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664 IMPROVED STRUCTURE REFINEMENT THROUGH MAXIMUM LIKELIHOOD 

is within the convergence radius for the maximum- 
likelihood refinement. The increased phase accuracy, 
coupled perhaps with less of a tendency to overfit data, 
results in an electron-density map that is clearer in 
regions where the model is still in error (Fig. 5). 

As one might expect from the increased precision of 
the approximation, the MLF2 target gives significantly 
better results than MLF1 (Fig. 3). This improvement is 
achieved for a modest computational cost. Compared to 
an equivalent refinement with the least-squares target, 
the MLF1 target requires about 1% more computer 
time, while the MLF2 target requires about 10% more 
computer time. 

4. Conclusions 

While the current implementations of maximum- 
likelihood refinement already provide significant bene- 
fits, a number of improvements can be envisioned. First, 
the algorithm for the estimation of O A does not take into 
account measurement errors. Either of the likelihood 
functions derived here, MLF1 or MLF2, can be used to 
compute O" A values that take into account measurement 
errors, and these modified likelihood functions will be 
implemented in the SIGMAA algorithm. As is clear 
from the variance term in the Gaussian approximation 
MLF1 [equation (11)], observational error has little 

Fig. 4. Rigid-body shift in gTIM test 
refinements. In this helical region of 
gTIM, a rigid-body shift can be seen 
between the starting model (blue) and 
the final model (green). The least- 
squares refinement (yellow model) has 
failed to make the full shift, while 
the maximum-likelihood target, MLFI 
(pink model), has converged to a result 
close to the final model. This figure and 
Fig. 5 were drawn using the program 
O (Jones, Zou, Cowan & Kjeldgaard, 
1991). 

Fig. 5. Electron-density maps 
from gTIM test refinements. 
In this region of gTIM, a 
major conformational change 
is required to get to the final 
model (green), but is not 
within the power of gradient- 
driven refinement with either 
the maximum-likelihood target, 
MLF1 (pink model), or the 
least-squares target (yellow 
model). Nonetheless, the general 
phase improvement through 
maximum-likelihood refinement 
makes the change required in the 
model considerably clearer (left, 
blue density) than for the least- 
squares refinement (right, tan 
density). Each map is contoured 
at the r.m.s, value of the electron 
density. 
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