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Abstract: Computational prediction of intrinsic transcription terminators is an essential task in the research
of transcription regulation of gene, but the performances of current methods are still unsatisfying. According
to the thorough analysis about signals such as RNA hairpin structure and T-region in E. coli intrinsic termi-
nators, a 5 variable-included feature set which combines the sequence content, local conformation and ener-
gy distribution information is selected. Based on such feature set, a new prediction method using support
vector machine for intrinsic terminators is proposed. The favorable performance is achieved in 6-fold cross
validation test on E. coli positive and negative control datasets, and the average prediction accuracy is
99.4%. This method is then used to scan the putative intrinsic terminators in the whole genome of E. coli.
Comparing with several other methods, the total number of scanning hits decreases greatly when most of
known intrinsic terminators are retrieved. The specificity of prediction results has been improved effectively.
Key words: transcription termination; intrinsic terminator; RNA hairpin structure; T-region; support vector
machine (SVM)
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Fig.1 The structure of a factor-independent intrinsic terminator

Regions include from 5’ to 3': (a) a hairpin with a loop of 3~10 nt and a stem of 5~15 bp (there may has 0~3 nt mismatches or

0~3 nt bulges in either 5" or 3'-side of stems); (b) a spacer of 0~2 nt (any bases except T); (¢) T-region divided into three parts:

proximal part of 6 nt, distal part of 5 nt, and extra part of 4 nt.

Bl X TR 2 1L TR AR S AN TR,
FHER I EE T 2R k. RN i
KA IR 4345 HiF% (dinucleotide distribution ma-
trix) !> BN N T4 28 R 2% (artificial neural network,
ANNYMEET5 2. BA Tl E JAH T NIRRT
S A ZH R D S 5, T 5 RS T S5 7 T
AL T B Y T 5 12 B 22 i S AN IR 2 Ik
IR 2 I 2 ) 1 2 58l g v i DX S A A ) R
VERRZ AT S A TR0, DXSAE T % HA A A
TR ITEIAIR: Carafa FFH ST ITE N £
SR i s i DX ST T R, TR A

FREE G R I 25 R PEFR AR AT e 2Pk
5ill; De hoon S5 22 20 fif fip M I [X Sa 4T 43 PRESC 1Y)
JEAE 1 2kdE; TransTerm! 5L T [A)FF A WS HFAE,
HOEMZ A B AR T e A5 0 A
Yada 85" B R RFAE (S S AL 7 AR IES
BOHATZ 0L B, X BTy W B R 2 R
e e e DX I RS E P, 5 Z A%, RNAMotif!™ 1
GeSTer™ 4 45 F4Fe E PEAE AT BUA RN IR 24 11+
(I E PR 2, MR e e 45 14 0 22 3R i i s i (X
(1) A R AR . B AT 25 IR E S AN T
T AR, 2 )5 HIREY Rnall 5 VR 454 T (4 )



6

FEMEAE A AT T A DRE B 2% 1L 1 B SRR ) B AL PN D 9% 473

T JR B A AL DX ) 45 ¥ A P A0 e 8 2 A
KL, ITIERAS T 2077 1 Hh e L i P P . 2R
1, EIAR AR ik B4 A BN IR L 1T/

FIFASHRAGE 7847, XA E AT AR AR LU S Y
i FE U B TR 2, R A7
BN AR BRSSO AR SR, AR, I
LA R T A SR R R AR IR 25
e, Sy PR 2 R T B I A T R AE A D)
Gb, IEWIRIBRIETE R B, FE KGR U 55 R A AR P A
2, 55 LR 2 1k 25 AR AR B Ui e 471 X 3
(BPZ 1k Pl 7 DX 3338 5 A EL G A DX R At
B DX 40 5 1 425 1 (curvature) ™ 2L [BtE, AT
PLEZE L5 P8 B2 il BEAE S — A8 4 SR A
fB55. B2, TN O A FHEM LR A 2B R
fEB A, BT DLF & REAE AR B 45 8., Al S AT
AE 42 THT M FAE DY URME 2 1k B AR BRRAE, DA i
S TN R S

LA UL EAr T, AR SCHINTRPEZ T8 T
F 22 4 J R A1 R JR) 350 AR i 2L B BT R R 4
TR IR AR ER T — BT S AL A
DR L b S0 Ty v X K AT B P U
28 11 FHE AR RN G i XIS 1A X B 1) A2 SR E
(cross validation) WIRTESE TIN5 12 B A 0.
FEXT AT TR 4 DR A S DX SR 74 45341 T )
w37 AT LA ) 48R 22 5 T A
Lk, SHAMIURRE F A B, S F 2
BH A, TR S T AR .
1 BIESHE
1.1 BIEREMERS S
1.1 AR T RAE LIRS 547

