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• Why do we need predictive annotation tools?

• Protein signatures for homology detection – A short primer

(Coffee break)

• Annotation rules for functional annotation

• HAMAP and PROSITE - automated annotation in UniProtKB

• HAMAP and PROSITE - services for external users

• Practical exercises
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Why do we need predictive annotation tools?

«Continuing advances in next generation sequencing mean that for every

experimentally characterized protein, there are now many hundreds of proteins

that will never be experimentally characterized in the laboratory !»

http://nar.oxfordjournals.org/content/43/D1/D204

• Currently, reviewed entries 

make up less than 1% of 

UniProtKB

• Manual curation is time-

intensive and published 

experimental data focuses on a 

rather limited number of 

model organisms

• Problem: The quality of the 

functional annotation attached 

to sequences submitted to 

UniProtKB is very variable 

(from original submitters).

UniProt release 2018_09: 



Annotation propagation in UniProtKB/Swiss-Prot
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Microbial proteome annotation



Annotation propagation in UniProtKB/Swiss-Prot
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Automated annotation of protein sequences
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• Manually curated signatures – a protein matching a specific signature may 

be annotated according to the contents of the associated rule

• Manually created annotation rules that specify annotations AND the 

conditions under which they may be applied

• HAMAP signatures/rules for full length protein sequences,  

PROSITE signatures/rules mainly for domains and sites 

• Common format and shared syntax
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Patterns and profiles 

over to Christian….



Automatic annotation of protein sequences
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HAMAP family profiles

• HAMAP family profiles are automatically generated from manually curated seed 

alignments of trusted family members and stored in PROSITE format.

• Selection and level of detail for protein family annotation is often based on expert opinion in 

the scientific literature including phylogenomic considerations.
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Profiles: interpretation of the score

• How do I interpret the score produced by a profile? Which is the lowest score I 

consider to produce a true match?

• Only biological arguments tell you if a match is true or not.



Validation of a family profile

 

ID   Cytidyl_kinase_type2; MATRIX. 

AC   MF_00239; 

DT   DEC-2013 (DATA UPDATE). 

DE   Cytidylate kinase [cmk]. 

CC   /VERSION=4; 

MA   /GENERAL_SPEC: ALPHABET='ACDEFGHIKLMNPQRSTVWY'; LENGTH=191; LOG_BASE=1.071779; P0=0.9972; 

MA      P=   7.552363,   1.698108,   5.303439,   6.320015,   4.078187,   6.844419,   2.240667,    

MA   /DISJOINT: DEFINITION=PROTECT; N1=6; N2=186; 

MA   /NORMALIZATION: MODE=1; FUNCTION=LINEAR; R1=17.03045; R2=0.0080365; TEXT='-LogE'; 

MA   /CUT_OFF: LEVEL=1; SCORE=2514; N_SCORE=37.241; MODE=1; TEXT='!'; 

MA   /CUT_OFF: LEVEL=0; SCORE=2514; N_SCORE=37.241; MODE=1; TEXT='?'; 

MA   /CUT_OFF: LEVEL=-1; SCORE=-1061; N_SCORE=8.5; MODE=1; TEXT='??'; 

MA   /DEFAULT: B0=*; B1=*; E0=*; E1=*; MM=*; II=*; 

MA   /I: B0=-85; B1=-85; BD=-49; 

MA   /M: SY='M'; M=-25,-24,-49,-42,8,-41,-30,-3,-10,-4,46,-37,-41,-35,-8,-32,-6,6,-28,-25; M0=- 

MA   /I: MM=0; MI=-100; MD=-111; IM=-9; II=-11; DM=-7; DD=-14; 

MA   /M: SY='R'; M=-24,-25,-39,-33,-2,-39,-27,20,0,-1,-17,-3,-39,-4,21,3,-24,11,-29,-25; M0=-12; 

MA   /I: MM=0; MI=-100; MD=-111; IM=-9; II=-11; DM=-7; DD=-14; 

MA   /M: SY='I'; M=-44,-39,-71,-68,-43,-70,-70,39,-68,-13,-30,-66,-66,-66,-69,-64,-44,4,-62,-57;  

MA   /I: MM=0; MI=-100; MD=-111; IM=-9; II=-11; DM=-7; DD=-14; 

MA   /M: SY='T'; M=10,11,-59,-53,-34,-51,-43,3,-50,-29,5,-49,-52,-47,-49,-43,31,15,-41,-37; M0=- 

MA   /I: MM=0; MI=-101; MD=-111; IM=-9; II=-11; DM=-7; DD=-14; 

MA   /M: SY='I'; M=-44,-39,-71,-68,-44,-70,-71,35,-68,-4,-31,-67,-67,-67,-70,-64,-44,20,-63,-58; 

M0=-44; 

MA   /I: MM=0; MI=-101; MD=-111; IM=-9; II=-11; DM=-7; DD=-14; 
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A fictitious rule
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A fictitious rule

• color: purple

• has four edges: yes

and:

• edges are of same length

• angles are 90 degrees

• is a purple quadrilateral

• is a square

sequence space (unreviewed)



HAMAP annotation rules
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• Rule creation starts with the manual curation of UniProtKB/Swiss-Prot records 

(=template entries).

