S F C H E C K DocumentationSFCHECK is a program for assessing the agreement between an atomic model and X-ray data.The program requires one or two input files, one with the coordinates of the model (inPDB, CIF or BLANC format) and one with the structure factors (in PDB, CIF orBLANC format). It runs completely automatically.Non-crystallographic symmetry information is extracted from the coordinates file and isused when necessary to restore the content of the asymmetric part of the unit cell.I. Output information produced by SFCHECKSFCHECK produces a PostScript output file with the following set of information:1. Crystalcell parameters and space group2. Modelnumber of atomsnumber of water moleculessolvent content<B> for modelreported resolutionreported R-factor3. Refinementrefinement program resolution range for refinementreported sigma cut-off for refinementreported R-factorreported Rfree4. Structure factorsnumber of reflectionsnumber of reflections with I > snumber of reflections with I > 3sresolution rangecompletenessR-standard ( Ss(F)/SF )Wilson plot (amplitude vs resolution)overall B-factor by Patterson origin peak and by Wilson plotoptical resolutionexpected minimal error in coordinates5. Model vs structure factorsR-factorCorrelation coefficientR-factor for reported resolution range and sigma cut-offRfreeLuzzati plot (R-factor vs resolution)coordinate error from Luzzati plotexpected maximal error in coordinatesDPIOptical resolutionOptical resolution is defined as an expected minimum distance between two resolvedpeaks in the electron density map. It is computed as

Δpatt_2 2

, where

Δpatt

is the widthof the Patterson origin peak. The "Expected optical resolution for complete data set" iscalculated as above but using all reflections; for missing reflections, the average value inthe corresponding resolution shell is used.The plot of "Optical resolution for an atom with B=0" demonstrates the behaviour of thepart of the "Optical resolution" corresponding to the series termination.Low resolution cut-offDisordered solvent contributes to the diffraction at low resolution. However, removinglow resolution data from calculations results in a series termination effect which isnoticeable in the electron density at the surface of the molecule. To reduce the influence

of the low resolutions terms, SFCHECK applies the soft low resolution cut-off tostructure factors according to the formula:

Fnew = Fold ⋅1− e− Boff ⋅s2 ( )

where

Boff = 4⋅dmax2

The program uses Boff = 256 .Patterson scalingScaling in SFCHECK is based on the Patterson origin peak which is approximated as agaussian. Compared to the conventional scaling by the Wilson plot, this method isparticularly advantageous when only low resolution data are available. The program givesoverall B-factors estimated with both methods.The program scales FcalctoFobsbythePattersonoriginpeakusingallthedataandapplying Boff.It first computes Boverall’s for observed and calculated amplitudes. Next, it makes thewidthofthecalculatedpeakequaltotheobservedone,i.e.computesanadditionalthermal factor Badd. Finally, it computes the scale factor for Fcalc.

Fcalc_scaled = Fcalc ⋅scale ⋅e− Badd ⋅s_2

where

Badd = Boverall_obs − Boverall_calc

scale = Fobs_2 ⋅1− e_{− Boff ⋅s2} ( ) ∑^{Fcalc}2^{⋅e}− Badd ⋅s2^{⋅1− e}− Boff ⋅s2 ( ) ∑

The program computes the R-factor and the Correlationcoefficient for the reportedresolution range and sigma cut-off without applying Boff. If the Fobs file containsreflectionsmarkedwiththeRfree flag, the program computes Rfree.CompletenessFor the calculation of the map, missing data are restored by using the average value of theintensities for the corresponding resolution shell. The program produces a plot ofcompleteness vs resolution and a plot of the average radial completeness in the polarcoordinates q and f.Expected minimal errorThe minimal coordinate error is estimated using the experimental s(F). The standarddeviation of the atomic coordinates is

σ x( ) = σ slope( ) curvature

where

s(slope) is the slope of electron density in the xdirectioncurvature is the average curvature of the electron density in the atomic peakcentrerIt is computed as:

σ slope ( ) = 2π⋅ h_2 ⋅σ F( )_2 ( ) ∑^{Volume_cell . A}

curvature = (2 p 2S( h 2F) ) / ( Volume_cell . A 2)where A is the cell parameter, h - the Miller index, the sum over all reflections(Cruickshank, D.W.J. (1949) Acta crys. 2, 65)(Murshudov et al., (1997) Acta crys. D53,240-255) If there is no experimental sigma for the observed data, the program uses s=0.04ÆFobs forallthereflections.Expected maximal errorThe expected maximal error in the coordinates is estimated by the difference between Fobsand Fcalc:

σ slope

( )= 2π 2⋅ ⋅ h2 ⋅ Fobs − Fcalc ( )2 ( ) ∑Volume_cell .A2

For the missing reflections the program uses the average value of s(F)forthecorresponding resolution shell instead of (Fobs-Fcalc).DPI - Diffraction-data Precision IndicatorDPI is the Cruickshank’s estimation of the coordinate error (The Refinement ofMacromolecular Structure, Proccedings of CCP4 Study Week-End, pp11-22, 1996).

