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Why do we need sequence annotation?

e Often, the result of microarray data analysis is a list of genes.

e The list has to be summarized with respect to its biological
meaning. For this, information about the genes and the related
proteins has to be gathered.

e If the list is small (let’s say, 1-30), this is easily done by reading
database information and/or the available literature.

e Sometimes, lists are longer (100s or even 1000s of genes).
Automatic parsing and extracting of information is needed.

e To get complete information, you will need the help of
an experienced computational biologist (aka ‘bioinformatician’).
However, there is a lot that you can do on your own.
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Primary databases

e Some Information about genes and the encoded proteins
Is available already from sequence databases, e.g. database
accession number, nucleotide and protein sequences, database
cross references, and a sequence name that may or may not give
a hint to the function. To find a sequence in another database,
use sequence comparison tools like BLAST.

e There are large repositories for sequence data, the most
prominent being EMBL, GenBank and DDBJ (these 3 are
redundant). Because they are so large, nobody cares about the
guality of the data. Everybody having internet access can deposit
sequence information there. Errors introduced long time ago will
stay there forever.
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GenBank information from NCBI
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Protein Genome Structure
Search = nuclectide _|| furII Gol Clearl
Limits Prewview/Index

Displaﬂ default _|| Saue|Text| Add to Clipboard GetSubsequence|

1 AD3913 Rnorvegicus mBMA..[gi412264]

LOCUS A03913 1194 hbp mENE& linear PAT 24-MAT-1993
DEFINITION E.norvegicus mRNA for glia-derived neurite-promoting factor
(GANPF) .

ACCESSION  A03913
VERSION B03913.1 GI:412264
EETWORDS
SOURCE Rattus norvegicus.
ORGANISHM ERattus norvegicus
Evkaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammaliz; Eutheria; Rodentia; Sciurognathi; Muridas; Muorinae;
Rattus.
REFERENCE 1 (bases 1 to 1194}
AUTHORS  Monard,D., Odirnk,E.G. and Gloor, 5
TITLE Neurite-promoting factor and process for the marufacture thereof
JOURNAL Patent: EP 0233838-2 4 Z26-AUG-1987;
CIBA-GEIGY AG
FEATURES Location/fualifiers
SOULCE 1..1154
forganism="Rattus norvegicus"
fdb_zref="taxon:10116"
HIk; 1..1154
lcudon_start=1
fproduct="glia-derived neurite-promoting factor (GdMPF)"
fprotein_id="CARO00311.1"
fdb_xref="GI:412265"
Jtranslation="MWHFPFF ILTTVILSSVVSOLNSLSLEELGSOTGIQVENQIIE
SQPHENVVISPHGIASILGHML QL GADGRTEEQL STVHRTHVNGVOGEVLEKINFATIVSE
ENED IVIVANAVE VENGFEVEVEF AARNKEVE OCEVOSVNE ODFASACDATINE WVENE
TRGMIONLLSPHLIDSVLTELVLVHAVYFEGLWESRF (PENTEERTFVAGDGES T OVE
MLAQLSVFRSGSTRTPNGLWYNE IELPYHGESISHL IALPTESSTPLSAITPHISTET
INSWHNTHVEERMOLVLEEFTALANTOLEEPLEAL GITE IFEP SEANFAKTTRSESLH
VSHILOEAKIEWSEDGTEARVVITAIL IARSSPPWF IVDRPFLF CIRHNPTGAILFLG
OvHER "
BASE COUNT 330 a 306 c 27T g 281 t
ORIGIN
l atgaattgge attttccott cttcateotty accacagtga ctttatoccte tgtgtacteoco

ramrtrmaact ~tebotenet crEceEssebs oretbebases csecesbecs ook RResst
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Curated databases

e In contrast, some databases are curated. That means that
biologists will get the iInformation first and compare them
with literature before it goes into the database. Thus, the
database is of high quality, but it takes some time until a
newly discovered sequence iIs entered. Because information
IS only entered by curators, annotation can be unified. Rules
can be put in place that say, e.g., that all enzymes cutting off
phosphates are called phosphatases, not ‘phosphate hydrolases'’.
A very famous curated database is Amos Bairoch’'s SWISSPROT
(nttp://www.expasy.ch).
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SwissProt entry

'| § Lesezeichen & URL: [http: //us expasy. org/ogi-bin/niceprot. pl7P0T002 /| @37 was st verwandt

