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Manual Functional Annotation

In this class, we will cover:

The rationale behind manual annotation
The process of annotating eukaryotic genes manually
Software tools we use for manual annotation

Steps you can take to annotate or verify an annotatiom



Uses for Annotation Knowledge

= Understanding and assessing quality of

existing annotations
= Annotating a new genome

= Reannotating an existing genome



Evaluating existing annotations

A gene accession usually has information associated
with it.

How did it get its name?

How plausible is the function assigned to it?

Where did this information come from?

= |s the information accurate? Can you rely on it?



Goals of the Annotation Process

Some of the goals of annotation of gene products are:
= to determine the function of the protein, if possible;

= o assign attributes to the protein: functional name,
symbol, GO terms, comments as needed,;

= to be as specific as evidence supports, erring on the
side of accuracy rather than specificity;

= {o store supporting evidence for the assigned attributes;

= to make the information available as appropriate.



Manual vs. automated annotations

Automated annotation:

= derived from computational approaches

= use of different methods at different centers
= complicated by high volumes of data

The highest quality annotation often requires
manual review and intervention.



Functional Annotation
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First, verify the gene structure

= Check to be sure the gene structure before
you put effort into the functional annotation:

o Look at the evidence
= Verify against EST/cDNA, BLAST hits...

[ CorreCt the gene StrUCture | Verify Structural Annotation

If necessary.

Functional Assignment



Verify evidence from automated annotation

- BLAST matches

- Domains

- Prosite, Interpro classifications
- Motifs

- Signal Sequence

- Target Sequence

- EC number

- Transmembrane domain(s) Errr e
- Paralogous families

Functional Assignment




o

Homology Searching for Functional Annotation

Tools that are available to help you characterize a sequence

WU BLAST http://blast.wustl.edu/ with links to many ©°  Swiss-Prot http://au.expasy.org/sprot/

servers = TmHMM (transmembrane domain)

o NCBI BLAST http://www.ncbi.nim.nih.gov/blast _/ http://www.cbs.dtu.dk/services/TMHMM/

o Pfam profiles (profiles, or HMMSs) o SignalP (signal peptide cleavage sites)
http://pfam.wustl.edu/ http://www.cbs.dtu.dk/services/SignalP/

o TIGRFAMS (profiles, or HMMSs) = TargetP (subcellular location)
http://tigrblast.tigr.org/web-hmm/ http://www.cbs.dtu.dk/services/TargetP/

o= SCOP (profiles, or HMMs) = PSI-BLAST (NCBI) link at
http://iris.physics.iisc.ernet.in/scop/ http://www.ncbi.nlm.nih.qgov/BLAST/

= CDD (conserved domain database) = Protein families and clustering

http://www.ncbi.nlm.nih.qov/Structure/ JCVI Paralogous Families (not yet available outside of JCVI)

cdd/cdd.shiml

Prosite (profiles & families)

TribeMcCL http://micans.ora/mcl/

Superfamily http://supfam.mrc-
Imb.cam.ac.uk/'SUPERFAMILY/

http://ca.expasy.org/tools/scanprosite/

Interpro (families) hitp://www.ebi.ac.uk/InterProScan/
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Databases to search

NCBI Blast http://www.ncbi.nlm.nih.gov/blast/

JCVI/TIGR eukaryotic databases http://www.tigr.org/tdb/euk/
(follow links to each database)

JCVI/TIGR Blast (Rice, Arabidopsis)
http://tigrblast.tigr.org/euk-blast/index.cqi?project=0sal

Dana Farber Gene Indices
http://compbio.dfci.harvard.edu/tgi/tgipage.html

JCVI CMR (microbial) http://tigrblast.tigr.org/cmr-blast/
Sanger projects http://www.sanger.ac.uk/DataSearch/
WU GSC Blast Server http://genome.wustl.edu/tools/blast/

...and many others
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Manatee

Manatee is a web-based gene evaluation and
genome annotation tool.

Manatee can store and present annotation for
prokaryotic and eukaryotic genomes.

We use Manatee for manual annotation.
You can, too, if you have the support of an IT
department, or a capable engineer.

Download it at:

http://sourceforge.net/projects/manatee/
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Example 1

Our first example will be a protein sequence from Trypanosoma
brucei. Our task will be to annotate this protein sequence as
fully as possible, given the tools at hand.

protein sequence:

>unknown_T. bruce protein_sequence

MLRRLGVRHFRRTPLLFVGGDGSIFERYTE
IDNSNERRINALKGCGMFEDEWIATEKVHG
ANFGIYSIEGEKMIRYAKRSGIMPPNEHFFG
YHILIPELQRYITSIREMLCEKQKKKLHVVL
INGELFGGKYDHPSVPKTRKTVMVAGKPR
TISAVQTDSFPQYSPDLHFYAFDIKYKETED
GDYTTLVYDEAIELFQRVPGLLYARAVIRG
PMSKVAAFDVERFVTTIPPLVGMGNYPLTG
NWAEGLVVKHSRLGMAGFDPKGPTVLKF
KCTAFQEISTDRAQGPRVDEMRNVRRDSIN
RAGVQLPDLESIVQDPIQLEASKLLLNHVCE
NRLKNVLSKIGTEPFEKEEMTPDQLATLLA
KDVLKDFLKDTEPSIVNIPVLIRKDLTRYVIF
ESRRLVCSQWKDILKRQSPDFSE*




Verify the gene structure

I verity Structural Annotation |

670600

670800

671k

671200

Motifs

Functicnal Assignment
I T

671400

67
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NCBI BLAST tools at:
N C B I B LAST http://www.ncbi.nlm.rﬁﬁ.é?v/blast/.

FHCEI BLAST! blastp suite: BLASTP programs search protein databases using a protein query. more.. Rezet page B

Enter Query Sequence

Enter accession number, gi, or FASTA sequence & Clear Cuery subrange &

protein sequence

Fs
GCDGSIFERYTEIDNSNERRINALEGCGHFEDEWIAT EEVHGAR From I
GEEMIPEYAERSGCIMPPNEHFFGYHILIPELQRYITSIREMLCEEQEEELHYVLINGELFGEE

ETRETVIVAGEPRTISAVOQTDSFPOYSPD LHFTAFDIEYEETEDGD YT TLYVYDEATELFORL To I—
AVINGIMEEVALFDVERFYTTIP D LY CMGN YD L TCNWAE GLVVFEHE DL GMAGFD DEGI TVLE ™

L L

Or, upload file I Browse.. |t_,-

Jah Title Junknawr_T. brucel protein_seguence

Enter a descriptive title for your BLAST search i@

I” Blast 2 sequences

Choose Search Set

Datahase I Mon-redundant protein sequences (nr) - I (7]
COrganism
Optional I
Enter organistm commaon name, binomial, ortax id. Only 20 top taxa will be shown. g
Entrez Query I
Optional

Enter an Entrez gueryto limit search@

Frogram Selection

Algorithm © hlagtp (protein-protein BLAST)
@ PSLBLAST (Position-Specific Iterated BLAST)
© PHI-BLAST (Pattern Hit Initiated BLAST)

Chomse a BLAST algarithm & ‘ Verify Structural Annotation ‘

BLﬁST Search database nr using PSLBLAST (Position-Specific lterated BLZE

M Show results in a new window

Read -2 as “translated to” [Farctoral Asslgrmen]




BLAST: What makes a good alignment?

It depends on what you are trying to prove!

= minimum of 35% identity, better 40% & up
= higher for short proteins
= score Is weighted for length

= full length match
o at least 80% of both proteins

See explanation of BLAST 17
¢ | scores in extra slides.



Example 1: run NCBI BLAST

BLASTP — protein against protein

Results:

1=
Algnments

i 115504417 | ref | EP 001219001.1 [E FNA editing ligase; BNAi-editing complex protein; EERELZ [°
hrucei]

gi| 836424585 |emb | CAT16514.1]| [3 BMNA editing ligase; BNi-editing complex protein; KREL:Z [Trypa
hrucei]

Soore = 860 hits (2222),
Identities = 416/416 (100%),

Expect = 0.0,
Positives = 4167416 (100%),

Method: Cowposition-based stats.
Gaps = 07416 (0%)

Query 1 HLERLGVREHFRRTPLLFVGGDGS IFERYTEIDNSNERRINALEGCGHFEDEWIATEEVHG 60
MLERLGVEHFRRTPLLFVGGDGS IFERYTE IDNSNERRINALEGCGHFEDEWIATEEVHG
Shjct 1 HLERLGVREHFRRTPLLFVGGDGS IFERTTE IDNSHNERRINALEGCGHFEDEWIATEEVHG 60

X . pery 61 ANFGIYEIEGERENIRYAKRSGINFPPNEHFFGYHILIFELOQRYITSIREMLCEEQEEELHY 120
The first hit in the BLASTP MNFGIYSIEGEKMIRYAKRSGINPPHEHFFGYHILIPELORY ITS IRENLCEKQRKKLEV
— Output’ a 100% matCh’ IS pjct 61 ANFGI¥YEIEGEEMIRYAKRSGIMFPNEHFFGYHILIPELOQREYITSIREMLCEEQEEEKLHY 120
AUTHORS tob a .genorﬂeh project \ 4 .., Harris,B.R., Hertz-Fowler,C., [TPIEIEET 180
: ,[S# tm'?ﬁ'on’ Wt IC _meanst 4, C.5., Atkin,R.J., Barron,b.J., [ AFDIRYRET 180
g (ha e enry IS NOl|gringaud,F., Clark,L.N., Corton,C.H., [
characterized: ey 240
] ) t,J., Fraser,h., Gruter,E., Hall,3., PLVGHGH YL
Harper,4.D., EKavy,M.P., Leech,V., Mayes,R., Price,C., Ouail, M.2a., LVGHGITEL 240
Fabbinowitsch,E., Reitter,C., Rutherford,K., J3asse,J., Sharp,3., FNVRRDSIN 300
FNWVEREDSIN
Shownkeen,R., MaclLeod, L., Tavylor,3., Tweedie,i., Turner,C.M., ENVERDSIN 300
Tait, b Guli—FE—Fearreti -k Melville,S.E. eoLATLL 250
TITLE TEE:Eﬁé;sequence of chromosome T an African trypanosome: Jgene TPDOLATLL
content, chromoZomeé orgahnisation, recombination and polymorphism TPDQLATLL 360
JOUTRNAL MNucleice Acids Res. 31 (1e), 4864-4373 [(2003) EPDFSE 416
FUEMED 12907729 prDFSE
—_— EPDFSE 416
FEFERENCE 2
ATTTHORS Berriman, M., Hertz=-Fowler,C.V.4., Hall,N., Eerhornou,i.X., {toshondrial precursor [RHA 14

Eowman, 3.,
Clark,L.N.,

ouail, M.,
Harri=,EB.ER.,
_F

TITL Direct Submission

Eavy, MN.P.,
Melwville, 5.,

JOURNLL  Submitted 120=SEF=Z00Z]

The Wellcomwe Trust Zanger Institute,
Mellcome Trust Genome Campus,

REMARE revized by [3]

REFERENCE 3 (residues 1 to 416) rorerrmy
ATUTHORS Hertz-Fowler,C. and Berriman, M. EKQEEELHV 120
TITLE Direct 3ubmission A FDIEYRET 180

Lennard,N.J.,
REajandream, M. 4.

Eravy-illen, 3.,
Gerrard,C.,

pased Stats.
0/416 (0%)

WIATEEVHG 60
WIATEKVHG

Cambridge CE1O0 134, TE WIATEEVHG 60

Hinxton,




>gi| 4711710
Example 1: gi| 11067

navigating
BLAST output

pl| PE25864| TEd4S TEYEE ERHNA editing ligase ThHMNP4S, mitochondrial i
gh| ARGET063 .1 FMNA ligase MP4S [Trypanoszoma brucei]

g56 bhits (2212), Expect = 0.0, Method: Composition-hased stats.
Identities = 413/416 (99%), Positivezs = 414/416 (99%), Gaps = 07416 [0%)

The second hit in the Query 1  MLRRLGVRHFRRTPLLFVGGDGSIFERYTEIDNSNERRINALKGCGMFEDEVWIATEKVHG 60
BLAST output, a 99% MLRRLGVRHFRRTPLLFVGGDGS IFERYTE IDNSNERR INALKGCGHFEDEVIATEKVHG
match, is to a published Sbict 1 MLRRLGVRHFRRTPLLFVGGDGSIFERYTEIDNSNERRINALKGCGMFEDEVWIATEKVHG 60

Swiss-Prot entry.
Query 61  ANFGIVSIEGEKMIRYAKRSGIMPPNEHFFGYHILIPELQRYITS IREMLCEKQEKKLHV 120

_ ANFGIVSIEGEKMIRYAKRSGINPENEHFFGYHILIPELORYHIS IRENLCERQEKKLHY
The alignment reveals three | spict 61 ANFGIYSIEGEKNIRTAKRSGIMPPNEHFFGYHILIPELQRYVTSIRENLCERQRRKLEV 120

positions with sequence
cuery 121 VLINGELFGGEYDHPIVPETRETVMVAGKPETISAVOTDSFPOQYSPDLHFYAFDIKYEET 180

variations: YL INGELFGGKYDHESVPETRETVIVAGKPRTIS AVOTDSFEQTSPDLHF YAFD IKTEET
1703V (very similar, both Shict 121 VLINGELFGGKYDHPSVPETRETVMVAGKPRTISAVOTDSFFQVSPDLEFYAFDIKYEET 180
b
hydrophobic) Query 181 HOGDYTTLVYDEAIELFQRVEGLLYARAVIRGPMSKVAAFDVERFVTTIPPLVGHGNYPL 240
conservative 7 GDYTTLVYDEAIELFQRVEGLLYARAVIRGENSKVAAFDVERFVTTIPPLVGHGNTPL

