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Abstract

Background: Despite significant improvements in computational annotation of genomes,
sequences of abnormal, incomplete or incorrectly predicted genes and proteins remain abundant
in public databases. Since the majority of incomplete, abnormal or mispredicted entries are not
annotated as such, these errors seriously affect the reliability of these databases. Here we describe
the MisPred approach that may provide an efficient means for the quality control of databases. The
current version of the MisPred approach uses five distinct routines for identifying abnormal,
incomplete or mispredicted entries based on the principle that a sequence is likely to be incorrect
if some of its features conflict with our current knowledge about protein-coding genes and
proteins: (i) conflict between the predicted subcellular localization of proteins and the absence of
the corresponding sequence signals; (ii) presence of extracellular and cytoplasmic domains and the
absence of transmembrane segments; (iii) co-occurrence of extracellular and nuclear domains; (iv)
violation of domain integrity; (v) chimeras encoded by two or more genes located on different
chromosomes.

Results: Analyses of predicted EnsEMBL protein sequences of nine deuterostome (Homo sapiens,
Mus musculus, Rattus norvegicus, Monodelphis domestica, Gallus gallus, Xenopus tropicalis, Fugu rubripes,
Danio rerio and Ciona intestinalis) and two protostome species (Caenorhabditis elegans and Drosophila
melanogaster) have revealed that the absence of expected signal peptides and violation of domain
integrity account for the majority of mispredictions. Analyses of sequences predicted by NCBI's
GNOMON annotation pipeline show that the rates of mispredictions are comparable to those of
EnsEMBL. Interestingly, even the manually curated UniProtKB/Swiss-Prot dataset is contaminated
with mispredicted or abnormal proteins, although to a much lesser extent than UniProtKB/TrEMBL
or the EnsEMBL or GNOMON-predicted entries.

Conclusion: MisPred works efficiently in identifying errors in predictions generated by the most
reliable gene prediction tools such as the EnsEMBL and NCBI's GNOMON pipelines and also
guides the correction of errors. We suggest that application of the MisPred approach will
significantly improve the quality of gene predictions and the associated databases.
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Background

Seven years after the first drafts of the human genome
were published [1,2] and three years after the completion
of sequencing the human genome, the exact number of
the protein-coding genes encoded in this genome is still
unknown: the most likely estimates range between
20,000-25,000 genes [3,4]. More significantly, recent
analyses have shown that the exact genomic structure of
human protein-coding genes is correctly predicted for
only about 50-60 % of the genes [5,6]. In other words,
despite significant advances in computational gene iden-
tification, correct prediction of the genomic structure of
the protein-coding genes of higher eukaryotes is still a very
difficult task.

The main objective of our MisPred project is to develop
tools that can be used to identify mispredicted genes/pro-
teins, primarily from Metazoan genomes, in order to
inform scientists of the reliability of predictions and to
improve the quality of predictions. The key question is:
are there signs that may indicate that the predicted struc-
ture of a protein-coding gene might be erroneous? The
MisPred approach is based on the principle that a protein-
coding gene is likely to be mispredicted if some of its fea-
tures (or features of the protein it encodes) conflict with
our current knowledge about protein-coding genes and
proteins.

As a proof of principle, in the present work we describe
five approaches - based on five dogmas - to identify sus-
picious proteins that are likely to be abnormal or mispre-
dicted. Accordingly, the current version of MisPred
contains five routines, each focusing on a special type of
conflict with one of the dogmas.

(1) Conflict with the dogma that the subcellular locali-
zation of extracellular and transmembrane proteins is
defined by the presence of appropriate sequence sig-
nals. The validity of this dogma is supported by studies on
various disease-causing mutations, indicating that the
absence of functional signal peptides prevents the translo-
cation of proteins across the endoplasmic reticulum
membrane and the mislocalized protein is rapidly
degraded by the proteasome [7-13]. Similarly, the loss of
functional transmembrane helices is known to lead to the
mislocalization of membrane proteins [14,15]. A major
reason for the rapid degradation of mislocalized extracel-
lular proteins is that their extracellular (usually disul-
phide-bonded) domains are misfolded in the reductive
milieu of the cytoplasm and are recognized and degraded
by the protein quality control system of the cell [16].

In the current version of MisPred we used domain families
the members of which occur only in the extracellular
space (e.g. in secreted extracellular proteins and in the
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extracellular parts of type I, type II, type III single pass or
multispanning transmembrane proteins) to identify pro-
teins that are completely or partially extracellular. The jus-
tification for this approach is that certain (usually
disulphide-rich) domain families are known to have
adapted (and are restricted) to the extracellular space: they
occur exclusively in extracellular proteins or extracytoplas-
mic parts of transmembrane proteins [17,18]. Following
identification of extracellular or transmembrane proteins
containing such extracellular 'marker' domains, we exam-
ined whether they have the sequence signals (secretory
signal peptides, signal anchors and/or transmembrane
helices) that could target these domains to the extracellu-
lar space.

According to this dogma, proteins that contain obligatory
extracellular domains but lack appropriate sequence sig-
nals (signal peptide, signal anchor and transmembrane
segments) are considered suspicious (abnormal and non-
viable) since their obligatory extracellular domains are
not delivered to the extracellular space where they are sta-
ble and properly folded.

(2) Conflict with the dogma that transmembrane pro-
teins containing both cytoplasmic and extracellular
parts have at least one transmembrane segment that
passes through the cell membrane. In the current version
of MisPred, we used protein domain families the mem-
bers of which occur exclusively in the extracellular space
and exclusively in the cytoplasmic space to identify trans-
membrane proteins and we asked whether these proteins
possess regions that pass through the cell membrane.
According to this dogma, proteins that contain both
obligatory extracellular and obligatory cytoplasmic
domains but lack transmembrane segment(s) separating
them are considered erroneous.

(3) Conflict with the dogma that obligatory extracellu-
lar and obligatory nuclear domains do not co-occur in
a single, multidomain protein [17,18]. According to this
dogma, proteins that contain both obligatory extracellular
and obligatory nuclear domains are considered abnormal
and nonviable since they cannot be delivered to a cellular
compartment where both types of domains would be cor-
rectly folded and fully functional.

(4) Conflict with the rule that the protein fold is highly
conserved in a domain family, therefore the number of
amino acid residues in closely related members of a
globular domain family usually fall into a relatively
narrow range [19,20]. This phenomenon reflects the fact
that the highly cooperative, rapid folding of protein
domains is the result of natural selection [18,21], there-
fore insertion/deletion of larger segments into/from pro-
tein domains may yield macromolecules that are unable
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Table I: MisPred analysis of Swiss-Prot entries
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UniProtKB/Swiss-Prot

Conflict | Number Identified as  Percentage  Identified  Percentage* False Percentage®  True Percentage* Annotated lIdentifiedas
of containing an as positives errors asfragment  abnormal
proteins  extracellular suspicious or chimera only by
domain by MisPred by UniProt MisPred
Homo sapiens 15638 1431 9.2% 15 1.05% 10 0.70% 5 0.35% 4 |
Mus musculus 13186 1198 9.1% 12 1.00% 7 0.58% 5 0.42% 2 3
Rattus 6043 599 9.9% 18 3.01% 2 0.33% 16 2.67% 14 2
norvegicus
Gallus gallus 1635 194 11.9% 22 11.34% 3 1.55% 19 9.79% 12 7
Danio rerio 1290 64 5.0% 4 6.25% 3 4.69% | 1.56% | 0
Caenorhabditis 2999 119 4.0% 9 7.56% | 0.84% 8 6.72% 0 8
elegans
Drosophila 2463 147 6.0% 5 3.40% 3 2.04% 2 1.36% | |
melanogaster
Conflict 2 Number  Identified as  Percentage  Identified  Percentage® False Percentage* True Percentage* Annotated lIdentifiedas
of containing an as positives errors asfragment  abnormal
proteins  extra- and an suspicious or chimera only by
intracellular by MisPred by UniProt MisPred
domain
Homo sapiens 15638 43 0.3% 8 18.6% 8 18.6% 0 0.0% 0 0
Mus musculus 13186 42 0.3% 6 14.3% 6 14.3% 0 0.0% 0 0
Rattus 6043 19 0.3% 2 10.5% 2 10.5% 0 0.0% 0 0
norvegicus
Gallus gallus 1635 10 0.6% | 10.0% | 10.0% 0 0.0% 0 0
Danio rerio 2999 2 0.1% 0 0.0% 0 0.0% 0 0.0% 0 0
Caenorhabditis 1290 5 0.4% | 20.0% | 20.0% 0 0.0% 0 0
elegans
Drosophila 2463 8 0.3% | 12.5% | 12.5% 0 0.0% 0 0
melanogaster
Conflict 3 Number Identified  Percentage® False Percentage* True Percentage* Annotated Identifiedas
of as positives errors asfragment  abnormal
proteins suspicious or chimera only by
by MisPred by UniProt MisPred
Homo sapiens 15638 0 0.0% 0 0.0% 0 0.0% 0 0
Mus musculus 13186 0 0.0% 0 0.0% 0 0.0% 0 0
Rattus 6043 0 0.0% 0 0.0% 0 0.0% 0 0
norvegicus
Gallus gallus 1635 0 0.0% 0 0.0% 0 0.0% 0 0
Danio rerio 2999 0 0.0% 0 0.0% 0 0.0% 0 0
Caenorhabditis 1290 0 0.0% 0 0.0% 0 0.0% 0 0
elegans
Drosophila 2463 0 0.0% 0 0.0% 0 0.0% 0 0
melanogaster
Conflict 4 Number Proteins Percentage  Identified  Percentage* False Percentage®  True Percentage* Annotated lIdentifiedas
of containing as positives errors as fragment abnormal
proteins domains suspicious or chimera only by
suitable for by MisPred by UniProt MisPred
the study of
domain
integrity
Homo sapiens 15638 6973 44.6% 10 0.14% 6 0.09% 4 0.06% 3 |
Mus musculus 13186 5808 44.0% 3 0.05% 2 0.03% | 0.02% | 0
Rattus 6043 2756 45.6% 14 0.51% 0 0.00% 14 0.51% 13 |
norvegicus
Gallus gallus 1635 755 46.2% 8 1.06% 0 0.00% 8 1.06% 8 0
Danio rerio 1290 355 27.5% | 0.28% 0 0.00% | 0.28% | 0
Caenorhabditis 2999 1215 40.5% 2 0.16% 0 0.00% 2 0.16% 0 2
elegans
Drosophila 2463 1203 48.8% 0 0.00% 0 0.00% 0 0.00% 0 0
melanogaster
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Table |I: MisPred analysis of Swiss-Prot entries (Continued)
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Conflict 5 Number Identified  Percentage* False Percentage®  True Percentage* Annotated lIdentifiedas
of as positives errors asfragment  abnormal
proteins suspicious or chimera only by
by MisPred by UniProt MisPred
Homo sapiens 15638 5 0.03% 3 0.02% 2 0.01% 0 2
Mus musculus 13186 0 0.00% 0 0.00% 0 0.00% 0 0
Rattus 6043 5 0.08% 3 0.05% 2 0.03% 0 2
norvegicus
Gallus gallus 1635 0 0.00% 0 0.00% 0 0.00% 0 0
Danio rerio 1290 18 1.40% 18 1.40% 0 0.00% 0 0
Caenorhabditis 2999 0 0.00% 0 0.00% 0 0.00% 0 0
elegans
Drosophila 2463 0 0.00% 0 0.00% 0 0.00% 0 0

melanogaster

*Values for suspicious, false positive and true positive sequences are expressed as percentage of the proteins relevant for the given conflict.

to rapidly adopt a correctly folded, viable and stable three-
dimensional structure. Accordingly, proteins containing
domains that consist of a significantly larger or smaller
number of residues than closely related members of the
same family may be suspected to be abnormal and nonvi-
able.

(5) Conflict with the dogma that a protein is encoded
by exons located on a single chromosome. According to
this dogma, chimeric proteins whose parts are encoded by
two or more different genes located on distinct chromo-
somes are considered abnormal.

In the present work we describe the results of MisPred
analyses of various public databases and discuss the val-
ues and limitations of the MisPred approach.

Results and discussion

Validation of the MisPred approach on the Swiss-Prot
section of the UniProtKB

The Swiss-Prot section of UniProtKB is the gold standard
of protein databases therefore we have used Swiss-Prot as
the benchmark with which to validate the concepts
behind the MisPred approach. In view of the high quality
of this manually curated database our original expectation
was that very few, if any, of the Swiss-Prot entries are truly
erroneous therefore it would provide a useful dataset with
which to test the specificity of the different MisPred rou-
tines.

MisPred analyses of human, mouse, rat, chick, zebrafish,
worm and fly Swiss-Prot entries have indeed identified
very few Swiss-Prot entries as truly erroneous (see Table
1). The details of the analyses of the Swiss-Prot entries are
described in Additional file 1 [see Additional file 1] and
the list of the erroneous entries is deposited in Additional
file 2 [see Additional file 2]. The majority of these errors
could be corrected by targeted search of genomic and EST
databases; the protocol used for the correction of errors
will be described in another publication (manuscript in
preparation).

The majority of truly erroneous sequences were returned
for Conflicts 1 and 4, however, these accounted for only
0.03-1.16% and 0.008-0.49% of the sequences of the dif-
ferent species, respectively.

There were three major types of true positives among the
Swiss-Prot entries identified by Conflict 1:

1) Fragments of full-length proteins that are not known to
be fragments and/or are not annotated as such in the data-
base. For example, LPLC4_HUMAN [Swiss-Prot:P59827]
proved to be a fragment and its missing signal peptide
could be predicted with the help of the sequence of a full-
length mouse ortholog (Figure 1). Similarly, the sequence
of C209C_MOUSE [Swiss-Prot:Q91ZW9]| (lacking a
transmembrane helix) could be corrected by targeted
search of mouse genomic and EST sequences (Figure 2).

2) Mispredicted proteins. The hypothetical worm protein
YL15_CAEEL [Swiss-Prot:Q11101] is an example for this
type of error. The protein arose through in silico fusion of
a gene related to the homeobox protein HM07_CAEEL
[Swiss-Prot:P20270] and a gene related to the
Kunitz_BPTI containing protein CBG14258,
Q619J1_CAEBR [TrEMBL:Q619]1] (Figure 3).

3) Proteins translated from aberrant transcripts that do
not encode viable proteins. For example NOE2_MOUSE
[Swiss-Prot:Q8BM13] lacks a signal peptide, whereas the
rat ortholog [RefSeq:NP_001015017] and a different iso-
form of this mouse protein [GenBank:EDL.25126] do pos-
sess a signal sequence.

The MisPred routine used for the detection of Conflict 1 is
characterized by a very low number of false positives.
There are three main sources of false positives:

1) Some proteins are identified as suspicious due to the
limitations of the bioinformatic tools incorporated in this
MisPred routine (e.g. failure to detect some signal pep-
tides and transmembrane helices).
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1 50
TSHETNTVLRVTKDVLSNAISGMLQQSDALHSA
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ MLQQSDALHSA
IRQDTTTVLRVTKDVLGNAISGTIQKSDAFRSA

51 100
LREVPLGVGDIPYNDFHVRGPPPVYTNGKKLDGIYQYGHIETNDNTAQLG
LREVPLGVGDIPYNDFHVRGPPPVYTNGKKLDGIYQYGHIETNDNTAQLG
LREVPVGVGGVPYNDFHVREPPPKYTNGRQLGGNYKYGHIKANDNRAQLG

101 150
GKYRYGEILESEGSIRDLRNSGYRSAENAYGGHRGLGRYRAA. .. .PVGR
GKYRYGEILESEGSIRDLRNSGYRSAENAYGGHRGLGRYRAA. .. .PVGR

GKYRYGEILDSDGSLRDLRHEDYRPPDSAY. .HRGSGRYRSAADSSSVGR

151 200
LHRRELQPGEIPPGVATGAVGPGGLLGTGGMLAADGILAGQGGLLGGGGL
LHRRELQPGEIPPGVATGAVGPGGLLGTGGMLAADGILAGQGGLLGGGGL
LYRRELRPGEIPAGVATGALGPGGLLGTGGMLANEGILAGQGGLLGGGGL

201 250
LGDGGLLGGGGVLGVLGEGGILSTVQGITGLRIVELTLPRVSVRLLPGVG
LGDGGLLGGGGVLGVLGEGGILSTVQGITGLRIVELTLPRVSVRLLPGVG
LGDGGLLGGGGVLGVLGEGGILSTVQGITGLRIVELTLPRVSVRLLPGVG

Error detected by MisPred routine for Conflict I: the case of the Swiss-Prot entry LPLC4_HUMAN. The protein
contains extracellular domains LBP_BPI_CETP and LBP_BPI_CETP_C but was found to lack both a signal peptide and trans-
membrane helices. The human sequence was corrected (LPLC4_HUMAN_corrected) by targeted search of the human
genome with its mouse ortholog, CAM20161 [EMBL:CAM20161] that has a signal peptide. The alignment shows the N-termi-
nal parts of LPLC4_HUMAN, CAM20161 and LPLC4_HUMAN_corrected. The predicted signal peptides of CAM20161 and

LPLC4_HUMAN_corrected are in yellow and underlined.

2) Exceptions to the dogma on which this MisPred routine
is based, i.e. some secreted proteins truly lack secretory
signal peptides since they are subject to leaderless protein
secretion [22], such as the secreted proteins
GAPR1_HUMAN [Swiss-Prot:Q9HA4GA4] and
TINAG_HUMAN [Swiss-Prot:Q9UJW2].

3) Exceptions to the rule that all members of an extracel-
lular domain family are restricted to the extracellular
space.

MisPred routine based on Conflict 4 also identified a
number of truly erroneous entries. A major source for this
type of error is that the Swiss-Prot entry corresponds to an
incomplete protein (with a truncated domain). For exam-
ple, the sequence of EPHA5_RAT [Swiss-Prot: P54757]
contains only a fragment of a SAM_1 domain since the
protein sequence is truncated at the C-terminal end (Fig-

ure 4). The error in EPHA5_RAT could be corrected by tar-
geted search of the rat genome using the sequences of the
full-length orthologs (see Figure 4).

The routine based on Conflict 5 identified no erroneous
mouse, chicken, worm or fruitfly Swiss-Prot proteins and
the proportion of trans-chromosomal chimeras is very
low in the case of human (0.01%) and rat (0.03%)
sequences. On the other hand, the frequency of suspected
chimeras is relatively high in the case of zebrafish (1.4%).
As discussed in Additional file 1 [see Additional file 1], the
most likely explanation for this observation is that they
are false positives: the chromosomal assignment of con-
tigs encoding different parts of these zebrafish genes may
not be correct.

MisPred analyses have revealed that none of the Swiss-
Prot entries violate the rules underlying Conflicts 2 and 3.
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MNDSAEGRVQQLGSLDEEHLIPSGTRYSEFKGEFRFQSPYVLKKTAGYLCHG
MSDSKEMGKRQLRPLDEELLTSSHTRHSIKGEGFQTNSGEFSSFTGCLVHS
MSDSMESKTQQVVIPEDEECLMSGTRYSDISSRLOTKEGIKSLAEYTKQS

100
~~~~~~~~~~~~ MRMHTRLOFLKRVSNVAYSHGOEQAKKEKVYKEMTQLK
LGPEVLOLFCLTLSTILLLAILVKVSNVAYSHGQEQAKKEKVYKEMTQLK
QVPLALQVLFLAVCSVLLVVILVKVYKIPSS. .QEENNOMNVYQELTQLK
RNPLVLOLLSFLEFLAGLLLIILILVSKVPSSEVQON. .. .. KIYQELMQLK

101 150
SQI .NRLCRPCPWDWTIVEFQGNCYFFSKEFQONWNDSVNACRKLDAQLVVIK
SQI .NRLCRPCPWDWTVEQGNCYFEFSKEFQONWNDSVNACRKLDAQLVVIK
AGV .DRLCRSCPWDWTHFQGSCYFFSVAQKSWNDSATACHNVGAQLVVIK
AEVHDGLCQPCARDWTEEFNGSCYFEFSKSOQRNWHNSTTACQELGAQLVIIE

151 200
SDDEQSFLOQTSKEKGYAWMGLSDLKHEGRWHWVDGSHLLFE SEMKYWNKG
SDDEQSFLOOTSKEKGYAWMGLSDLKHEGRWHWVDGSHLLE SEMKYWNKG
SDEEQNFLOQTSKKRGYTWMGLIDMSKESTWYWVDGSPLTLSEFMKYWSKG
TDEEQTFLQOQQTSKARGP TWMGLSDMHNEATWHWVDGSPLSPSETRYWNRG

201 242
EPNNEWEEDCAEFRGDGWNDAPCTIKKYWICKK.SAMSCTEK
EPNNEWEEDCAEFRGDGWNDAPCTIKKYWICKK.SAMSCTEK
EPNNLGEEDCAEFRDDGWNDTKCTNKKEWICKK.LSTSCPSK
EPNNVGDEDCAEFSGDGWNDLSCDKLLEWICKKVSTSSCTTK

Error detected by MisPred routine for Conflict |: the case of the Swiss-Prot entry C209C_MOUSE. The protein
contains an extracellular C-type lectin domain but was found to lack both a signal peptide and transmembrane helices, whereas
all closely related proteins (e.g. C209A_MOUSE, C209D_MOUSE [Swiss-Prot:Q91ZX1, Q91ZWS8]) are type |l transmem-
brane proteins. The sequence of this protein was corrected by targeted search of mouse genomic and EST sequences. The
alignment shows the N-terminal parts of C209C_MOUSE, C209C_MOUSE_corrected, C209A_MOUSE and C209D_MOUSE.
The predicted transmembrane helices of C209C_MOUSE_corrected, C209A_MOUSE and C209D_MOUSE are in red and

underlined.

The fact that the number of Swiss-Prot entries identified
by MisPred as erroneous is very low attests to both the
high quality of this database and the reliability of the Mis-
Pred approach. Assuming that the vast majority of the
Swiss-Prot sequences that were not detected by MisPred
routines are true negatives the false positive rate of the
routines was calculated to be < 0.001, i.e. their specificity
is very high (= 0.999).

MisPred analysis of the TrEMBL section of UniProtKB
The primary motivation for MisPred analysis of Uni-
ProtKB/TrEMBL was that TTEMBL entries are used in vari-

ous types of evidence-based, extrinsic gene prediction
programs and thus have a strong influence on the quality
of gene predictions. The results of the analyses of human
proteins are summarized in Table 2.

The data shown in Table 2 indicate that the proportion of
suspicious TrEMBL entries is relatively high in the case of
Conflict 1, Conflict 4 and Conflict 5. Importantly, these
values are orders of magnitude higher than those for the
Swiss-Prot entries, indicating that the vast majority of
TrEMBL proteins identified by MisPred as suspicious are
truly erroneous.
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Figure 3
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1 50
MTSKTNMTSNKFAYDFFPWSNDTNSSQQIKNIKPPPKRSNRPTKRTTETS

51 100
EQVILLELEFAKNEYICKDRRGELAQTIELTECQVKTWFQNRRTKKRSSE
~~~~~~~~~~~~~~~~~~~~ MEFVWSAAVLIFSSVVPTFAQYGCI....SE
101 150

