






rank the groups by the total number of residues covered
by the hits on the query chain. We then use the top-
ranking group of BLAST-based alignments to annotate
domains in the query sequence. If the nearest PDB chain
end or gap in ATOM records is within 10 residues of an
alignment end, we extend the domain to include these
residues. The purpose of extending the BLAST hit is to
classify every observed residue in the chain; the 10-residue
limitation makes it very unlikely that the extension will
include a new domain. If the BLAST boundaries are
outside the observed residues in the query chain, the
assigned domain is shortened to include only observed
residues.
After making predictions for each chain, we applied a

set of criteria to determine whether each domain predic-
tion was high confidence (i.e. sufficiently accurate to be
included in SCOPe without further manual inspection).
We first exclude from high confidence those chains that
are low-resolution (3 Å resolution or above), ribosomal or
synthetic (due to those being classified outside the first
seven classes of SCOP), or those that are homologous to
genetic domains classified in SCOP (due to the difficulty of
correctly automating predictions that include multiple
PDB chains).
In cases where an entire PDB chain was predicted to be

a single SCOPe domain, the prediction was deemed high
confidence if the target domain also comprised its entire

PDB chain. For PDB chains that were divided into
multiple SCOPe domains, additional criteria were used
to determine whether the predicted domains were high
confidence. First, we restricted the chains whose predic-
tions we placed in the high confidence set to those which
either (i) had 100% sequence identity with the target chain
used to make the predictions or (ii) had exactly two
domains, each composed of only one contiguous region
of residues. We plan to extend the method to three or
more domain chains and multi-region domains in the
future. Second, if any region found in the ATOM
records of the chain was longer than 10 residues and not
assigned to any domain, we removed the chain from the
high-confidence set. Third, we required the BLAST hits
used for the two domains in the chain not be to the
same target SCOP domain (on the theory that domain
duplications are more likely to require a specialized algo-
rithm or manual inspection to ensure no structural
changes such as domain swapping).

To fully classify these predictions in the SCOP hier-
archy, we also had to assign levels below ‘Superfamily’.
Based on our benchmarking, we developed heuristic rules
to classify domains at the ‘Family’, ‘Protein’ and ‘Species’
levels. In cases where the protein or family could not be
reliably matched to an existing SCOP entity, we created a
new protein or family called ‘automated matches’ rather
than risking inaccurate classification.
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Figure 1. Errors identified during benchmarking. We detected errors in 70 manually curated domains by running benchmarking and manually
inspecting predicted domains that did not sufficiently match the manually annotated domains. These errors in domain boundaries in multi-domain
chains were manually fixed in SCOPe 2.03. We also detected and fixed inconsistencies in 5054 domains that had been predicted and classified with the
SCOP 1.73 automated method. We review some of the types of errors detected. (a) The SCOP 1.73 automated method used to predict domain
d2p8qa1 had included approximately half the residues in the chain. This was inconsistent with all other manually curated entries in its species-level
clade that included the entire chain. (b) A strand of beta sheet was included in the d1tqya2 domain by manual curation. (c) All of chain I from 1oyv
had been placed into a single domain. (d) The manually curated domain d1seja2 excluded the first helix in the chain.
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Thus far our focus has been on classifying chains that
have high sequence similarity with previously classified
chains in SCOP and therefore have relied solely on
sequence data. The addition of structural information
should expand the set of domains that can be classified
with high confidence in the future.