(1] SEGQUENCE FROR MUCLEIC ACTL, Al
WMEDLINE=88107544 Pubhied=34z7015; [NCBI, ExPASy, EBL |srael, Japan
Sommer J., Gloor S.04., Bovelli G.F., Hofsteenge J., Mick H., kdeier B., hMonard D.;
"cDMA sequence coding for a rat glia-derived nexin and its homology to members of the serpin superfamily.”;
Biochemistry 26:6407-6410(1387).
o FUMNCTION: THIS GLYCOPROTEIN PROMOTES NEURITE EATEMNSION AND 15 A SERIMNE PROTEASE INHIBITOR WITH ACTIVITY TOWARD THROMBIN, TRYPSIN, AND
URCKIMNASE. BINDS HEPARIN.
o SUBCEHLUIAR L OCATION: Extracellular.
s SIMILARITY BELONGS TO THE SERPIM FARMILY.
Copyright
This SWISS-FROT entry is copyright. It is produced through a collaboration hetween the Swiss Institute of Bioinformatics and the EMBL outstation - the European Bioinformatics Institute. There are no restrictions
on its uge by non-profit institutions as long as its content is in no way modified and this statement i not removed. Usage by and for commercial entities requires a license agreement (See
hitp:fifase ish-sib.chéannounces or send an email to license@ish-sib.ch).
ErBL M17784 AAAHIZ091; - [EMBL / GenBank / DDEJ] [ColingSequence]
PIR B27496; B27446.
H35P POS121; 1A7C. [HSSP ENTEY / PDB
|[PEOODZ15; Serpin.
LS Graphical view of domain structure,
Pfam PEOOO7S; serpin; 1.
ShART Shi00093; SERPIM; 1.
PROSITE P500284; SERPIM; 1.
ProDaom [Comain structure f List of seq. sharing at least 1 domain).
BLOCKS PO7032,
Protolet PO7032Z, _|
Protabdap PO703z,
PRESAGE PO7032Z,
DIP PO708Z,
todBase PO7082,
SWS5-2DPAGE GET REGIOMN OM 20 PAGE.
Serine protease inhibitor; Serpin; Heparin-binding; Neurone; Glycoprotein; Signal
Key From To Length Description
SIGNAL 1 14 13 POTENTTAL.
CHAIN 20 397 378 GLIA DERIVED NEXIN. @ x qj Feature table viewer
CRREOHYD 159 159 N-LINEED (GLCNAC.. .) (POTENTIAL).
ACT SITE 364 365 REACTIVE BOND (POTENTIAL) .
/

= [ | e =
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Other databases

e There are databases that connect sequence information with
other data like literature references, three-dimensional (protein)
structure, genomic localisation, or disease relatedness. Usually,
they are indexed with primary database accession numbers.
Often, they also have an interface to search with the sequence
itself (mostly by BLAST).

e Some examples:

OMIM (Online Mendelian inheritance in man). Lists genes that
are important in human disease
(http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=0MIM).
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e Examples (continued):

PFAM Gives information about domain structure and relations to
other proteins containing these domains
(http://www.sanger.ac.uk/Software/Pfam/).

Gene Cards Gives concise Iinformation for human genes,
Including links to other (non-primary) databases
(nttp://bioinformatics.weizmann.ac.il/cards/, mirror in Heidelberg
http://www.dkfz-heidelberg.de/GeneCards/).
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Sample entry in OMIM
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OMIM B i
== Hopkins
Online Mendelian Inheritance in Man = University

Pubhed Mucleotide Protein Genome Structure

Search OhIM _|| forII ﬂl Clearl
Limits Preview/Index Histary Clipboard Details

Display|  Detalled =i | Savel Text| Clip Add|
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PLASMINOGEN ACTIVATOR INHIBITOR, TYPE 2; PAI2
Afternative titles; symbols

PLANHZ2

MONQCYTE ARGIMINE-SERPIN

MONQCYTE-DERIVED PLASMINOGEN ACTIVATOR INHIBITOR
UROQKINASE INHIBITOR

SERPINB2

Gene map locus 18021.3

TEXT

The specific inhibitors of plasminogen activators (173370, 191840) have been classified into 4 immunologically distinct groups: PAIT type PA inhibitor from
endothelial cells (173360%; PAIZ type PA inhibitar from placenta, monocytes, and macrophages; urinary inhibitor; and protease-nexin-l. Antalis et al. (1988) purified
human monocyte-derived plasminogen activator inhibitor to homogeneity and partially sequenced it. They used oligonucleotide probes derived from this sequence
to screen a cDMA library, By nucleotide sequence analysis, they showed that the PAIZ cDMA encodes a protein containing 450 amino acids with a predicted
unglycosylated molecular mass of 45,543, Plasminogen activator inhibitor-2 is also known as monocyte arg-serpin because it belongs to the superfamily of serine
proteases in which the target specificity of each is determined by the amino acid residue located at its reactive center; i.e, met or wval for elastase, leu for kinase,
and arg for thromhin. Samia et al. {1330) demanstrated that the intron-exon arrangement of PAI2 is identical to that of chicken ovalbumin and % genes and distinct

