-Prot entry (mouse NUDT12)

272:42 Family-based curation propagation

25:50 Quality assurance

Swiss Institute of
Bioinformatics


https://www.youtube.com/watch?v=wvrCJtJnDbo

Reviewed

(Swiss-Prot)
568,002

UniProtKB/Swiss-Prot

(1) Protein sequence

One entry — one gene — one or several protein sequences

P
Prot & @ -

Bioinformatics



Manually

UniProtKB/Swiss-Prot: sequence

reviewed.

e Validate a ‘consensus’ (canonical) sequence, which map to the genome
sequence

e Validate and annotate the alternative isoform sequences, which map to the
genome sequence

e Atleast 15% of UniProtKB/Swiss-Prot entries required manual curation effort
to “correct” the sequences.

Typical problems "
— unsolved conflicts (gene prediction) X 4
— uncorrected initiation sites M
— frameshifts ,‘.L--\ |
— other ‘problems’ ;fl :

Pro'.tu‘z —5

Swiss Institute of
Bioinformatics

-

"
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v' ~ 15 % of UniProtKB/Swiss-Prot entries required curation effort to “correct” the
protein sequences.

v' ~89 % of human UniProtKB/Swiss-Prot entries required curation effort to correct or confirm the
protein sequences (CCDS and MANE select (mRNA)).

“Need for high quality sequences for learning from the language of protein (Al/ML)”

Deep Dive into Machine Learning Models for Protein Engineering

Yuting Xu,* Deeptak Verma, Robert P. Sheridan, Andy Liaw, Junshui Ma, Nicholas M. Marshall,
John MclIntosh, Edward C. Sherer, Vladimir Svetnik, and Jennifer M. Johnston*

Cite This: J. Chem. Inf. Model. 2020 =~ - Eﬂi 3cl'e
P\ L i ——— ] /] —
Ar‘ﬂr>e‘ge “Dm q“e“ces Article Recomm lc re
0 S ———— P
functy e prote!® P e omen Orts
whe opment.
‘\‘“‘ e a“d 25“ “\"\\‘0“ .“g\iﬂb')am“u“ L protein == OP E N
. o -, selection,
“(, 0 E,‘.,s,‘l.e\"\ mﬂa,ﬁ$\‘ o se:
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(is o o SIS R T e g " ra n
a\\‘\e\e & , @ o ')l«“?“"q'g W 60837 _..atly interesting variants. Recently, there has been an nsf S fr
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year-old grand challenge in
biology

November 30, 2020
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https://pubs.acs.org/doi/pdf/10.1021/acs.jcim.0c00073

- Manually
[ ) [ ]
U P t K B S - P t ° q annotated and
niProtKB/Swiss-Prot: sequence
Sequence & Isoforms
Function BLAST 5isoforms Align 5 isoforms
Names & Taxonomy Sequence ete Sequence | Thedisplayed sequence is further processed
status? processing® | intoamature form.

Subcellular Location

This entry describes 5 isoforms? produced by Alternative splicing & Alternative initiation.
Disease & Variants

PTM/Processing P04062-1 ‘

This isoform has been chosen as the canonical sequence. All positional information in this entry refers to it. This is also the sequence that

Expression ) )
appears in the downloadable versions of the entry.
Interaction
Name Long See also sequence in UniParc or sequence clusters in UniRef
Structure

Note Major isoform. ™ 1Ppublication|

Family & Domains

Tools ¥ & Download ¥ Add Highlight + Copy sequence
Sequence & Isoforms
Length 536 Last updated 2004-11-09 v3

Similar Proteins Mass (Da) 59,716 Checksum® FA1E15684344A0E6

1e 20 30 40 50 60 7@ 80 20
MEFSSPSREE CPKPLSRVSI MAGSLTGLLL LQAVSWASGA RPCIPKSFGY SSVVCVCNAT YCDSFDPPTF PALGTFSRYE STRSGRRMEL

100 110 120 130 140 150 160 170 180
SMGPIQANHT GTGLLLTLQP EQKFQKVKGF GGAMTDAAAL NILALSPPAQ NLLLKSYFSE EGIGYNIIRV PMASCDFSIR TYTYADTPDD

: % P04062 - GLCM_HUMAN =

Swiss Institute of
Bioinformatics



Manually

UniProtKB/Swiss-Prot: sequence

reviewed.

What is the canonical sequence?

Each UniProtKB/Swiss-Prot entry contains all curated protein products encoded by a given gene in a given species or strain.
For each UniProtKB/Swiss-Prot entry, we choose a canonical (or representative) sequence for display that should conform to
at least one of the following criteria:

. It is functional;

. It is widely expressed;

. It is encoded by conserved exons found in orthologous sequences;

. It is identical to consensus sequences chosen by other resources and genome curation efforts such as CCDS and MANE
(see also UniProt's human proteome)

5. In the absence of any information, we choose the longest sequence.

BwWw N =

Sequences chosen according to these criteria generally allow the description of the majority of
functionally important domains, motifs, sites, and post-translational modifications, naturally
occurring variants with functional and clinical significance, and other sequence features.

"% p
Prot ¢
® Swiss Institute of
Bioinformatics



UniProtKB/Swiss-Prot: sequence

Function

Names & Taxonomy
Subcellular Location
Disease & Variants
PTM/Processing
Expression
Interaction
Structure

Family & Domains
Sequence & Isoforms

Similar Proteins

Sequence databases

CCDS | €CDS1102.102 [PO4062-1]
CCDS53373.113 [P04062-4]
CCDS53374.1C [P04062-5]

PIR | A9406802 EUHUGC

15298002 152980
16779212 167792

SEQUENCE

M16328(EMBLL |GenBankZ | DDBJTZ )
K02920 (EMBLLZ | GenBank [ | DDBJZ )
J03059 (EMBLEZ | GenBankZ | DDBIEZ )
D13286 (EMBLC | GenBank(Z | DDBICZ )
D13267 (EMBLEZ |GenBank[Z | DDBILZ )
AF023268 (EMBLZ | GenBank [ | DDBJIZ )
AK291911 (EMBLLZ | GenBank[Z | DDBJCZ )
AK298900 (EMBLLZ | GenBankZ | DDBICZ )
AK300829 (EMBLL? | GenBankZ | DDBICI )
BC003356 (EMBLLZ | GenBank [Z | DDBI 2 )
M19285(EMBLL |GenBank 2 | DDBJCZ )
M18914(FMRI [ | GenRank[Z | DDRITZ )

Genome annotation databases

Source

PROTEIN

AAA35873.1 (EMBLE | GenBank (2 |DDBIT )
AAA35877.1(EMBLIZ | GenBank[Z | DDBJIZ )
AAC63056.1 (EMBLEZ | GenBank(Z |DDBJI )
BAA02545.1 (EMBLE | GenBank (2 | DDBJIZ )
BAA02546.1 (EMBLEZ | GenBank(2 | DDBJIZ )
AAC51820.1 (EMBLE | GenBank(Z |DDBJI )
BAF84600.1(EMELZ | GenBank [Z | DDBJZ )

BAH12898.1 (EMBLEZ | GenBankZ |DDBJCZ )
BAH13357.1(EMBLE | GenBankZ | DDBJC )
AAH03356.1 (EMBLIZ | GenBank [ | DDBI 2 )
AAA35880.1 (EMBLLZ | GenBank 2 | DDBICZ )
AAASATA1 (FMRI 7 | GenRank 7 [DDRITZ |

Ensembl | ENST00000327247.9 2 ENSP00000314508.5 i ENSGO0000177628.16 13 [P04062-1]
ENST00000368373.8 .2 ENSP0O0000357357.3 2 ENSG00000177628.16 17 [P04062-1]
ENST00000427500.7 2 ENSPO0000402577.2 [2 ENSG00000177628.16 2 [P04062-5]
ENST00000428024.3 (7 ENSP00000397986.2 (2 ENSG00000177628.16 12 [P04062-4]

4 P04062 - GLCM_HUMAN

RefSeq | NP_000148.2(7 NM_000157.3(2 [P04062-1]
NP_001005741.1(2 NM_001005741.21 [P04062-1]
NP_001005742.1C2 NM_001005742.2 02 [P04062-1]
NP_001165282.1C2 NM_001171811.1C2 [P04062-4]
NP_001165283.1C2 NM_001171612.1(2 [P04062-5]

GenelD | 262905

KEGG | hsa:26290

- Manually
annotated and
reviewed.
SR Used to construct the

mRNA

- UniProtKB canonical
sequence and
additional isoforms

Genomic NNA Seauence nroblems.

MANE-Select | ENST00000368373.8 [ ENSPO0000357357.3 2 NM_000157.4 7 NP_000148.2 7

UCSC | uch01(jh4t2 human [P04062-1]

Swiss Institute of
Bioinformatics



Manually

UniProtKB/Swiss-Prot: sequence

reviewed.

- No evidence nor quality statement for the protein sequence
- No ‘corresponding’ nucleotide sequence

How do I get the nucleotide sequence that corresponds to the canonical UniProtKB sequence?

You cannot! Although more than 95% of the known protein sequences derive from DNA translation, there is no single nucleic acid reference sequence
for a given UniProtKB/Swiss-Prot protein sequence.

https://www.uniprot.org/help/sequence_origin

Pro'.tu‘z ﬁ

Swiss Institute of
Bioinformatics




UniProtKB/Swiss-Prot: sequence

Function

Names & Taxonomy
Subcellular Location
Disease & Variants
PTM/Processing
Expression
Interaction
Structure

Family & Domains
Sequence & Isoforms

Similar Proteins

Prot ¢

Automatically
mapped to the
UniProtKB record

Sequence databases
—

CCDS | CCDS1102.10F [PO4062-1]
CCDS53373.113 [P04062-4]

CCDS53374.1C [P04062-5]

PIR | A9406802 EUHUGC
15298002 152980

16779212 167792

SEQUENCE

M16328(EMBLL |GenBankZ | DDBJTZ )
K02920 (EMBLLZ | GenBank [ | DDBJLZ )
J03059 (EMBLEZ | GenBankZ | DDBIEZ )
D13286 (EMBLC | GenBank(Z | DDBICZ )
D13267 (EMBLEZ |GenBank[Z | DDBILZ )
AF023268 (EMBLZ | GenBank [ | DDBJIZ )
AK291911 (EMBLLZ | GenBank[Z | DDBJCZ )
AK298900 (EMBLLZ | GenBank(Z | DDBICZ )
AK300829 (EMBLL? | GenBankZ | DDBICI )
BC003356 (EMBLLZ | GenBank [Z | DDBI 2 )
M19285(EMBLL |GenBank 2 | DDBJCZ )
M18914(FMRI [ | GenRank[Z | DDRITZ )

Genome annotation databases

PROTEIN

AAA35873.1 (EMBLLZ | GenBank [ | DDBILZ )
AAA35877.1(EMBLIZ | GenBank[Z | DDBJIZ )
AAC63056.1 (EMBLEZ | GenBank(Z |DDBILZ )
BAA02545.1 (EMBLE | GenBank (2 | DDBJIZ )
BAA02546.1 (EMBLE | GenBank 2 | DDBJIZ )
AAC51820.1 (EMBLLZ | GenBankZ |DDBJCZ )
BAF84600.1(EMELZ | GenBank [Z | DDBJZ )
BAH12898.1 (EMBLEZ | GenBankZ |DDBJCZ )
BAH13357.1(EMBLE | GenBankZ | DDBJC )
AAH03356.1 (EMBLLZ | GenBank X | DDBI )
AAA35880.1 (EMBLLZ | GenBank 2 | DDBICZ )
AAASATA1 (FMRI 7 | GenRank 7 [DDRITZ |

Ensembl | ENST00000327247.9 2 ENSP00000314508.5 7 EI
ENST00000368373.8 2 ENSP0O0000357357.3 2 ENSG00000177628.16 17 [P04062-1]
ENST00000427500.7 2 ENSP00000402577.2 [2 ENSG00000177628.16 [2 [P04062-5]
ENST00000428024.3 (7 ENSP00000397986.2 (3 ENSG00000177628.16 12 [P04062-4]

17762816 12 [P04062-1]

Automatically
mapped to the
UniProtKB record

Manually

annotated and
reviewed.

RefSeq | NP_000148.2(F NM_000157.3 2 [P04062-1]
NP_001005741.1(2 NM_001005741.21 [P04062-1]
NP_001005742.1C2 NM_001005742.2 02 [P04062-1]
NP_001165282.1C2 NM_001171811.1C2 [P04062-4]
NP_001165283.1C2 NM_001171612.1(2 [P04062-5]

Automatically
mapped to the
UniProtKB record

MOLECULE TYPE

mMRNA

mRNA —_—
Genomic DNA

mRNA

mRNA

Genomic DNA

Genomic NNA

GenelD | 262905
KEGG | hsa:26290

UCSC | uch01(jhA 2 human [P04062-1]

%4 P04062 - GLCM_HUMAN

STATUS

Used to construct the
UniProtKB canonical
sequence and
additional isoforms

Seauence nroblems.

MANE-Select | ENST00000368373.8 [ ENSPO0000357357.3 2 NM_000157.4 7 NP_000148.2 7

Swiss Institute of
Bioinformatics



UniProtKB/Swiss-Prot: sequence

Function

Names & Taxonomy
Subcellular Location
Disease & Variants
PTM/Processing
Expression
Interaction
Structure

Family & Domains
Sequence & Isoforms

Similar Proteins

Sequence datat

Manually

annotated and
reviewed.

ource

CCDS

CCDS1102.1C% [P04062-1]
CCDS53373.113 [P04062-4]
CCDS53374.1C2 [P04062-5]

PIR

A94068 2 EUHUGC
15298002 152980
16779212 167792

RefSeq | NP_000148.2(7 NM_000157.3(2 [P04062-1]
NP_001005741.1(2 NM_001005741.21 [P04062-1]
NP_001005742.1C2 NM_001005742.2 02 [P04062-1]
NP_001165282.1C2 NM_001171811.1C2 [P04062-4]
NP_001165283.1C2 NM_001171612.1(2 [P04062-5]

ENST00000368373.8 .2 ENSP0O0000357357.3 2 ENSG00000177628.16 17 [P04062-1]
ENST00000427500.7 2 ENSPO0000402577.2 [2 ENSG00000177628.16 2 [P04062-5]
ENST00000428024.3 (7 ENSP00000397986.2 (2 ENSG00000177628.16 12 [P04062-4]

SEQUENCE PROTEIN MOLECULE TYPE STATUS
M16328 (EMBLE | GenBank(Z | DDBJCZ ) AAA35873.1 (EMBLE | GenBank (2 |DDBIT ) MRNA
K02920 (EMBLLZ | GenBank [ | DDBJZ ) AAA35877.1(EMBLIZ | GenBank[Z | DDBJIZ ) mRNA —_
J03059 (EMBLZ | GenBank 2 | DDBIEZ ) AAC63056.1 (EMBLEZ | GenBank(Z |DDBJI ) Genomic DNA U Sed tO CO n St rU Ct t h e
D13286 (EMBLC | GenBank(Z | DDBICZ ) BAA02545.1 (EMBLE | GenBank (2 | DDBJIZ ) mRNA . .
D13287 (EMBLEZ | GenBank [Z | DDBIEZ ) BAA02546.1 (EMBLEZ | GenBank(Z |DDBJEZ ) mRNA U n ' P rot K B Ca n O n I Ca I
AF023268 (EMBLEZ | GenBank 2 | DDBJ 2 ) AAC51820.1 (EMBLE | GenBank(Z |DDBJI ) Genomic DNA
AK291911 (EMBLLZ | GenBank[Z | DDBJCZ ) BAF84600.1(EMELZ | GenBank [Z | DDBJZ ) mRNA
AK298900 (EMBLLZ | GenBank (% | DDBIC ) BAH12898.1 (EMBLLZ |GenBank(Z | DDBJCZ ) MRNA Seq U e n Ce a n d
AK300829 (EMBLLZ | GenBank (% | DDBIC ) BAH13357.1(EMBLLZ |GenBank( | DDBJCZ ) mRNA .. .
BC003356 (EMBLLZ | GenBank 2 | DDBJLZ ) AAH03356.1 (EMBLLZ | GenBank 2 | DDBJZ ) mRNA a d d |t|o n a | ISOfO rm S
M19285 (EMBLE | GenBank(Z | DDBJCZ ) AAA35880.1(EMBL | GenBank (2 |DDBIC ) mRNA
M18916(FMRI 2 | GenRank 7 | DDRIFZ } AAARSR78.1 (FMRI £7 | GenRank 2 [DDRIT | Genomic INA - Seauence nroblems.
Genome annotation databases
Ensembl | ENSTO0000327247.9 ¢ ENSPO0000314508.5 (2 ENSG00000177628.16 12 [P04062-1] GenelD | 262905

KEGG | psgagzorz

MANE-Select | ENST00000368373.8 [ ENSPO0000357357.3 2 NM_000157.4 7 NP_000148.2 7

Matched Annotation from NCBI and EMBL-EBI (MANE) (human)

4 P04062 - GLCM_HUMAN -

Swiss Institute of
Bioinformatics


https://www.ncbi.nlm.nih.gov/refseq/MANE/

Look at this entry (P04150) Question

About the protein sequences

- 'Header section'
What is the status of this entry: reviewed by a biocurator, or unreviewed?

- 'Sequence & isoforms' section
How many different protein sequences (isoforms) are available for this gene?
What is the length of the canonical protein sequence ?

How many ‘computationally mapped’ UniProtKB/TrEMBL entries ?

- 'Sequence & isoforms’ section (sequence databases)
Look at the RefSeq cross references: How many RefSeq entries? How many entries
are mapped to the UniProtKB entries ?

Query UniProtKB with the Gene name.
Look at the length of the different protein sequences in order to have a first idea of
the differences that might exist...

Map your UniProtKB entries to RefSeq
- select all Acs, Maplds to Sequence databases (RefSeq)

"% p
Prot ¢
® Swiss Institute of
Bioinformatics



https://www.uniprot.org/uniprot/P04150

https://www.uniprot.org/uniprotkb/P04150/entrytnames_and_taxonomy

Names & Taxonomy*
Protein names’
Recommended name | Glucocorticoid receptor
Shortnames | GR

Alternative names | Nuclear receptor subfamily 3 group C member 1

Gene names’

Name | NR3C1
Synonyms | GRL
Organism names’
Organism | Homo sapiens (Human)

Taxonomic identifier: | 9606 NCBI 7

Taxonomic lineage!

Accessions
Primary accession | P0O4150

Secondary accessions | ADZXF9
BOLPGS
D3DQF4
FSATBY
P04151

More accessions

Proteome!
Identifier | UP000005640 «

Component | Chromosome 5

Prot ¢

2P04150 * GCR_HUMAN

Reviewed, Swiss-Prot entry

cellular organisms > Eukaryota (eucaryotes) = Opisthokonta > Metazoa (metazoans) > Eumetazoa > Bilateria > Deuterostomia > Chordata (chordates) = Craniata > Vertebrata (vertebrates) > Gnathostomat
vertebrates) > Teleostomi > Euteleostomi (bony vertebrates) > Sarcopterygii > Dipnotetrapodomorpha > Tetrapoda (tetrapods) = Amniota (amniotes) > Mammalia (mammals) = Theria > Eutheria (placental
Boreoeutheria = Euarchontoglires > Primates > Haplorrhini = Simiiformes = Catarrhini = Hominoidea (apes) > Hominidae (great apes) > Homininae > Homo

*A proteome is the set of proteins
thought to be expressed by an
organism (completely sequenced
genomes). See later

-

Swiss Institute of
Bioinformatics



Sequen oforms’

BLAST 16 isoforms 16 isoforms

This entry describes 16 isoforms? prod Alternative splicing & Alternative initiation.

P04150-1

This isoform has been chosen as the canonical sequence. All positional information in this entry refers to it. This is also the sequence that appears in the downloadable versions of the entry.

Name Alpha Note Predominant physiological form.

Synonyms Alpha-A, GR-alpha&
Seealso sequence in UniParc or sequence clusters in UniRef

Tools + & Download b Add Highlight ~ Copysequence

Length 777 Last updated 1986-11-01v1
Mass (Da) 85,659 Checksumi C5C90CPASDD16AAR

1@ 20 30 40 50 60 7o 80 90 108 118 128 138 148 1508 168
MDSKESLTPG REENPSSVLA QERGDVMDFY KTLRGGATVE VSASSPSLAV  ASQSDSKQRR - LLVDFPKGSY  SNAQQOPDLSK  AVSLSMGLYM GETETKVMGN DLGFPQOGQI SLSSGETDLK  LLEESIANLN RSTSVPENPK  SSASTAVSAA PTEKEFPKTH
17@ 188 158 200 218 228 238 2408 258 260 278 280 290 308 318 320
SDVSSEQQHL KGQTGTNGGN VKLYTTDQST FDILQDLEFS SGSPGKETNE SPWRSDLLID ENCLLSPLAG EDDSFLLEGN SNEDCKPLIL PDTKPKIKDN GDLVLSSPSN VTLPQVKTEK EDFIELCTPG VIKQEKLGTY YCQASFPGAN IIGNKMSAIS
338 348 358 368 378 380 398 400 418 420 438 444 458 460 478 480
VHGVSTSGGQ MYHYDMNTAS LSQQQDQKPI  FNVIPPIPVG SENWNRCQGS GDDNLTSLGT LNFPGRTVFS NGYSSPSMRP  DWVSSPPS555  TATTGPPPKL CLVCSDEASG CHYGVLTCGS CKVFFKRAVE GOHWYLCAGR NDCIIDKIRR KNCPACRYRK
490 500 510 520 530 540 550 560 570 580 590 600 610 620 630 640
CLOAGMNLEA RKTKKKIKGI QOQATTGVSQE TSENPGNKTI VPATLPQLTP TLVSLLEVIE PEVLYAGYDS SWPDSTWRIM TTLNMLGGRQ VIAAVKMWAKA TIPGFRNLHLD DOMTLLQYSW MFLMAFALGW RSYRQSSANL LCFAPDLIIN EQRMTLPCMY

650 660 670 680 690 700 710 720 730 740 750 760 770
DOCKHMLYVS  SELHRLQWSY EEYLCMKTLL LLSSVPKDGL KSQELFDETIR MTYIKELGKA TIVKREGNSSQ NWORFYQLTK LLDSMHEVVE NLLNYCFQTF LDKTMSIEFP EMLAETIITHG IPKYSNGNIK KLLFHQK

P04150-2
Name Beta Seealso sequence in UniParc or sequence clusters in UniRef
Synonyms Beta-A Differences from canonical 728-777:728-777:VVENLLNYCFQTFLDKTMSIEFPEMLAE I ITHOIPEY SHEN IKKLLFHOK
Note High constitutive expression by neutrophils may provide a mechanism by which these cells escape glucocorticoid- —~ NVMWLKPESTSHILI

induced cell death and up-regulation by pro-inflammatory cytokines such as ILS further enhances their survival in
the presence of glucocorticoids during inflammation.