LKFGTACSENKTSTKWYYDSKLLFCYPYKYLGCGEGSNSFESNENCLESC
LTFGKACPONKTSTKWEFDAKLSFCYPYQFLGCDEGSNSFESSDICLESC

151 200
KPADQFSCGGNTGPDGVCFAHGDQGCKKGTVCVMGGMVGE CCDKKIQDEW
KPADQFSCGGNTDADGICFEFSPSDSGCKKGTDCVMGGNIGEFCCNKATQDEW

201 250
NKENSPKCLKGQVVQFKQWEFGMTPLIGRSCSHNFCPEKSTCVQGKWTAYC
NKEHSPTCSKGSVVQFKQWEFGMTPLIGRNCAHKFCPAGSTCIQGKWTAHC

251
cQ
cQ

1 50
MTSKTNMTSNKFAYDFFPWSNDTNSSQQIKNIKPPPKRSNRPTKRTTETS
~~~~~~~~~~~~~~~~~~ MKHEMVFEFTFLLMMVRPEASTSRIPRRRTTFTV

51 100
EQVTLLELEFAKNEYICKDRRGELAQTIELTECQVKTWEFQNRRTKKRSFE I
EQLYLLEMYFAQSQYVGCDERERLARILSLDEYQVKIWFQNRRIRMRREA

101

NK

1 50
MLFFTLLIQLF..LVPVLCQYACSSELKFGTACSENKTSTKWYYDSKLLF
MEVWSAAVLIFSSVVPTFAQYGCISELTFGKACPONKTSTKWEFDAKLSE

51 100
CYPYKYLGCGEGSNSFESNENCLESCKPADQFSCGGNTGPDGVCEFAHGDQ
CYPYQFLGCDEGSNSFESSDICLESCKPADQFSCGGNTDADGICESPSDS

101 150
GCKKGTVCVMGGMVGFCCDKKIQDEWNKENSPKCLKGQVVQFKQWEFGMTP
GCKKGTDCVMGGNIGFCCNKATQDEWNKEHSPTCSKGSVVQFKQWEFGMTP

151 178
LIGRSCSHNFCPEKSTCVQGKWTAYCCQ
LIGRNCAHKFCPAGSTCIQGKWTAHCCQ

Error detected by MisPred routine for Conflict |: the case of the Swiss-Prot entry YLI5_CAEEL The hypothetical
homeobox protein C02F12.5 [EnsEMBL: CO2F12.5] predicted for chromosome X contains an extracellular Kunitz_BPTI
domain but was found to lack both a signal peptide and transmembrane helices. This protein, that also contains a nuclear
Homeobox domain, arose through in silico fusion of a gene related to the homeobox protein HM07_CAEEL and a gene related
to the Kunitz_BPTI containing protein CBG 14258, Q619)1 _CAEBR. (A) Alignment of YLI5_CAEEL and Q619)I_CAEBR shows
close homology only in the C-terminal region, highlighted in yellow. (B) Alignment of the YLI5_CAEEL_corr!| and
HMO07_CAEEL. (C) Alignment of YLI5_CAEEL_corr2 and Q619)1_CAEBR.
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751 800
PVMIVTEYMENGSLDTEFLKKNDGQFTVIQLVGMLRGIAAGMKYLSDMGYV
PVMIVTEYMENGSLDTEFLKKNDGQFTVIQLVGMLRGIAAGMKYLSDMGYV
PVMIVTEYMENGSLDTFLKKNDGQFTVIQLVGMLRGISAGMKYLSDMGYV
PVMIVTEYMENGSLDTEFLKKNDGQFTVIQLVGMLRGIASGMKYLSDMGYV
PVMIVTEYMENGSLDTFLKKNDGQFTVIQLVGMLRGIAAGMKYLSDMGYV

801 850
HRDLAARNILINSNLVCKVSDEGLSRVLEDDPEAAYTTRGGKIPIRWTAP
HRDLAARNILINSNLVCKVSDFGLSRVLEDDPEAAYTTRGGKIPIRWTAP
HRDLAARNILINSNLVCKVSDEGLSRVLEDDPEAAYTTRGGKIPIRWTAP
HRDLAARNILINSNLVCKVSDFGLSRVLEDDPEAAYTTRGGKIPIRWTAP
HRDLAARNILINSNLVCKVSDEGLSRVLEDDPEAAYTTRGGKIPIRWTAP

851 900
EATAFRKFTSASDVWSYGIVMWEVVSYGERPYWEMTNQDVIKAVEEGYRL
EATAFRKFTSASDVWSYGIVMWEVVSYGERPYWEMTNQDVIKAVEEGYRL
EATAFRKFTSASDVWSYGIVMWEVVSYGERPYWEMTNQDVIKAVEEGYRL
EATAFRKFTSASDVWSYGIVMWEVMSYGERPYWEMTNQDVIKAVEEGYRL
EATAFRKFTSASDVWSYGIVMWEVVSYGERPYWEMTNQDVIKAVEEGYRL

901 950
PSPMDCPAALYQLMLDCWQKDRNSRPKEDDIVNMLDKLIRNPSSLKTLVN
PSPMDCPAALYQLMLDCWQKDRNSRPKEFDDIVNMLDKLIRNPSSLKTLVN
PSPMDCPAALYQLMLDCWQKERNSRPKEDEIVNMLDKLIRNPSSLKTLVN
PSPMDCPAALYQLMLDCWQKDRNSRPKEDEIVSMLDKLIRNPSSLKTLVN
PSPMDCPAALYQLMLDCWQKDRNSRPKEFDEIVNMLDKLIRNPSSLKTLVN

951 1000
ASSRVSTLLAEHGSLGSGAYRSVGEWLEATKMGRYTEIFMENGYSSMDAV
ASSRVSTLLAEHGSLGSGAYRSVGEWLEATKMGRYTEIFMENGYSSMDAV
ASCRVSNLLAEHSPLGSGAYRSVGEWLEATIKMGRYTEIFMENGY SSMDAV
ASSRVSNLLVEHSPVGSGAYRSVGEWLEAIKMGRYTEIFMENGYSSMDSV
ASSRVSTLLAEHGSLGSGAYRSVGEWLEATIKMGRYTEIFMENGY SSMDAV

1001 1041
AQVTLEDLRRLGVTLVGHQ . KK IMNSLQEMKVQLVNGMVPV
BAQUT L~~~ ~ v~ v e 3 3

AQVTLEDLRRLGVTLVGHQ . KKIMNSLOEMKVQOLVNGMVPL
AQVTLEDLRRLGVTLVGHQ .KKIMNSLOEMKVQLVNGMVPL
AQVTLEDLRRLGVTLVGHQKKKIMSSLOEMKVOMVNGMVPV

Error detected by MisPred routine for Conflict 4: the case of the Swiss-Prot entry EPHAS5_RAT. This protein
contains a C-terminal truncated SAM_| domain that deviates significantly from the normal size of this domain family. It is note-
worthy that orthologs from mouse, human and chicken contain an intact SAM_| domain. The sequence of this protein was
corrected by targeted search of the rat genome using the sequences of the full-length orthologs. The alignment shows the C-
terminal parts of EPHA5_RAT, EPHAS5_RAT _corrected, EPHA5_MOUSE [Swiss-Prot:Q60629], EPHA5_HUMAN [Swiss-
Prot:P54756] and EPHA5_CHICK [Swiss-Prot:P54755]. The region of the predicted SAM_I domain of
EPHAS_RAT_corrected that is absent in EPHA5_RAT is underlined and highlighted in yellow.
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Table 2: MisPred analysis of TrEMBL entries
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UniProtKB/TrEMBL

Conflict | Number Identified as  Percentage Identifiedas  Percentage* False Percentage*  True  Percentage®  Annotated Identified as
of containing an suspicious by positives errors as fragment abnormal
proteins extracellular MisPred or chimera only by
domain by UniProt MisPred
Homo sapiens 52237 6732 12.9% 3907 58.0% ND ND ND ND ND ND
Conflict 2 Number Identified as  Percentage  Identified as  Percentage* False Percentage*  True  Percentage®  Annotated Identified as
of containing an suspicious by positives errors as fragment abnormal
proteins extra- and an MisPred or chimera only by
intracellular by UniProt MisPred
domain
Homo sapiens 52237 58 0.11% 9 15.5% 9 15.5% 0 0.0% 0 0
Conflict 3 Number Identified as  Percentage* False Percentage® True Percentage®  Annotated Identified as
of suspicious by positives errors as fragment abnormal
proteins MisPred or chimera only by
by UniProt MisPred
Homo sapiens 52237 0 0.0% 0 0.0% 0 0.0% 0 0
Conflict 4 Number Proteins Percentage Identified as  Percentage® False Percentage*  True  Percentage*  Annotated Identified as
of containing suspicious by positives errors as fragment abnormal
proteins domains MisPred or chimera only by
suitable for by UniProt MisPred
the study of
domain
integrity
Homo sapiens 52237 17073 32.7% 2531 14.8% ND ND ND ND ND ND
Conflict 5 Number Identified as  Percentage* False Percentage*  True  Percentage*  Annotated Identified as
of suspicious by positives errors as fragment abnormal
proteins MisPred or chimera only by
by UniProt MisPred
Homo sapiens 52237 172 0.33% 0 0.00% 172 0.33% 85 87
Mus musculus 50304 40 0.08% ND ND ND ND ND ND
Rattus 8557 5 0.06% ND ND ND ND ND ND
norvegicus
Gallus gallus 5549 6 0.11% ND ND ND ND ND ND
Danio rerio 19623 387 1.97% ND ND ND ND ND ND
Caenorhabditis 30000 0 0.00% 0 0 0 0 0 0
elegans
Drosophila 26947 49 0.18% ND ND ND ND ND ND

melanogaster

*Values for suspicious, false positive and true positive sequences are expressed as percentage of the proteins relevant for the given conflict.

ND — not determined

The majority (58.0%) of human TrEMBL proteins con-
taining at least one extracellular domain were found by
MisPred to lack a signal peptide and/or a transmembrane
segment in contrast to 1.05% in the case of human Swiss-
Prot entries. Similarly, 14.8% of human TrEMBL entries
containing at least one member of the Pfam-A domain
families suitable for the study of domain integrity were
found to contain a domain of abnormal size, while this
value is only 0.14% in Swiss-Prot. The reason why a high
proportion of TTEMBL proteins are identified by Conflict
1 as suspicious is that many TrEMBL entries are truncated
at the N-terminal end and N-terminally truncated secreted
proteins are likely to lack the signal peptides. Similarly,

the high proportion of TrEMBL entries affected by Con-
flict 4 reflects the severe contamination of this database
with proteins predicted for incomplete cDNAs. Since
cDNAs are more likely to be incomplete at their 5' end
than their 3' end, the size of Pfam-A domains at the N-ter-
minal end of proteins of the TrEMBL database was found
to deviate more significantly from the average size than
those of internal domains (data not shown), again indi-
cating that a relatively large proportion of TTEMBL entries
are truncated at the N-terminal end. In harmony with this
explanation, 95% (Conflict 1) and 100% (Conflict 4) of
the suspicious entries are also annotated as fragments in
TrEMBL.
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A

prdl0_human
g9nxi4_human

prdl0_human
g9nxi4_human

prdl0_human
g9nxi4_human

prdl0_human
g9nxi4_human

B

fabpl_human
g9nxi4_human

fabpl_human
g9nxi4_human

fabpl_human
g9nxi4_human

fabpl_human
g9nxi4_human

fabpl_human
g9nxi4_human

951 1000
QOONSSVOHTYLPSAWNSEFRGYSSEIQMMTLPPGQEFVITDSGVATPVTTG
QOONSSVOQHTYLPSAWNSERGYSSEIQMMTLPPGQEVITDSGVATPVTTG

1001 1050
QVKAVTSGHYVLSESQSELEEKQTSALSGGVQVEPPAHSDSLDPQTNSQQ
QVKAVTSGHYVLSESQSELEEKQTSALSGGVQVEPPAHSDSLDPOTNSQQ

1051
QTTQYIITTTTNGNGSSEVHI TP~~~ ~ v v v v v v v v v v v v v v v i
QTTQYIITAGSKVI.QNEFTVGEECELETMTGEKVKTVVQLEGDNKLVTT

T S A R R R VR R Y

FKNIKSVTELNGDIITNTMTLGDIVFKRISKRI

QONSSVQHTYLPSAWNSFRGYSSEIQMMTLPPGQFVITDSGVATPVTTGQ

801 850
~~MSFSGKYQL.QSQENFEAFMKATI. . .GLPEELIQKGKDIKGVSEIVON
VKAVTSGHYVLSESQSELEEKQTSALSGGVQVEPPAHSDSLDPQTNSQQ.

851 900
GKHFKFTITAGSKVIQNEFTVGEECELETMTGEKVKTVVQLEGDNKLVTT
LQTTOYIITAGSKVIQONEFTVGEECELETMTGEKVKTVVQLEGDNKLVTT

901 933
FKNIKSVTELNGDIITNTMTLGDIVEKRISKRI
FKNIKSVTELNGDIITNTMTLGDIVEFKRISKRI
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Figure 5

Error detected by MisPred routine for Conflict 5: the case of the protein QINXI4_HUMAN. The cDNA of this
hypothetical protein FLJ20227, cloned from colon mucosa is derived from a chimera of two genes located on chromosome 1 |
and chromosome 2. The N-terminal part of the protein (underlined and highlighted in yellow) is derived from the gene encod-
ing the PR domain zinc finger protein 10, PRD10_HUMAN (A), the C-terminal part of the protein (underlined and highlighted
in blue) is derived from the gene encoding liver fatty acid-binding protein, FABPL_HUMAN (B).

Page 10 of 26

(page number not for citation purposes)



BMC Bioinformatics 2008, 9:353

Table 3: MisPred analysis of EnsEMBL entries

http://www.biomedcentral.com/1471-2105/9/353

EnsEMBL
Conflict | Number of Identified as Percentage Identified as  Percentage™ False Percentage® True Percentage*
proteins containing an suspicious by Positives errors
extracellular domain MisPred
Homo sapiens 48403 3449 7.13% 277 8.03% ND ND ND ND
Mus musculus 31302 2038 6.51% 151 741% ND ND ND ND
Rattus 33745 2390 7.08% 325 13.6% ND ND ND ND
norvegicus
Monodelphis 32690 2369 7.25% 661 27.9% ND ND ND ND
domestica
Gallus gallus 24168 1519 6.29% 413 27.19% ND ND ND ND
Xenopus 28324 2383 8.41% 931 39.07% ND ND ND ND
tropicalis
Fugu rubripes 22102 1612 7.29% 627 38.9% ND ND ND ND
Danio rerio 36065 3312 9.18% 1224 36.96% ND ND ND ND
Ciona 20000 1452 7.26% 670 46.14% ND ND ND ND
intestinalis
Caenorhabditis 26439 918 3.47% 117 12.75% ND ND ND ND
elegans
Drosophila 19789 1071 5.41% 120 11.2% ND ND ND ND
melanogaster
Conflict 2 Number of Identified as Percentage lIdentified as  Percentage™ False Percentage® True Percentage*
proteins containing an extra- suspicious by Positives errors
and an intracellular MisPred
domain
Homo sapiens 48403 101 0.21% 18 17.82% 18 17.82% 0 0.00%
Mus musculus 31302 50 0.16% 4 8.00% 4 8.00% 0 0.00%
Rattus 33745 67 0.2% 12 17.91% 10 14.93% 2 2.99%
norvegicus
Monodelphis 32690 101 0.31% 25 24.75% 9 891% 16 15.84%
domestica
Gallus gallus 24168 45 0.19% 5 I1.11% 4 8.89% [ 2.22%
Xenopus 28324 57 0.2% I 19.3% 5 8.77% 6 10.53%
tropicalis
Fugu rubripes 22102 58 0.26% 19 32.76% 12 20.69% 7 12.07%
Danio rerio 36065 75 0.21% 8 10.67% 7 9.33% [ 1.33%
Ciona 20000 29 0.15% 2 6.90% 2 6.90% 0 0.00%
intestinalis
Caenorhabditis 26439 12 0.05% | 8.33% | 8.33% 0 0.00%
elegans
Drosophila 19789 16 0.08% I 6.25% | 6.25% 0 0.00%
melanogaster
Conflict 3 Number of Identified as  Percentage* False Percentage* True Percentage®
proteins suspicious by Positives errors
MisPred
Homo sapiens 48403 | 0.002% 0 0.00% | 0.002%
Mus musculus 31302 3 0.01% 0 0.00% 3 0.01%
Rattus 33745 3 0.01% 0 0.00% 3 0.01%
norvegicus
Monodelphis 32690 0 0.00% 0 0.00% 0 0.00%
domestica
Gallus gallus 24168 | 0.004% 0 0.00% | 0.004%
Xenopus 28324 0 0.00% 0 0.00% 0 0.00%
tropicalis
Fugu rubripes 22102 2 0.01% 0 0.00% 2 0.01%
Danio rerio 36065 0 0.00% 0 0.00% 0 0.00%
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Table 3: MisPred analysis of EnsEMBL entries (Continued)

http://www.biomedcentral.com/1471-2105/9/353

Ciona 20000 0 0.00% 0 0.00% 0 0.00%
intestinalis
Caenorhabditis 26439 0 0.00% 0 0.00% 0 0.00%
elegans
Drosophila 19789 0 0.00% 0 0.00% 0 0.00%
melanogaster
Conflict 4 Numberof  Proteins containing  Percentage Identified as  Percentage* False Percentage® True Percentage*
proteins domains suitable for suspicious by Positives errors
the study of domain MisPred
integrity
Homo sapiens 48403 16681 34.46% 850 5.1% ND ND ND ND
Mus musculus 31302 9955 31.80% 306 3.07% ND ND ND ND
Rattus 33745 11826 35.05% 474 4.01% ND ND ND ND
norvegicus
Monodelphis 32690 11847 36.24% 381 3.22% ND ND ND ND
domestica
Gallus gallus 24168 6261 2591% 383 6.12% ND ND ND ND
Xenopus 28324 6733 23.78% 318 4.72% ND ND ND ND
tropicalis
Fugu rubripes 22102 5464 24.72% 278 5.09% ND ND ND ND
Danio rerio 36065 9402 26.07% 591 6.29% ND ND ND ND
Ciona 20000 2114 10.57% 147 6.95% ND ND ND ND
intestinalis
Caenorhabditis 26439 3039 11.49% 86 2.83% ND ND ND ND
elegans
Drosophila 19789 3341 16.88% 58 1.74% ND ND ND ND
melanogaster
Conflict 5 Number of Identified as  Percentage™® False Percentage® True Percentage*
proteins suspicious by Positives errors
MisPred
Homo sapiens 48403 0 0.00% 0 0.00% 0 0.00%
Danio rerio 36065 9 0.02% 7 0.02% 2 0.01%

*Values for suspicious, false positive and true positive sequences are expressed as percentage of the proteins relevant for the given conflict.

ND - not determined

Errors of TrEMBL entries are not only due to the incom-
pleteness of cDNAs; transcripts formed through aberrant
splicing and chimeric transcripts may also contribute to
errors in this database. Interestingly, there are numerous
human TrEMBL entries that are chimeric (0.33%), differ-
ent segments of the predicted protein sequences being
encoded by different genes located on different chromo-
somes. A large proportion (43.6%) of these chimeric
entries are annotated as resulting from the fusion of genes
located on different chromosomes through chromosomal
translocation in a cancer cell line, 7.6% have no such
annotation although the corresponding cDNAs were
cloned from cancer tissues. It should be pointed out, how-
ever, that there are many chimeric proteins in UniProtKB
derived from cDNAs that were cloned from apparently
normal tissues (36.6%), suggesting that chimera forma-
tion is more general than previously thought. For exam-
ple, the cDNA of the hypothetical protein FLJ20227
[TrTEMBL:Q9NXI4], cloned from colon mucosa, is a chi-

mera of two genes located on chromosome 11 and chro-
mosome 2. The N-terminal part of the protein is derived
from the gene encoding the PR domain zinc finger protein
10 (PRD10_HUMAN) [Swiss-Prot:QINQV6], the C-ter-
minal part is derived from the gene encoding the liver
form of Fatty acid-binding protein (FABPL_HUMAN)
[Swiss-Prot:P07148] (see Figure 5). Another factor that
increased the number of human chimeric proteins in
TrEMBL is that the biotechnology industry has contrib-
uted numerous synthetic (chimeric) human constructs to
the TrTEMBL database (5.8%).

It is also noteworthy that the rate of chimeras is much
higher in the case of zebrafish sequences (1.97%) than in
the case of other vertebrates. As discussed in Additional
file 1 [see Additional file 1], the most likely explanation
for this observation is that the chromosomal assignment
of contigs encoding these zebrafish genes may not be cor-
rect: contigs carrying different fragments of a zebrafish
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Table 4: MisPred analysis of NCBI's GNOMON-predicted proteins

NCBI/GNOMON
Conflict | Number of Identified as Percentage Identified as  Percentage* False Percentage* True errors Percentage*
proteins containing an suspicious by Positives
extracellular MisPred
domain
Homo 10125 287 2.83% 93 32.4% ND ND ND ND
sapiens
Monodelphis 20110 1293 6.43% 253 19.57% ND ND ND ND
domestica
Gallus gallus 14816 909 6.14% 246 27.06% ND ND ND ND
Danio rerio 25356 2108 831% 562 26.66% ND ND ND ND
Conflict 2 Number of Identified as Percentage Identified as  Percentage* False Percentage* True errors Percentage®
proteins containing an suspicious by Positives
extra- and an MisPred
intracellular
domain
Homo 10125 4 0.04% 0 0% 0 0.00% 0 0.00%
sapiens
Monodelphis 20110 32 0.16% 6 18.75% 3 9.38% 3 9.38%
domestica
Gallus gallus 14816 22 0.15% 5 22.73% 3 13.64% 2 9.09%
Danio rerio 25356 31 0.12% I 35.48% 5 16.13% 6 19.35%
Conflict 3 Number of Identified as  Percentage*® False Percentage* True errors Percentage*
proteins suspicious by Positives
MisPred
Homo 10125 0 0.00% 0 0.00% 0 0.00%
sapiens
Monodelphis 20110 2 0.01% 0 0.00% 2 0.01%
domestica
Gallus gallus 14816 2 0.01% | 0.01% | 0.01%
Danio rerio 25356 7 0.03% 3 0.01% 4 0.02%
Conflict 4 Number of Proteins Percentage Identified as  Percentage* False Percentage* True errors Percentage*
proteins containing suspicious by Positives
domains suitable MisPred
for the study of
domain integrity
Homo 10125 1632 16.12% 255 15.63% ND ND ND ND
sapiens
Monodelphis 20110 6224 30.95% 11 1.78% ND ND ND ND
domestica
Gallus gallus 14816 3564 24.06% 370 10.38% ND ND ND ND
Danio rerio 25356 4387 17.31% 385 8.78% ND ND ND ND
Conflict 5 Number of Identified as  Percentage*® False Percentage* True errors Percentage*
proteins suspicious by Positives
MisPred
Homo 10125 | 0.01% 0 0.00% | 0.01%
sapiens
Danio rerio 25356 25 0.10% 24 0.09% | 0.004%

*Values for suspicious, false positive and true positive sequences are expressed as percentage of the proteins relevant for the given conflict.
ND — not determined
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gene may be incorrectly assigned to different chromo-
somes.

MisPred routines for Conflict 2 and Conflict 3 identified
no TrEMBL entries as erroneous. This is primarily due to
the fact that sequences predicted in silico (that could miss
internal transmembrane segments separating extracellular
and cytoplasmic domains or fuse tandem genes) are
absent from this section of UniProtKB.

MisPred analysis of the EnsEMBL database and the
GNOMON-predicted proteins of the NCBI database
Table 3 and Table 4 summarize the results of the analysis
of the EnsEMBL database and the GNOMON:-predicted
proteins of the NCBI database for the various species and
the five different MisPred routines (for details [see Addi-
tional file 1]).

As illustrated in Tables 3 and 4, a relatively high propor-
tion of EnsEMBL and GNOMON-predicted entries are
detected by the routine for Conflict 1 as suspicious (rang-
ing from 8 to 46% for EnsEMBL and 20 to 32% for NCBI
entries containing extracellular domains). The most likely
explanation for this is that in a large proportion of
secreted vertebrate proteins the signal peptide is encoded
by an exon separated by a long intron from the down-
stream exon [23]. Low sequence conservation of signal
peptides and low transcript- and EST-coverage of 5' parts
of protein-coding genes explain why finding short exons
encoding just the signal peptides has a rather low rate of
success in the case of vertebrate genomes. This problem is
less serious in the case of intron-poor genomes, such as
those of Caenorhabditis elegans or Drosophila melanogaster
since their signal peptides are less likely to be encoded by
short, distinct exons [24]; this is reflected in a lower pro-
portion of suspicious proteins in the case of EnsEMBL
entries of these species. Furthermore, worm and fruitfly
were the first metazoan organisms whose genome
sequences were determined [25,26] and genome annota-
tion efforts of nearly a decade have significantly improved
the quality of gene predictions.

Very few erroneous EnsEMBL and GNOMON:-predicted
sequences were detected by the routine for Conflict 2. The
explanation for the low rate of this type of error is that -
unlike signal peptide segments — transmembrane helices
are usually encoded by longer exons that also encode
other conserved parts of transmembrane proteins, facili-
tating their detection. Another factor that facilitates detec-
tion of exons of transmembrane regions is that they are
more likely to be located in the middle or 3' parts of genes
whose transcript- and EST-coverage is relatively high. The
true positives for Conflict 2 were found to be of two major

types:

http://www.biomedcentral.com/1471-2105/9/353

(1) The predicted protein lacks transmembrane helices
since the corresponding region of the gene is mispre-
dicted. For example, ENSXETP00000040601 [EnsEMBL:
ENSXETP00000040601], which corresponds to the frog
ortholog of Ephrin receptor A7, lacks a typical transmem-
brane helix between its extracellular and cytoplasmic
domains; the missing transmembrane sequence could be
corrected using frog EST sequences (Figure 6). Detailed
analysis of this group of true positives (vertebrate EPH
receptor tyrosine kinases, Tie-2 receptor tyrosine kinases,
skeletal muscle receptor tyrosine kinases, receptor-type
tyrosine-protein phosphatases, Notch proteins, etc.)
revealed that the regions containing their transmembrane
helices are encoded by relatively short exons distinct from
those encoding conserved extracellular and cytoplasmic
domains [27], making it difficult to find these exons.

(2) The gene was mispredicted by in silico fusion of dis-
tinct, tandem genes encoding extracellular and cytoplas-
mic proteins. Several examples of this type of error were
found among Fugu rubripes proteins, but not in the case of
other organisms, including zebrafish. A possible explana-
tion for this observation is that the intergenic distance is
significantly shorter in the compact genome of pufferfish
than in the case of other vertebrate genomes [28], increas-
ing the chance of in silico fusion of tandem genes.

MisPred routine for Conflict 3 detected very few errors in
predicted proteins. Analyses of these sequences have
revealed that they arose as a result of in silico fusion of two
or more distinct, tandem genes encoding extracellular and
nuclear proteins. Interestingly, proteins containing extra-
cellular Pentaxin and nuclear Chromo domains were
found among human, mouse, rat and chicken EnsEMBL
proteins. There are several interpretations for their occur-
rence in different warm-blooded animals. One possible
explanation is that since the constituent genes are closely
linked in all these species, gene-prediction erroneously
fused these otherwise independent genes. An alternative
explanation is that these genes truly give rise to novel tran-
scripts and proteins in which nuclear Chromo domains
are fused to extracellular Pentaxin domains. In other
words, nuclear Chromo domains can co-occur with the
extracellular Pentaxin domains, either because the
Chromo domain is not an obligatory nuclear domain or
the Pentaxin domain is not an obligatory extracellular
domain. It is noteworthy in this respect that Chen and
Bixby [29,30] have cloned three mouse variants of neuro-
nal pentraxin with Chromo domain (Q6TLW1_MOUSE,
Q6TLWO0_MOUSE, QGTKP2_MOUSE) [Swiss-
Prot:Q6TLW1, Q6TLWO, Q6TKP2] but none of them have
signal peptides suggesting that, unlike the major products
of the neuronal pentraxin genes, they are not secreted. It is
still possible, however, that the fusion proteins encoded
by chimeric transcripts are abnormal in the sense that they
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401 450
SIVDLVAHANYTFEVEAVNGVSDLSRSQRLEFAAVSVTTGQAAP SQVSGVM
TVMDLLAHANYTFEVEAVNGVSDLSRSQRLEFAAVSITTGQAAPSQVSGVM
SIVDLVAHANYTFEVEAVNGVSDLSRSQRLEFAAVSVTTGQAAP SQVSGVM

451 500
KERVLOQRAVDLSWQEPEHPNGVITEYEIKYYEKDQRERTYSTLKTKSTSV
KERVLORSVELSWQEPEHPNGVITEYEIKYYEKDQRERTYSTVKTKSTSA
KERVLORAVDLSWQEPEHPNGVITEYEIKYYEKDQRERTYSTLKTKSTSV

501 550
SINNLRPGTAYIFQIRAFTAAGYGMYSPRLDVSTLEEATATAVSTEQNPV
SINNLKPGTVYVFQIRAFTAAGYGNYSPRLDVATLEEATATAVSSEQNPV
SINNLRPGTAYIFQIRAFTAAGYGMYSPRLDVSTLEEATVYYIFACSYCI

551 600
IITAVVAVAGTIILVEMVEGFIIGRRHCGYSKA. .DQEGDEELYFHC. . .
IITAVVAVAGTIILVEMVEGFIIGRRHCGYSKA. .DQEGDEELYFHE . . .
AYI.MGSQSSLLLCLQIALQLLINSSSLYYTAALCDLNYNKSLKMHFPSG

650
...... TKTYIDPETYEDPNRAVHQFAKELDASCIKIERVIGAGEFGEVC
. .KFPGTKTYIDPETYEDPNRAVHQFAKELDASCIKIERVIGAGEFGEVC
LVKFPGTKTYIDPETYEDPNRAVHQFAKELDASCIKIERVIGAGEFGEVC

651 700
SGRLKLPGKRDVPVAIKTLKVGYTEKQRRDFLCEASIMGQFDHPNVVHLE
SGRLKLPGKRDVAVAIKTLKVGYTEKQRRDFLCEASIMGQFDHPNVVHLE
SGRLKLPGKRDVPVAIKTLKVGYTEKQRRDFLCEASIMGQFDHPNVVHLE

701 750
GVVTRGKPVMIVIEFMENGALDAFLRKLDGQFTVIQLVGMLRGIAAGMRY
GVVTRGKPVMIVIEYMENGALDAFLRKHDGQFTVIQLVGMLRGIAAGMRY
GVVTRGKPVMIVIEFMENGALDAFLRKLDGQFTVIQLVGMLRGIAAGMRY

751 800
LADMGYVHRDLAARNILVNSNLVCKVSDFGLSRIIEDDPDAVYTTTQGGK
LADMGYVHRDLAARNILVNSNLVCKVSDFGLSRVIEDDPEAVYTTT.GGK
LADMGYVHRDLAARNILVNSNLVCKVSDEGLSRITEDDPDAVYTTTQGGK

801 850
IPVRWTAPEAIQYRKFTSASDVWSYGIVMWEVMSYGERPYWDMSNQDVIK
IPVRWTAPEAIQYRKFTSASDVWSYGIVMWEVMSYGERPYWDMSNQDVIK
IPVRWTAPEAIQYRKFTSASDVWSYGIVMWEVMSYGERPYWDMSNQDVIK

Figure 6

Error detected by MisPred routine for Conflict 2. ENSXETP00000040601 of Xenopus tropicalis corresponds to the frog
ortholog of Ephrin receptor A7, but lacks a typical transmembrane helix between its extracellular FN3 and cytoplasmic Pkinase
domains. The mispredicted sequence was corrected by identifying the missing transmembrane sequence using frog EST
sequences such as EL820950 [GenBank:EL820950]. The alignment shows the regions containing the transmembrane helices of
Gallus gallus Ephrin receptor A7 [RefSeq:NP_990414], ENSXETP00000040601 and ENSXETP00000040601_corrected. The
predicted transmembrane helices of NP_990414 and ENSXETP00000040601_corrected are in red and underlined, the mispre-
dicted region of ENSXETP00000040601 is in italics.
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are non-viable. It is important to point out that such chi-
meric transcripts of neuronal pentraxin are very rare, or
absent, as revealed by blast searches of EST databases. The
fact that the rate of such errors is highest in the case of
Fugu rubripes may be partly due to the short intergenic dis-
tance in the compact pufferfish genome.

MisPred routine for Conflict 4 detected a large number of
erroneous proteins both among EnsEMBL entries (1.74-
6.95%) and among GNOMON:-predicted entries (1.78-
15.63%) containing members of Pfam-A domain families
suitable for the study of domain integrity. The relatively
high rate of erroneous insertion or omission of exons
encoding parts of domains indicates that misprediction of
exons encoding Pfam-A domains is quite general.

No erroneous human EnsEMBL protein was detected by
the routine for Conflict 5, i.e. none of them were chimeras
of genes located on different chromosomes. This is not
surprising in view of the fact that chromosomal assembly
of human genomic contigs is reliable therefore EnsSEMBL
is exempt from the error of trans-chromosomal prediction
of human genes. MisPred analysis of the Homo sapiens
GNOMON-predicted entries has identified only one
sequence, XP_001128605 [RefSeq:XP_001128605], as a
chimera of genomic regions located on chromosomes 2
and 7. Note that in the NCBI database XP_001128605 has
been replaced recently by the nonchimeric
NP_001035225 [RefSeq: NP_001035225], encoded on
chromosome 7. In contrast with this, several zebrafish
entries were identified as suspicious by the MisPred rou-
tine for Conflict 5, an observation best explained by errors
in the chromosomal assignment and assembly of
zebrafish contigs. For example, ENSDARP00000056920
[EnsEMBL: ENSDARP00000056920] aligns over its entire
length with mammalian Casein kinase I isoform gamma-
2 proteins, but it is encoded by contigs assigned to chro-
mosomes 2 and 8. XP_001345102 [RefSeq:
XP_001345102] corresponds to a fragment of the
zebrafish ortholog of ephrin receptor EPHA3, it aligns
over its entire length with these receptors, but it is
encoded by contigs assigned to chromosome 12 and 25.
Incorrect assembly of contigs may lead to the in silico
fusion of regions located on different chromosomes. For
example, the major part of ENSDARP00000077525
[EnsEMBL:ENSDARP00000077525], encoded on chro-
mosome 7, is homologous with mammalian Solute car-
rier organic anion transporter family member 3A1l
proteins, but an unrelated N-terminal extension of
ENSDARP00000077525 is encoded on chromosome 11.
XP_001345729 [RefSeq: XP_001345729], a zebrafish pro-
tein annotated as similar to TRAF interacting protein is a
chimera of traf-interacting protein and plasminogen
related growth factor receptor 3.

http://www.biomedcentral.com/1471-2105/9/353

In summary, GNOMON-predicted sequences and
EnsEMBL sequences are quite similar inasmuch as simi-
larly high proportion of suspicious proteins can be
detected by Conflict 1 and Conflict 4 and fewer errors are
detected by Conflict 2, Conflict 3 and Conflict 5 (see
Tables 3 and 4). Despite these similarities, there are some
differences. For example, in the case of Conflict 2 several
EnsEMBL sequences were erroneous because the regions
corresponding to their transmembrane helices were mis-
predicted, whereas this type of error was not found among
the GNOMON-predicted sequences. In principle, such
differences may reflect differences in the performance of
the two gene prediction pipelines or differences in the
gene populations covered by the two databases. It should
also be pointed out that EnsEMBL is a comprehensive
source of known genes and genes predicted with GeneW-
ise [31], as well as the corresponding transcripts and pro-
teins whereas in the NCBI database transcripts/proteins
predicted by GNOMON are distinguished from those of
known transcripts/proteins by unique (XM_ or XP_) iden-
