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Rank Feature name Permutation 
importance 

Gini 
importance 

1 Nucleotide 3-mer relative frequency: GGA,TCC 0.01071 11608.1 
2 Nucleotide 3-mer relative frequency: CGC,GCG 0.00775 4989 
3 Nucleotide 3-mer relative frequency: CCG,CGG 0.0061 3672.5 
4 Nucleotide 3-mer relative frequency: ATA,TAT 0.0059 3136.5 
5 Relative frequency of base pair: A,T 0.00574 1953.9 
6 Relative frequency of base pair: C,G 0.00554 3827.9 
7 Nucleotide 3-mer relative frequency: CGA,TCG 0.00511 3370 
8 Nucleotide 2-mer relative frequency: GC,GC 0.00506 3574.9 
9 Nucleotide 2-mer relative frequency: CG,CG 0.00496 3583 
10 Nucleotide 4-mer relative frequency: CGGA,TCCG 0.00491 4118.9 
11 Nucleotide 4-mer relative frequency: CCGG,CCGG 0.0048 4495.5 
12 Nucleotide 2-mer relative frequency: AA,TT 0.0041 2233.2 
13 Nucleotide 4-mer relative frequency: GCGC,GCGC 0.00407 1936.6 
14 Nucleotide 3-mer relative frequency: CTA,TAG 0.00385 3268 
15 Nucleotide 4-mer relative frequency: CTAA,TTAG 0.00344 3167.7 
16 Nucleotide 2-mer relative frequency: AT,AT 0.00336 1802.1 
17 Nucleotide 4-mer relative frequency: GGAA,TTCC 0.00323 3300.7 
18 Nucleotide 3-mer relative frequency: AAA,TTT 0.00304 1661.5 
19 Nucleotide 4-mer relative frequency: CGCG,CGCG 0.00287 2316.4 
20 Nucleotide 4-mer relative frequency: GCGA,TCGC 0.00283 2975.4 
21 Nucleotide 3-mer relative frequency: TAA,TTA 0.00275 1794.2 
22 Spaced word count: CGCG,CGCG 0.00266 1752.9 
23 Nucleotide 4-mer relative frequency: CATA,TATG 0.00254 2392.6 
24 Spaced word count: CCCG,CGGG 0.00254 1473.8 
25 Spaced word count: CGAG,CTCG 0.00253 1789.4 
26 Nucleotide 3-mer relative frequency: GAA,TTC 0.00252 3029.3 
27 Nucleotide 4-mer relative frequency: CGAC,GTCG 0.00252 1510.5 
28 Spaced word count: GCGA,TCGC 0.00244 1815.9 
29 Nucleotide 3-mer relative frequency: AGA,TCT 0.00235 1486.6 
30 Spaced word count: GCGC,GCGC 0.00226 1368.2 
31 Nucleotide 2-mer relative frequency: GA,TC 0.00226 2222.6 
32 Nucleotide 2-mer relative frequency: TA,TA 0.00219 1495.9 
33 Nucleotide 4-mer relative frequency: CTAG,CTAG 0.00215 2023 
34 Nucleotide 4-mer relative frequency: ATAT,ATAT 0.00213 1348.7 
35 Spaced word count: CGCC,GGCG 0.00208 1879.6 
36 Nucleotide 4-mer relative frequency: CTCC,GGAG 0.00206 1971.5 
37 Spaced word count: AGCG,CGCT 0.00195 1652.5 
38 Nucleotide 3-mer relative frequency: CAG,CTG 0.00195 1572.2 
39 Nucleotide 4-mer relative frequency: ATAC,GTAT 0.00191 1659.9 
40 Nucleotide 3-mer relative frequency: ATG,CAT 0.00184 1964.9 
41 Spaced word count: GCCC,GGGC 0.00178 1008.6 
42 Nucleotide 4-mer relative frequency: CGCC,GGCG 0.00174 1323.3 
43 Nucleotide 4-mer relative frequency: CAGA,TCTG 0.00174 1890.9 
44 Spaced word count: AAAA,TTTT 0.00171 1384.5 
45 Nucleotide 3-mer relative frequency: GCC,GGC 0.00171 1282.1 
46 Spaced word count: GAGC,GCTC 0.0017 1935.3 
47 Nucleotide 2-mer relative frequency: CC,GG 0.00169 1206.1 
48 Spaced word count: CGGC,GCCG 0.00168 1586.8 
49 Nucleotide 3-mer relative frequency: ACA,TGT 0.00166 1807.7 
50 Nucleotide 4-mer relative frequency: AAAG,CTTT 0.00162 932.8 
51 Spaced word count: AAAG,CTTT 0.00157 1438.2 
52 Spaced word count: GCTA,TAGC 0.00156 1745.1 
53 Nucleotide 4-mer relative frequency: TAAA,TTTA 0.00154 1251.2 
54 Nucleotide 4-mer relative frequency: TATA,TATA 0.00153 1166.8 
55 Spaced word count: CGAC,GTCG 0.0015 883.8 
56 Nucleotide 4-mer relative frequency: AAAA,TTTT 0.00149 1173.4 



