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Table S1: Table of selected dinucleotide properties.

Property Name AA AC AG AT CA CcC CG CT GA GC GG GT TA TC TG TT
Shift" 0.08 023 -004 -006 011 -001 03 -004 007 007 -001 023 -002 007 011 -0.08
Hydrophilicity” 0.023 0.083 0.035 0.09 0.118 0.349 0.193 0.378 0.048 0.146 0.065 0.16 0.112 0.359 0.224 0.389
GC_content 0 1 1 0 1 2 2 1 1 2 2 1 0 1 1 0
Keto_content” 0 0 0 1 0 0 1 1 1 1 2 2 1 1 1 2
Adenine content® | 2 1 1 1 1 0 0 0 1 0 0 0 1 0 0 0
Guanine_content® | 0 0 1 0 0 0 1 0 1 1 2 1 0 0 1 0
Cytosine_content” [ 0 1 0 0 1 2 1 1 0 1 0 0 0 1 0 0
Slide” -1.27 -143 -15 -136 -146 -1.78 -1.89 -15 -1.7 -1.39 -1.78 -1.43 -1.45 -17 -1.46 -1.27
Rise” 318 324 33 324 309 332 33 33 3338 322 332 324 326 338 309 3.18
Tilt" 08 08 05 11 1 03 01 05 13 0 03 08 02 13 1 0.8
Roll" 7 48 85 71 99 87 121 85 94 61 121 48 107 94 99 7
Twist" 31 32 30 33 31 32 27 30 32 35 32 32 32 32 31 31
Stacking_energy’ |-13.7 -13.8 -14 -154 -144 -11.1 -156 -14 -142 -169 -11.1 -13.8 -16  -142 -144 -13.7
Entropy 1° -18.4 -26.2 -19.2 -1565 -27.8 -29.7 -19.4 -19.2 -355 -34.9 -29.7 -26.2 -22.6 -262 -19.2 -184
Entropy_2" 19 295 -27.1 -267 -269 -32.7 -26.7 -27.1 -325 -369 -32.7 -295 -205 -325 -26.9 -19
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Data: The table shows the dinucleotide properties selected as vectors for the SVM. 15 distinct
properties (left column), ranging from the shift score to the entropy, are assigned to thel6 possible
dinucleotides: AA, AT, AC, AG, TA, TT, TC, TG, CA, CT, CC, CG, GA, GT, GC and GG. These
properties have been described in previous experimental or computational work. All information was
derived from DiProGB (1). Further information is provided in Section S1.

Table S2: Performances of ptRNApred on each of the different ptRNA
subclasses using a random forest classification according to Breiman.

The results are presented in a confusion matrix. As a result, implementation of Random Forest yields
an overall accuracy of 82%. In comparison, our multi-class classifier developed using LibSVM yields
an accuracy of 91% (data not shown).



Predicted class
RNase MRP RNAse P snoRNA snRNA telomerase RNA YRNA Accuracy

" RNase MRP 3 2 1 0 0 0 50
§ RNAse P 0 100 6 0 3 0 91,7
c_js SnoRNA 0 11 1123 75 1 0 92,8
2 SNRNA 0 194 713 2 0 78,1
telomerase RNA 0 4 4 2 8 0 44.4

YRNA 0 10 1 0 0 0

82

Table S3: Table of properties for discrimination of ptRNA.

Table S3 summarizes all 91 features integrated into the algorithm of ptRNApred. The properties are
ordered the way they appear in the Perl-script for training and testing. Furthermore, the table depicts
the F-score corresponding to every feature, as well as the Gini-Index derived from random forest
calculation according to Breiman. A detailed description of the feature selection is provided in Section
S1.