. . Shijct 181 BGGDYTTLVYDEAIELFORVPGLLYARAVIRGPMIEVAAFDVERFVTTIPPLVGHGIYPL 240

D182G (negative, hydrophilic
to tiny polar) non- Query 241 TGHUAEGLVVKHSRLGMAGFDPEGPTVLEFECTAFQEISTDRAQGPRVDEMENVERDSIN 300

TENWAEGLWWEHRLGMAGFDPEGPTVLEFECTAFOE IS TDEAQGPRYDENENVERDS T

conservative dhjet 241 TGNWAEGLVVEHIRLGMAGFDPEGPTVLEFECTAFQEISTDRAQGPRVDEMENWVERDSIN 300

V364A (nonpolar, aliphatic,
ouery 301 RAGVQLPDLERIVODRIQLEASELLLNHVCENELENVLSEIGTERFEEEEMTPDOQLATLL 360

hydI’OphOblC tO tlny’ RAGVOLPDLESIVODFIOLEASELLLNHYVCENELENVLSEIGTERFEKEEMTPDOLATLL
nonpolar, aliphatic) Shict 301 RAGVQLPDLESIVQDPIQLEASKLLLNHVCENRLFNVLSEIGTEFFEKEEMTPDQLATLL 360
conservative

ouery 361 LK EDFLEDTEPS IVNIPVLIEEDLTEYVIFEIRELVCIOUEDILERQSFPDFEE 416
LK KDFLEDTEPSIVNIPVLIREDLTRYVIFESRERLVCIQOUED ILKRQSPDFIE

Sbhjet 361 ALK EDFLEDTEPS IVNIPVLIEEDLTEYVIFEIRELVCIOUEDILERQSFPDFEE 416

? | See Glossary entry for SNP




Identity vs. similarity

- ldentity means amino acids match exactly

- Similarity means the amino acids share either similar structure or properties
(aromatic, hydrophilic, acidic, basic, etc) and thus MIGHT carry out the same or

similar roles in the protein.

Hydrophabic

Aromatic

Hydrophilic

NH>

Positive Neqgative Charged

Figure 4-1. Amino acid chemical relationships From O'Reilly BLAST (2003), Ch. 4




Differences in the amino acids

The alignment reveals three positions with sequence variations:
= |103V (very similar, both hydrophobic) conservative

CH, ;

| c :
L H_cH, S
N’J\f/’o N/I\%O

Val
(0e] [¥al]

= D182G (negative, hydrophilic to tiny polar) non-conservative

Q

A i
307 TCH, ] 0
N [G1y]

[ap]

= V364A (nonpolar, aliphatic, hydrophobic to tiny, nonpolar, aliphatic) conservative

H,C\%I _CH, E CH,

N)\-‘?O Nj\yo :

[ al] [2£12)

21



Example 1: check distance tree and alignments from NCBI BLAST output

Hit hist size |5EIEI

<‘Distance tree of resu@
o ——

Sequences with E-value BETTER than !

Felated 3tructures

Tree view for rid: 1171463655-7985-83927716351.BLASTQ3, query ID: Icl] 1_7985, data

This tree was produced using BLAST pairwise alignments. more...

Max Seq Difference
7

=] [o7s =]  PReset

Tree method @ Sequence Label

s o
Fast Minimum Ewolution LI I Sequence Title (if awvailable) ShoWTHEnsov e
Hide Color Map

rectangle | slanted | radial force W Show distance Mouse over an internal node for a subtree or alignm
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]
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°
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o o
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mitiichandrisl RN edifing ligase 1 Trvpanasoma ez sfrain L Bre

2
mitechondrial Riua edifing ligase 1 Tropanosoma cruzi shain CL Brer
9
RELY; T¢MPS2 Thoanosoma. ezl

©hain 4, High Resolufion Crustl Structure 0f 4n Editosome Enzume From Tipanosom, Bruce; Rr

REL; LMMP 52 [Leishmania major]
&

s mitochondrizl Rrs edifing ligase 1 [Leishmania major shain Friedli

mitochondrisl R ligase 1 [Leishmania forentolag]
mitochondrial RiA ligese 2 [Leishmaniz ferentols

‘ TLMREL2

RELE; LM P4 [Leishmania major]

Ri4, edifing ligase Trupanosoma cruzi sfrein CL Brener]

RELZ; Te P43 Inpanosoms criz]

TcREL2

L2 (Ppanasoma chizi siin CL Brench

bl wdifing ligase Thii P43, mitochondrial precursor {Riua, ligase)
—é TbREL2

RhA edifing ligese; Rhla-edifing complex: profein; KRELZ [npanosoma bijiee]

Click here at the branch point

Alignment view for rid: 1171463655-7985-83927716351.BLASTQ3, query ID: |
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Swiss-Prot

The protein sequence is
99% identical to the
sequence of this Swiss-
Prot entry, P82864.
Protein name is
“RNA-editing ligase 2,
mitochondrial.”

Gene name is ‘REL2.

Reviewed, UniProtkKBrSwiss-Prot PB2864 (RLGMZ_TRYEE)

Last modified September 2, 2008. Version 31. || History...

+ 3 Clusters with 1005, 80%, S0% idantity | Documerts (2 | Third-party data |

- Customize display

Contribute
Send fesdback

Mames and origin - Protein sttributes - General annotation (Comments) - Ontologies - Sequence annotation (Festures) - Seguences - References - Cross-
references - Entry information - Relevant documents

Protein names

Gene names

Organism
Taxonomic identifier

Taxonomic lineage

Sequence length
Sequence status
Sequence processing

Protein existence

Function

Catalytic activity
Subunit structure
Subcellular location

Sequence similarities

Keywords

Cellular component
Domain

Ligand

Molecular function

Technical term

Gene Ontology (GO)

Mone. [Check Gok]

Recommended name:

RNA-editing ligase 2, mitochondrial

Short name=RMNA ligase 2

EC=65.13
Alternative name(s):
TbhP48

Mame: REL2

Synonyms:  KRELZ, MP43
ORF Marnes: Th927.1.3030

Trypanosema brucei brucei

5702 [NCEI]

Eukaryota » Euglenozoa s Kinetoplastida » Trypanosomatidae » Trypanosoma

416 Ah,

Complete.

The displayed sequence is further processed into a mature form.

Evidence at protein level.

RMA editing in kinetoplastid mitochondria inserts and deletes uridylates at multiple sites in
pre-mRMAs as directed by guide RMNAs,

ATP + (ribonuclectide)(n) + (ribonuclectide)(m) = AMP + diphosphate + (ribonucleotide)(n+m).

Component of the RNA editing complesx, a 1600 kDa complex composed of at least 20 proteins.

Mitochondrion.

Belongs to the RNA ligase 2 family.

Mitochondrion
Transit peptide

ATP-binding
Mucleatide-binding
RMA-binding

Ligase

Direct protein sequencing

Gene Ontology terms



Second
Swiss-Prot

(1]

% Hide 'large scale' references

"Association of two novel proteins ThMP52 and ThMP48 with the Trypanosoma brucei RNA editing complex.”
Panigrahi A K., Gygi S.P., Ermst ML, Igo B.P. Jr., Palazzo 3.5, Schnaufer A, Weston D.S., Carmean M., Salavati R,
Aebersold R, Stuart KD,

Wlal, Cell. Biol. 21:380-389(2007) [PubMed: 11134327] [Abstract]

Cited for: MUCLEOTIDE SEQUENCE [GENOMIC DAL, PROTEIM SEQUENCE OF 18-37; 58-72; 118-139; 143-151; 200-207, 27-224; 255-263; 302-323;
336-3400; 371-354 AND 410-416, FUNCTION, SUBUNIT, SUBCELLULAR LOCATION.

Strain: Treu 427.

Page g

Click on the hyperlink to
look at this publication.

Sequence databases

I EMEL hd I

"The DNA sequence of chromosome | of an African trtypanosome: gene content, chromosome organisation,
recombination and polymorphism.”

Hall M., Berriman k., Lennard M.J., Harris B.R., Herz-Fowler C., Bart-Delabesse E.M., Gerrard C.5., Atkin B.J., Barron &,
Bowman 5., Bray-Allen 5.F., Bringaud F., Clark L.N., Corton C.H., Cronin A, Davies R, Doggett J., Fraser A kekille 5.E.
Mucleic Acids Res. 31:4864-4873(2003) [PubMed: 12307729] [Abstract]

Cited for: MUCLEQTIDE SEQUEMCE [LARGE SCALE GEMOMIC DMA].

Strain: GUTst 10.1.

AYD09111 Genomic DMNA. Translation: AAG27063.1.
ALI29603 Genomic OMA. Translation: CAJTES14.1.

3D structure databases
Feature key Fosition(s) | Length | Description Graphical view hodBase Search...
Molecule processing Family and domain databases
[T Transit peptide 1-17 17 Mitochandrion )
™ Chain 18-416 399 RMWA-editing ligase 2, mitochondrial InterPro IPRO12647. RMA_lig_RNLZ.
Graphical view)
Regions . .
TIGRFAMs SROZ307. RMNA lig_ RMLZ. 1 hit.
T Mucleotide bindin 246 - 251 B ATP -
! ProDom 2664,
Experimental info [Graphical wiew] [Entries sharing at least one domain]
T Sequence conflict 103 1 %= lin CANES14. — BLOCKS Search. .
T Sequence conflict 1582 1 G—DinCAIBS14. -
I Sequence conflict 4 1 A= Vin CAMBST4. ——+— | Other Resources
<\ ProtoMet Search...
Entry name RLGM2 TRYBBE
Accession Primary (citable) accession number: P82864

The three SNPs we
noted are noted here In
the Swiss-Prot record.

Entry history

Entry status

Secondary accession number(s); Q4GY S0

Integrated into May 10, 2004
UniProtkBiSwiss-Prat:

Last sequence update: March 1, 2001
Last modified: Septernber 2, 2008

This is version 31 of the entry and wersion 1 of the sequence. [Complete history]
Reviewed (UniProtkB/Swiss-Prat)



Interpro

http://www.ebi.ac.uk/interpro/

EMBL-EBI ::. ol All Databases  x||Enter Text Here Ge Reset (B

Jatabases | Tools | EBIGroups | Trainine | Industry | About Us | Help Steindex B S

u I:nterF'rn:HDme EEBIl * Databazes * InterPro
sadvanced Search

Search g InterPro: | >

é--lnterF‘rnEcan

“Databases InterPro: Home

B Documentation InterProis a datahase of protein families, domains, repeats and sites inwhich identifiable features found in

E--Helease MHotes knowen proteins can be applied to new protein sequences.

EHUSE" Manual Inforrmation on InterFro can be found in the documentation - see links on the left hand side menu.
- oFAG

E"Tutnrial

= Release News
: g"E}{ampIe Entry

~Project Outline Announcement:

E--Penple

. Database InterPro 17.0 is released and covers 74 6% of UniProtkB, with new methods from
L Contributors TIGRFAMs, GEMEZD and SUFERFAMILY.

E''F'l_ltznlic:a’[iu:uns

Flease see Release Motes far details.

é"Weh Senvices
E--FTP site Mewy to this release is the introduction of Genome Froperties from TIGEFAMS.
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Interpro result

InterPro: IPR012647 RNA ligase. Rnl2

FProtein matches o

Crverview: sorted by AT,

sorted by name,  of known structure, proteins with splice variants

sorted by name,  of known structure proteins with splice variants

UniProtKB Detailed: sorted by AC,
Matches: Tahble: For all matching proteins, of known structure

22 proteins

Architectures
Accession List

Accessiong

IPRO12647 RNA_lig RNL2

Type o

Family

Signatures &

Database 1D Marme Froteins
TIGREFAMs TIGREOZ307 EMA lig FML2 22

GO Term annotationa

Function

GO.0003972 RNA ligase (ATP) activity

InterPro annotation

Abstracta

Members of this family ligate (seal breaks in) RRA Members so far include phage proteins that can counteract a host defence of
cleavage of specific tRMNA maolecules, trypanosome ligases invalved in BRMNA editing, but no prokaryotic host proteins.

Structural links &

CATH: 3.30.1480.70.1 , 3.30.470.30.1
SCOP: d.142.24
FDBE - click here

Database links &

Enzyme ECES.1.3

Taxonomic coveracge
Saccharomyces cerevisiae nclassified
Funagi ' irus B
Caenorhabditis elegans Archaea
MNematoda ' acteria 1
Metazoa yvanobacteria
Fruit Fly ynechocystis PCC 6803
Arthropoda Oryza sativa (Rice)
Chordata Arabidopsis thaliana
Mouse reen Plants

Human Plastid Group 15

Other Eukaryotes
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Pubmed

» Read the abstract.

= |f promising, read the
paper to be sure protein
IS characterized.

= |f characterized, it is good
evidence for naming our
protein seguence.

% | pol cell B

™ 1: Mol cell Biol. 2001 Jan; 21(2}: 380-9, | Full Tex-

Association of two novel proteins, ThMP52 and ThMP48,
with the Trypanosoma brucei RNA editing complex.

Panigrahi Ak, Gyqi SP, Ernst ML, Igo RP Jr, Palazzo
55, Schnaufer A, Weston DS, Carmean N, Salavati
R, Aebersold R, Stuart KD.

