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Table 1 The classes of the ncRNAs

RNA For shot
Guide RNA gRNA
MicroRNA miRNA
Ribosomal RNA rRNA
Small interfering RNA siRNA
Small non-mRNA snmRNA
Small nuclear RNA snRNA
Small nucleolar RNA snoRNA
Small temporal RNA stRNA
Transfer RNA tRNA
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Table 2 The classification results

Classification accuracy (%)

No. Coding region Upstream Downstream Upstream and downstream
3-tuple 4-tuple S-tuple 4-tuple S-tuple 4-tuple S-tuple
1 91.54 92.56 91.74 90.91 88.84 90.08 96.28
2 93.75 90.50 94.22 87.60 88.84 94.22 96.69
3 94.49 88.02 92.98 92.15 92.56 94.22 94.63
4 94.49 92.15 91.32 90.91 87.60 96.69 89.67
5 94.12 94.22 95.46 92.56 95.04 97.11 94.63
6 94.85 94.63 92.56 90.91 92.15 92.98 95.04
7 93.02 91.74 90.08 95.04 85.12 94.63 90.50
8 93.75 88.84 92.98 92.56 91.32 95.46 95.04
9 96.69 94.63 90.91 94.22 93.39 96.28 92.98
10 94.49 94.22 91.32 90.50 89.26 93.39 91.74
11 93.75 93.39 90.50 91.74 88.84 94.63 93.80
12 95.22 93.80 91.74 91.74 90.91 95.87 90.50
13 93.02 93.39 95.04 92.98 85.54 96.28 94.22
14 93.02 90.08 94.22 88.84 90.08 96.28 91.32
15 94.49 91.74 94.22 93.80 91.74 94.63 96.28
16 93.38 92.15 94.22 88.84 90.08 93.80 94.22
17 93.75 92.15 92.56 89.26 94.63 94.63 96.69
18 93.02 89.26 92.56 92.56 90.50 95.46 94.63
19 95.22 93.39 92.98 91.32 92.56 92.98 98.76
20 94.12 92.15 96.28 94.22 92.98 97.52 93.80
21 95.22 95.87 93.80 95.04 93.80 94.63 94.63
22 93.02 91.74 92.56 88.84 90.91 92.56 96.28
23 92.28 94.63 92.56 92.56 89.67 96.28 96.28
24 93.75 92.15 90.50 92.98 91.32 94.63 95.87
25 95.96 91.74 92.98 91.32 91.74 96.28 95.04
26 93.38 92.56 91.32 90.50 90.91 92.15 97.93
27 94.12 92.98 95.46 92.15 90.50 94.22 96.28
28 93.02 95.46 94.63 93.39 90.50 95.87 97.11
29 92.28 92.98 91.74 91.74 88.84 93.80 95.04
30 94.80 91.32 92.56 88.43 91.32 93.80 97.52
31 92.98 92.15 90.91 91.74 93.39 94.22
32 89.26 88.02 90.91 82.23 92.98 94.22
33 93.39 94.63 90.91 92.98 92.98 94.63
34 94.62 93.01 91.40 91.94 98.39 97.85
Average 93.93 92.49 92.76 91.58 90.60 94.68 94.83

The classification accuracies derived from the coding regions, upstream sequences, downstream sequences, and

both upstream and downstream sequences



2 W

FRAE, X} ncRNA Al mRNA #H7 LL#L

5, B R BT AR R SIAE RNA
SN T B o — AR, LA, JRAT
# ncRNA 5 mRNA {5 . FUF/7 4111 4-tuple I
S-tuple = A AT RE, DR, B4R AN R
() ) FE A B A, IR AT DU AT HCKS neRNA R
mRNA 737 .

FEIX BIRATRIH 121 407 5 5 1) ncRNA
4058 % mRNA [ | R Py AT LA, [RIFEA T
TG REAKH A RR T S 2 2R B 1) w22, T4
KA B AL 7%, K 4 058 4 mRNA 1) FJiE
FFA0 CRUFIR 40D BENLA 1 33 4, R4 121 4407
Hl, 4RI 65 4 mRNA L4 CREFFESD 5
YE—#, I35 34 44 mRNA _E3E5) CRigF
1), 2485 121 4 neRNA _FiEE5 CRIERESD
MM EE, MR T 34 4 LUFeEsl. i
HIF BN SV A G EE

FT k-tuple 24 11 RE neRNA 5 mRNA [ LLEHFST 113

U GRER I RS FE . BARZE IR 2 s MR
2 LA, _EBUFF 4 4-tuple FT 5-tuple ) 14543
KNG EILF] 92.49%F1 92.76%, Rilii 741 4-tuple Al
5-tuple [1)°F-34) 70 FERE BEIL 2] 91.58%F1 90.60%,  [F]
B 2% R R A1) 4-tuple A1 S-tuple [1°F-34) 432K
KA 3 94.68%F1 94.83%.
23 - MIEHH

