PRECIS

An automatedbipelinefor producingconcise
reportsaboutproteins

Phillip Lord

p.lord@russet.org.uk

Departmenbf ComputingSciencelJniversity of Manchester

BIBE 2001 PRECIS-p.1/22



RoadMap

Whatis annotation?
Wheredoesannotatiorcomefrom?
WhatdoesPRECISdo?

Resultsof PRECIS

Conclusions.
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Biology builds on sequencalata

Most biologicaldatais built ontop of sequenceélata.
Sequenceélatais whatwe have mostof!

Its the simplestdatatype. Its easyto model,asa
string.

Sequences fairly incontrovertible.
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Sequencalata Is opague

Thereforat is commonto attachlarge amountsof
datato the sequencevhich helpswith its
Interpretation.

Dataaboutthe experimentalconditions.
Datainterpretedrom the sequence.
Dataaboutotherrelatedproteins.

This datais usuallydescribechs“annotation”.
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A SWISS-PROT entry

ID  PRIO_HUMAN  STANDARD; PRT, 253 AA. @3 SUBCELLULARLOCATION: ATTACHEDTO THE MEMBRANBY A GPI-ANCHOR. FT  LIPID 230 230 GPI-ANCHOR (BY SIMILARITY).
AC  P04156; CC - POLYMORPHISM:THE FIVE TANDEMOCTAPEPTIDEREPEATSREGION IS HIGHLY FT CARBOHYD 181 181 N-LINKED (GLCNAC..) (PROBABLE)
DT  0L-NOV-1986 (Rel. 03, Created) G UNSTABLE. INSERTIONS OR DELETIONS OF OCTAPEPTIDEREPEAT UNITS ARE FT DISULFID 179 214 BY SIMILARITY.
DT  01-NOV-1986 (Rel. 03, Last sequence update) cc ASSOCIATEDTO PRION DISEASE. FT  DOMAIN 51 91 5 X 8 AA TANDEMREPEATSOF P-H-G-G-G-W-G-
i .
O T (R @ 0 R o) cc DISEASE: PRP IS FOUNDIN HIGH QUANTITY IN THE BRAIN OF HUMANSAND FT Q
G ANIMALS INFECTED WITH NEURODEGENERATIVBISEASES KNOWNAS
DE Major prion protein precursor  (PrP) (PrP27-30) (PrP33-35C) (ASCR). FT  REPEAT 51 59 1
oN PRUP cc TRANSMISSIBLE SPONGIFORVENCEPHALOPATHIESOR PRION DISEASES, LIKE: FT  REPEAT 60 67 2
) @B CREUTZFELDT-JAKOBDISEASE (CJD), GERSTMANN-STRAUSSLERYNDROME ET  REPEAT 68 75 3
0S  Homo sapiens  (Human).
@B (GSS), FATAL FAMILIAL INSOMNIA (FFI) AND KURUIN HUMANS; SCRAPIE FT  REPEAT 76 83 4
OC Eukaryota; Metazoa; Chordata;  Craniata; Vertebrata; Euteleostomi;
cc IN' SHEEP AND GOAT; BOVINE SPONGIFORVMENCEPHALOPATHYBSE) IN FT  REPEAT 84 o1 5.
OC Mammalia; Eutheria; ~ Primates; ~Catarrhini;  Hominidae; Homo
@B CATTLE; TRANSMISSIBLE MINK ENCEPHALOPATHYTME); CHRONICWASTING FT  VARIANT 102 102 P> L (IN GSSAND EOAD)
OX  NCBI_TaxID=9606;
- cc DISEASE (CWD) OF MULE DEERAND ELK; FELINE SPONGIFORM FT IFTId=VAR_006464.
RN [
& cc ENCEPHALOPATHYFSE) IN CATS AND EXOTIC UNGULATEENCEPHALOPATHY FT  VARIANT 105 105 P> L (IN GSS).
RP  SEQUENCEFROMN.A.
@B (EUE) IN NYALA AND GREATERKUDU. THE PRION DISEASES ILLUSTRATE FT IFTId=VAR_006465
RX  MEDLINE=86300093; PubMed=3755672;
cc THREE MANIFESTATIONS OF CNS DEGENERATION: (1)  INFECTIOUS (2) FT  VARIANT 17 17 A -> V (LINKED TO DEVELOPMENDF
RA  Kretzschmar HA. Stowring LE. Westaway D., Stubblebine  W.H.,
@s SPORADICAND (3) DOMINANTLYINHERITED FORMS. TME, CWD, BSE, FSE, FT DEMENTINGGSS).
B.. D d S.J.;
AL @s EUE ARE ALL THOUGHTTO OCCURAFTER CONSUMPTIONDF PRION-INFECTED FT IFTId=VAR_006466