Computationally mapped potential isoform sequences®
There are 3 potential isoforms mapped to this entry

Viewall
Entry Entry name Gene name Length
| D&RDA9 DSRDAS_HUMAN MR3C1 144
[ ADA424COP1 ADA4F4C0P 1 HUMAN MR3C1 T46
| Q3MsM4 Q3M5NA_HUMAN MR3C1 145

oo lgene, 1Swiss-Prot record, 16+3 protein sequencesgss
roc » Swiss Insttute of



Computationally mapped potential isoform sequences®
There are 3 potential isoforms mapped to this entry

Viewall
W Entry Entry name Gene name Length
[ D&RDA9 D&RDAS_HUMAN MR3C1 144
[ ADA494COP1 AQA4Z400P1_ HUMAN MR3C1 746
O Q3MsN4 Q3MENA_ HUMAN MR3C1 145

Query UniProt: Gene:NR3C1

UniProtKB 17 results

&, Download View: Cards © Table ® < Customizecolumns <& Share +
m Entry . Entry Name . Protein Names . Gene Names . Organism . Length ¥
O E5KQF6 ESKQFS6_HUMAN Glucocorticoid receptorl..] NR3C1,hCG_37601  Homo sapiens (Human) 778 AA
O AOASBYRIM3 AOASBEIRIM3_HUMAN Glucocorticoid receptor]...] NR3C1,GCR, GR Homo sapiens (Human) 777 AA
[ B&ZGUS& B&ZGUS_HUMAN Glucocorticoid receptor[..] NR3C1 Homo sapiens (Human) 777 AA
O F1D8N4 F1D8N4_HUMAN Glucocorticoid receptor]...] NR3C1 Homeo sapiens {Human) T77 AA
O P0O4150 % GCR_HUMAN Glucocorticoid receptor]...] NR3C1,GRL Homo sapiens (Human) 777 AA
1 ADA494COP1 ADA494COP1_HUMAN Glucocorticoid receptor|...] NR3C1 Homo sapiens {(Human) 746 AA
O HEV745 H&V745_ HUMAN Glucocorticoid receptor[..] NR3C1 Homo sapiens (Human) 745 AA
| ESKQF5 ESKQF5_HUMAN Glucocorticoid receptor[...] NR3C1,hCG_ 37601  Homo sapiens (Human) 742 AA
I F5ATBS FS5ATBS_HUMAN Glucocorticoid receptor]...] NR3C1 Homo sapiens (Human) 662 AA
1 ADA411AGVS ADA411AGVS HUMAN MNuclear receptor subfamily 3 group C member 1 variant hGR-B(93) NR3C1,GCR,GR Homeo sapiens (Human) 416 AA
O ADA411AGWE A0AS4T1IAGWE HUMAN Muclear receptor subfamily 3 group C member 1 variant hGR-B(54) NR3C1,GCR,GR Homo sapiens (Human) 402 AA
I ADA411AGVY ADAS11AGV? HUMAN Muclear receptor subfamily 3 group C member 1 variant hGR-B(77) NR3C1, GCR, GR Homo sapiens (Human) 395 AA
O Q3MSN1 Q3MEN1_HUMAN MNuclear receptor subfamily 3, group C, member 1 (Glucocorticoid receptor) NR3C1 Homo sapiens (Human) 145 AA
[ Q3MSN4 (Q3MSN4_HUMAN Glucocorticoid receptor|..] NR3C1 Homo sapiens {(Human) 145 AA
I D6RDAY D&RDAY HUMAN Glucocorticoid receptor NR3C1 Homo sapiens (Human) 144 AA
I HeV744 H&V744 HUMAN Glucocorticoid receptor NR3C1 Homeo sapiens (Human) 118 AA
.t '.. [ LBE9LS LBELS_HUMAN Alternative protein NR3C1 NR3C1 Homo sapiens (Human) 55AA ﬂ
Prot s
® Swiss Institute of

Bioinformatics




17 UniProtKB entries
4 UniProtKB mapped to 33 RefSeq

ID mapping 33 results found for UniProtKB_AC-ID — RefSeq_Protein

Overview Input Parameters APl Request

&, Download Wiew: Cards Table

13 IDs were not mapped:

Show IDs

From To

P04150 NP_000167.1C3
P04150 NP_001018084.13
P04150 NP_001018085.1CF
P04150 NP_001018086.1[3
P04150 NP_001018087.1r04
P04150 NP_001018661.1[3
P04150 NP_001019265.103
P04150 NP_001191187.1[3
P04150 NP_001191188.105
P04150 NP_001191189.1[3
P04150 NP_001191190.103
P04150 NP_001191191.13
P04150 NP_001191192.10CF

"% p
Prot ¢
® Swiss Institute of
Bioinformatics




Query UniProt: Gene:NR3C1

4 UniProtKB mapped to 33 RefSeq

E5KQF6

AOASBZRIM3

B6ZGUé

F1D8N4

P04150 5

A0A494C0P1

H&V745

ESKQF5

F5ATB8

ADA411AGVS

ADA411AGWE

AOA411AGVY

Q3MSN1

Q3MSN4

D6RDAZ

Hé&V744

L8EFLS

E5KQF6_HUMAN
AQASB?RIM3_HUMAN
B6ZGU6_HUMAN
F1D8N4_HUMAN
GCR_HUMAN
A0A494COP1_ HUMAN
H6V745_HUMAN
E5KQF5_HUMAN
F5ATB8_HUMAN
ADA411AGV5_HUMAN
A0A411AGWSE_HUMAN
A0A411AGVE_HUMAN
Q3MSN1_HUMAN
Q3MSN4_HUMAN
D6RDAZ HUMAN
H6V744 HUMAN

L8E?L6_HUMAN

Glucocorticoid receptor|.

Glucocorticoid receptor|.

Glucocorticoid receptor|.

Glucocorticoid receptor|...

Glucocorticoid receptor|...

Glucocorticoid receptor|...

Glucocorticoid receptor]...

Glucocorticoid receptor|..]

Glucocorticoid receptor|..]

Nuclear receptor subfamily 3 group C member 1 variant hGR-B(93)
Nuclear receptor subfamily 3 group C member 1 variant hGR-B(54)
Nuclear receptor subfamily 3 group C member 1 variant hGR-B(77)
Nuclear receptor subfamily 3, group C, member 1 (Glucocorticoid receptor)
Glucocorticoid receptor|...]

Glucocorticoid receptor

Glucocorticoid receptor

Alternative protein NR3C1

NR3C1, hCG_37601

NR3C1, GCR,GR

NR3C1

NR3C1

NR3C1, GRL

NR3C1

NR3C1

NR3C1, hCG_37601

NR3C1

NR3C1, GCR,GR

NR3C1, GCR,GR

NR3C1, GCR,GR

NR3C1

NR3C1

NR3C1

NR3C1

NR3C1

T78 AA

77T AA

T7T7AA

T77TAA

T77TAA

746 AA

745 AA

742 AA

662 AA

416 AA

402 AA

395 AA

145 AA

145 AA

144 AA

118 AA

55AA

RefSeq

NP_001019265.1 %
XP_005268476.10F
XP_005268477.104
XP_005268479.11

XP_005268480.11F

NP_000167.1
NP_001018084.1 4

NP_001018085.1 %

NP_001018086.1 4

NP_001018087.1[%

XP_016864886.11%

XP_016864887.1[4

NP_001018661.1F

NP_000167.1 %

NP_001018084.1 %
NP_001018085.1 %
NP_001018086.1 %
NP_001018087.1%
NP_001018661.13
NP_001019265.1 %
NP_001191187.1C3
NP_001191188.1 4
NP_001191189.1 4
NP_001191190.1 %
NP_001191191.1C3
NP_001191192.1 04
NP_001191193.1 0%
XP_005268476.114
XP_005268477.10F
XP_005268479.102
XP_005268480.1C%
XP_016864886.17

XP_016864887.1F7  itute of
Biointormatics



+ 20 RefSeq entries...
 Some ‘mapped’ to the UniProtKB entry...

* Several RefSeq entries for the same UniProtKB sequence
 Some predicted (XP_...)

RefSeq | NP 0O0167.10 NM _000176.2 5 [PO4150-1]
NP_001018084.1 07 NM_001018074.1 13 [PD4150-1]
NP_001018085.1 07 NM_001018075.1 2 [P04150-1]
NP_001018086.1 17 NM_001018076.1 12 [P04150-1]
NP_001018087.1 07 NM_001018077.1 3 [P04150-1]
NP_001018661.1 17 NM_001020825.1 3 [P04150-2]
NP_001019265.1 7 NM_001024094.1 13 [P04150-3]
NP_001191187.1 3 NM_001204258.1 03 [P04150-8]
NP_001191188.1 7 NM_001204259.1 2 [P04150-11]
NP_001191189.1 7 NM_001204260.1 2 [P04150-12]
NP_001191190.1 % NM_001204261.1 2 [P04150-13]
NP_001191191.1 5 NM_001204262.1 2 [P04150-14]
NP_001191192.1 07 NM_001204263.1 2 [P04150-15]
NP_001191193.1 07 NM_001204264.1 12 [P04150-16]
XP 005268476107 XM_005268419.3 17

XP 005268477.107 ¥M_005268420.4 17

KP 005268479107 ¥M_D05268422.307 [P04150-3]
XP_0052684580.1 07 XM_005268423.3 17 [P04150-3]
XP 01656488611 XM_017009397.105

XP 016564887.1 1 ¥M_017009398.105

Less RefSeq links

The definition of redundancy varies
: among databases oz

"%

[

[
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@ The definition of 'redundancy’
varies among databases

UniProtKB/Swiss-Prot
one record — one gene — one or several protein sequences

UniProtKB/TrEMBL
one record — one protein sequence

RefSeq
One record —one mMRNA sequence — one protein sequence

Due to these different concepts,
it is not possible to draw conclusions
on the quality and completeness of a database
according to the number of entries.

P
Prot o ﬁ

Swiss Institute of
Bioinformatics



Manually

UniProtKB/Swiss-Prot: sequence

reviewed.

One entry — one gene — one species

One or several protein sequences (isoforms) per entry

canonical & isoform

Example: GCR_HUMAN (Sequence 16 +)

A gene-centric/ g

||||||||||||||

Prot ¢


https://www.uniprot.org/uniprotkb/P04150/entry#sequences

UniProtKB/Swiss-Prot: sequence siotated and

Eelease 2022 03 of 03-Aug-2022 of TniProtEB/Swiss-Prot con

entrie=z, curated from 287285 unique references and compri=sin

521 =meguences have been added since release 2022 02, the =sequence data of

46 existing entries has been updated and the annotationz of

Junizrer of additional =edquence 2 produced by alternative splicing, initiation or promoter usage, of rikbosomal frameshifring: 40825

"% p
Prot ¢
® Swiss Institute of
Bioinformatics



Beware

The Swiss-Prot isoform sequences are not included in all datasets

Examples:
Complete proteome* -> download Fasta (canonical & isoform)

Blast@ NCBI (NCBI protein (nr))

*A proteome is the set of proteins
thought to be expressed by an
organism (completely sequenced
genomes). See this afternoon

Prot ¢

4

. Download # Columns || &

] s
] P31946

1433

Download selected (0)
@ Download all (68511)

Format: FASTA (canonical & isoform) «

Preview first 10

Go

HAB

Swiss Institute of
Bioinformatics



Reviewed

(Swiss-Prot)
568,002

UniProtKB/Swiss-Prot

(2) Biological knowledge / annotation

Knowledge:

- comprehensive summary that provides a complete overview of the information
available

- Free text or standardized vocabularies to facilitate consistent retrieval whenever
possible

Prdg ,- ﬂ

Swiss Institute of
Bioinformatics



. _ ——
Jeranslation="MGVHECPAWLWLLLSLLELPLGLEVLGAPPRLICDS RVLORYLL
ERFERENITTGCAEHCSILNEN I TWPDTEVHEY AWK RMEVGOOAVEVNOS LALLEERAVL
RGOALLVNES0PNE PLOLAVDEAYSGLES LT TLLRALGACREAL SPPDAASARPLETI
TADTFRELFRVYSNFLRGELELYTCEACRTCOR LLAALGAOEEAT SPPDAAE]

Biocuration

From Wikipedia, the free encyclopedia

Biocuration is the field of life sciences research dedicated to translating and integrating biomedical
knowledge from scientific articles to interoperable databases 112l The biocuration of biomedical knowledge
is made possible by the cooperative work of biocurators, software developers and bioinformaticians [']

= adding biological information (annotation) mainly to a protein sequence.

* expert biocurators (reviewed) - source: publication & prediction and validation
* automated (unreviewed) - source: prediction

* Free text
* Controlled vocabulary, i.e. Keywords, in-house CV...
* Ontology, i.e. Gene Ontology, ChEBI, ...

Prdg ,: ﬂ

Swiss Institute of
Bioinformatics



UniProtKB: source of annotation
evidence statements

W 1publication| [N By Similarity |

RE?IEWEd |—I Combined Sources | | N Curated |
(Swiss-Prot)
268,002 | 1AutomaticAnnotation| | Imported | Could change in the future...
[
- | 1Automatic Annotation| | Imported |

Unreviewed

(TrEMBL) | InterPro Annotation |
226,771,948

ECO Ontology:

"% . . . p
Prot ¢ standard ontology for evidence information ﬁ

Swiss Institute of
Bioinformatics



Source of manual annotation/Evidence statements

Selected Publication (experimental) " 1 Publication

Another UniProtKB entry (orthologs): 7 By Similarity

Curator-evaluated computational analysis | 1 Automatic Annotation

An entry from another database: (M imported)

Combined sources LI e
| +4

Prot ¢

Bioinformatics



Source of manual annotation/Evidence statements

Selected Publication (experimental) W 1 publication

Another UniProtKB entry (orthologs): 7 By Similarity |

Curator-evaluated computational analysis | 1 Automatic Annotation

An entry from another database: (M imported)

Combined sources LI e
| +4

Prot ¢

Bioinformatics



What is expert biocuration?

“'\a%e
gimotes RNA decay through

S
xio®

. DoamekporZ, Jeremy G. Bird?, Bryce E. Nickels, Liang Tong?Z,
PHart', and Megerditch Kiledjian'"
Dept. Cell Biology and Neuroscience, Rutgers University, Piscataway, NJ 08854

2Dept. Biological Sciences, Columbia University, New York, NY 10027

3Department of Genetics and Waksman Institute, Rutgers University, Piscataway, NJ 08854

Summary

Eukaryotic mRNAs generally possess a 5'-end m’G cap that promotes their translation and
stability. However, mammalian mRNAs can also carry a 5”-end nicotinamide adenine dinucleotide
(NAD™) cap that. in contrast to the m’G cap. does not support translation but instead promotes

e
o
Pl"Ot. ° Swiss Institute of
Bioinformatics



Literature triage

LitSuggest

LitSuggest is a web-based system
for biomedical literature
recommendation and curation.

Curators evaluate around 50,000 to 70,000 papers per year
during the course of their curation work for UniProtkKB/Swiss-Prot.

On expert curation and scalability: UniProtKB/Swiss-Prot as a case study:

Swiss Institute of
Bioinformatics

Prd.t::: E


https://academic.oup.com/bioinformatics/article/33/21/3454/3964379?login=true

Going from unstructured (publication) to structured data.

“Expert curation is an essential part of the scientific process, one
that adds significant value to research data and enables state of the
art machine learning and artificial intelligence.”

Alan Bridge, director of Swiss-Prot

Most aspects of the complex process of biocuration cannot be
replaced by machine learning !

Pro'.tu‘z ﬁ

Swiss Institute of
Bioinformatics



Going from unstructured (publication) to structured data.

PubMed=16595657

) ..-

chlorophyll GFP overlay

FIGURE 3, Subcellular localization of Alb3-GFP and Alb4-GFP fusion proteins. Arabi-
dopsis mesophyll protoplasts were transiently transformed with constructs for Alb3- or

Alb4-GFP. Maximum intensity signals from confocal images are shown for chlorophyll
antnflunracrance GFP flinrecrance and an nuarlav nf hath OFP7-GFP ic included ac a

due 45 based on the ChloroP prediction program (33). To test this

corresponds to the predicted length of the Alb4 mRNA. Even after  prediction, Arabidopsis mesophyll protoplasts were transiently trans-
prolonged exposure of the blots treated with the Alb4 probe, no for ; ute i
signal could be found at ~3.5 kb, the predicted size of the Artemis  and autofluorescence images indicated a thylakoid localization of Alb4.
transcript. The § ‘
Alb4 Is a Thylakoid Membrane Protein—Alb4 is predicted to havea  of outer envelope protein AtOEP7 (Fig. 3). To test this assumption,
chloroplast transit peptide with a processing site after amino acid resi-  in vitro translated radiolabeled Alb4 was imported into isolated pea

ALB4, Q9FYL3 (ALB31_ARATH), PubMed=16595657 Swiss Institute of

Bioinformatics




FROM:

PubMed=16595657

chlorophyll GFP overlay

TO:

UniProtkKB Q9FYL3

Subcellular Location’

UniProt Annotation GO Annotation

Q Plastid, chloroplast thylakoid membrane
1 2 Publications |; Multi-pass membrane protein

1 Automatic Annotation

Experimental data
Controlled vocabulary (CV)

Web: https://www.uniprot.org/uniprotkb/Q9FYL3/entry#subcellular_location

FIGURE 3, Subcellular localization of Alb3-GFP and Alb4-GFP fusion proteins. Arabi-
dopsis mesophyll protoplasts were transiently transformed with constructs for Alb3- or

Alb4-GFP. Maximum intensity signals from confocal images are shown for chlorophyll
antnflunrecrance GFP fliarecrance and an nuarlav nf hath OFP7-GFP ic included ac a

corresponds to the predicted length of the Alb4 mRNA. Even after
prolonged exposure of the blots treated with the Alb4 probe, no
signal could be found at ~3.5 kb, the predicted size of the Artemis
transcript.

Alb4 Is a Thylakoid Membrane Protein—Alb4 is predicted to have a
chloroplast transit peptide with a processing site after amino acid resi-

ferot o

due 45 based on the ChloroP prediction program (33). To test this
prediction, Arabidopsis mesophyll protoplasts were transiently trans-

The
of outer envelope protein AtOEP7 (Fig. 3). To test this assumption,
in vitro translated radiolabeled Alb4 was imported into isolated pea

Swiss Institute of
Bioinformatics



Source of manual annotation/Evidence statements

Selected Publication (experimental) W 1 publication

Another UniProtKB entry (orthologs): 7 By Similarity |

Curator-evaluated computational analysis | 1Automatic Annotation |

An entry from another database: (M imported)

Combined sources LI e
| +4

Prot ¢

Bioinformatics



Table 1. Sequence analysis tools used during the UniProtKB manual curation process

# InterPro (17)

Program Version Prediction
Topology
Signal P (6) 3.0 Presence and location of signal peptides
TargetP (6) 1.1 Presence and location of transit peptides
Predotar (7) 1.03 Mitochondrial, plastid or ER targeting sequences
ESKW* (8) UniProt- Transmembrane domains

modified

version 1.0
MEMSAT (9) UniProt- Transmembrane domains

modified

version 1.8a
TMHMM (10) 2.0
Phobius (11) Unknown

Post-translational
modifications

Transmembrane domains
Discriminates transmembrane and signal regions

GPl-predictor (12) 1.0 GP! lipid anchor sites|
- NetNGlyc (13) 1.0 N-glycosylation sites
NetOGlyc (14) 3.1 O-glycosylation sites
NMT Predictor (15) 1.0 N-terminal myristoylation sites
Sulfinator (16) 1.0 Tyrosine sulfation sites
Domains
ps_scan 1.0 Internal PROSITE profile, pattern and rule scanning

program

Uses latest Retrieves non-PROSITE motif matches using InterPro
versions of database or InterProScan
InterPro and
InterProScan
Coils (18) 2.2 Coiled-coil regions
polyAA 1.0 Internal program which identifies homopolymeric
stretches of amino acids
REPEAT (19) 1.1 Identifies the following repeats: Ankyrin, Armadillo, HAT,

HEAT, Kelch, Leucine-rich, PFTA, PFTB, RCC1, TPR, WD40
*ESKW = transmembrane prediction algorithm by Eisenberg, Schwarz, Komaromy and Wall

+ disordered regions:


https://academic.oup.com/bioinformatics/article/33/9/1402/2908909?login=true

Protein sequence analysis: in-house resource
Curator-evaluated computational analysis

ALB4 ARATH g Zoom: 100% 4[]
TOPOLOGY text graphic
TransitC

targetp [ targetp[1|1.1|plant [AMADDD10 rule]

predaotar [ ] predotar| 1wl [ANADDO10 rule]
Transmembrane

eskw - e | [ eskw|1 [ANADDDDZ rule]

tmhmm [ ] [ ] [ B ] tmhmm|1]2.0c [ANADDDDZ rule]

memsat [ ] t[11.8 [AMADDDOZ rule]

phobius ] L] B B phobius|1]1.01 [ANADDDOZ rule]
Mter Location

Inside . Cytoplasmic -

Outside . Extracelhular ”

DOMAIN text graphic

IPR028055 = yidC_oxal_cterm

tigrfam e TIGRO2592 yidC_oxal_cterm
Coiled_coil

cails|1]2.2 [ ] Cailed_caoil [AMADDDO1 rule]

FAMILY text graphic
IPRO01708 = 60KD_IMP

pfam L ) PF02096 B0KD_IMP
interpro|1 (55T PTHR12428

SITE text graphic
Myristate = MYRISTYL

ps_scan i | ps_scan|1 MYRISTYL
N_glycosylation = ASN_GLYCOSYLATION
ps_scan ] f— ps_scan|1 [PRUDD49E rule] ASN_GLYCOSYLATION
SKIP text graphic
IPRO00430 = CK2_PHOSPHO_SITE
ps_scan 1] (K] | ps_scan|1 [PRUOOBT3 rule] CK2_PHOSPHO_SITE
IPR0O01495 = PKC_PHOSPHO_SITE
ps_scan I | | | | | ps_scan|1 [PRUDDGTZ rule] PKC_PHOSPHO_SITE
CURRENT_FT text graphic

Swiss Institute of
Bioinformatics

Prd{} E



FROM:

PubMed=16595657

overlay

chlorophyll GFP

TO:

UniProtkKB Q9FYL3

Subcellular Location®

UniProt Annotation GO Annotation

P Transmembrane 115-135
» Transmembrane 184-204
P Transmembrane 263-283
» Transmembrane 302-322

FIGURE 3, Subcellular localization of Alb3-GFP and Alb4-GFP fusion proteins. Arabi-
dopsis mesophyll protoplasts were transiently transformed with constructs for Alb3- or

Alb4-GFP. Maximum intensity signals from confocal images are shown for chlorophyll
antnflunrecrance GFP fliarecrance and an nuarlav nf hath OFP7-GFP ic included ac a

corresponds to the predicted length of the Alb4 mRNA. Even after
prolonged exposure of the blots treated with the Alb4 probe, no
signal could be found at ~3.5 kb, the predicted size of the Artemis

trapscrint

Alb4 Is a Thylakoid Membrane Pro.‘:ein]»AlbﬁL is predicted to have a
chloroplast transit peptide with a processing site after amino acid resi-

0.

) (3
Ferot o

due 45 based on the ChloroP prediction program (33). To test this
prediction, Arabidopsis mesophyll protoplasts were transiently trans-
formed with constructs for AIb3-GFP or Alb4-GFP._Merging of the GFP

and autofluorescence images indicated a thylakoid localization of Alb4.

