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Genotype Calling and Parameter Optimization Text
Genotype Calling
We developed three parameters to assist in genotype calling. The first parameter, called minimum separation, is used
to exclude poorly performing markers prior to genotyping. These poorly performing markers are identified by their
inability to properly distinguish between the two species in control experiments. The parameter is defined as the
minimum separation, in standard deviations (SDs), of the medians of the pure species hybridization value
distributions required for a marker to be considered reliable. For example, a minimum separation of 1 SD means the
median hybridization values for N. vitripennis (V) and N. giraulti (G) must be separated by 1V SD + 1 G SD.

The second and third parameters do not exclude markers prior to genotyping, but rather determine how
strong the evidence is required to be in order to call a specific genotype (V or G) over an ambiguous genotype (U). The
second parameter, minimum probability ratio, is the minimum ratio of the cumulative probability that the sample is
the more likely genotype to the cumulative probability that the sample is the less likely genotype
((max(p(V),p(G))/(min(p(V),p(G))) required for the sample to be called a non-ambiguous genotype. For example, a
minimum probability ratio of two means that the more likely genotype must be at least twice as likely as the less
likely genotype in order for a non-ambiguous genotype call to be made. This parameter is intended to prevent non-
ambiguous calls when genotype evidence is amibiguous.

The third parameter, minimum p-value, is the minimum p-value (cumulative probability) of the more
probable genotype (max(p(V),p(G)) required for a sample to be called the more probable genotype rather than
ambiguous. For example, a minimum p-value of 0.05 means that if a sample has cumulative probabilities below 0.05
for both the V or G genotype, it will be called ambiguous. This parameter is intended to prevent non-ambiguous calls

when data are unlikely to belong to either genotype.

Parameter Optimization

It was then important to select the optimal values of each parameter to maximize precision (the probability that a
called genotype is correct) and recall (the probability that a non-ambiguous genotype is called for a given marker, also
referred to as sensitivity). The relative weight of precision and recall can be balanced in F-scores, where the subscript

of the F-score represents the relative weight of precision versus recall. For Fy, both precision and recall are weighted
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equally, while for Fy s, precision is weighted relatively greater than recall. Optimization of F-scores determines the
values of parameters that optimize precision and recall simultaneously according to their relative weights.

In order to calculate F-scores for different parameter values, we used an independently genotyped population of 30
hybrid individuals (Niehuis et al. 2010). For each chromosome, we identified a 2-Mb stretch contained within a single
large scaffold. Then for each individual, if all markers within a given 2-Mb stretch plus the neighboring marker on
either side were called the same genotype by Niehuis et al. (2010), that region was included in this analysis. In total,
these regions contained 26,578 testable markers. We then tested genotyping accuracy by varying the three
parameters and genotyping the control markers. The parameter ranges tested were 0—2 SDs for minimum separation,
1:1-10:1 for the minimum probability ratio, and 107-107, for the minimum p-value

Results of these optimizations are shown in Table S6, and the effects of varying the two parameters with
the greatest influence on precision, the minimum separation, and minimum probability ratio are shown in Figure S1A.
When precision and recall are weighted equally, F; is maximized with the following parameter settings: minimum
separation = 0 SDs, minimum probability ratio = 1:1, and minimum p-value = 107, At these settings, precision is 97.8%
and recall is 97.7%. This suggests that the most permissive parameter settings should be used when calling a
maximum number of genotypes is just as important as having those calls be correct.

However, it is often the case that precision is more important than recall. When precision is given greater
weight, e.g., Fo.,s, the optimal parameters change to minimum separation = 0, minimum probability ratio = 9:1, and
minimum p-value = 10°. At these settings, precision is 99.5% and recall is 90.8%. This analysis shows that increasing
the minimum probability ratio increases precision at the smallest cost to recall of the three parameters. Increasing
the minimum separation or minimum p-value does also increase precision, but with a large corresponding loss to
recall. The lack of effect of increasing minimum separation of the two species distributions in the control data
suggests that to some extent, it is not effective to pre-filter a large number of markers based on performance with
control data. Rather, a greater overall precision can be achieved by attempting to genotype a large fraction of the
markers with more stringent criteria.

In an attempt to increase precision beyond 99.5%, we developed a smoothing algorithm based on
genotypes of neighboring markers (see Methods). To determine the effectiveness of the smoothing, we replicated the
optimization conducted for the unsmoothed data and compared the two (Table S6, Figure S1B). Smoothing
dramatically affects all F-scores, which are maximized at minimum separation = 0 SDs, minimum probability ratio =

1:1, and minimum p-value ranging from 107 to 107, depending on the F number. In all cases, smoothed data have
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higher F-scores than unsmoothed data. Under these parameters, precision is 99.9% and recall is 97.7%. This indicates
that the smoothing algorithm dramatically increases precision without the loss in recall seen when increasing the
minimum probability ratio in the absence of smoothing. Therefore it is recommended that the smoothing algorithm is
always used. It should be noted however, that smoothing does not affect scaffolds with only one marker, so the F-
scores for these scaffolds will be the same as for unsmoothed data. Therefore, optimal parameter setting depends on
the user’s relative interest in the accuracy of single marker scaffolds versus regions with higher overall marker

density.
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