tifiers.

To permit a more direct comparison of the performance of
the two gene prediction pipelines we have compared the
results of MisPred analyses only for those protein-coding
genes for which both EnsEMBL and GNOMON have at
least one prediction (see Table 5). Comparison of the two
datasets confirmed that the two gene prediction pipelines
are similar inasmuch as they suffer primarily from errors
detectable by MisPred routines for Conflict 1 and Conflict
4, whereas the rates of errors detectable by routines for
Conflicts 2, 3 and 5 are very low. Nevertheless, there are
minor differences between the EnsEMBL and NCBI gene
prediction pipelines: EnsEMBL is more likely to fail in the
identification of exons encoding transmembrane helices,
whereas NCBI's GNOMON appears to be more prone to
fuse tandem genes in silico (for details of these analyses
[see Additional file 1]).

MisPred analysis of GENCODE sequences

The ENCODE (ENCyclopedia Of DNA Elements) Project
aims to identify all functional elements in the human
genome sequence. The pilot phase of the project is
focused on specified 30 megabases (approximately 1%) of
the human genome sequence [32]. GENCODE is a sub-
project of ENCODE,; its overall goal is to identify all pro-
tein-coding genes in the regions of the human genome
selected within the ENCODE project.

MisPred analysis of the 1097 GENCODE peptides with
the routine for Conflict 1 identified one peptide [GEN-
CODE:AC110015.1-002] as containing an extracellular
(Cadherin) domain but lacking signal peptide and trans-
membrane segments. Blast searches revealed that
AC110015.1-002 corresponds to the N-terminal part of
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Table 5: MisPred analysis of human genes predicted by the EnsEMBL and NCBI's GNOMON pipelines

EnsEMBL
Conflict | Number of Identified as  Percentage Identified as  Percentage* False Percentage® True errors Percentage*
proteins containing an suspicious by Positives
extracellular MisPred
domain
Homo 2772 147 5.3% 23 15.65% ND ND ND ND
sapiens
Monodelphis 10519 680 6.46% 137 20.15% ND ND ND ND
domestica
Gallus gallus 6139 345 5.62% 113 32.75% ND ND ND ND
Danio rerio 10289 860 8.36% 317 36.86% ND ND ND ND
Conflict 2 Number of Identified as  Percentage Identified as  Percentage* False Percentage® True errors Percentage*
proteins containing an suspicious by Positives
extra- and an MisPred
intracellular
domain
Homo 2772 | 0.04% 0 0.00% 0 0.00% 0 0.00%
sapiens
Monodelphis 10519 10 0.1% 0 0.00% 0 0.00% 0 0.00%
domestica
Gallus gallus 6139 2 0.03% 0 0.00% 0 0.00% 0 0.00%
Danio rerio 10289 20 0.19% 5 25% 4 20% | 5%
Conflict 3 Number of Identified as  Percentage* False Percentage® True errors Percentage*
proteins suspicious by Positives
MisPred
Homo 2772 0 0.00% 0 0.00% 0 0.00%
sapiens
Monodelphis 10519 0 0.00% 0 0.00% 0 0.00%
domestica
Gallus gallus 6139 0 0.00% 0 0.00% 0 0.00%
Danio rerio 10289 0 0.00% 0 0.00% 0 0.00%
Conflict 4 Number of Proteins Percentage Identified as  Percentage* False Percentage® True errors Percentage*
proteins containing suspicious by Positives
domains MisPred
suitable for
the study of
domain
integrity
Homo 2772 722 26.05% 48 6.65% ND ND ND ND
sapiens
Monodelphis 10519 3726 35.42% 19 3.19% ND ND ND ND
domestica
Gallus gallus 6139 1640 26.72% 159 9.70% ND ND ND ND
Danio rerio 10289 2565 24.93% 197 7.68% ND ND ND ND
Conflict 5 Number of Identified as  Percentage™® False Percentage® True errors Percentage*
proteins suspicious by Positives
MisPred
Homo 2772 0 0.00% 0 0.00% 0 0.00%
sapiens
Danio rerio 10289 0 0.00% 0 0.00% 0 0.00%
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Table 5: MisPred analysis of human genes predicted by the EnsEMBL and NCBI's GNOMON pipelines (Continued)

NCBI/GNOMON
Conflict | Number of Identified as  Percentage Identified as  Percentage* False Percentage® True errors Percentage*
proteins containing an suspicious by Positives
extracellular MisPred
domain
Homo 3012 139 4.61% 32 23.02% ND ND ND ND
sapiens
Monodelphis 9703 642 6.62% 112 17.45% ND ND ND ND
domestica
Gallus gallus 5604 310 5.53% 88 28.39% ND ND ND ND
Danio rerio 8905 742 8.33% 158 21.29% ND ND ND ND
Conflict 2 Number of Identified as  Percentage Identified as Percentage* False Percentage® True errors Percentage*
proteins containing an suspicious by Positives
extra- and an MisPred
intracellular
domain
Homo 3012 2 0.07% 0 0% 0 0.00% 0 0.00%
sapiens
Monodelphis 9703 17 0.18% 4 23.53% 2 11.76% 2 11.76%
domestica
Gallus gallus 5604 3 0.05% | 33.33% | 33.33% 0 0.00%
Danio rerio 8905 16 0.18% 6 37.5% 4 25% 2 12.5%
Conflict 3 Number of Identified as  Percentage* False Percentage® True errors Percentage*
proteins suspicious by Positives
MisPred
Homo 3012 0 0.00% 0 0.00% 0 0.00%
sapiens
Monodelphis 9703 | 0.01% 0 0.00% | 0.01%
domestica
Gallus gallus 5604 0 0.00% 0 0.00% 0 0.00%
Danio rerio 8905 2 0.02% | 0.01% | 0.01%
Conflict 4 Number of Proteins Percentage Identified as  Percentage* False Percentage® True errors Percentage*
proteins containing suspicious by Positives
domains MisPred
suitable for
the study of
domain
integrity
Homo 3012 792 26.3% 41 5.18% ND ND ND ND
sapiens
Monodelphis 9703 3420 35.25% 39 1.14% ND ND ND ND
domestica
Gallus gallus 5604 1500 26.77% 208 13.87% ND ND ND ND
Danio rerio 8905 2059 23.12% 300 14.57% ND ND ND ND
Conflict 5 Number of Identified as  Percentage™® False Percentage® True errors Percentage*
proteins suspicious by Positives
MisPred
Homo 3012 | 0.03% 0 0.00% | 0.03%
sapiens
Danio rerio 8905 5 0.06% 5 0.06% 0 0.00%

*Values for suspicious, false positive and true positive sequences are expressed as percentage of the proteins relevant for the given conflict.
ND - not determined.
The data refer to human genes for which both gene prediction pipelines generated at least one gene model.
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CADH2_HUMAN [Swiss-Prot:P19022] but, due to alter-
native splicing, it lacks the N-terminal secretory signal
peptide. It seems unlikely that this transcript encodes a
viable protein since - in the absence of a secretory signal
peptide - it may not be transported into the extracytoplas-
mic space.

MisPred analysis of the GENCODE peptides for Conflict 4
identified 67 (6.1% of the total) as containing an abnor-
mally short or abnormally long Pfam-A domain. In the
majority of cases the deviant domains are N-terminally or
C-terminally truncated simply as a consequence of the
incompleteness of the transcripts. Nevertheless, we identi-
fied several cases where the domain deviates from normal
size as a result of alternative splicing [33].

Examples include AC015691.9-002 [GEN-
CODE:AC015691.9-002] (corresponding to
TRIM6_HUMAN [Swiss-Prot:Q9C030]), RP11-247A12.5-
001 [GENCODE:RP11-247A12.5-001] (corresponding to
CACP_HUMAN [Swiss-Prot:P43155]), XX-
FW83563B9.3-006 [GENCODE:XX-FW83563B9.3-006]
(corresponding to TAZ_HUMAN [Swiss-Prot:Q16635]),
AP006216.3-003 [GENCODE:AP006216.3-003] (corre-
sponding to ZPR1_HUMAN [Swiss-Prot:075312]), RP11-
298J23.1-003 [GENCODE:RP11-298J23.1-003] (corre-
sponding to PEPC_HUMAN [Swiss-Prot:P20142]) and
RP11-247A12.4-008 [GENCODE:RP11-247A12.4-008]
(corresponding to PTPA_HUMAN [Swiss-Prot:Q15257])
containing domains that deviate from normal size as a
result of alternative splicing. Structural and functional
analyses of the putative proteins encoded by these alterna-
tively spliced transcripts suggest that, in many cases, the
deviation from normal domain-size may not be compati-
ble with the viability of these proteins, suggesting that the
transcripts arose through aberrant splicing [33].

MisPred analysis of the GENCODE peptides for Conflicts
2, 3 and 5 did not identify suspicious sequences.

Conclusion
MisPred may identify proteins as suspicious for three dif-
ferent reasons.

MisPred may identify normal, viable proteins as suspicious
due to errors of genomic data and limitations of the
bioinformatic tools incorporated in MisPred

MisPred analyses of predicted zebrafish sequences illus-
trate the point that a 'correct' protein sequence may be
suspected to be a chimera encoded by two or more genes
located on different chromosomes if the assembly of the
contigs is incorrect.

Errors in the bioinformatic identification of sequence fea-
tures used to detect the various types of Conflicts may

http://www.biomedcentral.com/1471-2105/9/353

raise unjustified doubts about the viability of some pro-
tein sequences. For example, this type of error is encoun-
tered in the case of some secreted or transmembrane
proteins (identified as such by the presence of obligatory
extracellular domains) whose atypical signal peptides or
transmembrane helices are not detected with high confi-
dence by the signal peptide or transmembrane helix pre-
diction programs incorporated into the MisPred routines.
Similarly, the hmmpfam program may on occasion iden-
tify marker domains erroneously, leading to the incorrect
prediction of the subcellular localization of a protein
domain.

Analyses of the benchmark Swiss-Prot proteins, however,
have revealed that the false positive rates of the MisPred
routines are lower than 0.001%. For details of the specifi-
city analyses see Materials and methods.

MisPred may identify normal, viable proteins as suspicious
due to limitations of the dogmas on which MisPred
routines are based

A survey of the results of MisPred analyses has revealed
that there are some exceptions to the dogmas on which
the MisPred approach is based. For example, some
secreted proteins may truly lack secretory signal peptides
since they are subject to leaderless protein secretion [22],
some predominantly extracellular, cytoplasmic or nuclear
Pfam-A domain families are not always restricted to a sin-
gle subcellular location and thus may be multilocale etc.
Similarly, it cannot be excluded at present that transchro-
mosomal chimeras can be formed and may have normal
physiological functions [16]. Nevertheless, the fact that
MisPred analyses of protein sequences of the Swiss-Prot
database identified very few such exceptions indicates that
the dogmas of MisPred are generally valid.

MisPred may identify truly abnormal, nonviable proteins
MisPred analyses of Swiss-Prot, TTEMBL, EnsEMBL, NCBI
and GENCODE sequences identified numerous hypothet-
ical protein sequences that are likely to be nonviable since
they violate some of the basic dogmas about viable pro-
teins.

For example, analysis of the TTEMBL sequences revealed
that incomplete or abnormal hypothetical proteins trans-
lated in silico from incomplete cDNAs or aberrant tran-
scripts are quite abundant in this database. A recent study
[33] has also revealed that alternative splicing frequently
generates transcripts that encode nonviable proteins due
to violation of domain integrity, loss of signal peptides,
etc.

Interestingly, there are also numerous chimeric entries in
the TrEMBL database, a large proportion of which are
derived from normal tissues. There are several mecha-
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nisms for the creation of chimeric proteins. Unequal
crossing over resulting in the fusion of parts of tandem
genes and chromosomal translocation resulting in the
fusion of genes located on different chromosomes are the
two best documented mechanisms for the creation of chi-
meric genes and proteins. Recent studies have convinc-
ingly shown that transcription of tandem genes into a
single RNA sequence and translation of the chimeric
mRNA into a chimeric protein [34,35] is also a major
mechanism for the creation of chimeric proteins.
Unneberg and Claverie [36] have recently suggested that
chimeric proteins might also be formed through tran-
schromosomal transcription, i.e. if genes located on dif-
ferent chromosomes are expressed in the same
"transcription factory" they may give rise to chimeric tran-
scripts.

It should be pointed out that the relatively high propor-
tion of incomplete and abnormal entries in TTEMBL also
has an impact on gene prediction. Since most gene predic-
tion pipelines rely on extrinsic information [5] such as
those provided by TTEMBL, some of the errors of TTEMBL
may be inherited by the databases of predicted genes. It is
noteworthy in this respect that the majority of errors of
EnsEMBL and GNOMON:-predicted sequences can be
detected with the use of Conflict 1 and Conflict 4, proba-
bly reflecting the fact the TTEMBL sequences also suffer
from the same types of errors. The relatively high propor-
tion of transchromosomal chimeric sequences among
TrEMBL entries, however, does not have a major impact
on gene prediction, provided that contig assembly is
unambiguous.

Sequences not detected by MisPred do not necessarily
correspond to normal, viable proteins

Although MisPred identifies many suspicious sequences,
it should be emphasized that the routines detect only a
fraction of the truly erroneous sequences. First, the Mis-
Pred routines described in this manuscript exploit only
five of the various dogmas about viable proteins. Second,
only a fraction of proteins contains members of well-char-
acterized Pfam-A domain families, i.e. families on which
the routines for Conflicts 1, 2, 3 and 4 rely. Third, the
number of suspicious sequences identified by Conflicts 1,
2 or 3 significantly underestimates the actual number of
sequences that may be affected by these types of errors
since we used only validated, obligatory extracellular,
cytoplasmic and nuclear Pfam-A domain families to pre-
dict the subcellular localization of proteins and did not
include numerous extracellular, cytoplasmic or nuclear
domain families the members of which may also occur in
other subcellular compartments. Fourth, in the case of
Conflict 4 MisPred uses a high cut-off value: a domain is
judged to be nonviable only if its Pfam-A domain deviates
from normal size by at least 40% in length. For details of
the sensitivity analyses see Materials and methods.

http://www.biomedcentral.com/1471-2105/9/353

Summary

Recent studies have shown that a significant proportion of
eukaryotic genes may be mispredicted at the transcript
level [5,6]. Since the MisPred routines described here are
able to detect many of these errors and may aid the correc-
tion of these errors we suggest that the MisPred approach
may significantly improve the quality of protein sequence
data based on gene-predictions. In order to increase the
sensitivity of the approach we are currently developing
additional routines, based on the violation of other dog-
mas about proteins. The MisPred approach may also be
used as a discovery tool since it can also serve to explore
the limitations of the dogmas on which the various Mis-
Pred routines are based.

Methods

Protein sequence data analyzed

Protein sequence databases

In the analysis of the Swiss-Prot section of the UniProtKB
we have included Metazoan species that have at least 1000
Swiss-Prot entries. The UniProtKB Swiss-Prot [37] entries
from UniProtKB Version 9.5 (January, 2007) were down-
loaded from http://www.expasy.uniprot.org/database/
download.shtml.

The UniProtKB TrEMBL [37] entries from UniProtKB Ver-
sion 10.5 (May, 2007) were downloaded from http://

www.expasy.uniprot.org/database/download.shtml.

The 1097 GENCODE protein sequences were obtained

from  http://genome.imim.es/biosapiens/gencode/data
set/v2.2 html.

The protein sequences of the EnsEMBL database were
downloaded from the EnsEMBL website [38], release 41
(October, 2006), found at ftp://ftp.ensembl.org/pub/
release-41.

The NCBI's protein sequences of four species (Homo sapi-
ens, 15 September 2006, Monodelphis domestica, 06 March
2007, Gallus gallus, 30 November 2006, Danio rerio, March
2007), were obtained by downloading the relevant pro-
tein.fa.gz files from the NCBI Genome Data/Annotation
Projects website [39], found at ftp://ftp.ncbi.nih.gov/
genomes/. In order to analyze only the sequences pre-
dicted by GNOMON http://www.ncbi.nlm.nih.gov/
genome/guide/gnomon.html, an in-house program was
used to extract only GNOMON-predicted FASTA
sequences with 'XP_' identifiers.

Comparison of the EnsEMBL and NCBI/GNOMON gene predictions
In order to compare the reliability of the two gene predic-
tion pipelines, we analyzed the proportion of suspicious
sequences among predicted proteins represented in both
EnsEMBL and NCBI's GNOMON-predicted section from
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four evolutionarily distant species (Homo sapiens, Mono-
delphis domestica, Gallus gallus and Danio rerio).

To identify the number of genes in each species for which
both GNOMON and EnsEMBL have at least one predicted
protein sequence, blastp [40] searches were performed on
the GNOMON-predicted sequences using EnsEMBL
sequences as queries. Protein sequences that displayed
100% identity over at least 25 amino acid residue-long
ungapped segments were considered to be encoded by the
same gene. The blastp standalone program, version
2.2.13, was obtained from: ftp://ftp.ncbi.nih.gov/blast/

executables/release/2.2.13.

Prediction of the subcellular localization of proteins by the
presence of obligatory extracellular, cytoplasmic or
nuclear protein-domains

Recent studies have revealed that there is a strong correla-
tion between the domain-composition of proteins and
their subcellular location: some domains are restricted to
proteins targeted to the extracellular space, others occur
only in proteins present in the cytoplasmic space, whilst
others are restricted to proteins of the nucleus [17,18].
Transmembrane multidomain proteins are special in the
sense that obligatory extracellular and cytoplasmic
domains can legitimately co-occur in a single protein.
Accordingly, the presence of obligatory extracellular, cyto-
plasmic or nuclear domains in a protein may be used to
predict its subcellular localization, independent of the
detection of sorting signals.

Since domains are most likely to co-occur in multidomain
proteins if they belong to the same localization-category,
analysis of domain co-occurrence networks is useful for
the systematic assignment of domains to different subcel-
lular compartments [17,18]. Our domain co-occurrence
analyses of Metazoan UniProtKB entries have identified
166 obligatory extracellular, 115 obligatory cytoplasmic
and 126 obligatory nuclear Pfam-A domain families as
being restricted to the respective subcellular compart-
ment, the majority of which are also identified as such in
the SMART database http://smart.embl-heidelberg.de/
[see Additional files 3, 4 and 5], respectively. In the Mis-
Pred analyses described in the present work only these
obligatory extracellular or cytoplasmic or nuclear domain
families were used to predict subcellular localization.
Pfam-A domains that are known not to be restricted to a
particular cellular compartment, such as immunoglobu-
lin domains, fibronectin type III domains, von Wille-
brand factor type A domains (i.e. domains that are
'multilocale’), are not reliable predictors of subcellular
localization and thus they were not utilized in these anal-
yses.

The programs of the HMMER 2.3.2 software package were
used to detect obligatory extracellular, cytoplasmic and
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nuclear Pfam-A domains. HMM databases of Pfam-A
domains were created by retrieving the HMMs of the
domains from the Pfam (Pfam_ls) HMM and the Pfam
fragment (Pfam_fs) HMM libraries [41]. The presence of
Pfam-A domains in protein sequences was detected by
searching the HMM databases against protein sequences
using the hmmpfam program using 0.00001 as per-
domain E-value threshold. We filtered the results for over-
lapping domain matches and the match with the lowest E-
value was accepted.

The Pfam HMM libraries (Release 20.0) were obtained

from ftp://ftp.sanger.ac.uk/pub/databases/Pfam/. The
HMMER software package was obtained from http://

hmmer.janelia.org/.

Detection of suspicious (incomplete, abnormal and
mispredicted) proteins

Conflict I: Conflict between the predicted subcellular localization of
proteins and the absence of the corresponding sequence signals
Proteins containing obligatory extracellular Pfam-A
domains were analyzed by the PrediSi program [42] to
identify the presence of eukaryotic signal peptide
sequences (using 0.3 as threshold) and by the TMHMM
program [43] to detect the presence of transmembrane
helices. Protein sequences containing obligatory extracel-
lular domains but neither a signal peptide nor a trans-
membrane helix were identified as suspicious. The PrediSi

program was downloaded from http://www.predisi.de.
The TMHMM program was obtained from http://

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

Conflict 2: Presence of obligatory extracellular and cytoplasmic
domains and the absence of transmembrane helices

Proteins containing both obligatory extracellular and
obligatory cytoplasmic Pfam-A domains were analyzed by
the TMHMM program to detect transmembrane helices.
Sequences, which contain both extra- and cytoplasmic
domains (i.e. putative transmembrane proteins), but do
not have a transmembrane helix were identified as suspi-
cious.

Conflict 3: Co-occurrence of extracellular and nuclear domains in a
single protein

Protein sequences containing both obligatory extracellu-
lar and obligatory nuclear domains were identified as sus-
picious.

Conflict 4: Violation of domain integrity

In order to identify the Pfam-A domain families that have
a well-defined, conserved sequence length range, we
selected only those families whose members do not devi-
ate from the average size by more than 2 standard devia-
tion (SD) values in the high quality Swiss-Prot database
(version 48.9). Based on these criteria, about 90% of the
Pfam-A domain families present in Swiss-Prot proteins
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proved to be suitable for the study of domain integrity.
The list of the Pfam-A families is deposited in Additional
file 6 [see Additional file 6]. We created databases of
human, vertebrate and metazoa+fungi Swiss-Prot domain
sequences belonging to the reliable Pfam-A families and
ran a blastp search with the current set of proteins as que-
ries against the appropriate reliable Swiss-Prot domain
sequences. We selected those partial domain matches
which share over 60% identity with the query sequence,
with an E-value < 1e-%, and differ by at least 40% in length.
The protein sequences containing these domains with
deviant lengths were identified as suspicious. For the
details of this method [see Additional file 1].

Conflict 5: Chimeric proteins encoded by two or more different genes
located on different chromosomes

The protein sequences were matched to the genome of the
given species using the BLAT program [44]. We selected
matches with >95% identity over > 15 amino acid residue
in length and in the case of overlapping matches (if the
overlap was >5 residues) we selected the longest match. To
eliminate problems encountered with genes encoded by
the mitochondrial genome [see Additional file 1] we used
an additional BLAT search and discarded those entries
which gave >90% match with the mitochondrial genome
over more than 90% of their length. Proteins were consid-
ered suspicious if two or more of their segments were
encoded on different chromosomes. The BLAT program
was obtained from http://genome-test.cse.ucsc.edu/
~kent/exe/. The following genome assemblies were used
in these analyses: Homo sapiens NCBI 36, Mar 2006; Mus
musculus NCBI 36, Febr 2006; Rattus rattus RGSC 3.4, Nov
2004; Gallus gallus WASHUC2, May 2006; Danio rerio Zv6,
Mar 2006;; Caenorhabditis elegans WS170, Jan 2007; Dro-
sophila melanogaster BDGP 5, Apr 2006.

Testing the specificity and sensitivity of MisPred methods
Specificity

To calculate the false positive rate (o) and specificity (1-a.)
of MisPred from the equation o = FP/(FP+TN), we have
determined the number of false positives (FP) and true
negatives (TN) from the results obtained by application of
MisPred to Swiss-Prot entries. In these calculations FP
equals the number of entries that were identified with the
given method as suspicious, although they do not to vio-
late the given dogma. Considering that Swiss-Prot is a very
clean database, the entries not identified by MisPred as
suspicious were assumed to be true negatives (TN), i.e.
they do not violate the given dogma. Specificity was also
calculated by analyzing datasets obtained by mixing cor-
rect Swiss-Prot entries and erroneous sequences generated
from Swiss-Prot sequences (see below). The false positive
rates of the MisPred routines were calculated to be <
0.001, i.e. their specificity is very high (> 0.999).
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Sensitivity

Since at the protein level the major types of errors of gene
prediction (failure to find a true exon, erroneous inclu-
sion of a false exon, misprediction of an exon, fusion of
exons of tandem genes etc.) are manifested as internal or
terminal deletions, internal insertions, terminal exten-
sions and fusions, we have generated datasets of
sequences from human Swiss-Prot entries to mimic these
erTors.

To test the effect of terminal deletions, a group of datasets
was created through deletion of 50, 100, 150, 200 etc. res-
idues from their N-terminal end or their C-terminal end.
Another group of datasets were obtained by deleting the
second, third, fourth etc. 50 or 100 residue-segments of
the proteins to study the effect of internal deletions. Ter-
minal extensions or internal insertions were mimicked by
addition/insertion of 50 or 100 amino acid segments
(with random sequences and average amino acid compo-
sition) to the N-terminal and C-terminal end or after posi-
tions 50, 100, 150 etc. of these proteins. To mimic the
effect of fusions datasets were generated by fusing 5000
randomly selected entries to a different set of 5000 ran-
domly selected proteins.

Subsets of the above datasets were created to gain insight
into the factors that influence the sensitivity of the differ-
ent MisPred methods. The false negative rate () and sen-
sitivity (1-B) of MisPred were calculated from the
equation B = FN/(TP + FN). Since all entries in these data-
sets are erroneous (i.e. they differ from the correct
sequence), entries detected by MisPred as suspicious are
true positives (TP), whereas those not detected by MisPred
are false negatives (FN).

The MisPred routine for Conflict 1 detected only 4.5% of
the sequences from which the N-terminal 50 residues
(that might contain secretory signal peptide or signal-
anchor sequences) were removed. One major source of
such a low sensitivity is that only a fraction of proteins are
secreted or type Il transmembrane proteins, the integrity
of which can be tested with this method. When we ana-
lyzed a dataset generated by N-terminal truncation of pro-
teins containing signal peptide or signal anchor sequences
but lacking transmembrane segments, sensitivity
increased to 33.1%. The reason why only about a third of
the erroneous proteins are detected by MisPred is that the
majority of these proteins does not contain an obligatory
extracellular Pfam-A domain and is thus 'invisible' to this
method. When we restricted MisPred analysis to errone-
ous entries generated from secreted and type II transmem-
brane proteins containing an obligatory extracellular
Pfam-A domain, sensitivity increased to 87.2%.
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Only a very small fraction (0.79%) of the proteins pos-
sessing transmembrane helices are detected as erroneous
by MisPred routine for Conflict 2 after removing their
transmembrane helices. This is due to the fact that few of
the transmembrane proteins contain both an obligatory
extracellular and an obligatory cytoplasmic Pfam-A
domain. If, however, we applied this method to erroneous
entries generated from transmembrane proteins contain-
ing both an obligatory extracellular and an obligatory
cytoplasmic Pfam-A domain, sensitivity increased to
83.7%.

The sensitivity of the MisPred routine for Conflict 3 was
found to be 1.06% when we applied it to chimeric pro-
teins generated by random fusion of proteins. Such a low
sensitivity is due to several factors. First, nuclear proteins
account for only ~14% of the entire proteome [45]. Sec-
ond, our analyses have shown that only 26.7% of the
nuclear proteins identified by Fink et al. [45] (2008) con-
tain obligatory nuclear domains [see Additional file 5].
Third, only a fraction of proteins contains an obligatory
extracellular Pfam-A domain. In harmony with this expla-
nation, the sensitivity of the MisPred routine for Conflict
3 was found to be 99.9% when we applied it to chimeric
proteins generated by fusion of human Swiss-Prot pro-
teins containing obligatory extracellular domains to pro-
teins containing obligatory nuclear domains.

The sensitivity of the MisPred routine for Conflict 4 was
found to depend on the extent of terminal truncation of
the protein sequences. Progressive truncation from the C-
terminal or N-terminal end increased the sensitivity to a
maximum of ~4% when ~250 residues were deleted, dele-
tion of longer segments did not further increase sensitiv-
ity. The explanation for this observation is that this type of
error becomes undetectable if the entire domain or the