from that of other members of the serpin superfamily. @

Wi'ebb et al. (1987] isolated the cDMNA encoding a monocyte-derived PAI Southern blot analysis of human-mouse somatic cell hyhrid DMA located the PAIZ gene
{which they called PLAMHZ) to human chromosome 18. Cldenburg et al. (1983) also assigned PAIZ to chromosome 18 by Southern analysis of rodent-human
somatic cell hybrid DMAS, By in situ hybridization, WWebb et al. (1983] assigned the PLANHZ gene to 18g21.2-g22. By ¥AC cloning of a 2-ib contig within
chromosomal band 18g21, Silverman et al. (1991) established physical linkage of BCLZ (151430) with PLANHZ, They concluded that PLANHZ is 500 kb telomeric

to BCLZ and has an opposite transcriptional orientation. @

Bartuski et al. {1837] identified 6 genes in a 500-kb region of 18g21.3. The order of the & genes from centromere to telomere was determined to be cen--FPI5

{154790)--5CCAZ (B00518)--SCCAT (BO0S17)--PAIZ--PI10 (E02058)--P18 (E01697)--tel.
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Sample entry in PFAM
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Protein families database of alignments and HMMs

Keyword Search| Protein Search Browse Pfam DMA Search Taxonomy

serpin domain
serpin

Iﬁ Accession number: PFO0079
Serpin (serine protease inhibitor)

Structure is a multi-domain fold containing a bundle of helices and a beta sandwich.
NEw! This family forms structural complexes with other Pfam families, to view them click here

INTERPRO description (entry IPRODD215)

Serpins (SERine Proteinase IMhibitors) PLUBO0005313, PUBODO0O0313, PUBDOOON1549 are a group of structuralkyrelated proteins,
They are high molecular weight (400 to 500 amino acids), extracellular, irreversible serine protease inhibitors with a well defined

: - structural-functional characteristic: a reactive region that acts as a 'bait' for an appropriate serine protease. This region is found in
Figure 1: 1¢5¢g the C-terminal part of these proteins. Structure is a multi-domain fold containing a bundle of helices and a B sandwich. On the basis
Blood clotting — of strong sequence similarities, a number of proteins with no known inhibitory activity are said to belong to this family,

Plasminogen activator inhibitor-1

For additional annotafion, see the PROSITE document PDOCOD25E [Expasy | SES-UK | SRS-USA]

Seed (43) < Full (430) Seed (43) < Full (430)

Format Coloured alignment As a Graphic As aTree Tree depth:
Zoom |1.5  pixelsiaa. Bootstrap tree Show all levels
Get alignment i i Yiew Species Tree
Wiew Graphic MIFAS Applet P

Further alignment options here
Help relating to Pfam alignments here

To find out about the MIFAS tree-viewer, click here

[Database References
PDB

Rasmol (rix) &hime (pc)

A
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How to retrieve large-scale data

e Although most or all of the databases mentioned are ‘real’
databases, you won’t have direct access to them. There is no
Interface to get only the information you want by using a database
guery language like SQL.

e It Is also annoying that the information is presented on different
HTML pages. You usually don’t want to go through 100 pages and
extract the two or three words you need by cut-and-paste.

e Fortunately, a number of languages have an interface to HTML
retrieval. By far the easiest to learn is PERL (http://www.perl.org).
You can write a small script that retrieves the web page, parses
It and extracts only the relevant information. If you like, you can
parse 12,000 web pages on a weekend (speed depends on your
Internet connection, though).
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A sample perl script

File Edit Hule Apps Options Buffers Tools Perl Help

NEEIEEREEEREERE

Open Dited Salla Print cut Copy Faste Undo Spell F:eEIau:e tiladl I Compile

M fusribindper]
use LWP:  Simple ;

