Supplement S2: Theoretical framework for de-
termination of expected performance of com-
bined #n silico approaches

Considering a set of variants S, we denote by p,0 < p < 1, the fraction of
pathogenic variants within S. Hence, S can be non-ambiguously divided into
p|S| pathogenic variants and (1 — p)|.S| non-pathogenic, i.e. benign, variants.
We denote the event that a variant originates from the subset of pathogenic
(respectively benign) variants by Q (respectively Q).

Per definition, sensitivity SENS and specificity SPEC can be described
by the conditional probabilities P(—|Q2) and P(+|Q), whereby — (respec-
tively +) denote that a variant is classified as pathogenic (respectively non-
deleterious). Hence, estimators of true positives TP, false positives FP, true
negatives TN and false negatives FN are given by

TP =p |S| P(~|Q) = p |S| SENS,

FP = (1—p)|S| P(—]Q) = (1 — p)|S|(1 — B(+]2)) = (1 — p)|S|(1 — SPEC),
TN = (1 - p)|S] P(+[2) = (1 — p)|S| SPEC,

and

FN = p|S| P(+]2) = p|S|(1 — P(—|2)) = p|S|(1 — SENS).

We can therefore derive an estimator of the corresponding accuracy ACC
and Matthews correlation coefficient MCC in dependence of SENS and SPEC
via

ACC = — T _ )SENS+ (1 — p)SPEC
TP 4+ FP + TN + FN
and
_ TP TN — FP FN
MCC =

\/(TP + FP)(TP + FN)(TN + FP)(TN + FN)
(1 — p)(SENS + SPEC — 1)
v/ (PSENS + (1 — p)(1 — SPEC)) ((1 — p)SPEC + p(1 — SENS))

It remains the task to describe SENS and SPEC of combined methods in
order to derive an estimator of the expected performance of combined ap-
proaches under the assumption that the prediction made by individual tools
would be absolutely independent. Note that SENS™" respectively SPEC™"]

1



with m,n € N, 3 < m < n are defined as the sensitivity, respectively speci-
ficity, of a combined method involving n approaches and calling a variant
as pathogenic in case at least m approaches classify the given variant as
pathogenic. We denote particular methods by n; for i = 1,...,n and denote
—1 (respectively +;) as the event that prediction tool n; classifies a variant
as pathogenic (respectively benign). Accordingly, we denote the individual
sensitivity and specificity of method n; as SENS,; and SPEC,;.

We consider all combinations of tools for which m > 2 holds, except the
case m = 1Nn = 2. For these combined approaches we defined imputing the
independence of individual prediction tools

SENS " =[] P(~4/) = [] SENS, for n € {2,3,4},
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SENS =SENS " + ) [P+, ] P(-
= 1§;§n
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=SENS "+ 3" | (1 - SENS,) ] SENS, | forne {34},

1<r<n
T#q
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SENS™ =SENS" +> [ P(+,Q) > |P(+10) [ P(-
q=1 1<r<4 1<s<4
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~SENS '+ 3 [a—sens,) 3 | a-sens,) [] sexs,

q=1 1<r<4 1<s<4
4 s#lar)
SPEC " =1 []P(—,[®) =1 - ](1 - SPEC,) for n € {2,3,4},
g=1 q=1
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=SPEC "~ [spEc, J] (1 —SPEC,)| forne {3,4},

q=1 1<r<n
T#q

and
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SPEC  =SPEC - |P(+®) 3 [B(+ @) [ B(-.[0)
=1 1<r<4 1<s<4
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