major part of the domain is removed. Sensitivity was
found to be ~0.6% (or ~3%) in the case of internal dele-
tions of 50 residue (or 100 residue) segments, and ~0.1%
(or 4%) in the case of internal insertions of 50 (or 100)
residue-long segments with random amino acid
sequences, irrespective of the positions of the moving
window deletions or the insertions. Addition of such ran-
dom sequences to the N-terminal end, C-terminal end of
human Swiss-Prot entries did not generate errors detecta-
ble by MisPred routine for Conflict 4. The relatively low
sensitivity of the MisPred routine for Conflict 4 is due to
the fact that only a fraction of human Swiss-Prot proteins
contain a Pfam-A domain suitable for the detection of
domain size deviation (see Table 1). Another factor that
contributes to the low sensitivity of this approach is that a
protein is detected as erroneous only if its Pfam-A domain
deviates from normal size by at least 40% in length (see
above).
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The sensitivity of the MisPred routine for Conflict 5 was
found to be very high (91.5%), when tested on artificial
chimeras generated by random fusion of human Swiss-
Prot proteins. Analysis of the few false negatives revealed
that some of the chimeric proteins were not detected
because the constituent proteins are encoded on the same
chromosome, in other cases the BLAT match was below
the 95% threshold. If we restricted the analyses to chime-
ras generated by fusion of genes encoded on different
chromosomes, sensitivity increased to 92.9%.

Resolution of Conflicts

In order to test whether a suspicious protein sequence
identified by one of the MisPred routines is truly errone-
ous (or a false positive) we subjected these sequences to
additional analyses. Such analyses were performed for all
suspicious Swiss-Prot entries identified by all five MisPred
routines as well as for all EnsEMBL, GNOMON-predicted
and human TrEMBL entries identified by MisPred rou-
tines for Conflicts 2, 3 and 5 (for details [see Additional
file 1]).

Sequences identified by MisPred routines for Conflict 1
and Conflict 2 as suspicious were analyzed by the SignalP
[46]http://www.cbs.dtu.dk/services/SignalP/ and Pho-
bius [47]http://phobius.cgb ki.se/ programs to detect sig-
nal peptides and/or transmembrane helices potentially
missed by the PrediSi and/or the TMHMM programs.

To identify cases of non-classical, i.e. not signal peptide
triggered protein secretion we used the SecretomeP 1.0b
Server  [22]http://www.cbs.dtu.dk/services/SecretomeP-
1.0/. The SecretomeP 1.0b server produces ab initio predic-
tions of non-classical protein secretion in eukaryotes. It
should be noted, however, that this approach is not nec-
essarily able to decide whether a given entry is an example
of leaderless secretion or it is a fragment of a classically
secreted protein (that lacks its signal peptide). To exclude
the latter possibility, we have also queried EST databases
to decide whether the initiating methionine is properly
defined or the open reading frame may be extended in the
upstream direction.

To further test whether a suspicious protein sequence
(sequence A) identified by one of the MisPred routines is
truly erroneous it was used as query to search protein and
nucleic acid sequence databases with blastp and tblastn,
respectively, to identify homologous sequences from the
same as well as from other species. If the search yielded a
perfect match (100% identity over at least 25 amino acid
residues) with a different protein sequence from the same
species (sequence B), but the latter protein was judged
'normal' by the same MisPred routine that identified
sequence A as suspicious then we concluded that the error
has been both validated and corrected (by sequence B). If
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the sequence similarity search identified close homologs
of sequence A (paralogs from the same species, orthologs
and/or paralogs from related species) but the latter pro-
tein(s) were judged 'normal’ by the same MisPred routine
that identified sequence A as suspicious then we con-
cluded that the error has been validated. In the majority of
such cases the erroneous sequence A could be corrected
through targeted search of the appropriate genomic
region of the relevant species with various gene prediction
programs as well as search of EST databases, using the
'normal' homologous sequence(s) as queries. The proto-
col used for the correction of errors will be described in
another publication (manuscript in preparation).
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Additional file 1. Comments on entries identified by MisPred routines as suspicious and
detailed description of Conflict 4. Part 1 contains comments on suspicious Swiss-Prot,
EnsEMBL- and GNOMON-predicted proteins, and on EnsEMBL and NCBI entries predicted for
the same set of genes. Part 2 contains detailed description of the procedure of the identification of
suspicious proteins by Conflict 4.

Part 1. Comments on entries identified by MisPred routines as suspicious

Comments on Swiss-Prot entries identified by MisPred routines as suspicious

Conflict 1
Analysis of the Mus musculus Swiss-Prot proteins by MisPred identified 12 proteins as

suspicious. Four of the suspicious proteins proved to be false positives: although PrediSi failed to
detect their signal peptides these were detected with the SignalP and/or Phobius programs (these
false positives are annotated in Swiss-Prot as possessing signal peptides).

Three mouse proteins (GAPR1_MOUSE, TENR MOUSE, VEGFD MOUSE) containing
extracellular domains apparently truly lack classical signal peptides (i.e. none of the signal
prediction programs detected a signal sequence) and are probably subject to leaderless protein
secretion [1]. Analysis of the remaining five entries revealed that they are truly abnormal and two
of these (LY6G_MOUSE, MCPT3 MOUSE) are also annotated as fragments in Swiss-Prot.

C209C_MOUSE lacks both signal peptide and signal anchor sequences, whereas all of the
closely related entries are type II transmembrane proteins. A corrected sequence of this protein
could be predicted by targeted search of mouse genomic and EST sequences (Figure 2).

NOE2 MOUSE also lacks a signal peptide, whereas the rat ortholog (NP_001015017)
and a different isoform of this mouse protein (EDL25126) do possess a signal sequence.

TMPS7_ MOUSE lacks a transmembrane helix: it is an N-terminally truncated version of mouse

matriptase 3 (AAY66996).



In the case of Rattus norvegicus proteins MisPred identified 18 proteins as suspicious.
One of these proteins, TENR RAT, containing extracellular domains apparently truly lacks
classical signal peptides (i.e. none of the signal prediction programs detected a signal sequence)
and is probably subject to leaderless protein secretion [1].

Fourteen proteins ANGP2 RAT, CADH4 RAT, CATG RAT, CO5 RAT, CO8B RAT,
COBA1 RAT,FA9 RAT, GDF11 RAT, KLK10 RAT, KLK3 RAT, MUC2L RAT,
NID1_RAT, PDGFB_RAT, SFRP1_RAT proved to be true positives (also annotated as
fragments in Swiss-Prot). CSF2_RAT, MIP2A RAT are also fragments of larger precursors
although not annotated as such in Swiss-Prot.

Analysis of Gallus gallus Swiss-Prot proteins by MisPred identified 22 as being
suspicious. Analysis of these proteins revealed that 19 proteins are in fact abnormal, and 12 of
these are also annotated as fragments by Swiss-Prot. The remaining seven entries
(SECR_CHICK, PYY_ CHICK, IGF2 CHICK, NMU_ CHICK, AMP1_CHICK, RNL2 CHICK,
I[PK1L CHICK) are also fragments of larger precursors but are not annotated as such by Swiss-
Prot.

In the case of Danio rerio proteins MisPred identified four proteins as suspicious. One
protein, OSTC DANRE, is truly abnormal and is also annotated as a fragment by Swiss-Prot.

Analysis of Caenorhabditis elegans Swiss-Prot proteins by MisPred identified 9 proteins
as being suspicious. Detailed analyses of these sequences revealed that LAML1 CAEEL,
NASI10 CAEEL, YP95 CAEEL, YOW6 CAEEL, NAS13 CAEEL, CUBN CAEEL,

YL54 CAEEL are true positives: they lack secretory signal peptides and transmembrane helices,
although their close homologs contain such sequence signals. (In the majority of these cases the
mispredicted sequences could be corrected by targeted search of genomic sequences using close

homologs as queries).



NUCG_CAEEL is a mitochondrial protein that truly lacks a eukaryotic-type secretory
signal peptide although it contains an extracellular Endonuclease NS domain, cautioning that this
Pfam-A domain family is not obligatory extracellular.

YL15 CAEEL, containing an extracellular Kunitz BPTI domain, was also identified as
suspicious since it lacked signal peptide and transmembrane sequences. Blast searches have
confirmed that this is a mispredicted chimeric protein, created through in silico joining of two
tandem genes located on Caenorhabditis elegans chromosome X. The Homeobox-containing
region is derived from a gene closely related to the gene encoding the nuclear protein

HMO07 CAEEL, whereas the Kunitz BPTI-containing region is derived from the C. elegans
ortholog of an extracellular protein of C. briggsae, Q619J1 CAEBR. The structures of the
constituent genes could be predicted using the sequences of these homologs (Figure 3). (Note
that the co-occurrence of a predominantly nuclear Homeobox domain and an obligatory
extracellular Kunitz BPTI domain also violates the rule underlying Conflict 3).

Analysis of Drosophila melanogaster proteins identified 5 entries as suspicious. Two of
these (CHIT1 _DROME, CHIT3 DROME) are fragments of longer proteins possessing signal
peptides. PGPLE _DROME appears to be a false positive that truly lacks a signal peptide,
probably because its extracellular Amidase 2 domain is not necessarily associated with secretory

signal peptides.

Conflict 4

The MisPred routine for Conflict 4 revealed that of the 15638 human proteins 6973
contained at least one domain belonging to Pfam-A domain families suitable for the study of
domain integrity [see Additional file 6]. Ten of these proteins were identified by MisPred as

suspicious. Four proteins contained an incomplete domain, whereas the remaining six proteins



were false positives due to failure to detect the full-length Pfam-A domain or a false hit with a
Pfam-A domain. Three of the four abnormal proteins (HB2T HUMAN, POK9 HUMAN,
M4A4E HUMAN) were also annotated as fragments by Swiss-Prot, one protein
(VHLL_HUMAN) identified by MisPred as abnormal was not annotated as a fragment in Swiss-
Prot. VHLL HUMAN is closely related to VHL _HUMAN but its C-terminal VHL domain is
truncated [2].

Analysis of mouse Swiss-Prot proteins has identified three proteins as suspicious. Only
one of these proved to be truly abnormal: MYO1A MOUSE contains a truncated Myosin TH1
domain (the protein is also annotated as a fragment by Swiss-Prot).

Analysis of rat Swiss-Prot proteins with the MisPred routine for Conflict 4 has identified
14 proteins that contain a domain of abnormal size. 13 of these proteins are fragments and are
also annotated as such by Swiss-Prot. EPHAS RAT contains a C-terminally truncated SAM _ 1
domain, although not annotated as a fragment by Swiss-Prot. It is noteworthy that orthologs from
mouse, human and chicken contain an intact SAM 1 domain. The sequence could be corrected
with targeted search of the rat genome using the sequences of the full-length orthologs (Figure 4).

Analysis of chicken Swiss-Prot proteins has identified 8 proteins as abnormal, all of
which were also annotated as fragments by Swiss-Prot.

Only one of the Danio rerio Swiss-Prot proteins was identified as abnormal by Conflict 4.
DHH BRARE, containing a truncated HH_signal domain, is a fragment of the full-length
protein; it is also annotated as a fragment by Swiss-Prot.

Analyses of C. elegans Swiss-Prot proteins have identified two proteins that contain a
domain of deviant size. YQS2 CAEEL, containing an N-terminally truncated Patched domain, is
actually a fragment of PTC1_CAEEL, although not annotated as a fragment by Swiss-Prot. (The

latter protein contains a full-length Patched domain.) PME6 CAEEL, containing a truncated



WGR domain, is a fragment of PME1_CAEEL, the latter protein contains a full-length WGR
domain. (Note that PME6 CAEEL in release 45.5 has been deleted.)
None of the Drosophila melanogaster Swiss-Prot entries these proteins were identified by

the MisPred routine for Conflict 4.

Conflict 5

MisPred identified five human Swiss-Prot entries as suspected to be translated from
chimeras of genes located on different chromosomes. Two of these, CR030_ HUMAN and
MED12 HUMAN, were true chimeras derived from unrelated genes located on different
chromosomes. In the case of MED12 HUMAN, the N-terminal 22 residues are encoded by
chromosome 1, whereas residues 23-2198 are encoded by chromosome X. (It should be pointed
out that the sequence of MED12 HUMAN was determined from a cDNA derived from cervix
carcinoma).

In the case of CR030 HUMAN, the N-terminal 1-563 residues of this hypothetical
protein are encoded by chromosome 18, whereas residues 564-583 are derived from Homo
sapiens asparagine-linked glycosylation 12 homolog (ALG12), encoded on chromosome 22.

The remaining three sequences, CYB_ HUMAN, COX1 HUMAN and APOA HUMAN,
proved to be false positives. CYB_HUMAN and COX1 HUMAN are encoded by the human
mitochondrial genome, however, in the BLAT search they did not give a perfect match with this
genome because the BLAT search uses the nuclear genetic code (not the mitochondrial genetic
code). On the other hand, these protein sequences gave shorter, perfect matches with nuclear
chromosomes containing sequences related to these genes. To eliminate this source of false
positives, in all subsequent studies of Conflict 5 we used a modified BLAT protocol that removed

entries encoded by mitochondrial genes (see Materials and Methods).



Analysis of APOA _HUMAN illustrates the point that the primary reason why some
sequences may be incorrectly identified by MisPred as chimeras is that there are closely related
genes (gene segments) on different chromosomes and these may give short matches with the
query sequence. The gene for APOA HUMAN is located on chromosome 6 but a perfect match
with its first 16 residues is also given by chromosome 2. Despite this limitation of our approach
(that short perfect matches may be given by different chromosomes), the percentage of false
positives is very low (0.02%).

MisPred identified 5 rat proteins as suspected to be chimeras. Two of these sequences,
TRPC3 RAT and SYJ2B_RAT, were true chimeras, derived from unrelated genes located on
different chromosomes.

BLAT searches identified 18 zebrafish proteins as suspected to be chimeras. One
sequence proved to be a false positive since it gave a short perfect match with another
chromosome. The remaining zebrafish sequences (ACC4A_ DANRE, AN13C_DANRE,
BCL7B_DANRE, CC104 DANRE, CHMA1A DANRE, EXT1B_DANRE, FGFR2 DANRE,
JAGIA DANRE, GP175 DANRE, KC15B_DANRE, LDHA DANRE, PA24A DANRE,
PALD DANRE, TC1D1 _DANRE, UBE2F DANRE, UBTD1 _DANRE, WN10A DANRE)
appeared to be truly “chimeric” inasmuch as they are derived from two or more genomic regions
assigned to different chromosomes. It should be noted, however, that none of these proteins are
chimeras of unrelated genes, they all encode full-length sequences typical of the given protein
family.

The fact that the proportion of suspicious proteins (i.e. chimeras derived from genomic
regions assigned to different chromosomes) is significantly higher in zebrafish (1.4%) than in the
other vertebrates (0.00-0.08%) might be explained by assuming that, for some reason, formation

of chimeric transcripts of homologous genes is more likely to occur in zebrafish than in other



vertebrates. A possible support for this explanation might be found in the fact that the common
ancestor of ray-finned fishes experienced a whole genome duplication, therefore fish genomes
usually have duplicates of single orthologs found in other vertebrates [3-5]. In principle, the
higher number of close homologs may increase the chance of interchromosomal homologous
recombination (or transchromosomal transcription) and the subsequent formation of chimeric
transcripts and chimeric proteins.

An implicit prediction of this explanation, however, is that transcripts of trans-
chromosomal chimeras are likely to be rare, whereas normal transcripts of the parent genes are
expected to be more abundant. Our observation that ESTs corresponding to the “chimeric”
transcripts were found, but the predicted “non-chimeric” transcripts were missing from EST
databases (data not shown) suggests that this explanation of the high rate of true positives in
zebrafish may not be valid.

An alternative explanation is that the chromosomal assignment of contigs encoding these
zebrafish genes may not always be correct. It is noteworthy in this respect that the chromosomal
matches of these chimeric proteins are sometimes (e.g. AN13C_DANRE, CHMA1A DANRE,
LDHA DANRE) found at the termini of short zebrafish contigs, the termini of the different
contigs coincide with the boundaries of the apparent chimera formation.

MisPred identified no mouse, chicken, worm or fruitfly Swiss-Prot proteins as suspected

to be chimeras.



Comments on mispredicted EnsEMBL entries identified by MisPred routines as suspicious

Conflict 2

Mispredicted entries include the rat proteins ENSRNOP00000019138 (a Notch protein
homolog) and ENSRNOP00000036086 (related to Angiopoietin-1 receptor precursor, TIE-2), the
opossum EPH receptor B1 homologs ENSMODP00000021175, ENSMODP00000031819,
ENSMODP00000032387, ENSMODP00000032388, ENSMODP00000032389,
ENSMODP00000033795, ENSMODP00000033797, ENSMODP00000033802,
ENSMODP00000033804, ENSMODP00000035096, ENSMODP00000035099,
ENSMODP00000036530, ENSMODP00000036533, ENSMODP00000036535,
ENSMODP00000038060 and ENSMODP00000038066, and the chicken Notch-1 homolog
ENSGALP00000003735. All of these proteins lack transmembrane helices, whereas their
equivalents from the same or related species do possess transmembrane segments.

Similarly, the frog proteins ENSXETP00000020884, encoding an erbB-3 receptor
tyrosine-protein kinase, ENSXETP00000037512, encoding a homolog of Notch 2 preprotein,
ENSXETP00000038207, ENSXETP00000041110 and ENSXETP00000041112 encoding
homologs of Eph receptor EphA4b, lack the transmembrane helix characteristic of orthologs of
these transmembrane proteins. ENSXETP00000040601, which corresponds to the frog ortholog
of Ephrin receptor A7, also lacks a typical transmembrane helix between its extracellular and
intracellular domains. The missing transmembrane sequence could be corrected using frog EST
sequences such as EL820950.

The Danio rerio protein ENSDARP00000000102 contains extracellular Fz and Kringle
domains and a cytoplasmic Pkinase domain but lacks a transmembrane segment. This

mispredicted protein is encoded by the same gene as unplugged isoform FL of Danio rerio



(AATO07679) that encodes a functional receptor tyrosine kinase (with intact transmembrane helix)
related to skeletal muscle receptor tyrosine kinases.

The seven true positives of Fugu rubripes include NEWSINFRUP00000149801, a protein
related to Receptor-type tyrosine-protein phosphatase kappa precursor,
NEWSINFRUP00000165700 and NEWSINFRUP00000175769, proteins related to EPH receptor
tyrosine kinases but lack transmembrane helices separating their extracellular and intracellular
domains.

Analysis of the remaining four true positive pufferfish sequences has revealed that they
lack transmembrane helices for a different reason: they probably arose through in silico fusion of
distinct, tandem genes encoding extracellular and intracellular proteins. BLAST searches of the
human genome with the pufferfish fusion proteins revealed that homologs of its constituent genes
are usually not closely linked (either separated by numerous genes or located on different
chromosomes) in the human genome.

For example, NEWSINFRUP00000146634 contains an extracellular IGFBP domain and
an intracellular signaling PIP5SK domain. BLAST searches revealed that the IGFBP domain is
derived from an IGF binding protein 6 related gene, whereas the PIPSK domain is encoded by a
phosphatidylinositol-4-phosphate-5-kinase related gene. BLAST searches of the human genome
with this fusion protein revealed that orthologs of its constituent genes are separated by more than
4 Mb and numerous genes on chromosome 12 of the human genome.

NEWSINFRUP00000155548 contains extracellular CUB and Trypsin domains and an
intracellular RhoGAP domain. BLAST searches revealed that the CUB and Trypsin domains are
encoded by a trypsin-related gene, whereas the RhoGAP domain is encoded by a FAM13A1 v2

protein related gene. BLAST searches of the human genome with this fusion protein revealed that



homologs of its constituent genes are separated by more than 6 Mb and numerous genes on
chromosome 4 of the human genome.

NEWSINFRUP00000161639 contains an extracellular VWD domain and an intracellular
signaling Y _phosphatase domain. BLAST searches revealed that the VWD domain is encoded by
an otogelin related gene, whereas the Y phosphatase domain is encoded by protein tyrosine
phosphatase receptor type Q related gene. BLAST searches of the human genome with this fusion
protein revealed that orthologs of the constituent genes are closely linked (separated by less than
1 Mb) on chromosome 12 in the human genome.

NEWSINFRUP00000161730 contains extracellular PSI domain and intracellular LIM
and SH3 1 domains. BLAST searches revealed that the PSI domain is encoded by Plexin
domain-containing protein 1 precursor related gene, whereas the LIM and SH3 1 domains are
encoded by LIM and SH3 protein 1 related gene. BLAST searches of the human genome with
this fusion protein revealed that orthologs of the constituent genes (LASP1 and PLXD]) are also

linked (on chromosome 17) in the human genome.

Conflict 3

The MisPred analyses of EnsEMBL sequences for Conflict 3 have identified 1 human, 3
mouse, 3 rat, 0 opossum, 1 chicken, 0 frog, 2 pufferfish, 0 zebrafish, 0 sea squirt, 0 worm and 0
fruitfly EnsEMBL sequences as suspicious, i.e. they contain both extracellular and nuclear
domains.

Human ENSP00000374642, mouse ENSMUSP00000023060, mouse
ENSMUSP00000086712, mouse ENSMUSP00000086714, rat ENSRNOP00000004703, rat
ENSRNOP00000022586, rat ENSRNOP00000052999, and chicken ENSGALP00000019866

were all found to contain extracellular Pentaxin and nuclear Chromo domains. BLAST searches
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revealed that their Pentaxin domains are encoded by a neuronal pentraxin receptor related gene,
whereas the Chromo domain is encoded by a Chromobox protein homolog 6 related gene.

The Fugu rubripes protein NEWSINFRUP00000161053 contains nuclear SNF2 N and
Helicase C domains (intracellular Ras domains) and extracellular Cadherin domains. BLAST
searches revealed that the SNF2 N and Helicase C domains are encoded by a homolog of DNA
repair and recombination protein RAD54B (the Ras domain is encoded by a gene related to the
GTP binding protein gene overexpressed in skeletal muscle) and the Cadherin domains are
encoded by a Cadherin 17 related gene. BLAST searches of the human genome with this
pufferfish fusion protein revealed that orthologs of the three constituent genes (RAD54b, GEM
and CDH17) are also linked (on chromosome 8) in the human genome.

The Fugu rubripes protein NEWSINFRUP00000168199 contains nuclear zf-C3HC4 and
zf-B_box domains (an intracellular SPRY domain) and an extracellular C1q domain. BLAST
searches revealed that the zf~-C3HC4, zf-B_box (and SPRY)) domains are encoded by a RING
finger protein-related gene, whereas the C1q domain is encoded by a cerebellin 1 precursor
related gene. BLAST searches of the human genome with this fusion protein revealed that

homologs of its constituent genes are not linked in the human genome.
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Comments on erroneous GNOMON:-predicted proteins identified by MisPred routines as
suspicious

Conflict 2

Proteins XP_001372663, XP_ 001372858 and XP_ 001381008 contain both extracellular
(SEA) and intracellular (C1_1, Pkinase, Pkinase C) domains but lack transmembrane helices.
BLAST searches have confirmed that these predicted protein sequences arose through the fusion
of genes encoding a protein related to mucin 16 and a gene encoding a protein kinase C zeta type.
BLAST searches of the human genome revealed that the constituent genes are located on
different chromosomes (chromosome 19 and chromosome 1).

Protein XP_ 426670 contains an extracellular Insulin domain and intracellular WD40
domains, but no transmembrane domain. BLAST searches revealed that this predicted protein
sequence arose through the fusion of tandem genes encoding a protein related to WD repeat
protein and a relaxin 3 precursor related gene. BLAST searches of the human genome revealed
that the constituent genes are located on different chromosomes (chromosome 1 and chromosome
19) in the human genome.

Protein XP_424494 contains an extracellular Somatomedin_B domain and intracellular
RasGEF and DEP domains but no transmembrane segment. BLAST searches revealed that this
predicted protein sequence arose through the fusion of tandem genes encoding a protein related to
placental protein 11 and a Rap guanine nucleotide exchange factor (GEF) 3 related gene. BLAST
searches of the human genome with this chicken fusion protein revealed that the constituent
genes are also closely linked (on chromosome 12) in the human genome. The fact that no cDNAs

or ESTs were found that span these constituent genes, suggests that they are distinct genes.
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XP 001337907 was found to contain extracellular Lectin_C and intracellular kinesin
domains. BLAST searches revealed that the protein arose through fusion of a kinesin-related
gene and a novel C-type lectin domain containing protein.

XP 001340361 contains extracellular SRCR domains and an intracellular CH domain.
This protein apparently arose through fusion of a Scavenger receptor cysteine-rich type 1 protein-
related gene and a gene encoding a filamin-related protein. BLAST searches revealed that the
constituent genes are located on different chromosomes (chromosome 12 and chromosome X) in
the human genome.

XP_ 696912 contains an extracellular Laminin_G 2 domain and an intracellular
Exo _endo_phos domain. This protein apparently arose through fusion of a collagen XXVII
proalpha 1 chain precursor related gene and an inositol polyphosphate-5-phosphatase E related
gene. BLAST searches of the human genome with this zebrafish fusion protein revealed that the
constituent genes are on chromosome 9 in the human genome separated by more than 22 Mb (and
numerous genes).

XP 001343892 contains extracellular EGF domains and an intracellular VPS9 domain.
This protein apparently arose through fusion of a NOTCH related gene and a Rab5-activating
protein 6 related gene. BLAST searches of the human genome with this zebrafish fusion protein
revealed that the constituent genes are on chromosome 9 in the human genome, separated by 10
Mb (and numerous genes).

XP_ 690248 contains two extracellular CUB domains and an intracellular CH domain.
BLAST searches revealed that the CUB domains are encoded by a procollagen C-endopeptidase
enhancer 2 related gene, whereas the intracellular CH domain is encoded by the plastin 1 gene.
BLAST searches of the human genome with this zebrafish fusion protein revealed that the

constituent genes are linked on chromosome 3 in the human genome separated by a gene for
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transient receptor potential cation channel, subfamily C, member 1. EST searches provided no
evidence for cotranscription of these genes.

XP 001334415 contains a C-terminal extracellular OLF domain and an N-terminal
intracellular signaling WH1 domain. BLAST searches revealed that the OLF domain is encoded
by latrophilin-2 related gene, the WH1 domain is encoded by Wiskott-Aldrich syndrome-related
gene, whereas the middle of the protein is related to retroviral polyproteins. BLAST searches of
the human genome with this zebrafish fusion protein revealed that the constituent genes are on
two chromosomes in the human genome (Wiskott-Aldrich syndrome-related gene is on

chromosome 7, latrophilin-2 related gene is on chromosome 19).

Conflict 3

XP_ 001375906 was found to contain both extracellular (MHC I, C1_set) and nuclear
(Pou, Homeobox) domains. BLAST searches have confirmed that this predicted protein sequence
arose through the fusion of tandem genes encoding the opossum ortholog of the POU domain,
class 5, transcription factor, PO5SF1_PIG, and a gene encoding a protein related to MHC class I
antigens. BLAST searches of the human genome with this opossum fusion protein revealed that
the constituent genes are on different chromosomes (chromosome 12 and chromosome 6) in the
human genome.

XP 001380072 was found to contain three extracellular WAP domains and a nuclear
