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S1. FOCUS tests 

The major advantage of using FOCUS (Grosse-Kunstleve et al., 1997) is that it uses a statistical 

approach for structure determination. It includes a built-in framework search, which enables it to 

classify and group solutions with the same framework structure. The idea is that after running a large 

number of trials, the most frequently encountered framework represents the correct one. This makes it 

ideally suited to run and evaluate the quality of a large number of data sets automatically. Input files 

for FOCUS were generated using the guidelines laid out in Smeets et al. (2013), and 10000 trials were 

run per data set. Structure determination was considered successful only if the most frequently found 

framework matched the expected one.  

Full results for the FOCUS tests on simulated data of SSZ-45, SSZ-53, SSZ-55, SSZ-56, SSZ-58, and 

SSZ-59 are listed in Table S4. For each structure, 100-1000 reflections sets were sampled from a 

collection of 10000 simulated data sets corresponding to randomly oriented crystals. A random scale 

(between 1 and 50) was applied to each individual reflection set, and between 0 to 80% of randomly 

sampled reflections from each set where shuffled in order to introduce errors. The SerialMerge 

algorithm was applied assuming partially observed reflections, and FOCUS was run on each merged 

data set with 10000 cycles using the same seed for the random number generator. 

The results of all tests are given below. Green cells correspond to the case where FOCUS determined 

the structure correctly. Structure determination was considered successful only if the most frequently 

found framework matched the expected one. Given inside each cell is the number of times the most 

frequently occurring framework was found over 10000 cycles. The shade of green reflects the 

percentage of the most frequently occurring as part of all frameworks found, and can be considered as 

the selectivity of the data for a particular solution (darker is better). Yellow cells indicate that the most 

frequently occurring solution did not correspond to the correct framework. Red cells correspond to the 

situation where no solutions were found. 
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Figure S1 Computation time of the SerialMerge algorithm as a function of unique number of 

reflections showing that the algorithm scales exponentially with the number of unique reflections. 

Note that this concerns only the ranking part of the algorithm. Tests were performed on an Intel Core 

i7-6700K @ 4.00 GHz. 
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Table S1 Kendall correlation coefficients comparing the reflection rankings for the calculated and 

merged data sets using partial intensities 

  Nupsets        

Sample N frames 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.8 

SSZ-45 100 0.68 0.63 0.57 0.51 0.45 0.42 0.32 0.18 

 200 0.74 0.70 0.67 0.63 0.56 0.49 0.42 0.21 

 500 0.82 0.80 0.77 0.74 0.70 0.65 0.54 0.32 

 1000 0.87 0.85 0.83 0.81 0.77 0.73 0.68 0.41 

SSZ-53 100 0.75 0.67 0.62 0.58 0.48 0.46 0.35 0.19 

 200 0.79 0.77 0.73 0.70 0.63 0.55 0.48 0.25 

 500 0.85 0.84 0.81 0.78 0.72 0.69 0.61 0.35 

 1000 0.89 0.87 0.86 0.83 0.80 0.76 0.70 0.47 

SSZ-55 100 0.72 0.67 0.66 0.54 0.52 0.45 0.35 0.20 

 200 0.78 0.77 0.74 0.69 0.63 0.57 0.46 0.25 

 500 0.86 0.85 0.83 0.78 0.73 0.72 0.64 0.39 

 1000 0.88 0.88 0.86 0.85 0.82 0.78 0.73 0.50 

SSZ-56 100 0.71 0.67 0.63 0.58 0.51 0.45 0.36 0.20 

 200 0.78 0.76 0.72 0.67 0.61 0.56 0.47 0.25 

 500 0.85 0.83 0.81 0.78 0.74 0.69 0.60 0.37 

 1000 0.87 0.86 0.84 0.83 0.80 0.76 0.71 0.49 

SSZ-58 100 0.79 0.77 0.73 0.67 0.61 0.55 0.47 0.26 

 200 0.84 0.81 0.79 0.75 0.71 0.66 0.54 0.33 

 500 0.88 0.86 0.85 0.83 0.80 0.75 0.69 0.49 

 1000 0.90 0.89 0.88 0.87 0.84 0.81 0.77 0.59 

SSZ-59 100 0.66 0.62 0.54 0.47 0.40 0.35 0.29 0.12 

 200 0.75 0.63 0.60 0.53 0.45 0.39 0.35 0.17 

 500 0.82 0.80 0.74 0.68 0.66 0.60 0.43 0.21 

 1000 0.88 0.85 0.83 0.80 0.72 0.65 0.56 0.38 
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Table S2 Kendall correlation coefficients comparing the reflection rankings for the calculated data 

