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Table S1: Averaged squared errors between pseudo-expected accuracy and expected accuracy with
stochastic sampling. The column “n” shows the number of stochastic sampling in computing expected
accuracy.

CONTRAfold model McCaskill model
n SEN PPV MCC F-score SEN PPV MCC F-score
100 5.0e-04 4.8e-04 3.1e-04 3.3e-04 1.2e-04 1.5e-04 1.2e-04 1.1e-04
1000 3.1e-04 1.7e-04 7.5e-05 9.3e-05 2.5e-05 1.8e-05 1.7e-05 1.6e-05
10000 2.7e-04 1.2e-04 4.1e-05 5.8e-05 1.3e-05 2.9e-06 4.5e-06 4.7e-06
100000 2.7e-04 1.2e-04 3.7e-05 5.4e-05 1.1e-05 1.1e-06 3.1e-06 3.3e-06
1000000 2.7e-04 1.2e-04 3.7e-05 5.3e-05 1.1e-05 9.0e-07 2.9e-06 3.1e-06
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Figure S1: Comparison between the pseudo-expected SEN, PPV, MCC and F-score (horizontal axes) and
the expected SEN, PPV, MCC and F-score that are computed by stochastic sampling (vertical axes). In
this experiment, we used the McCaskill model [6] for a probability distribution of secondary structures.
The 1st, 2nd, 3rd, 4th and 5th rows show the sample sizes of 100, 1000, 10000, 100000 and 1000000 in
stochastic sampling, respectively. The 1st, 2nd, 3rd and 4th columns indicate sensitivity, PPV, MCC
and F-score, respectively.
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Figure S2: Comparison between the pseudo-expected SEN, PPV, MCC and F-score (horizontal axes)
and the expected SEN, PPV, MCC and F-score that are computed by stochastic sampling (vertical
axes). In this experiment, we used the CONTRAfold model [6] for a probability distribution of secondary
structures. The 1st, 2nd, 3rd, 4th and 5th rows show the sample sizes of 100, 1000, 10000, 100000 and
1000000 in stochastic sampling, respectively. The 1st, 2nd, 3rd and 4th columns indicate sensitivity,
PPV, MCC and F-score, respectively.

3



0.4 0.5 0.6 0.7 0.8

0.
4

0.
5

0.
6

0.
7

0.
8

Positive predictive value (PPV)

S
en

si
tiv

ity
 (

S
E

N
)

0.4 0.5 0.6 0.7 0.8

0.
4

0.
5

0.
6

0.
7

0.
8

Positive predictive value (PPV)

S
en

si
tiv

ity
 (

S
E

N
)

0.4 0.5 0.6 0.7 0.8

0.
4

0.
5

0.
6

0.
7

0.
8

Positive predictive value (PPV)

S
en

si
tiv

ity
 (

S
E

N
)

0.4 0.5 0.6 0.7 0.8

0.
4

0.
5

0.
6

0.
7

0.
8

Positive predictive value (PPV)

S
en

si
tiv

ity
 (

S
E

N
)

0.4 0.5 0.6 0.7 0.8

0.
4

0.
5

0.
6

0.
7

0.
8

Positive predictive value (PPV)

S
en

si
tiv

ity
 (

S
E

N
)

0.4 0.5 0.6 0.7 0.8

0.
4

0.
5

0.
6

0.
7

0.
8

Positive predictive value (PPV)

S
en

si
tiv

ity
 (

S
E

N
)

0.4 0.5 0.6 0.7 0.8

0.
4

0.
5

0.
6

0.
7

0.
8

Positive predictive value (PPV)

S
en

si
tiv

ity
 (

S
E

N
)

0.4 0.5 0.6 0.7 0.8

0.
4

0.
5

0.
6

0.
7

0.
8

Positive predictive value (PPV)

S
en

si
tiv

ity
 (

S
E

N
)

0.4 0.5 0.6 0.7 0.8

0.
4

0.
5

0.
6

0.
7

0.
8

Positive predictive value (PPV)

S
en

si
tiv

ity
 (

S
E

N
)

0.4 0.5 0.6 0.7 0.8

0.
4

0.
5

0.
6

0.
7

0.
8

Positive predictive value (PPV)

S
en

si
tiv

ity
 (

S
E

N
)

CONTRAfold−gCentroid
McCaskill−gCentroid
CONTRAfold−Max−pFS (1000)
CONTRAfold−Max−pFS (10000)
CONTRAfold−Max−pFS (100000)
CONTRAfold−Max−pFS (1000000)
McCaskill−Max−pFS (1000)
McCaskill−Max−pFS (10000)
McCaskill−Max−pFS (100000)
McCaskill−Max−pFS (1000000)

Figure S3: Performances of RNA secondary structure prediction by maximizing the pseudo-expected
F-score with the stochastic sampling (Method M1 in the main paper). “X-Max-pFS (N)” means the
estimator of Eq. (23) with model X and number of samples N with respect to F-score. In the figure,
we have also plotted the SEN-PPV curves of the γ-centroid estimator [4] with the CONTRAfold model
(“CONTRAfold-gCentroid”; the black line) and with the McCaskill model (“McCaskill-gCentroid”; the
gray line). The points and curve in gray and those in black indicate the McCaskill [6] and CONTRAfold
[3] models, respectively.
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Figure S4: Performance of RNA secondary structure prediction with the γ-centroid estimator and
the pseudo-expected MCC (F-score) (the estimator Eq. (24) with MCC (F-score); Method M2); “X-
gCentroid-pMCC” (“X-gCentroid-pF”) where X is the McCaskill or CONTRAfold model. The curves
(X-gCentroid) indicate the performance of the γ-centroid estimator [4] with the McCaskill model and the
CONTRAfold model. For comparison, we have also plotted the performance of RNAfold [5], Sfold [2]
and Simfold [1] (red points). The dashed lines indicate the MEA-based estimator proposed by Do et al.
[3].
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Figure S5: An example of RNA secondary structure prediction (RF00179 B): Reference secondary struc-
ture (left), secondary structure of Method M2 with MCC (middle) and secondary structure of γ-centroid
estimator with a default parameter: γ = 2 (right).
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