• Protein names, gene names, functional annotation, GO terms, keywords and 

sequence features from the templates are selected and combined to build the rule 

containing the annotation to be propagated. 

• Annotations may be subject to control statements that limit their propagation to 

only those sequences satisfying one or more conditions.
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template entry



What can be propagated?

Annotation Propagated?

RecName Yes

AltName Yes

Function Yes

Catalytic activity Yes

Pathway Yes

Subunit Yes

Subcellular location Yes

Disease No

Disruption phenotype No

Polymorphism No

Alternative products No

Annotation Propagated?

KW Yes

GO Yes

Regions of interest Yes

Active site Yes

Ligand-binding Yes

Processing Yes

PTMs Yes

Ambiguities No

Conflicts No

Natural variants No

Isoforms No
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Annotation applies only to sequences 

from specified taxa

Annotation applies to sequences 

matching specified profile

A meaningful recommended name 

which can be safely propagated to 

orthologs; synonyms



Protein function, interactions, 

location, pathways, family 

membership and others – Swiss-Prot

syntax 

Summary in the 

form of keywords

Case statements restrict

annotation to proteins

satisfying these conditions
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A group of 
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Annotation transfer

• Sequence features are propagated by aligning target sequences to the profile and 

translating feature positions from the template to the target sequence.

FT   From: ADE_PSEAE (Q9I6Y4)
FT   METAL        14     14       Zinc; catalytic.
FT   Group: 1; Condition: H
FT   METAL        16     16       Zinc; catalytic.
FT   Group: 1; Condition: H
FT   METAL       194    194       Zinc; catalytic.
FT   Group: 1; Condition: H
FT   METAL       275    275       Zinc; catalytic.
FT   Group: 1; Condition: D

CLUSTAL W (1.83) multiple sequence alignment template=ADE_PSEAE profile_method=hmmbuild