Fserver="http://iubic.bio.indiana. edu: 3089/ bin/moquery?”
facchno = FARCGY[O];

Furl = %$=server.faccho
#orint furl;

Fr .= getlfurl) ;
Fr o=~ =fc[h]42//g;

Fr =~ /Molecular functionnd.+72%nA\n.+Biological processywnl . +72wnwn/s; #wninds
Fmolfunc = $1;

#%r =~ /Biological Process\nl.+72%n\n/s;
Fhioproc = $2;

#orint $1;

#orint &)
"EMEL-&cc: FacchodhnthnMolecular function:snEmolfunchninEiological Frocess:wnfbioprochin®;

R — REmacs: gethttp.pl (CPerl Fontl————Il1--C0—-All-———————————— o ————

Fontifyving gethtip.pl... done.




The HTML page ...
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URL: http:/fivbio. hio. indiana. edu: 80897 bin/fhidg. htmlvHUgnOO0S276
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euGenes .. Fish . Fly . Human .. Mouse . Mosquito .. Weed | Worm . Yeast Help .. Preferences

euGenes Report

Human Gene SERPINI2

Symbol SERPINIZ

Full name serine (or cysteine) proteinase inhibitor, clade | (neuroserpin), member &

Molecular function

Biological process

Cellular component

serpin
tumor suppressor,
Inhikitor or repressor

Interesting information

pratease inhibitor 14,

cell motility,
Cell migration/motility

Protein domains

Chromosome
kap location

Ref. sequence
Ref. protein

Similar genes

Chromosame 3 |
1743608 174328 174348 174368 174388

3 T B e e e e e e

5g26.1-926.2 —_— '

ERFIHT
1 1 1 1 m o1 0 1

BEFSEQuMM_D0BZ17
BEFPROT:MP_006208

Fruitfly 3pnEé FBgn0028383 (31%%);
FBgn0002930 (27%)

Hivirrge SERPIMIA
Mosguito SPIB
Mpusa Serpinil

Spnz  FBonO0ZE8987 (29%); Spn4 FBon00ZE98S (29%); SpndsAa  FBon0024294 (28%):

HUgnOO05274 (39%)
AGN0013344 (30%)
MGan0011165 (35%)

nec

3

Weed At1g47710 ATgnOO0S021 (28%), AtZgz5240  ATgn000308S (Z6%)
Worm srp-6 CEgnDO03318 (31%4);  srp-7  CEgnO0O03849Z (31%);, srp-2  CEgn0004038 (30%)
Zfisk hspd7  ZFgn0000Z60 (7R%)
rat —  pir||S49162 (75%) 1
& | 4w @ 2|
A =
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Output of Perl script

bbrorsEdurga:bin > .S gethttp.pl HM_00BZ17Y
EMEL—Acc :MM_D0BZ17

Molecular function:
Sserpln,

tumor suppressor,
Inhibitor or repressor

Eiological Frocess:
protease i1nhiblitor 14,
cell motility,

Cell migratlionsmotility
bbrorsBdurga:bhin > |
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Problems with text mining

e Computers are dumb: they cannot extract the sense of written
words. Thus, a number of problems can arise:

Context. terms can be negated, or cited as a relation; the
meaning may be reversed, and so on. Luckily, databases are
structured and this problem does rarely occur.

Synonyms: two terms referring to the same thing

Ambiguity: one term referring to different things

typos
some more ...
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e There Is a more fundamental problem: annotation can be
detailed, or rather general (like ‘phosphatase’ or ‘inositol-1,4,5-
trisphosphonate 5-phosphatase’). This reflects the different
depths of knowledge about a gene product. However, when
summarizing information, this may lead to bias in the summary
statistics (like ‘phosphatase’ occurring 20 times, while specialized
terms may occur only once).

e Furthermore, the composition of a microarray may be biased
as well. If a high number of the probes (probe sets) on it are
annotated with ‘apoptosis’, it is no surprise if a large proportion of
a gene list also bears this annotation.
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The Gene Ontology system

e To overcome some of these problems, an annotation system
has been created: Gene Ontology (http://www.geneontology.org).

