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Structure 25, 1916-1927, 2017

PDB#&SELR—FDREEIEH

X-ray/EM/NMR
* Geometric & conformational
e bond, angle, planarity

X-ray
e Structure factor & electron density
e Wilson plot outliers, tNCS

e protein backbone conformation ® wrong space group
e protein side-chain conformation e twinning
e Atomic & molecular interaction e agreement (Rfree, RSR, RSCC)

e all-atom contacts

e under packing

e hydrogen bond quality
¢ Non-protein

* nucleic acids (RNA pucker,
e carbohydrates (N-glycan core)

e ligands (CSD)
¢ jons & other solvent

¢ Incomplete model (e.g. CA_ONLY)

NMR

e Chemical shifts
e completeness
e outliers
e estimated reference error
* random coil index
e Structure ensembles
e representative model (medoid)
e domain detection

suite)




Validation software used in wwPDB validation report

Table 3. Component Software Packages Included in the 2017 Version of the Validation Pipeline

Software Package

Which Section and Metric of the Report the Package Is Used for

Reference

MolProbity model geometry: bond lengths and bond angles of standard Chen et al., 2010
protein residues and nucleotides, too-close contacts,
Ramachandran outliers, rotamer outliers, RNA suiteness
MAXIT model geometry: symmetry-related too-close contacts, Maxit (Z.F., https://sw-tools.rcsb.org/
stereochemistry issues, identification of cis-peptides apps/MAXIT/index.html)
Mogul model geometry: bond-length and bond-angle outliers in small Bruno et al., 2004
molecules
Xtriage (Phenix) crystallographic data and refinement statistics: signal-to-noise, Adams et al., 2010
twinning
DCC crystallographic data and refinement statistics: R, Ryee Yang et al., 2016
fit to crystallographic data: Ryee
EDS fit to crystallographic data: real-space R outliers Kleywegt et al., 2004
Cyrange NMR ensemble composition: identification of well-defined Kirchner and Guntert, 2011
protein cores
RCI NMR chemical shifts: prediction of protein backbone order Berjanskii and Wishart, 2005
parameter from chemical shifts
PANAV NMR chemical shifts: suggested referencing corrections in Wang et al., 2010
chemical shift assignments
Structure 25, 1916-1927, 2017
= [¢)
PDB#&REEL 7/R—b (PDFRRE])
Summary quality metrics in wwPDB validation reports
A , ) B _ )
Metric Percentile Ranks Value Metric Percentile Ranks Value
Rfree I 0 0.198 Rfree I 0.189
Clashscore NN 0 Clashscore M 16
Ramachandran outliers I 0 Ramachandran outliers I 1.3%
Sidechain outliers I 0.6% Sidechain outliers _ D 5.1%
RSRZ outliers I 0.7% RSRZ outliers T 13.9%
RNA backbone I ] M 0.61 RNA backbone M 0.27
[ Percentile relative to X-ray structures of similar resolution [ Percentile relative to X-ray structures of similar resolution
RSRZ > 2
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PDBf&EEL7R—b (PDFiRT— L)

e Standard geometry

. Bond lengths Bond angles |
Mol | Chain | pra7 | 42| >5 | RMSZ | #|2] >5
1 A 047 | 0/1107 | 0.71 | 0/1491

There are no bond length outliers.
There are no bond angle outliers.
There are no chirality outliers.

There are no planarity outliers.

¢ Too close contacts

Mol | Chain | Non-H | H(model) | H(added) | Clashes Symm-Clashes
1 A 1091 0 1106 7 0
2 A 22 0 27 2 0
3 A 100 0 0 2 0
All All 1213 0 1133 9 0

e Protein backbones

Mol | Chain Analysed Favoured | Allowed @ Outliers = Percentiles

1 A | 135/137 (98%) | 132 (98%) | 3 (2%) 0

¢ Protein sidechains

Mol | Chain Analysed Rotameric = Outliers = Percentiles

1 A | 123/123 (100%) | 120 (98%) | 3 (2%) 52 38

e Ligand geometry

. . Bond lengths Bond angles
Mol | Type | Chain | Res | Link | o, | RMSZ | #2]>2 | Counts | RMSZ | #|2] > 2
2 |REA| A |20 | - |192222] 105 | 1(5%) | 263030 1.02 | 2(1%)

All (1) bond length outliers are listed below:

Mol | Chain | Res [ Type | Atoms [ Z

Observed(A) | Ideal(X)

2 | A | 200 REA | CI-C6 | 2.2

156 | 153

All (2) bond angle outliers are listed below:

Mol | Chain | Res | Type Atoms Z

Observed(°) | Ideal(°)

2 A 200 | REA | C11-C10-C9 | -2.40

123.89 127.31

2 A 200 | REA | C18-C5-C6 | 2.08

126.83 124.51

There are no chirality outliers.
There are no torsion outliers.