C4ZN08_THASP    ---------MELEAYVRALPKAELHLHIEGTLEPEMMFALARRNGVALPWA-------SV
ADE_YEAST       ---------MVSVEFLQELPKCEHHLHLEGTLEPDLLFPLAKRNDIILPE----GFPKSV
ADE_CANGA       ---------MVPESFLLELPKCEHHLHLEGTLEPDLLFPLAKRNNIQLPD----HFPQTP
ADE_KLULA       --MAKFECTDEVTNFLTELPKCEHHLHLEGTLEPELLFQLVERNGVQLPG----TFPKTV
ADE_CANAL       --MAQYECSEHMENFLRELPKCEHHVHLEGTLEPSLLFKLAKRNNITLPE----TFPKTV
ADE_ASPFU       MC------QSPLHDFLHGLPKCEHHVHLEGCVTPELIFQLAEKNNIQLPNPATHPAYASV
ADE_ASPOR       MC------KSDLHDFLHGLPKCEHHVHLEGCLAPDLIFELAKRNNVSLPN---EPAYESI
ADE_EMENI       MCPPNTPYQSQWHAFLHSLPKCEHHVHLEGCLEPPLIFSMARKNNVSLPSPSSNPAYTSV
ADE_SCHPO       MS------NLPIYNFIRKLPKCEHHVHLEGCLSPDLVFRLAKKNGITLPS--DDAAYTTP
ADE_GIBZE       MC------KSRVHSFLQALPKVEQHLHIEGTLEPELLFTLAEKNGIELPN---DPVYESA
ADE_CAUCR       -MTDASFAPSASAEFVRGLPKAELHMHIEGSLEPELMFELAQRNGITLPFA-------SV
ADE_CAUCN       -MTDASFAPSASAEFVRGLPKAELHMHIEGSLEPELMFELAQRNGITLPFA-------SV
ADE_SPHAL       -MPDGFASHEERAAFIAGLPKAELHLHIEGSLEPELLFEFARRNRVAIPFA-------SI
ADE_RHORT       --------MAVDPAFLHALPKVELHLHIEGSLEPEMMVALAERNGLRLPYA-------SV
ADE_STRCO       --------MKRPYDALMPLPKAELHLHIEGTLEPELAFALAARNGVSLPYA-------DE
ADE_BURPP       -MTTTTVTPTPLAEKTALAPKAELHIHIEGSLEPELIFALAERNGVKLAYD-------SI
ADE_BURXL       -MTTTTVTSTPLAEKTVLAPKAELHIHIEGSLEPELIFALAERNGVKLAYD-------SI
ADE_CUPTR       -----MTIDAALAEQIRRTPKAELHVHIEGTLEPELIFRLAQRNQVALPYP-------SV
ADE_CUPNH       -----MTIDAALAEQIRRTPKAELHVHIEGTLEPELIFRLAQRNQVALPYP-------SV
ADE_CUPPJ       -----MTIDAALADKIRRTPKAELHVHIEGTLEPELIFRLAQRNHVNLPYP-------SV
ADE_RALME       -----MTIDAALADKIRRTPKAELHVHIEGTLEPERIFRLAQRNNVKLAYP-------DV
ADE_RALPJ       -----MPISSALAERIATSPKAELHIHIEGSLEPELMFALAERNGVKLPYA-------SV
ADE_RALSO       -----MPISPALAERIATSPKAELHIHIEGSLEPELMFALAERNGVKLPYA-------SV
ADE_GEOLS       -MNLTNIPRQALPELLCRMPKAELHIHIEGSLEPELIFALAERNRLQLAYP-------TI
ADE_GEOUR       -MNFDCIPREDLHGILCHMPKAELHIHIEGSLEPELIFELATRNRIQLPYP-------TI
ADE_RHOFD       -MTIKPVSQERLPELLRTIPKAELHIHIEGSLEPELMFALAQRNGVSIPYP-------DV
ADE_ZYMMO       --------MNNLIKFIAALPKAELHLHIEGSLEPELMFELAKRNKVTLPFP-------DV
ADE_ACIAD       ---------MNQSELIRALPKAELHVHIEGTFEPELMFEIAQRNHIDIPYK-------SV
ADE_PSYCK       -----------MIDLIKRLPKAELHLHIEGSLEPELMFRLAKKNQIEIPYK-------DI
ADE_VIBPA       -----------MNAFIQGLPKVELHLHIEGSLEPELMFKLAKRNGIDIPYS-------SP
ADE_PSEAE -----------MYEWLNALPKAELHLHLEGTLEPELLFALAERNRIALPWN-------DV

ID C4ZN08_THASP               Unreviewed;       343 AA.
AC   C4ZN08;
..
FT   METAL        16     16       Zinc; catalytic.
FT   METAL        18     18       Zinc; catalytic.
FT   METAL       196    196       Zinc; catalytic.
FT   METAL       277    277       Zinc; catalytic.



Annotation applied if, and 

only if, ALL members of the 

specified group (here, 

FTGroup1, are present).



We can indicate related HAMAP 

rules and specify their precedence
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• Manually curated signatures – a protein matching a specific signature may 

be annotated according to the contents of the associated rule

• Manually created annotation rules that specify annotations AND the 

conditions under which they may be applied

• HAMAP signatures/rules for full length protein sequences,  

PROSITE signatures/rules mainly for domains and sites 

• Common format and shared syntax



Annotation output

• Many checks are performed in order to prevent the propagation of wrong 

annotation:

ID   ADE_THASP               Unreviewed;       343 AA.
AC   C4ZN08;
..
DR   HAMAP; MF_01962; Adenine_deaminase; 1.
KW   Hydrolase; Metal-binding; Nucleotide metabolism; Zinc.
FT   ACT_SITE    199    199       Proton donor.
FT   METAL        16     16       Zinc; catalytic.
FT   METAL        18     18       Zinc; catalytic.
FT   METAL       196    196       Zinc; catalytic.
FT   METAL       277    277       Zinc; catalytic.
FT   BINDING     278    278       Substrate.
FT   SITE        220    220       Important for catalytic activity.
**
**   #################    INTERNAL SECTION    ##################
**HA FAM; Method MF_01962; ADE; Trusted match; 85.781 (+32).
**HA FAM; Method MF_00540; ADD; Weak match; 28.113 (-21.7).
**HA SAM; Annotated by HAMAP 3.1.3; MF_01962.6; MF_01962; 18-MAR-2016 15:37:54.
SQ   SEQUENCE   343 AA;  37571 MW;  E2DA4A77193E5C4B CRC64;