The GT T QIStIIDOTION TOT ZAIDT 15 SITTIIAT TO Tt O AIDS and ot o Tt
of outer envelope protein AtOEP7 (Fig. 3). To test this assumption,
in vitro translated radiolabeled Alb4 was imported into isolated pea

https://www.uniprot.org/uniprotkb/Q9FYL3/entry#subcellular_location

1 Automatic Annotation

Helical |
Helical |
Helical |

Helical |

@ Plastid, chloroplast thylakoid membrane

M2 publications ; Multi-pass membrane protein

Curator-evaluated prediction

Curator-evaluated prediction

1 Automatic Annotation ‘

1 Automatic Annotation ‘

1 Automatic Annotation ‘

1 Automatic Annotation \
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UniProtKB/Swiss-Prot: PTM annotation

Glycosylation
Glycosylation is described using a strict controlled vocabulary.
Experimentaly proven or curator-evaluated prediction

P Glycosylation 424 MN-linked (GlcMAC...) (complex) asparagine | © 5Publications Combired Sources
* Glycosylation 506 MN-linked (GlcMAC...) asparagine 3 Publications Caombined Sources
Phosphorylation

Phosphorylation is described using a strict controlled vocabulary.
Only experimentally determined phosphorylation sites (MS).

¢ Modified residue 27 Phosphothreonine; by PLK1 2 Publications
¢ Modified residue 28 Phosphotyrosine; by SRC and HCK 1 Publication
¢ Modified residue Q9 Phosphotyrosine; by ABL1 1 Publication

Prot g

Swiss Institute of
Bioinformatics


https://www.uniprot.org/help/carbohyd
https://www.uniprot.org/help/post-translational_modification

UniProtKB/Swiss-Prot: 3D structure annotation

Manual annotation of entries with 3D-structures has high priority

* 3D-structures yield detailed information about the interactions of a
protein with its ligands (substrates, ions, cofactors or regulatory
molecules), and so help to identify active site residues.

*3D-structures pinpoint the exact position of a residue that causes a
genetic disease when it is mutated.

Pro'.tu‘z ﬁ

Swiss Institute of
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https://www.uniprot.org/help/3d-structure_annotation_in_swiss-prot

Look at this entry (P04150) Question
About the biological knowledge

- 'Function' section
What is the function of the protein?
Where does the information come from?

- 'PTM/Processing' section
How many phosphorylated sites?
How many sites have been experimentally proven to be phosphorylated?

- 'Structure' section (3D structure databases):
Are there 3D structures available for this protein? Do they 'cover' the complete
protein sequence?

- Look at the different tracks of the Feature viewer (including 'proteomics' and 'variants')
Look at the DNA binding domain in the 3D structure (Hint: click on the domain 418-
493)
Which PDB entry allows to ‘visualize’ this domain in the 3D structure?

"% p
Prot ¢
® Swiss Institute of
Bioinformatics



https://www.uniprot.org/uniprot/P04150

Source(s) of annotation

Function:

Receptor for glucocorticoids (GC) (PubMed:271203%0).

Has a dual mode of action: as a transcription factor that binds to glucocorticoid response elements (GRE), both for nuclear and
mitochondrial DNA, and as a modulator of other transcription factors. Affects inflammatory responses, cellular proliferation and
differentiation in target tissues. Involved in chromatin remodeling (PubMed:9590696).

Plays a role in rapid mRNA degradation by binding to the 5' UTR of target mRNAs and interacting with PNRC2 in a ligand-dependent
manner which recruits the RNA helicase UPF1 and the mRNA-decapping enzyme DCP 1A, leading to RNA decay (PubMed:25775514).
Could act as a coactivator for STAT5-dependent transcription upon growth hormone (GH) stimulation and could reveal an essential
role of hepatic GR in the control of body growth (By similarity). ™ By Similarity| 1

Manual assertion inferred from sequence similarity (Inferred from sequence or structural similarity) !

PO6537  %p06537- GCR_MOUSE

|. N 3 Publications | 2

Manual assertion based on experiment (Inferred from experiment)®

Glucocorticoid receptor interacts with PNRC2 in a ligand-dependent manner to recruit UPF1 for rapid mRNA
degradation.
PubMed [4
2
Cho H., Park O.H., Park J., Ryu I, Kim J., Ko J., Kim Y.K. Sl
Proc. Natl. Acad. Sci. US.A. 112:E1540-
View abstract E1549 (2015) [7

L3
®
Pl'Ot ° Swiss Institute of

Bioinformatics




Domain

Region
DNA binding
Zincfinger DNA_B|ND 418-493
» Molecule processing Description
Muclear receptor
» PTM

Evidence
» Sequence information

Sequence Analysis. PRU00407 (PROSITE-ProRule)

b Structural features

» PDBe 3D structure coverage

[ i monu Y [ N} it on |
» Mutagenesis 1 I n III" m e LI B I 1 II [ | " I n !
» Proteomics i e ——————aa = = = = ==
» Antigenic sequences L

| 1 I
; Lol I | | 1L
» Variants AA MM e h e A AR A T (R W T | 1 1
AT AP 1 PRl O A O PO OO e AL L | T e T
200 400 800

Choose the correct PDB
entry (covering the domain
you are looking at...)

“',N.

PDB TKW7 EM 3574 F 1-777 PDBe - RCSB-PDB - PDBj - PDBsum

AlphaFold AF-P04150-F1 Predicted 1-777 AlphaFold



UniProtKB, protein sequence databases
and sequence annotation

Protein sequence and annotation: overview
Nucleic acid sequence databases
INSDC, Ensembl, RefSeq
UniProtKB
UniProtKB/Swiss-Prot
UniProtkKB/TrEMBL
Biochemical data (Rhea & ChEBI)
Gene Ontology
UniProt web sites and tools
NCBI Protein sequence databases
RefSeq

Pro'.tu‘z g
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Bioinformatics



UniProtKB/TrEMBL

Protein sequence

‘

Unreviewed
(TrEMBL)

"% pﬂ
PrOt .: Swiss Insti
@

Bioinformatics



‘

Unreviewed
(TrEMEBL)

Protein sequence

- The quality of the protein sequences is dependent on the information
provided by the submitter of the original nucleotide entry (EMBL-ENA
CDS) or of the gene prediction pipeline (i.e. Ensembl, RefSeq).

- 100% identical sequences (same length, same organism are merged
automatically).

/protein-centric
One protein sequence per entry

Some redundancy with UniProtKB/Swiss-Prot

Pro'.tu‘z ﬁ
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Bioinformatics



(gene:GYPA) AND (taxonomy_id:9606)

% Reviewed (Swiss-Prot) (1)

Unreviewed (TrEMBL) (49)

AOAOQCADFT7
AQOATGIPFV2
B8Q183
P02724 5
Q58HE7
X5M4Z9
ADAO0B7WUL29
AOA2ZRBY7F9
E9PD10
Q8wwpP1
Qswwp2
Q8WWP3
Q8WwWPp4
E7EQF3
E9PH25
K9JI14
Q13030
AOABEBD7U?
AOABEBD9B7

G8Cwo2

AOAQCADFT7_HUMAN
AOATGIPFV2_HUMAN
B8Q183_HUMAN
GLPA_HUMAN
Q58HE7_HUMAN
X5M479 HUMAN
AQADBTWU29_HUMAN
AOAZREY7F9_HUMAN
ESPD10_HUMAN
QEWWP1_HUMAN
QE8WWP2_HUMAN
Q8WWP3_HUMAN
Q8WWP4_ HUMAN
E7EQF3_HUMAN
ESPH25_HUMAN
K2JI114_ HUMAN
Q13030_HUMAN
AOABEED7U?_HUMAN
AOABEEDB7_HUMAN

GBCWO02_HUMAN

Glycophorin
Glycophorin
Glycophorin
Glycophorin-Al..]
Glycophorin
Glycophorin
Glycophorin
Glycophorin-A
Glycophorin
Glycophorin A
Glycophorin A
Glycophorin A
Glycophorin A
Glycophorin
Glycophorin-A
Glycophorin-A
Glycophorin Erik I-IV[...]
GPA

GPA

Glycophorin A

(...)

GYPA
GYPA
GYPA
GYPA, GPA
GYPA
GYPA
GYPA
GYPA
GYPA
GYPA
GYPA
GYPA
GYPA
GYPA
GYPA
GYPA
GYPA, GPErik, hCG_2026259
GYPA
GYPA

GYPA

Biology and/or redundancy

Homeo sapiens (Human)
Homeo sapiens (Human)
Homeo sapiens (Human)
Homo sapiens (Human)
Homeo sapiens (Human)
Homeo sapiens (Human)
Homeo sapiens (Human)
Homo sapiens (Human)
Homeo sapiens (Human)
Homeo sapiens (Human)
Homeo sapiens (Human)
Homo sapiens (Human)
Homo sapiens (Human)
Homeo sapiens (Human)
Homeo sapiens (Human)
Homeo sapiens (Human)
Homo sapiens (Human)
Homeo sapiens (Human)
Homeo sapiens (Human)

Homo sapiens (Human)

150AA

150AA

150 AA

150 AA

150AA

150AA

148 AA

145 AA

137 AA

132AA

132 AA

132 AA

132 AA

118 AA

105 AA

104 AA

85 AN

77 AA

77 AA

77 AA

Swiss Institute of
Bioinformatics



UniProtKB/TrEMBL

Biological knowledge / annotation

‘

Unreviewed
(TrEMBL)

"% p
Prot ¢ @ |
® wiss Inst

Bioinformatics



ENA/GenBank/DDBJ and UniProtKB

What is transferred to UniProtKB (and other protein sequence
databases):

The protein sequence (translated CDS)
* Publication provided by the submitting author

* Gene and protein names

Im,
e EC number (see later) 2ortey
* Origin of the sequence (tissues)
* Taxonomy
[ +4

Prot ¢

|||||||||||||



More this afternoon
lvo Pedruzzi

unreviewed
entries
(TrEMBL)

% p
UniProt ¢ -
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. B
Source of automated annotation Unreviewse

(TrEMBL)

ARBA |

Automated generated rules (ARBA) ot
Multiclass learning system trained on experth
annotated entries in UniProtKB/Swiss-Prot

1 Automatic Annotation |

Manually generated rules (UniRule) unikule

(Human

Maintains a set of manual annotation rules formed) |
UniRule = PIR + HAMAP + Rulebase

1 Automatic Annotation |

Predictor
suites

Sequence analysis methods (SAM)

Signal, transmembrane, coils prediction,
disordered region

(External

software)

| 1 Automatic Annotation |

InterPro
Domains & GO terms

() InterPro

| InterPro Annotation |

Classification of protein families

Prot ,- ﬂ
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. B
Source of automated annotation Unreviewse

(TrEMBL)

ARBA |

Automated generated rules (ARBA) ot
Multiclass learning system trained on experth
annotated entries in UniProtKB/Swiss-Prot

1 Automatic Annotation |

Manually generated rules (UniRule) unikule

(Human

Maintains a set of manual annotation rules formed) |
UniRule = PIR + HAMAP + Rulebase

1 Automatic Annotation |

Predictor
suites

Sequence analysis methods (SAM)

Signal, transmembrane, coils prediction,
disordered region

» InterPro

Domains & GO terms

(External

software)

| 1 Automatic Annotation |

() InterPro

| InterPro Annotation |

Classification of protein families

Prot ,- ﬂ

Swiss Institute of
Bioinformatics



FIMSM3 - FIMSM3_BOVIN

MNeurogenic locus notch homolog protein 1 - Bos taurus (Bovine) - Gene: NOTCH1 - 2533 amino acids - Inferred from homology - Annotation score: @

>tr|F1MSM3 | FIMSM3 BOVIN Uncharacterized protein 05=Bos taurus GN=NOTCH1 PE=4 S5V=2
MPPLLAPLLCLALLPALAARGLRCSPGETCLNGGKCEVFENGTEACTICGEAFAGQQCRL
PFNPCLSAPCENGGTCHITEREGLVDYVCGCRLGFSGPLCLTPRDHACLASPCLNGGTCDL
LTLTEYKCLCTPGWSGETCROADPCASNPCANGGQCLPFEASYICHCPPGFHGETCRQDV
NECEQSPGLCHHGGTCLNEVGSYRCVCRPTHT GPHCELEYVPCSPSPCONGGTCRETGDT
THECACLEGFTGQNCEENIDDCEGN SCENGEACVDEVNT YHCRCPPENTGRYCTEDVDEC
QLMPNACONGGT CHNTHEGYNCVCVNGHIGEDCSENIDDCASASCFQGATCHDRVASFEYC
ECPHGRTGLLCHLNDACTISHPCHNEGSNCDTNEVNGEAICTCPSGYTGPACSQDVDECSLE
ANPCEHRAGKCINTLGSFECQCLQGYTGPRCEIDVNECVSHNECONDATCLDRIGEFQCICH
PGYEGLHCEVNIDECASSPCLONGRCLDEINEFVCECPTGFTGHLCQYDVDECASTPCEN
GAHCLDGEEPNTYICVCTEGYTGPHCEVDIDECDPDPCHYGSCEDGVATFTCLCQPGYTGHHE
CESNINECHSQPCRHGGTCRDRDMAYLCFCLEGTTGENCE INLDDCASHNECDSGTCLDEL
DEYECACEPGYTGEMCHNINIDECADSPCHNGETICEDGINGFTCRCPEGYHDEPTCLSEVHE
CSSNPCIHGACRDSLNGYKCDCDRGHSGANCDWVNNDECESHECINGGTCEDMT SGYVCRC
REGFSGPNCQTNINECASNPCLNQGTCIDDVAGYKCHNCLLEYTGATCEVVLAPCAPGECR
NGEECRESEDYESFSCACPAGHQGRTCEIDINECVESPCRAGASCONTNESYRCHCQAGY
TGRNCETDIDDCRPNPCHNGGSCTDGINTAFCDCLPGFQGAFCEEDINECASSPCRNGRN
CTDCVDSYTCTCPTGFSGIHCENNT PDCTESSCFNGGTCVDGINSFTCLCPEGETGEYCD
HDVNECDSRPCLHGGTCHDSYGTYTCTCPRGYTGLNCQTLVRWCDS SPCENDGRCHQTHA
LYRCECHSGWTGLYCDVPSVSCEVAARQOGVNVTHLCRNGGLCMNAGNTHRCHCQAGY TG
SYCEEQVDECSPSPCONGATCTDY PGGYSCECVAGYHGVNCSEEVNECLSQPCRNGCETCI
DLTNTYKCSCPRGTQGVHCEINVDDCHPPIDEVSRGPECFHNGT CVDQVGEEYSCSCPEGE
VGERCEGDVNECLSNPCDARGTQNCVQHVNAFHCECRAGHTGRRCESVINGCEDRECENG
GSCAVASNTARGFICKCPAGFEGATCENDARSCESLRCLNGETCIAGPRSPTCLCLGEFT
GPECQFPRSSPCVGGHNPCYNQGVCEPTAESPFYRCRCPAKFNGLLCHILDYSFGGGVGLD
IPPPQIEETCELPGCREELAGNEVCSLOCNSHACGWDGEDCSLOFDDPWQNCTQSLOCWEY
FSNGRCDSQCHSAGCLFDGFDCQRAEGQCHPLYDOYCKDHFRDGHCDQECHSAECEWDGEL
DCAEHVPERLAAGTLVLVVLMPPEQLRNRSLHFLRELSRLLHTNVVFERDASGQOMIFPY
¥GQEPHCRQGSAPRSVEVSTTHALLVLDEASPQEHCAPPGLFLEIVYLEIDNRQCVQSSES
QCFOSATDVAAFLGALASLGSLNIPYKIEAVQSETVEPPEPPEPPLHFMYVAVVAFVLLEFV
GCGVLLSRERRRQHGQLWFPEGFKVSEASKKKRREPLGEDSVGLEPLENSSDGALMDDNG
NEWGDEGLEAKKFRFEEPVVLPDLDDQTDHROWTQOHLDAADLRVSAMAPTEPQGEADAD
CHDVHNVRGEDGFTPLMIASCSGGGLETGNSEEEEDAPAVISDFIYQGASLHNQTDRTGET
ALHLALRYSRSDALKRLLEASADANTQDNMGRTPLHAAVSADAQGVEFQILIRNRATDLDL
FEMHDGTTPLILAARLAVEGMLEDLINSHEDVNAVDDLEESALHWALAVHNVEALVVLLEN
GANKDMONNKEETPLFLAAREGSYETAKVLLDHFANRDITDHMDRLPRDIAQERMHHDIV
RLLDEYSLVRSPPLHGATLGGTEPTLSPPLCSPNGY LGNLEPPMQGKKARKPSTEGLACGE
KEPKDLEARREKSQDGKGCLLDSGSVMSEPVDSLESPHGYLSDVASPPLLESPFQPSPSVE
LNHLPGMPETHLGVSHLSVALKPEMAVLSGGSRLAFEAGPPRLSHLPVASSTSTILGSGE
SGEESGAVNEFIVGEGAAGLNGRCENLSRLONGLVENGYNPLRGGVI PGTLSTQRAGLOHGETV
GPLHAPALSOVMTYQALPSTRLASQPHLVQPQONLOMOPESMPEQPNLQPHLGVSSARSE
HLGRSFLGGELSQADMOPLGPGN LA AHTVLPQDGGVLEPTSLESTLAPPTMAPPMTTAQFL
TPPSQHSYSSSPVINTPSHOLOVPEHPFLTPSPESPDOWSSSSPHSNISDWSEGISSERT
SVPSQIAHVPEAFK

Swiss Institute of
Bioinformatics



ification of protein families

iits Release notes Download Help About

Protein family membership

v E MNotch (IPR008297)
E Neurogenic locus Notch 1 (IPR022362)

roA .
Entry matches to this protein @ L oa =
2400 '

T T T T T T T T T T T T
200 400 800 200 1,000 1,200 1,400 1,600 1,800 2,000 2,200

1 : 9633

1000 2000

* Family

@ ipro08297
PIRSFO02279
IPRO22362
PRO1934

e o
M
]
0
e

* Domain

e I 1PR000742

SMO0181

PS50026

§ 83 ¥ % 3 ¥EFEREE BPREIIEREBNGRG ONR i3 PS01186
PSO0022

PFO0003

[ — [ 1PROC0SO0O

SMO0004
: P550258
{ K I PRO1452
PFO0O06E

S e e e e s e Bl 1PRootas:

SMO0179
PFOTE45

& 1PRO10660
SMO1338

PFO&E16

GO terms [ 1PROT1656
SMOD1339
Biological Process Molecular Function Cellular Component PFO7684

« Notch signaling pathway (GO:0007219) 2 « protein binding (GO:0005515) 2 « integral component of membrane (GO:0016021) 2 E; ::ZR ;20683

« cell differentiation (GO:0030154) 2 « calcium ion binding (GO:0005509) 2 PE12796
+ regulation of developmental process (GO:0030793) = = signaling receptor activity (GO:0038023) 2 - m IPRO24600
« multicellular organism development (GO:0007275) 2 SMO1334

-
« regulation of transcription, DNA-templated (GO:0006355) 2 Swiss Institute of
Bioinformatics




FIMSM3 - FIMSM3_BOVIN

MNeurogenic locus notch homolog protein 1 - Bos taurus (Bovine) - Gene: NOTCH1 - 2533 amino acids - Inferred from homology - Annotation score: @

GO Annotations’

Molecular Function
Molecular Function
Molecular Function
Molecular Function
Moaolecular Function
Moaolecular Function
Moaolecular Function

Molecular Function

Family & Domains’

Prot.}

» Domain

» Domain

» Domain

» Domain

P Domain

» Domain

» Domain

calcium ion binding [4 ‘

chromatin DNA binding [Z

enzyme binding [1

enzyme inhibitor activity [2

identical protein binding [

Notch binding [4 [—I Manual Assertion Based On Experignen [—I IBA:GO Central
signaling receptor activity [Z
transcription coactivator activity [

20-59 EGF-like |  interProAnnotation |
60-100 EGF-like | InterPro Annotation |
103-140 EGF-like | interPro Annotation |
141-177 EGF-like |  InterProAnnotation|
179-217 EGF-like | interPro Annotation |
219-256 EGF-like | InterPro Annotation|
258-294 EGF-like | interPro Annotation |

Swiss Institute of
Bioinformatics



E

Source of automated annotation Unreviewse

(TrEMBL)

(,:R:A ' 1 Automatic Annotation |
Automated generated rules (ARBA)

learning)
Multiclass learning system trained on experth
annotated entries in UniProtKB/Swiss-Prot

Manually generated rules (UniRule) unikule

(Human

Maintains a set of manual annotation rules formed) |
UniRule = PIR + HAMAP + Rulebase

1 Automatic Annotation |

Predictor
suites

Sequence analysis methods (SAM)

Signal, transmembrane, coils prediction,
disordered region

(External

software)

| 1 Automatic Annotation |

InterPro
Domains & GO terms

() InterPro

| InterPro Annotation |

Classification of protein families

"% p
Prot ¢
® Swiss Institute of
Bioinformatics



Source of automated annotation/ARBA

Reviewed Proteins Rules Unreviewed Proteins

— " ) —
— | — N ARBA — — —
j Ceo j

Automatically
annotated
proteins

ARBA currently generates around 27°000 models, resulting in
annotation for more than 109 million protein sequences

Prot.}

(Machine learning)

Annotation is not ‘stable’ !

Swiss Institute of
Bioinformatics



Source of automated annotation/ARBA

ARBA 27,337 results (Number of rules)

&, Download View: Cards O Table® £ Customizecolumns <« Share ~

H ARBAID Statistics Taxonomic scope

[J ARBAO00000001 2,481 UniProtKB entries Metazoa

2,481 unreviewed UniProtKB entries

[J ARBA00000002 1,669 UniProtKB entries Togaviridae
1,669 unreviewed UniProtKB entries

Number of annotated entries

Total (2022_04) UniPro.t..: BLAST Align Peptidesearch IDmapping SPARQL  UniProtkB [Tyt
% Reviewed [(Swiss-Prot)
(568,002) Status

Unreviewed (TrEMBL) Unreviewed (TrEMBL) UniProtKB 108,867,323 results
(226,771,948) (108,867,323)

"% p
Prot ¢
o® Swiss Institute of
Bioinformatics



Source of automated annotation/ARBA

ARBA - ARBA00000001

&, Download ~ View proteins ~

InterPro signature ‘ IPRO40234 2 catalytic activity

taxon ‘ Metazoa

IPROA0Z234  Glutaminyl-peptide cyclotransferasze-like

Annotated UniProtKB entries

Browse all 2,481 entries

UniProt ¢
o0

N-terminal L-glutaminyl-[peptide] = N-terminal 5-oxo-L-prolyl-[peptide] + NH4"
EC:2.3.2.5 (UniProtKB | ENZYME £ |Rheal? )

Source: Rhea 23652 [

N-terminal L-glutaminyl-

[peptide]

RHEA-COMP:11846

N-terminal

L-glutamine residue

CHEBIL:64722

N-terminal 5-oxo-L-prolyl-

[peptide]

RHEA-COMP:11736

I=

N-terminal 5-oxo-

L-proline residue

CHEBI:87215

» Hide Rhea reaction

NH,*

CHEBI:28938

H
[,
H"‘7N\

H H

Zoom

Swiss Institute of
Bioinformatics



E

Source of automated annotation Unreviewse

(TrEMBL)

ARBA |

Automated generated rules (ARBA) ot
Multiclass learning system trained on experth
annotated entries in UniProtKB/Swiss-Prot

1 Automatic Annotation |

» Manually generated rules (UniRule) unikule

(Human

Maintains a set of manual annotation rules formed) |
UniRule = PIR + HAMAP + Rulebase

1 Automatic Annotation |

Predictor
suites

Sequence analysis methods (SAM)

Signal, transmembrane, coils prediction,
disordered region

(External

software)

| 1 Automatic Annotation |

InterPro
Domains & GO terms

() InterPro

| InterPro Annotation |

Classification of protein families

Prot ,- ﬂ

Swiss Institute of
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Source of automated annotation/UniRule

. & .