Seattle Biomedical Research Institute, Seattle, Wwashington
98109, USA,

REMA editing in kinetoplastid mitochondria inserts and
deletes uridylates at multiple sites in pre-mRMNAs as
directed by guide BRNAs. This occurs by a series of
steps that are catalyzed by endoribonuclease,
F'-terminal uridylyl transferase, 3'-exouridylylase, and
REMA ligase activities., A multipratein camplex that
contains these activities and catalyzes deletion editing
In witro was enriched from Trypanosoma brucel
mitochondria by sequential ion-exchange and gel
filtration chromatography, followed by glyceral gradient
sedimentation. The complex size s approximately 1,600
kDa, and the purified fraction contains 20 major
polypeptides. & monoclonal antibody that was
generated against the enriched complex reacts with an
approximately 49-kDa pratein and specifically
immunoprecipitates in vitro deletion RNA editing
activity., The protein recognized by the antibody was
identified by mass spectrometry, and the corresponding
gene, designated TbMPEZ, was cloned. Recombinant
TbMPEZ reacts with the monoclaonal antibody. Anather
novel protein, TbMP48, which is similar toa TbMPEZ, and
Its gene were also identified in the enriched complex.
These results suggest that ThbMPEZ and ThMP48 are
components of the RNA editing comples.

PMID: 1113432327 [PubMed - indexed for MEDLIME]



The paper

In this study, we report the biochemical fractionation of the
RNA editing complex from T. brucei mitochondria. The frac-
tionation was monitored using the in vitro deletion editing
assay in an attempt to purify the complex that is capable of all
steps of editing. The editing complex was isolated by sequential
ion-exchange and gel filtration chromatography followed by
sedimentation on a glycerol gradient. Two novel related pro-
teins in the most purified fraction and their genes were iden-
tified using capillary liquid chromatography-tandem mass spec-
trometry (LC-MS/MS) and by comparison to the 7. brucei
genome sequence database. They were designated ThMP52
and TbMP48, based on the predicted mass of the preprocessed
protein. One monoclonal antibody (MADb) from a panel that
was generated against the isolated complex was specific for
TbMP52 in Western analyses of native and recombinant pro-
tein. This MADb also immunoprecipitated the in vitro deletion
editing activity. These data strongly suggest that TbMP52 and
TbMP48 are components of the editing complex.

MorEcuiak avp CELLuLar Bocoay, Jan, 2001, p, 380-380
0Z70-T30601304.00+ 0 DOT: 10.1128/MCE.21.2.380-285.2001

Wol. 21, No. 2

Copyright © 2001, American Sociery for Microbiology, All Rights Reserved.

Association of Two Novel Proteins, TOMP32 and TbMP48, with
the Trypanosoma brucei RNA Editing Complex

ASWINI K. PANIGRAHL® STEVEN P. GYGI> NANCY L. ERNST,"* ROBERT F. 1GO, TR '
SETAREH 5. PALAZZO,* ACHIM SCHMAUFER.“* DAVID 5. WESTON,"* NICOLE EZ‘ARMEAN.’
REZA SALAVATLY RUEDI AEBERS0OLD,? avp KENNETH D. STUART*

Seattle Riomedical Reseavch Institute, Seattle, Washingron: 98109, and Deparmenis af Pathobiolagy® and
Moleaular Biotechnology,* University of Washington, Seaule, Washington 08195

Received 3 August 200 Retumed for modificaton 20 September 2000 Accepred 19 October 2000

KNA editing in kinetoplastid mitochondria inserts and deletes nridylates at multiple sites in pre-mBNAs as
directed by guide RMNAs This ccecurs by a series of steps that are catalyzed by endoribonuclease, 3 -terminal
uridylyl transferase, 3 -exonridylylase, and ENA ligase activities. A multiprotein complex that contains these
activities and catalyzes deletion editing in vitro was enriched from Trypanosoma brucel mitochondria by sequen-
tial ion-exchange and gel filtration chromatography, followed by glycerol gradient sedimentation. The complex
size is approximately L6 kDva, and the porified fraction contains 28 major polypeptides. A monodonal
antibedy that was generated against the enriched complex reacts with an —4%- kI protein and specifically im-
munoprecipitates in vitro deletion RNA editing activity. The protein recogniced by the antibody was identified
by mass spectrometry, and the corresponding gene, designated TEMP32, was cloned. Recombinant ThMPS2
reacts with the menodonal antibody. Another novel protein, ThM P48, which is similar to ThMIPS2, and its gene
were al s identified in the enriched complex. These resnlis snggest that ThAMPS2 and ThMP48 are components

of the RNA editing complex.

Several mitochondrial RMAs are postiranscriptionally ed-
ited in kinctoplastid protozoa by the insertion and deletion of
uridylates (L) at multiple sites, to produce mature mREMA=s,
RMA editing creates initiation and termination codons and the
likely functional open reading frames (ORFz). Indeed, trars-
lation of edited RNA has recently been directly demonstrated
(11). The ENA editing appears to regulate mitochondrial res-
piration in different life cycle stages of Tnperesoma buce
The insertion and deletion of 1Fs is directed by small RNAs
that are called guide RMAs (gRMAs) The editing ocours by a
scrics of engymatic steps. Thess steps include gRNA-directed
cleavage of the pre-mBMNA by endoribomuclease, U addition or
removal at the 3 end of the 5° cleavage product by 3'-terminal
uridylyl transferase (TUTase) or 3 -exouridylylase, respec-
tively, and ligation of 53° and 3 cleavage products by BMNA
ligase (reviewed in references &, 15, and 28).

RMA editing ocours in association with a ribonucleoprotein
complex which sediments at 205 in glycerol gradients (4, 22).
Fractionation and hence partial purification of the complex by
ghyoerol gradient and liquid chromatographic techniques have
been reported (4, 18, 22, 24). For the most part, these prepa-
rations were insufficient to identify specific proteins that are
part of the editing complex. However, Rusché et al. (24) sug-
gested that a complex of eight proteins could catalyze editing.
They concluded that three of these proteins were adenylylat-
ahle and suggested that they represented the editing RMNA
ligase, although the roke of these proteins has not yet been
demonstrated. Indeed, little progress has been made on the
definitive identification of proteins that are components of the

3 Corspergnding auihor Kailiog addeecs: Soarrie Binmedical Do,

editing comples Three T brucad mitochondrial proteirs, gBP21
(15), DEAD box protein mHELSLp (19), and REAPL (18),
were identified as candidate components of the editing com-
plex In addition, oo T2 Brveed mitochondrial pola LT binding
proteins, TBRGGL (30) and RBPLG (10), were identified and
suggested to have a role in RMNA editing. Enockout of both
sBP21 alleles (ie., null mutations) had no effect on RMA edit-
ing in bloodstream-form T2 Beicei invivo, indicating that gBP21 &
not essential for editing (16). However, knockout of bath
mHELA] alleles resulted in slow-growing inscct procyclic
forms. These cells are capable of in vitro editing but have a
=T0% reduction in odited mRMAs in vivo, which is restored
upon recxpression of mHELGLp (19). Thess data suggest that
mHELA]p may be a component of the editing complex, al-
though not an essential one. Similar assays of the other can-
didate editing complex proteins have not yet been published.

The difficulty in identifying the protein components of the
RMA editing complex reflects the apparent low cellular abun-
dance of the complex, the low sensitivity of the in vitro editing
assays, and the uncertainty that assays of endonuclease, exo-
muclease, TUTase, and BMNA ligase are specific for activitics
associated with the intact complex. These factors, in addition
to contamination from protein adsorption during fraction-
ation, made protein identification by comventicnal microse-
quencing difficult. However, mass spectrometric analysis has
bezn useful for identifying proteins that are present in small
amounts and in mixtures of proteing (17). It was successfully
used to identify components of multiprotein complexes, such
as the Ul snRINF from the yeast Saccharomnces carevisiae (21).
Indeed, in crganisms where the complete genome sequence is
available, mass spectrometry can be used to identify the gene
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Domains are conserved regions of proteins
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throughout evolution.
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Pfam

http://pfam.janiela.org/

HHMI

janelia farm

HOME | SEARCH | BROWSE | FTP | HELP ll ‘ﬂm

keyword zearc h

Pfam is a large collection of protein families. The families are
built around domain composition. Domains are computed from
multiple sequence alignments that are used to generate hidden
Markov models.

For each family in Pfam you can:

= Look at multiple alignments

= View protein domain architectures
= Examine species distribution

= Follow links to other databases

= View known protein structures
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TIGRfams

http//www.tigr.org/TIGRFAMs/index.shtml

TIGRFAMSs: a collection of protein families
featuring curated multiple sequence
alignments, Hidden Markov Models (HMMSs)
and associated information designed to
support the automated functional
identification of proteins by sequence
homology. Use the TIGRfam page to see

* the curated seed alignment for each TIGRFAM
« the full alignment of all family members

* the cutoff scores for inclusion in each of the TIGRfams.

Also use this page to search through the
TIGRfams and HMMs
for text (TIGRfams Text Search) or

for specific sequences (TIGRfams Sequence Search).

JIMIGR

THE INSTITUTE FOR GENOMIG RESEARCH tigr protein families

TIGR FAMs Page

Text Search HMM Search Download CMR Home Help

HMM Profile Page

Accession #: TIGR00262 Name: trpA

Both TIGRFAMs and Pfams are displayed on this page. TIGRFAMs and Pfams are based on Hidden Mark
Wodels or HMMs. An HihM is a statistical model for any system that can be represented as a succession of
transitions between discrete states. Scores are reported both in bits of information and as an E-value. See
below for more information on this TIGRF AN or Pfam and its Hi.

trpA Information: See below for detailed information on this family, including the cutoff score for inclusion |
this family and the average score of genesfproteins in this family. To wiewr all genes with the same EC
number, click on the EC Number link. To view more information on the Raole Category for this family, click o
the Role Category link.

Accession: TIGRO0Z262 Name: trpA Isology equivalog

Type:
Common tryptophan synthase, alpha subunit
Name:

Noise Cutoff: -5.00 Trusted 2 50

Cutoff:
HMM length; 262

Avg. Score: 39156 +- 2474

EC Number: 4.2.1.20
Relationship: |nterPro assignment; IPR002028

Categi‘::f Mainrole: Amino acid biosynthesis Bubrole: Aromatic amino acid family
Dntcﬁ:ne FO0000162 process tryptophan biosynthesis
(GO) Term?'{ EO0004834 function tryptophan synthase activity

Author(s): Loftus BJ Created: Apr20 1393

2:09PM

Last Sep 23 2003
Modified: 4:23PM




Domain results

Pfam search:

pfam.janiela.org

Total score: 859.2 This is a very positive hit to
E-value: 2.1 e-255 the RNA ligase domain.

Pfam-A Matches

Ehow or hide all alignments.

B Description Entry HMM Bits Alignment Show /hide
P type m score mode alignment

M4 ligase RMA ligase Family 25 407 1 443 8592 2.18-255 [ Show |

’ Verify Structural Annotation ‘

Protein families

‘FuncﬁonaIAsagnment

|

|

View the alignment:

#HMM *-=FkEYssLeNhyeskFleklknnGl tggEWVArEKiHFaNFSliieedekeaqh Gaef tVEyAER sGiiGanv]l Pak
#MALTCH F+i+i+e++ I+ 1k ETHAHEEHHGaN FAH++e+ek +HyAERsGi+ +P+E:
#3EI FERYTEIDNANERR-THALEGCGMFEDENTATEEVHGANFGI VA TEGEE - —————-—— MIRYAFRIGIM----FPFNE

EdFyGYEivikdyaaaikavqelLEtkqgvsGiyvrlEvquyGELaGgKYdHPstKsrktvmvagkkriPrtivgvﬂkevFPdYgPDkI
fE+F+GY+i+i++++++i++++e+L++kq+++ 1+ GE LG AHE sVPE+rk tvmvagk Proi++wi]-+H—+FP+T+ED+
:ZHFFGYHILIPELDRYITSIREHLCEKQKKK ————— LHVWLINGELFGCEYDHE SV PETERTVHVAGE - —-PRTIZAV]TD SFPOYEPDLE

GO

EC Number

Metabolic
Pathways

? |See Glossary for HMM scores
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Verify HMM alighment

y . Belvu: /home/ihannick/belfiletmp = Al 4
[File] [Edit] [Colour] [Sart] Picked:

(Axd22) SR R 7l | ettt el L et Jife et et e Wi T e T ket I o e L el 1
238, m00295 1 |384 |EKMIRYAERESGIMPPNEH- - - -FFEYHIEIPELORYITSIREMECERD- - KKK LHYVLINGEEF GGEY DHES VEKTRETYMY AGKPRT . I5- - AVATDSFROY SFOLAFVAFOTKYKET-ED i

SPIP22864| TB4B_TRYEE |25 |408 | EKMIRYHKRSEIMPPNEH-- - - FEGYHILIPELORYYTSIREMLCERD- - KKKLHVVLINGELF GEKYDHRSYBKTRKTVHY AGKPRT , 15- - AYATDSERQY SPOLHFYAFDIKYKET-EG
PIRIGE14611TO2643 76 | 468 | ESEMRFAKRSGIMOPSEN- - - - FFGYHLLIDDFTAOY RALCALLKREY GV T GRMGRYY LHGELF GAKYKHPL Y PKSTKLCTLPNKKRI pISGYELASEPERRY SEEL HY FRFDVKY SV SGAE
GEIAANGAZ04, 1134333049 | 2 |332 |EFTHTPAKRTSTIGAMVMGDY DEYGCTSMMEAHT AKMEAT SMWLLIARG- T IMYGET I TMY BELAGK GV OKEVN- - -—--————— - Ao S G- DKDEWAYDILLPET---
SPIP32277 1 Y10A_EPT4 21334 |- -KMTCAKRTGPILFAED- - --FEGYETILKNYADSIKAMODIMET SA----- YWY IMFBEFAGPGI AKNYD - -~ = - === === === et ¥C-DKDEYVEDIIVTTE---

Our sequence contains an RNA ligase, Rnl2 family
domain, with a very strong match. Members of this
Pfam family ligate (seal breaks in) RNA.