MELEAYVRAL PKAELHLHIE GTLEPEMMFA LARRNGVALP WASVEAVRAA YAFTDLQSFL
DLYYAGAAVL VREQDFFELA FAYFERAHAD GVVHAELFFD PQTHTARGVA LETVLDGLER
ACVEARARWG IGSRLILCFL RHLSEEEGFA TLQQALPHLS RIDGVGLDSS ERGHPPAKFA
RLFARCRELG LHVVAHAGEE GPPAYIVDAL DLLKAERIDH GVRCTEDPAL VGRLVREQVP
LTVCPLSNVK LCVFPDLARH NLGQLFAAGL KVTINSDDPA YFGGYVAKNY VDTARALGLG
RAELRRIARN SLEASFVSAA ERAPWLARLD ALGEDCEGEG GAA

//



Annotation output validation

ID   F1VZU6_9BURK               Unreviewed;       343 AA.
AC   F1VZU6;
..
DR   HAMAP; MF_01962; Adenine_deaminase; 1.
KW   Hydrolase; Nucleotide metabolism.
FT   ACT_SITE    163    163       Proton donor.
FT   BINDING     242    242       Substrate.
FT   SITE        184    184       Important for catalytic activity.
**
**   #################    INTERNAL SECTION    ##################
**HA FAM; Method MF_01962; ADE; Trusted match; 75.102 (+21.3).
**HA FAM; Method MF_00540; ADD; Weak match; 22.498 (-27.3).
**HA SAM; Annotated by HAMAP 3.1.3; MF_01962.6; MF_01962; 18-MAR-2016 15:37:54.
**HW HAMAP: WARNING(0) for [MF_01962]: Conditions for mandatory group [1] not met (in one or more 
instances of the trigger) (group condition: 
AndOp(AndOp(AndOp(PositionalPattern(Positional|METAL_BINDING|{14//}|{14//}|Zinc; 
catalytic|__FT_2,__FTGRP_1,__HAS_PATTERN_COND,H),PositionalPattern(Positional|METAL_BINDING|{16//
}|{16//}|Zinc; 
catalytic|__FT_3,__FTGRP_1,__HAS_PATTERN_COND,H)),PositionalPattern(Positional|METAL_BINDING|{194
//}|{194//}|Zinc; 
catalytic|__FT_4,__FTGRP_1,__HAS_PATTERN_COND,H)),PositionalPattern(Positional|METAL_BINDING|{275
//}|{275//}|Zinc; catalytic|__FT_5,__FTGRP_1,__HAS_PATTERN_COND,D)))
**HW HAMAP: WARNING(0) for [MF_01962]: Protein size (302) smaller than specified minimum (315)
**HW HAMAP: WARNING(0) for [MF_01962]: Trigger [MF_01962] (with MaxNterGaps: 17): N-ter too short 
by 29 AASQ   SEQUENCE   302 AA;  33639 MW;  F2CB11087CD4074C CRC64;

MALAFESVDA LRAAYAFTDL QSFLDIYYAG ASVLLTEQDF YDMTRAYLLR AQQDQVRHTE
LFFDPQTHTA RGVPMEFVIN GIWRALQDAQ QEWGMTGALI LCFLRHLSED DAFDTLELAL
PLRDKFIGVG LDSSELGHPP EKFARVFAKC RQLGLHLVAH AGEEGPPAYI TSALDVLKVE
RIDHGVRCLE DAALTARLAH ERIPLTVCPL SNLKLRVVDQ LADHNLLQLL DAGLVVTVNS
DDPAYFGGYM NDNFIATFEA LPLTRAHARL LARNSFDAAF LDGATRHKYL AEVDAFFDGQ
PA

//

**HW Praise: WARNING(0) for [MF_01962]: Conditions for mandatory group [1] 
not met (in one or more instances of the trigger) (group condition: …