RT  "Molecular  cloning o a human prion _ protein  cDNA" cc FOODSTUFFS. FT  VARIANT 120 129 M > V (DETERMINES THE DISEASE PHENOTYPE
REQOELS SLeS2(1550) DR EMBL; MI3667; AAAL9664.1; - FT IN' PATIENTS WHOHAVE A PRP MUTATION AT
RN @ DR EMBL; M13899; AAAGO1821; - FT CODONL78: PATIENTS WITH MET DEVELOPFFI,
RP SEQUENCEDF 8253 FROMN.A. DR EMBL; DO0O15; BAAOOOILL; - FT THOSEWITH VAL DEVELOPCJID).
RX  MEDLINE=86261778; PubMed=3014653; DR PIR. AOS017: A0S017. T /FTId=VAR_006467.
Y U e, (e RY, Coem @R, SmeElr ER3 DR PIR; A24173; A24173. FT  VARIANT 171 171 N-> S (N SCHIZOAFFECTIVE DISORDER).
RT  "Human prion protein  cDNA: molecular cloning,  chromosomal ~mapping, DR PR S14078; S14078. = (ETESVER GRS
RT and biological implications.”; DR PDB; 1E1G; 20-JUL-00. FT  VARIANT 178 178 D> N (IN FFl AND CJD).
RL  Science 233:364-367(1986). DR PDB; 1ELJ; 20-JUL-00. ET /FTId=VAR_006469.
RN [3] DR PDB; 1E1P; 20-JUL-00. FT  VARIANT 180 180 V> 1 (N CiD).
RP  SEQUENCEDF 58-85 AND 111-150 (VARIANT AMYLOID GSS). DR  PDB; 1ELS; 21-JUL-00. FT [FTId=VAR_006470.
RX  MEDLINE=91160504; PubMed=1672107; DR PDB; 1E1U; 20-JUL-00. FT  VARIANT 183 183 T > A (N FAMILIAL SPONGIFORM
RA Taglavini  F. Preli F., Ghiso J., Bugiani O. Serban D., DR PDB; 1EIW; 20-JUL-00. FT ENCEPHALOPATHY).
RA  Prusiner SB. Falow MR. Gheti B, Frangione B DR MIM; 176640; -. FT [FTId=VAR_006471.
RT "Amyloid protein of Gerstmann-Straussler-  Schein ker disease (Indiana DR MIM; 123400; - FT  VARIANT 187 187 H-> R(IN GSS).
RT kindred) is an 11 kd fragment of prion protein  with an N-terminal DR MIM; 137440; - FT IFTId=VAR_008746.
RT glycine at codon 58." DR MIM; 245300; -. FT  VARIANT 188 188 T -> K (IN EOAD; DEMENTIA ASSOCIATEDTO
RL EMBOJ. 10:513-519(1991). DR MIM; 600072; - FT PRION DISEASES)
RN 4] DR MIM; 604920; -. FT IFTId=VAR_008748,
RP  STRUCTUREBY NMROF 118-221. PR MieiFey  PRESHELS Rl FT  VARIANT 188 188 T> R
RX  MEDLINE=20359708; PubMed=10900000; DR Pfam; PF00377; prion; 1. FT IFTId=VAR_008747
RA Calzolai L, Lysek DA, Guntert P. von Schroetter ~C., Riek R. DR PRINTS; PR00341; PRION. FT  VARIANT 196 196 E > K (IN CJD)
RA  zahn R, Wuethrich K. DR SMART; SMO0157; PRP; 1. FT JFTId=VAR_008749.
RT "NMR structures  of three single-residue variants  of the human prion DR PROSITE; PS00291; PRION_L; 1. FT IFTId=VAR_006472.
RT  protein."; DR PROSITE; PS00706; PRION_2; 1 SQ SEQUENCE 253 AA; 27661 MW; 43DB596BAAA66484 CRC64;
RL  Proc. Nai. Acad. Sci. USA. 97:8340-8345(2000) KW Prion; Brain; Glycoprotein;  GPl-anchor; Repeat; Signal;
CC --  FUNCTION: THE FUNCTION OF PRP IS NOT KNOWN.PRP IS ENCODEDN THE [y EswEue  Felwogilan, PR O S R S e e A e S e N RS S Es
Co) HOST GENOMEAND IS EXPRESSEDBOTHIN NORMALAND INFECTED CELLS. FT  SIGNAL 1 22 GGG GOPHEBWOOPHG O OPHGGCWIBGETHS “%%E%W&%ﬁé@ﬁé‘év
CC - SUBUNIT: PRP HAS A TENDENCYTO AGGREGATEYIELDING POLYMERSCALLED FT  CHAIN 23 230 MAJORPRION PROTEIN. NITKGHIVT UEKGENFTETDVKMMERV\EQMC\TQVERSSQAWQRGS VLFSSPPV
ce "RODS". FT  PROPEP 231 253 REMOVEDN MATUREFORM(BY SIMILARITY).
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A SWISS-PROT entry