Superfamily

Superfamily ..

HMM library and genome assignments server

| Search SUPERFAMLY |

Comparative Genomics Tools

The SUPERFAMILY web site provides a number of comparative genomics fools for the analysis of
superfamily, and family, domains from across the tree of life,

v Unusual domains

v Unique domain pairs

v Adiacent domain pair lists and graphs

v Domain combinations in groups of genomes

v Taxonomic visualisation of domain combinations
v Domain occurrence networks

Superfamily uses SCOP structural domains.
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Superfamily Result

Superfamily .

HMM library and genome assignments server

| Search SUPERFAMILY |

Click on the picture above to see genome sequences with the same domain architecture

HMM library:

Sequence: unkﬁown=T.
omain o
umber 1 Region: 24-135

lassification
evel

Classification

Euperfamily

DA ligase/mBEMNA capping enzyime, catalytic domain

amily

Further Details:

El& ligase 2, MN-terminal domain

Family Details Alignments

Domain Combinations

Sequence: unkmown_T.
Domain — ]
Number - Region: 308-348

Classification
Lewvel

Classification

E-value

Superfamily

dnticodon-binding domain of a subclass of class T aminoacyl-tRMNE& svnthetases

0.77

Family

dnticodon-binding domain of a subclass of class I aminoacy|-tRMN& synthetases

0,031

Further Details: [[F2mily Details' AIignments' |Germme Assignmentsi |Damain Cumbinatiunsi
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SignalP

SignalP predicts the presence and location of signal peptide cleavage sites in amino acid sequences from
different organisms: Gram-positive prokaryotes, Gram-negative prokaryotes, and eukaryotes.

The method
Incorporates a
prediction of
cleavage sites and
a signal
peptide/non-signal
peptide prediction
based on a
combination of
several artificial
neural networks
and hidden Markov
models.

http://www.cbs.dtu.dk/services/SignalP/

SignalP 3.0 Server

SignalP 3.0 server predicts the presence and location of signal peptide cleavage sites in amino acid sequences from different organisms: Gram-positiv
prokanmtes, and eukaryotes. The method incarporates a prediction of cleavage sites and a signal peptide/nan-signal peptide prediction hased on a cg
neural networks and hidden Markoy models.

View the version history ofthis sener. All the previous versions are available on line, for cornparison and reference.

SUBMISSION

Faste 5 aingle sequehnce oF several sequencas in FASTA format into the fiald below:
unknown Aedes saegypti protein

MASREAVERAVONVRF ILIVDREEARERVLNLYEAUYROIPYIVHDYD IPESVEQCREEL
REEFLEHFENVTDIEVIDMLWVIEGHL

Submit a fite in FASTA format directly from vour local oisk:

Browsze. .. I

Method
" Meural networks
' Hiddan Markov models

Crganism group
g Eukaryotes
o Gram-nedgative bacteria

Graphics
Mg graphics
& GIF (inline)

= Gram-positive bacteria & path " GIF (inline) and EPS (as links)
Output format Truncation

& Standard Truncate each segquence to max, ITI:I_ residues,

CFull

We recammend that only the M-terminal part of each protein sequence is submitted.

' Short (no graphicsl) Enter 0 (zero) to disable truncation.

Submit | Clear fields |
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SignalP results

Non-secretory
protein

?

‘ See Glossary entry for Signal Peptide

SignalP-HMM result:

SignalP-HMM prediction Ceuk models2: unknown
T T T T T T
1.8 -
h-region prob, ——
B.8 -
B.& -

o

L

&

m 9.4 -
B.2 -
B.8

MLERLGYREHFRETPLLFYGGIGSIFERYTEIDMSHERERIMALKGCGMFEDENIATERY HGANFGIYSIER
1 1 1 1 1 1
5] 1@ =3 28 46 b=t} =35 b
Fositian
# data ‘ Verify Structural Annotation
Motifs
>unknown

Prediction: MNon-secretory proteln

Signal peptide probability: 0.008

Signal anchor probability: 0.003

Max cleavage gite probability: 0.006 between

|

Protein families

\

‘FuncﬂonalAngnment

pos. 22 and 23



TargetP

http://www.cbs.dtu.dk/services/TargetP/

TargetP predicts the subcellular location of
eukaryotic proteins.

The location assignment is based on the
predicted presence of any of the N-terminal
presequences:

»chloroplast transit peptide (cTP)
»mitochondrial targeting peptide (mTP)
»secretory pathway signal peptide (SP).

TargetP 1.1 Server

TargetP 1.1 predicts the subcellular location of eukaryotic proteing. The location assignment is hased
transit peptide (cTP), mitochandrial targeting peptide (mTP) or secretary pathway signal peptide (SP).

Farthe sequences predicted to contain an M-terminal presequence a potential cleavage site can also b

MOTE 1: TargetP uses ChioroP and SignalF to predict cleavage sites for cTP and SP, respectively.

MOTE 2: The method has bheen tested on 4. thallanz and H. sapiens sets; see the resulis.

MOTE 3: This page has heen rewritten recently (April 2005).

SUEBMISSION

OQutput format

Paslte a single sequence or several sequences in FASTA format into the fieid befow:;
Funknown Aedes aegypti protein

MASREAVERAVONVEP ILSVDREEARERVLNLYEANYROQIPYIVMD YD IPESVEQCREEL
REEFLEHFNVTDIRVIDMLWVIEGHL

Subrt g file In FASTA farmat divectly frorm your focal sl

I Browsze... |

drganism group

Prediction scope

= Man-plant ™ Parform cleavage site predictions
' Plant

Cutoffs
& na cutoffs; winner-takes-all (default)
. specificity =0.95 (predefined set of cutoffs that vielded this specificity on the TargetP test sets)
C zpecificity >0.90 (predefined set of cutoffs that vielded this specificity on the TargstP test gets)
© define your own cutoffs (0.00-1.000 ¢TP:[0.00  mTP:[0o0  sP[ooo | other: [o.00

submit | Clear fields |




TargetP results

The sequence contains a mitochondrial targeting peptide, mTP.

TargetP 1.1 Server - prediction results

ces Technical University of Denmark

### targetp vl1.1 prediction results BFSSHSHETHEHRSHOHBTHBHRRHERBRRBHAY
MNuwmnber of query sedquences: 1

Cleavage site predictions not included,

Tzing MON-PLANT networks.

MName Len mTF AF other Loco  ERC

unknown Th =eq 416 o.72a 0Javo o,.z09 Jul 3

_______ :__:______________________ . ___________________J Verify Structural Annotation ‘
cutoff A.000  o0.000 BT D

Domains

1

Protein families

.

‘ Functional Assignment ‘

See explanation of TargetP 39
output in extra slides.




Transmembrane domains
TNHMM result

HELP with output formats
There are no

transmembrane # unknown Length: 416
domains. # unknown Number of predicteq TMHs: O
# unknown Exp number of AAs in TMH=: 0.00491
# unknown Exp number, first 60 AA=z: 0.00077
# unknown Total prob of N-in: 0.00474
unknown TMHMMZ. O ocutzide 1 416
TMHMM posterior probabilities for unknown
1.2
1
g8 r
=
E
S a6 r
2
a
04
‘ Verify Structural Annotation ‘
el st
Domains
y 50 100 50 200 250 300 ' o
See Sllde 58 fOf 1 Protein families

¢ | explanation of scores

I ‘ Functional Assignment ‘

neide

transmembrane



Annotation of Example 1

BLAST: A protein match at Swiss-Prot is 99% identical, with 2 conservative and one non- _
conservative amino acid substitutions. “RNA-editing ligase TbMP48, mitochondrial precursor” is the
Swiss-Prot name for this close protein match.

This mitochondrial precursor of an RNA ligase was identified as a member of a multi-protein complex
that catalyzes deletion editing in vitro. It was isolated from an enriched sample of Trypanosoma
brucei mitochondria by sequential ion-exchange and gel filtration chromatography, followed by
glycerol gradient sedimentation. The protein was not functionally characterized, but was identified as
a member of an RNA-editing complex. The complex was shown to have RNA-editing function.
(PMID:11134327)

Domain: Our sequence contains an RNA ligase, Rnl2 family, with a very strong match. Members of
this family ligate (seal breaks in) RNA.

Signal sequence: none

Targeting Sequence: It contains a mitochondrial targeting sequence.

Under the standards of the Tri-tryp project, “RNA-ed iting ligase TbMP48,
mitochondrial precursor,” is a suitable name. [ Verty Sruchural Annotation_|

Domains

Motifs

Protein families

Functional Assignment




Evidence from homology searching

Compare sequences of unknown function to those of k nown function.

Shared sequence identity may imply shared function.

Bu

Full-length match with significant identity (>35%)
Domains and motifs

Binding sites

Catalytic sites

_lieware

there are occurrences where one amino acid substitution changes the function of an enzyme.
synonymous or “silent” codon substitutions may result in functional differences.*
Mutations may result in modification or deletion of function.

all functional assignments made by similarity should be considered tentative until confirmed
by experiment.

* Kimchi-Sarfaty C, Oh JM, Kim IW, Sauna ZE, Calcagno AM, Ambudkar SV, Gottesman MM. A "silent" polymorphism in the MDR1 gene changes

substrate specificity. Science 2007 Jan 26 315(5811):525-8
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A IS
Bis
Cis

D 1s NOT like A!

Transitive annotation

ke B
ke C
ke D

& @/%
oA Ci4

Take a conservative approach. Err on the side of
missing homology rather than stretching weak data.
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Not experimentally characterized...

The fun begins when you need to draw conclusions ab out genes and
gene products that have not been characterized.

Examine all possible sources of information!

If you have automated annotation results, verify them.
HMM: is/are the domain hit(s) significant?

Is there a signal sequence, a targeting sequence?
Does it belong to a family of proteins or genes?

What do the homology searches tell you?



Example 2

Our second example is an unknown Aedes
aegypti protein sequence

>unknown_Aedes_aegypti_protein_85aa

MASREAVRRAVQNVRPILSVDREEARKRVLN
LYKAWYRQIPYIVMDYDIPKSVEQCREKLRE
EFLKHKNVTDIRVIDMLVIKGML

Verify Structural Annotation |

Domains

Motifs

Protein families

Functional Assignment



Example 2: verify gene structure

File Edit View Sequence Helpers

01| 55240353 1gh]E...
property | Value 1 | 1 z 3
star |4287 - B [ 3 B B
end 3683
Ilength |05 u 8 2 = B L
assembly 25617 [ ]
strand :rhinus
producer |nap: NC 0 a0 100 150 200 250
type [Similari.
basis |CoMPU. -
hit desc '(old'_-rira... Bt
4 L lhi=ni_a |‘| -1"

|(Gennm|c rPrmJaw I ANSE PG [’mRNP& r‘leem |

4261 ] A

4121 EETCTCCTGTCT TR TCTCA TRCRCT TAGCRTCC TR TCCACGARGTAGGGRRCAT TCCC TCGR
3081 [ : ; X ACAAALA : ACA : ATA

3841 | : AR i A A : A
2701 ERTGCGCATARARARACTT

3561 ATA CGChTGCTGTAAGTTCCTTﬁTlGTlTCCGTTCCTTTCTTT!CGAAhTTlTTTTTTCGCCACTTCGChATTCﬁhAGCﬁAGﬁChAATTTTTTlGGGATCGTTCAhATlTTlCGTAACAChﬁCh
3421 AGGCCAGGTAACCCATACT TG TAGTGT T T TOCTCCATACAAGARATTGCAATTATCCATATARRACCTGT TACTCCACGAAGGGAGCGGCTTTAAATICGCARAT FCCTTCGTTACCTAATATTIGAATCATCCCTTAG
3 ; K B TCACCACCATATGTCTAAGTIT
3141 CRATC TAAACCTATTIGGATGACGTATCCCGCTT T TACGAACGE TAATATCACCAAAAAT TAGCCCACT TTTACAAAAAGGGAT TTAGTGATCTGACGTTIGACTIGGGTCG GATATGGACT TATCCACCGGTGC
3001 ACTAAATTTACTCAGTCCAAGAATTITIGACACTIGACCGAA CGTGGGE TACGTGATCCGE TAAAGTGTCARAAATFAT T TAACCGAGTGAATTFATCACACCGG TG AGTCAATICTCGCTCTGAGATA
2861 ACGECCTATAAGCCATTIGGTAACCACGTGEGTAGCTCOGTTGTTICTGAGEG GAAAGAATAAGCATCCAAACCAACATCACGGCCAGG TAGATATTCATCETTICTTCCCCATAGCGCTGTTAAATACCATGAARATC
2721 CATGCAARATGCTCAGAAACAAC TAGC TACACAAATCCCTT T TAGGACGAGATCAGAACTTATGCGAGAAT TCATCCCACCAARGCCARATATCATTATCT RGGA TCCCTACCAGAAACTAAGETAACT TT TGCCGCCCAT
2581 TACCGET I TTAAAAAGCTGGATAT I TCATCCAATGCACTTATCCGCGGTCTTCTTTTICTIGTIGAT T T TN TCCGATCTAAATATGT ITATATAAAATGACATCCACGCCAACACGAATGTICACCGGATGAACAATGCGT
2441 GGATGAATGTGCAACGAAATCGT TTATAT ITCTGTATACATCGECAACAGTAAAGGTTATEC T ICACACTGAAAGT TGCAGEGTGACGTCATCGTATATTAGT TCATAGGC TTATT TGATTGRAACTAAGACCTCTGGOGG