There are no ring outliers.

1 monomer is involved in 2 short contacts:

Mol | Chain | Res | Type | Clashes [ Symm-Clashes |

2 | A | 200 | REA

2| 0

]

PDBREELR—bDEE — AV FDREEIER
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In addition to geometric validation for ligands, for X-ray diffraction PDB entries the wwPDB validation report also presents images
displaying the ligand and the surrounding electron density map.

Geometric analysis provided by GCDC Mogul will be highlighted on a 2D diagram of the ligand, as shown below.

Ligand NAP A 1270

o |
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Bond lengths Bond angles
L S— S

Torsions Rings

Electron density around NAP A 1270:

2mF,-DF. (at 0.7 rmsd) in gray
mF,-DF, (at 3 rmsd) in purple (negative)
and green (positive)

SHEA LY. AVRAIHRILIEHREZWWPDBDIREIL R— R4 ARAAELT-. DY)
HURA[fRIbIERRIE. ZEFE N Ligand of Interest/EL TEIRLEEUAVED . BFE
M250&Y KREL, OB EILFRIICIZEEI SN NI-EFTED)HURIZRLTER TR

ShEJ,




ETOXLUMERIIEB 22 CRAELR—MXMLIR) D A F &

D249 0USD
~LVT
EAMETI> h—
TI—TERI> NI~
{can—%
BT R~

|RY—EX
~LVT
PDB#% (PDBj Mine)
PDBEF SRR
{CEMRFE (Chemie)
BMRBEH @
Sequence-Navigator
Structure-Navigator
EM Navigator @
Omokagef& @
wwPDB/RDF &
SeSAW @
Ligand Binding Sites
(GIRAF)
E/N ki VR Y Sy
A

@

AFEL-F

Y—ER&YIROX7

~ILVT

B8 (Yorodumi) @
ASH @

MAFFTash @
NMRToolBox &
gmfit @

CRNPRED &
Spanner @

SFAS &

HOMCOS @

1cbs.cif.qz (36.71 KB)

PDBx/mmCIF ——
~ 1cbs.xml.gz (49.11 KB) EERR
1cbs-noatom.xml.gz =
PDBML AYSIDH  (11.63 KB) EmSR
BEEMIRD 1cbs-extatom.xml.gz EESR
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2505 lines (2504 sloc) 163 KB

data_5B1L-validation-alt

#

_entry.id  5BIL

#
_pdbx_percentile_list.entry_id
_pdbx_percentile_list.name

#

loop_
_pdbx_percentile_view.entry_id

_pdbx_percentile_view.conditions_:

_pdbx_percentile_view.type
_pdbx_percentile_view.rank

5B1L
all,2.35,xray

id

5B1L all_atom_clashscore 51.6
5B1L all_atom_clashscore 55.1
5B1L Ramachandran_outlier_percent 100.0
5B1L Ramachandran_outlier_percent 100.0

5B1L rotamer_outliers_percent
5B1L R_value_R_free

5B1L R_value_R_free

5B1L RSRZ_outliers_percent
5B1L 1@ RSRZ_outliers_percent

#

loop_
_pdbx_percentile_conditions.id

1
2
3
4
5B1L 5 rotamer_outliers_percent
6
7
8
9

_pdbx_percentile_conditions.number_entries_total
_pdbx_percentile_conditions.ls_d_|
_pdbx_percentile_conditions.ls_d_|

112137 ? ?
1626  2.34 2.38
110173 ? ?
1605 2.34 2.38
110143 ? ?
1606  2.34 2.38

o U s WN R

94.3
97.9
48.5
68.3
72.0
81.2

res_high
res_low

R

- mmCIF7#4—<vhk

- PDBx/mmCIFFEE LS VA #1HE (90% )

- RIIEBZEET 5HT7T)—IH%E

- SQLIZK S EEER

- WebfRZEZEHL (PDBML)

- T 149 WeblZ3 it (RDF, SPARQL)

e |

R
https://github.com/yokochi47/pdbx—validation
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SPARQL endpoint contains wwPDB/RDF-validation graph

https://bmrbpub.pdbj.org

PDBj-BMRB Data Server: .
common open representations of BMRB NMR-STAR data in XML, RDF and JSONNormats