**HW Praise: WARNING(0) for [MF_01962]: Protein size (302) smaller than
specified minimum (315)

**HW Praise: WARNING(0) for [MF_01962]: Trigger [MF_01962] (with 
MaxNterGaps: 17): N-ter too short by 29 AA



Annotation output validation

CLUSTAL W (1.83) multiple sequence alignment template=ADE_PSEAE

ADE_YEAST         ---------MVSVEFLQELPKCEHHLHLEGTLEPDLLFPLAKRNDIILPE----GFPKSV

ADE_CANGA         ---------MVPESFLLELPKCEHHLHLEGTLEPDLLFPLAKRNNIQLPD----HFPQTP

ADE_KLULA         --MAKFECTDEVTNFLTELPKCEHHLHLEGTLEPELLFQLVERNGVQLPG----TFPKTV

ADE_CANAL         --MAQYECSEHMENFLRELPKCEHHVHLEGTLEPSLLFKLAKRNNITLPE----TFPKTV

ADE_ASPFU         MC------QSPLHDFLHGLPKCEHHVHLEGCVTPELIFQLAEKNNIQLPNPATHPAYASV

ADE_ASPOR         MC------KSDLHDFLHGLPKCEHHVHLEGCLAPDLIFELAKRNNVSLPN---EPAYESI

ADE_EMENI         MCPPNTPYQSQWHAFLHSLPKCEHHVHLEGCLEPPLIFSMARKNNVSLPSPSSNPAYTSV

ADE_SCHPO         MS------NLPIYNFIRKLPKCEHHVHLEGCLSPDLVFRLAKKNGITLPS--DDAAYTTP

ADE_GIBZE         MC------KSRVHSFLQALPKVEQHLHIEGTLEPELLFTLAEKNGIELPN---DPVYESA

ADE_CUPTR         -----MTIDAALAEQIRRTPKAELHVHIEGTLEPELIFRLAQRNQVALPYP-------SV

ADE_CUPNH         -----MTIDAALAEQIRRTPKAELHVHIEGTLEPELIFRLAQRNQVALPYP-------SV

ADE_CUPPJ         -----MTIDAALADKIRRTPKAELHVHIEGTLEPELIFRLAQRNHVNLPYP-------SV

ADE_RALME         -----MTIDAALADKIRRTPKAELHVHIEGTLEPERIFRLAQRNNVKLAYP-------DV

ADE_RALPJ         -----MPISSALAERIATSPKAELHIHIEGSLEPELMFALAERNGVKLPYA-------SV

ADE_RALSO         -----MPISPALAERIATSPKAELHIHIEGSLEPELMFALAERNGVKLPYA-------SV

F1VZU6_9BURK ---------------------------------------------MALAFE-------SV

ADE_BURPP         -MTTTTVTPTPLAEKTALAPKAELHIHIEGSLEPELIFALAERNGVKLAYD-------SI

ADE_BURXL         -MTTTTVTSTPLAEKTVLAPKAELHIHIEGSLEPELIFALAERNGVKLAYD-------SI

ADE_GEOLS         -MNLTNIPRQALPELLCRMPKAELHIHIEGSLEPELIFALAERNRLQLAYP-------TI

ADE_GEOUR         -MNFDCIPREDLHGILCHMPKAELHIHIEGSLEPELIFELATRNRIQLPYP-------TI

ADE_RHOFD         -MTIKPVSQERLPELLRTIPKAELHIHIEGSLEPELMFALAQRNGVSIPYP-------DV

ADE_ZYMMO         --------MNNLIKFIAALPKAELHLHIEGSLEPELMFELAKRNKVTLPFP-------DV

ADE_CAUCR         -MTDASFAPSASAEFVRGLPKAELHMHIEGSLEPELMFELAQRNGITLPFA-------SV

ADE_CAUCN         -MTDASFAPSASAEFVRGLPKAELHMHIEGSLEPELMFELAQRNGITLPFA-------SV



Annotation output validation

FT   BINDING     278    278       Substrate.
FT   SITE        222    222       Important for catalytic activity (By
FT                                similarity).
**
**   #################    INTERNAL SECTION    ##################
**HA FAM; Method MF_01962; ADE; Trusted match; 61.674 (+7.4).
**HA FAM; Method MF_01962; ADE; Trusted match; 61.674 (+7.4).
**HA FAM; Method MF_00540; ADD; Weak match; 23.344 (-26.9).
**HA SAM; Annotated by praise 1.1.47; MF_01962; MF_01962.4; Mon Apr 08 05:54:51 CEST 2013.
**HW Praise: WARNING(0) for [MF_01962]: Conditions for mandatory group [1] not met (in one or 
more instances of the trigger) (group condition: 
AndOp(AndOp(AndOp(PositionalPattern(Positional|METAL_BINDING|{14//trigger}|{14//trigger}|Zinc; 
catalytic|BY_SIMILARITY|,H),PositionalPattern(Positional|METAL_BINDING|{16//trigger}|{16//trigger
}|Zinc; 
catalytic|BY_SIMILARITY|,H)),PositionalPattern(Positional|METAL_BINDING|{194//trigger}|{194//trig
ger}|Zinc; 
catalytic|BY_SIMILARITY|,H)),PositionalPattern(Positional|METAL_BINDING|{275//trigger}|{275//trig
ger}|Zinc; catalytic|BY_SIMILARITY|,D)))
**HW Praise: WARNING(0) for [MF_01962]: Mandatory Positional (pattern [E]) not matched (1 or more 
times for Positional|ACTIVE_SITE|{197//trigger}|{197//trigger}|Proton donor|BY_SIMILARITY|__FT_1)
SQ   SEQUENCE   332 AA;  37491 MW;  701E1C335EA545DB CRC64;