Property number Property description F-Score Gini-Index
1 Adenine_content* 0,064268 2,41E-44
2 Cytosine_contentl 0,083006 6,03E-15
3 Entropy_1* 0,088785 4,34E-19
4 Entropy_2* 0,09256 5,93E-21
5 GC_content* 0,106083 5,43E-11
6 Guanine_content1 0,12987 2,75E-18
7 Hydrophilicityl 0,098519 4,37E-23
8 Keto_content1 0,131688 4,12E-16
9 Rise’ 0,091877 8,37E-20
10 Roll* 0,098188 6,50E-26
11 Shift* 0,057281 5,62E-49
12 Slide* 0,09489 4,93E-19
13 Stacking_energy" 0,088663 1,80E-30
14 Tilt* 0,060113 6,03E-20
15 Twist 0,090472 3,98E-27
16 value_in_3rd_rnafo|d2 0,039964 2,48E-51
17 count_star_bracket_{* 0,032699 0,002720791
18 count_comma_in_rnafold2 0,032914 0,000482739
19 value_line_no_3_ RNAfold? 0,037566 2,54E-21
20 value_line_no_3_RNAfold(second value)2 0,034666 7,25E-18
21 value_line_number_4° 0,037892 1,68E-18
22 value_line_number_4(second value)2 0,034268 6,11E-32
23 frequency_of mfe_structure_in_ensemble® 0,035204 1,12E-16
24 ensemble diversity2 0,039227 1,21E-11
25 value_ MFE_RNAfold® 0,038989 1,18E-34
26 Number_of_loops2 0,03857 1,12E-12
27 (C 0,032912 3,18E-29
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c.((®

C.(.?

C..(2

C..?

number_of AU?

num ber_of_CG2

number_of _GU?

num ber_of_mistatches_in_sec_struc2
number_of_buldges_in_sec_struc®
A_in_buldges2

G_in_buldges®

C_in_buldges2

0,037534
0,039972
0,029854
0,038714
0,040519
0,023965
0,031401
0,003259
0,003767
0,00501

0,014225
0,001732
0,001482
0,015074
0,029134
0,003228
0,00721

0,00737

0,010258
0,002741
0,000326
0,017021
0,093364
0,021702
0,024863
0,005776
0,010109
0,003169
0,001119
0,010458
0,006942
0,044132
0,009389
0,001738
0,002454
0,016575
0,000654
0,006828
0,019666
0,018431
0,008113
0,005051
0,036243
0,06064

0,059369
0,064056
0,037917

7,90E-11
3,42E-07
7,49E-10
4,07E-11
0,000102735
0,996225164
0,003872273
5,34E-15
1,49E-06
0,037528552
2,74E-05
4,20E-06
0,119541752
2,38E-12
5,04E-12
1,41E-09
2,26E-05
0,000196773
4,59E-09
0,00024243
0,996205638
1,90E-21
3,83E-43
3,72E-27
0,000494941
3,58E-08
6,84E-14
0,000144641
0,403681085
2,26E-06
1,12E-30
4,38E-07
2,98E-09
0,98836726
1,76E-08
0,017213739
0,000405832
0,003771578
2,19E-12
1,55E-20
1,63E-10
4,01E-09
1,48E-12
4,57E-09
2,94E-13
0,168681863
2,02E-05



75 U_in_buldges? 0,035724 1,48E-09

76 length_of _hairpin® 0,029 4,29E-12
77 number_of_sub_sec_structure? 0,025913 1,59E-11
78 number_of_A_hairpin2 0,026994 8,85E-09
79 number_of_G_hairpin® 0,010075 0,021895501
80 number_of_C_hairpin2 0,027103 0,006452735
81 number_of_U_hairpin® 0,066878 1,63E-12
82 number_of_A_purine2 0,021688 6,41E-07
83 number_of A_pyramidine® 0,055579 1,70E-14
84 number_of_A_in_first_complementary_strand2 0,002319 1,32E-16
85 number_of_G_in_first_complementary_strand? 0,005858 4,21E-14
86 number_of_C_in_first_complementary_strand2 0,001151 1,07E-07
87 number_of_U_in_first_complementary_strand” 0,004656 1,13E-34
88 number_of_A_in_second_complementary_strand2 0,003052 2,39E-14
89 number_of_G_in_second_complementary_strand2 0,003099 0,00106611
90 number_of C_in_second_complementary_strand® 0,012551 2,20E-08
91 number_of_U_in_second_complementary_strand2 0,035877 9,40E-16

Tdinucleotide properties as shown in Table S1
2 properties derived from the secondary structure provided by RNAfold

Table S4: Table of properties ranked by their importance for discrimination
among ptRNA according to F-score and Gini-Index.

