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The GC content distribution of 16S rRNA sequences (A) and non-16S rRNA sequences (B). Horizontal
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Figure 6. The distribution of 16S rRNA sequences and
non-16S rRNA sequences based on the SNR threshold.
The SNR threshold is 5.0; Sub-map is the ratio of 16S
rRNA sequences that the SNR greater than 5.0.

DABES 7 1) A5 e LU 38 2 AT pni,
W FRGETE IR, ATHEF S RIEM LN T 5,
K52 HA 16S rRNA JE R T 41 5 25 R e 41 B A
M b 55 5, A AR 16S rRNA JE[H 741
Z MBI fE, EAEARRE N 2768, fAbEA
il 96
2.3 HETLIRA] KRR FFINHAT 4T

DIWIS AR AR A Il 2% , 75 16S rRNA
FEDR PP S BB EE S R MR R AR A 16S rRNA JE[H]
JPHNIE MR A RN R 1. % 2 PR,

& 1. 16S rRNA EEFHIFE BB M

Table 1. The transition probability matrix of 16S
rRNA gene sequence

ey c o T

A 0.280272  0.244106  0.296359 0.179264
C 0.236400 0.237846  0.309018 0.216737
G 0.234274  0.232156  0.321973 0.211597
T 0.238288 0.208642  0.356803 0.196267

% 2. 3F 16S rRNA EF FF3Ii B a0 B Ht X 554
Table 2. The transition probability matrix of non-16S
rRNA gene sequence

Transition

probability c G T

A 0.325077 0.1894242 0.205089 0.280393
C 0.279231 0.2339100 0.254084 0.232775
G 0.249651 0.3011530 0.233852 0.215343
T 0.211117 0.2183440 0.245791 0.324749
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SRS MR R A 4 R 3R, 15375 ) 2768 £ IF
FEA S 96 S5 TUAEA Y P (. Seit4sR s, PIE
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JPA ) PAER T 20 BIFEAELRT & A9 96.48%,
P {E/NT 20 BUREASUAL &7 3.52% (14 8). T fike:
AEEHFHI P /T 20 MIFEAEL Y 85.42%, P
HRF 20 BIREAS BT 5 HeAdl ok 14.58% (&1 8).

DIBAE P50 P AEAE RS 3 A Tidkdnif, K
i BRI R AR A PERTAT 20,
MH 2 H R 16S rRNA JE[H ¥ 41 5 2R E 7411 P
{E/NF 20, NHIE MR 16S rRNA FEHFH], 4
UL I , IEREAR S R 2708, fFEASR S 17,
2.4 FFMRRBEE TR ELFAT 2T

ASCE XY B R R IE AL 4y . e 3-JF
WIPE DA K 9 R T ek 3 T B AT, A3 GC
B . R AT A SRR 3 AN EIE, D
Vb Ry 5 A A A e O S AR TR S P B B
L 3 FPEMT R bR X B AR RE A TR o

MR % A 6000 2% 16S rRNA K:[K 41, 6000
%3E 16S rRNA L P41 . 5256 s EdE 7-h 3
fH, FF#H i 2000 45 16S rRNA JL[K 741 F1 2000
%54k 16S rRNA JEH T H 4 . Zeid bk = i ik
W, 45E8AR(10). (11) M (12) AT AT %
RIRBURME | FER R S R AL, N3k 3 PR,
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Figure 7.
straight line is P=20.

165 rRNA
100 F BZ2 Non-16S rRNA
80 -
§ b
& 60
=
S
S 40+
20+
0 %4 . ,
Probability_value<20 Probability_value=20
8. LIPH{EANEAL, 16S rRNA FFI53E 16S rRNA

FHHERSDHE

Figure 8. The distribution of 16S rRNA sequences
and non-16S rRNA sequences based on the P value
threshold. The P value threshold is 20.
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Table 3.