AC
DT
DT
DT
DE
GN
os
oc
oc
OoxX
RN
RP
RX
RA
RA
RT
RL
RN
RP
RX
RA
RT
RT
RL
RN
RP
RX
RA
RA
RT
RT
RT
RL
RN
RP
RX
RA
RA
RT
RT
RL
cc
cc
cc

PRIO_HUMAN STANDARD; PRT; 253 AA.
P04156;
01-NOV-1986 (Rel. 03, Created)

01-NOV-1986 (Rel. 03, Last sequence update)

20-AUG-2001 (Rel. 40, Last annotation  update)

Major prion protein  precursor  (PrP) (PrP27-30)  (PrP33-35C) (ASCR).
PRNP.

Homo sapiens  (Human).

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

NCBI_TaxID=9606;
[
SEQUENCEFROMN.A.
MEDLINE=86300093; PubMed=3755672;
Kretzschmar ~ H.A,,

Stowring L.E., Westaway D., Stubblebine ~ W.H.,

Prusiner  S.B., Dearmond S.J.;

"Molecular ~ cloning  of a human prion protein  CDNA.";

DNA 5:315-324(1986).

2

SEQUENCEOF 8-253 FROMN.A.

MEDLINE=86261778; PubMed=3014653;

Liao Y-CJ, Lebo RV, Clawson GA., Smuckler EA;

“Human prion protein  cDNA: molecular  cloning,  chromosomal mapping,

and biological  implications.";

Science  233:364-367(1986).

(31

SEQUENCEDF 58-85 AND 111-150 (VARIANT AMYLOID GSS).
MEDLINE=91160504; PubMed=1672107;
Tagliavini  F., Preli F. Ghiso J., Bugiani O., Serban D,

Prusiner S.B., Farlow M.R., Ghetti B., Frangione B.;

"Amyloid  protein  of Gerstmann-Straussler-  Schein ker disease (Indiana

kindred) is an 11 kd fragment of prion protein with an N-terminal

glycine  at codon 58.";

EMBOJ. 10:513-519(1991).

“

STRUCTUREBY NMROF 118-221.

MEDLINE=20359708; PubMed=10900000;

Calzolai L. Lysek DA, Guntert P. von Schroetter C., Riek R.

Zahn R., Wuethrich K.

“NMR structures  of three  singleresidue  variants o the human prion

protein.”;

Proc. Nafl Acad. Sci. USA. 97:8340-8345(2000)

- FUNCTION: THE FUNCTION OF PRP IS NOT KNOWN.PRP IS ENCODEDON THE
HOST GENOMEAND IS EXPRESSEDBOTHIN NORMALAND INFECTED CELLS.

< SUBUNIT: PRP HAS A TENDENCYTO AGGREGATEYIELDING POLYMERSCALLED

"RODS".

SUBCELLULARLOCATION: ATTACHEDTO THE MEMBRANBY A GPI-ANCHOR.

-I- POLYMORPHISM:THE FIVE TANDEMOCTAPEPTIDEREPEATSREGION IS HIGHLY
UNSTABLE. INSERTIONS OR DELETIONS OF OCTAPEPTIDEREPEAT UNITS ARE
ASSOCIATEDTO PRION DISEASE.