The table depicts the 25 most discriminative properties according to their F-score and Gini-Index.
Interestingly, dinucleotide properties achieve high ranks: 9 of the 10 most discriminative features
according to the F-score are composed of dinucleotide properties. Furthermore, all of the 15
dinucleotide properties can be found among the 25 most discriminative properties. According to the
Gini-Index, 12 properties can be found among the 25 most discriminative properties, whereas only 3 of
them can be found among the top 10.

Rank of
importance for
discrimination

Property ranked by F-score Property ranked by Gini-Index

1 Keto_content value_in_3rd_rnafold

2 Guanine_content Shift

3 GC_content Adenine_content

4 Hydrophilicity u...

5 Roll number_of U_in_first_complementary_strand
6 Slide value_MFE_RNAfold

7 u... value_line_number_4(second value)
8 Entropy_2 G...

9 Rise Stacking_energy

10 Twist (((

11 Entropy_1 G(((

12 Stacking_energy Twist

13 Cytosine_content Roll



14 number_of U _hairpin Hydrophilicity

15 Adenine_content U.(

16 G_in_buldges value_line_no_3_ RNAfold
17 number_of buldges_in_sec_struc Entropy 2

18 Tilt number_of AU

19 A_in_buldges Tilt

20 Shift Rise

21 number_of_A_pyramidine Entropy_1

22 C((( Slide

23 - value_line_number_4

24 (.. Guanine_content

25 value in_3rd_rnafold value line_no_3 RNAfold(second value)

Section S1: Features for classification.

Feature selection and SVM training was performed using two sets of input parameters: The first set is
based on the primary sequence and the second set considers the secondary structure which is

predicted with RNAfold. All training steps were automated by a Perl script.

Set 1: Dinucleotide properties

Each sequence was divided into its dinucleotides, using the sliding window approach (window size: 2
nucleotides). In total, 16 different dinucleotides are possible: AA, AT, AC, AG, TA, TT, TC, TG, CA,
CT, CC, CG, GA, GT, GC and GG. Each of the 16 dinucleotides can be assigned distinct properties,
ranging from thermodynamic (e.g. stacking energy, free energy), structural (e.g. twist, roll) to other
properties (e.g. sequence based). These properties have been described in previous experimental or
computational work. The dinucleotide property database (DiProDB) (1) contains information on
dinucleotides and a collection of more than 100 published dinucleotide property sets. In order to
determine whether different ptRNA-subclasses can be distinguished via specific dinucleotide
properties, 125 dinucleotide properties were abstracted from DiProDB and individually correlated with
every ptRNA-subclass. Properties were clustered and a representative property was selected from

each of the 16 resulting clusters (Table S1).

Set 2: Secondary structure properties

Secondary structures of every sequence were calculated via RNAfold (2), accessing the Vienna RNA
Package (3).

RNAfold provides structures according to different parameters. Various properties were derived from
the RNAfold output:

A) The Minimum free enerqy (MFE) structure

The MFE structure of an RNA sequence is the secondary structure that contributes a minimum of free

energy. For MFE structure prediction, RNAfold uses a loop-based energy model and the dynamic



programming algorithm introduced by Zuker et al. (4). As an RNA secondary structure can be uniquely
decomposed into loops and external bases the loop-based energy model treats the free energy of an
RNA secondary structure as the sum of the contributing free energies of the loops contained in the
secondary structure. According to the chosen energy parameter set and a given temperature (defaults
to 37 °C) the secondary structure that minimizes the free energy of the secondary structure is
computed. The minimum free energy was selected as property in our SVM. Additional features were
deducted from the MFE structure, which is denoted by brackets ‘(‘or’)’ and dots ‘.’ Brackets indicate
paired nucleotides, whereas dots represent unpaired nucleotides. The left bracket ‘(‘means the paired
nucleotide is located near the 5-end and can be paired with another nucleotide at the 3'-end, which is
indicated as a right bracket ‘)’. In our script, we do not distinguish these two situations and use ‘(" for
both situations. Brackets and dots were counted within each sequence, yielding two additional

properties.