σ x( ) = Natoms

Nobs − 4⋅Natoms ⋅c− 13 ⋅dmin ⋅Rfactor

wherec: fraction completenessRfactor: conventional crystallographic R-factorNobs: number of reflectionsdmin: maximal resolutionIf Rfree flags are specified, the program uses the Murshudov’s approach to calculate theDPI (Newsletter on protein crystallography, Daresbury Laboratory, 33, 25-30, 1997):

σ x( ) = NatomsNobs ⋅c− 13 ⋅dmin ⋅Rfree

Sovent content

The solvent content is the fraction of the unit cell volume not occupied by the model. Themodel consists of ALL the atoms present in the coordinate file.Residual factor Rmerge

Rmerge I( ) = Ij − I( ) j∑i∑ Ij∑i∑

whereIj: the intensity of the jth observation of reflection iÆIæ: the mean of the intensities of all observations of reflection i

i∑

is taken over all reflections

j∑

is taken over all observations of each reflectionII. Local error estimationThe local error estimation (plotted for each residue, for the backbone and for the sidechain) is given by the following information1. the amplitude of the atom displacement from the electron density2. the density correlation coefficient3. the density index4. the B-factor5. the index of connectivityDisplacementThe displacement of the atoms of the elctron density is estimated from the(Fobs-Fcalc)difference map. The displacement vector is the ratio of the gradient of the densitydifference to the curvature at the atomic peak centre. The plot shows for each residue theshift as

shift = Displacement σ Displacement

wheresDisplacementisthestandarddeviationoftheDisplacement;theactualvalueofs is given in the plotCorrelation coefficientThe density correlation coefficient is calculated for each residue from the (2Fobs-Fcalc)mapand the (Fcalc)map:

Dcorr = ρ obs ⋅ρ calc ρ obs2 ⋅ ρ calc2

whererobs is the (2Fobs-Fcalc) maprcalc is the (Fcalc) mapThe value of the density for some atom of the map r(x)is:

Dens = ρ x^i( )⋅ρ^{atom} x^i − x^a ( ) ( ) i ∑ ρ^{atom} x^i − x^a ( ) i ∑

whererobsistheactualelectrondensityrcalcistheatomicelectrondensityx a: the vector of the atom centrexi: the vector of the ith point of the gridThe sum is taken over all the grid points at a distance from the atomcentre less than Radius_limit;for all the atoms, Radius_limit = 2.5 �.Index of density and index of connectivityThe index of density is the geometric mean of the (2Fobs-Fcalc) electron density values forthe backbone (or side chain) atoms divided by the mean density. The actual values of themean density, ÆDensæ, and the standard deviation of the density, s, are given in the plot.The index of connectivity is a similar indicator which is calculated for each residue, in thecase of proteins, for the backbone atoms (N, Ca and C), and, in the case of DNA/RNA,for the P, O5’, C5’, C3’, O3’ atoms. Low values of this index indicate breaks in thebackboneelectrondensitywhichmaybeduetoflexibilityofthechainorincorrecttracing.III. Omit procedureAn omit map is a way to reduce the model bias in the electron density calculated withmodel phases. SFCHECK produces the so called total omit map by an automaticprocedure. First, the initial (Fobs , PHmodel) map is divided into N boxes. For each box,theelectrondensityinitissettozeroandnewphasesarecalculatedfromthismodifiedmap.AnewmapiscalculatedusingthesephasesandFobs.Thismapcontainstheomitmapforthegivenboxwhichiskeptuntiltheprocedureisrepeatedforallboxes.Attheend,alltheboxeswithomitmapscomposethetotalomitmap.Phasescalculatedfromthetotalomitmaparecombinedwiththeinitialphases.Thewholeproceduremayberepeatedn times (keyword NOMIT). Note: it is time consuming !IV. Incomplete informationThe program can use only one input file of coordinates or structure factors. In this case,the program gives the information derived from the input file without local estimation.

V. AuthorsA.A. Vagin, J. Richelle, S.J. WodakVI. ReferenceWodak, S.J., Pontius, J., Vagin, A.A, and Richelle, J.Procedures for assessing the quality of X-ray structures of macromoleculesIUCr Computing school (in press) (1996)VII. VersionThis document describe version 4.0 of SFCHECK.April 1997