-l-  DISEASE: PRP IS FOUNDIN HIGH QUANTITY IN THE BRAIN OF HUMANSAND
ANIMALS INFECTED WITH NEURODEGENERATIVBISEASES KNOWNAS
TRANSMISSIBLE SPONGIFORMENCEPHALOPATHIESOR PRION DISEASES, LIKE:
CREUTZFELDT-JAKOBDISEASE (CJD),
(GSS), FATAL FAMILIAL INSOMNIA (FFI)
IN SHEEP AND GOAT; BOVINE SPONGIFORMENCEPHALOPATHYBSE) IN
CATTLE; TRANSMISSIBLE MINK ENCEPHALOPATHYTME); CHRONICWASTING
DISEASE (CWD) OF MULE DEERAND ELK; FELINE SPONGIFORM
ENCEPHALOPATHYFSE) IN CATS AND EXOTIC UNGULATEENCEPHALOPATHY
(EUE) IN NYALA AND GREATERKUDU. THE PRION DISEASES ILLUSTRATE
THREE MANIFESTATIONS OF CNS DEGENERATION:(1) INFECTIOUS (2)
SPORADICAND (3) DOMINANTLYINHERITED FORMS. TME, CWD, BSE, FSE,
EUE ARE ALL THOUGHTTO OCCURAFTER CONSUMPTIONDF PRION-INFECTED
FOODSTUFFS.

EMBL; M13667; AAA19664.1; -

EMBL; M13899; AAA60182.1; -.

EMBL; D00015; BAA00011.1; -

GERSTMANN-STRAUSSLERYNDROME
AND KURUIN HUMANS; SCRAPIE

PIR; A05017; A05017.
PIR; A24173; A24173.
PIR; S14078; S14078.
PDB; 1E1G; 20-JUL-00.
PDB; 1E1J; 20-JUL-00.
PDB; 1E1P; 20-JUL-00.
PDB; 1E1S; 21-JUL-00.
PDB; 1E1U; 20-JUL-00.
PDB; 1E1W; 20-JUL-00.
MIM; 176640; -.

MIM;  123400;

MIM; 137440;

MIM; 245300; -.
MIM; 600072; -.
MIM; 604920; -.
InterPro;  IPRO00817;  Prion.
Pfam; PF00377; prion; 1.
PRINTS; PR00341; PRION.
SMART; SM00157; PRP; 1.
PROSITE; PS00291; PRION_L;
PROSITE; PS00706; PRION_2;

S

Prion; Brain;  Glycoprotein;  GPl-anchor;  Repeat; Signal;

3D-structure;  Polymorphism;  Disease mutation.

SIGNAL 1 22
CHAIN 23 230 MAJORPRION PROTEIN.
PROPEP 231 i) REMOVEDON MATUREFORM(BY SIMILARITY).

FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
sQ

LIPID

pxh)

CARBOHYD 181
DISULFID 179

DOMAIN

REPEAT

REPEAT

REPEAT

REPEAT

REPEAT

VARIANT

VARIANT

VARIANT

VARIANT

VARIANT

VARIANT

VARIANT

VARIANT

VARIANT

VARIANT

VARIANT

VARIANT

SEQUENCE 253 AA;

51

51

60

68

76

84

102

105

117

129

171

178

180

183

187

188

188

196

230
181
214
91
59
67
75
83
91
102

105

117

129

171

178

180

183

187

188

188

196

GPI-ANCHOR (BY SIMILARITY).

N-LINKED (GLCNAC..) (PROBABLE)

BY SIMILARITY.

5 X 8 AA TANDEMREPEATSOF P-H-G-G-G-W-G-
Q

1
2
E
4
5.

P> L (IN GSSAND EOAD)

IFTId=VAR_006464.

P> L (IN GSS).

IFTId=VAR_006465

A > V (LINKED TO DEVELOPMENDF
DEMENTINGGSS).

IFTId=VAR_006466

M -> V (DETERMINES THE DISEASE PHENOTYPE
IN PATIENTS WHOHAVE A PRP MUTATION AT
CODONL78: PATIENTS WITH MET DEVELOPFFI,
THOSEWITH VAL DEVELOPCJD).
IFTId=VAR_006467.

N -> S (IN SCHIZOAFFECTIVE DISORDER).
IFTId=VAR_006468

D-> N (IN FFl ANDCJD).