A - KrEe X B FP AU 4 F S-tuple dE4T
I3HT, HAEZ R ncRNA 5 mRNA _E R 7404
HEFESFEZ7 4 F S-tuple. W - A5,
AR5 A 182 A 4-tuple 11 396 /™ 5-tuple 7E
ncRNA 5 mRNA bR/ p o B3 1 ge vt 2% %
S, BRI 3. AR PAE/ANT 1070 (1) 4,
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Table 3 The number of the k-tuples with statistically
significant difference (P<0.0001)

PRI AR B, BLLOOCY g H A# b k-tuple Number
W, RIS AR AT, 2T Telass . Fe poen
FRFFHEAT 4200, 50 SR RE (A (LR 5 G X F e s .
ARSI R K 526 0 SRR E A -
Table 4 The k-tuples with statistically significant difference
k-tuple Upstream Downstream
AAGC. ACAA. ATTG. AGAA. AGAT. AAGC. ACAA. ACAC. AGAA. AGAC.
AGAG. AGGC. CAAC. CACA. CCAC. AGGC. AGGT. CAAT. CACA. CAGC.
CTCG. CTTG. TATC. TAGG. TCTT. CCAC. CTTG. CTGA. TATC. TAGG.
4-tuple TCTG. TTCG. TTTC. TTTT. TTTG. TCAG. TCTG. TTCG. TTTC. TTTT.
TGAA. TGGC. TGGG. GACA. GATA. TTTG. TTGG. TGTC. TGGG. GAAC.
GAGA. GAGC. GTTG. GGAA. GGAC. GACA. GCAA. GCCC. GGAT. GGTC.
GGAG. GGCA. GGTG. GGGA GGGA
AAAGC. AAGAT. AAGAG. AAGCA. ACGAG. AACAC. AAGAC. AAGGC. ACAAT. ACACA.
ATTTG. ATGGT. AGACC. AGATG. CAAGC, ATTTG. ATGGG. AGACA. AGCAA. AGCCC.
CACAA. CCAAC. CCTTG. CCGCG. CTCTG. AGGAT. CAAGC. CACAA. CAGAG. CAGCA.
CTTTT. CTTTG. CGCCC. CGCTC. CGGGA. CCGAA. CTACA. CTCTG. CTTTG. CTTGG.
S-tuple TATAC. TCACA. TCTCG. TCTTG. TTCTT. TAATG. TATTG. TAGTG. TCACA. TCTTG.
TTCTG. TTTAG. TTTCG. TTTTC. TTTTT. TCTGA. TTCAG. TTCTG. TTTCG. TTTTT.
TTTTG. TTGAA. TTGGC. TGACA. GAACT. TTTTG. TTGTC. TGACA. TGTAC. TGGGA.
GAAGA. GAAGC. GACGC. GATGC. GCTGA. TGGGC. GAAAC. GAAGC. GAGGT. GCCAC.
GTATC. GTTGC. GGAGA. GGAGC. GGGAA GCTCT. GGCAC

The k-tuples with statistically significant difference (P <107%) in the upstream and downstream sequences

of the yeast ncRNAs and the mRNAs
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THE COMPARISON OF THE YEAST ncRNA AND mRNA BASED ON k-tuple COMBINATIONS

LI Hua, YING Xiao-min, ZHA Lei, LI Wu-ju
Beijing Institute of Basic Medical Sciences, Beijing 100850, China)

Abstract: Both ncRNAs and mRNAs are important functional molecules. In this report, the Naive
Baye's classification method has been used to classify ncRNA and mRNA based on their k-tuple content,
composition of coding regions, upstream sequences and downstream sequences, and the vector
concatenation of both upstream and downstream sequences. The results show that the average
leave-one-out cross-validation (LOOCV) classification accuracy is 93.93% for 3-tuple content in ncRNA
sequences and mRNA coding regions. In upstream 1 kb sequences of the ncRNAs and mRNAs for
4-tuple and S-tuple content, the classification accuracies are 92.49% and 92.76%, respectively. For the
downstream 1 kb sequences of the ncRNAs and mRNAs, the classification accuracy are 91.58% and
90.60% for 4-tuple and S5-tuple content, respectively. For the vector concatenation of upstream and
downstream sequences, the average classification accuracies are 94.68% and 94.83% for 4-tuple and
S-tuple content respectively. Finally, the i-test has been used to verify if k-tuples are statistically different
between the upstream and downstream sequences of the ncRNAs and mRNAs. The approach may be
used to identify ncRNAs from other genomes and to identify binding motifs within ncRNA sequences.
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