BENCHMARKING RESULTS

To validate the new automated method, we performed
benchmarking against all SCOP releases with stable iden-
tifiers (i.e. releases 1.55–1.75). All PDB entries that were
added between each pair of consecutive releases were
automatically classified based on the earlier release and
compared with the manually curated domains in the sub-
sequent release. A predicted domain was considered
identified and classified correctly if it was placed in the
correct superfamily and its boundaries differed from the
manually curated boundaries by no more than 10 residues.
Table 1 lists the fraction of PDB entries that could be
classified using this method for each SCOP release. A
non-trivial example of automated classification is shown
in Figure 2. Our method predicted 20 048 domains that
matched manually curated domains within the 10-residue
error tolerance and predicted 105 domains that differed by
more than 10 residues. We reviewed all differences of more
than 10 residues, and found they were either the result of
errors in SCOP 1.75 (discussed above) or in linker regions
in which neither the manually curated domain nor the
prediction could be determined to be more accurate. We
also compared domains that had been added by the
previous automated method (4), which had added 30 852
new domains in total to versions 1.73 and 1.75. We
compared domains predicted by our new method to
those added by the old method. Of the 15 660 domain
pairs compared (the new automated method is more con-
servative than the old one, and therefore fewer domains
are classified), 125 were found to have domain boundaries
that differed by more than 10 residues (this is lower than

the 231 such domains we corrected in SCOPe, discussed
above, because the benchmark did not include additional
SCOPe domains based on manually curated domains from
SCOP 1.75). These differences were also the result of
errors in the previous automated method or ambiguous
linker regions.

NEW WEBSITE

The SCOPe website offers a modest redesign of the SCOP
website, presenting all SCOPe, SCOP and ASTRAL data
through a single, unified web interface. Many objects that
were difficult to find in the original website, such as the
change history, are now available under tabs. Thumbnail
images were automatically generated to show each domain
on its own and in several structural contexts, and these are
displayed as part of the browser. A fully JavaScript
JSmol-based viewer was added to enable visitors to view
domains in three-dimensions in isolation, in context of
the chain or in context of the entire PDB structure. The
SCOPe website can display data from all versions of
SCOPe, SCOP and ASTRAL since release 1.55. All data
are stored in a relational (MySQL) database, which is also
available for download.

STABLE AND PERIODIC UPDATES

Stable releases will potentially include manual curation of
the SCOPe hierarchy, correction of errors in previously
classified domains or changes to our classification
workflow (e.g. validation of our automated sequence-
based classification protocol with structure comparison).
However, in an effort to stay more closely synchronized
with the PDB, we also plan to supplement these stable
releases with periodic updates (approximately monthly).
Our infrastructure automatically imports and classifies
new PDB files on a weekly basis. Starting with SCOPe
2.02, we have begun to release periodic updates that add
newly released PDB entries to the SCOPe classification.
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boundary at residue 225

Manually curated domain
boundary at residue 223
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Figure 2. Automated curation example. This figure depicts an example of applying the automated method for domain prediction and classification to
1vj5, chain A, released on 2004-04-27. We attempted to automatically classify it into SCOP 1.67, based only on domains defined in SCOP 1.65. 1vj5A
has 554 residues, of which residues 2-547 are observed (found in the ATOM records in PDB data). Two significant BLAST hits were found to the
classified chain 1ek1A, which has a distinct sequence from 1vj5A but also has 554 residues, of which residues 4-19, 48-66 and 90-544 are observed.
The two BLAST hits include residues 2-224 and 226-544 in 1vj5A. The final predicted domains in 1vj5A are 2-225 and 226-547. The manually
annotated domains for 1vj5A are 2-223 and 224-547. Since the end of each predicted domain differs from the manually annotated domain by at most
10 residues, this domain prediction is deemed to fall within the error tolerance for validation.
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These periodic updates add new PDB entries to the
current release, without affecting any previously classified
domains. The newly classified entries are visible in the
web interface and in downloadable files such as the
SCOP-compatible parseable files and MySQL database.
Sequences for the newly added chains and domains will
not be added to the ASTRAL representative subsets until
the subsequent stable release of ASTRAL.
The periodic updates are not intended to replace stable

releases; because the latter are commonly used for bench-
marking, both will be available for download through the
SCOPe website. Stable releases will be assigned version
numbers in the current format (explicitly labeled stable
on the website and downloadable files, e.g. 2.03-stable),
while updates to stable releases will be named according
to the most recent stable version appended with the release
date (e.g. 2.03-2013-12-01).
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