3]
gil55240353|ob]|EAADSG33.2]1(-) | {(old_nraa cdbyank) unable to locate defline | 205.0 | 1 - 49 11

nap: NCBl_Anopheles_20050822.fasta



Correct the gene structure

File Edit View Sequence Helpers

1128 :

property | value 1 |- z I 2 l 2
stae |azze | 3 b 3
end 13717 %

Ilength 556 = = E B o »
assembly 25617 £ [ | |
str_and_ - _-mi_ﬁus :
producer |DEFAULT ié 0 50 100 150 200 2530
typé ImMRNA :
basis |SCRATCH
model 1138

3981
3841
3701
3561
3421
3281
3141
3001
2861
2721

Working Model | mRNA | model 1138

ATITT A ' T TGARATC ARAATAGUGCGTARNC TAGKATTATGCTT
el _ : A CCGA,

GTATGGCCCACGAGGGAATTTTGA
ATAGTOGTGTGATGTCGTCCOCA TGO TG TAAGTTGCTTATAGTATCCGT TCCTTTGT T TACGARATTAT T TTTTGGCCACT TGGCAAT ICAAAGCAAGACAAATITTTTAGGGATCGTTCARATATTACGTAACACAACA

AGGGGAGGTAAGGGATACT T IGTAGTOT T T TGO TCCATACAAGRAATIGCAATTATCCATATARRACCTG T TACTCCAGGAAGGGAGGGUG TTTAAATTOGCARATICCTTCGTTACGTAATATTIGRATCATCCCTTAG
ATATTTACGATAATCATTAAT T TATATGAAA TTGACTGTAGTTATAAGCTTGAAATCAATCTGAGATCATATCAACTCGCAGTACATITICTTTTGCGGARCACTTITITTTCTCATACTCACCACCATATGTCTAAGTIT
CAATCAGATAAACCTATTIGGATGACGTATCCCGCTTTTACGAACGETAATATCACCAARAATTAGCCCACTTTTACAAARAGGGATT TAGTGATCTGACGTTTGACT TGGGTCGCTTGATATGGACT FATCCACCGGTGC
ACTAAATTTACTCAGTCCAAGAATTTTGACACT TGACCGAAACACG TGOGAAGCATCTACGTCA TCEGCTAAAGTC TCARAATTAT T TAACCCAGTGAATTTATCACACCGG TGGACAAGTCAATTC TCGCTCTGAGATA

ACGCCCTATAAGCCATTCGTAACCACGTGCGTAGCTCGTTGT T TCTGAGCCCATCAAAGAA TAAGEA TCCAAACCAACATCACGLCCAGGTAGATATTGATCCT T TCT FCCCCATAGCGCTGT TAAATACCATGAAAATC
CATGCAAATGCTCAGAAACAN

TACCGETTTTAAARAGCTGG,
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BLASTP

>unknown_Aedes _aegypti_protein_98aa

MASREAVRRAVQNVRPILSVDREEARKRNLYKAWYRQIPYIVMDYDIPKSVE

QCREKLREEFLKHKNVTDIRVIDMLVIKGTVKLNEIMERAQNRA

Enter Gluery Sedlence

Enter accession number, gi, or FASTA sequence & Clear

Funknown Aedes aegypti protein 98aa
MAEREAVERAVONVRP ILSVD REEARK VLN LYTHAWY R IPYIVHD YD IPESVEQCREEL

DREEFLEHEMNYVTDIPYIDMLYITEGTVELNETMERAQNPA

Or, uplead file Browse 9

Chuery subrange &)

From

To

Job Title unknown_Aedes_aegypti_protein_98aa
Enter 5 descriptive title foryour BLAST search &
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NCBI BLAST Results:

The first match is to itself =)

There are no significant
blast hits to characterized
proteins in the next 17
hits.

Some clues in the
Genbank record that the
entry is not characterized:

GJequences producing significant alignments:

gi|l157112856 ref WP 001657696, 1]
gi|15525432] |ref [XP

gi|155292907 | ref | XP

NADH dehvdrogenase, putative...
306101.3] AGAPO1Z533-PA4A [Anopheles gamhia...
3142254 AGAPOO33Z25-PA [Anopheles gamhia...
gi 1571345349 [ref |XP 00l663253.1| NADH dehvdrogehase, putative...
gl 170046509 |ref [XF 001550941,1| NADH dehydrogenase [Culex pi...
gl 19922002 |ref |[NP 610629.1| CG7712 CG?712-PA4 [Drosophila mel...
gi| 125808965 | ref [XF 00135360935.1| GAZ0535-FA [Drosophila pseud...
gi| 170041215 | ref | XP 00158458566.1 MADH dehydrogenase 1 alpha s...
gl | 91079452 |ref |[XP 9659319.1| PREEDICTED: similar to CG7712-P4 ...

gi 1536553857 |ref [XF 001600564,1| FPEEDICTED: similar to NADH d...
gi [ 9052001 | gh |[AEDO9EY6L. 1 putative NADH-ubimquinone oxidoredu...
gil 335216585 | gb | AL]21357.1 NADH-ubiquinone oxidoreductase [Ix...

gi 66513180 | ref | XPF 623441.1| PREDICTED: similar to CGVT71Z2-PA ...
gi| 156358615 [ref [ XP 001624611.1| predicted protein [Nematoste...

141055750 | ref |NP 957262.1] MNADH dehvydrogenase [(ubiquinone) ...

gl [ 4717026 [enb [CAGOIGRL, T unnamed protein product [Tetraodo...
151517570 ref [NP 002451.2| HNADH dehydrogenaszse [ubidquinhone) ...
EEl DT I ) F e NADH dehvdrogenase 1 alpha subcomp...
gl | 45145545 |enb [CAGIZ995.1| NDUFAc [Homo sapiens]

gi 115392055 | ref [NP 001065259.1| NADH dehydrogenase (ubigqino...
gl | 605533616 |gh |A8%57056.1 ] HNADH dehydrogenase 1 alpha subcomp...

gi| 27663135 | ref |XP 235515.1] PREDICTED: similar to NADH dehyd...
gi | 115022587 | sp | Q0MOAS |NDULE PONPY  NADH dehvydrogenase [ubicqui...

gi 109094354 | ref |®P 001106675.1| PEEDICTED: similar to NADH d...
gi | 1263539065 [ref |®P 001371452.1| PEEDICTED: similar to NADH d...
gil2846l207 | ref |HPF 7865585.1| NADH dehydrogenase [(ubicquinone)

gl 143232387 |ref [NP 001085970.1| hypothetical protein LOC4RG3...

FENOINE Sedquence

f Glref |®P 0O01516850.1| PREDICTED: hypothetical prot...

Zlref [XP 001746412.1| predicted protein [Monosiga ...
giTEO=5I31E

0|ref|xP 0O01500539.1| PREDICTED: similar to NDUFAG...
gh |AdXE6248. 1 NADH dehvdrogenase 1 alpha subconp...
gl | GO0825365
i 173959393 |l ref WP B31T1E 2

gb | 48X 36T16. 1 NADH dehvdrogenase 1 alpha subcomp...

Method:

conceptual translation.

FEELTCTED: =imilar to WADH debsd. . .

I T I I T T Tl O LTy o T T T I-ILE s SIMI IO T OO TS « «

gi|1l18082637 [ref |XF 425471.2]
i |1 SEERA7 | raf |NP OENZES ]

PREDICTED: hypothetical protein...

Direct Submlssion

MADH dehydrogenase [(ubigquinone) ...
61 protein [3chistosoma j...

edicted protein [Laccaria ...
d protein product [Podozpo...
d protein product [Vitis w...

gi 169554690 | ref [XF 001534019.1| hypothetical protein CC1G_09...
gi | 71013304 | ref | XP 7585584.1| hypothetical protein TMO2437.1 [...

Score
[Bits)

173
17z
17
_l68
_l6s
_l60
_154

122

[ ] fus]
] i1 LS
L] ] o)

oo
)
)

oo |oa|an
[ e puin
w |walm

o
L]
o

-1
o
-1

--]
[
W=

T
—
fa

[n)]
L]
o

i |in
o[-
Lol P

o
=
-1

E
Value

Je-d42
Ge-d2
2e-41
Se-41
Se-40
2e-35
le-38
Qe-z7
de-Z6

de-25
Je-Z4
de-23

2e-20
2e-17

Te-17
le-la

le-15
2e-15

2e-15

2e-15
2e-15

Ze-15
Ze-15

Je-15
Je-15
Je-15
de-15
de-15
Se-15

Se-15
Ge-15
ae-15

le-14

le-14
Ze-14

Ze-14
Je-14

Se-14
9e-12

2e-05
Je-038
Je-07

le-08
Ze-08&

ol Jflofffoo/ 0o fallo il o oo [ ot o R oo o




BLASTP results: a hit?

The second protein in the output Is a “conceptual
translation” (86% identical over 98 aa):

NOT
USEFUL!

M1: XP 306101 Reports AGAP012533-PA [An  [g1582843221]

Comment Features SegUence

L2
DEFINITION
ACCESITICON
WVERS IO
DESOURCE
EEYWORDS
JOURCE
ORGANISH

REFERENCE
ATUTHOES
CONSETH
TITLE
JOUEMAL

COMMENT

FELATURES
Source

ZP 306101 128 aa linear INV 16-0CT-2007

AGAPO125353-PL [Anophelezs gambiae s3tr. PEZT].
ZP 306101

ZP 306101.3 GIL:1582Z54321

REFSEQ: accession M 306101.3

Anopheles gambiae str. PEST
Anopheles gawbiae str. PEST
Eukarvota; Metazoa: Arthropoda; Hexapoda: Insectar: Pterygotar
Neoptera; Endopteryvgotar Dipterar Nematocera); Culicoidea;
Culicidae; Anophelinae; Anopheles.
1 [residue=s 1 to 128)
Harmmond, M.
The Anopheles Genome Jequencing Consortiwm
The genome sequence of the malaria mwosquito Anopheles ganbiae
Inpublizshed
FPROVISICOWAL REFSEQ: This record has not wyet been subject to final
HNCEI rewview. The reference sedquence was derived from ELLOZS579.
On Oot 15, 2007 this sequence wersion replaced gi:53374760.

; st = the amino end.

forganiswm="Anopheles gawbise str. PEIT"
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Characterized match?

= The first hit to an annotated protein is to #6 In
the list, a Drosophila sequence:

P il 19922002 ref |INP 610629, 1] EE CGT712 CGTT12-PA [Drosophila melanogaster]

gl | F303679 | gh | AAFLET29, 1| [ErEﬂﬂ?lE—PA [Drosophila melanogaster ]

g1 | 17945558 | gh |ALL 45651, 1 | E FEZ5411p [Drosophila melanogaster]
Length=124

GENE ID: 536159 CiYT71L | CGTPLE [Drosophila melanogaster] (Owver 10 PubMed 1inks)

acore = 16l bitzs (405), Expect = Z2e-358, Method: Compositional matrix adjust.
Tdentitiezs = 77/92 [(83%), Positiwves = 85/92 [92%), Gaps = 0792 [(0%)

Query 1 M4 SREAVERAVONVREPILSVDREEARKRVLNLYEAWNYROQIPYIVMDYD IPESVEQCEEEL 60

Ma REAVHEALV) VEPILSVDEEEAREER LNLYEAWYRQIPYIVMDYDIP +VEQCE+EL
abjct 1 MAGREAVERAVIQVEP ILAVDEEEARKRALNLYEAWYRQIPYIVMDYDIPMTVEQCEDEL &0

Query 61 EREEFLEHENVIDIEVIDMLVIEGTVELNEIME 932

FEEF+EH+NVTDIEVIDHMLVIEG +H+L E +E
abjct 61 PBEEFVEHENVIDIEVIDMLVIEGOMELEESVYE 92



Evidence for validity of the protein

It matches?