Superkingdom

em—— UniRules3ssresults  (Number of rules)

Bacteria (4,305)
& Download View: Cards & Table @ ¢ Customizecolumns =2 Share
Archaea (1,528)
UniRule ID Statistics Taxonomic scope Annotation covered Predicted protein name
Viruses (675)
~' UR0OO0000032 7,756 UniProtKB entries Fungi protein name Glucanase|..]
7,756 unreviewed UniProtKB entries similarity
keyword
[ UR0O0O0000033 2,997 UniProtKB entries Bacteria protein name Glucanasel...]
2,997 unreviewed UniProtKB entries similarity
keyword
[ UR0OO0000052 146,399 UniProtKB entries Viridiplantae protein name Ribulose bisphosphate carboxylase large chainl..]
146,399 unreviewed UniProtKB entries Rhodophyta catalytic activity
Stramenopiles cofactor
Haptophyceae subcellular location
Pyrenomonadales similarity
2 more taxons 2 more annotations

Number of annotated entries

UniPro.t.,: =10 N [0 O 2T s = e O [ 00 T T 2= 2 o VISR (source:PIR*) OR (source:HAMAP) OR (source:RuleBase)
Total (2022_04)
. . . Status
% Reviewed (Swiss-Prot) o .
Reviewed (Swiss-Prot) UniProtKB 53,801,987 results
(568,002) (315,267)
Unreviewed (TFEMBL) &, Download View: Cards O Table@® £ Customizecolumns 2 Share
. nreviewed (TrEMEBL)
Unreviewed (TFTEMBL) (30.613.324)
R ! ! m Entry . Entry Name . Protein Names . Gene Names .
(226,771,948) N _ ,
Popular organisms O 043716 5 GATC_HUMAN Glutamyl-tRMA(GIn) amidotransferase GATC, 15E1.2

Swiss Institute of
Bioinformatics
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Source of automated annotation/UniRule

UniRule - UR000000052

& Download = Wiew proteins =

Source |D: RU0O0302
IF THEN

Pfam signature | PFOO016 [3 protein name | Ribulose bisphosphate carboxylase large chain[_]

Pfam signature | PFO2738 3 catalytic activity | 2 (2R)-3-phosphoghycerate + 2 H* = CO2 + D-ribulose 1,5-bisphosphate + H20
EC:4.1.1.3% (UniProtKB | ENZYME 3 |Rhea 3 )

taxon | Viridiplantae, Rhodophyta, Stramenopiles, Source: Rhea 23124 [
urce: ea

Haptophyceae, Pyrenomonadales, Euglenaceae,

~ View Rhea reaction

or Dinophyceae
gene location | Plastid D-ribulose 1,5-bisphosphate + 02 = (2R)-3-phosphoglycerate + 2-phosphoglycolate +
-
| 2H

Source: Rhea 3663105

~ View Rhea reaction

cofactor | Mg{2+) (UniProtkB | Rhea[? | CHEBI:1842003 )
Binds 1 Mg2* ion per subunit.

subcellular location | Plastid, chloroplast
similarity | Belongs to the RuBisCO large chain family
subunit | Heterohexadecamer of 8 large chains and & small chains

keyword | Calvin cycle

Carbon dioxide fixation
Chloroplast

Lyase

Magnesium
Metal-binding
Monooxygenase
Oxidoreductase
Photorespiration
Photosynthesis

Annotated UniProtKB entries

Browse all 146,399 entries

L Swiss Institute of
oe Bioinformatics



More information on
the automated gene / protein
annotation pipelines (& HAMAP) this
afternoon

lvo Pedruzzi

Pro'.tu‘z ﬁ
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E

Source of automated annotation Unreviewse

(TrEMBL)

ARBA |
(Machine

Automated generated rules (ARBA) learning)
Multiclass learning system trained on experth
annotated entries in UniProtKB/Swiss-Prot

1 Automatic Annotation |

UniRule

Manually generated rules (UniRule)
Maintains a set of manual annotation rules
UniRule = PIR + HAMAP + Rulebase

(Human
informed) |

1 Automatic Annotation |

Predictor
suites

(External

software)

» Sequence analysis methods (SAM)
Signal, transmembrane, coils prediction,
disordered region

| 1 Automatic Annotation |

InterPro ') InterPro

Domains & GO terms | InterPro Annotation |

Classification of protein families

"% p
Prot ¢
® Swiss Institute of
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Source of automated annotation/SAM

SAM - Sequence Analysis Methods for automatic annotation

UniProt's Automatic Annotation pipeline has been designed to enhance the unreviewed records (in UniProtKB/TrEMBL by enriching them with automatic classification and annotation. In this context, we
use 2 suite of Sequence Analysis Methods (SAM) to annotate extra sequence-specific information, some of which are alzo applied to reviewed records (in UniProtKB/Swiss-Prot).

Methods

Predictions of sequence features such as Signal, Transmembrane, Coiled coil and intrinsically disordered [0 regions {the latter described in Region and Compositional bias annotations) are generated using
the following software from external providers:

» TMHMM 2

« SignalP @

» Phobius [§

= Coils 3

» MobiDB-lite .7

These methods are applied to UniProtkKE sequences by InterPro [ to predict sequence features. More annotations {mainly keywords ) are then added automatically to enrich the generated predictions. The
new predictions are propagated to all the UniProtKB/TrEMBL records that do not already contain such feature predictions from the UniRule automatic annotation system.

Transmembrane region
ThHMM and Phobius predictors are used toinfer transmembrane regions. If there is an overlap of at least 10 amino acids between TMHMM and Phobius results, the transmembrane region is annotated using
the sequence ranges predicted by Phobius. Otherwise, if there is na such overlap, no predictions are generated.

See also

. regions in revi d entries

Transmembrane region from: Prediction:

Transmembrane region
prediction with
positions from Phobius

TMHMM in overlap
(10aa) with Phobius

TransMembrane
region

TMHMM only (with NO
overlap with Phobius)

NO predictions

https://www.uniprot.org/help/sam S

T
LT M

UniPro



Source of automated annotation/SAM

UniPrc-.t..: BLAST Align Peptidesearch IDmapping SPARQL  UniProtKB v It AY)] Advanced | List
Total (2022_04)
Status
% Reviewed (Swiss-Prot) | % Reviewed (Swiss-Prot) U ni P rOtKB 95,288,5 15 results
(568,002) (119.428)
! ' Unreviewed (TrEMBL) &, Download View: Cards © Table ® ¢ Customizecolumns & Share v
Unreviewed {TFEMBU l (95,169,087) ®m Entry . Entry Name . Protein Names . Gene Names .
(226,771,948) Popular organisms O ABMQO3 % CRTP1HUMAN Cysteine-rich tail protein 1 CYSRT1,C90rf169

e
o
Pl"Ot. ° Swiss Institute of
Bioinformatics



Source of automated annotation/SAM

Prediction of intrinsic disorder in proteins (IDP) : ModiDB-lite

Region
Compaositional bias
Region

Compaositional bias

Region

1-23

130-14%9

150-183

166-133

394-415

Disordered | 1Automatic Annotatian |

Paolar residues | 1 Automatic Annotstion |

Disordered | 1Automatic Annctatian |

Polar residues | 1Automatic Annctation |

Disordered | 1Automatic Annctation |

Automatic assertion according to rules (Automatically inferred from sequence model)
MobiDB-lite

About 50 % of the UniProtKB proteins contain disordered regions !
These regions (IDP) are involved in:

assembly of different subcellular structures,

reaction crucible,
sequestration,
packaging for transport.

Prot ¢

MobiDB-lite: fast and highly specific consensus
prediction of intrinsic disorder in proteins @

Marco Necci, Damiano Piovesan, Zsuzsanna Dosztanyi, Silvio C.E Tosatto &

Bioinformatics, Volume 33, Issue 9, 1 May 2017, Pages 1402-1404, https://doi.org/10.1093
/bioinformatics/btx015



Source of automated annotation/UnProtein

NEW: release 2022 _04: Protein names, machine learning and Google

s
h »
Uanro.t.,' BLAST Align Peptidesearch IDmapping SPARQL  UniProtKB » EEelllfs=nelels=

Total (2022_04)

% Reviewed (Swiss-Prot)
(568,002)

Unreviewed (TrEMEL)
(226,771,948)

Prot.,:

UniProtKB 49,292,040 results

& Download

M Entry .

- ADA494C176
— E7ENX8

) H3BNHS8

] ADAOB7WZY1
[ AOA3B3ISS?

— ADAQJFYYC4A
O 070125

I Q9cuLo

) Q3TRBO

— Q9CVWS

~ Q3UHI8

[ Q8CFo7

) Q3UHR2

[ Q3v4A4

- QBCCV7

] Q31ZQ0

O Qauzz2

Entry Name .

AQA494C176 HUMAN

E7ENXS_HUMAN

View: Cards © Table ® ¢ Customize columns

Protein Names .

Secreted protein

TAP2

Gene Names .

Recommended

name

TAP2 | 1 automatic Annctation |

Automatic assertion according to rules (Autematically inferred from sequence model)

UnProtein
Q3TRBO_MOUSE ALMS1 protein Akapé
QYCVWS5_MOUSE Collagen alpha-1{l) chain-like Sptbn4, Spnb4
Q3UHIE_MOUSE A-kinase anchor protein 6 Akapé
QB8CF07_MOUSE NK6 homeobox 2 Nkx6-2
Q3UHR2_MOUSE A-kinase anchor protein 6 Akapé
Q3V4A4_ MOUSE Vesicle transport protein Pygo2
QBCCV7_MOUSE Secreted protein Meg3, Gtl2
Q3TZQ0_MOUSE Pericentrin-like Cenpf
Q3UZZ2_MOUSE HES1 Hesl

Swiss Institute of
Bioinformatics



UniProtKB news

Google protein name predictions

UniProt has collaborated with the groups of Max Bileschi and Lucy Colwell at Google Research @ to predict names for UniProtKB/TrEMEBEL proteins. The
UniProt 2021_02 release data were used to train a model called ProtMNLM based on the TSX framework [4 . The model uses a shared vocabulary that encodes
both protein sequences and their text descriptions (TS methodology, Raffel et al. 2020 [ ). Free-text UniProt protein name(s) are produced as output. Expert
biocurators manually evaluated a subset of model-predicted protein names chosen at random and informed model-building with stratified confidence scores.
An automated verification tool also checked whether a predicted name occurs as a substring of the full UniProt entry for any protein belonging to the same
UniRef50 2022 _01 cluster.

Starting from release 2022 _04, these name predictions will be used as the recommended name for all TTEMBL entries whose name would otherwise be
"Uncharacterized protein” (49,292,040 entries in this release). The source of these protein names is indicated in their evidence tags and can be used to

retrieve the corresponding entries with this query.

https://www.uniprot.org/release-notes/2022-10-12-release

Swiss Institute of

.
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Question

Note: the protein sequence found in this entry is 100 % identical to the canonical protein
sequence of the UniProtKB/Swiss-Prot entry PO4150 (previous question)

- 'Header section'

What is the status of this entry: reviewed by a biocurator or unreviewed?
What is the annotation score?

- 'Names&Taxonomy' section
What are the name(s) of the gene and the name(s) of the protein?
What is the source of these name assignments?

- ‘Subcellular location’ and ‘Family and domain’ sections
- Look at the source of information

- Sequence section
How many protein sequence ?
- 'Cross references’' section
Look (in GenBank) for the data available on the nucleic acid sequence.
Where does the protein sequence come from?
How many RefSeq entries have the same protein sequence?

PrdE 3 ﬂ

Swiss Institute of
Bioinformatics



https://www.uniprot.org/uniprot/F1D8N4

Let’s compare these Swiss-Prot and TrEMBL records
same gene, same protein sequence

"% p
Prot ¢
® Swiss Institute of
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Prot.}

BF04150
F1DEN4

BF04150
F1DEN4

F04150
F1DEN4

P04150
F1DEN4

F04150
F1DEN4

BF04150
F1DEN4

BF04150
F1DEN4

BF04150
F1DEN4

P04150
F1DEN4

F04150
F1DEN4

F04150
F1DEN4

BF04150
F1DEN4

BF04150
F1DEN4

GCR_HUMLN
F1DEN4 HUMAN

GCR_HUMAN
F1DEN4 HUMAN

GCR_HUMAN
F1DEN4 HIOMAN

GCR_HUMAN
F1DEN4 HUMAN

GCR_HUMAN
F1DEN4 HUMAN

GCR_HUMAN
F1DEN4 HUMAN

GCR_HUMLN
F1DEN4 HUMAN

GCR_HUMAN
F1DEN4 HIOMAN

GCR_HUMAN
F1DEN4 HUMAN

GCE_HUMAN
F1DEN4 HUMAN

GCR_HUMAN
F1DEN4 HUMAN

GCR_HUMLN
F1DEN4 HUMAN

GCR_HUMAN
F1DEN4 HUMAN

121
121

181
181

241
241

301
301

36l
368l

421
421

481
481

541
541

601
601

661
661

T21
T21

MDSKEESLTPGREENFSSVLAQERGDVMDEYKTLRGGATVEVSASSESLAVASOSDSEQRRE
MDSEESLTPGREENPSSVLAQERGDVMDEFYKTLRGGATVEVSASSESLAVASSDSEQRR

R R R R R R R R RR SRR R R R R R R R R R R R ROR R R RO RO R OR O OROR RO OR RO OR RO OR R R OR RO

LLVDFPEGSVSHNAQQPDLSKAVSLSMGLYMGETETEVHGHNDLGFEQRGRISLSSGETDLE
LLVDFPEGSVSNAQQPDLSEAVSLSMGLYMGETETEVHGNDLGFPQQGRQISLESGETDLE

RN AR R R N R A A R A R R R R A R A A R AN R R AR R AN R AN AR AR AR AR AR R AR R AR

LLEESIANLNRST SVPENPESSASTAVSARPTEKEFFETHSDVSSEQQHLEGQT GTHGEGEN
LLEESIANLMESTSVPENPESSASTAVSARPTEKEFFETHSDVSSEQQHLEGRT GTHGEGH

R A A A A A A A A R A AR R A A A A AR A A R AN A A AR A A AR AN A A AR AR AR AR AARAR R

VELYTTDQSTFDILQDLEFSSGSPGEETNESFWRSDLLIDENCLLSFLAGEDDSFLLEGH
VELYIIDQSTFDILQDLEFS5G5PGEETNESFWRSDLLIDENCLLSFLAGEDDSFLLEGH

R R R N R A R A R A R A A AR N R R A AR R AR AR AR AT RREEHE

SNEDCEFLILEN TEFEIKDNGDLVLSSESNVILPQVETEEEDFIELCTEGVIKQEELGTV
SNEDCEFLILF TEDNGDLVLSSESHNVILEQVKIEKEDFIELCTEGVIKQEELGTV

R R R R R R R R R R R RR R R R R R R R R R R R R R R R R R R R R R R R MR R MR R R
YCQLSFEGT
YCQRSFEM S
R R R R R O .
SENWHNRCQGES . O] Id

]0 TRGEOMYHYDMNTASLSQRQDOKPIFNVIEFEIEVG
0 0 TMYHYDMNTASLSQQODOEEIFNVIPEIEVG

VEREE AR AR A AR AR AR AR R AR

TV SSPES555TATIGEFPPEL

SENWHNRCQGSGEDDMN. I‘e Ot ° TRPFF5555TATIGFFFEL
R R R RO R R R R OR R OR WM dl[ IC l R ROR R OROR R R OR R R
CLVCSDEASGCHYGVLTCGSCEVE. Od IREFNCEACEYRE
CLVCSDEASGCHYGVLTCGSCEVEFFER. 1] L{IRRFNCPACEYRE
HHRHH A A A AR AR RARA KRR HREHR A A y HHRHHAAEARARAR
L]
L]
CLOAGHMNLEARKTEEEIEGIQRATTGVSQETSENPGHR. . ®* LPQLTPTLVSLLEVIE
CLOAGMNLEARKTKEKIEGIQQATIGVSQETSENFGNETIV,.. (LEQLTFTLVSLLEVIE

R A A A A A A A A R A AR R A A A A AR A A R AN A A AR A A AR AN A A AR AR AR AR AARAR R

PEVLYAGYDSSVPDSTWRIMI TLMMLGGROVIAAVEWAKA T PFGFRNLHLDDOMTLLOY SW
PFEVLYAGYDSSVEDSTWRIMI TLNMLGGROVIAAVEWAKA T FGFRNLHLDDOMTLLO Y SW

R R R N R A R A R A R A A AR N R R A AR R AR AR AR AT RREEHE

MFLMAFALGWRESYRQSSANLLCFAPDLI TNEQEMT LECHYDQCKHMLYVSSELHRLOVSY
MFLMAFALGWRESYRQSSANLLCFAPDLI TNEQEMT LECHY DQCKHMLYVSSELHRLOVSY

R R RR SRR RR R SRR R R R SRR R R R R R R R R R R R R R R R R R R W

EEYLCMETLLLLSSVEKDGLESQELFDEIRMT Y IKELGEAIVEREGNS SQNWQRFYQLTE
EEYLCMETLLLLSSVPEDGLESQELFDEIRMT Y IKELGEATVEREGNSSQNWQRFYQLTE

R R R R R R R R RR SRR R R R R R R R R R R R ROR R R RO RO R OR O OROR RO OR RO OR RO OR R R OR RO

LLDSMHEVVENLLNYCFQTFLDETMSIEFFEMLAEI ITHQIPEY SHGN IKELLFHQE
LLDSMHEVVENLLNYCFQTFLDETMSIEFFEMLAETITTHQIPEY SHGNIEELLFHQE

RN AR R R A N A R A R R A R R A R A R A R R AN R AN AR AR AR A R AR R AR R AR AR R &

a0

120
120

180
180

240
240

300
300

380
380

420
420

480
480

540
540

600
600

aa0
aa0

T20
T20

T
T
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A
Names & Taxonomy: h
Protein names’

Recommended name | Glucocorticoid receptor P 04 1 5 0
Short names | GR

Swiss-Prot

Alternative names | MNuclear receptor subfamily 3 group C member 1

Gene names!
Name | NR3C1

Synonyms | GRL

Organism names’

Organism | Homo sapiens (Human)

Taxonomic identifier’ | 9606 NCBI [7

Names & Taxonomy:

Protein names’

F1D8N4
TrEMBL

Recommended name | Glucocorticoid receptor | 1Automatic Annotation |

Alternative names | Nuclear receptor subfamily 3 group C member 1 | 1 Automatic Annotation |

Gene names’

Name | NR3C1 | imported|

Organism names’
Organism | Homo sapiens (Human) [ imported|

Taxonomic identifier’ | 9606 NCBI[Z

Prdg ,: E
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Function®

Receptor for glucocorticoids (GC) (PubMed:27120390). b

Has a dual mode of action: as a transcription factor that binds to glucocorticoid response elements (GRE), both for nuclear and mitochondrial DNA, and as a modulator of other transcription factors. Affects inflammatory

responses, cellular proliferation and differentiation in target tissues. Involved in chromatin remodeling (PubMed: 9590696). !

Plays a role in rapid mRMNA degradation by binding to the 5" UTR of target mRMAs and interacting with PNRC2 in a ligand-dependent manner which recruits the RNA helicase UPF1 and the mRMNA-decapping enzyme

DCP1A, leading to RNA decay (PubMed:25775514).

Could act as a coactivator for STAT5-dependent transcription upon growth hormone (GH) stimulation and could reveal an essential role of hepatic GR in the control of body growth (By similarity). PO4 1 5 O

Isoform Alpha SWISS-PrOt

Has transcriptional activation and repression activity (PubMed: 15866175, PubMed:19248771, PubMed:20484466, PubMed: 23820903, PubMed:11435610, PubMed: 15769988, PubMed:17635946,
PubMed:19141540, PubMed:21664385).

Mediates glucocorticoid-induced apoptosis (PubMed:23303127).

Promotes accurate chromosome segregation during mitosis (PubMed:25847991).

May act as a tumor suppressor (PubMed:25847991).

May play a negative role in adipogenesis through the regulation of lipolytic and antilipogenic gene expression (By similarity). L By Similarity W 11 publications

Isoform Beta

Acts as a dominant negative inhibitor of isoform Alpha (PubMed: 7769088, PubMed:8621628, PubMed:20484466).

Has intrinsic transcriptional activity independent of isoform Alpha when both isoforms are coexpressed (PubMed:19248771, PubMed:26711253).
Loses this transcription modulator function on its own (PubMed:204844466).

Has no hormone-binding activity (PubMed:8621628).

May play a role in controlling glucose metabolism by maintaining insulin sensitivity (By similarity).

Reduces hepatic gluconeogenesis through down-regulation of PEPCK in an isoform Alpha-dependent manner (PubMed:26711253).

Directly regulates STAT1 expression in isoform Alpha-independent manner (PubMed:26711253). N By Similarity W 5 publications

Isoform Alpha-2

Has lower transcriptional activation activity than isoform Alpha. Exerts a dominant negative effect on isoform Alpha trans-repression mechanism (PubMed:20484466).

Isoform GR-P

Increases activity of isoform Alpha.

Molecular Function  core promoter sequence-specific DNA binding [ [N Manual Assertion Based On Experiment | [ 1DACAFA |

Molecular Function DNA-binding transcription activator activity, RNA polymerase ll-specific [7 [l Manual Assertion Based On Experiment | |] IDAURIProtkB

Molecular Function ~ DNA-binding transcription factor activity [7 W Manual Assertion Based On Experiment | (W iDA:UniProtks

Molecular Function DNA-binding transcription factor activity, RNA polymerase ll-specific £ | N ISAMTMNU_SB '|

Molecular Function DNA-binding transcription repressor activity, RNA polymerase Il-specific [{ [-I Manual Assertion Based On Experiment | [—I IDA:NTNU_SB:
Molecular Function ~ Hsp90 protein binding 3 [ Manual Assertion Based On Experiment | [ ™ ipLuniprotke|
Molecular Function identical protein binding [7 |M|
Molecular Function  nuclear glucocorticoid receptor activity [4 [N Manual Assertion Based On Experiment | [ Tas:Protinc|
Molecular Function nuclear receptor activity [7 [I Manual Assertion Based On Experiment | [l IDA:UniProtKE|

veq Molecular Function  protein kinase binding [2 [N Manual Assertion Based on Experiment | | W ipraRUK-UCL |

Prot M Molecular Function ~ RNAbinding (3 [ IEAUniProtke<w|
o® Swiss Institute of

Bioinformatics



Function:

F1D8N4
TrEMBL

No CC Function

Molecular Function DNA-binding transcription factor activity [3 |m
Molecular Function identical protein binding 4 [ iEAEnsembl |

Molecular Function nuclear glucocorticoid receptor activity [J |m|
Molecular Function protein kinase binding I3 |m|

Molecular Function sequence-specific DNA binding [7 |m
Molecular Function steroid binding 7 |ml

Molecular Function zincion binding ™ | iEAnterpro|

Swiss Institute of
Bioinformatics
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Subcellular Location:

UniProt Annotation GO Annotation

Subcellular Location:

UniProt Annotation GO Annotation

-

Isoform Alpha

9 cytopiasm

9 Mi ion [ 1publication
Qc ey pindle [ 1publication|
Qc oy microtubule organizing center, centrosome

After ligand activation, translocates from the cytoplasm to the nucleus. In the presence of
NR1D1 shows a time-dependent subcellular localization, localizing to the cytoplasm at ZT8
and to the nucleus at ZT20 (By similarity).