histone domain. BLAST searches revealed that this predicted protein arose through fusion of a
gene encoding a whey acidic protein-like protein and a gene for Histone H2A.l. BLAST searches
of the human genome with this opossum fusion protein revealed that homologs of the constituent

genes are located on different chromosomes in the human genome.
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XP_ 425476 contains an extracellular Pentaxin and a nuclear Chromo domain. BLAST
searches revealed that the Pentaxin domain is encoded by a neuronal pentraxin receptor related
gene, whereas the Chromo domain is encoded by a Chromobox protein homolog 6 related
protein. As discussed above (cf. EnsSEMBL sequences) homologs of the constituent genes are
closely linked in human and other mammalian species.

XP_ 686306 contains an extracellular Lectin C and a nuclear zf-B_box domain. BLAST
searches revealed that the Lectin C domain is encoded by gene related to serum lectin isoform 5
precursor of Salmo salar, whereas the zf-B_box domain is encoded by a Tripartite motif-
containing protein 2 related protein. BLAST search provided no evidence for the linkage of
related genes in the human genome.

XP 001337208 contains extracellular SRCR domain and nuclear SCAN and zf-CCHC
domains. BLAST searches revealed that the SCAN and zf~-CCHC domains are encoded by a gene
related to LReO_3 of Oryzias latipes, whereas the SRCR domain is most closely related to those
of neurotrypsin. BLAST searches revealed that homologs of the constituent genes are not linked
in the human genome.

XP 001338835 contains an extracellular A4 EXTRA domain and nuclear zf-C2H2
domains. BLAST searches revealed that the zf~=C2H2 domains are encoded by the gene encoding
the zebrafish protein CAM13007, similar to vertebrate PR domain containing 10 (PRDM10). The
A4 EXTRA domain is encoded by the gene encoding the zebrafish protein CAM 13008, a novel
protein similar to vertebrate amyloid beta (A4) precursor-like protein 2 (APLP2). BLAST
searches of the human genome with this fusion protein revealed that the constituent genes are
closely linked (separated by less than 1 Mb) on chromosome 11 in the human genome. Note,
however, that no ESTs were found that would support co-transcription of these genes in

vertebrate genomes.
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XP_ 001332478 contains extracellular Ldl recept a and Ldl recept b domains and a
nuclear zf-C4 domain. BLAST searches revealed that the zf-C4 domain is encoded by a gene
related to hepatocyte nuclear factor 4 alpha isoform, whereas the Ldl recept a and Ldl recept b
domains are most closely related to low-density lipoprotein receptor-related protein 1 precursor.
BLAST searches revealed that orthologs of the constituent genes are located on different

chromosomes (chromosome 20 and chromosome 12) in the human genome.
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Comments on EnsEMBL and NCBI entries predicted for the same set of genes

Conflict 1
MisPred analyses of EnsEMBL and NCBI entries predicted for the same set of genes have

revealed that the proportion of suspicious sequences detectable by the routine for Conflict 1 are
quite similar for EnsEMBL- and GNOMON-predictions in the case of human (15.65% vs.
23.02%), opossum (20.15% vs. 17.45%) and chicken (32.75% vs. 28.39%) genes. In the case of
zebrafish genes, however, the proportion of suspicious proteins was found to be lower in the case

of GNOMON-predicted proteins (21.29%) than EnsEMBL entries (36.86%).

Conflict 2
MisPred analyses have returned no human EnsEMBL or GNOMON-predicted sequences

for Conflict 2 as being erroneous. In the case of chicken, MisPred analyses have returned 1
GNOMON protein but no EnsEMBL proteins as suspicious. The GNOMON-predicted protein
was a false positive due to lack of detection of its transmembrane helix by TMHMM.

In the case of opossum no EnsEMBL sequences but four GNOMON-predicted sequences
were identified by MisPred as suspicious. Two of the latter were false positives due to lack of
detection of their transmembrane helices by TMHMM, but two were truly erroneous: they arose
through in silico fusion of genes encoding extracellular and intracellular proteins.

In the case of Danio rerio, MisPred analysis identified five EnsEMBL sequences and six
GNOMON-predicted sequences as being suspicious. Four of the EnsEMBL entries and four of
the GNOMON-predicted entries were false positives due to failure of TMHMM to detect their

transmembrane helices or false Pfam-A domain hits.
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One truly erroneous EnsEMBL sequence, ENSDARP00000000102, similar to Tyrosine-
protein kinase transmembrane receptor ROR1 precursor, contains extracellular Fz and Kringle
domains and an intracellular Pkinase domain but lacks the transmembrane segment separating its
constituent extracellular and intracellular domains. It should be noted that the corresponding
GNOMON-predicted sequence, XP_ 001332675, does contain the expected transmembrane helix.

The remaining two truly erronecous GNOMON-predicted proteins of Danio rerio
apparently arose through the in silico fusion of genes encoding extracellular and intracellular
proteins. XP 690248 arose through fusion of a procollagen C-endopeptidase enhancer 2 related
gene and a plastin 1 related gene. Similarly, XP_001334415 probably arose through fusion of a
latrophilin-2 related gene and a Wiskott-Aldrich syndrome related gene.

In summary, the results of the MisPred analyses of human, opossum, chicken and
zebrafish sequences suggest that the GNOMON and EnsEMBL pipelines are characterized by
similarly low proportion of error detectable by the routine for Conflict 2. It should be pointed out,

however, that GNOMON appears to be slightly more prone to erroneous fusion of genes.

Conflict 3
MisPred analysis has found no human or chicken EnsEMBL or GNOMON-predicted

proteins containing both extracellular and nuclear Pfam-A domains.

In the case of opossum EnsEMBL proteins no sequence was found to contain both
extracellular and nuclear Pfam-A domains, whereas in the case of opossum GNOMON-predicted
proteins XP 001375906 contains an extracellular MHC-I domain and intracellular signaling Pou
and Homeobox domains. This protein probably arose through the in silico fusion of Hereditary
hemochromatosis protein homolog precursor related gene and a POU domain class 5

transcription factor 1-like protein related gene.
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MisPred analysis of zebrafish entries has found no EnsEMBL proteins containing both
extracellular and nuclear Pfam-A domains, whereas two GNOMON-predicted proteins were
identified as suspicious by MisPred. One of these sequences was a false positive, due to a false
Pfam-A domain hit. Protein XP_001332478 was found to contain extracellular Ldl recept a and
Ldl recept b domains and an intracellular signaling zf-C4 domain. This sequence probably arose
through the in silico fusion of a Hnf4a protein related gene and a gene closely related to low-
density lipoprotein receptor-related protein 1.

In summary, MisPred analysis of human, opossum, chicken and zebrafish sequences
predicted by GNOMON and EnsEMBL pipelines has revealed that the rates of error detectable
by Conflict 3 are characterized by similarly very low values for all of these species. It should be
pointed out, however, that GNOMON appears to be slightly more prone to the erroneous fusion
of tandem genes.

Conflict 4

MisPred analyses of EnsEMBL and GNOMON entries predicted for the same set of genes
have revealed that the proportion of suspicious sequences predicted by the two pipelines are not
drastically different for human (6.65% vs. 5.18%) and chicken (9.70% vs. 13.87%) genes, but
there are somewhat greater differences regarding opossum (3.19% vs. 1.14%) and zebrafish
(7.68% vs. 14.57%) genes.

Conflict 5

MisPred identified none of the human EnsEMBL- and only one of the GNOMON-
predicted sequences as being encoded by two genomic segments located on different
chromosomes. As discussed above XP 001128605 (now replaced by the nonchimeric

NP_001035225) is a chimera of genomic regions located on chromosomes 2 and 7.
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In the case of zebrafish, Mispred identified none of the EnsEMBL- and five of the
GNOMON-predicted sequences as suspicious. Analyses of the latter sequences have shown that
none of them are truly chimeric: they had >90 % full-length match with chromosome regions

designated as NA random or UN_random.
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Part 2. Detailed description of the detection of suspicious proteins by Conflict
4

Identification of Pfam-A families suitable for the study of the domain integrity
In order to identify the Pfam-A domain families that have a well-defined, conserved

sequence length range (and are thus suitable for the study of domain integrity), we selected only
those families whose members do not deviate from the average size by more than 2 SD values in
the high quality Swiss-Prot database (version 48.9).

First, we calculated the average length and standard deviation for all Pfam-A domain families.
For this calculation we used the seed alignments provided by Pfam (Pfam Release 19.0) since the
sequences included in these alignments are usually full-length representatives of the Pfam-A
domain families. Pfam Release 19.0 was downloaded from

http://www.sanger.ac.uk/Software/Pfam/index.shtml.

In the next step we analyzed Pfam-A domains in Swiss-Prot sequences and selected those
presumably incomplete Swiss-Prot domains whose beginning or end was missing their first or
last >5 positions in the full alignments of the domain families, and whose lengths differed by at
least 2 standard deviations from the Pfam-A seed averages. To check if these domains are
genuinely incomplete or their domain boundaries were incorrectly defined by Pfam we ran a
blastp search with the Swiss-Prot proteins containing the incomplete domains as queries against
the full set of the Pfam-A domains to identify the missing parts of the domains. If the length of
the corrected domain was inside the conserved length range (seed average +2 SD) then the
domain was considered to be complete.

Pfam-A domain families were deemed to be suitable for the study of domain integrity if
they have either never been incomplete in Swiss-Prot proteins or all members of the family could

be completed. Based on these criteria, about 90% of the Pfam-A domain families in the Swiss-
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Prot proteins proved to have a well-defined, conserved length range and so can be used to
identify mispredicted or abnormal proteins containing domains of deviant length. Furthermore,
we also found that many Pfam-A domains that appear fragments at first sight in the seed
alignments can be easily amended into full-length domains by comparing the vicinity of these
domain fragments to homologous full-length Pfam-A domains. Of the 2752 Pfam-A domain
families present in human Swiss-Prot proteins 2529 families, of the 2779 Pfam-A domain
families present in vertebrate Swiss-Prot proteins 2515; of the 3559 Pfam-A domain families
present in metazoa+fungi Swiss-Prot proteins 3010 families appeared to be suitable for the study
of domain integrity.

Interestingly, a survey of the Pfam-A families that most frequently violate domain
integrity revealed that they are usually found in numerous tandem copies in proteins (e.g.
collagen triple helix repeat, Ankyrin repeat, Spectrin repeat, Plectin repeat, Tetratricopeptide
repeat, cadherin domains, fibronectin type III domain, etc.) (see Supplementary table 1). The
presence of the collagen triple helix repeat in this table simply reflects the fact that the dogma of
a narrow domain-size range is not valid for fibrous proteins such as collagens.

In order to avoid artificial split-up of domain matches by blastp, we did not mask low
complexity regions. However, in some instances this resulted in partial matches of two domains
belonging to different Pfam-A families, therefore we removed these matching Pfam-A families
from the set of the reliable Pfam-A families.

When we compared the domains of the ‘reliable’ Pfam-A families to one another we
identified several pairwise matches with high significance and pairwise similarity (>60%
identity) where the two domains belong to different Pfam-A families (see Supplementary table
2). Many of these Pfam-A domains match one another with high similarity because one domain is

embedded in another. For example, the most frequently co-occurring pairs are the Fibronectin
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type II domains, fn2 (PF00040) and peptidase M10 (PF00413) domains, where the PF00040 was
found to be embedded in a PF00413 domain 766 times (in gelatinases). As overlapping domains
would cause ambiguity in the filtering of deviant domains, we eliminated the longer Pfam-A
families that encompass the shorter ones. Another reason why members of different Pfam-A
families may match one another with high similarity is because they belong to different but
closely related Pfam families. For example, both bZIP_2 and bZIP_1 belong to the bZIP-like
leucine zipper clan, both Arm and HEAT belong to the Armadillo repeat superfamily clan, both
LRR 1 and LRR_2 belong to the Leucine Rich Repeat clan, both APH and Choline kinase
belong to the Protein kinase superfamily clan (see Supplementary table 2). To avoid ambiguity in
the filtering of deviant domains, we eliminated both Pfam-A families from the list of domains
suitable for the filtering task.

Using this approach we created databases of human, vertebrate and metazoa+fungi Swiss-
Prot domain sequences belonging to Pfam-A families suitable for the study of domain integrity.
The list of Pfam-A domain families suitable for the study of domain integrity is deposited in

Additional file 6.

Identification of cases of violation of the domain integrity
In order to set a proper similarity threshold for the domain searches above which most

partial matches would be eliminated we ran an all-against-all blastp search for the domains of all
reliable Pfam-A families (i.e. whose members were never incomplete or where all could be
repaired). The results for the human Sushi domains are shown in Supplementary figure 1 where
the relative lengths (shorter/longer) of any two matching domains are plotted as a function of
their percentage identity. As a contrast we also show the results of an all-against-all blastp search
for all human Cadherin domains (see Supplementary figure 2). Unlike the conserved-length Sushi

domains, the relative lengths of the matches among the Cadherin domains vary greatly even
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above 60% identity, the threshold suggested above. It must be noted that as Cadherin proved to
be a Pfam-A family of irregular type where not all of the incomplete members could be repaired;
this domain type was already disqualified as a filter to search for incorrectly defined domains (see
above).

After running an all-against-all blastp search for all domains we were able to establish the
reliability of the approach as a function of the required sequence similarity between any two
matching domains of the same type. We found that using a cut-off value of 60% sequence
identity of two domain sequences eliminated at least 99% of partial matches, thus reducing the
number of false positives to below 1%, i.e. this is an appropriate cut-off value for pairwise
domain comparisons to filter for proteins containing fragment domains.

We ran a blastp search with the current set of proteins as queries against the appropriate
reliable Swiss-Prot domain sequences, and selected those partial domain matches which share
over 60% identity with the query sequence, with an E-value < le~, and differ by at least 40% in
length. The protein sequences containing these domains with deviant lengths were identified as
suspicious.

Size-distribution of gaps in pairwise matches of Pfam-A domains

We calculated the longest continuous gap for each pairwise domain match with > 60%
sequence identity. The longest gap (indel) for any pairwise match with >60% sequence identity
between any two domains belonging to a reliable Pfam-A family was 51, whereas between any
two domains belonging to an unreliable Pfam-A family it was 52. The frequency distribution of
the gaps by gap-size for the two sets of domains is shown in Supplementary figure 3.

It is clear from this figure that the data closely follow straight lines in double-logarithmic
plots for both the reliable and the unreliable domain families. What is more, there is no

significant difference between the two slopes. In other words, gap size distribution follows a
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power law for both groups, i.e. the shortest gaps are the most abundant, whereas longer gaps are
increasingly less frequent. This type of distribution is consistent with (and supports) the dogma
on which MisPred routine 4 is based: insertion/deletion of longer segments are increasingly less

likely to be compatible with the viability of a protein fold.
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Supplementary table 1. Pfam-A families that most frequently violate domain integrity in

human Swiss-Prot proteins.

Number Number |Percent off Number |Percent of]
.. |Number | Percent |of deviant| deviant |of deviant| deviant
of copies of of family family family family
in human . . Average|Standard o
Pfam ID Swiss- deviant | deviant | members | members | members | members lensth |deviation Description
family | family [that could|that could |that could|that could g
Prot
entries members/members be be not be not be
corrected | corrected | corrected | corrected
PFO1391| 487 192 39 185 9 7 4 60 o  |Collagen triple helix repeat (20
copies)
PF00023| 717 107 15 30 28 77 72 33,48 2,35  |Ankyrin repeat
PF00028| 630 97 15 90 93 7 7 94,53 4,81 |Cadherin domain
PF00400 688 54 8 30 56 24 44 39,23 2,35 |WD domain, G-beta repeat
RNA recognition motif. (a.k.a.
PF00076| 224 36 16 24 67 12 33 70,6 2,53 RRM, RBD, or RNP domain)
PF00435 315 32 10 19 59 13 41 105,85 2,71  |Spectrin repeat
PF00041 402 27 7 16 59 11 41 84,44 5,47 |Fibronectin type III domain
PF01344 171 24 14 12 50 12 50 47,22 3,06 [Kelch motif
PF00053| 167 24 14 12 50 12 50 50,67 | 507 [|-minin EGF-like (Domains IIT
and V)
PF00069| 302 24 8 20 83 4 17 270,75 17,3  [Protein kinase domain
PF00681 76 19 25 9 47 10 53 44,95 0,3  |Plectin repeat
PDZ domain (Also known as
PF00595| 202 18 9 10 56 8 44 84,1 5,01 DHR or GLGF)
PF00018 151 16 11 13 81 3 9 56,11 1,09 [SH3 domain
PF00071 107 14 13 11 79 3 21 165,21 6,36 [Ras family
PF00036| 303 13 4 4 31 9 69 28,89 0,56 |EF hand
PF00063 38 12 32 2 17 10 83 678,32 | 17,52 [Myosin head (motor domain)
PF00989 19 12 63 5 42 7 58 111,55 | 5,12 [PAS fold
PF00067 57 12 21 8 67 4 33 459,12 | 11,37 |Cytochrome P450
PF00324 21 12 57 12 100 0 0 467,64 | 23,01 |Amino acid permease
PF00515| 247 11 4 3 27 8 73 34 0,07 |Tetratricopeptide repeat
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Supplementary table 2. Nested and overlapping Pfam-A domain families.

Pfam1: Pfam2: Number of
Pfam ID of Pfam name Avefrage Star‘ndz‘lrd Pfam ID of Pfam name Avefrage Stal‘ldé‘lrd times Pfam1

longer size deviation shorter size |[deviation| and Pfam2

domain domain overlap
PEF00413 Peptidase M10 164,59 31,97 PF00040 fn2 41,34 1,28 766
PF00406 ADK 177,13 12,95 PF05191 ADK lid 36,06 0,32 97
PF00389 2-Hacid_dh 317,81 8,52 PF02826 2-Hacid _dh C 178,23 5,4 89
PE02463 SMC_N 1033,91 307,22 PF06470 SMC_hinge 116,73 7,95 89
PF07716 bZIP 2 54,53 1,16 PF00170 bZIP 1 58,94 2,31 57
PF05221 AdoHcyase 457,38 21,27 PF00670 | AdoHcyase NAD | 162,25 1,02 40
PF00478 IMPDH 446,25 54,33 PF00571 CBS 123,73 15,22 25
PF04857 CAF1 305,75 122,27 PF01424 R3H 56,08 1,64 25
PE00443 UCH 417,91 131,18 PF00627 UBA 40,49 0,82 18
PF05192 MutS_III 305,26 9,61 PF05190 MutS_IV 93,63 2,43 18
PF03917 GSH_synth ATP 479.,4 10,82 PF03199 GSH_synthase 104,55 2,16 17
PF02166 Androgen_recep 436,75 9,22 PF02155 GCR 374,5 2,12 12
PF01546 Peptidase M20 322,42 24,47 PF07687 M20_dimer 115,06 21,64 9
PF02463 SMC_N 1033,91 307,22 PF04423 | Rad50 _zn hook | 55,21 1,18 9
PE01137 RTC 329,09 9,34 PF05189 RTC _insert 101,9 6,48 8
PF01193 RNA pol L 195,56 68,81 PF01000 | RNA pol A bac | 120,27 8,7 8
PE00514 Arm 41,26 1,21 PF02985 HEAT 38,72 1,01 5
PF07723 LRR_2 25,92 1,03 PF00560 LRR 1 22,97 2,17 5
PF04998 RNA pol Rpbl 5| 580,84 52,22 PF04990 |RNA_pol Rpbl 7| 134,29 1,99 4
PF04998 RNA_pol Rpbl_5| 580,84 52,22 PF04992 |RNA_pol Rpbl_6| 189,43 8,17 4
PF07690 MFS 1 368,24 29,28 PF05978 DUF895 156,27 1,42 4
PF0O3881 Fructosamin_kin 287,5 1 PF01636 APH 236,9 16,93 3
PF04931 DNA_pol V 768,8 28,02 PF03066 Nucleoplasmin 175,68 31,07 3
PF01500 Keratin B2 153,44 20,49 PF04360 Serglycin 150 0 2
PE01636 APH 236,9 16,93 PF01633 Choline kinase | 219,12 23,36 2
PF03344 Daxx 737,5 2,12 PF04849 HAP1_N 306 13,66 2
PF05308 DUF729 240,25 14,8 PF06346 Drf FH1 161,5 10,28 1

27



Supplementary figure 1. Relative lengths of 254 matching human Sushi domains in pairwise
blastp alignments. Relative length (calculated by dividing the length of the shorter with that of
the longer member of the pairs aligned) is plotted as a function of percent sequence identity. Note
that the length of matching domains does not deviate by more than 10% if sequence identity is
>60%.
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Supplementary figure 2. Relative lengths of 630 matching human Cadherin domains in pairwise
blastp alignments. Relative length (calculated by dividing the length of the shorter with that of
the longer member of the pairs aligned) is plotted as a function of percent sequence identity. Note
that the length of matching domains deviates by more than 10% even if sequence identity is
>95%. This domain family was not used for the filtering process described in this paper as not all
its deviant domain representatives could be repaired.

1.0

“m@'m liglﬁ|¥EE“;.“'""ii:f'!:i“::

i _“ii . il s slassss @

’ .: EIEEHI[ i! “" L * LU LT L L
R T . "
0.8 S §if mgk $ Iit i'l- *obe* ﬁ
* ’ﬂ:;ihﬁi““tﬂ:‘ i . r * -
HELILEERE I aee " e,
E -.‘- FEEEEEEEEE | T ': u‘t-i . ’L -
E'»‘ i .
FEETEIEIEEEE » *,
g 06 RE - ||| i
@ P, et
- o
- e :: '
% whatlr '
L 04 to”,i ai;l :t . : "eon
- l‘ !i ' .‘. ‘. ‘. i. “ - . L] -

-

0.2

0.0
0 10 20 30 40 50 60 70 &80 90 100

percent sequence identity

29



Supplementary figure 3. Frequency distribution of gaps for regular (A) and deviant (O)

domain families with respect to gap-size in pairwise domain alignments. The longest continuous
gap was considered for any pairwise domain alignment with >60% percentage identity. The
figure shows the frequency of gaps of a given size (y axis, log10 scale) as a function of the size of
the gaps (x axis, log10 scale). Note that the longest recorded indel was 51 and 52 amino acids for
regular and deviant domain families, respectively. The linear nature of the log-log representation
of the data reveals a power-law distribution.
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Additional file 2. List of erroneous Swiss-Prot sequences identified by MisPred.
Comments on these Swiss-Prot entries are found in Additional file 1, Part 1. Entries
not annotated as fragments or chimeras in Swiss-Prot are in bold in the table.

Homo sapiens Conflict 1 Conflict 4 Conflict 5
ACROL HUMAN HB2T HUMAN CR030_HUMAN
MUCSA_HUMAN POK9 HUMAN MEDI12_HUMAN
POZP3_HUMAN M4A4E_HUMAN
HB2G_HUMAN VHLL_HUMAN
LPLC4_ HUMAN
Mus musculus Conflict 1 Conflict 4 Conlflict 5
C209C_MOUSE MYOIA MOUSE
LYG6_MOUSE
MCPT3_MOUSE
NOE2_MOUSE
TMPS7_MOUSE
Rattus norvegicus Conflict 1 Conflict 4 Conflict 5
ANGP2_RAT ADA18 RAT TRPC3_RAT
CADH4_RAT AL7A1_RAT SYJ2B_RAT
CATG_RAT AMPD2 _RAT
CO5_RAT CO8B_RAT
CO8B_RAT DUS7_RAT
COBA1_RAT EPHAS5 RAT
CSF2_RAT E2F1 RAT
FA9 RAT FER_RAT
GDF11 RAT KITH_RAT
KLK10 RAT MAAI RAT
KLK3 RAT PTN23_RAT
MIP2A_RAT RPGF4 RAT
MUC2L _RAT SFRP1 RAT
NID1_RAT UCK2_RAT
PDGFB_RAT
SFRP1 RAT
Gallus gallus Conflict 1 Conflict 4 Conflict 5
SECR_CHICK ALDOC_CHICK
CO2A1_CHICK AMPD1 CHICK
TGFB1_CHICK AT2B1_CHICK
CATL_CHICK FZD3_CHICK
FINC_CHICK FZD6_CHICK
PYY_CHICK HXA9 _CHICK
IGF2_CHICK LAMBV_CHICK
NMU_CHICK S100G_CHICK
AMP1_CHICK
CFBL_CHICK
RNL2_CHICK
IPK1L_CHICK
LAMBI_CHICK
LAMBV_CHICK
FIBB_CHICK
SEM4D_CHICK
BMP2 CHICK
WNTI1_CHICK
SORL_CHICK
Danio rerio Conflict 1 Conflict 4 Conflict 5
OSTC_BRARE DHH_BRARE
Caenorhabditis elegans Conflict 1 Conflict 4 Conflict 5
YOW6_CAEEL PME6_CAEEL
YL54_CAEEL YQS2_CAEEL
YL15_CAEEL
NAS10_CAEEL
LAML1_CAEEL
YP95_CAEEL
NAS13_CAEEL
CUBN_CAEEL
Drosophila melanogaster Conflict 1 Conflict 4 Conflict 5




CHIT3_DROME

CHIT1_DROME




Additional file 3. List of extracellular Pfam-A domain families. The table contains obligatory
extracellular Pfam-A domain families which were used to predict subcellular localization of
proteins. Our domain co-occurrence analyses of Metazoan UniProtKB entries have identified 166
obligatory extracellular Pfam-A domain families, the majority of which are also identified as such
in the SMART database.

Description SMART name |Pfam name Pfam ID
Amyloid A4 A4 EXTRA |A4 EXTRA PF02177
Plant lip‘id Frgnsfer prqtein / . seed storage protein / trypsin-alpha AAL Tryp_alpha_amyl |PF00234
amylase inhibitor domain family

Serum albumin ALBUMIN Serum_albumin  [PF00273
Ami 2 Ami 2 Amidase 2 PFO1510
Ami_3 Ami_3 Amidase 3 PF01520
Adhesion-associated domain present in MUC4 and other proteins |AMOP AMOP PF03782
Anaphylatoxin homologous domain ANATO ANATO PF01821
APPLE domain APPLE PAN PF00024
Bulb-type mannose-specific lectin B lectin B lectin PF01453
Bacterial Ig-like domain (group 1) BID 1 Big 1 PF02369
Bacterial Ig-like domain 2 BID 2 Big 2 PF02368
Bacterial OsmY and nodulation domain BON BON PF04972
Bowman-Birk type proteinase inhibitor BowB Bowman-Birk leg |PF00228
BPI/LBP/CETP N-terminal domain BPI1 LBP BPI CETP |PF01273
Complement component C1q domain C1Q Clq PF00386
Netrin C-terminal Domain C345C NTR PF01759
C-terminal tandem repeated domain in type 4 procollagens C4 C4 PF01413
Cadherin repeats CA Cadherin PF00028
Calcitonin CALCITONIN |Calc_ CGRP_IAPP |PF00214
Cellulose Binding Domain Type IV CBD_IV CBM 6 PF03422
]S)h(z)ﬁaég Islt));.lerrlr(f:rrll:_llirll( ec;)ergfe)zr?seé; ():ontrol proteins; SUSHI repeat; CCP Sushi PF00084
CFEM CFEM CFEM PF05730
A domain in the BMP inhibitor chordin and in microbial proteins |CHRD CHRD PF07452
Chitin binding domain ChtBD1 Chitin_bind 1 PF00187
Chitin-binding domain type 2 ChtBD2 CBM_14 PF01607
Chitin-binding domain type 3 ChtBD3 CBM 5 12 PF02839
Clostridial hydrophobic, with a conserved W residue, domain Chw Chw PF01584
CLUSTERIN alpha chain CLa Clusterin PF01093
CLUSTERIN Beta chain CLb Clusterin PF01093
C-type lectin (CTL) or carbohydrate-recognition domain (CRD) CLECT Lectin C PF00059
Connexin homologues CNX Connexin PF00029
Fibrillar collagens C-terminal domain COLFI COLFI PF01410
Corticotropin-releasing factor CRF CRF PF00473

*Highlighted extracellular domain families found to be multilocale.



Description SMART name [Pfam name Pfam ID
Granulocyte-macrophage colony-simulating factor (GM-CSF) CSF2 GM_CSF PF01109
I:]))1r<())rtr:i1riln first found in Clr, Cls, uEGF, and bone morphogenetic CUB CUB PF00431
Defensin/corticostatin family DEFSN Defensin_beta PF00711
Homologues of snake disintegrins DISIN Disintegrin PF00200
F]))rl(\)/{:lfil\gi i ktz)nvt]lryl/ fu(;t; tiggmains in Drosophila melanogaster DM4_12 DM4_12 PF07841
Cysteine-rich domain currently specific to Drosophila DM6 DUF1431 PF(07248
ePlcl)lizil;lcc)eﬁ :::;;tre(;:t};(i)iaslmine-binding domain present in a variety of DoH DOMON PF03351
Delta serrate ligand DSL DSL PF01414
Epidermal growth factor-like domain EGF EGF PF00008
Calcium-binding EGF-like domain EGF _CA EGF_CA PF07645
Laminin-type epidermal growth factor-like domain EGF Lam Laminin EGF PF00053
Endothelin END Endothelin PF00322
Ependymins EPEND Ependymin PF00811
Ephrin receptor ligand binding domain EPH_Ibd Ephrin_lbd PF01404
Fnollga;e}lj)z?ltlzci Sgﬂ:ﬁ: in the Fasciclin I family of proteins, present FAS] Fasciclin PF02469
Fibrinogen-related domains (FReDs) FBG Fibrinogen C PF00147
Fungal-type cellulose-binding domain fCBD CBM 1 PF00734
Fibronectin type 1 domain FNI fnl PF00039
Fibronectin type 2 domain FN2 fn2 PF00040
Frizzled FRI Fz PF01392
Furin-like repeats FU Furin-like PF00757
G2 nidogen domain and fibulin G2F G2F PF07474
Gastrin / cholecystokinin / caerulein family GASTRIN Gastrin PF00918
Glycoprotein hormone alpha chain homologues GHA Hormone 6 PF00236
Glycoprotein hormone beta chain homologues GHB Cys_knot PF00007
Domain containing Gla (gamma-carboxyglutamate) residues GLA Gla PF00594
Glucagon like hormones GLUCA Hormone 2 PF00123
Glycosyl hydrolase family 10 Glyco 10 Glyco hydro 10 |PF00331
Glyco 18 Glyco 18 Glyco hydro 18 |PF00704
Glycosyl hydrolases family 25 Glyco 25 Glyco_hydro 25 |PF01183
Glycosyl hydrolases family 32 Glyco 32 Glyco hydro 32 |PF00251
G-protein-coupled receptor proteolytic site domain GPS GPS PF01825
Granulin GRAN Granulin PF00396
Hint (Hedgehog/Intein) domain C-terminal region HintC Hint PF01079