Different features were selected combining secondary structure and primary sequence. In this context,
the number of bulges and hairpins were counted, as well as the four nucleotides A, G, C and U in
every bulge and every hairpin, yielding ten additional properties. Furthermore, purine and pyrimidine
contents were examined and the number of mismatches was determined. Moreover, paired bases
were considered alongside, counting AU, CG and GU pairs. All in all, this section of sequence

examination yields 18 properties.

Further information was gained of every three adjacent nucleotides, which we call triplet elements for
the convenience of discussion. Eight additional properties were given by the counting of the eight
possible triplet element compositions ‘(((, ‘((.", ‘(..’, ..., .((, *..(, ".(.” and ‘(.(’ within every sequence.
The nucleotide composition of the triplet elements was not regarded and the compositions were

counted using the sliding window approach.

32 further triplet element properties were derived from miPred, a triplet SVM for the classification of
mMiRNA (41). MiPred considers the middle nucleotide among the triplet elements, resulting in 32 (4 x 8)
possible combinations, which are denoted as ‘U(((’, ‘A((.’, etc. The number of appearance of each
triplet element is counted for each hairpin to produce the 32-dimensional feature vector and used as

input features for SVM.

B) The ensemble free energy

RNAfold provides an ensemble structure, considering probabilities of the presence of certain base
pairs. Bases with a strong preference (more than 2/3) to pair upstream (with a partner further 3'), pair
downstream or not pair and represented by the usual symbols '(', ') or '.". Additional symbols '{, '} or ',
reflect bases with a weaker preference and thus are a weaker version of the above and '|' represents a
base that is mostly paired but has pairing partners both upstream and downstream. In this case open
and closed brackets need not match up. This pseudo bracket notation is followed by the ensemble
free energy. The numbers of '{', '} and ',' as well as the ensemble free energy were taken as features
for our SVM.



C) The centroid structure

RNAfold further provides a centroid structure that is given by is the secondary structure with minimal
base pair distance to all other secondary structures in the Boltzmann ensemble (5). The values of the
centroid structure’s free energy as well as its distance to the ensemble were taken as features for our
SVM.

D) The maximum expected accuracy (MEA) structure

RNAfold further outputs a MEA structure, in which each base pair (i,j) gets a score 2*gamma*p_ij and
the score of an unpaired base is given by the probability of not forming a pair. Subsequently, the
expected accuracy is computed from the pair probabilities. The MEA as well as the MEA structure’s

free energy serve as additional features for our SVM.

E) The frequency of the MFE representative in the complete ensemble of secondary structures and

the ensemble diversity

Two additional features are given by the frequency of the MFE representative in the complete

ensemble of secondary structures and the ensemble diversity.

Altogether, ptRNApred uses 91 features for classification. A complete table of features is shown in
Table S3.

Figure S1: Input of ptRNApred.

The user can either paste the sequence into the dedicated area or upload a FASTA file.

p RNA pre U A Post-Transcriptional RNA Prediction
Software

Home Submit Links Downloads Contact

Home

Submit Paste your Nucleotide sequences in FASTA format.

The maximum limit for file upload is 2 Mb.Example File
Downloads

Contact

Links

UPLOAD SEQUENCE FILE
[¥IPost-Transcriptional RNA
[VIRNA family




Figure S2. Output of ptRNApred.

The output of ptRNApred includes two predictions: 1. a prediction, whether or not the input sequence
will be ptRNA and 2. the prediction of the ptRNA-subclass. Additionally, it displays the minimum free
energy as well as the secondary structure, using VARNA. The output can directly be downloaded at

the bottom of the page.

Post-Transcriptional RNA Prediction




Figure S3. C and y determination and 5 fold cross validation when using 78
instead of 91 features.

The green graph represents the optimal values for C and gamma. In this case, the highest 5 fold cross
validation accuracy (74.46%) is achieved when C=1 and y=0.002.

Best log2{C)} = 8.8 log2{gannal) = -9.8 accuracy = 74_4573% ?3?;
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