57 Nucleotide 4-mer relative frequency: TTAA,TTAA 0.00137 1595.1 
58 Nucleotide 4-mer relative frequency: ACAG,CTGT 0.00135 1608.6 
59 Spaced word count: TACA,TGTA 0.00135 1234.9 
60 Spaced word count: AAAT,ATTT 0.00133 830.4 
61 Spaced word count: ATAT,ATAT 0.00131 1116.4 
62 Spaced word count: CATA,TATG 0.00131 1243.4 
63 Spaced word count: CCGC,GCGG 0.00129 1166 
64 Spaced word count: ATAA,TTAT 0.00128 1019.3 
65 Spaced word count: AAGA,TCTT 0.00125 1230.8 
66 Spaced word count: ATAC,GTAT 0.00124 1051.5 
67 Nucleotide 2-mer relative frequency: CA,TG 0.00124 1509.8 
68 Amino acid index score: KHAG800101 0.00121 1377.8 
69 Spaced word count: AGAA,TTCT 0.00117 1287.9 
70 Nucleotide 3-mer relative frequency: AAT,ATT 0.00117 932.9 
71 Amino acid index score: ISOY800107 0.00117 1183 
72 Spaced word count: ACAT,ATGT 0.00116 1367.6 
73 Spaced word count: GAAA,TTTC 0.00115 1208.2 
74 Spaced word count: CGTC,GACG 0.00112 1127.7 
75 Nucleotide 3-mer relative frequency: ACC,GGT 0.00112 1217.2 
76 Nucleotide 4-mer relative frequency: CGGC,GCCG 0.00111 826.8 
77 Spaced word count: CAGA,TCTG 0.00111 1692.9 
78 Spaced word count: ACCG,CGGT 0.00108 1031.6 
79 Nucleotide 4-mer relative frequency: ACGG,CCGT 0.00107 1455.2 
80 Amino acid index score: PRAM820103 0.00105 1254.3 
81 Nucleotide 3-mer relative frequency: AGC,GCT 0.00105 1275.8 
82 Nucleotide 4-mer relative frequency: AGCG,CGCT 0.00104 1204.3 
83 Spaced word count: TAAA,TTTA 0.00103 902 
84 Spaced word count: GACA,TGTC 0.00101 1661 
85 Nucleotide 3-mer relative frequency: CAA,TTG 0.00101 1272.4 
86 Nucleotide 4-mer relative frequency: AGGA,TCCT 0.001 1434.7 
87 Nucleotide 4-mer relative frequency: GCTA,TAGC 0.00099 1109.2 
88 Nucleotide 4-mer relative frequency: TACA,TGTA 0.00098 1024.4 
89 Spaced word count: CGGA,TCCG 0.00097 1093.8 
90 Nucleotide 3-mer relative frequency: GTA,TAC 0.00096 1250.7 
91 Spaced word count: AGGA,TCCT 0.00094 1559.9 
92 Amino acid index score: PALJ810111 0.00094 1365.7 
93 Spaced word count: AATA,TATT 0.00092 742.4 
94 Nucleotide 4-mer relative frequency: CAAA,TTTG 9.00E-04 788.5 
95 Nucleotide 3-mer relative frequency: AAG,CTT 9.00E-04 1064.6 
96 Nucleotide 4-mer relative frequency: ATAA,TTAT 0.00089 694.6 
97 Spaced word count: CTTC,GAAG 0.00088 1462.3 
98 Spaced word count: TATA,TATA 0.00088 688.4 
99 Nucleotide 3-mer relative frequency: CCA,TGG 0.00087 1265.1 
100 Codon frequency: AGA 0.00085 807.5 
 
 

Supplementary Table 1. The top 100 most important features. Features are ranked by 
permutation importance and results are shown for the first fold of the five-fold cross-
validation (with very similar results for the other folds). The four amino acid index (see 
references 41-43 for details) accessions occurring are (i) The Kerr effect of amino acids in 
water: The Kerr-constant increments [KHAG800101], (ii) Characterization of multiple bends 
in proteins: Normalized relative frequency of double bend [ISOY800107], (iii) Shape and 
surface features of globular proteins: Correlation coefficient in regression analysis 
[PRAM820103] and (iv) Protein secondary structure: Normalized frequency of beta-sheet in 
alpha+beta class [PALJ810111]. Furthermore, all k-mer features are listed including (and 
consider) the respective reverse complement. 