Hint (Hedgehog/Intein) domain N-terminal region HintN Hint PF01079

*Highlighted extracellular domain families found to be multilocale.




Description SMART name |Pfam name Pfam ID
Domain present in hormone receptors HormR HRM PF02793
Hemopexin-like repeats HX Hemopexin PF00045
Hydrophobins HYDRO Hydrophobin PFO1185
Insulin growth factor-binding protein homologues 1B IGFBP PF00219
Interferon alpha, beta and delta [Fabd Interferon PF00143
Interleukin-10 family IL10 IL10 PF00726
Interleukin-2 family L2 L2 PF00715
Interleukins 4 and 13 1L4 13 IL4 PF00727
Interleukin-6 homologues IL6 IL6 PF00489
Interleukin-7 and interleukin-9 family L7 L7 PF01415
Insulin / insulin-like growth factor / relaxin family IIGF Insulin PF00049
Integrin beta subunits (N-terminal portion of extracellular region) INB Integrin_beta PF00362
Integrin alpha (beta-propellor repeats) Int alpha Integrin_alpha PF00357
Kazal type serine protease inhibitors KAZAL Kazal 1 PF00050
Kazal type serine protease inhibitors KAZAL Kazal 2 PF07648
Knottins Knotl Defensin 2 PF01097
Kringle domain KR Kringle PF00051
BPTI/Kunitz family of serine protease inhibitors KU Kunitz BPTI PF00014
Laminin B domain LamB Laminin_B PF00052
Laminin G domain LamG Laminin_G_1 PF00054
Laminin N-terminal domain (domain VI) LamNT Laminin N PF00055
LCCL LCCL LCCL PF03815
Low-density lipoprotein receptor domain class A LDLa Ldl recept a PF00057
Leukemia inhibitory factor LIF_ OSM LIF OSM PF01291
Link (Hyaluronan-binding) LINK Xlink PF00193
Lipoprotein N-terminal Domain LPD N Vitellogenin N PF01347
Ly-6 antigen / uPA receptor -like domain LU UPAR LY6 PF00021
Low-density lipoprotein-receptor Y WTD domain LY Ldl recept b PF00058
Alpha-lactalbumin / lysozyme C LYZ1 Lys PF00062
Lysozyme subfamily 2 LYZ2 Glucosaminidase |PF01832
Membrane-attack complex / perforin MACPF MACPF PF01823
]()a(r)giitrﬁeirr;)meprin, A5, receptor protein tyrosine phosphatase mu MAM MAM PF00629
Domain involved in innate immunity and lipid metabolism ML E1 DerP2 DerF2 |PF02221
NEATr Transporter domain NEAT NEAT PF05031
Nerve growth factor (NGF or beta-NGF) NGF NGF PF00243
Neurohypophysial hormones NH Hormone 5 PF00184

*Highlighted extracellular domain families found to be multilocale.




Description SMART name |Pfam name Pfam ID
aE;(‘;rﬁ;;l(l)ltlliii ;(;r;?éltlei(:é unknown function in nidogen (entactin) NIDO NIDO PFO6119
Domain found in Notch and Lin-12 NL Notch PF00066
Neuromedin U NMU NMU PF02070
Tissue inhibitor of metalloproteinase family NTR TIMP PF00965
DNA/RNA non-specific endonuclease* NucC Endonuclease NS |PF01223
Olfactomedin-like domains OLF OLF PF02191
Osteopontin OSTEO Osteopontin PF00865
Phospholipase A2 PA2c Phospholip_ A2 1 |PF00068
Pancreatic hormones / neuropeptide F / peptide YY family PAH Hormone 3 PF00159
Divergent subfamily of APPLE domains PAN AP PAN PF00024
Bacterial periplasmic substrate-binding proteins PBPb SBP bac 3 PF00497
P or trefoil or TFF domain PD Trefoil PF00088
\P/lgtéll:e)t-girliﬁ/;d and vascular endothelial growth factors (PDGF, PDGF PDGF PF00341
Papain family cysteine protease Pept Cl1 Peptidase Cl1 PF00112
Insect pheromone/odorant binding protein domains PhBP PBP_GOBP PF01395
Repeats in polycystic kidney disease 1 (PKD1) and other proteins |PKD PKD PF00801
Major prion protein PRP Prion PF00377
Paramecium Surface Antigen Repeat PSA Paramecium_SA |PF01508
Domain found in Plexins, Semaphorins and Integrins PSI PSI PF01437
Plant trypsin inhibitors PTI Squash PF00299
Pentraxin / C-reactive protein / pentaxin family PTX Pentaxin PF00354
Pancreatic ribonuclease RNAse Pc RnaseA PF00074
Serum amyloid A proteins SAA SAA PF00277
Saposin/surfactant protein-B A-type DOMAIN SAPA SapA PF02199
Saposin (B) Domains SapB SapB 1 PF05184
Saposin (B) Domains SapB SapB 2 PF03489
SCP / Tpx-1/ Ag5 / PR-1/Sc7 family of extracellular domains SCP SCP PF00188
Intercrine alpha family (small cytokine C-X-C) (chemokine CXC) |SCY IL8 PF00048
Domain found in sea urchin sperm protein, enterokinase, agrin SEA SEA PF01390
Semaphorin domain Sema Sema PF01403
ShK toxin domain ShKT ShTK PF01549
Somatomedin B -like domains SO Somatomedin B |PF01033
Scavenger receptor Cys-rich SR SRCR PF00530

*Highlighted extracellular domain families found to be multilocale.




Description SMART name |Pfam name Pfam ID
Soybean trypsin inhibitor (Kunitz) family of protease inhibitors STI Kunitz_legume  |PF00197
Transforming growth factor-beta (TGF-beta) family TGFB TGF beta PF00019
Thaumatin family THN Thaumatin PF00314
Tachykinin family TK Tachykinin PF02202
Tumour necrosis factor family TNF TNF PF00229
;Fel;)r:;rs necrosis factor receptor / nerve growth factor receptor TNFR TNFR_c6 PF00020
Transferrin TR_FER Transferrin PF00405
Transthyretin TR THY Transthyretin PF00576
Trypsin-like serine protease Tryp_SPc Trypsin PF00089
Thrombospondin type 1 repeats TSP1 TSP 1 PF00090
Thyroglobulin type I repeats TY Thyroglobulin 1 |PF00086
Uteroglobin UTG Uteroglobin PF01099
von Willebrand factor (VWF) type C domain VWC VWC PF00093
von Willebrand factor (VWF) type D domain VWD VWD PF00094
Four-disulfide core domains WAP WAP PF00095
Wnt-inhibitory factor-1 like domain WIF WIF PF02019
Found in Wnt-1 WNTI wnt PF00110
If:;gf:innts in yeast cell wall integrity and stress response component WSC WSC PF01822
Zinc-dependent metalloprotease ZnMc Peptidase M10  |PF00413
Zona pellucida (ZP) domain 7P Zona pellucida  |PF00100
ADAM-TS Spacer 1 - ADAM spacerl |PF05986
Animal haem peroxidase - An_peroxidase PF03098
Antistasin - Antistasin PF02822
Copper type II ascorbate-dependent monooxygenase, C-terminal | Cu2 monoox C |PFO3712

domain

Copper type II ascorbate-dependent monooxygenase, N-terminal
domain

Cu2_monooxygen

PF01082

Laminin Domain I - Laminin_I PF06008
Laminin Domain II - Laminin_II PF06009
Laminin G domain TSPN Laminin_ G _2 PF02210
Class I Histocompatibility antigen, domains alpha 1 and 2 - MHC 1 PF00129
Class II histocompatibility antigen, beta domain - MHC I beta PF00969
Agrin NtA domain - NtA PF03146
Reprolysin (M12B) family zinc metalloprotease - Reprolysin PF01421

*Highlighted extracellular domain families found to be multilocale.




Additional file 4. List of intracellular Pfam-A signaling domain families. The table contains
obligatory cytoplasmic Pfam-A domain families which were used to predict subcellular
localization of proteins. Our domain co-occurrence analyses of Metazoan UniProtKB entries have
identified 115 obligatory cytoplasmic Pfam-A domain families, the majority of which are also

identified as such in the SMART database.

Description SMART name |Pfam name Pfam ID
14-3-3 homologues 14 33 14-3-3 PF00244
Actin depolymerisation factor/cofilin -like domains ADF Cofilin ADF PF00241
Ankyrin repeats ANK Ank PF00023
ARF-like small GTPases; ARF, ADP-ribosylation factor ARF Arf PF00025
Putative GTP-ase activating proteins for the small GTPase, ARF ArfGap ArfGap PF01412
Band 4.1 homologues B41 Band 41 PF00373
Cytochrome b-561 / ferric reductase transmembrane domain B561 Cytochrom_B561 |PF03188
Bulb-type mannose-specific lectin B lectin B_lectin PF01453
BAG domains, present in regulator of Hsp70 proteins BAG BAG PF02179
BH4 Bcl-2 homology region 4 BH4 BH4 PF02180
Bruton's tyrosine kinase Cys-rich motif BTK BTK PF00779
lggitlziitrllsliinase C conserved region 1 (C1) domains (Cysteine-rich DAG _PE-bind |C1_I PF00130
Calponin homology domain CH CH PF00307
Two component signalling adaptor domain CheW CheW PF01584
Egrll\l/?zin found in NIK 1-like kinases, mouse citron and yeast ROM1, CNH CNH PF00780
Cyclic nucleotide-monophosphate binding domain cNMP cNMP_binding |PF00027
Cullin CULLIN Cullin PF00888
Adenylyl- / guanylyl cyclase, catalytic domain CYCc Guanylate cyc  |PF00211
Diacylglycerol kinase accessory domain (presumed) DAGKa DAGK acc PF00609
Diacylglycerol kinase catalytic domain (presumed) DAGKc DAGK cat PF00781
Domain present in Dishevelled and axin DAX DIX PF00778
Death effector domain DED DED PF01335
Domain found in Dishevelled, Egl-10, and Pleckstrin DEP DEP PF00610
Dual specificity phosphatase, catalytic domain DSPc DSPc PF00782
Domain of Unknown Function with GGDEF motif DUFI1 GGDEF PF00990
Domain of Unknown Function 2 DUF2 EAL PF00563
Dynamin, GTPase DYNc Dynamin N PF00350
Epsin N-terminal homology (ENTH) domain ENTH ENTH PF01417
A Receptor for Ubiquitination Targets FBOX F-box PF00646
Fes/CIP4 homology domain FCH FCH PF00611
Contains two conserved F residues FF FF PF01846
Formin Homology 2 Domain FH2 FH2 PF02181
Forkhead associated domain FHA FHA PF00498
Protein present in Fabl, YOTB, Vacl, and EEA1 FYVE FYVE PF01363
Growth-Arrest-Specific Protein 2 Domain GAS2 GAS2 PF02187
Dynamin GTPase effector domain GED GED PF02212




Description SMART name |Pfam name Pfam ID
G protein gamma subunit-like motifs GGL G-gamma PF00631
LGN motif, putative GEFs specific for G-alpha GTPases GoLoco GoLoco PF02188
2231221; Iil;il;(c)gis;[g(ria;rsgf:s:s, myotubularins and other putative GRAM GRAM PF02893
Guanylate kinase homologues GuKc Guanylate kin  |PF00625
Eﬁgi;gﬁggﬁﬁ;ﬁgg?& n/?;iiinylyl cyclases, Methyl binding HAMP HAMP PF00672
Histidine kinase-like ATPases HATPase ¢ HATPase ¢ PF02518
Domain Homologous to E6-AP Carboxyl Terminus with HECTc HECT PF00632
His Kinase A (phosphoacceptor) domain HisKA HisKA PF00512
Histidine Phosphotransfer domain HPT Hpt PF01627
ﬁohr(l)1 Oelf(f;lteosr or protein kinase C-related kinase homology region 1 Hrl HR1 PF02185
I/LWEQ domain ILWEQ I LWEQ PF01608
Inositol polyphosphate phosphatase, catalytic domain homologues IPPc Exo_endo phos |PF03372
rSefls(i)(litufczesllrnodulin—binding motif containing conserved Ile and Gln 1Q 1Q PF00612
Immunoreceptor tyrosine-based activation motif ITAM ITAM PF02189
Kinesin motor, catalytic domain. ATPase KISc Kinesin PF00225
Domain in receptor targeting proteins Lin-2 and Lin-7 L27 L27 PF02828
Zinc-binding domain present in Lin-11, Isl-1, Mec-3 LIM LIM PF00412
Low molecular weight phosphatase family LMWPc LMWPc PF01451
?r/;e;tllgé-;cr():epting chemotaxis-like domains (chemotaxis sensory MA MCPsignal PF00015
Myosin MYSc Myosin_head PF00063
Domain in Myosin and Kinesin Tails MyTH4 MyTH4 PF00784
1(\1/([)(I)Itliafi I?)—terminal to PAS motifs (likely to contribute to PAS structural PAC PAC PF00785
PAS domain PAS PAS PF00989
PASTA PASTA PASTA PF03793
P21-Rho-binding domain PBD PBD PF00786
Pleckstrin homology domain PH PH PF00169
Phosphoinositide 3-kinase, region postulated to contain C2 domain PI3K C2 PI3K C2 PF00792
PI3-kinase family, p85-binding domain PI3K p85B PI3K p85B PF02192
PI3-kinase family, Ras-binding domain PI3K rbd PI3K rbd PF00794
Phosphoinositide 3-kinase family, accessory domain (PIK domain) PI3Ka PI3Ka PF00613
Phosphoinositide 3-kinase, catalytic domain PI3Kc PI3_PI4 kinase |PF00454
Phosphatidylinositol phosphate kinases PIPKc PIPSK PF01504
Cytoplasmic phospholipase A2, catalytic subunit PLAc PLA2 B PF01735




Description SMART name (Pfam name Pfam ID
Phospholipase C, catalytic domain (part); domain X PLCXc PI-PLC-X PF00388
Phospholipase C, catalytic domain (part); domain Y PLCYc PI-PLC-Y PF00387
Phospholipase D. Active site motifs PLDc PLDc PF00614
Serine/threonine phosphatases, family 2C, catalytic domain PP2Cc PP2C PF00481
l;ilr(;seﬁlriotyrosine—binding domain, phosphotyrosine-interaction (PI) PTB PID PF00640
Phosphotyrosine-binding domain (IRS1-like) PTBI IRS PF02174
Protein tyrosine phosphatase, catalytic domain PTPc Y phosphatase |PF00102
Protein tyrosine phosphatase, catalytic domain, undefined specificity |PTPc_DSPc Y _phosphatase |PF00102
Protein tyrosine phosphatase, catalytic domain motif PTPc_motif Y _phosphatase |PF00102
PhoX homologous domain, present in p47phox and p40phox PX PX PF00787
Domain associated with PX domains PXA PXA PF02194
Ras association (RalGDS/AF-6) domain RA RA PF00788
Ran-binding domain RanBD Ran BP1 PF00638
Ras subfamily of RAS small GTPases RAS Ras PF00071
GTPase-activator protein for Ras-like GTPases RasGAP RasGAP PF00616
Guanine nucleotide exchange factor for Ras-like small GTPases RasGEF RasGEF PF00617
I(I}lléil;ine nucleotide exchange factor for Ras-like GTPases; N-terminal RasGEFN RasGEF N PF00618
Raf-like Ras-binding domain RBD RBD PF02196
Regulator of G protein signalling domain RGS RGS PF00615
GTPase-activator protein for Rho-like GTPases RhoGAP RhoGAP PF00620
Guanine nucleotide exchange factor for Rho/Rac/Cdc42-like GTPases |RhoGEF RhoGEF PF00621
RlIlalpha, Regulatory subunit portion of type II PKA R-subunit RIla RIla PF02197
RIO-like kinase RIO RIO1 PFO01163
Extension to Ser/Thr-type protein kinases S TK X Pkinase C PF00433
Serine/Threonine protein kinases, catalytic domain S TKc Pkinase PF00069
Sterile alpha motif SAM SAM 1 PF00536
Sterile alpha motif SAM SAM 2 PF07647
Sec7 domain Sec7 Sec7 PF01369
Src homology 2 domains SH2 SH2 PF00017
Suppressors of cytokine signalling SOCS SOCS_box PF07525
Spectrin repeats SPEC Spectrin PF00435
In StAR and phosphatidylcholine transfer protein START START PF01852
Protein kinase; unclassified specificity STYKc Pkinase PF00069
Helical region found in SNAREs t SNARE SNARE PF05739




Description SMART name |Pfam name Pfam ID
Homologues of the ligand binding domain of Tar TarH TarH PF02203
Domain in Tre-2, BUB2p, and Cdc16p. Probable Rab-GAPs TBC TBC PF00566
Metallochaperone-like domain TRASH YHS PF04945
Tyrosine kinase, catalytic domain TyrKc Pkinase PF00069
Ubiquitin associated domain UBA UBA PF00627
Ubiquitin homologues UBQ ubiquitin PF00240
Domain present in ubiquitin-regulatory proteins UBX UBX PF00789
Domain present in VPS-27, Hrs and STAM VHS VHS PF00790
Domain present in VPS9 VPS9 VPS9 PF02204
WDA40 repeats WD40 WD40 PF00400
WASP homology region 1 WHI1 WHI1 PF00568
Wiskott Aldrich syndrome homology region 2 WH2 WH2 PF02205
Domain with 2 conserved Trp (W) residues WWwW WwW PF00397
A20-like zinc fingers ZnF A20 zf-A20 PF01754
I%ri(r)lfe—ibninding domain, present in Dystrophin, CREB-binding ZnF 77 77 PF00569
Domain present in ZO-1 and Unc5-like netrin receptors ZUs5 ZUsS PF00791




Additional file 5. List of nuclear Pfam-A domain families. The table contains obligatory
nuclear Pfam-A domain families which were used to predict subcellular localization of

proteins. Our domain co-occurrence analyses of Metazoan UniProtKB entries have identified

126 obligatory nuclear Pfam-A domain families, the majority of which are also identified as

such in the SMART database.

Description SMART name |Pfam name Pfam ID
3'-5' exonuclease 35EXOc¢ 3 5 exonuc PF01612
5'-3' exonuclease 53EXOc 5 3 exonuc PF01367
E%Ei—_zg&;ﬁz 21&(& aiis(();\)lble-stranded RNA adenosine deaminase ADEAMc A_deamin PF02137
EEEA];llisnding domain in plant proteins such as APETALA2 and AP2 AP2 PF00847
AP endonuclease family 2 AP2Ec AP _endonuc 2 PF01261
Bromo adjacent homology domain BAH BAH PF01426
Basic domain in HLH proteins of MYOD family BASIC Basic PF01586
B-Box-type zinc finger BBOX zf-B_box PF00643
BCL (B-Cell lymphoma); contains BH1, BH2 regions BCL Bcl-2 PF00452
Breast cancer carboxy-terminal domain BRCT BRCT PF00533
BRIGHT, ARID (A/T-rich interaction domain) domain BRIGHT ARID PF0O1388
Domain in transcription and CHROMO domain helicases BRK TCH PF07533
Basic region leucin zipper BRLZ bZIP PF00170
Bromo domain BROMO Bromodomain PF00439
Domain in transcription factors and synapse-associated proteins |BSD BSD PF03909
I]?rr(c))tréliz(;lomain transcription factors and PHD domain containing BTP Bromo_ TP PF07524
CCAAT-Binding transcription Factor CBF CBFB_NFYA PF02045
Chromatin organization modifier domain CHROMO Chromo PF00385
Catalytic domain of ctd-like phosphatases CPDc NIF PF03031
Cold shock protein domain CSP CSD PF00313
Copper-Fist Cu_Fist Copper-fist PF00649
gg?;?sin in different transcription and chromosome remodeling DDT DDT PF02791
DEAD-like helicases superfamily DEXDc SNF2 N PF00176
Doublesex DNA-binding motif DM DM PF00751
Double-stranded RNA binding motif DSRM dsrm PF00035
Domain A in dwarfin family proteins DWA MH1 PF03165
Domain B in dwarfin family proteins DWB MH2 PF03166
Domain in DSRM or ZnF C2H2 domain containing proteins DZF DZF PF07528
gD;nIEi;nai[ (;[I;?FC_;termini of GCD6, elF-2B epsilon, elF-4 IF5C w2 PF02020
Elongator protein 3, MiaB family, Radical SAM Elp3 Radical SAM PF04055
Endonuclease II1 ENDO3c HhH-GPD PF00730
Erythroblast transformation specific domain ETS Ets PF00178




Description SMART name |Pfam name Pfam ID
EXOIII EXOIII Exonuc X-T PF00929
FORKHEAD FH Fork head PF00250
"FY-rich" domain, C-terminal region FYRC FYRC PF05965
"FY-rich" domain, N-terminal region FYRN FYRN PF05964
Glycine rich nucleic binding domain G _patch G-patch PFO01585
GIY-YIG type nucleases (URI domain) GIYc GIY-YIG PF01541
Domain in histone families 1 and 5 H15 Linker_ histone PF00538
Histone 2A H2A Histone PF00125
Histone H2B H2B Histone PF00125
Histone H3 H3 Histone PF00125
Histone H4 H4 Histone PF00125
Homeobox associated leucin zipper HALZ HALZ PF02183
Helicase superfamily c-terminal domain HELICc Helicase C PF00271
Helix-hairpin-helix DNA-binding motif class 1 HhHI HHH PF00633
High mobility group HMG HMG box PF00505
Domain in high mobilty group proteins HMG14 and HMG 17 |HMG17 HMG14 17 PF01101
HNH nucleases HNHc HNH PF01844
Domain in histone-like proteins of HNS family HNS Histone HNS PF00816
Ligand binding domain of hormone receptors HOLI Hormone recep PF00104
Helicase and RNase D C-terminal HRDC HRDC PF00570
Domain in helicases and associated with SANT domains HSA HSA PF07529
Helix turn_helix, arabinose operon control protein HTH ARAC |HTH AraC PF00165
Helix_turn_helix, Arsenical Resistance Operon Repressor HTH_ARSR HTH 5 PF01022
Helix_turn_helix ASNC type HTH_ASNC AsnC trans_reg PF01037
Helix_turn_helix, Deoxyribose operon repressor HTH DEOR  |DeoR PF00455
Helix-turn-helix diphteria tox regulatory element HTH DTXR  |Fe dep_repress PF01325
Helix turn_helix gluconate operon transcriptional repressor HTH GNTR  |GntR PF00392
Helix turn helix lactose operon repressor HTH LACI Lacl PF00356
Helix_turn_helix multiple antibiotic resistance protein HTH MARR |[MarR PF01047
Helix_turn_helix, mercury resistance HTH MERR |MerR PF00376
Helix-turn-helix XRE-family like proteins HTH XRE HTH 3 PF01381
Intron encoded nuclease repeat motif IENRI1 NUMODI1 PF07453
Intron-encoded nuclease repeat 2 IENR2 NUMOD3 PF07460
Interferon regulatory factor IRF IRF PF00605
A domain family that is part of the cupin metalloenzyme JmiC JmiC PF02373

superfamily




Description SMART name |Pfam name Pfam ID
?gflgisdomain found in the jumonji family of transcription JmiN JmiN PF02375
KOW (Kyprides, Ouzounis, Woese) motif KOw KOw PF00467
In nuclear membrane-associated proteins LEM LEM PF03020
Ligase N family LIGANc DNA ligase aden PF01653
Domain in DAP-5, e[F4G, MA-3 and other proteins MA3 MA3 PF02847
MADS MADS SRF-TF PF00319
Methyl-CpG binding domain MBD MBD PF01429
Minichromosome maintenance proteins MCM MCM PF00493
ATPase domain of DNA mismatch repair MUTS family MUTSac MutS V PF00488
NEUZ NEUZ Neuralized PF07177
Orange domain ORANGE Hairy orange PF07527
ParB-like nuclease domain ParB ParBce PF02195
Paired Box domain PAX PAX PF00292
PHD zinc finger PHD PHD PF00628
Short conserved domain in transcriptional regulators Plus3 Plus-3 PF03126
DNA polymerase I1I beta subunit POL3Bc DNA pol3 beta PF00712
DNA polymerase A domain POLACc DNA pol A PF00476
DNA polymerase type-B family POLBc DNA pol B PF00136
DNA polymerase alpha chain like domain POLIITACc PHP PF02811
i fnd o s o b e M0 0 popy s
Found in Pit-Oct-Unc transcription factors POU Pou PF00157
Domain associated with HOX domains POX POX PF07526
PRE C2HC PRE C2HC PRE C2HC PF07530
N-terminal to some SET domains PreSET Pre-SET PF05033
Proline-rich domain in spliceosome associated proteins PSP PSP PF04046
DNA/RNA-binding repeats in PUR-alpha/beta/gamma and in

hypothetical proteins from spirochetes and the Bacteroides- PUR PurA PF04845
Cytophaga-Flexibacter bacteria

Ribonuclease III family RIBOc Ribonuclease 3 PF00636
DNA-directed RNA-polymerase II subunit RPOLA4c RNA pol Rpb4 PF03874
RNA polymerase subunit 8 RPOLS8c RNA pol RpbS§ PF03870
RNA polymerase subunit 9 RPOL9 RNA POL M _15KD |PF02150
RNA polymerase I subunit A N-terminus RPOLA N RNA pol Rpbl 2 PF00623
RNA polymerase subunit CX RPOLCX DNA RNApol 7kD PF03604
RNA polymerases D RPOLD RNA pol A bac PF01000




Description SMART name |Pfam name Pfam ID
RPR RPR DUF618 PF04818
S4 RNA-binding domain S4 S4 PF01479
l:llllrtggl\;es ?g?:i;ﬁﬁiﬁ;hehcal) motif predicted to be involved in SAP SAP PF02037
SET (Su(var)3-9, Enhancer-of-zeste, Trithorax) domain SET SET PF00856
Found in Skp! protein family Skp1 Skp1 PF01466
snRNP Sm proteins Sm LSM PF01423
SPK SPK SPK PF04435
SET and RING finger associated domain SRA YDG SRA PF02182
STE like transcription factors STE STE PF02200
Domain first found in the mice T locus (Brachyury) protein TBOX T-box PF00907
TEA domain TEA TEA PF01285
Transcription initiation factor IIE TFIIE TFIIE alpha PF02002
gﬁglzillslei\?, 1El‘:e():entral regions of transcription elongation factor S-11 TFSOM TFIIS M PF07500
Bacterial DNA topoisomerase I DNA-binding domain TOP1Ac Topoisom_bac PFO1131
Bacterial DNA topoisomeraes I ATP-binding domain TOP1Bc Topoisom_bac PFO01131
DNA Topoisomerase I (eukaryota) TOPEUc Topoisom I PF01028
TOPRIM TOPRIM Toprim PF01751
Xeroderma pigmentosum G I-region XPGI XPG 1 PF00867
Xeroderma pigmentosum G N-region XPGN XPG N PF00752
Z-DNA-binding domain in adenosine deaminases Zalpha z-alpha PF02295
BED zinc finger ZnF BED zf-BED PF02892
C2C2 Zinc finger ZnF _C2C2 TFIIS C PF01096
Zinc finger ZnF C2H2 zf-C2H2 PF00096
Zinc finger ZnF_C2HC zf~CCHC PF00098
Zinc finger ZnF C3H1 zf-CCCH PF00642
C4 zinc finger in nuclear hormone receptors ZnF C4 zf-C4 PF00105
Zinc finger ZnF CHCC zf~CHC2 PF01807
Zinc finger in DBF-like proteins ZnF_DBF zf-DBF PF07535
Zinc finger binding to DNA consensus sequence [AT]GATA[AG] |ZnF GATA GATA PF00320
Plant mutator transposase zinc finger ZnF PMZ SWIM PF04434




Additional file 6. List of Pfam-A domain families suitable for the study of domain integrity. The table contains Pfam-A domain families
present in human, vertebrate and metazoa+fungi Swiss-Prot proteins that have a well-defined, conserved sequence length range and thus proved
to be suitable for the study of domain integrity. The detailed description of the identification of Pfam-A families suitable for the study of the
domain integrity is found in Additional file 1, Part 2.

Human
Pfam ID

PF00001 PF00323 PF00694 PFO1119 PF01549 PF02171 PF02823 PF03487 PF04263 PF05060 PF05997 PF07169 PF08202

PF00005 PF00324 PF00696 PF01120 PF01551 PF02172 PF02824 PF03489 PF04265 PF05063 PF06001 PF07175 PF08204
PF00006 PF00326 PF00698 PFO1121 PF01553 PF02173 PF02825 PF03491 PF04272 PF05064 PF06008 PF07177 PF08210

PF00009 PF00327 PF00704 PF01122 PF01556 PF02174 PF02826 PF03493 PF04275 PF05071 PF06009 PF07189 PF08213
PF00010 PF00328 PF00705 PF01124 PF01557 PF02177 PF02827 PF03494 PF04280 PF05076 PF06010 PF07202 PF08215

PF00013 PF00329 PF00708 PFO1125 PF01562 PF02178 PF02828 PF03501 PF04300 PF05083 PF06012 PF07221 PF08216
PF00014 PF00330 PF00709 PF01126 PF01564 PF02179 PF02836 PF03508 PF04376 PF05089 PF06017 PF07225 PF08221

PF00017 PF00333 PF00711 PF01127 PF01565 PF02180 PF02837 PF03509 PF04377 PF05090 PF06025 PF07260 PF08232
PF00019 PF00334 PF00714 PF01129 PF01566 PF02181 PF02838 PF03511 PF04379 PF05091 PF06026 PF07263 PF08235

PF00021 PF00335 PF00715 PF01130 PF01569 PF02182 PF02840 PF03516 PF04382 PF05093 PF06031 PF07264 PF08240
PF00024 PF00337 PF00717 PFO1131 PF01571 PF02184 PF02841 PF03517 PF04388 PF05104 PF06046 PF07281 PF08241

PF00025 PF00338 PF00719 PF01133 PF01575 PF02185 PF02843 PF03520 PF04389 PF05110 PF06049 PF07286 PF08242
PF00026 PF00339 PF00727 PF01134 PF01582 PF02186 PF02844 PF03521 PF04406 PFO5111 PF06052 PF07292 PF08246

PF00027 PF00341 PF00728 PFO1135 PF01583 PF02187 PF02845 PF03522 PF04408 PF05118 PF06058 PF07297 PF08264
PF00029 PF00342 PF00731 PF01138 PF01585 PF02189 PF02847 PF03523 PF04410 PF05127 PF06060 PF07303 PF08265

PF00030 PF00343 PF00732 PF01140 PF01586 PF02190 PF02852 PF03528 PF04419 PF05131 PF06068 PF07324 PF08266
PF00032 PF00344 PF00733 PF01142 PF01588 PF02191 PF02854 PF03529 PF04420 PF05132 PF06071 PF07334 PF08271

PF00033 PF00346 PF00735 PF01144 PF01590 PF02192 PF02862 PF03530 PF04421 PF05147 PF06079 PF07347 PF08279
PF00034 PF00347 PF00736 PF01146 PF01591 PF02194 PF02864 PF03531 PF04423 PF05148 PF06083 PF07353 PF08285

PF00037 PF00348 PF00743 PF01148 PF01592 PF02196 PF02865 PF03533 PF04427 PF05153 PF06087 PF07354 PF08288
PF00038 PF00349 PF00748 PF01150 PF01596 PF02197 PF02866 PF03535 PF04433 PF05158 PF06105 PF07359 PF08292

PF00039 PF00350 PF00749 PFO1151 PF01597 PF02198 PF02867 PF03540 PF04434 PF05160 PF06119 PF07400 PF08295
PF00040 PF00351 PF00750 PF01153 PF01598 PF02199 PF02870 PF03542 PF04437 PF05162 PF06121 PF07406 PF08311

PF00042 PF00352 PF00751 PF01154 PF01599 PF02201 PF02872 PF03546 PF04438 PF05181 PF06140 PF07412 PF08313




PF00044 PF00354 PF00752 PFO1157 PF01602 PF02202 PF02874 PF03547 PF04440 PF05184 PF06148 PF07421 PF08318
PF00045 PF00355 PF00753 PFO1158 PF01603 PF02204 PF02875 PF03556 PF04442 PF05185 PF06179 PF07443 PF08321
PF00046 PF00357 PF00755 PFO1159 PF01608 PF02205 PF02877 PF03561 PF04487 PF05186 PF06189 PF07448 PF08324
PF00048 PF00361 PF00756 PF01160 PF01619 PF02207 PF02879 PF03567 PF04488 PF05187 PF06201 PF07452 PF08326
PF00049 PF00362 PF00757 PFO1161 PF01624 PF02208 PF02880 PF03568 PF04494 PF05188 PF06202 PF07458 PF08327
PF00050 PF00363 PF00758 PF01162 PF01625 PF02209 PF02881 PF03571 PF04495 PF05189 PF06209 PF07469 PF08332
PF00051 PF00364 PF00762 PF01163 PF01630 PF02212 PF02882 PF03572 PF04503 PF05190 PF06211 PF07474 PF08333
PF00052 PF00365 PF00763 PF01166 PF01633 PF02213 PF02883 PF03577 PF04505 PF05191 PF06212 PF07479 PF08336
PF00054 PF00366 PF00764 PFO1167 PF01642 PF02214 PF02885 PF03587 PF04511 PF05193 PF06214 PF07496 PF08337
PF00055 PF00368 PF00766 PF01168 PF01652 PF02218 PF02887 PF03600 PF04515 PF05195 PF06218 PF07500 PF08344
PF00056 PF00370 PF00769 PF01170 PF01655 PF02219 PF02888 PF03604 PF04538 PF05196 PF06220 PF07502 PF08351
PF00058 PF00375 PF00773 PFO1172 PF01661 PF02221 PF02889 PF03607 PF04547 PF05199 PF06221 PF07521 PF08357
PF00060 PF00377 PF00774 PFO1175 PF01663 PF02223 PF02891 PF03615 PF04548 PF05207 PF06229 PF07522 PF08365
PF00062 PF00378 PF00777 PF01176 PF01667 PF02225 PF02892 PF03619 PF04549 PF05208 PF06237 PF07524 PF08368
PF00066 PF00380 PF00778 PF01179 PF01669 PF02229 PF02893 PF03623 PF04553 PF05222 PF06248 PF07525 PF08373
PF00068 PF00382 PF00779 PF01180 PF01687 PF02230 PF02897 PF03630 PF04557 PF05236 PF06268 PF07527 PF08374
PF00072 PF00383 PF00780 PF01182 PF01694 PF02233 PF02898 PF03635 PF04558 PF05237 PF06292 PF07528 PF08375
PF00074 PF00384 PF00781 PF01186 PF01699 PF02234 PF02902 PF03637 PF04560 PF05240 PF06294 PF07529 PF08377
PF00075 PF00385 PF00782 PF01187 PF01702 PF02237 PF02910 PF03643 PF04561 PF05241 PF06297 PF07531 PF08383
PF00077 PF00386 PF00784 PFO01189 PF01704 PF02238 PF02911 PF03645 PF04565 PF05250 PF06309 PF07533 PF08384
PF00080 PF00387 PF00786 PF01191 PF01709 PF02244 PF02913 PF03647 PF04566 PF05251 PF06311 PF07539 PF08385
PF00081 PF00388 PF00787 PF01192 PF01712 PF02245 PF02919 PF03651 PF04567 PF05253 PF06312 PF07540 PF08389
PF00082 PF00390 PF00789 PF01194 PF01713 PF02251 PF02920 PF03660 PF04568 PF05254 PF06320 PF07541 PF08390
PF00083 PF00393 PF00790 PF01198 PF01715 PF02252 PF02921 PF03661 PF04571 PF05255 PF06327 PF07542 PF08391
PF00084 PF00394 PF00791 PF01199 PF01722 PF02257 PF02922 PF03665 PF04572 PF05276 PF06328 PF07545 PF08393
PF00085 PF00396 PF00792 PF01200 PF01725 PF02259 PF02928 PF03666 PF04573 PF05279 PF06331 PF07546 PF08397
PF00088 PF00397 PF00794 PF01201 PF01729 PF02260 PF02931 PF03669 PF04579 PF05281 PF06333 PF07562 PF08399
PF00090 PF00398 PF00795 PF01202 PF01731 PF02262 PF02932 PF03670 PF04587 PF05282 PF06337 PF07565 PF08403
PF00091 PF00401 PF00797 PF01204 PF01733 PF02267 PF02933 PF03671 PF04588 PF05283 PF06345 PF07569 PF08412
PF00092 PF00402 PF00801 PF01207 PF01734 PF02268 PF02934 PF03676 PF04589 PF05287 PF06350 PF07571 PF08418
PF00093 PF00403 PF00804 PF01208 PF01735 PF02269 PF02935 PF03690 PF04592 PF05291 PF06365 PF07576 PF08420
PF00094 PF00405 PF00805 PF01210 PF01740 PF02270 PF02936 PF03694 PF04593 PF05292 PF06367 PF07593 PF08423




PF00095 PF00408 PF00806 PF01213 PF01743 PF02271 PF02937 PF03700 PF04597 PF05296 PF06372 PF07647 PF08424
PF00096 PF00410 PF00808 PF01214 PF01747 PF02272 PF02939 PF03712 PF04598 PF05300 PF06373 PF07648 PF08429
PF00098 PF00411 PF00809 PF01215 PF01749 PF02274 PF02946 PF03715 PF04614 PF05303 PF06374 PF07649 PF08430
PF00105 PF00412 PF00810 PF01216 PF01751 PF02275 PF02947 PF03719 PF04615 PF05324 PF06375 PF07650 PF08433
PF00106 PF00414 PF00812 PF01217 PF01753 PF02284 PF02953 PF03720 PF04617 PF05326 PF06384 PF07651 PF08441
PF00107 PF00416 PF00814 PF01218 PF01754 PF02285 PF02961 PF03721 PF04621 PF05328 PF06387 PF07657 PF08442
PF00108 PF00418 PF00817 PF01221 PF01756 PF02290 PF02965 PF03725 PF04627 PF05337 PF06391 PF07662 PF08447
PF00109 PF00420 PF00821 PF01222 PF01758 PF02291 PF02966 PF03726 PF04628 PF05347 PF06393 PF07670 PF08449
PF0O0111 PF00428 PF00822 PF01223 PF01759 PF02296 PF02969 PF03727 PF04629 PF05349 PF06396 PF07677 PF08450
PF00112 PF00433 PF00826 PF01227 PF01762 PF02301 PF02970 PF03730 PF04636 PF05350 PF06399 PF07678 PF08451