IFTId=VAR_006469

V> 1 (N ciD).

IFTId=VAR_006470.

T > A (N FAMILIAL SPONGIFORM
ENCEPHALOPATHY).

IFTId=VAR_006471

H-> R (IN GSS).

IFTId=VAR_008746.

T > K (IN EOAD; DEMENTIA ASSOCIATEDTO
PRION DISEASES)

IFTId=VAR_008748

T> R

IFTId=VAR_008747

E-> K (IN CID).

IFTId=VAR_008749.

IFTId=VAR_006472.

27661 MW, 43DB596BAAA66484 CRC64;

MANLGCWMLVF\/ATWSDL&CKKRPKPGGNNTGGSRY\F,\’%SSPGGNRYP%GGGGWG%P
jelele) GGTHS! SKPKTNMKHMAGAAAAG,

HGGGWGQPK}EWG%PHGGKK}%PH G
VVGGLGGYMIGSAMSRPIIH FGSDYEDRYYRENMHRY! gYYRPMDEYSI NNFVHDCV
I'\I{IJIgF )ﬁ;IL\/T R;I'(';FKGENFTETDVKMMER\/\EQMC\TQYE SQAYYQRGSMVLFSSPPV
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The annotation pipeline

A PRINTSentrythereforerepresents collation
of multiple relatedSWISS-PRT entries(and
multiple otherdatasources)
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Problem

Annotationgenerations labourintensve
It' s oftenhardto tracelinesof evidence.

Thereforewhilst recognisinghathuman
annotations of higher“quality”, automated
annotatiorsystemsarestill required.
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PRECIS Objectives

Analysehow PRINTSIs

currentlyformed

Generatesoftwaretoolsto mimic this.

Thereforewe aretrying to generateanannotation
transformatiorool, examiningandextracting

commonalitypetweemultip
entries.We wantto usesimp

e SWISS-PROT
etechniguesand

seehow farwe cangetwith t

nese.
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PRINTS:- Highs and Lows

Low Level Annotation
Prion proteinsignature
PROSITE; PS00291PRION_1;PS00706PRION_2
BLOCKS; BL00291
PFAM; PFO0377rion
INTERPRO; IPRO00817
1. STAHL, N. AND PRUSINER, S.B.
Prionsandprion proteins.
FASEBJ.5 2799-280711991).

High Level Annotation

Prionprotein(PrP)is asmallglycoproteinfoundin high quantityin the brainof
animalsinfectedwith certaindegeneratre neurologicaldiseasessuchassheep
scrapieandbovine spongiformencephalopath(BSE),andthehumandementias
Creutzfeldt-Jacoldiseas€CJD)andGerstmann-StrausslsyndromgGSS).
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Other systems

GeneQuizHoerschetal. 2000)
MAGPIE (Gaasterlan@tal. 1996)
PEDANT (Frishmanretal. 2001)
EditToTrembl(Moller etal. 1999)
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Other systems

GeneQuizHoerschetal. 2000)
MAGPIE (Gaasterlan@tal. 1996)
PEDANT (Frishmanretal. 2001)
EditToTrembl(Moller etal. 1999)

Thesesystemsaremostly concernedvith the rst partof this pipeline.
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Knowledge

Wherecanwe getknowledgefrom?

<NOW
<KNOW
<NOW

AC P04156;

eC
eC

el

gefrom Databasetructure.
gefrom Words.

gefrom Domainknowledge.

DR InterPro;IPR0O00817frion.
CC-I- DISEASE:PRPIS FOUND IN HIGH QUANTITY
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Knowledge

Wherecanwe getknowledgefrom?

<NOW
<NOW
<NOW

eC
eC

el

gefrom Databasetructure.
gefrom Words.

gefrom Domainknowledge.

Easy(Selley etal. 2001)
ProteinAnnotatorsAssistantiWiseetal. 2001)
AbXtract (AndradeandValencia,1998)
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Knowledge

Wherecanwe getknowledgefrom?
Knowledgefrom Databasestructure.
Knowledgefrom Words.
Knowledgefrom Domainknowledge.