FEATURES
Source

Frotein

Fegion

CDS

Method:

conceptual translation.
Location/Qualifiers
1..124
Jorganism="Drosophila melanogaster™

fdb xref="taxon:7IZ7"

Johromosome="2R"

1..124

Sproduct="CGE7712 CGI712-P4"

FEC nuwmwber="1.6.5.3"

FEC number="1.6.99.3"

Sname="CG7712 gene product from transcript CG7T1Z-BA™
fcaloulated mol wt=14764

24..89

fregiun_name="CDmplexl_L?R"

fnote="Complex 1 protein (LYR family). Proteina in this
family hawve bheen identified az a component of the higher
eukarvotic NADH complex. In Saccharomyces cerewvisiae, the
I=dll protein has heen showh to play a role in Fe/l3
cluster biogenesizs in mwitochondria: pfam05347"
fdb_xref="CDD:BEBEl"

1..124

fgene="CGEYT1ET
flucus_tag="Dmel_CG??12"

focoded by="NH 13673 = a5

fdh_xref="FLTB CE:FEgnoQozz570ar
Sdbh xref="Gene ID el
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Exploring the match

Gene Dmel\CG7712

4t FlyBase

Home Tools  Files  Specie

Archives

Mews  Help Jump to Gene

Profile Manager | | Open All | | Close Al |

General Information

Symhaol

CGYT12

Species

L. melanogaster

Name

CEIT2

Annotation symbaol

CGIT12

Feature type

protein_coding_gene

FlyBase ID

FBgnO033570

Created /Updated
Genomic Location

Chromosome (armj

2003-12-0212003-12-02

2R

Recombination map

Cytogenetic map

47 CHE-47CH

Sequence location

2R:6,784 641.5,755,388 []

Map { GEBrowse )

ZR

1 l I
E7E0K

CHIO020 CG12942  RphS
[ o [ = ]
cag CG7712

<] <]

790k
612943
—

Decorated Fasth, ;I

Get genome region |

Gene region ;I
GetFasta |

Summary Information
= Detailed Mapping Data
FilyBase Computed Cytological Location

Cytnnanatic man

Fuwirlenra for lnratinn

. Limits computationally determined from genome SequUence 1%=®pepepart and 53

PIEPIshnEr <929 gprEPIghn= o




Drosophila match has transcript
support—=

cDNA Clones, Fully Sequenced
Exact Match

Contained within the
annotated transcript, REZ25411
internally consistent

End(s) extend heyond
the annotated transcript,

internally consistent
cDNA Clones, End Sequence Only (ESTs)
Contained within the RH20273 GM19442 RH53442 RE23081 RH44506

annotated transcript,

Enmmems nn GE"E MDdEl internally consistent EKDAE344 RH51145 EM15101 RH48865 RH18650

RH27622 RH13844 RHE3685 RH18645 RHE3428

| RHA0456 RHZ3407 EF12446 RE28078 bs18g02

E T 1 Dﬂt RHA3539 RH&3531 RH72024 EK1634MT EC24083

ra"scrlpt ﬂ RE15815 RE364A3 RH4R034 Ek186513 RHOT032

A t.1t I T 'I t RHO5211 EK045535 RH39960 RHE0807 EKD44964
I.II.I‘:' * E{ rﬂl]ﬂ‘:rl } 5 RHE4795 RHEZE16 RHO5218

Marme FlvBase D Length (nt) Associated CDE (aa)

CGTTT2-RA FBtro055238 E18 124

Additional Transcript Data & Commenmnts

Reported size (KB)

Comments

External Data

Crossreferences

=] Polypeptide Data

Annotated Polypeptides

Marme FlvBase D FPredicted W (kD Length (aa) Theoretical pl  GenBank protein

CGTT12-PA FBppOOST 333 14.49 124 10.03 AAFEETY

Additional Polypeptide Data & Comments

Reported size (KD)

Commenmnts




Match is an expressed protein,
with LYR domain

Crossreferences ImterPro domains - A database of protein families, domains, and functional sites

« Complex 1 LYE protein (JPREOD301 1)

After all of that investigation, we have to conclude that this is not a “characterized match.
We continue down the BLASTP output to #19:

[ gil 48145545 | enb | CAGIZ995. 1] E NDUFAE [Homo sapiens]
Length=1<8

GENE ID: 4700 NDUFAe | NADH dehvdrogenase (ubidquinone) 1 alpha subcomplex, 6,
;;ﬁﬂu-fﬂeﬁa-aagéensi‘;;ver 10 PubMed link=s)

Tdentities = 41797 [(42%), Positiwves = 64/97 [(65%), Gaps = 0797 [(0%]

Query 2 ARREAVERAVINVEP ILAVDEEEARKEVLNLYEANYRQIPYIVIDYDIPESVECEEELE. 6l
B+4 &4 WV+PI 5 D E&HHEV LY+HAWYEHFP V¥V + + +V+ PB+EAER
abjct 5 FFROATATASTFVEP IFARDMNEAKRRVEELYRANYREVPNITVHOFOQLD ITVEMGEDEVE &4

Query 62 EEFLEHENVTDIEVIDMLVIEGTVELNETMERAQNEL 95
E F+E+ +WTD BV4+D+LVIE: H+L E + + R
abjct  Bi EMFMENAHVTD PEVVDLLVIEGEIELEETIEVIIEQRET 101

acore = 54,7 bits (208), Expect = Z2e-15, Method: Compositional matrix adjust.
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Investigating this match

This match is at 41% identity over 76% of the
length of the matching protein sequence:

Identities

acore = 94,

7 hits (208), Expect = Ze-15, Method: Composzitional matrix adjust.
= 41797 [(42%), Positives = 64797 [(653%), apzs = 0797 (0%)

" 1: NDUFA6 NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, 6, 14kDa [ Homo
sapiens ]
Genell: 4700 updated 17-Mar-2008
Summary t ?
Official Symbol MNDUFAS
HGMC
Official Full Name MNADH dehydrogenase {ubiquinone) 1 alpha subcomplex, 6, 14kDa
HGMC
Primary source HGMNC: 7590 Bibllography

See related
Gene type
RefSeq status
Organism

Lineage

Also known as

Ensembl: ENSGO00001849583; HPRD: 118584, MIM: 6021385

Related Articles in PubMed
protein coding

Yalidated

PubMed links

Hopno saplens

Eukaryvota, Metazoz, Chordata; Craniata, Vertebrata, Eutelsostormi
Marmimalia, Eutherla; Euarchontogiires; frimates, Haplorrbing
Catarrhinl Horinidae, Horno

B14; L¥RME; CI-B14; MADHB14 56




Looking at the literature

We now verify that this protein has been
characterized, and constitutes a valid

characterized match.

[~ 1:Biochem Biophys Res Commun. 1998 Dec 18;253(2%1:415-22,

cDNA of eight nuclear encoded subunits of NADH:ubiquinone oxidoreductase:
human complex | cDNA characterization completed.

Loeffen JL, Triepels RH, van den Heuvel LP, Schuelke M, Buskens CA,
Smeets BRI, Trijbels IM, Smeitink JA.

University Hospital Nijmegen, Nijmegen Center for Mitochondrial Disorders, The
Metherlands.

MNADH: ubiquinone oxidoreductase {complex I is an extremely complicated
multiprotein camplex located in the inner mitochondrial membrane. Its main
function is the transport of electrons from NADH to ubiquinone, which is
accompanied by translocation of protons from the mitochondrial matrix to
the intermembrane space. Human complex I appears to consist of 41
subunits of which 34 are encoded by nDNA. Here we report the cDNA
sequences of the hitherto uncharacterized 8 nuclear encoded subunits, all
located within the hydrophobic protein (HP) fraction of complex I. Mow all
currently known 41 proteins of human MADH: ubiquinone oxidoreductase have
been characterized and reported in literature, which enables more complete
mutational analysis studies of isolated complex [-deficient patients.
Copyright 1998 Academic Press,

PRAIC: 9575331 [Pubhded - indexed for MEDLIME]

[~ 1:]Biol Chem. 2007 Mar 9;282(10%: 7582-90, Epub 2007 Jan 5.

Identification of mitochondrial complex | assembly intermediates by tracing
tagged NDUFS3 demonstrates the entry point of mitochondrial subunits.

Yogel RO, Dieteren CE, van den Heuvel LP, Willems PH, Smeitink JA,
Koopman W1, Nijtmans LG,

Mijmegen Centre for Mitochondrial Disorders, Department of Paediatrics, Radboud
University Mijrnegen Medical Centre, 6500 HB Mijmegen, The Metherlands,

Biogenesis of human mitochondrial complex I (CIh requires the coordinated
assembly of 45 subunits derived from both the mitochondrial and nuclear
genome. The presence of CI subcomplexes in Cl-deficient cells suggests that
assembly occurs in distinct steps. However, discriminating between products
of assembly or instability is problematic. Using an inducible NDUFS3-green
fluorescent protein {GFP) expression system in HEKZ93 cells, we here provide
direct evidence for the stepwise assembly of CI. Upon induction, six distinct
MOUFS3-GFP-containing subcomplexes gradually appeared on a blue native
Western blot also observed in wild type HEKZ293 mitochondria. Their stahbility
was demonstrated by differential solubilization and heat incubation, which
additionally allowed their distinction from specific products of CI instability
and breakdown. Inhibition of mitochondrial translation under conditions of
steady state labeling resulted in an accumulation of twao of the
MOUFS3-GFP-containing subcomplexes {100 and 150 kDa) and concomitant
disappearance of the fully assembled complex. Lifting inhibition reversed this
effect, demonstrating that these two subcomplexes are true assembly
intermediates. Composition analysis showed that this event was
accompanied by the incorporation of at least one mitochondrial
DMA-encoded subunit, thereby revealing the first entry point of these
subunits.

PRAIC: 17203039 [Pubhed - indexed for MEDLIME]
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Example 2: HMM search on our sequence

http://www.sanger.ac.uk/Software/Pfam/
wellcome trust
-

2B ([, Pfam |

mstitute
Pfam HDI'H-E Eearnh by I_HH::ﬂ.l.lEnal by |F'fE|m Help

L k

"“J[BS residues |
Trusted matches - domains scoring higher than the gathering threshold (A

The first dom ain, _Dm‘naln | Start_ :__Eru:l. Bits | Evalue | Alignment Mode

Complex1_LYR, |Complexi YR |24 |84 (@50|1.1e-18 A3 s
has good e-value. ' I : :

Potential matches - Domains with Evalues above the cutoff

The second hit,

FAD_binding_7, is |
short, and has FAD binding &
poor e-value. -- |

Domain Start | End | Bits | Evalue | Alignment | Mode |

| Align f5

| Verify Structural Annotation ‘

‘ Functional Assignment ‘
T T




Examine HMM evidence for our sequence
(Belvu tool to display alignment)

http://sonnhammer.sbc.su.se/Belvu.html

View the HMM Alignment:
The “seed” is the set of sequences that are used to make up the statistical
model of the domain (HMM). Examine our sequence aligned to the SEED (at
the Pfam site).

(23x76}  mmmmmee- 10-------- 20-------- F0-------- 40-------- 5Q-------- BO-------- 70------
25617, m01128 ] 1] 61 |FARKRULNEYEAYROIPYT, , - - WMDY DIPKSYEQCREK] BEEEL KHKNYTDIR, ,  VEDMEMT K- -——-——- | &
SP1048098,1 | 2| 66 |STRREAITEYRNLERESERL, , ——---- PSYNFRMYAARKIRDT FRAHRSTROFA, , , ELDROMAEGLONLELIRR

SPIPS6E556,1 (26| 94 |EAKRRMRELYRAWYREYPNT ., . --WHOFOLDITYKMGEDKYREMEMKHAHYTOPR, .  WHDLEVIKEKIELEETIK
SPIP42114,2 |19| 87 |DAEREMFALYERWERSTPEM, , --QSMYSLPLPISYIRTRIRUEFERHREFYHELP, . WHDWVELTKEHADYUETMH

SPIQ9YEM3, 2 |10| 75 |THREQKMLRLYERALEHLESW, ,----- CWAURDKYRYFACLMEARF EEHKNEKDMA, , , KATOLLKEAREEEFLYRAH
SPI018236,1 |29| 95 |EARMSMLARYKEFURELTFPKE, , -WWDFGLHDMPLGYFREAYIKKOETKHGHLTIVE, |,  WEDRELYGETHUOHMESIRY
sPI0e00EE, 1 3| BB |VSEQHMVREYRMIEKTSKLF, ,------- FYTYREYTIRRTEDKFKELKVESDPA, , . KFEQGIKDSEKLLEIIGR
SPIQ18036,1 13| 79|SHEQKMTRLYERCLEEYDH, , ----¥GGHNHLEYRFOKCIIRARFDAMADEYDTR, . , KSOIELADECRAOLWEKREH
SPILELIES, 1 2| bb [YWS55EMLSECEALLEAGELNF, , -—----- FOYHIREYSERERETLDGE RMHENLTRPS, o  KNTERYAERKKHOLFYRER
sPILEYDLY . 1 4| 66 |SLEGEMLTEYENLEYLGRDY, ,-------- PKGAGYFERELENVELKHEDWEDFE, . . KIKELIARGEFYMKELERA
sPILEYZUL, 1 8| 74|GMEKEMLSEYRGFERAARS-, . —----- RPIEDEKRIEMIVSTEFRHHSKEVDRENF oY IEYLLELGTKALDAOLKS
SPIQ945M1,1 |[15| 20 |ACKERMRILYRRALKDTLHM, ,----- AYHRHIFYRODASDLEEKFEMYHADVEDYD, , , RIDKLIAHGEAREY MEWREH
SPIL948I3,1 5| 69 |PTRAEALSLFRSLLETARAF, ,—----- SDYHIREYARERAADAFRENRALGDAY . . . ARAAMF ADRKKOLEYAKR
SPIQ965A0,1 |13 | 78 |GURER¥RELEYERALKDTLHM, ,----- AYHRHLFYLUDASELEDKFEANEMYERLD, . JWEDREIEDAEALURENFEH

sPIA9GPS1, 1 1| 67 |MMERKMLSSYLGLERTEKKY, , ----FUNDKRALEHYIMLTEVAERDMKENMETOMNT, , . KINEMIDHANAY SHFLYVE
SPIQ9LHIO.1 |21 | 91 |[EAEREMFDFFEAACESIFTI. (MDIYHLODVYAPSOLEYAISAQIRMHAHITDRK, . WIDLLIFKEMEELTDIVD

SPIASLURZ,1 (10] 73| ILEARMLEEYREUAERIAHE-, ,—----- APYHYEGELKUTYRELEMEKHEDCHBEL, . . KERYLEISEGLERIKGLDE
SPIQILARZ,1 |91 |160|STRREALSLYRDILEATRFE, . -TWIDSRGHLWRDYVLRENAREKEFEAARFETDFE, . . WITRLLIGESDAWSSALD
SPIAaMU23,1 |17 | 81 |VREOEMLLEYERILETIROY, ,------ FHDSDREYLEDWAREEFREMESATEED, . . TIRMMITUGMMOLKELEK
SPIQ9VWER9,1 |24| 92 |EARKEALHLYEALYROUIPYI, ,--VHMDYDIPMTYEUCEDELEEERVKHENYTRIR, ,  WIDMLYIKEOMELKESYE
SPIASY TR, 1 3| 67 |ULESEMISEYEHLUYLGREY, . —----- PGLHGPAOKFRKUIHDAFMHHEDEQDPE . . . KEVAELADERYLAKEVER
SPIU9WIZ4,1 (10| 74 |SHERAMCSEYERACEMLESW, ,----- YDREMVYRYEAVAOLEARFDENRS-KDLG, , . EGIRELACGURELFETEH

sPI042325,1 4| 76 |ATEOEMLGEYRSIFRLARKWaT SGAMEDTIKEKQY ILHERRT LERKHKNLTDTD, , . LIKACIDECTARIEIGLH
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The second domain alignment shows us why the score is low.