PF00113 PF00436 PF00827 PF01229 PF01765 PF02310 PF02971 PF03731 PF04641 PF05351 PF06400 PF07684 PF08454
PF0O0115 PF00439 PF00828 PF01230 PF01770 PF02312 PF02978 PF03735 PF04643 PF05355 PF06401 PF07687 PF08466
PF00116 PF00441 PF00831 PF01231 PF01773 PF02318 PF02984 PF03736 PF04644 PF05361 PF06418 PF07699 PF08473
PF00117 PF00444 PF00832 PF01233 PF01775 PF02319 PF02985 PF03747 PF04652 PF05362 PF06419 PF07700 PF08474
PF0O0118 PF00445 PF00833 PF01234 PF01776 PF02320 PF02990 PF03758 PF04658 PF05365 PF06424 PF07701 PF08477
PF00119 PF00446 PF00834 PF01237 PF01777 PF02330 PF02991 PF03764 PF04664 PF05366 PF06427 PF07703 PF08487
PF00120 PF00447 PF00835 PF01238 PF01778 PF02337 PF02996 PF03765 PF04667 PF05378 PF06428 PF07706 PF08490
PF00121 PF00448 PF00836 PF01239 PF01779 PF02338 PF03002 PF03770 PF04675 PF05383 PF06432 PF07710 PF08491
PF00123 PF00450 PF00837 PF01242 PF01780 PF02344 PF03006 PF03781 PF04679 PF05386 PF06441 PF07711 PF08492
PF00125 PF00452 PF00838 PF01243 PF01781 PF02345 PF03009 PF03792 PF04680 PF05392 PF06444 PF07716 PF08499
PF00129 PF00454 PF00839 PF01244 PF01784 PF02347 PF03016 PF03798 PF04683 PF05395 PF06446 PF07717 PF08504
PF00130 PF00458 PF00850 PF01245 PF01791 PF02348 PF03020 PF03803 PF04691 PF05399 PF06448 PF07718 PF08506
PF00131 PF00459 PF00852 PF01246 PF01794 PF02350 PF03024 PF03807 PF04692 PF05404 PF06455 PF07719 PF08510
PF00132 PF00462 PF00853 PF01247 PF01798 PF02351 PF03028 PF03810 PF04695 PF05405 PF06456 PF07722 PF08513
PF00133 PF00464 PF00855 PF01248 PF01799 PF02354 PF03029 PF03813 PF04696 PF05406 PF06459 PF07723 PF08514
PF00135 PF00466 PF00856 PF01249 PF01803 PF02359 PF03031 PF03815 PF04697 PF05422 PF06461 PF07724 PF08515
PF00136 PF00467 PF00858 PF01251 PF01805 PF02366 PF03034 PF03820 PF04698 PF05427 PF06462 PF07731 PF08516
PF00137 PF00468 PF00860 PF01253 PF01808 PF02372 PF03036 PF03821 PF04699 PF05428 PF06463 PF07732 PF08517
PF00143 PF00472 PF00861 PF01254 PF01812 PF02373 PF03039 PF03823 PF04704 PF05434 PF06464 PF07738 PF08518
PF00144 PF00473 PF00864 PF01255 PF01813 PF02374 PF03045 PF03826 PF04706 PF05438 PF06465 PF07741 PF08519
PF00145 PF00474 PF00865 PF01257 PF01821 PF02375 PF03051 PF03827 PF04707 PF05439 PF06466 PF07742 PF08523
PF00146 PF00476 PF00867 PF01259 PF01822 PF02376 PF03054 PF03828 PF04709 PF05450 PF06467 PF07743 PF08526




PF00149 PF00479 PF00868 PF01262 PF01823 PF02377 PF03055 PF03832 PF04710 PF05454 PF06468 PF07744 PF08527
PF00151 PF00480 PF00870 PF01263 PF01826 PF02383 PF03056 PF03834 PF04711 PF05456 PF06469 PF07748 PF08534
PF00152 PF00481 PF00879 PF01265 PF01833 PF02389 PF03061 PF03835 PF04716 PF05458 PF06470 PF07749 PF08540
PF00153 PF00485 PF00883 PF01267 PF01834 PF02390 PF03062 PF03836 PF04718 PF05460 PF06472 PF07763 PF08542
PF00155 PF00487 PF00884 PF01268 PF01835 PF02391 PF03068 PF03847 PF04719 PF05461 PF06479 PF07766 PF08544
PF00156 PF00488 PF00886 PF01269 PF01839 PF02394 PF03073 PF03849 PF04724 PF05463 PF06480 PF07767
PF00157 PF00489 PF00887 PF01271 PF01840 PF02403 PF03074 PF03850 PF04727 PF05466 PF06482 PF07776
PF00159 PF00490 PF00889 PF01273 PF01841 PF02404 PF03081 PF03868 PF04731 PF05470 PF06487 PF07778
PF00160 PF00491 PF00890 PF01275 PF01842 PF02412 PF03088 PF03870 PF04732 PF05474 PF06512 PF07782
PF00162 PF00493 PF00891 PF01279 PF01843 PF02423 PF03089 PF03871 PF04733 PF05477 PF06524 PF07807
PF00163 PF00494 PF00895 PF01280 PF01846 PF02434 PF03091 PF03874 PF04739 PF05478 PF06534 PF07808
PF00166 PF00498 PF00896 PF01281 PF01847 PF02436 PF03095 PF03875 PF04749 PF05483 PF06535 PF07810
PF00169 PF00499 PF00899 PF01282 PF01852 PF02437 PF03096 PF03876 PF04750 PF05485 PF06540 PF07815
PF00171 PF00503 PF00900 PF01283 PF01853 PF02441 PF03097 PF03896 PF04756 PF05486 PF06544 PF07830
PF00173 PF00507 PF00903 PF01284 PF01857 PF02450 PF03099 PF03900 PF04757 PF05493 PF06546 PF07831
PF00174 PF00510 PF00904 PF01285 PF01858 PF02453 PF03102 PF03901 PF04758 PF05495 PF06553 PF07834
PF00175 PF00520 PF00907 PF01286 PF01868 PF02460 PF03104 PF03908 PF04762 PF05499 PF06554 PF07837
PF00177 PF00521 PF00909 PF01287 PF01869 PF02466 PF03109 PF03909 PF04768 PF05502 PF06566 PF07842
PF00178 PF00525 PF00916 PF01290 PF01871 PF02469 PF03114 PF03911 PF04774 PF05507 PF06567 PF07847
PF00179 PF00530 PF00917 PF01291 PF01873 PF02485 PF03127 PF03914 PF04775 PF05510 PF06573 PF07850
PF00180 PF00531 PF00918 PF01294 PF01875 PF02487 PF03128 PF03919 PF04777 PF05511 PF06581 PF07859
PF00181 PF00534 PF00919 PF01299 PF01876 PF02493 PF03129 PF03920 PF04790 PF05517 PF06583 PF07883
PF00184 PF00538 PF00923 PF01302 PF01896 PF02494 PF03131 PF03921 PF04795 PF05529 PF06588 PF07884
PF00185 PF00542 PF00928 PF01315 PF01900 PF02513 PF03133 PF03931 PF04799 PF05557 PF06602 PF07885
PF00186 PF00549 PF00929 PF01323 PF01907 PF02515 PF03134 PF03932 PF04800 PF05571 PF06607 PF07894
PF00188 PF00550 PF00930 PF01327 PF01909 PF02516 PF03143 PF03939 PF04801 PF05572 PF06608 PF07904
PF00189 PF00551 PF00931 PF01329 PF01912 PF02517 PF03144 PF03941 PF04803 PF05577 PF06614 PF07912
PF00191 PF00552 PF00935 PF01331 PF01916 PF02525 PF03145 PF03943 PF04810 PF05586 PF06617 PF07915
PF00193 PF00554 PF00939 PF01335 PF01918 PF02535 PF03146 PF03946 PF04811 PF05587 PF06621 PF07923
PF00194 PF00557 PF00940 PF01336 PF01922 PF02536 PF03148 PF03947 PF04812 PF05600 PF06623 PF07926
PF00198 PF00560 PF00941 PF01342 PF01923 PF02538 PF03149 PF03949 PF04813 PF05604 PF06625 PF07928
PF00199 PF00562 PF00953 PF01347 PF01926 PF02544 PF03151 PF03950 PF04814 PF05622 PF06631 PF07933




PF00201 PF00564 PF00955 PF01351 PF01928 PF02545 PF03152 PF03952 PF04815 PF05640 PF06632 PF07934
PF00202 PF00566 PF00956 PF01354 PF01929 PF02567 PF03153 PF03953 PF04818 PF05641 PF06637 PF07941
PF00203 PF00568 PF00957 PF01363 PF01937 PF02574 PF03155 PF03954 PF04819 PF05645 PF06638 PF07942
PF00204 PF00569 PF00958 PF01365 PF01938 PF02578 PF03159 PF03957 PF04821 PF05648 PF06645 PF07959
PF00205 PF00570 PF00962 PF01369 PF01963 PF02580 PF03160 PF03966 PF04822 PF05649 PF06650 PF07965
PF00206 PF00571 PF00965 PF01379 PF01965 PF02585 PF03165 PF03981 PF04824 PF05652 PF06657 PF07966
PF00207 PF00572 PF00969 PF01380 PF01966 PF02594 PF03166 PF03991 PF04825 PF05653 PF06662 PF07967
PF00208 PF00573 PF00970 PF01381 PF01967 PF02597 PF03167 PF03992 PF04831 PF05669 PF06663 PF07970
PF00209 PF00574 PF00975 PF01387 PF01968 PF02602 PF03171 PF03997 PF04836 PF05670 PF06668 PF07973
PF00210 PF00575 PF00976 PF01388 PF01974 PF02607 PF03172 PF03998 PF04840 PF05676 PF06677 PF07974
PF00211 PF00576 PF00984 PF01390 PF01979 PF02617 PF03177 PF04003 PF04841 PF05679 PF06699 PF07975
PF00212 PF00578 PF00988 PF01392 PF01981 PF02628 PF03178 PF04006 PF04845 PF05680 PF06701 PF07978
PF00213 PF00579 PF00992 PF01393 PF01984 PF02629 PF03179 PF04031 PF04847 PF05682 PF06702 PF07985
PF00214 PF00581 PF00993 PF01394 PF01990 PF02630 PF03184 PF04032 PF04855 PF05693 PF06703 PF07986
PF00215 PF00584 PF00994 PF01396 PF01991 PF02637 PF03185 PF04037 PF04856 PF05694 PF06726 PF07988
PF00217 PF00586 PF00996 PF01398 PF01992 PF02666 PF03188 PF04042 PF04858 PF05699 PF06728 PF07989
PF00219 PF00587 PF00997 PF01399 PF01997 PF02668 PF03194 PF04044 PF04868 PF05700 PF06729 PF08005
PF00220 PF00590 PF00999 PF01400 PF02002 PF02671 PF03199 PF04045 PF04869 PF05706 PF06732 PF08016
PF00221 PF00591 PF01000 PF01401 PF02005 PF02678 PF03200 PF04046 PF04871 PF05712 PF06733 PF08022
PF00224 PF00594 PF01007 PF01403 PF02008 PF02686 PF03208 PF04047 PF04874 PF05715 PF06741 PF08030
PF00225 PF00596 PF01008 PF01404 PF02012 PF02709 PF03215 PF04049 PF04882 PF05719 PF06743 PF08033
PF00227 PF00605 PF01012 PF01408 PF02014 PF02724 PF03223 PF04050 PF04886 PF05721 PF06747 PF08035
PF00229 PF00607 PF01015 PF01409 PF02017 PF02727 PF03224 PF04051 PF04900 PF05724 PF06752 PF08038
PF00230 PF00609 PF01016 PF01410 PF02019 PF02728 PF03226 PF04053 PF04901 PF05726 PF06773 PF08039
PF00231 PF00610 PF01017 PF01411 PF02020 PF02729 PF03227 PF04055 PF04902 PF05729 PF06775 PF08040
PF00232 PF00611 PF01018 PF01412 PF02022 PF02731 PF03232 PF04056 PF04904 PF05731 PF06777 PF08059
PF00233 PF00612 PF01020 PF01413 PF02025 PF02732 PF03234 PF04057 PF04905 PF05735 PF06783 PF08060
PF00235 PF00613 PF01023 PF01414 PF02026 PF02735 PF03247 PF04062 PF04908 PF05739 PF06784 PF08061
PF00236 PF00614 PF01025 PF01415 PF02036 PF02736 PF03248 PF04065 PF04909 PF05741 PF06807 PF08062
PF00237 PF00616 PF01026 PF01416 PF02037 PF02737 PF03250 PF04068 PF04910 PF05743 PF06809 PF08063
PF00238 PF00617 PF01027 PF01417 PF02038 PF02738 PF03253 PF04072 PF04912 PF05746 PF06814 PF08064
PF00241 PF00618 PF01028 PF01419 PF02039 PF02740 PF03256 PF04081 PF04921 PF05753 PF06816 PF08065




PF00243 PF00619 PF01030 PF01421 PF02044 PF02743 PF03259 PF04083 PF04923 PF05756 PF06817 PF08066
PF00244 PF00620 PF01031 PF01422 PF02046 PF02744 PF03261 PF04084 PF04926 PF05760 PF06818 PF08067
PF00245 PF00621 PF01033 PF01424 PF02055 PF02747 PF03265 PF04086 PF04928 PF05761 PF06821 PF08068
PF00246 PF00622 PF01035 PF01425 PF02057 PF02749 PF03266 PF04088 PF04934 PF05764 PF06825 PF08069
PF00248 PF00623 PF01039 PF01426 PF02058 PF02750 PF03271 PF04089 PF04935 PF05773 PF06828 PF08070
PF00249 PF00627 PF01040 PF01428 PF02059 PF02751 PF03285 PF04091 PF04938 PF05778 PF06831 PF08071
PF00250 PF00629 PF01042 PF01429 PF02064 PF02752 PF03297 PF04095 PF04939 PF05781 PF06839 PF08072
PF00253 PF00631 PF01048 PF01431 PF02070 PF02755 PF03298 PF04096 PF04950 PF05782 PF06858 PF08073
PF00255 PF00632 PF01053 PF01432 PF02071 PF02757 PF03299 PF04097 PF04952 PF05783 PF06870 PF08074
PF00256 PF00633 PF01055 PF01434 PF02072 PF02758 PF03301 PF04098 PF04959 PF05786 PF06875 PF08075
PF00258 PF00634 PF01056 PF01435 PF02077 PF02759 PF03308 PF04099 PF04960 PF05790 PF06881 PF08079
PF00260 PF00635 PF01058 PF01436 PF02078 PF02760 PF03311 PF04103 PF04961 PF05793 PF06883 PF08080
PF00261 PF00636 PF01059 PF01437 PF02079 PF02761 PF03321 PF04104 PF04968 PF05804 PF06886 PF08081
PF00262 PF00637 PF01061 PF01448 PF02083 PF02762 PF03332 PF04111 PF04969 PF05805 PF06905 PF08082
PF00264 PF00638 PF01062 PF01451 PF02089 PF02765 PF03345 PF04113 PF04970 PF05806 PF06907 PF08083
PF00265 PF00639 PF01063 PF01459 PF02093 PF02769 PF03351 PF04114 PF04979 PF05817 PF06910 PF08084
PF00266 PF00642 PF01064 PF01462 PF02096 PF02770 PF03357 PF04117 PF04983 PF05821 PF06916 PF08122
PF00268 PF00643 PF01066 PF01463 PF02099 PF02771 PF03359 PF04118 PF04988 PF05822 PF06920 PF08123
PF00273 PF00644 PF01067 PF01464 PF02100 PF02775 PF03360 PF04121 PF04990 PF05824 PF06936 PF08127
PF00274 PF00645 PF01068 PF01465 PF02101 PF02776 PF03366 PF04124 PF04992 PF05825 PF06937 PF08142
PF00276 PF00646 PF01070 PF01466 PF02104 PF02777 PF03367 PF04127 PF04997 PF05826 PF06941 PF08143
PF00277 PF00647 PF01071 PF01467 PF02106 PF02779 PF03368 PF04128 PF05000 PF05827 PF06951 PF08144
PF00278 PF00648 PF01073 PF01469 PF02109 PF02780 PF03370 PF04130 PF05001 PF05832 PF06954 PF08145
PF00281 PF00653 PF01074 PF01470 PF02114 PF02781 PF03372 PF04132 PF05002 PF05835 PF06957 PF08146
PF00285 PF00654 PF01079 PF01472 PF02115 PF02782 PF03378 PF04133 PF05004 PF05843 PF06959 PF08147
PF00287 PF00656 PF01080 PF01477 PF02121 PF02784 PF03388 PF04135 PF05005 PF05856 PF06963 PF08148
PF00288 PF00657 PF01082 PF01479 PF02126 PF02785 PF03398 PF04136 PF05008 PF05863 PF06978 PF08149
PF00289 PF00658 PF01084 PF01480 PF02127 PF02786 PF03399 PF04137 PF05010 PF05871 PF06984 PF08150
PF00291 PF00659 PF01085 PF01483 PF02130 PF02787 PF03402 PF04140 PF05014 PF05873 PF06990 PF08151
PF00292 PF00662 PF01086 PF01485 PF02134 PF02789 PF03403 PF04142 PF05019 PF05875 PF06991 PF08152
PF00293 PF00665 PF01087 PF01490 PF02135 PF02790 PF03404 PF04144 PF05020 PF05881 PF07001 PF08153
PF00294 PF00666 PF01088 PF01491 PF02136 PF02791 PF03414 PF04145 PF05021 PF05889 PF07002 PF08154




PF00297 PF00667 PF01090 PF01496 PF02137 PF02792 PF03446 PF04146 PF05022 PF05890 PF07010 PF08155
PF00298 PF00670 PF01091 PF01501 PF02138 PF02793 PF03450 PF04147 PF05024 PF05902 PF07019 PF08156
PF00300 PF00673 PF01092 PF01504 PF02140 PF02798 PF03451 PF04152 PF05026 PF05903 PF07034 PF08157
PF00303 PF00675 PF01093 PF01505 PF02141 PF02799 PF03453 PF04153 PF05028 PF05918 PF07035 PF08159
PF00305 PF00676 PF01096 PF01509 PF02142 PF02800 PF03454 PF04157 PF05029 PF05922 PF07047 PF08160
PF00306 PF00679 PF01099 PF01510 PF02145 PF02801 PF03455 PF04177 PF05030 PF05923 PF07074 PF08161
PF00307 PF00682 PF01101 PFO1512 PF02146 PF02803 PF03456 PF04191 PF05033 PF05924 PF07084 PF08162
PF00310 PF00683 PF01103 PF01513 PF02148 PF02806 PF03462 PF04192 PF05038 PF05937 PF07093 PF08163
PF00312 PF00684 PF01105 PF01529 PF02149 PF02807 PF03463 PF04193 PF05039 PF05956 PFO7111 PF08164
PF00313 PF00685 PF01106 PF01530 PF02150 PF02809 PF03464 PF04194 PF05040 PF05964 PF07140 PF08165
PF00316 PF00686 PF01109 PF01531 PF02157 PF02812 PF03465 PF04201 PF05041 PF05965 PF07142 PF08168
PF00317 PF00687 PFO1110 PF01532 PF02159 PF02815 PF03467 PF04209 PF05044 PF05967 PF07145 PF08169
PF00318 PF00688 PFO1111 PF01534 PF02161 PF02816 PF03477 PF04212 PF05046 PF05972 PF07147 PF08170
PF00319 PF00689 PFO1112 PF01535 PF02165 PF02817 PF03483 PF04218 PF05047 PF05978 PF07156 PF08180
PF00320 PF00690 PFO1114 PF01536 PF02167 PF02820 PF03484 PF04253 PF05051 PF05983 PF07159 PF08185
PF00322 PF00692 PFO1115 PF01545 PF02170 PF02822 PF03485 PF04258 PF05053 PF05995 PF07163 PF08198




Vertebrate

Pfam ID

PF00005 PF00342 PF00753 PFO1162 PF01633 PF02229 PF02910 PF03630 PF04548 PF05240 PF06248 PF07524 PF08327
PF00006 PF00343 PF00755 PFO1163 PF01642 PF02230 PF02911 PF03635 PF04549 PF05241 PF06268 PF07525 PF08332
PF00009 PF00344 PF00756 PF01166 PF01652 PF02233 PF02913 PF03637 PF04553 PF05242 PF06292 PF07527 PF08333
PF00010 PF00346 PF00758 PFO1167 PF01655 PF02234 PF02919 PF03643 PF04557 PF05250 PF06294 PF07528 PF08336
PF00013 PF00347 PF00762 PFO01168 PF01661 PF02237 PF02920 PF03645 PF04558 PF05251 PF06297 PF07529 PF08337
PF00014 PF00348 PF00763 PFO1169 PF01663 PF02238 PF02921 PF03647 PF04560 PF05253 PF06309 PF07531 PF08344
PF00017 PF00349 PF00764 PF01170 PF01667 PF02244 PF02922 PF03651 PF04561 PF05254 PF06311 PF07533 PF08351
PF00019 PF00350 PF00766 PF01172 PF01669 PF02245 PF02928 PF03660 PF04565 PF05255 PF06312 PF07539 PF08357
PF00024 PF00351 PF00769 PFO01175 PF01687 PF02251 PF02931 PF03661 PF04566 PF05276 PF06320 PF07540 PF08365
PF00025 PF00352 PF00773 PF01176 PF01694 PF02252 PF02932 PF03665 PF04567 PF05279 PF06327 PF07541 PF08368
PF00026 PF00354 PF00774 PFO1179 PF01699 PF02257 PF02933 PF03666 PF04568 PF05281 PF06328 PF07542 PF08373
PF00027 PF00355 PF00777 PF01180 PF01702 PF02259 PF02934 PF03669 PF04571 PF05282 PF06331 PF07545 PF08374
PF00029 PF00357 PF00778 PF01182 PF01704 PF02260 PF02935 PF03670 PF04572 PF05283 PF06333 PF07546 PF08375
PF00030 PF00362 PF00779 PF01187 PF01709 PF02262 PF02936 PF03671 PF04573 PF05287 PF06337 PF07562 PF08377
PF00032 PF00364 PF00780 PFO1189 PF01712 PF02267 PF02937 PF03676 PF04579 PF05291 PF06345 PF07565 PF08383
PF00034 PF00365 PF00781 PF01191 PFO1713 PF02268 PF02939 PF03690 PF04587 PF05292 PF06350 PF07569 PF08384
PF00037 PF00366 PF00782 PF01192 PF01715 PF02269 PF02946 PF03694 PF04588 PF05296 PF06365 PF07571 PF08385
PF00039 PF00368 PF00784 PF01194 PF01722 PF02270 PF02947 PF03700 PF04589 PF05298 PF06367 PF07576 PF08389
PF00040 PF00370 PF00786 PF01198 PF01725 PF02271 PF02948 PF03712 PF04592 PF05300 PF06372 PF07593 PF08390
PF00044 PF00375 PF00787 PF01199 PF01729 PF02272 PF02953 PF03715 PF04593 PF05303 PF06373 PF07646 PF08393
PF00045 PF00377 PF00789 PF01200 PF01731 PF02274 PF02961 PF03719 PF04597 PF05324 PF06374 PF07647 PF08397
PF00046 PF00378 PF00790 PF01201 PF01733 PF02275 PF02965 PF03720 PF04598 PF05326 PF06375 PF07649 PF08399
PF00048 PF00382 PF00791 PF01202 PF01734 PF02284 PF02966 PF03721 PF04614 PF05328 PF06384 PF07650 PF08403
PF00050 PF00383 PF00792 PF01204 PF01735 PF02285 PF02969 PF03725 PF04615 PF05337 PF06387 PF07651 PF08412
PF00051 PF00384 PF00795 PF01207 PF01740 PF02290 PF02970 PF03726 PF04617 PF05347 PF06391 PF07657 PF08416
PF00052 PF00385 PF00797 PF01208 PF01743 PF02291 PF02971 PF03727 PF04621 PF05349 PF06393 PF07662 PF08418
PF00054 PF00386 PF00801 PF01210 PF01747 PF02296 PF02978 PF03730 PF04627 PF05350 PF06396 PF07670 PF08420
PF00055 PF00388 PF00804 PF01213 PF01749 PF02301 PF02984 PF03731 PF04628 PF05351 PF06399 PF07677 PF08423
PF00056 PF00390 PF00806 PF01214 PF01751 PF02310 PF02985 PF03735 PF04629 PF05355 PF06400 PF07678 PF08424




PF00058 PF00393 PF00808 PF01215 PF01753 PF02312 PF02990 PF03736 PF04636 PF05362 PF06401 PF07684 PF08429
PF00060 PF00394 PF00809 PF01216 PF01754 PF02318 PF02991 PF03747 PF04641 PF05365 PF06403 PF07687 PF08430
PF00062 PF00396 PF00810 PF01217 PF01756 PF02319 PF02994 PF03758 PF04643 PF05366 PF06418 PF07699 PF08433
PF00066 PF00397 PF00811 PF01218 PF01758 PF02320 PF02996 PF03762 PF04652 PF05378 PF06419 PF07701 PF08434
PF00068 PF00398 PF00812 PF01221 PF01759 PF02330 PF03002 PF03764 PF04658 PF05383 PF06424 PF07703 PF08441
PF00072 PF00401 PF00814 PF01222 PF01762 PF02337 PF03006 PF03765 PF04664 PF05386 PF06427 PF07706 PF08442
PF00074 PF00402 PF00817 PF01223 PF01765 PF02338 PF03009 PF03770 PF04667 PF05392 PF06428 PF07710 PF08447
PF00075 PF00403 PF00819 PF01227 PF01770 PF02344 PF03016 PF03781 PF04675 PF05395 PF06432 PF07711 PF08449
PF00077 PF00408 PF00821 PF01229 PF01773 PF02345 PF03020 PF03792 PF04679 PF05399 PF06441 PF07716 PF08450
PF00080 PF00410 PF00822 PF01230 PF01775 PF02347 PF03024 PF03798 PF04680 PF05404 PF06446 PF07717 PF08451
PF00081 PF00411 PF00826 PF01231 PF01776 PF02348 PF03028 PF03803 PF04683 PF05405 PF06448 PF07718 PF08454
PF00083 PF00412 PF00827 PF01233 PF01777 PF02350 PF03029 PF03807 PF04691 PF05406 PF06455 PF07719 PF08466
PF00084 PF00414 PF00828 PF01234 PF01778 PF02351 PF03031 PF03810 PF04692 PF05418 PF06456 PF07720 PF08473
PF00085 PF00416 PF00831 PF01237 PF01779 PF02354 PF03032 PF03813 PF04695 PF05422 PF06459 PF07722 PF08474
PF00087 PF00418 PF00832 PF01238 PF01780 PF02359 PF03034 PF03815 PF04696 PF05427 PF06461 PF07723 PF08477
PF00088 PF00420 PF00833 PF01239 PF01781 PF02366 PF03036 PF03820 PF04697 PF05428 PF06462 PF07724 PF08487
PF00090 PF00428 PF00834 PF01242 PF01783 PF02372 PF03039 PF03821 PF04698 PF05434 PF06463 PF07731 PF08490
PF00091 PF00433 PF00835 PF01243 PF01784 PF02373 PF03045 PF03823 PF04699 PF05438 PF06464 PF07738 PF08491
PF00092 PF00436 PF00836 PF01244 PF01791 PF02374 PF03051 PF03826 PF04704 PF05439 PF06465 PF07741 PF08492
PF00093 PF00439 PF00837 PF01245 PF01794 PF02375 PF03054 PF03827 PF04706 PF05450 PF06466 PF07742 PF08499
PF00094 PF00441 PF00838 PF01246 PF01798 PF02376 PF03055 PF03828 PF04707 PF05454 PF06467 PF07743 PF08504
PF00095 PF00444 PF00839 PF01247 PF01799 PF02377 PF03056 PF03832 PF04709 PF05456 PF06468 PF07744 PF08506
PF00096 PF00445 PF00850 PF01248 PF01803 PF02383 PF03061 PF03834 PF04710 PF05458 PF06469 PF07748 PF08510
PF00098 PF00446 PF00852 PF01249 PF01805 PF02389 PF03062 PF03835 PF04711 PF05460 PF06470 PF07749 PF08513
PF00105 PF00447 PF00853 PF01251 PF01808 PF02390 PF03068 PF03836 PF04716 PF05461 PF06472 PF07763 PF08514
PF00106 PF00448 PF00855 PF01253 PF01812 PF02391 PF03073 PF03847 PF04718 PF05463 PF06479 PF07766 PF08515
PF00107 PF00450 PF00856 PF01254 PF01813 PF02403 PF03074 PF03849 PF04719 PF05466 PF06480 PF07767 PF08516
PF00108 PF00452 PF00858 PF01255 PF01821 PF02404 PF03081 PF03850 PF04724 PF05470 PF06482 PF07776 PF08517
PF00109 PF00454 PF00860 PF01257 PF01822 PF02412 PF03088 PF03868 PF04727 PF05477 PF06487 PF07778 PF08518
PF0O0111 PF00458 PF00861 PF01259 PF01823 PF02422 PF03089 PF03870 PF04731 PF05478 PF06512 PF07782 PF08519
PF0O0112 PF00459 PF00864 PF01262 PF01833 PF02423 PF03091 PF03871 PF04732 PF05483 PF06524 PF07807 PF08523
PF00113 PF00462 PF00865 PF01263 PF01835 PF02434 PF03095 PF03874 PF04733 PF05485 PF06534 PF07808 PF08526




PF0O0115 PF00464 PF00867 PF01265 PF01839 PF02436 PF03096 PF03875 PF04739 PF05486 PF06535 PF07810 PF08527
PF00116 PF00466 PF00868 PF01267 PF01840 PF02437 PF03097 PF03876 PF04749 PF05493 PF06540 PF07815 PF08534
PF00117 PF00467 PF00870 PF01268 PF01841 PF02441 PF03099 PF03896 PF04750 PF05495 PF06544 PF07818 PF08540
PF00118 PF00468 PF00875 PF01269 PF01842 PF02450 PF03102 PF03900 PF04756 PF05499 PF06546 PF07830 PF08542
PF00119 PF00472 PF00879 PF01271 PF01843 PF02453 PF03104 PF03901 PF04757 PF05502 PF06553 PF07831 PF08544
PF00120 PF00473 PF00883 PF01273 PF01846 PF02460 PF03109 PF03908 PF04758 PF05507 PF06554 PF07834
PF00121 PF00474 PF00884 PF01275 PF01847 PF02466 PF03127 PF03909 PF04762 PF05510 PF06566 PF07837
PF00123 PF00476 PF00886 PF01279 PF01852 PF02469 PF03128 PF03911 PF04768 PF05517 PF06567 PF07842
PF00125 PF00479 PF00887 PF01280 PF01853 PF02485 PF03129 PF03914 PF04774 PF05529 PF06573 PF07847
PF00129 PF00480 PF00889 PF01281 PF01857 PF02487 PF03131 PF03919 PF04775 PF05557 PF06581 PF07850
PF00130 PF00481 PF00890 PF01282 PF01858 PF02493 PF03133 PF03920 PF04777 PF05571 PF06583 PF07859
PF00131 PF00485 PF00891 PF01283 PF01868 PF02494 PF03134 PF03921 PF04790 PF05572 PF06588 PF07883
PF00132 PF00487 PF00895 PF01284 PF01869 PF02513 PF03143 PF03931 PF04795 PF05577 PF06602 PF07884
PF00135 PF00488 PF00896 PF01285 PF01871 PF02515 PF03144 PF03932 PF04799 PF05586 PF06608 PF07885
PF00136 PF00489 PF00899 PF01286 PF01873 PF02516 PF03145 PF03939 PF04800 PF05587 PF06614 PF07894
PF00137 PF00490 PF00900 PF01287 PF01875 PF02517 PF03146 PF03940 PF04801 PF05600 PF06621 PF07904
PF00144 PF00491 PF00903 PF01290 PF01876 PF02525 PF03148 PF03941 PF04803 PF05604 PF06623 PF07912
PF00145 PF00493 PF00904 PF01291 PF01896 PF02535 PF03149 PF03943 PF04810 PF05609 PF06625 PF07915
PF00146 PF00494 PF00907 PF01294 PF01900 PF02536 PF03151 PF03946 PF04811 PF05622 PF06631 PF07923
PF00149 PF00498 PF00909 PF01299 PF01907 PF02538 PF03152 PF03947 PF04812 PF05640 PF06632 PF07926
PF00151 PF00499 PF00916 PF01302 PF01909 PF02544 PF03153 PF03949 PF04813 PF05641 PF06637 PF07928
PF00152 PF00503 PF00917 PF01315 PF01912 PF02545 PF03155 PF03950 PF04814 PF05645 PF06638 PF07933
PF00153 PF00507 PF00919 PF01323 PF01916 PF02567 PF03159 PF03952 PF04815 PF05648 PF06645 PF07934
PF00156 PF00510 PF00923 PF01327 PF01918 PF02574 PF03160 PF03953 PF04818 PF05649 PF06650 PF07941
PF00157 PF00521 PF00928 PF01329 PF01922 PF02578 PF03165 PF03954 PF04819 PF05652 PF06657 PF07942
PF00159 PF00525 PF00929 PF01331 PF01923 PF02580 PF03166 PF03957 PF04821 PF05653 PF06662 PF07959
PF00160 PF00531 PF00930 PF01335 PF01926 PF02585 PF03167 PF03966 PF04822 PF05669 PF06663 PF07965
PF00162 PF00534 PF00931 PF01336 PF01928 PF02594 PF03171 PF03981 PF04824 PF05670 PF06668 PF07966
PF00163 PF00538 PF00932 PF01342 PF01929 PF02597 PF03172 PF03991 PF04825 PF05676 PF06677 PF07967
PF00166 PF00542 PF00935 PF01347 PF01937 PF02602 PF03177 PF03992 PF04831 PF05679 PF06699 PF07970
PF00169 PF00549 PF00939 PF01351 PF01938 PF02607 PF03178 PF03997 PF04836 PF05680 PF06701 PF07973
PF00171 PF00550 PF00940 PF01354 PF01958 PF02617 PF03179 PF03998 PF04840 PF05682 PF06702 PF07974




PF00173 PF00551 PF00941 PF01363 PF01963 PF02628 PF03184 PF04003 PF04841 PF05693 PF06703 PF07975
PF00174 PF00552 PF00953 PF01365 PF01965 PF02629 PF03185 PF04006 PF04845 PF05694 PF06726 PF07978
PF00175 PF00554 PF00955 PF01369 PF01966 PF02630 PF03188 PF04030 PF04847 PF05699 PF06728 PF07985
PF00177 PF00557 PF00956 PF01379 PF01967 PF02637 PF03194 PF04031 PF04855 PF05700 PF06729 PF07986
PF00178 PF00560 PF00957 PF01380 PF01968 PF02666 PF03199 PF04032 PF04856 PF05706 PF06732 PF07988
PF00179 PF00562 PF00958 PF01381 PF01974 PF02668 PF03200 PF04037 PF04858 PF05712 PF06733 PF07989
PF00180 PF00564 PF00962 PF01382 PF01979 PF02671 PF03208 PF04042 PF04868 PF05715 PF06741 PF08005
PF00181 PF00566 PF00965 PF01387 PF01981 PF02678 PF03215 PF04044 PF04869 PF05719 PF06743 PF08016
PF00184 PF00568 PF00969 PF01388 PF01984 PF02709 PF03223 PF04045 PF04871 PF05721 PF06747 PF08022
PF00185 PF00569 PF00970 PF01390 PF01990 PF02724 PF03224 PF04046 PF04874 PF05724 PF06752 PF08023
PF00186 PF00570 PF00975 PF01392 PF01991 PF02727 PF03226 PF04047 PF04882 PF05726 PF06753 PF08030
PF00188 PF00571 PF00984 PF01393 PF01992 PF02728 PF03227 PF04049 PF04886 PF05729 PF06773 PF08033
PF00189 PF00572 PF00988 PF01394 PF01997 PF02729 PF03232 PF04050 PF04900 PF05731 PF06775 PF08035
PF00191 PF00573 PF00992 PF01396 PF02002 PF02731 PF03234 PF04051 PF04901 PF05735 PF06777 PF08038
PF00193 PF00574 PF00993 PF01398 PF02005 PF02732 PF03247 PF04053 PF04902 PF05739 PF06783 PF08039
PF00194 PF00575 PF00994 PF01399 PF02008 PF02735 PF03248 PF04055 PF04904 PF05741 PF06784 PF08040
PF00198 PF00576 PF00996 PF01400 PF02012 PF02736 PF03250 PF04056 PF04905 PF05742 PF06807 PF08059
PF00199 PF00578 PF00999 PF01401 PF02014 PF02737 PF03253 PF04057 PF04908 PF05743 PF06809 PF08060
PF00201 PF00579 PF01000 PF01403 PF02017 PF02738 PF03256 PF04062 PF04909 PF05746 PF06814 PF08061
PF00202 PF00581 PF01007 PF01404 PF02019 PF02740 PF03259 PF04065 PF04910 PF05753 PF06816 PF08062
PF00203 PF00583 PF01008 PF01408 PF02020 PF02743 PF03261 PF04068 PF04912 PF05756 PF06817 PF08063
PF00204 PF00584 PF01012 PF01409 PF02022 PF02744 PF03265 PF04072 PF04921 PF05760 PF06818 PF08064
PF00205 PF00586 PF01014 PF01410 PF02025 PF02747 PF03266 PF04081 PF04923 PF05761 PF06821 PF08065
PF00206 PF00587 PF01015 PF01411 PF02026 PF02749 PF03271 PF04083 PF04926 PF05764 PF06825 PF08066
PF00207 PF00590 PF01016 PF01412 PF02036 PF02750 PF03285 PF04084 PF04934 PF05773 PF06828 PF08067
PF00208 PF00591 PF01017 PF01413 PF02037 PF02751 PF03297 PF04086 PF04935 PF05778 PF06831 PF08068
PF00209 PF00594 PF01018 PF01414 PF02039 PF02752 PF03299 PF04088 PF04938 PF05781 PF06839 PF08069
PF00210 PF00596 PF01020 PF01415 PF02044 PF02755 PF03301 PF04089 PF04939 PF05782 PF06858 PF08070
PF00211 PF00605 PF01023 PF01416 PF02046 PF02757 PF03308 PF04091 PF04950 PF05783 PF06870 PF08071
PF00213 PF00609 PF01025 PF01417 PF02055 PF02758 PF03311 PF04095 PF04952 PF05786 PF06875 PF08072
PF00214 PF00610 PF01026 PF01419 PF02057 PF02759 PF03321 PF04096 PF04959 PF05790 PF06881 PF08073
PF00215 PF00611 PF01027 PF01421 PF02058 PF02760 PF03332 PF04097 PF04960 PF05793 PF06886 PF08074




PF00217 PF00612 PF01028 PF01422 PF02059 PF02761 PF03345 PF04098 PF04961 PF05794 PF06905 PF08075
PF00219 PF00613 PF01030 PF01424 PF02064 PF02762 PF03351 PF04099 PF04968 PF05804 PF06907 PF08079
PF00220 PF00614 PF01031 PF01425 PF02071 PF02765 PF03357 PF04103 PF04969 PF05805 PF06910 PF08080
PF00221 PF00616 PF01033 PF01426 PF02077 PF02769 PF03359 PF04104 PF04970 PF05806 PF06916 PF08081
PF00224 PF00617 PF01035 PF01428 PF02078 PF02770 PF03360 PF04111 PF04979 PF05808 PF06920 PF08082
PF00225 PF00618 PF01039 PF01431 PF02079 PF02771 PF03366 PF04113 PF04983 PF05817 PF06936 PF08083
PF00227 PF00620 PF01040 PF01432 PF02083 PF02775 PF03367 PF04114 PF04988 PF05821 PF06937 PF08084
PF00230 PF00621 PF01042 PF01434 PF02089 PF02776 PF03368 PF04117 PF04990 PF05822 PF06941 PF08103
PF00231 PF00623 PF01048 PF01435 PF02093 PF02777 PF03370 PF04118 PF04992 PF05824 PF06951 PF08110
PF00232 PF00626 PF01053 PF01436 PF02096 PF02779 PF03372 PF04121 PF05000 PF05826 PF06954 PF08121
PF00233 PF00627 PF01055 PF01437 PF02099 PF02780 PF03378 PF04124 PF05001 PF05827 PF06957 PF08122
PF00235 PF00629 PF01058 PF01448 PF02100 PF02781 PF03388 PF04127 PF05002 PF05832 PF06959 PF08123
PF00236 PF00631 PF01059 PF01451 PF02101 PF02782 PF03398 PF04128 PF05004 PF05835 PF06963 PF08127
PF00237 PF00632 PF01061 PF01459 PF02104 PF02784 PF03399 PF04130 PF05005 PF05843 PF06970 PF08131
PF00238 PF00635 PF01062 PF01462 PF02106 PF02785 PF03402 PF04132 PF05008 PF05856 PF06978 PF08142
PF00241 PF00636 PF01063 PF01463 PF02109 PF02786 PF03403 PF04133 PF05010 PF05863 PF06984 PF08143
PF00243 PF00637 PF01064 PF01464 PF02114 PF02787 PF03404 PF04135 PF05014 PF05871 PF06990 PF08144
PF00244 PF00638 PF01066 PF01465 PF02115 PF02789 PF03414 PF04136 PF05019 PF05873 PF06991 PF08145
PF00245 PF00639 PF01067 PF01466 PF02121 PF02791 PF03441 PF04137 PF05020 PF05875 PF06994 PF08146
PF00246 PF00642 PF01068 PF01467 PF02126 PF02792 PF03446 PF04140 PF05021 PF05881 PF07001 PF08147
PF00248 PF00643 PF01070 PF01469 PF02127 PF02793 PF03447 PF04142 PF05022 PF05889 PF07002 PF08148
PF00249 PF00644 PF01071 PF01470 PF02130 PF02799 PF03450 PF04144 PF05024 PF05890 PF07010 PF08149
PF00250 PF00645 PF01073 PF01472 PF02134 PF02800 PF03451 PF04145 PF05026 PF05902 PF07019 PF08150
PF00253 PF00646 PF01074 PF01477 PF02135 PF02801 PF03453 PF04146 PF05028 PF05903 PF07034 PFO8151
PF00255 PF00647 PF01079 PF01479 PF02136 PF02803 PF03454 PF04147 PF05029 PF05918 PF07035 PF08152
PF00256 PF00648 PF01080 PF01480 PF02137 PF02806 PF03455 PF04152 PF05030 PF05922 PF07047 PF08153
PF00258 PF00653 PF01082 PF01483 PF02138 PF02807 PF03456 PF04153 PF05033 PF05923 PF07074 PF08154
PF00260 PF00654 PF01084 PF01485 PF02140 PF02809 PF03462 PF04157 PF05038 PF05924 PF07084 PF08155
PF00261 PF00656 PF01085 PF01490 PF02141 PF02812 PF03463 PF04177 PF05039 PF05937 PF07093 PF08156
PF00262 PF00657 PF01086 PF01491 PF02142 PF02815 PF03464 PF04191 PF05040 PF05956 PFO7111 PF08157
PF00264 PF00658 PF01087 PF01496 PF02146 PF02816 PF03465 PF04192 PF05041 PF05964 PF07140 PF08159
PF00265 PF00659 PF01088 PF01501 PF02148 PF02817 PF03467 PF04193 PF05044 PF05965 PF07142 PF08160




PF00266 PF00662 PF01090 PF01504 PF02149 PF02820 PF03477 PF04194 PF05046 PF05967 PF07145 PF08161
PF00268 PF00666 PF01091 PF01505 PF02150 PF02822 PF03483 PF04201 PF05047 PF05972 PF07147 PF08162
PF00271 PF00667 PF01092 PF01509 PF02157 PF02823 PF03484 PF04209 PF05051 PF05978 PF07156 PF08163
PF00273 PF00670 PF01093 PF01510 PF02165 PF02824 PF03485 PF04212 PF05053 PF05983 PF07159 PF08164
PF00274 PF00673 PF01096 PFO1512 PF02167 PF02825 PF03487 PF04218 PF05060 PF05995 PF07163 PF08165
PF00276 PF00675 PF01101 PF01513 PF02170 PF02826 PF03489 PF04253 PF05063 PF05997 PF07169 PF08168