Lacks this diurnal pattern of localization in the absence of NR1D1, localizing to both nucleus

and the cytoplasm at ZT8 and ZT20 (By similarity).

Isoform Beta

Nucteus
Cytoplasm 2 Publications

Expressed predominantly in the nucleus with some expression also detected in the cytoplasm.

2 Publications

Isoform Alpha-B

Noceus
Cytopiasm
After ligand activation, translocates from the cytoplasm to the nucleus.

Q Cytoplasm, microtubule izing center, centrosome

Q Cytopl 3 spindle 1 Automatic Ann
Q i i 1Automat i

9 Nucleus 2 Automatic Annotations

EREN

) §

P04150
Swiss-Prot

F1D8N4
TrEMBL

Swiss Institute of
Bioinformatics



UniProtKB/TrEMBL

&
Automated annotation

A Important remarks
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Differences between TrEMBL and Swiss-Prot

TrEMBL Swiss-Prot
annotation automatic manual
Annotation = Partial annotation | As complete and
complete ? (~70 % of the systematic as

entries) possible

Set of sequences =

As complete as

Complete set of

complete ? possible; does not | sequences only for
contain Swiss-Prot | a few organisms
sequences !

Number of entries | 227°000°000 568’000

Number of species | 1’200°000 12’000

When you compare biological information of given datasets of proteins beware
the redundancy and the ratio of TrEMBL vs Swiss-Prot entries in your dataset:
the results might not be only ‘biological’!




Set of mouse proteins with N-glycosylation — UniProt 2022_03
N-glycosylation is not annotated (predicted) in UniProtkKB/TrEMBL

Swiss-Prot TrEMBL total
mouse proteome | 17,120 38,195 55,315
mouse proteome | 3,735 34 3,769
+ N-glycosylation
% 21.8% 0.08 % 6,8 %

Query 2: (proteome:UP000000589)
Query 3: (proteome:UP000000589) AND (ft_carbohyd:"N-linked (GlcNAc...)")

Prdg'.z ﬁ
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Mouse proteome: what is the % of nuclear proteins in | 2Uestion

UniProtKB/Swiss-Prot, in UniProtKB/TrEMBL, ?

1. Which % of the mouse proteome entries are in
UniProtKB/Swiss-Prot & UniProtKB/TrEMBL ?

Query: (proteome:up000000589)

2. What is the % of nuclear proteins in UniProtKB/Swiss-Prot,

in UniProtKB/TrEMBL
Query: (proteome:up000000589) AND
(cc_scl_term:SL-0191)

Subcellular Location'

e Query: CC Subcellular location Nucleus (SL-0191)

L

P

Swiss Institute of
Bioinformatics




1. Which % of the mouse proteome entries are in
UniProtKB/Swiss-Prot & UniProtKB/TrEMBL ?

Swiss-Prot TrEMBL total
mouse proteome | 17,120 38.195 55,315
% 31 % 69 % 100 %

UniProt 2022_03

"% p
Prot ¢
® Swiss Institute of
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2. What is the % of mouse nuclear proteins in
UniProtKB/Swiss-Prot, in UniProtKB/TrEMBL and in

UniProtKB?
Swiss-Prot TrEMBL total
mouse proteome | 17,120 38.195 55,315
mouse proteome | 4,733 2,199 6,932
+ nucleus
% 27,6 % 0.6 % 12.5%

PrdE ,- ﬂ
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UniProtKB, protein sequence databases
and sequence annotation

Protein sequence and annotation: overview
Nucleic acid sequence databases
INSDC, Ensembl, RefSeq
UniProtKB
UniProtKB/Swiss-Prot
UniProtkKB/TrEMBL
Biochemical data (Rhea & ChEBI)
Gene Ontology
UniProt web sites and tools
NCBI Protein sequence databases
RefSeq

Pro'.tu‘z g

Swiss Institute of
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How often do you use Rhea?

by a guest - just now

Make a choice:

| have never heard of Rhea
weekly
less

never

https://strawpoll.com/polls/GPgV3aNYBZa

"% p
Prot o
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Rhea is a knowledgebase of biochemical transformations and
transport reactions, based on the chemical ontology ChEBI.

Chemical Entities of Biological Interest (ChEBI) is a freely
available ontology of molecular entities focused on ‘small’
chemical compounds.

UniProtKB uses Rhea to link enzymes and transporters to
explicit representations of the chemical structures of their
substrates and products (metabolites).

ﬁ?hea%

https://www.rhea-db.org/ o
Prot s é

Swiss Institute of
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The concepts summed up in one drawing

CH

3
Hzcx“ |:J|r>
W
:_:)\H M
L

3

Chemical Entities of Biological Interest

Rhea

biochemical transformations and transport reactions

protein sequence, 3D structure,
+ function, subcellular location,
genetic disease, ...

"% p
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Rhea/ChEBI: reaction participants

O
’\JL
4 O_

Hs
CHEBI:57416

T
[a]

(@]

Z 1

Small molecules
D-alanine

NH:
CHEBI:57416
0 fL “NH
e Bl
Macromolecules HN'\A/\‘)J\_ ¥
i omOH
A L-lysyl-[protein] . Q a uridine in tRNA
RHEA-COMP:9752 <10 ¢/ % _. RHEA-COMP:13339
I (ChEBI:65315))

(CHEBI:29969)

N %T\fl
[(1->6)-a-D-glucosyl],,,)
RHEA-COMP:11144

“oH

Polymers

Prot ¢

(ChEBI:18269 )
ﬂ
Swiss Institute of
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UniProtKB & Enzyme reactions (Rhea)

(biochemical transformations and transport reactions)

UniProtkKB Swiss-Prot % TrEMBL %
2022_03 568,002 ° | 226,771,948 °
Proteins in UniProtKB linked to Rhea 226,101 ~40 24,416,545 ~11
Unique Rhea reactions in UniProtkB 10,540
Unique ChEBI in UniProtkB 9,263
Eukaryota
Taxonomy distribution of reactions associated to Bacteria ey o
sequences in UniProtKB/Swiss-Prot
(2021 _04 snapshot) \
- 2693 £ 5185
%04 A43
e Archaea

Prot ¢

Swiss Institute of
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Exploiting small molecule data in UniProtKB

You can query UniProtKB with:

Names Arachidonate A= ==Y
Identifiers ChEBI:32395 (we index the ontology)
Structure descriptors InChIKey:YZXBAPSDXZZRGB-DOFZRALJSA-M

The International Chemical Identifier (InChl /'tntfi./ IN-chee or /'1nki./ ING-kee) is a textual identifier for
chemical substances, designed to provide a standard way to encode molecular information and to facilitate the
search for such information in databases and on the web.

If you want to look for ‘similar molecules’: use Rhea

"% p
Prot ¢
® Swiss Institute of
Bioinformatics


https://en.wikipedia.org/wiki/International_Chemical_Identifier

Exploiting small molecule data in UniProtKB

WM GRS ChEBI:32395 Advanced | List S}

ChEBI identifier search - allows user to leverage the ontology to explore larger classes — arachidonate,
polyunsaturated fatty acids, fatty acids, lipids and more.

LS GINGRE inchikey:YZXBAPSDXZZRGB-DOFZRALJSA-M  Advanced | List [EEEElfsy

InChlKey search — complete or partial.
Search is performed independently of the charge (microspecies at pH 7.3)

by default: hierarchical search

Prdg ,3 a
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WhllagnGIRE ChEBI:32395 Advanced | List EESEELEL

ChEBI identifier search — 12,611

M GINGRE inchikey:YZXBAPSDXZZRGB-DOFZRALJSA-M  Advanced | List [ESEEIfsy

InChlKey search — complete — 12,611
https://www.uniprot.org/uniprotkb?query=inchikey:YZXBAPSDXZZRGB-DOFZRALIJSA-M

BRNECITGRA inchikey:YZXBAPSDXZZRGB-DOFZRALJSA Advanced | List [JESIEElgeh

InChiKey search — partial — 12,611
https://www.uniprot.org/uniprotkb?query=inchikey:YZXBAPSDXZZRGB-DOFZRALJSA

Charge: does not taken into account (microspecies at pH 7.3)

UniProt 2022_03

L3
J
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https://www.uniprot.org/uniprotkb?query=(chebi:%22CHEBI:32395%22)

Exploiting small molecule data in UniProtKB

Proteins linked to arachidonate (using ChEBI ID):
https://www.uniprot.org/uniprotkb?query=(chebi:"CHEBI:32395")

Human proteins linked to arachidonate (using NCBI TaxID):
https://www.uniprot.org/uniprotkb?query=(chebi:"CHEBI:32395") AND (taxonomy_id:9606)

Human proteins linked to arachidonate (InChlKey variant):
https://www.uniprot.org/uniprotkb?query=inchikey:YZXBAPSDXZZRGB AND (taxonomy_id:9606)

Human proteins linked to any lipid (using the ChEBI ontology):
https://www.uniprot.org/uniprotkb?query=(chebi:"CHEBI:18059") AND (taxonomy_id:9606)

"% p
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Exploiting ChEBI ontology in UniProtKB

Human proteins interacting with...

lipid (ChEBI:18059)
T isa
fatty acid anion (ChEBI:28868)
P isa
polyunsaturated fatty acid anion (ChEBI:76567)
'. is a

arachidonate (CHEBI:32395)

% Reviewed (Swiss-Prot) (917)

Unreviewed (TrEMBL) (1,310)

% Reviewed (Swiss-Prot) (254)

Unreviewed (TrEMBL) (375)

% Reviewed (Swiss-Prot) (112)

Unreviewed (TrEMBL) (100)

% Reviewed (Swiss-Prot) (75)

Unreviewed (TrEMBL) (49)

(chebi:"CHEBI:XXXXX") AND (taxonomy_id:9606)

Prot ¢

Swiss Institute of
Bioinformatics



Exploiting small molecule data in UniProtKB

Human proteins linked to any lipid and with a 3D structure in PDB:

https://www.uniprot.org/uniprotkb?query=(chebi:"CHEBI:18059") AND (taxonomy_id:9606) AND
(database:PDB)

Human proteins linked to any lipid and found in the Golgi (experimental evidence):

https://www.uniprot.org/uniprotkb?query=(chebi:"CHEBI:18059") AND (taxonomy_id:9606) AND
((cc_scl_term:SL-0132) AND (ccev_scl_term:experimental))

"% p
Prot ¢
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https://www.uniprot.org/help/query-fields

Question

UniProtKB and Rhea
How to mine enzyme data in UniProtKB ?

(1) Look for caffeine in ChEBI ( )
- Look for its parent term (ChEBI ontology)
(2) Look for enzymes involved in caffeine synthesis in UniProtkB
Query UniProtKB with ‘Small molecule’ using name, ChEBI ID or InChlKey and
restrict your query to taxomony Viridiplantae [33090]

Advanced Search x

Searchingin

UniProtKB

CHEEIID

CHEBIID ~ caffein X Remove

caffeine (1,3,7-trimethyl-2,6-dioxopurine/1,3,7-trimethyl-3,7-dihydro-1H-purine-2,6-dione/1,3,7-
AdaField
1,3,7-trimethyluric acid (1,3,7-trimethyl-2,3,6,7,8,9-hexahydro-1H-purine-2,6,8-trione/1,3,7-trin

<
ype ” in the search box to search for all values tor the selected nela.

(3) Customize columns: add Rhea ID and Structure/3D

-

-+, Download View: Cards O Table ® £ Customizecolumns & Share v

UniProtKB 11 results

(4) Share your URL

"% p
Prot ¢
® Swiss Institute of
Bioinformatics


https://www.ebi.ac.uk/chebi/

UniProtKB 11 results

.+, Download View: Cards © Table ® £ Customizecolumns o2 Share *

Entry . Protein Names . Gene Names . Organism . RhealD 3D structures

[ Q9FZN8 % TCS1_CAMSI 3,7-di hine N ase TCS1[..] TCS1,TCS1A Camellia sinensis (Tea) 24604 (UniProtKB Q | Rhea [7 )
20944 (UniProtKBQ |Rhea (7 )
10280 (UniProtKB @ | Rhea [ )

[ A4GE70 L DXMT1_COFCA 3,7-di ine N asel[..] DXMT, GSCOC_T00011062001 Coffea canephora (Robusta coffee) 20944 (UniProtKB @ | Rhea [7 ) Xeray: 1
10280 (UniProtKB @ | Rhea I3 )
24604 (UniProtKB Q| Rhea 1 )

0 Q8HOD2 % DXMT1.COFAR 3,7-di ine N ase1[.] DXMT1,CS7 Coffea arabica (Arabian coffee) 20944 (UniProtKB Q| Rhea [7 )
10280 (UniProtKB @ | Rhea (7 )
24604 (UniProtKB Q | Rhea (7 )

[ Q2HXI6 % PCS1_CAMPL 7-methylxanthine methyltransferase PCS1[...| PCS1,TCS1C Camellia ptilophylla (Cocoa tea) 10280 (UniProtKB Q.| Rhea [ )
24604 (UniProtKB Q | Rhea [7 )

] Q8HOD3 S DXMT2_COFAR 3,7-dimethylxanthine N-methyltransferase 2[..] DXMT2,CC51,CS6 Coffea arabica (Arabian coffee) 24604 (UniProtKB Q | Rhea (7 )
20944 (UniProtKBQ | Rhea 7 )
10280 (UniProtKB @ |Rhea [ )

[ Q2HXL? % IC51.CAMIR 7-methylxanthine methyltransferase ICS1l..] ICS1,TCS1B Camellia irrawadiensis (Burmese tea) 10280 (UniProtKB Q | Rhea [7 )
20944 (UniProtKB Q | Rhea [7 )
24604 (UniProtKB Q | Rhea [7 )

AQA0S2PM92 % TCS1F_CAMCR Caffeine synthase 1[..] TCS1F Camellia crassicolumna (Evergreen tea) 20944 (UniProtKB @ | Rhea [7 )
24604 (UniProtKB Q| Rhea 7 )

ADADS2PMAS % TCS1D_CAMTA Caffeine synthase 1[..] TCS1D Camellia taliensis (Wild tea) 20944 (UniProtKB Q | Rhea (7 )
24604 (UniProtKB Q | Rhea (7 )

AOA6COWW38 %  CKCS_CAMSB 3,7-di y ine N y ase TCS1[.] cs Camellia sinensis var. assamica (Assam tea) (Thea assamica) 10280 (UniProtKB Q| Rhea [ )
20944 (UniProtKB Q. |Rhea [Z )
24604 (UniProtKB Q | Rhea [Z )

[J Qé8CM3 b TCS2_CAMSI Probable caffeine synthase 2[..] TCS2 Camellia sinensis (Tea) 24604 (UniProtKB Q| Rhea (7 )
20944 (UniProtKB @ | Rhea [f )
10280 (UniProtKB Q | Rhea (7 )

[ AOA0S2PM82 % TCS3_CAMSI Caffeine synthase 3[...] TCS1E Camellia sinensis (Tea) 20944 (UniProtKBQ | Rhea [7 )
24604 (UniProtKBQ | Rhea [7 )

https://www.uniprot.org/uniprotkb?query=(chebi:"CHEBI:27732") AND
(taxonomy_id:33090)&fields=accession,reviewed,id,protein_name,gene_names,org
anism_name,rhea,structure_3d&view=table

Swiss Institute of
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UniProtKB, protein sequence databases
and sequence annotation

Protein sequence and annotation: overview
Nucleic acid sequence databases
INSDC, Ensembl, RefSeq
UniProtKB
UniProtKB/Swiss-Prot
UniProtkKB/TrEMBL
Biochemical data (Rhea & ChEBI)
Gene Ontology
UniProt web sites and tools
NCBI Protein sequence databases
RefSeq

Pro'.tu‘z g
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How often do you use Gene Ontology ?

by a guest - just now

Make a choice:
daily
once a month
less

never

https://strawpoll.com/polls/3RnYp7ENAye
ﬂ
Prot.,-
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Gene Ontology

The Gene Ontology is a controlled vocabulary, a set of
standard terms—words and phrases—used for indexing and
retrieving information. Same vocabulary for all species

GO defines the relationships between the terms (hierarchy),
making it a structured vocabulary.

Created by the GO consortium
Contains ~43’000 terms.

Standardization of biological data/information

Pro'.tu‘z g

Bioinformatics



G0:0009535  © ez

chloroplast thylakoid membrane

Cellular Component

Category

Definition (GO-0009535 GONUTS page)

The pigmented membrane of a chloroplast thylakoid. An example of this compenent is found in Arabidopsis thaliana.

Definition
Ancestor Chart €3

Ancestor chart for GO:0009535

GOu0005575

cellular
:nmp-un:nt

bislogical
Process

:;c-;onnms s
ompane
an;‘:é’i;ﬂ cellular metabolic

Process Process

LE]

Past of

G} o
e | Hierarchy

[+
o

GO.0043226 B GO0005622
intracellular
anatarnical

cellular
retabalic
ProCess

GO:0043227 GO045229 L T4
Soows in
intracellular thylakeid ERAR B B photasyrthesi : l—..
organelle ]
Capable of

= - >
Capable of part of
GO-0034357

phatosy nthet
mEmbrane

intracellular

uni

GO:0009536 GO:0031984

arganslle
subcarnpartm
ent

plastid

GO.0009507 GO0031976 GO:0042651
thylakaid

mermbrane

plastid
thylakaid

chloroplast

GO0.0009534
chleroplast
ﬂwlnﬁwd

GO.0009535
chioroplast

GO.0055035
plastid
thylakeid
membrane

thylakaid
membrane

https://www.ebi.ac.uk/QuickGO/term/G0O:0009535



3 categories of GO terms

1. Biological Process ©® - celdvison
A commonly recognized 7 &= * Miosis
series of events (@ @g}; * Organellefission
2. Molecular Functlon 0 * Protein kinase activity

- \ . L
An elemental activity or u;m'g, Insulinbinding
task or jOb <\ * Insulin receptor activity

Mitochondria Structural Features

3. Cellular Component

* Mitochondrion

Where a gene product « Mitochondrial matrix

Is located ) + Mitochondrial membrane

Prot_,‘
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O ¥ § ALANCE

GEN&%’;{R‘;PGY About Ontology Annotations Downloads Help LLIAN

Current release 2022-07-01:
1,480,259 gene

THE GENE ONTOOGY RESQUIRCE

The mission of the GO Consortium is to develop a comprehensive, computational model of biological

GO Enrichment Analysis @

Powered by PANTHER

systems, ranging from the molecular to the organism level, across the multiplicity of species in the tree of life.

The Gene Ontology (GO) knowledgebase is the world’s largest source of information on the functions of genes.
This knowledge is both human-readable and machine-readable, and is a foundation for computational analysis of

large-scale molecular biology and genetics experiments in biomedical research.

biological process
CEEST NN —
Homo sapiens Examples  Launch >

© Any @ Ontology @ Gene Product
Hint: can use UniProt ID/AC, Gene Name, Gene Symbols, MOD IDs

s Ubiguitin-protein
======= (ayidence) I_q : ks )
. igase activity [ s
] GO0004842 "

(£ ANNOTATION

< ONTOLOGY

GO Causal Activity Model (GO-CAM) provides Tools to curate, browse, search, visualize and

The network of biological classes describing Statements, based on specific, traceable

voug ﬁ

t .

I) ‘ ) [

r Swiss Institute of
Bioinformatics


http://www.geneontology.org/
http://www.ebi.ac.uk/QuickGO/

Gene Ontology (GO)
annotation

Gene products and species

Property Value

Annotated gene products 1,480,259
Annotated species 5213
Annotated species with over 1,000 annotations 185

http://geneontology.org/stats.html
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Gene Ontology (GO) annotation

e Annotation is the process of assigning/mapping GO
terms to gene products...

e Automatically assigned vs Experimental (manual)
annotation... (IEA vs EXP)

Pro'.tu‘z a

Bioinformatics



Annotations are supported by
Evidence codes

Experimental
annotations (EXP)

Inferred from Direct Assay (IDA)
Inferred from Physical Interaction (IP1)

Inferred from Mutant Phenotype (IMP)

Inferred from Genetic Interaction (IGl)

Inferred from Expression Pattern ([EP)

EXP
~0.1 %

UniProt :3
oe

Curated non-experimental annotations

Inferred from Sequence or Structural
Similarity (ISS)

+ Inferred from Sequence Orthology (1S0)

- Inferred from Sequence Alignment (ISA)

+ Inferred from Sequence Model (ISM)

Inferred from Genomic Context (IGC)

Inferred from Phylogenetic Evidence

« Inferred from Biological aspect of
Ancestor (IBA)

« Inferred from Biological aspect of
Descendant (IBD)

« Inferred from Key Residues (IKR)

« Inferred from Rapid Divergence (IRD)

Inferred from Reviewed Compultational
Analysis (RCA)

QuickGO (oct 2022)

Total : 1,023,603,628 annotations

IEA: 1,017,112,631 (> 99 %)

Non-IEA : 6,000,000 million (< 1%)
- IBA : 4,000,000 (0.4 %)
-EXP: 1,174,524 (0.1 %)

Traceable Author Statement (TAS)

Non-traceable Author Statement (NAS)

Mo biological Data available (ND)

Inferred by Curator (IC)

Automatically assigned
annotations

Inferred from Electronic Annotation (IEA)

IEA
>99 %
-

Swiss Institute of
Bioinformatics



Annotations are supported by
Evidence codes

Experimental
annotations (EXP)

Curated non-experimental annotations

Inferred from Sequence or Structural Traceable Author Statement (TAS)
Similarity (ISS)
« Inferred from Sequence Orthalogy (ISO)
« Inferred from Sequence Alignment (ISA) Non-traceable Author Statement (NAS)
= Inferred from Sequence Model (ISM)

Inferred from Direct Assay (IDA)

Inferred from Physical Interaction (IP1} R SIS ACEE D S

Inferred from Genomic Context (IGC)

Inferred by Curator (IC)

Inferred from Mutant Phenotype (IMP) Inferred from Phylogenetic Evidence

« Inferred from Biological aspect of
Ancestor (IBA)
« Inferred from Biological aspect of

Deacendant (18D) Automatically assigned

« Inferred from Key Residues (IKR)

+ Inferred from Rapid Divergence (IRD) an notatlons

ﬂ:ﬁi‘ﬁ;:ﬂ"& AH’evlewe-d Computalional Inferred from Electronic Annotation (IEA)

Inferred from Genetic Interaction (IGl)

Inferred from Expression Pattern ([EP)

Swiss Institute of
Bioinformatics




GO annotation: manual

(experimental)

PUBMED 1: Protein kinase R (PKR) recognizes double stranded
RNA in the cytoplasm

PUBMED 2: PKR acts as a kinase in the nucleus

GO annotation:

Molecular Function: -double stranded RNA binding (PUBMED 1)
-kinase activity (PUBMED 2)

Cellular Component: -nucleus (PUBMED 2)
-cytoplasm (PUBMED 1)

Prot ¢
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Experimental GO annotation is provided by
different databases, including UniProtkKB

Mumber of annotated scientific publications 162,935

UniProt provides 60 % of experimental GO annotation

"% p
Prot ¢
® Swiss Institute of
Bioinformatics



Annotations are supported by
Evidence codes

Experimental
annotations (EXP)

Inferred from Direct Assay (IDA)
Inferred from Physical Interaction (IP1)

Inferred from Mutant Phenotype (IMP)

Inferred from Genetic Interaction (IGl)

Inferred from Expression Pattern ([EP)

Curated non-experimental annotations

Inferred from Sequence or Structural
Similarity (ISS)

+ Inferred from Sequence Orthology (1S0)

- Inferred from Sequence Alignment (ISA)

+ Inferred from Sequence Model (ISM)

Inferred from Genomic Context (IGC)

Inferred from Phylogenetic Evidence

« Inferred from Biological aspect of
Ancestor (IBA)

« Inferred from Biological aspect of
Descendant (IBD)

« Inferred from Key Residues (IKR)

« Inferred from Rapid Divergence (IRD)

Inferred from Reviewed Compultational
Analysis (RCA)

Traceable Author Statement (TAS)
Non-traceable Author Statement (NAS)
Mo biological Data available (ND)

Inferred by Curator (IC)

Automatically assigned
annotations

Inferred from Electronic Annotation (IEA)

IEA
>99 %
-

Swiss Institute of
Bioinformatics



Automatically assighed GO annotation

Inferred from Electronic Annotation (IEA) : > 98 %

External Mappings

InterPro2GO
« EC2GO
» SwissProt Keywords

UniProtkB Subcellular Localization

Automated Annotation by Orthology

+ Ensembl Compara

Prdg ,3 H@E

Bioinformatics




InterPro2GO

0 InterPro

Classification of protein families

Home » Search » Resulis Release notes Download » Help » About

4 [ Browas [ By Entry J InterPro f IPRO10531 | Overview

Zinc finger protein NOA36  1PRO10531

i &

Descrlptmn Contributing Member Database
This family consists of several NOA36 proteins (also known as zinc finger protein 330) which Entries

contain 29 highly conserved cysteine residues. In mitosis it associates with centromeres and

Taxonomy 5k concentrates at the midbody in cytokinesis 1,

Proteomes 777 P‘“ m Y PANTHER

RoseTTAFold 1 Pfam: PFO&524 FANTHER: PTHR13214

Overview

Proteins 2k

Domain Architectures 22

AlphaFold 2k

Genome3D 10 GO terms

Biological Process Molecular Function Cellular Component

Mone « zinc ion binding (GO:0008270) &2 » nucleus (GO:0005634) 2

References

1.7 Molecular cloning of & zinc finger autoantigen transiently asscciated w
highly conserved from nematodes to humane. Bolivar 1, Diaz I, Iglesizs C,

% p
UniProt ¢ -

Swiss Institute of
oe Bioinformatics

e nucleclus and mitotic centromeres and midbodis us proteine with nine CXXC motifs
. J. Biol. Chem. 274, 36456-64, (1993). View article 593942 [5



Human Proteome & GO

In 2022:

Complete GO annotation of human proteins containing a
domain (PANTHER classification system).