Home Search Examples Download Resources NEWS

About | Namespace Prefixes | Inference rules Query examples
Default Data Set Name (Graph IRI)

https://rdf wwpdb.org/pdb-validation
Category holders

Query Text

select distinct ?Concept where {[] a ?Concept} LIMIT 100

00: Show
category holders of datablock class of
bolomics entry bmse000400: | Show

entry

Entry statistics

Count entries per submission year and experimental
method (subtype): |Show

Assembly descriptions

all assembly names, asym IDs, entity IDs,
polymer types, formula weights and functions in a
assembly: | Show

Z Entity descriptions
(Security restrictions of this server do not allow you to retrieve remote RDF data, see details.) 5. Select all entity names and sequences of polymer
Results Format: HTML B entities expressed using one-letter code: Show
Execution timeout: 0 milliseconds (values less than 1000 are ignored) 6. Select all original source information of molecular
OptiOHS' Strict checking of void variables entities and external links to NCBI Taxonomy: | Show

all biological systems to produce molecular
(The result can only be sent back to browser, not saved on the server, see details) entities and external links to NCBI Taxonomy: Show

Run Query Reset Citation information

8. Select citation information of all entries toaether with

Linked Open Data (LOD) M#&ZFE A4

BER UHUFDRSR (EBMICKRO-EFEZELEBEETILOEFEEDRE) B
10%&Y/NENETHER-VHVFEEEREZER

SELECT ?PDB_ID ?enzyme ?ligand ?comp_id MIN(?RSR AS ?minRSR)
FROM <https://rdf. wwpdb.org/pdb-validation>
WHERE {

?entity PDBov:link_to_enzyme ?link_to_enzyme ;
PDBov:entity.pdbx_description ?enzyme ;
PDBov:of datablock ?datablock . s
#1 selection of enzyme
BIND (SUBSTR(STR(?datablock),38,4) AS ?PDB_ID)
BIND (IRIICONCAT(?datablock, "/pdbx_entity_nonpolyCategory")) AS ?entity_nonpoly_category)

?entity_nonpoly_category PDBov:has_pdbx_entity_nonpoly ?entity_nonpoly .

?entity_nonpoly PDBov:pdbx_entity_nonpoly.name ?ligand ;
PDBov:pdbx_entity_nonpoly.entity_id ?entity_id ;

# ligand selection
PDBov:pdbx_entity_nonpoly.comp_id ?comp_id . g c

FILTER (?ligand!="water" && ISTRENDS(?ligand, " ION"))
BIND (IRI(CONCAT(?datablock, "/pdbx_nonpoly_schemeCategory")) AS ?nonpoly_scheme_category)

?nonpoly_scheme_category PDBov:has_pdbx_nonpoly_scheme ?nonpoly_scheme .

?nonpoly_scheme PDBov:pdbx_nonpoly_scheme.pdb_strand_id ?asym_id ;
PDBov:pdbx_nonpoly_scheme.pdb_seq_num ?seq_id ;
PDBov:pdbx_nonpoly_scheme.entity_id ?entity_id ;
PDBov:pdbx_nonpoly_scheme.mon_id ?comp_id .

BIND (IRI(CONCAT(?datablock, "/pdbx_dcc_mapCategory")) AS ?dcc_map_category)
?dcc_map_category PDBov:has_pdbx_dcc_map ?dcc_map .
?dcc_map PDBov:pdbx_dcc_map.auth_asym_id ?asym_id ;
PDBov:pdbx_dcc_map.auth_comp_id ?comp_id ;
PDBov:pdbx_dcc_map.RSR ?RSR .
# RSR<0.1
FILTER (xsd:float(?RSR) < 0.1)