Ontology means here the art (or science) of giving everything its
correct name.

e It represents a unified, consistent system, i.e. terms occur only
once, and there is a dictionary of allowed words.

e Furthermore, terms are related to each other: the hierarchy goes
from very general terms to very detailed ones.

difz


http://www.geneontology.org

The Gene Ontology site

Dokument Bearbeiten Ansicht Gehe zu Lesezeichen Estras Einstellungen Eenster Hilfe

2 Eas B 3 Y3 G RRQG o

EP Adresse @] htp:idumey. geneantalagy.arg

GO
- GENE ONTOLOGY™ CONSORTIUM

& ‘What's New? The GO Consortium Contact GO Cite GO GOBO Career Cpporiunities  Acknowledgments
# Current Ontologies

® Current Annotations
# G0 Browsers

& DAG-Edit The goal of the Gene Ontolog'}r—”\”1 Consortium is to produce a dynamic cantrolled wocahulary that can
be applied to all organisms even as knowledge of gene and protein roles in cells is accumulating and

® 50 Database changing.

# Indices of other Classification

systems To submit specific suggestions for new GO terms to the | sourcrH RGE

# Documentation Consortium, please use the "Submit Mew' option an the onet

& FTP Archive web form at SourceForge.net.

® CVS Repository Note:l Ht?lp on thel use qf the SourceForge GO term
submission page is available at

® Software GO.curator_requests.html,

& Minutes

# Global Open Biclogical Ontologies Please send any comments or guestions by email to: go@geneontology.org . More details on how to

# Publications by GO contact (32 and on how to follow the progress of the project are available here.

# Publications on the GO

Search for GO terms and their gene associations: |
Select a Browser:

Mote: A quick summary of the available browsers, with links to each browser and to its help documentation is at GO Browsers. Click an
an icon above to go directly to the help documentatian for that browser.

What's New?

# The minutes from the hMay meeting of the GO Consortium, held at Cold Spring Harbor Laboratory, MNew York, are now available fram the CW3
repasitory and from the ftp site, both as text and as pdf files. (posted Juwly 24, 2002)

# The GOA Project (GO annotation@EEI) announces the first release of all GO annotations that exist in SWISS-PROT and TrEMBL as well as a third
release of annatation for the SWISS-PROT/TrEMBL/Ensembl non-redundant human proteome set. {posted Juire 27, 2002)

# MEETING MOTICE: September 2002 Users Meeting in Hiredon, UK, after the joint Cold Spring HarborAellcome Trust Genome Informatics
Conference.

# Text documnent of all changes, enhancements and new features - GOuwhat_is_new

L4
nl Y
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Actual annotation

e Gene Ontology by itself is only a system for annotating genes
and proteins. It does not relate database entries to a special
annotation value.

e Luckily, research communities for several model organisms
have agreed on entering Gene Ontology information into the
databases. As this is done ‘by hand’, GO annotation for most
organisms is far from complete.
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Available Gene Ontology information

Dokument Bearbeiten Ansicht Gehe zu Lesezeichen Estras Einstellungen Eenster Hilfe

e B L3 G RARG o

EP Adresse |G http:idumay. geneantalagy.arg

Biological Molecular Cellular Total TAR
Process Function | Component | Total Gene |References| Delimited
no no no Products Included File(s) of
F:i" IEA !::j" IEA !::i" IEA | Associated as Gene
CodeS ode | 9CY9C% code | °°9ES gode Evidence |Associations
SGDI gagp 3507| Bage 3asa| 2661 3661 5899 243 download
Saccharonmyces Wiew
FlyBase| o375 3354| 6374 63ss| 3425 3338 7299 517g| download
Drosophila Wiew
MGl gag7 2139| 7584 2271| 5948 2115 8666 p170| dewnload
Mus View
JAIRL ges 51| 7597 2081| 2430 290 3654 3gg| download
Arabidopsis YView
. PomBase| 5455 3458 o o| 1939 1933 3650 3524 downioad
Sohizosaccharomyces View
WormBase download
Casnorhaboiis 4320 1311] 5559 18] 2822 387 G747 27 View
RGD download
Batis 913 oy 1179 1] 733 0 1303 1 View
Gramene: Onza (Rice)| 2267 55| 3110 48| 1029 49 3321 1093 d°$ir;'$ad
TIGR: Arzbidopsis| 1918 1918| 46396 4696 1080 1080 4385 a7z dogig'gad
TIGR: Gene Index
README 78488 0] 79564 0] 63880 0 a7808 1| download
TIGR: Vigwio choleras| 2923 2923| 2721 2721| 189 189 2924 10 d°$i2'$ad
Compugen download
README 631750 0)631105 0} 640209 0 G58168 1 View
GO Annotations @ EBL Human| ye7e4 7764|1055 7343| 12190 6511 19912 3818|  download
README
GO Annotations @ EBIL
SwissPROT/TrEMBL | 360534 10014 442771 15103 | 285587 7801 507964 13160 download
README
Sanger: G. morsitans (Tsetse fly)
README 1284 0y 2397 o) 1251 0 2653 1| download
numbers as of September 22, 2002
In the table above gene association counts are provided for all evidence codes and separately for everything except IEA. The IEA code, inferred
from electronic annotation, is the lowest quality code. IEA is the only code currently in use that does not require human judgement during the
curation process. Also see the GO evidence code documentation.
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A tutorial: how to get GO information from EBI