PF00278 PF00676 PF01103 PF01529 PF02171 PF02827 PF03491 PF04258 PF05064 PF06001 PF07175 PF08169
PF00281 PF00679 PF01105 PF01530 PF02172 PF02828 PF03493 PF04263 PF05071 PF06008 PF07177 PF08170
PF00285 PF00682 PF01106 PF01531 PF02173 PF02836 PF03494 PF04265 PF05083 PF06009 PF07189 PF08180
PF00287 PF00683 PF01109 PF01532 PF02174 PF02837 PF03501 PF04272 PF05089 PF06010 PF07202 PF08185
PF00288 PF00684 PFO1110 PF01534 PF02177 PF02838 PF03508 PF04275 PF05090 PF06012 PF07225 PF08188
PF00289 PF00685 PFO1111 PF01536 PF02178 PF02840 PF03509 PF04280 PF05091 PF06017 PF07260 PF08189
PF00291 PF00686 PFO1112 PF01545 PF02179 PF02841 PF03511 PF04300 PF05093 PF06025 PF07263 PF08198
PF00292 PF00687 PFO1114 PF01549 PF02180 PF02843 PF03516 PF04376 PF05104 PF06026 PF07264 PF08202
PF00293 PF00689 PFO1115 PF01551 PF02181 PF02844 PF03517 PF04377 PF05110 PF06031 PF07276 PF08204
PF00294 PF00690 PFO1119 PF01553 PF02182 PF02845 PF03520 PF04379 PFO5111 PF06046 PF07281 PF08210
PF00297 PF00692 PF01120 PF01556 PF02184 PF02847 PF03521 PF04382 PFO5118 PF06049 PF07286 PF08212
PF00298 PF00694 PFO1121 PF01557 PF02185 PF02852 PF03522 PF04388 PF05127 PF06052 PF07292 PF08213
PF00300 PF00696 PF01122 PF01562 PF02186 PF02854 PF03523 PF04389 PF05131 PF06058 PF07297 PF08215
PF00303 PF00698 PF01124 PF01564 PF02187 PF02862 PF03528 PF04406 PF05132 PF06060 PF07303 PF08216
PF00305 PF00704 PFO1125 PF01565 PF02189 PF02864 PF03529 PF04408 PF05147 PF06068 PF07324 PF08221
PF00306 PF00705 PF01126 PF01566 PF02190 PF02865 PF03530 PF04410 PF05148 PF06071 PF07334 PF08225
PF00307 PF00707 PF01127 PF01569 PF02191 PF02866 PF03531 PF04418 PF05153 PF06079 PF07347 PF08232
PF00310 PF00708 PFO01129 PF01571 PF02192 PF02867 PF03533 PF04419 PF05158 PF06083 PF07353 PF08235
PF00312 PF00709 PF01130 PF01575 PF02194 PF02870 PF03535 PF04420 PF05160 PF06087 PF07354 PF08240
PF00313 PF00710 PFO1131 PF01582 PF02196 PF02872 PF03540 PF04421 PF05162 PF06093 PF07359 PF08241
PF00316 PF00711 PF01133 PF01583 PF02197 PF02874 PF03542 PF04423 PF05181 PF06105 PF07400 PF08242
PF00317 PF00714 PF01134 PF01585 PF02198 PF02875 PF03546 PF04427 PF05184 PF06119 PF07406 PF08246
PF00318 PF00715 PFO1135 PF01586 PF02199 PF02877 PF03547 PF04433 PF05185 PF06121 PF07412 PF08248
PF00319 PF00717 PF01138 PF01588 PF02201 PF02879 PF03556 PF04434 PF05186 PF06140 PF07421 PF08256
PF00320 PF00719 PF01140 PF01590 PF02202 PF02880 PF03561 PF04437 PF05187 PF06148 PF07425 PF08264
PF00323 PF00727 PF01142 PF01591 PF02204 PF02881 PF03567 PF04438 PF05188 PF06179 PF07440 PF08265




PF00324 PF00728 PF01144 PF01592 PF02205 PF02882 PF03568 PF04440 PF05189 PF06189 PF07443 PF08266
PF00326 PF00731 PF01146 PF01596 PF02207 PF02883 PF03571 PF04442 PF05190 PF06201 PF07448 PF08271
PF00327 PF00732 PF01148 PF01597 PF02208 PF02885 PF03572 PF04487 PF05191 PF06202 PF07452 PF08279
PF00328 PF00733 PF01150 PF01598 PF02209 PF02887 PF03575 PF04488 PF05193 PF06209 PF07458 PF08285
PF00329 PF00735 PFO1151 PF01599 PF02212 PF02888 PF03577 PF04494 PF05195 PF06211 PF07469 PF08288
PF00330 PF00736 PF01153 PF01602 PF02213 PF02889 PF03587 PF04495 PF05196 PF06212 PF07474 PF08292
PF00333 PF00743 PFO1154 PF01603 PF02214 PF02891 PF03600 PF04503 PF05199 PF06214 PF07479 PF08295
PF00334 PF00748 PFO1157 PF01608 PF02218 PF02892 PF03604 PF04505 PF05207 PF06218 PF07496 PF08311
PF00335 PF00749 PFO1158 PF01619 PF02219 PF02893 PF03607 PF04511 PF05208 PF06220 PF07500 PF08313
PF00337 PF00750 PFO1159 PF01624 PF02221 PF02897 PF03615 PF04515 PF05222 PF06221 PF07502 PF08318
PF00338 PF00751 PF01160 PF01625 PF02223 PF02898 PF03619 PF04538 PF05236 PF06229 PF07521 PF08321
PF00339 PF00752 PFO1161 PF01630 PF02225 PF02902 PF03623 PF04547 PF05237 PF06237 PF07522 PF08326




Metazoa +

Fungi

Pfam ID

PF00005 PF00398 PF00809 PFO1187 PF01599 PF02140 PF02760 PF03260 PF03896 PF04500 PF05060 PF05781 PF06644 PF07711 PF08170
PF00006 PF00399 PF00810 PF01191 PF01602 PF02141 PF02761 PF03261 PF03900 PF04502 PF05063 PF05782 PF06645 PF07716 PF08171
PF00010 PF00401 PF00811 PF01192 PF01603 PF02144 PF02762 PF03265 PF03901 PF04503 PF05064 PF05783 PF06650 PF07717 PF08174
PF00013 PF00402 PF00812 PF01194 PF01608 PF02146 PF02765 PF03266 PF03902 PF04505 PF05071 PF05786 PF06652 PF07718 PF08180
PF00014 PF00403 PF00814 PF01195 PF01619 PF02148 PF02769 PF03271 PF03907 PF04506 PF05083 PF05790 PF06657 PF07719 PF08184
PF00017 PF00410 PF00815 PF01196 PF01625 PF02149 PF02770 PF03285 PF03908 PF04511 PF05089 PF05793 PF06658 PF07720 PF08185
PF00019 PF00411 PF00817 PF01199 PF01627 PF02150 PF02771 PF03291 PF03909 PF04515 PF05090 PF05794 PF06662 PF07722 PF08187
PF00025 PF00412 PF00819 PF01200 PF01630 PF02152 PF02772 PF03297 PF03911 PF04516 PF05091 PF05804 PF06663 PF07723 PF08188
PF00026 PF00414 PF00821 PF01201 PF01634 PF02156 PF02773 PF03299 PF03914 PF04538 PF05093 PF05805 PF06668 PF07724 PF08189
PF00029 PF00416 PF00822 PF01202 PF01642 PF02157 PF02774 PF03301 PF03915 PF04547 PF05104 PF05808 PF06677 PF07731 PF08192
PF00030 PF00418 PF00826 PF01204 PF01644 PF02162 PF02779 PF03308 PF03919 PF04548 PF05110 PF05811 PF06687 PF07732 PF08194
PF00032 PF00420 PF00827 PF01205 PF01645 PF02165 PF02780 PF03311 PF03921 PF04549 PFO5111 PF05817 PF06699 PF07735 PF08198
PF00034 PF00425 PF00828 PF01207 PF01648 PF02167 PF02781 PF03321 PF03928 PF04553 PFO5118 PF05821 PF06701 PF07738 PF08202
PF00037 PF00428 PF00829 PF01208 PF01652 PF02170 PF02784 PF03332 PF03931 PF04557 PF05127 PF05822 PF06702 PF07740 PF08203
PF00039 PF00433 PF00830 PF01209 PF01655 PF02171 PF02785 PF03344 PF03932 PF04558 PF05131 PF05823 PF06703 PF07741 PF08204
PF00040 PF00436 PF00831 PF01210 PF01658 PF02172 PF02789 PF03345 PF03935 PF04560 PF05132 PF05824 PF06726 PF07742 PF08206
PF00044 PF00438 PF00832 PF01212 PF01661 PF02173 PF02791 PF03348 PF03937 PF04561 PF05141 PF05826 PF06728 PF07743 PF08208
PF00045 PF00439 PF00833 PF01213 PF01663 PF02174 PF02792 PF03351 PF03939 PF04565 PF05147 PF05827 PF06729 PF07744 PF08210
PF00048 PF00444 PF00834 PF01214 PF01667 PF02177 PF02793 PF03359 PF03940 PF04566 PF05148 PF05832 PF06732 PF07745 PF08212
PF00050 PF00445 PF00835 PF01215 PF01669 PF02178 PF02795 PF03360 PF03941 PF04567 PF05151 PF05835 PF06733 PF07748 PF08213
PF00051 PF00446 PF00836 PFO1216 PF01670 PF02179 PF02799 PF03366 PF03943 PF04568 PF05153 PF05836 PF06740 PF07749 PF08215
PF00052 PF00447 PF00837 PF01217 PF01679 PF02180 PF02800 PF03367 PF03946 PF04571 PF05154 PF05839 PF06741 PF07763 PF08216
PF00054 PF00448 PF00839 PF01218 PF01680 PF02181 PF02803 PF03368 PF03947 PF04572 PF05156 PF05841 PF06743 PF07766 PF08217
PF00055 PF00449 PF00840 PF01220 PF01681 PF02182 PF02804 PF03370 PF03949 PF04573 PF05158 PF05843 PF06752 PF07767 PF08221
PF00056 PF00450 PF00842 PF01221 PF01683 PF02184 PF02806 PF03371 PF03950 PF04574 PF05160 PF05849 PF06753 PF07770 PF08225
PF00058 PF00451 PF00849 PF01223 PF01687 PF02185 PF02807 PF03372 PF03952 PF04579 PF05161 PF05856 PF06756 PF07774 PF08226
PF00060 PF00452 PF00850 PF01226 PF01694 PF02186 PF02809 PF03378 PF03954 PF04587 PF05162 PF05859 PF06757 PF07776 PF08227
PF00062 PF00454 PF00852 PF01227 PF01697 PF02187 PF02811 PF03381 PF03957 PF04588 PF05172 PF05863 PF06766 PF07778 PF08228
PF00066 PF00457 PF00853 PF01229 PF01699 PF02189 PF02812 PF03388 PF03959 PF04589 PF05176 PF05871 PF06773 PF07780 PF08229




PF00068 PF00458 PF00855 PF01230 PF01702 PF02190 PF02815 PF03392 PF03964 PF04590 PF05178 PF05875 PF06775 PF07782 PF08232
PF00072 PF00459 PF00856 PF01231 PF01704 PF02191 PF02816 PF03398 PF03966 PF04592 PF05180 PF05879 PF06777 PF07798 PF08234
PF00074 PF00462 PF00857 PF01232 PF01705 PF02192 PF02817 PF03399 PF03969 PF04593 PF05181 PF05881 PF06783 PF07807 PF08235
PF00075 PF00463 PF00860 PF01233 PF01709 PF02194 PF02819 PF03402 PF03972 PF04597 PF05182 PF05889 PF06784 PF07808 PF08236
PF00077 PF00464 PF00861 PF01234 PF01712 PF02195 PF02820 PF03403 PF03973 PF04598 PF05183 PF05890 PF06807 PF07810 PF08240
PF00080 PF00465 PF00864 PF01237 PF01713 PF02196 PF02822 PF03404 PF03980 PF04603 PF05184 PF05891 PF06814 PF07815 PF08242
PF00081 PF00466 PF00865 PF01238 PF01715 PF02198 PF02823 PF03414 PF03981 PF04611 PF05185 PF05902 PF06816 PF07817 PF08243
PF00085 PF00467 PF00867 PF01239 PF01717 PF02199 PF02824 PF03416 PF03982 PF04614 PF05186 PF05903 PF06817 PF07818 PF08244
PF00087 PF00468 PF00868 PF01242 PF01722 PF02200 PF02825 PF03417 PF03983 PF04615 PF05187 PF05912 PF06818 PF07819 PF08245
PF00088 PF00472 PF00870 PF01243 PF01723 PF02201 PF02826 PF03422 PF03985 PF04617 PF05188 PF05916 PF06821 PF07822 PF08246
PF00090 PF00473 PF00875 PF01244 PF01725 PF02202 PF02827 PF03437 PF03986 PF04621 PF05189 PF05918 PF06824 PF07829 PF08248
PF00091 PF00474 PF00876 PF01245 PF01728 PF02204 PF02828 PF03439 PF03987 PF04622 PF05190 PF05922 PF06825 PF07830 PF08249
PF00093 PF00475 PF00879 PF01246 PF01729 PF02205 PF02833 PF03441 PF03990 PF04625 PF05191 PF05923 PF06827 PF07831 PF08250
PF00095 PF00476 PF00881 PF01247 PF01731 PF02206 PF02836 PF03443 PF03991 PF04626 PF05195 PF05924 PF06828 PF07834 PF08251
PF00096 PF00479 PF00884 PF01248 PF01733 PF02207 PF02840 PF03446 PF03992 PF04627 PF05196 PF05933 PF06831 PF07837 PF08252
PF00098 PF00480 PF00885 PF01249 PF01734 PF02208 PF02841 PF03447 PF03997 PF04628 PF05199 PF05937 PF06839 PF07842 PF08256
PF00107 PF00481 PF00886 PF01251 PF01740 PF02209 PF02843 PF03450 PF03998 PF04629 PF05202 PF05956 PF06858 PF07847 PF08257
PF00108 PF00484 PF00887 PF01253 PF01743 PF02212 PF02844 PF03451 PF03999 PF04636 PF05204 PF05958 PF06862 PF07850 PF08258
PF00112 PF00485 PF00889 PF01254 PF01746 PF02213 PF02845 PF03452 PF04001 PF04641 PF05205 PF05964 PF06870 PF07851 PF08259
PF00113 PF00487 PF00890 PF01255 PF01747 PF02218 PF02847 PF03453 PF04003 PF04643 PF05207 PF05965 PF06875 PF07856 PF08260
PF00116 PF00488 PF00891 PF01256 PF01748 PF02219 PF02852 PF03454 PF04004 PF04648 PF05208 PF05967 PF06881 PF07857 PF08261
PF00117 PF00489 PF00892 PF01257 PF01749 PF02221 PF02861 PF03455 PF04005 PF04652 PF05216 PF05971 PF06886 PF07859 PF08262
PF00121 PF00490 PF00895 PF01259 PF01751 PF02222 PF02862 PF03456 PF04006 PF04658 PF05222 PF05972 PF06888 PF07883 PF08265
PF00123 PF00491 PF00896 PF01261 PF01753 PF02223 PF02864 PF03460 PF04030 PF04664 PF05224 PF05978 PF06905 PF07884 PF08266
PF00129 PF00493 PF00899 PF01263 PF01754 PF02225 PF02865 PF03462 PF04031 PF04667 PF05225 PF05980 PF06907 PF07885 PF08267
PF00130 PF00494 PF00900 PF01264 PF01756 PF02229 PF02866 PF03463 PF04032 PF04668 PF05234 PF05995 PF06910 PF07894 PF08271
PF00131 PF00498 PF00903 PF01265 PF01757 PF02230 PF02867 PF03464 PF04034 PF04670 PF05236 PF05997 PF06916 PF07896 PF08279
PF00132 PF00499 PF00904 PF01267 PF01758 PF02233 PF02870 PF03465 PF04037 PF04675 PF05237 PF06001 PF06920 PF07904 PF08285
PF00136 PF00507 PF00909 PF01268 PF01759 PF02234 PF02872 PF03467 PF04042 PF04676 PF05238 PF06008 PF06936 PF07912 PF08286
PF00137 PF00510 PF00916 PF01269 PF01761 PF02237 PF02874 PF03477 PF04044 PF04677 PF05240 PF06009 PF06937 PF07915 PF08287
PF00141 PF00512 PF00917 PF01271 PF01762 PF02238 PF02875 PF03481 PF04045 PF04679 PF05241 PF06010 PF06941 PF07923 PF08288
PF00144 PF00521 PF00919 PF01273 PF01765 PF02244 PF02877 PF03483 PF04046 PF04680 PF05242 PF06011 PF06951 PF07926 PF08292




PF00145 PF00525 PF00920 PF01274 PF01770 PF02245 PF02879 PF03484 PF04047 PF04683 PF05250 PF06012 PF06954 PF07928 PF08293
PF00146 PF00531 PF00923 PF01275 PF01773 PF02251 PF02880 PF03485 PF04048 PF04691 PF05251 PF06017 PF06957 PF07933 PF08295
PF00152 PF00538 PF00925 PF01279 PF01775 PF02252 PF02881 PF03487 PF04049 PF04692 PF05253 PF06020 PF06959 PF07934 PF08296
PF00153 PF00542 PF00926 PF01280 PF01776 PF02257 PF02882 PF03489 PF04050 PF04695 PF05254 PF06025 PF06963 PF07936 PF08297
PF00157 PF00544 PF00928 PF01281 PF01777 PF02259 PF02883 PF03491 PF04051 PF04696 PF05255 PF06026 PF06964 PF07938 PF08302
PF00159 PF00545 PF00929 PF01282 PF01778 PF02260 PF02885 PF03493 PF04053 PF04697 PF05270 PF06031 PF06968 PF07941 PF08303
PF00160 PF00547 PF00930 PF01283 PF01779 PF02262 PF02887 PF03494 PF04054 PF04698 PF05276 PF06046 PF06970 PF07942 PF08304
PF00162 PF00549 PF00931 PF01284 PF01780 PF02265 PF02888 PF03501 PF04055 PF04699 PF05277 PF06049 PF06978 PF07945 PF08311
PF00163 PF00551 PF00932 PF01285 PF01781 PF02267 PF02889 PF03508 PF04056 PF04704 PF05279 PF06052 PF06984 PF07946 PF08312
PF00166 PF00552 PF00933 PF01286 PF01783 PF02268 PF02891 PF03509 PF04057 PF04706 PF05281 PF06058 PF06985 PF07954 PF08313
PF00171 PF00554 PF00935 PF01287 PF01784 PF02269 PF02892 PF03511 PF04059 PF04707 PF05282 PF06060 PF06990 PF07955 PF08315
PF00172 PF00560 PF00940 PF01288 PF01786 PF02270 PF02894 PF03516 PF04061 PF04709 PF05283 PF06068 PF06991 PF07956 PF08316
PF00173 PF00562 PF00941 PF01290 PF01791 PF02271 PF02897 PF03517 PF04062 PF04710 PF05285 PF06071 PF06994 PF07957 PF08317
PF00174 PF00564 PF00953 PF01291 PF01793 PF02272 PF02898 PF03520 PF04063 PF04711 PF05287 PF06079 PF07001 PF07958 PF08318
PF00177 PF00566 PF00956 PF01293 PF01794 PF02274 PF02902 PF03521 PF04064 PF04714 PF05291 PF06083 PF07002 PF07959 PF08319
PF00178 PF00568 PF00958 PF01300 PF01798 PF02275 PF02906 PF03522 PF04065 PF04715 PF05292 PF06087 PF07010 PF07960 PF08320
PF00179 PF00569 PF00961 PF01302 PF01799 PF02284 PF02910 PF03523 PF04068 PF04716 PF05296 PF06093 PF07019 PF07961 PF08321
PF00180 PF00570 PF00962 PF01303 PF01803 PF02285 PF02911 PF03525 PF04072 PF04718 PF05298 PF06105 PF07034 PF07962 PF08322
PF00181 PF00572 PF00969 PF01305 PF01805 PF02290 PF02913 PF03528 PF04078 PF04719 PF05300 PF06119 PF07035 PF07964 PF08325
PF00184 PF00573 PF00975 PF01315 PF01808 PF02291 PF02919 PF03529 PF04080 PF04722 PF05303 PF06121 PF07054 PF07965 PF08326
PF00185 PF00574 PF00977 PF01323 PF01812 PF02292 PF02920 PF03530 PF04081 PF04724 PF05316 PF06127 PF07061 PF07966 PF08327
PF00186 PF00575 PF00984 PF01327 PF01813 PF02296 PF02921 PF03531 PF04083 PF04727 PF05324 PF06140 PF07062 PF07967 PF08332
PF00187 PF00576 PF00988 PF01328 PF01814 PF02297 PF02922 PF03533 PF04084 PF04729 PF05326 PF06148 PF07064 PF07970 PF08333
PF00188 PF00578 PF00993 PF01329 PF01817 PF02301 PF02928 PF03535 PF04086 PF04731 PF05327 PF06151 PF07074 PF07973 PF08336
PF00189 PF00579 PF00994 PF01331 PF01822 PF02310 PF02929 PF03540 PF04088 PF04732 PF05328 PF06172 PF07081 PF07974 PF08337
PF00191 PF00580 PF00996 PF01335 PF01823 PF02312 PF02933 PF03542 PF04089 PF04733 PF05337 PF06179 PF07084 PF07975 PF08344
PF00193 PF00581 PF00999 PF01336 PF01827 PF02318 PF02934 PF03547 PF04090 PF04736 PF05345 PF06189 PF07093 PF07976 PF08351
PF00198 PF00582 PF01000 PF01341 PF01828 PF02319 PF02935 PF03556 PF04091 PF04739 PF05346 PF06201 PF07106 PF07978 PF08354
PF00199 PF00584 PF01007 PF01342 PF01833 PF02320 PF02937 PF03561 PF04095 PF04749 PF05347 PF06202 PFO7111 PF07985 PF08355
PF00202 PF00585 PF01008 PF01347 PF01835 PF02330 PF02939 PF03567 PF04096 PF04750 PF05348 PF06209 PF07140 PF07986 PF08356
PF00203 PF00587 PF01011 PF01348 PF01839 PF02337 PF02940 PF03568 PF04097 PF04752 PF05349 PF06211 PF07142 PF07988 PF08357
PF00204 PF00588 PF01012 PF01351 PF01840 PF02338 PF02944 PF03571 PF04098 PF04756 PF05350 PF06212 PF07145 PF07989 PF08365




PF00206 PF00590 PF01014 PF01353 PF01841 PF02344 PF02946 PF03572 PF04099 PF04757 PF05351 PF06214 PF07147 PF07991 PF08366
PF00207 PF00591 PF01015 PF01354 PF01842 PF02345 PF02947 PF03575 PF04100 PF04758 PF05353 PF06218 PF07149 PF07993 PF08367
PF00208 PF00594 PF01016 PF01363 PF01843 PF02347 PF02948 PF03577 PF04101 PF04760 PF05355 PF06220 PF07156 PF07994 PF08368
PF00209 PF00596 PF01017 PF01365 PF01844 PF02348 PF02949 PF03583 PF04103 PF04762 PF05362 PF06221 PF07159 PF08005 PF08373
PF00210 PF00605 PF01018 PF01368 PF01846 PF02350 PF02961 PF03587 PF04104 PF04768 PF05365 PF06229 PF07163 PF08015 PF08374
PF00211 PF00609 PF01020 PF01369 PF01847 PF02351 PF02965 PF03595 PF04106 PF04774 PF05366 PF06237 PF07165 PF08016 PF08375
PF00213 PF00610 PF01021 PF01372 PF01852 PF02354 PF02966 PF03600 PF04109 PF04775 PF05374 PF06248 PF07169 PF08022 PF08377
PF00214 PF00612 PF01023 PF01379 PF01853 PF02358 PF02969 PF03604 PF04110 PF04777 PF05378 PF06268 PF07175 PF08023 PF08383
PF00215 PF00613 PF01025 PF01380 PF01857 PF02359 PF02970 PF03615 PF04111 PF04790 PF05383 PF06292 PF07177 PF08024 PF08384
PF00218 PF00614 PF01026 PF01382 PF01858 PF02364 PF02971 PF03619 PF04112 PF04791 PF05386 PF06294 PF07200 PF08025 PF08385
PF00219 PF00616 PF01027 PF01384 PF01866 PF02366 PF02973 PF03623 PF04113 PF04795 PF05387 PF06297 PF07202 PF08026 PF08389
PF00220 PF00617 PF01028 PF01387 PF01868 PF02372 PF02978 PF03630 PF04114 PF04799 PF05388 PF06309 PF07225 PF08029 PF08390
PF00221 PF00618 PF01033 PF01388 PF01869 PF02374 PF02982 PF03632 PF04115 PF04800 PF05390 PF06311 PF07228 PF08030 PF08393
PF00224 PF00621 PF01035 PF01390 PF01872 PF02376 PF02985 PF03633 PF04116 PF04801 PF05391 PF06312 PF07247 PF08032 PF08397
PF00225 PF00623 PF01036 PF01392 PF01873 PF02377 PF02987 PF03635 PF04117 PF04802 PF05392 PF06313 PF07249 PF08033 PF08399
PF00230 PF00624 PF01039 PF01393 PF01875 PF02383 PF02990 PF03636 PF04118 PF04803 PF05395 PF06314 PF07253 PF08034 PF08403
PF00231 PF00627 PF01040 PF01394 PF01876 PF02386 PF02991 PF03637 PF04119 PF04810 PF05397 PF06320 PF07260 PF08035 PF08407
PF00232 PF00629 PF01042 PF01395 PF01883 PF02390 PF02994 PF03639 PF04120 PF04811 PF05399 PF06324 PF07263 PF08036 PF08412
PF00235 PF00632 PF01048 PF01396 PF01885 PF02391 PF02996 PF03641 PF04121 PF04812 PF05404 PF06328 PF07264 PF08037 PF08416
PF00236 PF00635 PF01055 PF01397 PF01894 PF02403 PF03002 PF03643 PF04124 PF04813 PF05405 PF06330 PF07276 PF08038 PF08418
PF00237 PF00636 PF01058 PF01398 PF01896 PF02404 PF03006 PF03645 PF04127 PF04814 PF05406 PF06331 PF07281 PF08039 PF08420
PF00238 PF00638 PF01059 PF01401 PF01900 PF02410 PF03016 PF03647 PF04128 PF04815 PF05418 PF06333 PF07286 PF08040 PF08424
PF00241 PF00639 PF01060 PF01403 PF01907 PF02412 PF03020 PF03648 PF04129 PF04818 PF05427 PF06337 PF07292 PF08045 PF08426
PF00243 PF00642 PF01061 PF01404 PF01910 PF02422 PF03024 PF03651 PF04130 PF04819 PF05428 PF06342 PF07294 PF08058 PF08429
PF00244 PF00643 PF01063 PF01410 PF01912 PF02423 PF03027 PF03657 PF04132 PF04821 PF05433 PF06345 PF07303 PF08059 PF08430
PF00245 PF00644 PF01064 PF01411 PF01915 PF02425 PF03029 PF03659 PF04133 PF04822 PF05434 PF06350 PF07324 PF08060 PF08432
PF00246 PF00645 PF01066 PF01412 PF01916 PF02434 PF03031 PF03660 PF04135 PF04824 PF05436 PF06357 PF07327 PF08061 PF08434
PF00248 PF00646 PF01067 PF01413 PF01918 PF02436 PF03032 PF03661 PF04136 PF04825 PF05438 PF06365 PF07334 PF08062 PF08438
PF00250 PF00647 PF01068 PF01414 PF01922 PF02437 PF03033 PF03663 PF04137 PF04831 PF05439 PF06367 PF07347 PF08063 PF08441
PF00251 PF00649 PF01070 PF01415 PF01923 PF02441 PF03034 PF03664 PF04139 PF04836 PF05450 PF06369 PF07353 PF08064 PF08442
PF00252 PF00653 PF01071 PF01416 PF01926 PF02450 PF03036 PF03665 PF04140 PF04840 PF05453 PF06372 PF07354 PF08065 PF08448
PF00253 PF00654 PF01073 PF01417 PF01928 PF02453 PF03039 PF03666 PF04144 PF04841 PF05454 PF06373 PF07359 PF08066 PF08449




PF00255 PF00656 PF01074 PF01419 PF01929 PF02460 PF03045 PF03669 PF04145 PF04845 PF05456 PF06374 PF07365 PF08067 PF08451
PF00256 PF00657 PF01077 PF01421 PF01933 PF02466 PF03051 PF03670 PF04146 PF04847 PF05458 PF06375 PF07366 PF08068 PF08454
PF00258 PF00658 PF01079 PF01422 PF01937 PF02469 PF03055 PF03671 PF04147 PF04855 PF05460 PF06384 PF07367 PF08069 PF08466
PF00260 PF00659 PF01080 PF01424 PF01938 PF02485 PF03056 PF03674 PF04148 PF04856 PF05461 PF06387 PF07393 PF08070 PF08473
PF00262 PF00662 PF01082 PF01425 PF01946 PF02487 PF03061 PF03676 PF04152 PF04858 PF05463 PF06391 PF07400 PF08071 PF08474
PF00265 PF00666 PF01083 PF01426 PF01958 PF02492 PF03062 PF03690 PF04153 PF04868 PF05466 PF06393 PF07406 PF08072 PF08477
PF00268 PF00670 PF01084 PF01428 PF01960 PF02493 PF03068 PF03694 PF04157 PF04869 PF05469 PF06394 PF07412 PF08073 PF08487
PF00272 PF00673 PF01085 PF01432 PF01963 PF02494 PF03070 PF03700 PF04158 PF04871 PF05470 PF06395 PF07421 PF08074 PF08490
PF00273 PF00676 PF01086 PF01434 PF01965 PF02513 PF03073 PF03712 PF04163 PF04874 PF05476 PF06396 PF07425 PF08075 PF08491
PF00274 PF00677 PF01087 PF01435 PF01966 PF02515 PF03074 PF03715 PF04176 PF04882 PF05477 PF06398 PF07440 PF08079 PF08492
PF00275 PF00679 PF01088 PF01436 PF01967 PF02516 PF03081 PF03718 PF04177 PF04889 PF05478 PF06399 PF07442 PF08080 PF08493
PF00278 PF00683 PF01090 PF01437 PF01968 PF02517 PF03082 PF03719 PF04178 PF04892 PF05482 PF06400 PF07443 PF08081 PF08498
PF00280 PF00684 PF01091 PF01439 PF01974 PF02520 PF03088 PF03720 PF04179 PF04893 PF05483 PF06401 PF07448 PF08082 PF08499
PF00281 PF00685 PF01093 PF01448 PF01975 PF02525 PF03089 PF03721 PF04180 PF04898 PF05485 PF06403 PF07452 PF08083 PF08501
PF00285 PF00686 PF01095 PF01450 PF01981 PF02535 PF03091 PF03722 PF04181 PF04900 PF05486 PF06417 PF07458 PF08084 PF08502
PF00287 PF00687 PF01096 PF01451 PF01984 PF02536 PF03095 PF03723 PF04182 PF04901 PF05492 PF06418 PF07464 PF08086 PF08504
PF00288 PF00689 PF01101 PF01459 PF01988 PF02538 PF03096 PF03725 PF04185 PF04902 PF05493 PF06419 PF07469 PF08088 PF08506
PF00290 PF00690 PF01103 PF01462 PF01991 PF02541 PF03097 PF03726 PF04188 PF04904 PF05495 PF06420 PF07473 PF08089 PF08508
PF00291 PF00692 PF01105 PF01463 PF01992 PF02544 PF03099 PF03727 PF04189 PF04905 PF05499 PF06421 PF07474 PF08091 PF08509
PF00292 PF00694 PF01106 PF01464 PF01997 PF02545 PF03102 PF03730 PF04191 PF04908 PF05502 PF06423 PF07477 PF08092 PF08510
PF00293 PF00696 PF01109 PF01465 PF02005 PF02548 PF03104 PF03731 PF04192 PF04909 PF05507 PF06424 PF07479 PF08093 PF08513
PF00297 PF00699 PFO1110 PF01466 PF02008 PF02550 PF03105 PF03733 PF04193 PF04910 PF05508 PF06425 PF07488 PF08094 PF08514
PF00298 PF00706 PFO1111 PF01467 PF02012 PF02551 PF03109 PF03735 PF04194 PF04911 PF05510 PF06427 PF07491 PF08095 PF08515
PF00300 PF00707 PFO1112 PF01469 PF02013 PF02567 PF03124 PF03736 PF04201 PF04912 PF05517 PF06428 PF07492 PF08096 PF08516
PF00303 PF00708 PFO1114 PF01470 PF02014 PF02569 PF03126 PF03737 PF04209 PF04921 PF05522 PF06432 PF07493 PF08097 PF08517
PF00304 PF00709 PFO1115 PF01472 PF02015 PF02578 PF03127 PF03746 PF04212 PF04923 PF05529 PF06441 PF07496 PF08098 PF08518
PF00305 PF00710 PFO1116 PF01474 PF02017 PF02580 PF03128 PF03747 PF04218 PF04925 PF05546 PF06446 PF07500 PF08099 PF08519
PF00306 PF00711 PFO1118 PF01477 PF02019 PF02581 PF03129 PF03758 PF04230 PF04926 PF05571 PF06448 PF07502 PF08101 PF08520
PF00307 PF00713 PFO1119 PF01479 PF02020 PF02582 PF03130 PF03762 PF04253 PF04930 PF05572 PF06451 PF07519 PF08102 PF08523
PF00313 PF00714 PF01120 PF01480 PF02022 PF02585 PF03131 PF03765 PF04258 PF04934 PF05577 PF06456 PF07521 PF08103 PF08526
PF00317 PF00715 PF01121 PF01482 PF02025 PF02586 PF03133 PF03768 PF04272 PF04935 PF05586 PF06457 PF07522 PF08104 PF08527
PF00318 PF00717 PF01122 PF01483 PF02026 PF02594 PF03134 PF03769 PF04275 PF04938 PF05587 PF06459 PF07524 PF08105 PF08528




PF00319 PF00719 PF01124 PF01484 PF02035 PF02597 PF03145 PF03770 PF04280 PF04939 PF05600 PF06461 PF07525 PF08106 PF08534
PF00320 PF00723 PFO1125 PF01485 PF02036 PF02598 PF03146 PF03778 PF04281 PF04950 PF05604 PF06462 PF07527 PF08108 PF08537
PF00323 PF00724 PF01126 PF01487 PF02037 PF02602 PF03147 PF03781 PF04299 PF04952 PF05609 PF06463 PF07528 PF08110 PF08540
PF00324 PF00727 PFO01127 PF01491 PF02039 PF02607 PF03148 PF03782 PF04300 PF04959 PF05622 PF06464 PF07529 PFO8111 PF08542
PF00327 PF00728 PF01129 PF01493 PF02044 PF02617 PF03149 PF03792 PF04318 PF04960 PF05637 PF06465 PF07530 PF08114 PF08544
PF00328 PF00731 PF01130 PF01496 PF02045 PF02626 PF03151 PF03798 PF04324 PF04961 PF05640 PF06466 PF07531 PFO8115 PF08546
PF00329 PF00733 PFO1131 PF01498 PF02046 PF02627 PF03152 PF03800 PF04325 PF04968 PF05641 PF06467 PF07533 PF08116
PF00330 PF00734 PF01133 PF01502 PF02058 PF02628 PF03153 PF03801 PF04366 PF04969 PF05645 PF06468 PF07535 PF08117
PF00331 PF00735 PF01134 PF01503 PF02059 PF02629 PF03155 PF03803 PF04370 PF04970 PF05648 PF06469 PF07539 PF08119
PF00333 PF00736 PF01135 PF01504 PF02064 PF02630 PF03159 PF03807 PF04376 PF04979 PF05649 PF06470 PF07540 PF08120
PF00334 PF00742 PF01139 PF01505 PF02066 PF02636 PF03160 PF03810 PF04377 PF04981 PF05653 PF06472 PF07541 PF08121
PF00335 PF00743 PF01140 PF01507 PF02067 PF02637 PF03161 PF03813 PF04379 PF04983 PF05669 PF06479 PF07542 PF08122
PF00338 PF00748 PF01142 PF01509 PF02071 PF02656 PF03164 PF03815 PF04382 PF04987 PF05670 PF06480 PF07543 PF08123
PF00342 PF00749 PF01144 PFO1512 PF02076 PF02666 PF03165 PF03820 PF04387 PF04988 PF05671 PF06482 PF07545 PF08125
PF00343 PF00751 PF01146 PF01513 PF02077 PF02671 PF03166 PF03821 PF04388 PF04990 PF05676 PF06487 PF07546 PF08127
PF00344 PF00752 PF01148 PF01521 PF02078 PF02676 PF03167 PF03823 PF04406 PF04992 PF05679 PF06495 PF07557 PF08131
PF00346 PF00755 PF01150 PF01522 PF02079 PF02678 PF03169 PF03824 PF04408 PF05000 PF05680 PF06512 PF07558 PF08138
PF00347 PF00756 PFO1151 PF01529 PF02083 PF02682 PF03171 PF03826 PF04410 PF05001 PF05682 PF06519 PF07562 PF08140
PF00348 PF00758 PF01153 PF01530 PF02084 PF02688 PF03172 PF03827 PF04418 PF05002 PF05693 PF06524 PF07565 PF08142
PF00350 PF00762 PF01154 PF01531 PF02087 PF02696 PF03177 PF03828 PF04419 PF05004 PF05700 PF06534 PF07569 PF08143
PF00351 PF00763 PFO1156 PF01532 PF02088 PF02705 PF03178 PF03832 PF04420 PF05005 PF05706 PF06535 PF07571 PF08144
PF00352 PF00764 PFO1157 PF01534 PF02089 PF02709 PF03179 PF03834 PF04421 PF05007 PF05712 PF06540 PF07572 PF08145
PF00354 PF00766 PFO1158 PF01536 PF02093 PF02714 PF03184 PF03835 PF04423 PF05010 PF05715 PF06544 PF07573 PF08146
PF00355 PF00769 PFO1159 PF01541 PF02096 PF02724 PF03185 PF03836 PF04424 PF05014 PF05719 PF06546 PF07575 PF08147
PF00357 PF00773 PF01160 PF01544 PF02098 PF02728 PF03188 PF03839 PF04425 PF05019 PF05721 PF06553 PF07576 PF08148
PF00362 PF00774 PFO1161 PF01545 PF02100 PF02729 PF03190 PF03847 PF04426 PF05020 PF05722 PF06554 PF07593 PF08149
PF00364 PF00777 PF01162 PF01551 PF02101 PF02731 PF03194 PF03849 PF04427 PF05021 PF05724 PF06566 PF07647 PF08150
PF00365 PF00778 PF01163 PF01554 PF02102 PF02732 PF03198 PF03850 PF04428 PF05022 PF05726 PF06567 PF07649 PFO8151
PF00366 PF00779 PF01166 PF01557 PF02104 PF02733 PF03199 PF03851 PF04433 PF05023 PF05729 PF06573 PF07650 PF08152
PF00368 PF00780 PF01167 PF01562 PF02106 PF02734 PF03200 PF03853 PF04434 PF05024 PF05730 PF06581 PF07651 PF08153
PF00372 PF00784 PF01168 PF01564 PF02109 PF02735 PF03208 PF03855 PF04437 PF05026 PF05731 PF06583 PF07657 PF08154
PF00375 PF00786 PFO01169 PF01565 PF02110 PF02737 PF03215 PF03856 PF04438 PF05028 PF05735 PF06584 PF07662 PF08155




PF00377 PF00787 PF01170 PF01569 PF02112 PF02738 PF03224 PF03858 PF04440 PF05030 PF05741 PF06588 PF07670 PF08156
PF00378 PF00790 PFO1171 PF01575 PF02114 PF02740 PF03226 PF03867 PF04442 PF05032 PF05742 PF06602 PF07677 PF08157
PF00382 PF00791 PFO1172 PF01581 PF02115 PF02743 PF03227 PF03868 PF04446 PF05033 PF05743 PF06608 PF07678 PF08158
PF00383 PF00792 PF01174 PF01583 PF02116 PF02744 PF03232 PF03870 PF04468 PF05038 PF05746 PF06614 PF07683 PF08159
PF00384 PF00793 PFO1175 PF01586 PF02121 PF02747 PF03234 PF03871 PF04478 PF05039 PF05753 PF06621 PF07684 PF08160
PF00386 PF00795 PF01176 PF01588 PF02126 PF02749 PF03239 PF03874 PF04479 PF05040 PF05756 PF06623 PF07687 PF08161
PF00388 PF00797 PFO1177 PF01591 PF02127 PF02750 PF03247 PF03875 PF04487 PF05041 PF05760 PF06625 PF07691 PF08162
PF00390 PF00800 PFO01179 PF01592 PF02130 PF02751 PF03248 PF03876 PF04488 PF05046 PF05761 PF06628 PF07699 PF08163
PF00393 PF00801 PF01180 PF01595 PF02133 PF02755 PF03250 PF03878 PF04493 PF05047 PF05764 PF06631 PF07701 PF08164
PF00394 PF00804 PF01183 PF01596 PF02134 PF02757 PF03253 PF03879 PF04494 PF05051 PF05769 PF06632 PF07703 PF08165
PF00396 PF00806 PF01184 PF01597 PF02135 PF02758 PF03256 PF03893 PF04495 PF05053 PF05777 PF06637 PF07706 PF08168
PF00397 PF00808 PFO1185 PF01598 PF02137 PF02759 PF03259 PF03894 PF04499 PF05057 PF05778 PF06638 PF07710 PF08169




	2008-9-353.pdf
	Abstract
	Background
	Results
	Conclusion

	Background
	Results and discussion
	Validation of the MisPred approach on the Swiss-Prot section of the UniProtKB
	MisPred analysis of the TrEMBL section of UniProtKB
	MisPred analysis of the EnsEMBL database and the GNOMON-predicted proteins of the NCBI database
	MisPred analysis of GENCODE sequences

	Conclusion
	MisPred may identify normal, viable proteins as suspicious due to errors of genomic data and limitations of the bioinformatic tools incorporated in MisPred
	MisPred may identify normal, viable proteins as suspicious due to limitations of the dogmas on which MisPred routines are based
	MisPred may identify truly abnormal, nonviable proteins
	Sequences not detected by MisPred do not necessarily correspond to normal, viable proteins

	Summary
	Methods
	Protein sequence data analyzed
	Protein sequence databases
	Comparison of the EnsEMBL and NCBI/GNOMON gene predictions

	Prediction of the subcellular localization of proteins by the presence of obligatory extracellular, cytoplasmic or nuclear protein-domains
	Detection of suspicious (incomplete, abnormal and mispredicted) proteins
	Conflict 1: Conflict between the predicted subcellular localization of proteins and the absence of the corresponding sequence signals
	Conflict 2: Presence of obligatory extracellular and cytoplasmic domains and the absence of transmembrane helices
	Conflict 3: Co-occurrence of extracellular and nuclear domains in a single protein
	Conflict 4: Violation of domain integrity
	Conflict 5: Chimeric proteins encoded by two or more different genes located on different chromosomes

	Testing the specificity and sensitivity of MisPred methods
	Specificity
	Sensitivity

	Resolution of Conflicts

	Authors' contributions
	Additional material
	Acknowledgements
	References