MAHEALVQAL PKVELHVHIE GTLEPELKFK LAQRNGIKLP FSSEQEVKDS YTFNDLASFL
DAYYDGMNVL LASEDFYDLA MAYYRKAASQ GLRYAEIFFD PQAHTCRGVS FHTVISGLRR
AQLEAEQTLG VFSQFIMCFL RDFQPEYAMA TLLESLPYKQ WIVGVGLDSD ETDHEPAKFA
AVFARARREG YQLTMHCDVD IKDSIEHIRQ VIEDIQVQRV DHGTNVVENP ALVKYLVEHR
IGLTSCPISN LWISESDKVE LVKQLVADGV LVTINSDDPA YFGGYIGDNF QRVADHDGVD
EDFLRALVAN AIEISWAPLA VKQRLREELA AV

//

**HW Praise: WARNING(0) for [MF_01962]: Mandatory Positional (pattern [E]) 
not matched (1 or more times for 
Positional|ACTIVE_SITE|{197//trigger}|{197//trigger}|Proton 
donor|BY_SIMILARITY|__FT_1)



Annotation output validation

ADE_RALME         ---RDRFVGVGLDSSERGNPPEKFARVFARAKE--LGLHLVAHAGEE--GPPQYVTDALD

ADE_RALPJ         --PANRIIGVGLDSSERGNPPEKFARVFARCKE--LGLRLVAHAGEE--GPAQYVIDALD

ADE_RALSO         --PANRIIGVGLDSSERGNPPEKFARVFARCKA--LGLRLVAHAGEE--GPAQYVIDALD

ADE_GEOLS         ---RDKFIGVGLDSGEKGNPPEKFSRVFARCRE--LGLRLVAHAGEE--GTAEYIWHALD

ADE_GEOUR         ---RDKFIGVGLDSSERGNPPEKFTRVFARCRE--LGLRLVAHAGEE--GSAEYISHSLD

ADE_RHOFD         ---LDKLVGVGLASSEMGHPPEKFARVFARARE--LGLRLVAHAGEE--GPPAYIWSALD

ADE_ZYMMO         ---LDKIAGVGLDSSEVGNPPSKFRHVFAEARQ--KGLKLVAHAGEE--GDASYIKEALD

ADE_MARMS         ---LKWIDGIGLDSSEVGHPPEKFLRVFEACKN--LGLKVTAHAGEE--GPPDYVWQAIE

ADE_RHOPB         ---KDQIIAIGMGGAELGNPPAKFARFFKAARD--RGFRTTVHAGEE--GPAAYVREALE

ADE_STRCO         ---LDRITGVGLDSAEVGHPPVKFREVYEAAAA--LGLRRVAHAGEE--GPPAYVVEALD

G9PG85_9ACTO ---KQWIVGVGLDSDETDHEPAKFAAVFARARR--EGYQLTMHCDVDIKDSIEHIRQVIE

ADE_RHIEC         ---NPLITGFNLAGEERMGRVADYIRAFDIARD--AGLGLTIHAGEV--CGAFSVADALD

ADE_RHIE6         ---NPLITGFNLAGEERMGRVADYSRAFDIARD--AGLGLTIHAGEV--CGAFSVADALD

ADE_RHILW         ---NPLITGFNLAGEERMGRVADYARAFDIARD--AGLGLTIHAGEV--CGAFSVADALD

ADE_RHIL3         ---NPLITGFNLAGEERMGRVADYARAFDIARD--AGLGLTIHAGEV--CGAFSVADALD

ADE_AGRRK         ---NPLISGFNMAGEERMGRVADYARAFDIARE--AGLGITIHAGEV--CGAFSVADAVE

ADE_AGRT5         ---HPLVTGFNMAGEERMGRVADYARAFDIARD--AGLGLTIHAGEV--CGPESVADALD

ADE_RHIME         ---HPLVTGFNLAGEERMHSVAEFSRAFDIVRD--AGLGLTIHAGEL--SGAFSVRDALD

ADE_RHISN         ---HPLVTGFNLAGEERMHSVAEFARAFDIVRD--AGLGLTIHAGEL--SGAFSVRDALD

ADE_SINMW         ---HPLVTGFNLAGEERMHSVAEFSRAFDIVRD--AGLGLTIHAGEL--SGAFSVRDALD

ADE_AGRVS         ---HPLITGFNMAGEERMNRVADYAPAFDIARE--AGYGITIHAGEL--CGAFSVRDALD

ADE_MESSB         ---HPLVTGFGMAGDERAGHPRDFAYAFDIARE--AGLGISIHAGEF--GGAESVEAALD

ADE_RHILO         ---NPLVTGFGVAGDERVGEMEDYVRAFEIARE--AGLGITIHAGEL--TGWETVQAALD

. ...  . *       :                  *..         :   :.