PAN T H E R The mission of the PANTHER knowledgebase is to support biomedical and other research by providing
Classification S comprehensive information about the evolution of protein-coding gene families, particularly
assification System protein phylogeny, function and genetic variation impacting that function. Learn more

Cover 80 % of human genes.
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ea2GO0

! Generated on 2022-07-01T08:03Z from the ontology 'go' with data version: 'releases/2022-07-01'
'

RHER:10000
RHER:10004
RHEA:10008
RHEA:10012
RHEA:10016
RHER:10020
RHER:10024

GO:pentanamidase actiwvity ; GO:0050168

GO:thiocyvanate isomerase activity ; GO:0050335

GO:peroxiredoxin actiwvity ; G0:0051820

GO: (R)-6-hydroxynicotine oxidase activity ; GO0:0018530

GO:sinapine esterase activity ; GO:0050285

GO:saccharopine dehydrogenase (NADP+, L-glutamate-forming) actiwity ; G0:0004755
GO:histone-lysine N-methyltransferase activity ; G0:0018024

RHER:10028 GO:D-glutamate oxidase actiwvity ; G0:0047821

RHEA:10032 GO:peptidyl-glutaminase activity ; G0:0050170

RHER:100386 GO:wanillyl-alcohol oxidase actiwvity ; GO:0018465

RHEA:10040 G0:3'(2"),5'-bisphosphate nuclecotidase activity ; GO0:0008441

GENUE%()"!;IEE)OL'PGY RHEA:10044 GO:cyclohexanol dehydrogenase activity ; GO:0018460

RHEA:10048 GO:C-acetylhomoserine aminocarboxypropyltransferase activity ; GO:0003961

RHEAR:10056 GO:3-aminobutyryl-Colh ammonia-lyase activity ; GO:0047459

RHEA:10080 GO:D-tryptophan N-acetyltransferase activity ; GO:0047835

RHEA:10084 GO:i:D-alanine 2-hvdroxymethvltransferase activity ; GO:0050413

RHEA:1008&8 GOipoly(ribitol-phosphate) beta-glucosvltransferase activity : GO:0047266
e RHEA:10072 GOidimechyvlglyeine N-methyltransferase activicy » G0:0052729

. .. RHEA:10076

RHEA: 10080

Prot o § reactome
& RHEA:10088

RHEA: 10092

RHEA: 10096

RHEA: 10100

RHEA:10104

®
[
D
RHEA:10108
RHEA:10112
RHEA:10116

RHER:10124
RHER:10128

ChEBI REEA:10132
RHEL: 10136

GO:lactase activity ; GO:0000016

GO:phloroglucinol reductase activity ; GO:0018510
GO:protocatechuate 3,4-dioxygenase activity ; GO:0018578
GO:sucrose 6F-alpha-galactotransferase actiwvity ; GO0:0047235
GO:deoxynucleotide 3'-phosphatase activity ; G0:0047846
GO:N-acyl homoserine lactone synthase activity ; G0:0061579
GO:sterol esterase activity ; G0O:0004771

GO:gibberellin 3-beta-dioxygenase activity ; GO0:0016707
GO:=salutaridine reductase (NADPH) actiwvity ; GO0:0047037
GO:cystathionine beta-synthase activity ; G0:0004122
GO:phosphogluconate dehydrogenase (decarboxylating) activity ; GO:0004616
phenylacetone monooxygenase activity ; G0:0033776
GO:neoxanthin synthase activity ; G0:0034020

GO:benzoate-Coli ligase activity ; GO:0018858
GO:tartronate-semialdehyde synthase activity ; GO:0009028

MY NMNYMYYNYVYVYYVVYVYVVYVYVYYYYYYYYYYYVVYVYVYYYYYYYYY

RHEAR:10140 GO:prostaglandin-F synthase actiwvity ; GQO:0047017
RHER:10144 GO:3'-nucleotidase activicy ; GO:0008254
RHEA:10148 GOiblasticidin-5 deaminase activity r GO:0047711
RHEA:10152 GO:i:carbamate Kinase activity ; GO:0008804

Rhea2GO mapping:
with Harold Drabkin, Pascale Gaudet, Chris Mungall, Peter D’Eustachio, Paul Thomas, David Hill, Alex Ignatchenko

Swiss Institute of
Bioinformatics


http://current.geneontology.org/ontology/external2go/rhea2go

Gene Ontology (GO)
some caveats...

P
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m Entry .
O PO1528

O P23576

O P48s17

O Q2XNF5

L

&

L

]

L

Entry Mame . Protein Mames .
EPO_HUMAN Erythropoietin]_]
EPO_MOUSE Erythropoietin
EPO_RAT Erythropoietin
EPO_BOVIN Erythropoietin
EPO_DAMRE Erythropoietin]_]

Lack of consistency between species

EPD

Epo

Epo

EPO

Organism

Homa sapiens (Human)

Mus musculus (Mouse)

Rattus norvegicus (Rat)

Bos taurus (Boving)

Danio reric (Zebrafish) (Brachydanio rerio)

Gene Onitology - Biclogical Process

acute-phase response £

aging [

blood dirculation .2

cellular ypercsmotic response 14
embrys implantation &

Maore terms

acute-phase response [

aging .=

angiogenesis [

apoptotic process [

cardiac muscle tissue morphogenesis £2
More terms

acute-phase response &

aging [

apoptotic process [

cellular hyperesmotic response [3
embryoimplantation

More terms

cellular ypercsmotic response 14
embrysimplantation '
enythrocyte differentiation [
enythrocyte maturation 02

erythropoietin-mediated signaling patiway 2

Miore terms

erythrocyte maturation 2
hemopoiesis (2

nucleate erythrocoyte development &2
pronephros development 2
response to activity 2

cell body [2
cell surface [

extracellular region 12
extracellular space 12

cell body [2

cell surface 2
extracellular region [2
extracellular space [2

cell body I3
cell surface [
extracellular space 12

cell surface &
extracellular space 2

extracellular space [2
perinuclear region of oytoplasm i

Gene Ontology - Cellular Component Gene Ontology - Molecular Function

cytokine activity 12
erythropoietin receptor binding £2
hormene activity 02
protein kinase activator activity 02

cytokine activity [
erythropeietin receptor binding £2
hormone activity E
protein kinase activator activity 2

cytokine activity (3
erythropoietin receptor binding 2
hormene activity 02
protein kinase activator activity 2

cytokine activity?
erythropoietin receptor binding 2
hormone activity E

protein kinase activator activity =2

cytokine activity (3
erythropoietin receptor binding 2
hormone activity 5

Swiss Institute of
Bioinformatics



PAN GO project

The Phylogenetic Annotation Project performs
annotation inferences across evolutionary related
proteins based on known function of proteins

within PANTHER phylogenetic family trees.

[
PrOt Swiss Institute of
Bioinformatics


https://wiki.geneontology.org/Phylogenetic_Annotation_Project

Each database has its own ‘rules’ to import GO annotation
from the GO databases

-> different set of GO terms depending of the database

Pro'.tu‘z g
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Gene Ontology - Biological Process

UniProtKB 2 results o o R
activation of protein kinase B activity [
&, Download View: Cards © Table ® # Customizecolumns of Share
- A
: acute-phase response [J
1 P01308 k] INS_ HUMAN Insulin INS Homo sa al pha_ beta T ceII activatinn L/T culum lumen 2 hormone activity 2
I Igiinter i partment [ identical protein binding [2
= = A 1c insulin receptor binding ¥
ce"-{:e'l Slgnallng L‘ ion[4 insulin-like growth factor receptor binding (2
Cugnitiun E ce 4 protease binding 7
More terms
1 A6XGL2 ABXGL2 HUMAN Insulin INS Homo sa ion [ hormone activity 2

glucose metabolic process [J

Swiss Institute of
Bioinformatics
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Changes in GO terms between releases

350
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150
1
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Question

@UniProtKB: look for the entries corresponding to gene ygbT
UniProtKB 259 results ‘

& Download View: Cards ) Table ® # Customizecolumns <2 Share =

Add column GO molecular function, biological process and
cellular component

Compare the GO annotation for the Swiss-Prot and the
corresponding TrEMBL entries

Help links for Customize columns (old UniProtKB design videos):

- (at about 1'10)

e
[
Prot o Swiss Institute of
I

Bioinformatics



https://www.uniprot.org/help/customize
http://insideuniprot.blogspot.com/2015/03
https://www.youtube.com/watch?v=ado1r8IDm3U

Entry Name . Protein Names . GeneNames . Organism » Gene Ontology - Biological Process Gene Ontology - Cellular Component  Gene Ontology - Molecular Function

O Q46896 % CAS1 ECOLI CRISPR- yebT, cas1, b2755, Escherichia coli 305 AA cellular response to DNA damage stimulusZ  cytoplasm [3 5'-flap endonuclease activity 2
associated IW2725 (strain K12) CRISPR-cas system [7 crossover junction endodeoxyribonuclease activity 03
endonuclease defense response to virus [ DMA binding .2
Cas1[.] DNA repair I3 identical protein binding 3

maintenance of CRISPR repeat elements [§ metal ion binding 2

I AOA1E3GUF3 AOAIE3GUF3 9HYPH  CRISPR- yebT, casl, Methylobrevis 326 AA defense response to virus [ DNA binding (2
associated A6302 04375 pamukkalensis maintenance of CRISPR repeat elements [ endodeoxyribonuclease activity
endonuclease metal ion binding 2
Casl[..]

I ADA3IBOMRS0 ADA3B0OMRS0_9GAMM  CRISPR- yebT, casl, Suttonella J25AA defense response to virus 2 integral component of membrane @ DNA binding 2
associated NCTC13337_01079 ornithocola maintenance of CRISPR repeat elements [7 endodeoxyribonuclease activity 2
endonuclease metal ion binding 2
Casi[.]

I ADA486VSHSE AOAABEVSHS_KLEPN CRISPR- yebT, casl, Klebsiella 306 AA defense response to virus 2 DNA binding CZ
associated SAMEA4873563 03653 pneumoniae maintenance of CRISPR repeat elements [7 endodeoxyribonuclease activity
endonuclease metal ion binding (2
Casi[.]
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UniProtKB, protein sequence databases
and sequence annotation

Protein sequence and annotation: overview
Nucleic acid sequence databases
INSDC, Ensembl, RefSeq
UniProtKB
UniProtKB/Swiss-Prot
UniProtkKB/TrEMBL
Biochemical data (Rhea & ChEBI)
Gene Ontology
UniProt web sites and tools
NCBI Protein sequence databases
RefSeq

Pro'.tu‘z g
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UniProt website and tools
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The UniProt web site — www.uniprot.org

e Powerful search engine, google-like and
easy-to-use, but also supports very
directed field searches

e Entry views, search result views and downloads are
customizable

e The URL of a result page reflects the query; all pages and
gueries are bookmarkable, supporting programmatic access

e Tools: Blast, Align, Retrieve/ID mapping, Peptide search

. R °
UniPr O.t..' Swiss Institute of
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UniProkt o BLAST Align Peptidesearch IDmapping SPARQL Release 2022_03 | Statistics 2% ﬁog Help

Find your protein

WRGCCRE human insulin Advanced | List [ECEE

Examples: Insulin, APP, Human, PO5067, organism_id:9606

UniProt is the world’s leading high-quality, comprehensive and freely accessible resource of protein sequence and functional information. Cite UniProt**

Swiss Institute of
Bioinformatics
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X
Advanced Search Release 2022 03 | Statistics & (:EPEI Help

Searchingin
UniProtKB v
Gene Name [GN]
Gene Name [GN] Remove
Taxonomy [OC]

AND ~ Taxonomy[OC] « Q | Remove
Keyword [KW] Advanced | List

AND ~ Keyword [KW] Q Remove

All
AND ~ All - Remove

Add Field Cancel

Type ™ in the search box to search for all values for the selected field.

t”

otein sequence and functional information. Cite UniPro

AND / OR / NOT

Prot ﬂ

® Swiss Institute of
Bioinformatics



Result pages: highly customizable
(also available for Blast)

o e 3
UnIPro.I:..- BLAST Align Peptidesearch IDmapping SPARQL UniProtKB v e el Vs R 0e)] PETORBNINE Scarch 2 iy 0 Help

Status
 Reviewed (Swiss-Prot) UniProtKB 205,050 results
(20,399)
Unreviewed (TrEMBL) &. Download View: Cards O Table ® £ Customizecolumns o£ Share ~
(184,651) - "
m Entry . Entry Name . Protein Names . Gene Names . Organism . Length .
Popular organisms [ AOAOC5B5Gé6 % MOTSC_HUMAN Mitochondrial-derived peptide MOTS-c|...] MT-RNR1 Homo sapiens 16 AA
(Human)
Human (204,961)
[ ADA1BOGTW7 = CIROP_HUMAN Ciliated left-right organizer metallopeptidase|..] CIROP, LMLN2 Homo sapiens 788 AA
Taxonomy {Human)
9606 X i
[0 AOJNWS % UH1BL_HUMAN  UHRF1-binding protein 1-like[...] UHRF1BP1L, KIAAQ701,5HIP164 Homo sapiens 1,464 A4
Filter by taxonomy {Human)
Proteins with [0 AO0JP26 % POTB3_HUMAN POTE ankyrin domain family member B3 POTEB3 Homo sapiens 581 AA
(Human)
3D structure (7,818)
Active site (4,043) [0 AOPK11 % CLRN2_HUMAN Clarin-2 CLRN2 Homo sapiens 232 AA
(Human)
Activity regulation (1,569)
[J A1A4S6 % RHG10_HUMAN Rho GTPase-activating protein 10]...] ARHGAP10, GRAF2 Homo sapiens 786 AA
Allergen (6)
{Human)
Alternative products _ . ’
(isoforms) (10,635) 0 A1A519 % F170A_HUMAN  Protein FAM170A[..] FAM170A, ZNFD Homo sapiens 330 AA
(Human)
More items
[0 AilL1%0 %  SYCE3_HUMAN  Synaptonemal complex central element protein3  SYCE3, C22o0rf41, THEG2 Homo sapiens 88 AA
Protein existence =] (Human)
"% p
Prot &
.. Swiss Institute of
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Customize columns

Data o External links

[J DNADbinding

Miscellaneous
Interaction
Expression

Gene Ontology (GO)
Pathology & Biotech
Subcellular location

[ Intramembrane

Subcellular location [CC]

PTM / Processing

[ Chain
[ Cross-link
[ Disulfide bond

[ Glycosylation

Structure

1 3D

[J pHdependence

[ Topological domain

[[] Transmembrane

[] Initiator methionine
[ Lipidation
] Modified residue

[ Peptide

[ Helix

£

<

4

<

[ Post-translational modification

[] Propeptide
[ Signal peptide

[ Transit peptide

Reset to default

stomize columns «§ Share -

BS . Organism .

Homo
sapiens
(Human)

LN2 Homo
sapiens
(Human)

1L, Homo
,SHIP164  sapiens
(Human)

Length .

16 AA

788 AA

1,464 AA

& ﬂ'3B Help

Subcellular Loc3

Secreted
Mitochondrion
Nucleus

Translocate

| - |
MembranE

pass type |

membrane prote

Cytoplasm, cyta
Early endosome
Primarily cytoso
Recruited to ear
endosomes follo
STXé overexpre:
Overexpression

Swiss Institute of
Bioinformatics
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Creating URL for the UniProt web site REST API

Status

4 Reviewed (Swiss-Prot)
(20,399)

Unreviewed (TrEMBL)
(184.,651)

Popular organisms

Human (204,961)

Taxonomy
9606

Filter by taxonomy

Proteins with

3D structure (7,818)
Active site (4,043)
Activity regulation (1,569)
Allergen (6)

Alternative products
(isoforms) (10,635)

More items

Protein existence

Prot ¢

UniProtKB 205,050 results

U

4. Download View: Cards O Table ® £ Customizecolumns o Share +

Subcellular Locg

m Entry . Entry Name . Protein Names . Gene Names . Organism . Length . RhealD
] AOAOC5B5G6 % MOTSC_HUMAN Mitochondrial-derived MT-RNR1 Homo 16 AA

peptide MOTS-c[..] sapiens

(Human)
X

] AOA1BOGTW7 % CIROP HUMAN Ciliated left-right CIROP, LMLN2 Homo 788 AA

organizer sapiens

metallopeptidase]...] (Human)
0 AO0JNWS5S % UH1BL.HUMAN UHRF1-binding protein UHRF1BPiL, Homo 1,464 AA

1-like[..] KIAAQ701,5HIP164  sapiens

https://www.uniprot.org/uniprotkb?query=(taxonom
y_id:9606)&fields=accession,reviewed,id,protein_na
me,gene_names,organism_name,length,rhea,cc_sub
cellular_location&view=table

Secreted
Mitochondrion
Nucleus

Translocate

nucleus in
to metabol
an AMPK-

Feedback

manner.

| - |
MembranH

pass type |
membrane prote

Cytoplasm, cyto
Early endosome
Primarily cytoso
Recruited to ear
endosomes follo
S5TXé6 overexpre:

Muaravnraceinn
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Question

What is the query corresponding at this URL ?

Prdg ,- ﬂ
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https://www.uniprot.org/uniprotkb?query=%28taxonomy_id%3A9606%29+AND+%28proteome%3AUP000005640%29&fields=accession%2Creviewed%2Cid%2Cprotein_name%2Cgene_names%2Corganism_name%2Ccc_function%2Ccc_disease&view=table

BLAST Align Peptidesearch IDmapping SPARQL

UNiPTotkB

9606) AND (proteome:UP000005640)

Advanced | List

% Reviewed (Swiss-Prot)
(20,383)

UniProtKB 79,740 results

Unreviewed (TrEMBL) & Download
(59,357)

View: Cards

Entry + EntryName »  Protein Names 4

[ ADAOCSB5G6 % MOTSC HUMAN Mitochondrial-derived

peptide MOTS-c[_|

Popular organisms
Human (79,740)

Taxonomy
9606 x

Filter by taxonomy

Proteins with

3D structure (7,613)
Active site (2,693)
Activity regulation (1,526)
Allergen ()

Alternative products
(isoforms} (10,635)

Moreitems

Protein existence
Proteinlevel (66,272)
Predicted (8,160)
Transcript level (2571)
Homology (2,128)

Uncertain (609)

1 ADA1BOGTW?Z 5 CIROP_HUMAN  Ciliated left-right

organizer

Annotation score metallopeptidase[ ]

5(14,334)
4(2232)
3(388¢)
2(13,294)

1(45,954)

Gene Names »

MT-RNR1

CIROP, LMLN2

Table ® £ Customizecolumns  of Share =

Organism &

Function

(Human)

Regulates insulin sensitivi ic
PubMed:33468709).

Inhibits the folate cycle, thereby reducing de novo purine biosynthesis which leads
10 the accumulation of the de novo purine synthesis intermediate
5-aminoimidazole-4-carbaxamide (AICAR) and the activation of the metabolic
regulator 5-AMP-activated protein kinzse (AMPK) [PubMed:25738439).
Protects against age-dependent and diet-induced insulin resist:
induced obesity (PubMed:25738459).

Inresponse to metabolic stress, translocates to the nucleus where it binds to
antioxidant response elements (ARE) present in the promoter regions of a number
af genes and plays 2 role in regulating nuclear gene expression in an NFE2L2-
dependent manner and increasing cellular resistance to metabolicstress
(PubMed:29983246).

Increzses mitochondrial respiration and levels of CPT1A and cytokines IL1B, IL§,
1L, IL10 and TNF in senescent cells [PubMed:29886458).

Increases activity of the serine/threonine protein kinase complex mTORCZ and
reduces activity of the PTEN phosphatase, thus promoting phosphorylation of AKT
(PubMed:33334779).

This promotes AKT-mediated phospherylation of transcription factor FOXO1 which
reduces FOXO1 zctivity, leading to reduced levels of MSTN and promatian of
skeletal muscle growth (PubMed:33554779).

Pr geni

is (PubMed:25738459,

well as diet-

entiation of bone marrow mesenchymal llsvia
the TGFB/SMAD pathway (PubMed:30468456].

Promotes osteoblast proliferation and osteoblast synthesis of type | collagens
COL1A1and COL1AZ via the TGFE/SMAD pathway (PubMed:31081069).

(Human)

Putative metallopr in left-right patterning process.