Pfam: Jalview tool to verify alignment to seed

http://www.jalview.org/

the sequence of the domain is missing!

Much of

OFr0as OROIIEZ24-512

CRYZ_ARATHZ1-439
022786 ADICA 20624
OJ3E52 ARATHZII37
PHA_POTTR/A300G28
O2437d_ARATH 23467
022773 _ADICA 20427
FHAYEAS T/ 305585
PHARECOEF202-469
Crenyleerk 227
PHASYiLE 206471
PHAR Sy 322 1-4a8
PHARNELCRS355-638
PHAR CARALEY{-538
PHAR METTH2A 7-439
PHAR SALTY 203470

G24284_DROIES224-498

FHALHALSA2O05-d 78
023963 FARASSI-625
CRYY_ARATH21-432

VI T WSEF I 235346
24443 DROEAOS-63: . - -
IIBE_ ORYEA2PS-435 |

L2626 CHILRES2 Y 2483

FRFFed_WOUSE294-9488 sIWEEGMKMEEELLL

180 . 100 . 200 . 210 240 . 250 . 260 . 270 . 280 . 200 .
SUNE HG LOHF L KL LBAEWw s v CAae Ny S S ﬁFERLLDsSLv CRWALAK o PEC R KkE . . - - - FvllERWRMsaEooEovECL 1 BVvHERER I ol smav kr nbL MK LR
T R LECDILGWDIISG GHEL . DRLDMNFALEG A OWLPELARLFTE. .- - - . HHPWDAPLTWVLKASGVELGTHEA PIVDIDTﬁIELLﬁKﬁISR.R'
M RWEM KD TLLBABLESDML e S8 LPESHEL . RUWLFPELSRLPSE. .- - - .| HHPWDAPPNVLRAAG I ELGSHEPRF | VEMAAARERLEQALAE MM
hWEQ&ROMEERLL I B SEWA 1 HHE il s C8lsFFRoF - HFLPVLKDMPKD . . - - - .7 IMEPWTARLSVOTKANE | VB KDMPIRFMYLHD S A S KEC KR KMSE &Y
< BK- - -MHEFLRMYIMAKKILEWTRSPEEALEF AL - . PNGYVGCMﬁI--ICGI DO, .- .- -GUWAERE - -« -« - - | F &K
- BK- - - MHGFMRM YA KK LEWT KEFEEALSI S - . PS&vMECME- - IcevHog . .- - - .- - - -BWKERP - - -« - - - - - - WF @K
S rwrsn kBF D TLLBABLE s o LBwol  sBELEBenEeL RAIFL P LVRLPTE..---.WI.HPWDAPPGVLRA&GVELGSN P
MRS E RWF M HL | BEEE S SNVEEWsF CcssTe | Banr . o PEL | sBlEMK. - ... RPEN
MREBERMEMsoL IBGBL AnnnBewWoNa.sTeTBasR . QL P LRDVPGK..---.VVIEPWKWAD
................................................................... E . . e e e e e e e .
MRRGEQFFMOHLYBGEL AANNGEWDINs A sEeMEP 1P RAIFL P LRHV.PK. DLI=sGEITPIERR
CMOWE E LR MO TLEBGEL AANNGEWDNSASEeMEP P - . TWLPRLARFOTE . . DLLIGKLTPGSRRS - - -« - - - - - W- - NMPEPIVCHNGD
CMRMBERFEFMEHL | BGEF ASNNGEWSFaasvEVBPOR Y . KA E LRDLPELkgGKGgEIlDP.GRGS EKVKKKLEE - K6 ¥PRIP I VEHSGARD RALDANYKREL
c e BK- - -MHEFLRMYIAKKILEWTASPEEALS AL - . PG vMe ChE - - cE oo . .- SBUWAERP - - - - - - - - - I F &kl RF M ad c kRikF oMaoF ER KN
. --GK---MHG.MRMYWGKKILEWTDHPARA Pall- . -v-[B PNGFAGYAWE- - -FEKHDR . .- - - . -« - - AWAERE- - -« - -« - - - I FerVBYMN D RGL KBKFRIDERMYDRI
rLsErMFMs oL 1 BEBIL A annEEwo A s AAPY . FRIE RDGEFIIQWLPALRDIPGK..---.AI EPWRMAE - - - - KABWYL- - DEPEP I VEHKo AR A TLSAVEAAR
sWEEGORMFEDLLLBCEWwLNES nmminL < 8 aF FHoN- FlosHe | BxrvrBLs kP AT . . - - - CIMEPWKASLYDORAYECVLETONPHRIVIHEVYHKEN I KRMES & a8
CMR ABY DICF R E LA HET A N DN G G0 A A S ADPY . FRMF POADY I TEFWMPELRDMPAD . .- - - . AIH-SWHELSLSERRR- - - HAPEMPEP I WD HS2RBEDAlIAMFERAR
.WRMGEKIFMEHLV GEFASNNSGWSEF SASYEWEP2PY . FRME PNGE IKWIP LkalBok. . - - . EIHoPYNREAETKAKK. - -0- - BPEo I voHKEARER AL S AN KDEL
MRS MKMEWD TLLBABLE s cALewai | TERLPDEREF PG ERVEBRWLPELSRLPTD . .- - - u I HHPWHAPESVLOAAS I ELESHEPLP IvELDE AlArLHERL s o
- BK- - -MHBNLRM YA KKI LEWT KSPEEAL Y S]] . DKYF I DERBP NG MG CMIS - - ICEIHDR . .- - - . - - - - BUWKERP - - = = - - - - - - 1 F 8kl B e ESlc rBlF DMDLF 1| KK
SBHK- - -MHGF LRMYIAKEKILEWTATPEHALEMAT - . - L-LHDKYSLDBRBPNG v W& CME - - 186 VHDM . . - - - - - - CGUKERA- - -« - - - - - - I F B KVIB¥MN v 06 CRBKF DMNAF WMR
SBK- - -MHEFLRMYIAKKILEWSHSPEEALS TAL- . -¥-L DRYILDGD PNGFWECMIS- - 1ce oD . . - - - CBUAERA - - - - - e - - - W B K IBFMN Y K CLBKF NMARFERK
WQ‘LIU'GLK.UI!’DADI ABLECDALBWONYSEEMERAHPF . SYMMDLE K POGEMYBRILPALSRLETE . .- - - .7 | HAPWKAPASYLAAADVELGCHEPLP I I TRSDARAN VD YACGEVLE
IA s NASswMILscBlsEFoof -  FHEMcRVEFER PNGDIIIR.LPVLRGFPAK..---.YIIDPWNAPEGIQKVAKCLIG“NIP.PMVN.AEASRLNIERMKDIl
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Interpro

http://www.ebi.ac.uk/interpro/

InterPro:

Our protein belongs
to this family. It has
the domain
PF05347.

InterPro home

InterPro IPR008011 Complex 1 LYR protein

Search Entries ;I search Interpra

Crervien: sorted by AC, sored by name,  of known structure, proteins with splice variants
Matches Detailed: sorted by AC, sorted by name,  of known structure  proteing with splice variants
""""" Tahle: Far all matching proteins, of known structure
Architectures
Accession IPRO0Z07T1 Complex! _LYR Matches: 204 proteins
I!"l’?.@ Family
_Sji_ll_l?!l_l['_&_s_@ Database ID Mame Proteins
Ffarm PFOS347 Complex1_LYR 204
This family of shart prateing includes proteins from the MADH-ubiguinone oxidoreductase complex | The family includes the
B14 subunit from hovine KADH-ubiguinone oxidoreductase B14 subonit Q02366 | and the B2 2 subunit from the human enzyme
Abstract

GYYEMY . The family has heen named LYR after a highly conserved tripeptide motif close to the M terminus ofthese proteins.

Members af this family also found in yeastwhich do caontain this complex. Inthese arganisms they are believed to be be
required for iron-sulfer custer hiogenesis.

PARDIT: PFOS347
Blocks: IPBO0OS0T1
Enzytme: EC:1.6

Saccharomyces cerevisiae nclassified

1
v
4 Caenorhabditis elegans
4
14

Mematoda Bacteria 1
148 Metazoa yanohacteria
5 Fruit Fly ynechocystis PCC 6303
28 Arthropoda ice spp. 1z
50 Chordata Arabidopsis thaliana 1
g8 Mouse I reen Plants 31
10 Human Plastid Group 48
203 Eukaryota Other Eukaryotes a

Fungi ; irus

043325 LYR motifcontaining protein 1

!

D4E09E Protein hen92

P30643 Uncharacterized protein ROGDT 4

!




Prosite

http://ca.expasy.org/prosite/

| gts ExPASy Home page | Site Map | Search ExPASy | Contact us | Swiss-Prot | ENZYME |

Search | PROSITE | for| Go | Clear |

Database of protein domains, families and functional
sites

Home ScanFrosite FroFule Documents Downloads Links Fundi
prcSite
e -

PROSITE consists of documentation entries describing protein domains, families and functional sites as well as
associated patterns and profiles to identify them [More details / References / Disclaimer f Commercial users].
FROSITE is complemented by ProRule, a collection of rules based on profiles and patterns, which increases the

discriminatory power of profiles and patterns by providing additional information about functionally andfor structurally
critical amino acids [More details].

Release 20.34, of 10-Jun-2008 (1520 documentation entries, 1317 patterns, 795 profiles and 803 ProRule)
PROSITE access

| e.q PDOCO00Z22Z, P550089, 5H3, Browse:

Zinc finger « by documentation entry
Search | « by FroRule description
™ add wildcard ™' + by taxonomic scope

+ [y number of positive hit

SRS - Sequence Retrieval System

PROSITE tools

Scan a sequence against PROSITE patterns and + ScanProsite - advanced scan
profiles - quick scan « PRATT - allows to interactively generate
conserved patterns from a series of unaligned

(Cutput includes graphical view and feature detection) .
proteins.

1 1 1 1 . 4 ig .
W‘ w w w w + MyDomains - Image Creator™ - allows to
generate custom domain figures.
Enter your sequence or a UniFrotkB (Swiss-Prot or

_ ) *
TIEMBL) ID or AC [ help ] L T < e
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Prosite hit for unknown protein

Horne ScanProsite ProRule Documents Downloads Links

ScanProsite Results Viewer

Scan of our unknown
Aedes protein
show hits of frequently occuring signatures Sequence for PfOSlte

Hits for all PROSITE (release 20.5) motifs on sequence unknown : motifs, signatures

This view shows ScanProsite results together with ProRule-based predicted intra-domain features thelp).

found: 1 hit in 1 sequence

MaSREAVRRAVONVEP IL VD REEARKRY LN L YEANYR)IFY IVHD YD IPKSVEQCREKLREEFLE

HEIVTD IRVIDMLWIKGHL

I 1 100 200 J00 4o a0 B0 Fo g Q00 1000
ruler:

hits by patterns with a high probability of occurrence or by user-defined patterns: [1 hit (by 1 pattern) on 1 seguence]

Hits by PS00001 ASN_GLYCOSYLATION N-giswcosidation site

UNKM O (- (65 as)
‘ Verify Structural Annotation ‘
69 -72: NVTD
Domains
Legend:
* +* Protein families
disulfide bridge active site other ‘ranges’ other sites

‘ Functional Assignment ‘



SignalP results

SignalP-HMM result:

SignalP-HMM prediction Ceuk models=>: unkhnown

There is no signal

I | | I I |
sequence in our unknown t.a - .
. . h-region probk.
Aedes aegypti protein
B.8 -
sequence.
A.& - -
L
[
o
e =
A.2 -
B.@ -
MASREREAVERAY QHYRFILSYDREEARKEVYLHLYKAHNYRQIPY IVMDYDIFESVYEQCRERKLEEEFLEHEHR
1 | | 1 1 |
5| 18 F= 5] 2A 4@ 58 (=15] A
Fosition
f# data
—_— | Verify Structural Annotation ‘
BLAST
Domains
Funknown
Prediction: Non-secretory protein C Metfs
Sigrnal peptide probability: O0.000 Kﬁ@ﬂfﬁ@§>
Signal anchor probability: 0.000 I

Max cleavage site probability: 0.000 bhetween pos. 12 and 20 ‘memmAgwmmﬂ




TargetP results

H#H# targetp v1.1 prediction results BEHESHAREHESHRBEREEERRERREHRRERERY

Numer o uery segences: 4 There is a high probability that
Tzing NON-PLANT networks. Our unknown Aedes aegypf/'
o sequence is targeted to the

cutoff 0.000  0.000 mitOChondrion.