Controlling annotations using cases and conditions

MF_00339

MF_03184

MF_01976

MF_01977

MF_01979

MF_01980

MF_01981

MF_01978

MF_01976



Does sequence 

match profile 

MF_01976?

What residue is at 

equivalent position 

of A.methanolica 

PPi-PFK D-104?

"D" "G" other

No

Yes

...

Belongs to the phosphofructokinase type A (PFKA) 

family. Mixed-substrate PFK group III subfamily.

PPi-dependent

6-phosphofructokinase

2.7.1.90

ATP-dependent

6-phosphofructokinase

2.7.1.11

6-phosphofructokinase

2.7.1.-

AA sequence



other

"G"

"D"



"D"

"G"

other



Types of sequence similarity

Family

Domains

Repeats

Sites & 

Motifs

Groups of proteins that are conserved along the whole sequence, sharing a common 

evolutionary origin, as reflected in their related functions. 

Specific combination of secondary structures organized into a characteristic three 

dimensional structure or fold, that may exist in a variety of biological contexts. 

Structural units typically repeated within a protein that assemble into a specific fold.  

Assemblies of repeats might also be thought of as domains. 

C C
Active 

site 

PTM Binding 

site Disulfide bond

Conserved 

sequence 

motif

Region of domains containing conserved active-site or binding residues or short 

conserved regions present outside domains that may adopt folded conformations only 

in association with their binding ligands



ProRules

Different classes of signature -

domains, patterns, families

Generic function of a domain

Conditional annotations (again)



ProRules

Coordinates refer to positions in profile 

PS50783 - no template sequence here



ProRules

Profile identifier Positions in profile
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• PROSITE is routinely used in the manual annotation in 

UniProtKB/Swiss-Prot

• It forms part of an integrated annotation tool ‘Anabelle’ which 

presents PROSITE results in the context of other predictors for 

evaluation by Swiss-Prot curators

• PROSITE matches are then evaluated during curation and 

subsequently integrated into UniProtKB/Swiss-Prot records

• This curated information is used to calculate the reliability of patterns 

and profiles – indicated on PROSITE pages

PROSITE annotation in UniProtKB/Swiss-Prot





Low scoring matchMissing features



The domain is nevertheless 

annotated following manual 

evaluation by the curator…



…and tagged as false negative





HAMAP annotation in UniProtKB

• HAMAP data are incorporated by InterPro and the UniRule pipeline 

of UniProt, providing annotation of UniProtKB/Swiss-Prot quality for 

millions of unreviewed protein sequences in UniProtKB/TrEMBL

• Each month, new sequences entering UniProtKB/TrEMBL are scanned 

against the collection of HAMAP profiles

• Matching sequences are evaluated against corresponding rule 

conditions and annotated accordingly 

• Results are made available in the corresponding UniProtKB/TrEMBL

records (search for ‘source:HAMAP’)



Cross-reference links back to 

HAMAP profile





Evidence attribution links back to 

annotation rule







GO terms are directly integrated into 

the UniProt-GOA database and 

loaded into UniProtKB







DT   05-NOV-2015 (Rel. 126, Created)
DT   24-MAR-2016 (Rel. 128, Last updated, Version 4)
XX
DE   Klebsiella pneumoniae 3-octaprenyl-4-hydroxybenzoate carboxy-lyase
XX
.
FT   CDS             CP012753.1:5179010..5179594
FT                   /codon_start=1
FT                   /transl_table=11
FT                   /locus_tag="AN966_25510"
FT                   /product="3-octaprenyl-4-hydroxybenzoate carboxy-lyase"
FT                   /EC_number="4.1.1.-"
FT                   /note="catalyzes the formation of 2-octaprenylphenol from
FT                   3-octaprenyl-4-hydroxybenzoate; Derived by automated
FT                   computational analysis using gene prediction method:
FT                   Protein Homology."
FT                   /inference="EXISTENCE:similar to AA
FT                   sequence:RefSeq:WP_017899515.1"
FT                   /protein_id="ALH88064.1"
FT                   /translation="MKRLIIGISGASGAIYGVRMLQVLRDVPDIETHLILSQAARQTLA
FT                   METDFTVREVQALADVVHDARDIAASISSGSFKTAGMVILPCSMKTLSGIVHSYTDGLL
FT                   TRAADVVLKERRPLVLCVRETPFHLGHLRLLVQAAELGAVIMPPVPAFYHRPQSLDDVI
FT                   NQTVNRVLDQFDISLEQDLFTRWQGSQDCTK"
XX