Implicit within theapplication
Explicit in anontology
Combinedautomatecaindhumanannotation
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PrecisPhases

= :] MEDLINE
— F:
i B a r - -
i II .I
o Armnotation gathering

Fingerprintformation,SWISS-PRT ID gathering.
AnnotationGathering
InformationHarvesting

ReportGeneration
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Harvestingand Generation

Ranking

Redundang Checks
Heuristics

Weighting:-majority or goldenvoting

Referencesveightedby keywords.
Somedatabasepreferredover others.
Newer links arepreferredover older.
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Harvestingand Generation

Ranking
Redundang Checks
Heuristics

OPSDSHEEP DR PRINTS; PR00237; GPCRRHODOPSN.
OPSDHUMAN DR PRINTS; PR00237; GPCRRHODOPSN.
OPSDMOUSE DR PRINTS; PR00237; GPCRRHODOPSN.
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Harvestingand Generation

Ranking

Redundang Checks
Heuristics

OPSDSHEEP VISUAL PIGMENTSARE THE LIGHT-ABSORBING
MOLECULESTHAT MEDIATE VISION

OPSDHUMAN VISUAL PIGMENTSARE THE LIGHT-ABSORBING
MOLECULESTHAT MEDIATE VISION

OPSDMOUSE VISUAL PIGMENTSARE THE LIGHT-ABSORBING
MOLECULESTHAT MEDIATE VISION
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Harvestingand Generation

Ranking
Redundang Checks
-Heuristics
ACM1IHUMAN Primary transducing effect is
pi turnover.
ACM4HUMAN Primary transducing effect is
inhibition of adenylate cyclase.

ACM2HUMAN Primary transducing effect is
adenylate  cyclase inhibition.

BIBE 2001 PRECIS-p.13/22



Harvestingand Generation

Ranking
Redundang Checks
Heuristics

SWISS-PRDT identi ers
PRIO > ¢ HUMAN

The rst half of theidenti er is thesaman similar
proteins.Thesecondhalf recordsthe species.
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PRECIS Output:- Databases

Majority Voting

Major prion protein  precursor (PRP)

PRINTS; PR00341 PRION

PROSITE; PS00291 PRION_1; PS00706 PRION_ 2
PFAM; PF00377 prion

INTERPRO; IPR000817

PDB; 1B10; 1AG2
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PRECIS Output:- References

DateRanking,Heuristics

1. CERVENAKOVAL., [..]

Infectious amyloid precursor gene sequences in pri-
mates used for experimental transmission of

human spongiform  encephalopathy.
PROC.NATL.ACAD.SCI.USA 91 12159-12162 (1994).

2. LOWENSTEIN, D.H., [...]

Three hamster species with different scrapie  incuba-
tion times and neuropathological features
encode distinct prion  proteins.

MOL.CELL.BIOL. 10 1153-1163 (1990).

3. KALUZ, S., [..]
Sequencing analysis of prion genes from red deer and camel.
GENE 199 283-286 (1997).
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PRECIS Output:- Description

Majority Voting

The function of prp is not known. Prp is en-

coded in the host genome and is expressed both in
normal and infected cells.

Attached to the membrane by a gpi-anchor.
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PRECIS Output:- Disease

Heuristic,GoldenVoting

(PRIO_HUMAN; P04156): Prp is found in high quan-

tity in the brain of humans and animals infected

with  neurodegenerative diseases known as transmissible spongi-
form encephalopathies or prion

diseases [..]

(PRIO_HUMAN; P04156): Kuru is transmitted during ritualistic can-
nibalism, among natives of the new
guinea highlands. [...]

(PRIO_SHEEP; P23907): Polymorphism at position 171 may be re-
lated to the alleles of scrapie [..]
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PRECIS Output:- Therest

Majority Voting
The structure has been determined, e.g. "NMR characteriza-
tion of the full-length recombinant

murine prion  protein, mPrP(23-231)" [5].
Belongs to the prion family.
Keywords: GPl-anchor; Repeat; Signal; Prion; Brain;  Glycopro-

tein;  Polymorphism; Disease mutation;
3D-structure.
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PRECIS strengths

ClearEnglish-like reports
Retainscontext information
Providessomeprovenancanformation.
Resultsareupdate-ableasily
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PRECIS weaknesses

InheritsSWISS-PROT errors.
Only usesSWISS-PRT asadatasource

Many problemswith freetext. Particularly
redundang decisions.
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Futur e dir ections

Improve referenceselection.Perhapsautomatic
termrecognitionandclustering.

Improve implementationMake more
“pluggable”.

Structurednetadatdayerwithin PRECISoutput.
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