3F other Loo RC

DESCRIPTION

The outputis a table in plain text (see the example below). For each input sequence ane table row is output. The columns are as follows:

Mame Sequence name truncated to 20 characters
Len Segquence length
cTP, mTP, SP, other Final MM scores an which the final prediction is based (Loc, see helow). Mote that the scores are not really probahilities, and

they do not necessarily add to one. However, the location with the highest scare is the most likely according to TargetP, and
the relationship hetween the scores (the reliability class, see below) may he an indication of how certain the prediction is.

Loc FPrediction of localization, based an the scores ahove; the possible values are:
[ Chloroplast ie the sequence containg ¢ TP, a chloroplast transit peptide;
| M Mitachondrion, i.e. the sequence contains mTP, a mitochondrial fargeting peptide; |
s Secretory pathwray, i.e. the sequence containg $P, a signal peptide;

_ Any other lacation;

' "don't know'; indicates that cutoff restrictions were set (see instructions) and the winning network output score was
helow the requested cutoff for that categary.

RC Reliability class, from 1 to 8, where 1 indicates the strongest prediction. RC is a measure of the size of the difference ('diff)
hetweean the highest dwinningd and the second highest autput scores. There are 4 reliakility classes, defined as fallavws:
1 diff = 0.800

2:0.800 = diff » 0.600
30,600 = diff = 0.400
4:0.400 = diff = 0.200

5:0.200 = diff
Thusg, the lower the value of RC the safer the prediction.
TPlen FPredicted presequence length; it appears only when TargetP was asked to perform cleavage site predictions (see

instructions).



TMHMM

http://www.cbs.dtu.dk/services/ TMHMM/

RESEARCH ces CBS PUBLICATIONS  BIOINFORMATICS
EEBTB [E_%EE: GROUPS PREDICTION DATA EDUCATION
ke SERVERS SETS PROGRAM
CALSEQU CONTACT INTERMAL cBS cBS OTHER
ENCEANA ~ o
LY51S CBS BIOINFORMATICS COURSES BIOINFORMATICS
TOOLS LINKS

B == CES Prediction Servers == TRMHRM I—

TMHMM Server v. 2.0

Prediction of transmembrane helices in proteins

Flease try the new server Phobius

MOTE: You can submit many proteing at once in ane fasta file. Please limit each submission to at most 4000
proteing. Please tick the 'One line per protein' option. Please leave time between each large submission.

SUBMISSION

Submission of a local file in FASTA format (HTML 3.0 or higher)
I Browsze... |

OR hy pasting sequence(s) in FASTA format:

Chrtput format:
« Extensive, with graphics
e Extensive, no graphics
" ne line per protein

Cther options:
™ Use old model frarsion 1)

submit | Clear |

SISATYNY 3JN3IN0E S TYIIS0T0IE ¥04 ¥ILNTD

ML NEYHNT D 40 ALISHIATNNG TYIINHIEAL
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TMHMM - Transmembrane Domain

TMHMM result http://www.cbs.dtu.dk/services/TMHMM/
HELF with output formats
Our sequence is predicted
to have 2 transmembrane | # sequence Length: 886
. # Sequence Number of predicted TMHs: 2
domalns # Sequence Exp number of ARs in TMHs: 45 5091£999990000000900000009900
' # Sequence Exp number, first 60 Aks: 22 3777
# Sequence Total prob of N-in: 0.44054
# Sequence POSSIBELE N-term signal segquence
TMHMM Server v. 2.0 Sequence THHMMZ . 0 outside 1 3
. e . . . 5 THHNMIE . O Tltheli 4 26
Prediction of transmembrane helices in proteins 52%2222 THMEI® () insfdéx 27 L£13
e Sequence TMHMME. O Tihelix E14 L3
Update Moy, 29 2001: Minor change to the html output. Sequence THMEMED (] otside 37 oon
ROTE: ¥ou can submit many proteins at once in one fasta file. Ples
4000 proteins. Please tick the 'One line per pratein' option. Ple
Ll TMHMM posterior probabilities for Sequence
iR N - - - - - - -
SUBMISSION L |
Submission of a local file in FASTA format (HTML 3.0 or higher) T
| Browse...
OR by pasting sequence(s) in FASTA format: - 08
E
_ﬂﬂi 06
e
‘ Verify Structural Annotation — D_,q_ —
Output format: nz
% Extensive, with graphics
o Extensive, no graphics | | | | | : |
" One line par protein 0
0 100 200 300 400 500 g00 700 800
Cther options:
™ Use old model teersion 13 ‘Functional Assignment‘ o .
l l transmembrane inside outside
submit | Clear |
GO | |ECNumber — g nlot in postscript, script for making the plot in gnuplot, data for plot




’ Verify Structural Annotation

Protein families

‘ Functional Assignment ‘

l

|

GO

EC Number

JCVI Paralogous Families

Sortnpﬁnns:|EIyaalength ;I
httmnnpﬁuns:ICDllapsed vl

Para domains

gene name GOid || SelectAction: -] O e o loals
IF: I'L.:l I‘u; Iﬂ: Iu; Ir-: I“; IG: Ii :I
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An Overview of Similarity Search Results #1

BLAST: similarity to many NADH-ubiquinone oxidoreductases, and one significant hit to
an experimentally characterized protein. NADH dehydrogenase (ubiquinone) 1 alpha

subcomplex, 6, 14kDa [Homo sapiens] .

Domain: PF05347 : Complex 1 protein (LYR family) Good alignment to seed.

Total score: 72.5 Trusted cutoff: 25.00 Noise cutoff: 24.40 Total expect: 1.5e-18

Proteins in this family have been identified as a component of the higher eukaryotic NADH complex
and may play a role in Fe/S cluster biogenesis in mitochondria.. In Saccharomyces cerevisiae, the
Isd11l protein (Q60Q560 YEAST) has been shown to play a role in Fe/S cluster biogenesis in

mitochondria. The family includes proteins from the NADH-ubiquinone oxidoreductase complex I.

Interpro: Complex 1 LYR protein family

This family of short proteins includes proteins from the NADH-ubiquinone

oxidoreductase complex I.



An Overview of Similarity Search Results #2

Prosite scan found one N-glycosylation site.
SignalP: no signal sequence found.

TargetP : There is a high probability that our unknown Aedes aegypti sequence is
targeted to the mitochondrion.

TmHMM: The sequence contains 2 probable transmembrane domains.

Protein Families: Inconclusive, but not inconsistent. TIGR Paralogous families has
sequence as a member of a family containing two “putative” NADH dehydrogenases and
four “conserved hypothetical” proteins. None of the family members are characterized. It
Is a member of a TribeMCL cluster with one “putative” NADH dehydrogenase, which is
not characterized.



High Confidence Naming

To have high-confidence in precise function,
you must have:

- At |least one good alignment to an experimentally
characterized protein

- Hits to HMM Above the Trusted Cutoff

- Conserved active sites, binding sites, appropriate
number of membrane spans, etc.

- If no evidence, name it “hypothetical protein”
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Example 2: Functional assignment

We have a choice of naming this protein afterthed omain,
“LYR motif family protein” or “LYR motif-containing protein,
or we could name it after the human  NADH dehydrogenase
(ubiquinone) 1 alpha subcomplex, 6  protein . However, to have
confidence that our protein MIGHT have the same fun  ction,
we would need better than a 41% match. One option  would
be to call it “NADH dehydrogenase (ubiquinone) subun It,
putative v Verify Structural Annotation

Domains

Our curator might call it
“LYR motif family protein” — or “hypothetical
protein.”

Protein families

| Functional Assignment

GO EC Number ——




Curation Input via Manatee

Gene name
Gene product name

Gene symbol

EC number

Internal coments

Public comments

CURATION STATUS

r gene shruchore curated r gene anmotation curated

submit | reset

o psendogene

™ & partial ™ 3 pertial

GENE IDENTIFICATION

submit | reset | history | alias |

EENE Name gene name aliases

|

product name product name aliases
LYR motif family protein, putative

gene symbol symhol aliases

|—

ec mmber ec numher aliases
1.6.5.3

conment :

pub_cowment:

41% identity to NADH dehydrogenase
(ubiquinone) 1 alpha subcomplex, 6 (EC 1.6.5.3)
(Homo sapiens); strong hit to Pfam: PF05347:
Complex 1 protein (LYR family); TmHMM: 2
transmembrane helices predicted; one N-
glycosylation site.
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Community Annotation
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BLAST E-value vs P-value

BLAST E-value vs P-value

Probability Versus Expectation

While NCBI-BLAST reports an Expect, WU-BLAST reports both the E-
value and a P-value. An E-value tells you how many alignments
with a given score are expected by chance. A P-value tells you
how often you can expect to see such an alignment.

These measures are interchangeable:

P=1-e-E
E =-In(1-P)

For values of less than 0.001, the E-value and P-value are essentially

identical.

Source: O'Reilly BLAST (2003), Chapter 4.

Further Reading:
lan Korf, Mark Yandell and Joseph Bedell, BLAST, O'Reilly
& Associates, Inc., 2003.



SignalP output

DESCRIPTION OF THE SCORES

The graphical output from SignalP (neudral network) comprises three different scores, ©, 5 and ¥, Two additional scores are reported in the SignalP3-MM output, namely the
S-mean and the Cescore, hut these are only reported as numerical values.

For each arganism class in SignalP; Eukarote, Gram-negative and Gram-positive, two different neural networks are used, one for predicting the actual signal peptide and one
for predicting the position of the signal peptidase | {(SPase ) cleavage site. The S-scare far the signal peptide prediction is reported for every single amino acid position in the
submitted sequence, with high scores indicating that the correspanding amino acid is part of a signal peptide, and low scores indicating that the amino acid is part of a mature
protein.

The C-scofe is the ““cleavage site” score. Far each position inthe submitted sequence, a C-scare is reported, which should only be significantly high at the cleavage site.
Confusion is often seenwith the position numbering of the cleavage site. When a cleavage site position is referred to by @ single number, the number indicates the first residue
in the mature protein, meaning that a reported cleavage site hetween amino acid 26-27 corresponds to that the mature protein stars at (and include) position 27.

Yemax is a derivative of the C-score comhbined with the S-scare resulting in a better cleavage site prediction than the raw C-scare alone. This is due to the fact that multiple
high-peaking C-zcores can be found in one segquence, where anly one is the true cleavage site. The cleavage site is assighed from the Y-score where the slope ofthe 3-score is
steep and a significant C-score s found.

The S-mean is the average of the S-scare, ranging from the M-terminal amino acid to the amino acid assigned with the highest Y-max score, thus the S-mean score is calculated
for the length of the predicted signal peptide. The 3-mean score was in SignalP version 2.0 used as the criteria for discritnination of secretory and non-secretary proteins.

The frseore is introduced in SignalP version 3.0 and is a simple average of the S-mean and Y-max score. The score shows superior discrimination performance of secretony
and non-secretory proteins to that of the S-mean score which was used in SignalP version 1 and 2.

For non-secretory proteins all the scores represented in the SignalP3-MM output should ideally be very [ow

The hidden Markoy model calculates the prabability of whether the submitted sequence contains a sighal peptide or not. The eukaryotic HMM model alzo repaorts the probahbility
of a signal anchar, previousky named uncleaved signal peptides. Furthermore, the cleavage site is assigned by a probability score together with scores for the n-region, h-region,
and c-region ofthe signal peptide, if such ane is found.
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TargetP output

One score for each possible location is presented, along with the name and length of the submitted
sequence(s).

C : Chloroplast, i.e. the sequence contains a chloroplast transit peptide, cTP

M : Mitochondrion, i.e. the sequence contains a mitochondrial targeting peptide, mTP
S : Secretory pathway, i.e. the sequence contains a signal peptide,

SP _ : any other location

* . "don't know". This character appears if cutoff restrictions were demanded and the winning network
output score for a sequence was BELOW the requested cutoff for that category. The asterisk shows that
no prediction was done by TargetP (although the output scores and RCs are presented also for these
seqguences).

Location with the highest score is the most likely one according to TargetP, and the relation between the
scores (the reliability class, see below) may be an indication of how certain the prediction is. The
reliability class (RC) is a measure of the size of the difference (diff) between the highest (winning) and
the second highest output scores.

The lower value on the RC, the safer the prediction on that particular sequence. There are 5
reliability classes, defined as follow: RC 1: diff > 0.800 RC 2: 0.800 > diff > 0.600 RC 3: 0.600 > dif f
> 0.400 RC 4: 0.400 > diff > 0.200 RC 5: 0.200 > di ff

If cleavage site prediction is opted for, the predicted length of the presequence (if any was predicted)
appears in the rightmost column. The actual cleavage site prediction is performed by SignalP for SPs,
and by ChloroP for cTPs. The mTP cleavage site prediction, however, is a TargetP-unique feature. The
cutoffs for each of the categories are shown. Default is no cutoffs, but that can be changed on the
submission page.
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TMHMM output

TMHMM statistics:

Length: the length of the protein sequence.

Number of predicted TMHs: The number of predicted transmembrane
helices.

Exp number of AAs in TMHSs: The expected number of amino acids
Intransmembrane helices. If this number is larger than 18 it is very likely
to be a transmembrane protein (OR have a signal peptide).

Exp number, first 60 AAs: The expected number of amino acids in
transmembrane helices in the first 60 amino acids of the protein. If this
number more than a few, you should be warned that a predicted
transmembrane helix in the N-term could be a signal peptide.

Total prob of N-in: The total probability that the N-term is on the
cytoplasmic side of the membrane.

POSSIBLE N-term signal sequence: a warning that is produced when
"Exp number, first 60 AAs" is larger than 10.
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