Current status

UniProt release 2018_09

13‘547‘787 annotated records

(10.6%)

127,338,788 protein records

Annotated 

UniProtKB/TrEMBL

records

User submitted

protein sequences

2‘273 HAMAP profiles

2‘306 HAMAP rules

Scan family profiles

Annotate positive matches with associated annotation rules

Protein sequences

enriched with

functional

annotation





Automatic annotation in UniProtKB

SAAS

(Machine 

learning)

UniRule

(Human 

informed)

Rules are created by 

curators.
(HAMAP, PIR name and 

site rules, and RuleBase

rules)

Rules are created by 

a modified Decision 

Tree algorithm. 

Predictor 
suites

(External 
software)

Sequence-specific 

information from 

external providers 

such as InterPro or 

via SAM.

Additional information



126,780,198 TrEMBL
Non-validated names from submitter; 
no further annotations

95,576,000
Sequence feature annotation
signal peptides, transmembrane 
peptides, domains

45,756,989
Functional annotation
protein names, enzymatic activity, 
interactors, subcellular location, GO terms 
etc.

558,590 Swiss-Prot
Release 2018_09

35.6%
of TrEMBL

74.3%
of TrEMBL



How to access automatic annotation data?



Using advanced search in UniRule



Evaluating information in UniProtKB entries using its source

• manual assertions:

• automatic assertions:

All information in an entry is attributed to its original source.



Filtering UniProtKB results for assertion method
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HAMAP-Scan: ‘Scan’ output



HAMAP-Scan: ‘Scan & Annotate’

ID   CYSC_ECOLX              Unreviewed;       201 AA.

AC   3LJY468;

DE   RecName: Full=Adenylyl-sulfate kinase;

DE            EC=2.7.1.25;

DE   AltName: Full=APS kinase;

DE   AltName: Full=ATP adenosine-5'-phosphosulfate 3'-phosphotransferase;

DE   AltName: Full=Adenosine-5'-phosphosulfate kinase;

GN   Name=cysC;

OS   Escherichia coli.

OC   Bacteria; Proteobacteria; Gammaproteobacteria; Enterobacteriales;

OC   Enterobacteriaceae; Escherichia.

OX   NCBI_TaxID=562;

CC   -!- FUNCTION: Catalyzes the synthesis of activated sulfate.

CC   -!- CATALYTIC ACTIVITY: ATP + adenylyl sulfate = ADP + 3'-

CC       phosphoadenylyl sulfate.

CC   -!- PATHWAY: Sulfur metabolism; hydrogen sulfide biosynthesis; sulfite

CC       from sulfate: step 2/3.

CC   -!- SIMILARITY: Belongs to the APS kinase family.

DR   UniPathway; UPA00140; UER00205.

DR   GO; GO:0004020; F:adenylylsulfate kinase activity; IEA:HAMAP.

DR   GO; GO:0005524; F:ATP binding; IEA:HAMAP.

DR   GO; GO:0000103; P:sulfate assimilation; IEA:HAMAP.

DR   HAMAP; MF_00065; Adenylyl_sulf_kinase; 1.

KW   ATP-binding; Kinase; Nucleotide-binding; Phosphoprotein; Transferase.

FT   NP_BIND      35     42       ATP.

FT   ACT_SITE    109    109       Phosphoserine intermediate.

**

**   #################    INTERNAL SECTION    ##################

**HA FAM; Method MF_00065; CYSC; Trusted match; 38.735 (+7.3).

**HA SAM; Annotated by praise 1.9.4; MF_00065.30; MF_00065; 06-JAN-2014 11:07:03.

SQ   SEQUENCE   201 AA;  22321 MW;  11E15BB8F9D2FD4B CRC64;

MALHDENVVW HSHPVTVQQR ELHHGHRGVV LWFTGLSGSG KSTVAGALEE ALHKLGVSTY

LLDGDNVRHG LCSDLGFSDA DRKENIRRVG EVANLMVEAG LVVLTAFISP HRAERQMVRE

RVGEGRFIEV FVDTPLAICE ARDPKGLYKK ARAGELRNFT GIDSVYEAPE SAEIHLNGEQ

LVTNLVQQLL DLLRQNDIIR S

//
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