Heterotaxy, visceral, 12, autosomal (HTX12)

Note | The diseaseis caused by variants affecting the gene
represented in this entry

Description | Aform of visceral heterataxy, a complex disorder due to
disruption of the normal left-right asymmetry of the

th inal argans. Vi situs
ambiguus results in randomization of the placement of
visceral organs, including the heart, lungs, liver, spleen,

nted randomly with

and stomach.The organs are

Swiss Institute of
Bioinformatics



BLAST Align Peptidesearch IDmapping SPARQ|

9606) AND (proteome:UP000005640)

Advanced | List

% Reviewed (Swiss-Prot)
(20,383)

UniProtKB 79,7

Unreviewed (TrEMBL) & Download
(59,357)

View: Cards

Entry + EntryName »  Protein Names 4

[ ADAOCSB5G6 % MOTSC HUMAN Mitochondrial-derived

peptide MOTS-c[_|

Popular organisms
Human (79,740)

Taxonomy
9606 x

Filter by taxonomy

Proteins with

3D structure (7,613)
Active site (2,693)
Activity regulation (1,526)
Allergen ()

Alternative products
(isoforms} (10,635)

Moreitems

Protein existence
Proteinlevel (66,272)
Predicted (8,160)
Transcript level (2571)
Homology (2,128)

Uncertain (609)

1 ADA1BOGTW?Z 5 CIROP_HUMAN  Ciliated left-right

organizer

Annotation score metallopeptidase[ ]

5(14,334)
4(2232)
3(388¢)
2(13,294)

1(45,954)

Gene Names »

MT-RNR1

CIROP, LMLN2

Table ® £ Customizecolumns  of Share =

Organism &

Function

(Human)

Regulates insulin sensitivi ic
PubMed:33468709).

Inhibits the folate cycle, thereby reducing de novo purine biosynthesis which leads
10 the accumulation of the de novo purine synthesis intermediate
5-aminoimidazole-4-carbaxamide (AICAR) and the activation of the metabolic
regulator 5-AMP-activated protein kinzse (AMPK) [PubMed:25738439).
Protects against age-dependent and diet-induced insulin resist:
induced obesity (PubMed:25738459).

Inresponse to metabolic stress, translocates to the nucleus where it binds to
antioxidant response elements (ARE) present in the promoter regions of a number
af genes and plays 2 role in regulating nuclear gene expression in an NFE2L2-
dependent manner and increasing cellular resistance to metabolicstress
(PubMed:29983246).

Increzses mitochondrial respiration and levels of CPT1A and cytokines IL1B, IL§,
1L, IL10 and TNF in senescent cells [PubMed:29886458).

Increases activity of the serine/threonine protein kinase complex mTORCZ and
reduces activity of the PTEN phosphatase, thus promoting phosphorylation of AKT
(PubMed:33334779).

This promotes AKT-mediated phospherylation of transcription factor FOXO1 which
reduces FOXO1 zctivity, leading to reduced levels of MSTN and promatian of
skeletal muscle growth (PubMed:33554779).

Pr geni

is (PubMed:25738459,

well as diet-

entiation of bone marrow mesenchymal llsvia
the TGFB/SMAD pathway (PubMed:30468456].

Promotes osteoblast proliferation and osteoblast synthesis of type | collagens
COL1A1and COL1AZ via the TGFE/SMAD pathway (PubMed:31081069).

(Human)

Putative metallopr in left-right patterning process.

Heterotaxy, visceral, 12, autosomal (HTX12)

Note | The diseaseis caused by variants affecting the gene
represented in this entry

Description | Aform of visceral heterataxy, a complex disorder due to
disruption of the normal left-right asymmetry of the

th inal argans. Vi situs
ambiguus results in randomization of the placement of
visceral organs, including the heart, lungs, liver, spleen,

nted randomly with

and stomach.The organs are
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Download (different formats)

Download A

Download selected (0]

® Download all (72,740)

Format

Excel " | mns g Share
Compressed Organism »  Function Disease Involvement
@ Yes

Homo sapiens Regulates insulin sensitivity 2nd metabolic homeostasis (PubMed:25738459,
{Human) PubMed:33468709).
Inhibits the folate cycle, thereby reducing de nove purine biosynthesis which leads

Customize columns to the accumulation of the de novo purine synthesis intermediate
5-aminoimidazole-4-carboxamide (AICAR) and the activation of the metzbolic s
e kiiecse regulator 5-AMP-activated protein kinase (AMPK) (PubMed:25738459). B
Protects against age-c and diet-induced insulin resistance as well as diet- =
Data o External links induced obesity (PubMed:25738459). a

In response to metabolic stress, translocates to the nucleus where it binds to

antioxidant response elements {ARE) present in the promoter regions of 2 number
Q, of genes and plays 2 role in regulating nuclear gene expression in 2n NFE2L2-

dependent manner and increasing cellular resistance to metabolic stress

Names & Taxonomy o (PubMed:29983246).
Increases mitochondrial respiration and levels of CPT1A and cytokines IL1B, IL&,
Sequences IL8, IL10 and TNF in senescent cells {(PubMed:298864358).
Function o Increases activity of the serine/threonine protein kinase complex mTORC2 and
reduces activity of the PTEN phosphatase, thus prometing phosphorylation of AKT
Miscellaneous [ ] (PubMed:33554779). "
INEereetan This promotes AKT-mediated phospherylation of transcription factor FOXO1which =
reduces FOXO1 activity, leading to reduced levels of M5TN and promotion of
Expression skeletal muscle growth {PubMed:33554779).
Gene Ontology (GO) Promates osteogenic differentiztion of bone marrow mesenchymal stem cells via
the TGFE/SMAD pathway (PubMed:30468456).
Pathology & Biotech Promotes osteoblast proliferation and osteoblast synthesis of type | collagens

- COL1A1 and COL1A2 via the TGFB/SMAD path PubMed:31081069).
Subcellular location an viathe Tl © !

PTM | Processing Homo sapiens  Putative metalloproteinase that plays a role in left-right patterning process. Heterotaxy, visceral, 12, autosomal (HTX12)
Structure (T,

Mote | The diseaseis caused by variants affecting the gene
Publications represented in this entry

Date of Description | A form of visceral heterotaxy, 2 complex disorder due to

disruption of the normal left-right asymmetry of the
thoracozbdominal organs. Visceral heterotaxy or situs
ambiguus results in randomization of the placement of
Download visceral organs, including the heart, lungs, liver, spleen,
and stomach. The oreans are eriented randombv with

o
LS - < < 4 4 I I 4 X 4

Family & Domains

Generate URL for APl Preview 10

"% p

Prot o

o® Swiss Institute of
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Highlight sequence annotation in alignment

(multiple alighment)

Align results

Owverview Trees Percent ldentity Matrix Text Output Input Parameters API Request

&, Download {I* Resubmit

Highlight propertiess ™  Selectannotation ™ View: O Owverview @& Wrapped

] & sp|PO1308|INS HUMAN L WG|
[ % splQeDA3|INSICTTR

[ % sp|P&7970|INS CHICK 'V FS Gl A
| % sp|P01317|INS_ BOVIM LWP] A
[T & sp|PO1315|INS_PIG LWA] A
[ % =p|P0132|INS_CANLF L WA A
T
S

ClssplpszoroinscHick L - RGEAG- -VILPFQQEEYEKVKRG IMEBCCHNTCSLYQEBENYEN
O % spjpo1ztznseovin ELAGGPGAGG - - - - - EGPPQKRG IMEQCCASVCSLYQLENYEN
[ & sp|PO1315|INS_PIG ELGGG- - LGGLQALALEGPPQKRGIMEQCCTSICSLYQEENYEN
Csspporzzynscanir ELAGAPGEGGLQPLALEGALQKRGIMEQCCTSICSLYQEENYEGN
O % spjporzognsHUMAN E L GGGPGAGSLQPLALEGSLQKRGIMEQCCTS ICSLYQLENYEN
CDasplognazinsicTk E L GGGPGAGLPQPLALEMALQKRG IMEQGCCTS ICSLYQEENYEN

P&797(:5ignal

[ ]

UniProt ¢
oe

mooZOo
OorrouoTo
h<<r<<
OO Ow
DOOP>PW
<<<<r T
EARAR AN

i
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Align results

Overview Trees Percent Identity Matrix Text Qutput Input Parameters APl Request

&, Download * Resubmit

Highlight properties ™  Showing "Matural variant” in "sp|PD1308|INS_ HUMAN" ~ View: O Overview @ Wrapped

[ # sp|P&TFT0|INS CHICK IRsE VFSGPGTSYBAAA ] A VEQPLVSSPss
[ & sp|PO1217|INS EOVIN T R PPAR A VEGPQVGAL &5
] & sp|PO1215(INS PIG T ARPAQ A AENPRQAGAVES
[ & sp|PO1321|INS CANLE M APTR A VEDLQVRDV&ss
(] & sp|PO120S|INS_ HUMAN M DIFAA T AEDLQVGQVss
] & splQFDHZ|INS ICTTR T DPRAQ S VEEQQGGQVss
[ | | H B | [ - -
P01308:Natural variant [ ] [ ]
[ % splP&770|INS_CHICK L-RGEAG- -VLPFQQEEYEKVKRGI HNTCSLYQEENYEN 107
[ % sp|P01217|IN5_ BOVIN ELAGGPGAGG- - - - - EGPPQKRG I ASVCSLYQEENYEN 105
[ # splPO1215|INS PIG ELGGG- -LGGLQALALEGPPQKRGI TSICSLYQEENYEN 108
[ % sp|PD1321|IN5 CANLF ELAGAPGEGGLQPLALEGALQKRGI TSICSLYQEENYEN 110
(] % sp|PO1308|INS HUMAN ELGGGPGAGSLQPLALEGESsLaKRIG! TSI CELKNQLENKEN 110
[ # splQP1XI3|INS ICTTR ELGGGPGAGLPQPLALEMALQKRG CTSICSLYQEENYEN 110
m | [ | H . |
P01308:Natural variant ]
Natural variants in PNDM4
VARIANTID POSITION(S) DESCRIPTION
VAR 063723 24 in PNDM4; dbSNP:s80356663
VAR 063724 29 in PNDM4; dbSNP:rs121908272
VAR 063725 32 in PNDM4; dbSNP:rs80356664
VAR_063726 32 G>S in PNDM4; dbSNP:rs80356664
VAR 063727 35 L>P in PNDM4; dbSNP:rs121908273
VAR 063728 43 C>G in PNDM4; dbSNP:rs80356666
VAR 063730 47 GV in PNDM4; dbSNP:rs80356667
VAR_063731 43 F=C in PNDM4; dbSNP:rs80356668
VAR 063734 a4 G=R in PNDM4; uncertain pathological significance; dbSNPirs121908274
VAR 063735 89 RC in PNDM4; dbSNP:rs80356669
VAR 063736 90 G>C in PNDM4; dbSNP:rs80356670
o =,
i ®
UnIPrO.t.. Swiss Institute of

Bioinformatics



Question

Look for the spike protein from SARS-CoV-2, SARS-CoV and
MERS1 (Middle East respiratory syndrome-related coronavirus)

Align these 3 protein sequences P59594, KON5Q8, PODTC2

» Look at the glycosylation sites (select annotation present in
the PODTC2 entry)

> Look at the natural variants

Prot ¢

Bioinformatics



Spike proteins from different viruses
Natural variant annotation

Swiss Institute of
Bioinformatics
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UniProtKB annotation & Feature viewer

2 PODTC2 - SPIKE_SARS2

Spike glycoprotein - Severe acute respiratory syndrome coronavirus 2 (2019-nCoV) (SARS-CoV-2) - Gene: 5 - 1273 amino acids - Evidence at protein level - Annotation score: @

Entry Feature viewer Publications External links History

100 0 30 400 0 B0 700 a0 s00 1000 1.100 120
1 123
00 1000
B B —— I ~ [ 1 I [ ] I un
» Domains & sites | I_F v .

+ Molecule processing

. (X . & . oM wee — n — eF e s - ml m & = e o0 @ e
v PTM e —— — — n —
|
+ Structural features 1 n 1 1 | I nE M (O | e 1 ANEE RN D R e in I .
] |
» PDBe 3D structure coverage e —
+ Topology
+ Mutagenesis o
v Variants |
500 1000

L]
]
,

SOURCE IDENTIFIER METHOD RESOLUTION POSITIONS LINKS (s

--Select— v --Select-- v

PDB 6LV Xeray 247 A A/B/C/D 1168-1203 PDBe: RCSB-PDB : PDBj - PDBsum &

PDB GLXT Xeray 2.90A PDBe: RCSB-PDB - PDBj - PDBsum E 3

PDB SLZG Horay 250A B 319-527 PDBe- RCSE-PDB - PDBj - PDBsum £ 3

PDB AMOJ Heray 245A E 319-541 PDBe - RCSB-PDB - PDBj - PDBsum X

PDB AMAT EM 290A E/F 319-541 PDBe: RCSB-PDB : PDBj - PDBsum X

PDB AMIV Hoeray 1504 A 917-966 PDBe: RCSB-PDB : PDBj - PDBsum F

PDE 6VSB EM 346 A AJB/C 1-1208 PDEBe: RCSB-PDB : PDBj - PDBsum E 3

PDB EVW1 Xeray 2.68A E/F 433-518 PDBe: RCSB-PDB - PDBj - PDBsum E 3

PDB SV EM 280A A/B/C 14-1211 PDBe - RCSB-PDB - PDBj - PDBsum x

PDB SVYEB EM 3.20A A/B/C 14-1211 PDBe - RCSB-PDB - PDBj - PDBsum & v

DIV U TIauss



UniProtKB annotation & Genome browser

http://genome.ucsc.edu/

UCSC Genome Browser on SARS-CoV-2 Jan. 2020/NC_045512.2 Assembly (wuhCor1)

move | <<= <= || =|[=]|[== === | Zoomin | L.5x || 3x || 10x || bese =zoomout| 1.5x || 3x || 10x || 100x

enter position or saarch terms | go

NC_D45512v2:21,563-25,334 | 3,822 bp.
|Nc_0455|2v2| NE_045512v2 I 1 ||
Scale 1 kb | wuhCarl

NGC_045512v2 5 23,000
NC

S15553252535 2223020 120303022 121283303 3)
%o yoemot: - TR N T T T T T T T T SN T T E s S S TS S E N T SN T E S SR RS TS T AT

T e IR R - - > > > 3 3 >3 > 3533323 333033303303 33333333333323
Spike protein 51
Spike protein 52
Spike protein 52

LiniP'rot highlighted *Regions of Interest”
HReceptor-bindi..
Integrin-bindi...

binds ACEZ 55555
Fusion peptide 1 B
Fusion peptide 2 [+ ]
Hegtad repeat 1 o0
N Heptad repeal 2 | :: ]

UniProt Signal Peplides

Signal peptide ||
UniFrat Transmembrane Domeins
Trans membrans B

UniPrat Domams
BeraCov STATD. | NEREESENNEVSYRRSENETY
BetaCoV $1-CTD
UniProt Amino Acid Glycosylation/ P hosphorylation sites

[ - | UniProt Protein Annotations
Precurs. Proteins  Protein Products Highlights Signal Peptides Transmem. Domains  Disulf. Bonds
ful | full | full ful full | hide
Protein Domains Glycosyl/Phosph. Mutations Other Annot. Structure Eepeats
full s full o full o hide .- full o full
Protease Cleavage
full e
Voeoa |
144-145del
D215G |
R2461 |
Eanik i
am |
Prot » e |

A5TOD |
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ID/AC mapping
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. -
UHIPFO.F.." BLAST Align Peptide search IDmapping SPARQL  UniProtkB -

Retrieve/ID mapping

Enter your |Ds or load from a text file. Separate 1Ds by whitespace (space, tab, newline) or commas.

From database To database
UniProtkKB AC/ID UniProtkB
F
Q
MName your | Mapping job UniProt -
Sequence databases =
3D structure databases »

Protein-protein interaction databases
-

Chemistry =

Protein familyw'zroup databases  m

PTh databases "
Genetic variation databases -
2D gel databases -

Proteomic databases =



Question

Which database do these identifiers correspond to?
NP_ 001018084 NP_001018085 NP_001018086

NP 001191191 NP_001191192 NP_001191193
XP_005268476 XP_005268477 XP_016864886
XP_016864887

Find the corresponding UniProtKB entries, using
UniProt's ID mapping tool.

Do a multiple alignment of the UniProtKB entries.

How many different protein sequences ? Why these
differences?

Prot ¢

|||||||||||||



National Library of Medicine

National Center for Biotechnology Information

Protein [ Protein v |NP_001018084

Advanced

GenPept «

glucocorticoid receptor isoform alpha [Homo sapiens]

NCBI Reference Sequence: NP_001018084.1
Identical Proteins FASTA  Graphics

Locus NP_001018084 777 aa linear

PRI 92-0CT-2022

RefSeq entries

Popular organisms
Human (3)
Taxonomy
terby I NP_001018084 P04150 &
Filter by taxonomy

I NP_001018084 F1D8N4
Proteins with
3D structure (1) [ NP_001018085 P04150 L]

structure

Alternative products (isoforms) I NP_00101808% F1DEN4
& O NP_001018086 P04150 &
Alternative splicing (1)

' NP_001018086 F1D8N4
Beta strand {1}
Binary interaction (1) O NP_001191191 P04150 L]
More items O NP_001191192 P04150 ]
Protein existence 1 NP_001191193 P04150 ]
Proteinlevel (1) [ XP_005268476 P04150 ]
Transcriptlevel {1] [ XP.005268476 ESKQF6
Homology (1)

[ XP_005268477 P04150 L
Annotation score O XP 005268477 ESKQF6
5(1)

1 XP_016864886 P04150 L]
4(1)
301) 1 XP 016864886 F1D8N4
Seq length 1 XP_016864887 P04150 -]

juence les

601-800(3) [l XP.016864887 FID8N4

Prot.,:

GCR_HUMAN
F1D8N4_HUMAN
GCR_HUMAN
F1D8N4_ HUMAN
GCR_HUMAN
F1D8N4_HUMAN
GCR_HUMAN
GCR_HUMAN
GCR_HUMAN
GCR_HUMAN
E5KQFé6_HUMAN
GCR_HUMAN
E5KQFé_ HUMAN
GCR_HUMAN
F1D8N4_ HUMAN
GCR_HUMAN

F1D8N4_HUMAN

&, Download View: Cards ) Table® £ Customizecolumns % Share *

Glucocorticoid receptor]...]
Glucocorticoid receptor|...]
Glucocorticoid receptor|...]
Glucocorticoid receptor|...]
Glucocorticoid receptor|...]
Glucocorticoid receptor]...]
Glucocorticoid receptor]...]
Glucocorticoid receptor]...]
Glucocorticoid receptor]...]
Glucocorticoid receptor]...]
Glucocorticoid receptor|...]
Glucocorticoid receptor|...]
Glucocorticoid receptor|...]
Glucocorticoid receptor|...]
Glucocorticoid receptor]...]
Glucocorticoid receptor|...]

Glucocorticoid receptor]...]

NR3C1, GRL

NR3C1

NR3C1, GRL

NR3C1

NR3C1, GRL

NR3C1

NR3C1, GRL
NR3C1, GRL
NR3C1, GRL
NR3C1, GRL
NR3C1, hCG_37601
NR3C1, GRL
NR3C1, hCG_37601
NR3C1, GRL

NR3C1

NR3C1, GRL

NR3C1

Homo sapiens (Human)
Homo sapiens (Human)
Homo sapiens (Human)
Homo sapiens (Human)
Homo sapiens (Human)
Homo sapiens (Human)
Homo sapiens (Human)
Homo sapiens (Human)
Homo sapiens (Human)
Homo sapiens (Human)
Homo sapiens (Human)
Homo sapiens (Human)
Homo sapiens (Human)
Homo sapiens (Human)
Homo sapiens (Human)
Homo sapiens (Human)

Homo sapiens (Human)

TT7 AN

T77AA

777 AN

777 AN

777 AN

777 AN

777 AA

777 AA

777 AA

777 AA

TT8AA

777 AN

TI8AA

777 AN

TT7 AN

777 AN

777 AN
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[ % spiPossoyeos Hukan 56
[ & erjrapanspinzme HIsan A&
O ¢ rieskoraesoges Husss 56
L e, ihmmmrohonphhhhhtnit_Zti ey n’hibi
[ % spiPoaasoyeos Hukan 132
[ F trjriDamspinsse FUses 122
1 0 erjEnkoirameroed HUkdas 132
L L B S N
[ % spiPoaasoyeos, Hukan 198
[ F trjriDamspinsse FUses 198
O ¢ siesknraesoors Huras 198
L L B S N
O % spipoassoyeos, Mukan 264
[ F trjriDamspinsse FUses 264
1 0 erjEnkoirameroed HUkdas 264
L L B S N
[ % spipoaasmices, HUsan 320
[ F trjriDamspinsse FUses 330
1 0 erjEnkoirameroed HUkdas 320
L L B S N
% spipoaasmces, ke 96
[ * trjripamspinome Fuses 396
O ¢ siesknraesoors Huras 396
P04150:Chain
% spipoaasmces, ke 461
[T * er{FACERAP IO FUMAN = 461
O ¢ siesknraesoors Huras R 457
L L R  EEF
% spipoaasmces, ke 527
[ % eriraamspraness Fusen 527
1 0 erjEnkoirameroed HUkdas 528
L L B S N
% spipoaasmces, ke 5932
[ * trjriDamspiosse FUses 592
1 0 erjEnkoirameroed HUkdas 594
L L B S N
% spipoaasmces, ke 559
[ F trjriDamspinsse FUses &59
O erieskoraesmors Hutas S50
L L B S N
% spipoaasmces, ke 725
[ F trjriDamspinsse FUses 725
)7 erfemkoramenes HURLAs T26

O ™ apiPoassniGos HUMAN 77
. [ F trjriDamspinsse FUses Err
Un|P| O & sieskorasesogre Husss 778

. viss Institute of
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g 10 RefSeq entries, 3 UniProtKB entries
2 different protein sequences (due to alternative splicing)
2 oz A W e e e W
P04150-3
Semomme Gar e

Note Duetoa partial intron retention.

O ™ apiPoassniGos HUMAN 77
[ & erjrapanspinzme HIsan krra
O & sieskorasesogre Husss KR

. viss Institute of
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Do not hesitate to contact us:
www.uniprot.org/contact

L]
-

UniF'ro.t..- BLAST Align Peptide search 1D mapping SPARQL Release 2022_04 | Statistics &2 @ [ Help

Contact us

Send us general questions and suggestions using the form below

Frequently asked: issues accessing UniProt programmatically? Have a look at the new APl documentation including changes to the return fields (aka "columns") and specifically

the cross-references return fields .

Name: Other ways to contact us
Send updates or corrections

E-mail: *  Submit new protein sequence data [4

Subject: *

Message:



UniProtKB, protein sequence databases
and sequence annotation

Protein sequence and annotation: overview
Nucleic acid sequence databases
INSDC, Ensembl, RefSeq
UniProtKB
UniProtKB/Swiss-Prot
UniProtkKB/TrEMBL
Biochemical data (Rhea & ChEBI)
Gene Ontology
UniProt web sites and tools
NCBI Protein sequence databases
RefSeq

Pro'.tu‘z g

Swiss Institute of
Bioinformatics



NCBI nr - Entrez ‘protein’

::'_': NCBI Resources [+ Haow Ta [+]

Protein Frotein j | |

Lirnits  Advanced Help

FIR FR
and function.

