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2.2. QUALITY INDICATORS
deviations. In the case described here, the mean values of the
distribution are the ideal values taken from Engh & Huber (1991)
and Parkinson et al. (1996).
Zðxi Þ ¼ ½xi ðobservedÞ  xi ðidealÞ=ðxÞ:

DPI ¼ ½Natom =ðNhkl  Npara Þ1=2 Rdmin C1=3 ;

ð2:2:10:1Þ

where Natom is the number of atoms included in the reﬁnement,
Nhkl is the number of reﬂections included in the reﬁnement, Npara
is the number of reﬁned parameters, R is the crystallographic R
factor, dmin is the nominal resolution of the data included in the
reﬁnement and C is the data completeness. The free R factor Rfree
is sometimes used instead of the crystallographic R factor R to
calculate the DPI. In this case (Nhkl  Npara) is replaced by Nfree,
which is the number of reﬂections used for Rfree calculation.
The Cruickshank formula for DPI has been recast into several
other forms, including

ð2:2:9:3Þ

Ideally, the Z score should be 0. A parameter that exhibits a Z
score of less than 4 or greater than +4 is highly unlikely and
calls for attention.
Root-mean-square Z score, r.m.s.-Z. Although r.m.s.d. values
[see equation (2.2.9.2)] are still popular for use in judging the
quality of reﬁned macromolecular models, a much more useful
statistic is the r.m.s. value of a distribution of Z scores or the
r.m.s.-Z score.
P
r.m.s.-ZðxÞ ¼ ½Zðxi Þ2 =N1=2 :
ð2:2:9:4Þ

1=2
5=6
Rfree d5=2
DPI ¼ ðx; Bavg Þ ¼ 0:18ð1 þ scÞ1=2 VM
min C

ð2:2:10:2Þ

i

(Blow, 2002), where sc is the solvent fraction (= Nsolv /Natom,
where Nsolv is the number of atoms that are solvent) and VM is the
Matthews parameter (Matthews, 1968). The utility of this latter
formula in guiding the design of the data-collection experiment
to achieve a speciﬁed target coordinate uncertainty has been
demonstrated (Fisher et al., 2008).

The sum runs over all N instances of the geometric parameter x
occurring in a structure. A very useful property of Z scores is
that the r.m.s. values of Z-score distributions should always be 1.
Signiﬁcant deviations from the ideal value indicate potential
problems. R.m.s. Z scores are widely used, for instance, in the
program WHAT_CHECK (Hooft et al., 1996).
R.m.s.d. (NCS). The root-mean-square deviation from crystallographic symmetry between two molecules related by noncrystallographic symmetry (NCS) can be calculated from a
superposition of the two molecules. It is deﬁned as
 P 2 1=2
r:m:s:d:ðNCSÞ ¼
di =N :
ð2:2:9:5Þ

2.2.11. The most commonly used quality indicators
A summary of the most commonly used quality indicators and
their deﬁnitions is presented in Table 2.2.11.1 for ready reference.

i
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The sum runs over N equivalent atom pairs with di being the
distance between the two equivalent atoms after superposition.
2.2.10. Error estimation for the reﬁned model
An important quality indicator for a reﬁned model is the coordinate uncertainty. Short of full-matrix inversion, which is the
standard procedure in small-molecule crystallography but which
is applicable only in exceptional cases for macromolecules, some
methods have been devised for estimating of the overall coordinate uncertainty.
Error estimation according to Luzzati. For most macromolecular structure determinations, atomic standard uncertainties are not available. However, Luzzati (1952) devised a method
of estimating the average positional error of a structure. Under
the assumption that the atomic positional errors follow a normal
distribution, the average error can be estimated by comparing a
plot of the crystallographic R factor [see equation (2.2.8.1)]
versus the reciprocal resolution (or 2 sin /) with pre-computed
theoretical curves for different average errors. A more recent –
and probably better – approach is to use the free R factor instead
of the crystallographic R factor.
SigmaA- (rA)-type error estimation. A slightly better estimate
of the average positional error of a structure can be obtained
by plotting the natural logarithm of the parameter  A versus
(sin /)2 (Read, 1986). The slope of a straight line ﬁtted to the
plot provides an estimate of the average positional error of the
structure. The parameter  A assumes normally distributed positional errors and takes model incompleteness into account as
well.
Diffraction-component precision index, DPI. The diffractioncomponent precision index DPI is an empirical parameter
describing the overall coordinate uncertainty of a structure
(Cruickshank, 1999a,b). For an atom with an isotropic displacement parameter of average value (Bavg), it is deﬁned as
Copyright © 2012 International Union of Crystallography
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Brünger, A. T. (1992). Free R value: a novel statistical quantity for
assessing the accuracy of crystal structures. Nature (London), 355, 472–
475.
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