e The European Bioinformatics Institute (EBI) has started to
annotate human genes (and some more) with GO terms.

e The database is called GOA. It is available via SRS (Sequence
Retrieval System, http://srs.ebi.ac.uk).

e The following slides show you how it works.
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SRS tutorial 1
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Resetl Ouery "[swall- ALLTEXT: serpin*]" found 821 entries next
Perform operation SWALL (SPTRE) Accession Description SeqLength
gl o i) J SWALL (SPTRRREGQ LAMEBD |POZ047 | Anttermination protein Q. 207
+ onselected d SWALL (EPTRyDUT VACCC P21035  |Deoxyuridine 5'-triphosphate nucleotdohydrolase (EC 3.6.1.23) (dUTPase) (dUTP pyrophosphatase). 147
J SWALL (SPTRRERA _BRUME QEYGETS | GTP-binding protein era homolog, 311
Save O SWALL (SPTR:EDSA RALSO 2-dehydro-3-deoxzyphosphooctonate aldolage (EC 4.1.2.16) {Phospho-2- dehydro-3-deoxyoctonate
8YOBY |aldelase) (3-deoxy-D-manno-octulosonic acid 8- phosphate synthetase) (KD O-8-phosphate 284
View synthetase) (EDC 8-P symthase).
J SWALL (EPTRRVMTE MYXVL |P225811  |M-T8 protein. 515
SeqSimpleViewr O |
J SWALL (BPTRRVMTE MYXVL |POB0YE | MT-2 protein {MP-R polypeptde;. 502
e J SWALL (SPTRRERF1 VACCP  |P2%884 | Possible protein kinase F10 (EC2.7.1.-). 405
BlastP J SWALL (SPTRyADAWM CROAD |P3417% | Adamalysin [I({EC 34.24.48) (Proteinase II), 203
ast e | |
O SWALL (SPTRyRIR2 WACCP P2%883  |Ribonucleoside-diphosphate reductase small chain (EC 1.17 4.1) {Ribonucleotide reductase). 319
Number of entries to displayper | 1 SWALL (SPTRi:A1AT HUMAN |pyjgne | Alphe-l-antiteypsin precursor { Alpha-1 protease inhibitor) { Alpha-1- antiproteinase) 418
—— |(PRO0&84/PRO2Z209).
page | 30— O SWALL (SPTREALAT PAPAN |pgigig Alpha-1-antitrypsin precursor {Alpha-1 protease inhibitor) {Alpha-1- antiproteinase) (AAT) 400
) . ——— |{Fragment).
Frinter Friendly
J SWALL (EPTRRCOTR_CAVPO |P22323  |Contrapsin precursor (CP), 410
O SWALL (SPTR:CCOTR_MOUSE |PO7759 Contrapsin precursor. 418
O SWALL (SPTRRALAF CAVPO P22304 Alpha-1-antiproteinase F precursor { Alpha-1-antitrypsin) { Alpha-1- proteinase inhibitor) { APF) 403
————  |({Fragment).
J SWALL (SPTR:ALAS CAVPOD |P22325 Alpha-1-antiproteinase S precursor {Alpha-1-antitrypsing { Alpha-1- proteinase inhibitor) { APS), 405 |
O SWALL (SPTRyALAT CALCN |054763 | Alpha-1-antiproteinage precursor { Alpha-1-antitrypsing { Alpha-1- proteinasze inhibitor), 412
J SWALL (SPTRy:A1AT CHIVI P3B026 Alpha-1-antiproteinase { Alpha-1- antitrypsing { Alpha-1-proteinase inhibitor) (Fragment). 30
O SWALL (SPTR:A1AT DIDMA | G03044 | Alpha-1-antiproteinage precursor { Alpha-1-antitrypsing { Alpha-1- proteinase inhibitor), 410
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The Gene Ontology hierarchy
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