Using Protein Protein Tools Other Resources
Gilick Start Guide BLAST GenBank Home

FAQ LinkoOut RefSeq Hame

Help E-Utilities coD

GenBank FTF Blink Structure

EefSeq FTP Batch Entrez

"% p
Prot ¢
® Swiss Institute of
Bioinformatics



Protein sequence databases
organization

PIR, PDB, PRF,
Ensembl, RefSeq

integration + cross-links

Proteins

UniProt Knowledgebase

UniProtKB: Swiss-Prot + TrEMBL
5

Reviewed Unreviewed
{Swiss-Prot) [TrEMBL)
568,002 226771948

NCBI protein: Swiss-Prot + GenPept + RefSeq + PIR + PDB + PRF

D1 v\, = SLKKET Protein
TRV SR SN
wr - g Y 'y - b
;/.-c[.'." u3. —~ H "}-'x... 4\.-: : s L™ R . N . The Protein database is a collection of sequences from several sources, including translations from annotated coding

rt Ilij €1y / "‘...'.' ""*\u h_ I KD~ regions in GenBank, RefSeq and TPA, as well as records from SwissProt, PIR, PRF, and PDB. Protein sequences are

' "'\Lf\wn; A D v*.\,._-‘.; rell the fundamental determinants of biological structure and function.
g *--a'_'lj 4 Sy pd =il
. A ) A

"% p
Prot ¢
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http://www.uniprot.org/
https://www.ncbi.nlm.nih.gov/protein/

NCBI-protein

e GenPept (source: GenBank; submitted & translated CDS)
e RefSeq
e TPA (third part annotation)

e Swiss-Prot (does not include isoform sequences)
e PIR (not updated since 2003)

e PRF (journal scan of ‘published’ peptide)

e PDB (Protein Data Bank, 3D structure)

e TrEMBL (some entries....)

Pro'.tu‘z g

Swiss Institute of
Bioinformatics



NCBI protein (Entrez protein) vs NCBInr

The nr database is compiled by the NCBI as a protein database for Blast
searches. It contains non-identical sequences from GenBank CDS translations

(GenPept), PDB, Swiss-Prot, PIR, and PRF.

Standard Protein BLAST

blastn m blastx tblastn thlastx

Enter Query Sequence

BLASTP programs search protein databases using a protein query. more...

Enter accession number(s), gi(s), or FASTA sequence(s) @ cizar Query subrange @
From ]
To
Or, upload file Browse... | No file selected. (2]

Job Title I |

Enter a descriptive title for your BLAST scarch @

_| Align two or more sequences @

Choose Search Set

Database [ Non-redundant protein sequences (nr) ~ | @
i Non-redundant protein uences (nr)

85:'::5"1 RefSeq Select prtems (rq_selecl , :“ J exclude |M.\
Reference proteins (refseq_protein) e shown. @

E:ﬂ"-ﬁe Model Organisms {landmark) :‘}D Uncultured/environmental sample sequences
UniProtKB/Swiss-Prot(swissprat)

Program Selecti| Patented protein sequences(pataa)
Algorithm Protein Data Bank proteins(pdb)

Metagenomic proteins(env_nr)
Transcriptome Shotgun Assembly proteins (tsa_nr)
— e r

e R

e NCBI nr: ‘removes’ identical protein sequences (cluster)
* NCBI Protein: doesn't remove identical protein sequences.

Prot K E

Swiss Institute of
Bioinformatics



NCBI protein: Swiss-Prot + GenPept + RefSeq + PIR + PDB + PRF

GenPept

Translation from annotated CDS in GenBank
Contains all translated CDS annotated in
GenBank/EMBL/DDBJ sequences

- equivalent to UniProtKB/TrEMBL

Prot ¢

Bioinformatics



LOCTS AF312033_10 192 aa linear ROD 10-DEC-2009
DEFINITICHN EPC [Mus musculus].

ACCESSTION AAKZE82Z5 ALKZ5053

VERSTON AAKZEE25.1 GI:13517500

DEIOURCE accession AF312033.1

EETWORDS

SOURCE Mus musculus (house mouse)

ORGANISHM Mus muscu

lus

; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi:
Eutheria; Euarchontoglires; Glires; Rodentia;

thi; Muroidea; Muridae; Hurinae; Mus; Hus.

uss 1 to 192)

I., Riemer,C., Martindale,D.W., Schnupf,P., Boright AL.FP.,
L., Hardy,D.M., Schwartz,3., Scherer,3.W., Tsui,L.-C.,
and Koop,E.F.

Comparative analysis of the gene-dense ACHE/TFRZ region on human

e 7g22 with the orthologous region on mouse chromosome 5
cids Res. 29 (6), 1352-1365 {(2001)

ues 1 to 192)
I, and Koop,B.F.

Direct Zubmission

[(06-0CT-2000) Biology, Centre for Environmental Health,
v of Victoria, P.O. Box 3020, Victoria, B.C. WV8W 3NS5,

uss 1 to 192)
I., Martindale,D.W., Schnupf,P. and Koop,EB.F.

Direct Zubmission

Eukaryota
HNemmwaliar
Sociurogna
REFERENCE 1 (resid
AUTHORS Wilson, M.
Cheung, T.
Miller,W.
TITLE
chromos o
JOURNAL Nucleic L
PUEMELD 11239002
REFERENCE Z (resid
AUTHORS Wilson, M.
TITLE
JOURMAL Submitted
Universit
Canada
REFERENCE 3 [resid
AUTHORS Wilson, M.
TITLE
JOURMAL Submitted
Universit
Canada
COMMENT COn Dec 10
Hethod: o
FEATURES
source
Protein

©D3

ORIGIN

6l
121
1581
I

movperptll
lsenitwpdt
idkaisglrs
lytgewvoreg

[(06-0CT-2000) Biology, Centre for Environmental Health,
v of Victoria, P.O. Box 3020, Victoria, B.C. WV8W 3NS5,

, 2009 this sequence wersion replaced gi:13492035.
onceptual translation supplied by author.
Location/Qualifiers
1..192
Jorganism="Mus musculus"
/strain="129/3v"
Jdb_xref="taxon: 100907
/chromosome="5"
1..19:2
/product="EPO"
29..152
fregion neme="EPO_TPO"
fnote="Erythropoietin/thrombopoietin; pfaml0753"
Sl _xref="CDD:189705"

1..192

/gene="

fcnded_by plement (Join (AF312033.1:202181. .202336,
AF312033. O77..203256, AF5312033,1:2035853., .203669,

AF312033.1:204132..204274, AF3120353.1:204830. .204542) )"

111s11lipl glpwlcappr licdsrvler yileakeaen wvtmgoaegpr
krnfyavkrm eveeqgaievw gglsllseal lgagallans sgppetlglh
ltsllrvlga gkelmsppdt tppaplrtlt wdtfeklfrv yanflrgklk
dr

Annotation
according to the
submitter
and CDD

No GO term |



UniProtKB, protein sequence databases
and sequence annotation

Protein sequence and annotation: overview
Nucleic acid sequence databases
INSDC, Ensembl, RefSeq
UniProtKB
UniProtKB/Swiss-Prot
UniProtkKB/TrEMBL
Biochemical data (Rhea & ChEBI)
Gene Ontology
UniProt web sites and tools
NCBI Protein sequence databases
RefSeq

Pro'.tu‘z g

Swiss Institute of
Bioinformatics



NCBI protein: Swiss-Prot + GenPept + RefSeq + PIR + PDB + PRF

RefSeq

Produced by NCBI and NLM

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

PrdE ,- ﬂ

Swiss Institute of
Bioinformatics



- RefSeq: NCBI Reference Sequence Database

A comprehensive, integrated, non-redundant, well-annotated set of reference sequences including genomic,
| transcript, and protein.

e Creates, integrates and distributes reference datasets,
constructed from INSDC sequences.

EPO — erylhropoietin Official Symbol EPO provided by HGNC
Homo sapiens (human) Official Full Name erythropoietin provided by HGNC
Also k - DBAL, ECYT5, EP, MWCD2

=0 oW a3 Primary source HGNCHGNC-3415

Gene ID: 2056
RefSeq transcripts (1) RefSeq proteins (1) RefSeqGens (1) Publed {418) see related Ensembl:ENSG00000130427 MIM:133170

transcript protein gene

< < @

RefSeq  NM_000799.4; NP_000790.2; NG_021471.2

e Contains protein sequences derived from gene prediction which
are not submitted to ENA/GenBank/DDB)

"% p
Prot ¢
® Swiss Institute of
Bioinformatics



Prot ¢

Accession number

Accession prefix Molecule type

AL Genomic
MC Genamic
MG Genomic
MT_ Genamic
MY Genomic
= Genomic
Mz B Genamic
MM _ rRNA
MRE_ EMA

W © mBEMA,
WR_® EMNA
AP Frotein
MNF_ Frotein
YR C Frotein
wp E Pratein
P E Pratein

Fyhole Genome Shotgun seqguence data.

Comment

Complete genomic molecule, usually alternate assembly
Complete genamic molecule, usually reference assembly
Incomplete genomic regian

Contig or scaffold, clone-based or WiGESR

Contig ar scaffold, primarily WGES2

Environmental sequence
Unfinished Wiss

FPredicted model
FPredicted model
Annotated on AC_ alternate assembly

Associated with an NM_ or NC_ accession

Predicted madel, associated with an xM_ accession

FPredicted madel, annotated an MZ_ genomic records

h An ardered collection of WSS sequence far a gename.

& Computed,

=

Swiss Institute of
Bioinformatics



1. Annotation on GenBank accession AE016879.1:

ch3 407. . 1747 AE016879.1

Sogene="dnan"

flocus tag="BA 0001"

fﬂld_lncus_tag="BA0001"

fnote="identified by =similarity to EGAD:14548; match to
protein family HMM PFO0O3082; match to protein family HMM
PFOE299; match to protein family HMM TIGROO3&2"

fcodon start=1

ftransl table=11

Sproduct="chromosomal replication initiator protein DnadA"
/protein 1d="ARP24052.1" 4= GenBank translation
fdb_xref;"GI:SOEESEIT"

fdb_xref="Pathema:33_3331"

2. Annotation on reference genome NC_003997 3 {from 1-2,000 bp), derived from AE016879.1:

ch3 407.. 1747 NC_003997.3

Sogene="dnai"

/locus_tag="BA 0001"

Iuld_lucus_tag="BA0001"

fnote="identified by similarity to EGAD:14548; match to
procein family HMM PFO0308; match to protein family HMM
PFOEZ299; match to protein family HMM TIGROOI&2™

fcodon start=1

ftransl table=11

fproduct="chromosomal replication initiator protein DnaaA"
/protein id="NE_543573.1" s RefSeq protein
fdb_xref="GI:302&80196"

Idb_xref="GeneID:1333312"

Hdb_xref="Pathema:33_5551"

Swiss Institute of
Bioinformatics



RefSeq: NCBI Reference Sequence Database

A comprehensive, integrated, non-redundant, well-annotated set of reference sequences including genomic,
transcript, and protein.

Announcements

July 15, 2022
RefSeq Release 213 is available for FTP

This release includes:

Proteins: 234 520,053

Transcripts: 45.781,716

Organisms: 121,461

Available at:  ftp//ftp.ncbi.nlm.nih.gov/refseq/release/
Documentation:Release Notes

See previous announcements, follow NCBI on Twitter, or
subscnbe to NCBI's refseg-announce mail list to receive
announcements.

"% p
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RefSeq entry NP_000790

GenPept

erythropoietin precursor [Homo sapiens]
MCBI Reference Sequence: NP_000790.2

ldentical Proteins

FASTA  Graphics

Go to: [+

LOCTTS
DEFINITICH
LCCESSTICH
VERSICH
DESOURCE
EEYWORDS
SOURCE
OREANTISHM

REFERENCE
LUTHORS
TITLE

JOURMAT
EUBMED
REMRRE

REFERENCE
LUTHORS
TITLE

JOURMNAT
EUBMED
REMRRE

NP 0007350 1533 za linear PRI 02-MRR-Z012
erythropoietin precurscr [Homo sapiens].
HE_ 000730

NP_0007%30.2

BEEF5EQ: accessicon WM 00075353

Feffeqg.

Homo sapiens (human)

Homo sapiens

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

1 ({residues 1 toc 153)

Hishimira E, Matsumoto B, Yonezawa ¥ and WNakagawa H.

Effect of quercetin on cell protection wvia erythropoietin and cell
injury of HepEZ cells

Lrch. Biochem. Bicophysa. 636, 11-1& (Z017)

25030630

FeneRIF: these results suggested that gquercetin's cytoprotective
effects in HepEZ cells are mediated wia EPD producticn.

2 {residues 1 toc 153)

Flarme I, Ellinghaus P, Urrego D and Eruger T.

FEFZ3 expression in rodents is directly induced wvia erythropoietin
after inhikition of hypoxia inducikle factor proline hydroxylase
PFLoS CHNE 12 (10), 01836373 (2017)

259073196

FeneBIF: EPD dependent regulaticn pathway of FEFZ3 gene expression
Publication Status: Cnline-COnly

AC number

Protein: NP_
MRNA: NM _
DNA: NC _

references

Swiss Institute of
Bioinformatics



.

COMMENT BEVIEWED REFSEQ: This record has been curated by HCBI staff. The
reference sequence was derived from 02157 .1, 5e5453.1 and
2005438 5.

This segquence is a reference standard in the BefSegfense project.

On Apr &, 2005 this seguence wversion replaced HE 00073%0.1.

Summary: This gene encodes a secreted, glycecaylated cytockine

compoded of four alpha helicel bundlea. The encoded protein is

mainly aynthesized in the kidney, secreted intoc the bklood plasma,

and binds toc the erythropoietin receptor to promote red blood cell

production, or erythropoiesais, in the bone marrow. Expression of

this gene i3 upregulated under hypoxic conditicons, in turn leading .

to increased erythropoiesais and enhanced ocxygen—carrying capacity AnnOtatlon (free teXt)
of the blood. Expression of thias gene has alac been cbaerved in

brain and in the eye, and elevated expression lewvels hawve been NO GO term !
cbhaerved in diabetic retinopathy and ccular hypertension.

Becombinant forma of the encoded protein exhibit neuroprotective

activity againat a wvariety of potential brain injuries, as well as

antiapoptotic functicona in several tissue types, and have been used

in the treatment of anemia and to enhance the efficacy of cancer

therapies. [provided by RefSeqg, Aug 2017].

Publication Hote: Thia BeffSeqg record includes a aubset of the
publicatiocns that are awvailabkle for this gene. Please see the Gene
record to access additional publications.

#fEvidence—-Data—-S5TARTEE
Tranascript excon combination :-: X0Z2157.1, BCOS%3ezZ2.1 [ECO:-000033Z] Sequence Or|g|n

EHiseg introns :: 3ingle sample supports all introns
SAMERZ158138, SAMEAZ1SI36R + ECO code
[ECC:0000348] PN
fEEvidence—-Data—-ENDEE (ﬁ '/5.\1
LN o
Full support of intron position by RNA-seq alignment evidence used in automatic ) I
assertion

p . '. http://purl.c rary.org/obo/ECO_0000348 ﬂ
@ A type of full support of intron position by RNA-seq alignment evidence that is used in an automatic assertion.

rot ® P i PP P ¥ 92319 Swiss Institute of
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RefSeq

RefSeq ‘COMMENT’ section manual annotation
GENOME ANNOTATION No
INFERRED No
MODEL No
PREDICTED No
PROVISIONAL No

» REVIEWED Yes (sequence + functional information
and features)

VALIDATED Yes (initial sequence)

Whole Genome Sequencing (WGS) No
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http://www.ncbi.nlm.nih.gov/RefSeq/
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121 hwdkawvaglrc
181 klytgeacrt

Location/fualifiers

1..1%3

forganism="Homo sapiena™
Ffdb xref="taxon:5&0&"
JSohromosoma="7"

Smap="TgZZ_ 1"

1..15%3

fproduct="erythropoietin precursocr”™

Annotation

- automated (CDD)

- derived from Swiss-Prot
- in-house (ab initio)

fnote="epoetin™
fealculated mol we=1835¢

1..27

finference="CO0BDINATES: ab initic predicti :S5ignalP:-4.0"
fcalculated_mﬂl_wt=2529

31..1582

fregion_name="EF0 TPO™

JSnote="E i i rombopoietin; pfami0758™

fgene="EZB0"

fgene_saynonym="EP; MVCDZ"

feocded by="NM 000735 _353:182. 7e&3"™
fdb xref="CCDS:CCDS5705.1"

fdb _xref="CenelID:Z205e™
fdb_xref="HENC-HCHNC:3415"
fdb_xref="MIM:-133170™

wlllallslp lglpwvlgapp rlicdsarvle rylleakeae
tkvnfyawkr mevgggavev wgglallsea vlrggallwn

nittgcashc
gagpweplgl
3lttllralg agkeaisppd aasaaplrti tadtfrklfr wysnflrgkl
gdr
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sequence
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Automated annotation: CDD

& NCBI

- >

assvy COﬂSEF\{Ed Conserved Domains - | m
Domains

Limits Advanced search Help

Structure Group ¥ = 3D Macromolecular Structures ¥  Conserved Domains ¥ = PubChem ~ BioSystems ¥
Conserved Domains and Protein Classification [ovERVIEW] sEARCH HOWTO HELP NEWS | FTP| PUBLICATIONS DISCOVER

Resources Highlights

. What is a conserved domain?
Conserved Domain CDD is a protein annotation resource that consists of a collection of well-annotated

Database (CDD) multiple sequence alignment models for ancient domains and full-length proteins. These
are available as position-specific score matrices (PSSMs) for fast identification of
conserved domains in protein sequences via RPS-BLAST. CDD content includes
NCBI-curated domains, which use 3D-structure information to explicitly define domain
boundaries and provide insights into sequence/structure/function relationships, as
well as domain models imported from a number of external source databases (Pfam,

SMART, COG, PRK, TIGRFAM).

Search How To Help News FTP Publications

CD-Search CD-Search is NCBI's interface to searching the Conserved Domain Database with protein 3-D structures and
& or nucleotide query sequences. It uses RPS-BLAST, a variant of PSI-BLAST, to quickly scan conserved core motifs:
Batch CD-Search a set of pre-calculated position-specific scoring matrices (PSSMs) with a protein query. The

results of CD-Search are presented as an annotation of protein domains on the user query
sequence (illustrated example), and can be visualized as domain multiple sequence
alignments with embedded user queries. High confidence associations between a query
sequence and conserved domains are shown as spedific hits. The CD-Search Help
provides additional details, including information about running CD-Search locally.

Batch CD-Search serves as both a web application and a script interface for a conserved
domain search on multiple protein sequences, accepting up to 4,000 proteins in a single
job. It enables you to view a graphical display of the concise or full search result for any

individual protein from your input list, or to download the results for the complete set of
rntaine Tha Batch O Canrch Holn nraidos additinnal daeaile Conserved features

Prd{} ﬂ
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https://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml

Region

Site

Site

Site

pPropagated IXoM UNLFTOTHRD/SW1SS—EIOT (FU413U.L) -

98..115

/region name="Required for high transcriptional activity
of isoform Alpha-C3. {ECC:0000269|PubMed:23820503}1"

fexperimen experimental evidence, no additional details

L
I /note="propagated from UniProtEB/Swiss—FProt (P04150.1)" I

Annotation

- automated (CDD)

- derived from Swiss-Prot
- in-house (ab initio)

113

/site_ type="other"

/experiment="experimental evidence, no additional details
recorded”

propagated from UniProtEB/Swiss-Prot (P04150.1)"
154
/site_ type="other"

/experiment="experimental evidence, no additional details
recorded"”

ECO: 0000244 | PubMed:186696481 ¢
propagated from UniProtEB/Swiss-Prot (P04150.1)" I
141

note="Fhosphoserine.

/=ite type="other"
¥Yp
=mn

/experiment="experimental evidence, no additional details
recorded”

propagated from UniProtEB/Swiss-Prot (P04150.1)"

203

/site_type="other"

/experiment="experimental evidence, no additional details
recorded"”

/note="Phosphoserine. {ECO:0000244|PubMed:24275569,

ECO: 0000265 | PubMed:12000743, ECC:0000269|PubMed:18483175,
UniProtRE/Swiss—Prot (P0O4150.1)"

211

/site_type="other"

/experiment="experimental evidence, no additional details
recorded”
/note="Phosphoserine. {ECO:00002&5|FPubMed:12000743,

propagated from UniProtEB/Swiss-Prot (P04130.1)"
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https://www.ncbi.nlm.nih.gov/protein/NP_000167.1

UniProtKB entries at NCBI...
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A UniProtKB/Swiss-Prot entry with the NCBI look

RecName: Full=Carbonic anhydrase 2; AltName: Full=Carbonic anhydrase
Il; Short=CA-ll; AltName: Full=Carbonate dehydratase Il; AltName:
Full=Carbonic anhydrase C; Short=CAC

Swiss-Prot: PO0OS18.2
FASTA  Graphics

Comment Features Seguence

LOCT3
DEFINITICH

ACCE3I3IION
VERIION
DE3IOURCE

CAHZ HUMAN 260 az linear FRI 10-AUG-Z010
RecHName: Full=Carbonic anhydrase 2; LltName: Full=Carbonic
anhydrazse II; 3hort=CAi-II; AltNatne: Full=Carbonate dehydratase II;
AltName: Full=Carbonic anhvydrase C; Short=CLC,

POOS1S

POOS15.2 GI:115456

TniFProt¥BE: locus CLH: HITMAN, asccession POOS15:;

class: standard. -

extra accessions:BEZRTGE, Q6FI1Z2, Q95ETI

created: Jul 21, 1956.

gedquence updated: Jan 23, Z007.

annotation updated: Aug 10, 2010.

xref=s: M77151.1, LAA51909.1, M77176.1, M77177.1, M77175.1,
n77ive.1, M77180.1, ¥OO339.1, CLAES4:Z26.1, X03251.1, CAA=7YO1:2.1,

JO3037.1, AAASI905.1, CR536526.1, CAGEZ763.1, CR541575.1,

Prot K

CLG46673.1, AK312978.1, BAG3SB15.1, CH471068.1, EAWSTL36.1,
BCO11949.1, AAH11949.1, M36532.1, AWL51911.1, CRHUZz, NF 0O0O00SS.1,
12Ch i, 1h42 1L, 1AM& L, 1AUN &, 1BCD &, 1BIC &, 1BN1 &, 1BN3 &,
1EN4 L, 1ENM L, 1ENN L, 1BENQ &, 1BNT &, 1BNU &, 1BNV &, 1BNW &,
1EV3 4, 1CAZ L, 1CA3 L, 1CAH &, 1CAI &, 1CLJ &, 1CLK &, 1CAL &,
LCLM L, LCANM L, 1CAC L, 1CAY &, 1CAZ R, 1CCS A, 1CCT A, 1cCcU &,
ACIL &, 1CIM &, 1CIN &, ICME &, 1CNC 4, 1CNG &4, 1CNH A4, 1CNI A,
ol &, IIoW b, 1oy &, Irag O, IroE &, IIoE O, IS0L &, 1Io0r &,
1G1D L, 1G3Z L, 1G45 L, 1G46 &, 1G45 &, 1G4J &, 1G40 A, 1G52 1,
1G53 L, 1G54 L, 1H4N L, 1HON &, 1H9Q &, 1HCA &, 1HEL &, 1HEE &,
1HEC L, 1HED L, 1HVA L, 1ISZ &, 1190 &, 1191 &, 1ISL &, 1ISH &,
1I9W &, 1I90 &, 1ISF &, 1I9Q &, 1IF4 &, 1IFS &, 1IF6 4, 1IF7 A,
1IFG &, 1IF2 AL, 1EWQ A, 1KEWR &, 1LG5 &, 1LG6 A, 1LGD A, 1LUG R, ﬂ
AT.777 1 AMo™ o IMITE @ 1MET i} 1M o ANEM o 1mmE b 1ReY 1
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https://www.ncbi.nlm.nih.gov/protein/P00918/

Thank you !

Thanks to Alan Bridge, Emmanuel Boutet and Marc Feuermann
for some of the slides !

Thanks to the SIB training group & Monique Zahn
for the organisation of this course
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