The sensitivity, specificity and MCC of the model

Test set True positive True negative  False positive  False negative  Sensitivity/%  Specificity/% MCC/%
Data set 1 1876 1990 10 124 93.80 99.50 93.45
Data set 2 1777 1994 6 223 88.85 99.70 89.06
Data set 3 1843 1991 9 157 92.15 99.55 91.95
Average value - - - - 91.60 99.58 91.49
x4, WEERBERFERFLILG
Table 4. The coverage percentage and annotation ratio of the model
. 16S rRNA Predicted 16S rRNA Coverage Annotation

Bacteria name - — - - — -

Start site Termination site Start site Termination site rate/% rate
Leuconostoc mesenteroides 22663 24222 22601 24151 95.45
ID: 116617174 148398 149957 148401 149951 99.42 20

85174 86723 84901 86451 82.44

163372 164921 163051 164601 79.34
Aeromonas hydrophila 214907 216456 214601 220801 100 6/10
ID: 117617447 349946 351495 349701 351251 84.25

803843 805392 803601 805151 84.44

933020 934569 932801 934351 85.93

20041 21595 19601 24251 100

330891 332446 330551 335201 100
Bacillus subtilis 3563690 3565244 3563301 3567951 100
ID: 740748848 3584089 3586543 3585021 3588301 62.02 7/8

3644289 3645843 3644001 3648651 100

3650177 3651731 3649451 3654101 100

3715138 3716692 3714801 3719451 100

RUTHIN iz S ER BRI 9 25—~ 16S rRNA EEH ¥
G fn 5 28 R B B 23 ] 0 22601 HT 24151,
Mi% 16S rRNA JL[H 341 B8 0 e i 5 2 ki gt
DEE 4B 22663 Fl 24222, HE XK TN
1489, FLSZIH) 16S rRNA JEH FHIK E 1560, N
BE RN 95.45%,

TR L SR AR R A R — 20 B 4 3k R 2 R )
) 16S rRNA JEP N8 512 4 T 4 SR K 21 v
16S rRNA SR S AN EO Fo i . it , AL F
AR ZEAAT TR 2L R 2 16S rRNA JE R A4
BN 7, ALK 16S rRNA R Y &4~
¥l 8, WIERLLR 7/8,

IR 3 S T SR 80%L I,
b, AR AT 45 A MR 9 7 157 16S rRNA JF 41 it
TENLE . TEREELES Rrb,  DURS R 2 FT B (0 T
SEREONsR, e Y1H 8 4~ 16S rRNA FE[H
A SCTR B AT 7 A TE
PE—25 R, ARSCATHE H BRI T % 16S rRNA
B NI P K I S E R o V@

3 itig

A SCE YRR N 910 4 B A SR A ) A
HIXF 16S rRNA FE[H #1151 o il o %) 741 GC %
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B, JPAVBREE 3-FWIPE LR R T R 3 A
TIERAERES S, LI TS 165 rRNA FEH AR
Bl B, XPHl GC mksmitirgiit, ik
JE WA 0 5 1 (B DX (0] R 50%-60% ., vk, X
GC AL HHE 50%-6092 8] 69 JEA Tl L 3-)4
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Recognition of 16S rRNA genes in prokaryotic genomes

Wenkai Yan", Mingmin Xu®, Guangle Zhang, Ning Qiao, Weina Xu, Yuanyuan Chen,
Liangyun Zhang”
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Abstract: [Objective] We identified 16S rRNA genes in genomes of prokaryotes. [Methods] We constructed a
3-layer filtering model based on the three features of GC bases content of the gene sequences, 3-base periodicity
and Markov chain to recognize the 16S rRNA genes from prokaryotic genomes. [Results] The specificity,
sensitivity and Matthews correlation coefficients of the model were 99.58%, 91.60% and 91.49%, respectively.
[Conclusion] The results showed that the 16S rRNA genes can be identified efficiently and accurately by using our
model.
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