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Michael Rossmann was a pioneer in combining X-ray crystallography and cryoEM maps. In his early papers
in this area, he described how to score a model fitted to a map by looking at the density value at each atom;
the density value for the atom was obtained by averaging the values at the nearest grid points in the map.
Another measure he described was to consider whether the density value at the atom’s position was negative,
and hence not resolved [1, 2]. Prof. Rossmann wrote and maintained code to calculate such scores, while
searching for good fits of a model in a map, part of a method called EMFit. He was happy to share and explain
how to run the code to interested researchers, including ourselves; we had many conversations and ‘remote’
sessions (which were then less common), where he showed us how to run the code and how it worked. The
methods became very useful to us as we also explored the combination of X-ray structures and cryoEM maps.

The scores devised by Prof. Rossmann influenced and inspired scores still used today. The ‘atom in negative
density’ score is similar to the atom inclusion score, used in the PDB validation reports [3]. The average density
score became commonly used in other software such as UCSF Chimera [4]. Other scores used in fitting atomic
models to cryoEM maps had already been proposed, e.g. cross-correlation [5]. Such cross-correlation scores
typically consider groups of atoms, simulating a map from them that aims to look like a cryoEM map at a
given resolution; they depend on various other parameters, e.g. scattering factors and desired resolution. In
contrast, the atom inclusion and average density scores ask a simpler and perhaps more effective question
about each atom. As we conceived Q-scores, we asked a similar question: can a score apply to each atom
individually, and represent to what degree it is resolved [6]. It also borrowed from the cross-correlation
formulation, to calculate a number between -1 and 1, with 1 indicating the atom is resolved as it would be in
the highest atomic resolution seen to date (Figure 1).

A useful property of Q-scores that emerged from their formulation is that, on average, they correlate strongly
to the FSC-estimated resolution of the map (Figure 2). This has not been seen yet for any other generic (i.e.
applicable to any atom), cross-correlation based, real-space score [7]. One benefit of this property is the ability
to answer the question ‘what is a good score?’. In the case of Q-scores, a ‘good’ value can be determined from
the estimated resolution of the map: we simply plug the estimated resolution of the map in the equation for the
regression line. When the Q-score of atoms fitted or built into the maps is at or above this expected value, we
know this part of the map is resolved and modeled as expected.

Looking back, this journey had a lot to do with the inspiration initially provided by Prof. Rossmann. He asked
the question, perhaps more indirectly, about whether a single atom is resolved or not. The question stayed with
us for many years as we worked with different scores, until we developed the Q-score in the same vein. Prof.
Rossmann also set a great example to develop and maintain code that can be shared and used by others in the
field [8], and to take every opportunity to discuss it and potentially inspire others to make use of it or to take
it even farther.
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Figure 1. Figure 1. lllustration of atomic profiles and Q-scores around atoms fitted to cryoEM maps at different
resolutions. In (A), the atomic profiles around two of the atoms OD1 and OD2 are plotted. The atomic profiles
are obtained by distributing points on spheres with varying radii centered on each atom'’s position; only points
on each sphere closer to the atom being considered than to other atoms in the model are used. Map values are
averaged at each radial distance. For OD1 the atomic profile has a higher starting point and falls off much like
a Gaussian function (plotted in black dotted line), hence it has a higher Q-score (0.89). On the other hand, for
the OD1 atom, the atomic profile is mainly flat; hence a low Q-score of -0.29 is obtained. In (B), atomic
profiles and Q-scores for atoms at various resolutions are shown. The reference Gaussian the atomic profiles
are compared to is plotted with a black dotted line. Q-scores are highest when the atomic profiles match this
reference Gaussian and lower when they are less like it.
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Figure 2. Figure 2. Plots of average Q-scores vs reported resolution for maps and models in the EMDB. In
(A), 55 diverse maps and models are used. The average Q-score for each map and model correlates strongly
to the reported resolution as shown by linear regression (R2=0.95). In (B) the map and model corresponding
to a point which falls below the fitted regression line is shown (EMDB:5778); the Q-score is lower than
expected because parts of the model are not resolved very well in the map (shown with red in the ribbon
display). In (C), only maps and models of Apoferritin are used; an even stronger correlation between the
average Q-score and reported resolution is obtained (R2=0.99). This is because, as shown in (D), maps of
Apoferritin tend to have more homogeneous resolvability of atomic features throughout.
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