1 ERNLID RV 72DNR N 2annma ?limnand 2camn id




Linked Open Data (LOD) M+#&ZFE A4

BER VAVEDRSR (RBHICKO-BEFEELBEETILOEFEEDEE) A
10% &Y /NENETOER-VH U FEEREER

15000 RDBEF-VHVRFDEAEHELEYVE

PDBID | enzyme comp_id RSR

SKMI High affinity nerve growth factor receptor 6UE 0.099

109L T4 LYSOZYME BME 0.099

5CST Ribosome inactivating protein GOL 0.099

4MSN cAMP and cAMP-inhibited cGMP 3',5'-cyclic phosphodiesterase 10A 22Q 0.099

50X3 Glycogen phosphorylase, muscle form PLP 0.099

4FON Proteinase K TE 0.016

20LC Methylthioribose kinase HO 0014

4NSG Lysozyme C QPT 0.012

1IXB SUPEROXIDE DISMUTASE MH2 0.008 70.9L, BME, RSR: 0.099

Linked Open Data (LOD) D&% A P4

BRER - EOEERITORSROERE (RSRZ>2. BEBORSROZRATMN20 LYK=
LY) DEEN19LY NSNS THER-)H U FESEREER

PREFIX PDBov: <https://rdf wwpdb.org/schema/pdbx-validation-v1.owl#>

SELECT ?PDB_ID ?enzyme (GROUP_CONCAT(?ligand; SEPARATOR=",") AS ?ligands) ?RSRZ_outliers_percent
FROM <https://rdf.wwpdb.org/pdb-validation>

WHERE {

?map_overall PDBov:pdbx_dcc_map_overall.entry_id ?PDB_ID ;
PDBov:pdbx_dcc_map_overall. RSRZ _outliers_percent ?RSRZ_outliers_percent .

FILTER (xsd:float(?RSRZ_outliers_percent) < 0.1) # % of outliers in RSR < 1%
BIND (IRI(CONCAT("https://rdf. wwpdb.org/pdb-validation/", ?PDB_ID, "/entityCategory")) AS ?entity_category)
?entity_category PDBov:has_entity ?entity .

?entity PDBov:link_to_enzyme ?link_to_enzyme ;
PDBov:entity.pdbx_description ?enzyme .

# selection of enzyme
BIND (IRI(CONCAT("https://rdf.wwpdb.org/pdb-validation/", ?PDB_ID, "/pdbx_entity_nonpolyCategory")) AS ?entity_nonpoly_category)
?entity_nonpoly_category PDBov:has_pdbx_entity_nonpoly ?entity_nonpoly .

?entity_nonpoly PDBov:pdbx_entity_nonpoly.name ?ligand . £ Iigand selection
FILTER (?ligand!="water" && ISTRENDS(?ligand, " ION"))

}




Linked Open Data (LOD) M #&ZE A4

RE - ZEHERHDPORSROEFEE (RSRZ>2. HEBDORSROZAOATM20 LYK=
LY) DEIEM1BEYINSNETHER-YAURFEESREER

50004 R DER-VHVFOHEAFEHE, BZEAIORSROEEDEENNTHY. UH
SHIZ0%IZHIBLI-EE (X, 100044FR RDRSRAMO%LL FIZHIPBLI-B & . 67044

PDB_ID | Enzyme RSRZ outli PDB_ID | enzyme comp_id RSR
ers_percent
1C1M PROTEIN (PORCINE ELASTASE) XE 0.025
1BUL NMC-A BETA-LACTAMASE 0
5KPU Beta—lactamase TEM XE 0.026
5A1G S-ADENOSYLMETHIONINE SYNTHASE ISOFORM 0
TYPE-2 1BT3 | PROTEIN (CATEGHOL OXIDASE) c20 0027
2DRS | Xylanase Y 1FSG | HYPOXANTHINE-GUANINE PHOSPHORIBOSYLTRANSFERASE PRP 003
2AS1 Cytochrome ¢ peroxidase, mitochondrial 181L T4 LYSOZYME BNZ 0.032

1HAW TRYPSIN IVA

142L T4 LYSOZYME

4CIK PLASMINOGEN

4L40 Endo-1,4-beta-xylanase

AGS5P Epidermal growth factor receptor

3GA6 Exodeoxyribonuclease

2HB3 Protease

5IHG Lysozyme C

1LNF THERMOLYSIN :

o|lo|o|lo|o|o|o|o|o|o|o|o|o|o|o|o|o

o P 7 .
=y & ? - 0.
3IUY | Probable ATP-dependent RNA helicase DDX53 ' N watts 1FSG, PRP, RSR. 003/4
163L | T4 LYSOZYME e ' ik BT highrest resolution: 1.0
3 1 820 Li15, \ % b S
5BMP Phosphoglucomutase I 8 ""' D|‘i7 ?"
LT \ y Sy
1L83 | T4 LYSOZYME i o 7Y & 5 :
£z SR
1GWO | PEROXIDASE C1A if O~ sy;"'
2 \ \
5PA5S Catechol O-methyltransferase "'G'!l i ) A
> 177 _! ‘
= L
Y L <

PDBREEL 7R—b D it = ) fik 55

" 20194E10H . PDBj Minet& % H—E X L TPDB#&REEL R—F
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