set and the merged data set using full intensities 

  Nupsets        

Sample N frames 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.8 

SSZ-45 100 0.84 0.81 0.74 0.69 0.61 0.54 0.43 0.23 

 200 0.87 0.84 0.82 0.77 0.71 0.64 0.56 0.35 

 500 0.90 0.89 0.86 0.83 0.81 0.75 0.69 0.47 

 1000 0.93 0.92 0.90 0.88 0.86 0.82 0.77 0.56 

SSZ-53 100 0.86 0.81 0.77 0.69 0.62 0.54 0.41 0.25 

 200 0.89 0.86 0.82 0.77 0.71 0.65 0.55 0.30 

 500 0.92 0.91 0.88 0.85 0.82 0.76 0.67 0.42 

 1000 0.95 0.93 0.91 0.89 0.87 0.82 0.76 0.55 

SSZ-55 100 0.85 0.80 0.76 0.72 0.68 0.61 0.55 0.29 

 200 0.88 0.85 0.83 0.79 0.72 0.66 0.62 0.40 

 500 0.93 0.91 0.89 0.87 0.83 0.79 0.72 0.53 

 1000 0.96 0.94 0.93 0.90 0.88 0.84 0.80 0.59 

SSZ-56 100 0.83 0.79 0.73 0.68 0.59 0.54 0.43 0.24 

 200 0.87 0.84 0.81 0.75 0.70 0.63 0.56 0.30 

 500 0.91 0.88 0.86 0.84 0.80 0.76 0.70 0.46 

 1000 0.93 0.91 0.90 0.88 0.85 0.82 0.76 0.56 

SSZ-58 100 0.88 0.86 0.81 0.76 0.71 0.63 0.53 0.29 

 200 0.92 0.88 0.86 0.83 0.78 0.72 0.66 0.37 

 500 0.94 0.92 0.90 0.88 0.85 0.81 0.77 0.54 

 1000 0.95 0.94 0.92 0.90 0.89 0.86 0.82 0.65 

SSZ-59 100 0.82 0.77 0.69 0.61 0.55 0.38 0.35 0.15 

 200 0.82 0.79 0.74 0.67 0.62 0.51 0.45 0.18 

 500 0.87 0.85 0.83 0.79 0.73 0.67 0.60 0.28 

 1000 0.91 0.90 0.88 0.85 0.81 0.72 0.67 0.42 
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Table S3 Merging statistics for all six crystal structures.a 

  
Reflections 

  
C-matrix 

 
Sample N frames Observed Unique Completenessb (%) Redundancy Density (%) Redundancy 

SSZ-45 100 6548 1434 94.8 4.6 17.4 1.2 

 
200 13039 1493 98.6 8.7 27.7 1.4 

 
500 32629 1510 99.8 21.6 49.5 1.9 

 
1000 65278 1513 100.0 43.2 68.9 2.7 

SSZ-53 100 7620 1745 97.0 4.4 16.4 1.2 

 
200 15152 1793 99.6 8.4 26.6 1.4 

 
500 37786 1799 100.0 21.0 50.3 1.8 

 
1000 75641 1799 100.0 42.0 71.9 2.5 

SSZ-55 100 2938 430 98.3 6.9 32.9 1.5 

 
200 5857 436 99.8 13.5 48.7 1.9 

 
500 14662 437 100.0 33.6 72.7 3.2 

 
1000 29354 437 100.0 67.2 85.8 5.4 

SSZ-56 100 14843 3355 97.1 4.4 15.9 1.2 

 
200 29630 3448 99.8 8.6 26.7 1.4 

 
500 74500 3455 100.0 21.6 49.6 1.9 

 
1000 148518 3455 100.0 43.0 71.0 2.6 

SSZ-58 100 17370 2257 99.2 7.7 39.1 1.5 

 
200 34715 2273 99.9 15.3 57.6 2.1 

 
500 87229 2275 100.0 38.4 82.4 3.6 

 
1000 174533 2275 100.0 76.7 93.6 6.4 

SSZ-59 100 3752 1488 84.8 2.5 5.9 1.1 

 
200 7620 1701 96.9 4.5 8.8 1.2 

 
500 18906 1752 99.8 10.8 18.0 1.3 

 
1000 37782 1755 100.0 21.5 31.7 1.5 

aFor our tests, the merging statistics depend exclusively on the choice of Nframes. The numbers are representative 

of the values and trends one can expect. bUp to a resolution of 1 Å. 
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Table S4 Structure solution tests using FOCUS for the merged data sets using partial intensities 

  Nupsets        

Sample N frames 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.8 

SSZ-45 100 60 2 3 67 11 14 1 0 

 200 70 62 3 27 87 1 1 0 

 500 130 31 17 21 13 8 18 0 

 1000 101 291 24 49 16 57 66 1 

SSZ-53 100 11 4 6 1 0 1 0 0 

 200 16 44 1 60 20 1 1 1 

 500 54 44 4 44 64 43 2 1 

 1000 107 69 52 94 43 30 7 1 

SSZ-55 100 583 207 273 251 184 41 68 38 

 200 394 386 265 459 237 185 199 32 

 500 458 414 475 347 213 248 146 98 

 1000 572 320 352 205 228 146 87 42 

SSZ-56 100 4 2 3 4 0 0 0 0 

 200 47 11 9 1 1 0 0 0 

 500 57 62 8 24 7 8 0 0 

 1000 157 96 124 29 34 1 3 0 

SSZ-58 100 37 53 4 16 1 0 0 0 

 200 63 4 33 9 4 0 0 0 

 500 53 31 11 31 5 19 22 0 

 1000 87 32 52 89 28 0 6 0 

SSZ-59 100 7 0 0 0 1 2 1 1 

 200 21 0 3 0 1 0 0 1 

 500 21 28 5 5 2 2 0 0 

 1000 47 59 47 19 5 8 1 1 
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