AR SO A8 PR TR R AL RO R A SCHER[1S)
HACTRY) 147 S 2800 SE RS 1Y KA B Tk
Lk )p 4. R SRR BLASTR, 76 KT 14
SIERAL (F 75 A BE R 4L 8 AL IR T R4 R
O SCAFPT N GenBank 1381, J741] AC 5 U00096)
HOGF X 2 TR 3 B B R AT AR O, BB AR AT 1Y
138 £5 P S PR IR E T B 4 (PE M 4. 3%
PR h A SR 55 nt, #8 [T-40L
TL T+14]: i T Sy 22 2R Hia fi mg we DX 3k 9 A 4 o7
B.OFAIET 40 nt X K G5 XK, S5 15 nt
Xof I 22 2R i it o e X S

&l 2 25 1 7% B 45 2B 11 & e g

SHCEEK, 1K) 2 RMMR e g XA A E L
T 1) H BRATI 3 L R 2 58 Ml i s e DX e B v 1 5
b b S W ) o B S A OSSO
HAP B & Je 5 B B0H RNA R 2540 T AL
£, RNAstructure™ T 75 3], 17 22 58 g fit ms g [X
WGR IR B S AR U 37 s Y B I 2 2
TR A SR 2 7 40 i B R RS S HR
Kl 2(A).(B).(C), &G SCHR[14] %) J b s 48 1)
Geitab gL, a7 LIS R PR E 1) — Be 2 o 25

1) W R FEMHZER A n, BEH n, K
5 Z R Mg msne XA FEES n, WA 5<n,<15,
3<n<10, 0<n,<2, H n, BYEANLH bp, n, Al n,
B A

2) KIeLER R B2 R 1 BUAETL(<3 n)fl 1
MMAL(<3 nt);

3) 25 5% i s v i DX R T 2 N B R T,
A4 M ERRDH3IAT, 5 6 M E R
HAANT.

R T H AR 22 SR W B E DX s rh T A 4 A i
B, SCHR[1S13 T — i L 0 B A B 1 4T
SYRREL, TR X T A5 T

i5
T = an (1)
n=1
Hr =09, 4 n=2 B}, f3:

%,.X0.9 (if the n™ base is a T)
" |%,.x0.6 (if the n" base is other than T)

R TSGR I R BORCEE AR B, STHR[16145(1)
N

n=l=21exp<—A<n—1>>6" 2)

Hirhe 2455 n M ERGE R THECL, AR
T BIEL 0. A W20 R A PTARYE BH LA 15 ).
SRIM, & 2(C)RT %N, X T PHESE, T B H B R
IR IEATF AT A R EOE . O T 47 i
WA AT R SE PRS0, EEEAI A T AES L E R
BT RACFNT HT 43 R AL

T= Z AT, n)s" 3)

Forr AT, n) 2y BRI AR v 22 2Rl i s 1 X358 54
n AMLE T B, & 1 LIR2)=. I
(3) =TT B M 4 B T G g 1Y) T, P45
BT TS T =3.855. AL, X AT B R
1EF, B 7,=>3.855. # alrE A sk 444 4),



474 Ao B

2012 4F

Number of hits
[ T SR
S S G 3
] 1 | 1 |

W
|

5 6 7 8 9 1011 12 13 14 15
Length of the stem/bp

")

Frequency of T

1 23456789 101112131415
Position in T-region

©
2 BHKRBAFENRELILEFHSEITERE

3 4 5 6 7 8 10
Length of the loop/nt

(B)

Number of hits
(98]
T

10 30 50 70 90 110130 150 170190210230 250270

Distance from 3’ end of gene to T-region/nt

(D)

(A) £ %; B) #Fk; (C) % RMMEg RBEAMMEE L To iM%, (D) $ RMMErg RABIEE L B4 EBELAR 3

St W BB B

Fig.2 The statistical histograms of known E. coli intrinsic terminators
(A) Length of the stem; (B) Length of the loop; (C) Frequency of T in each position of T-region; (D) Distance from 3’ end of gene

to T-region.
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Fig.3 The distributional histograms of feature values in positive and negative control datasets
(A) Dinucleotide likelihood score; (B) Sequence curvature; (C) Average base free energy of hairpin; (D) Hybrid energy of spacer

and T-region; (E) GC ratio of stem.
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Table 1 The results of our prediction method in 6-fold
cross validation test(c=25)

Dataset Sn Sp FP% AC%
1 0.87 0.74 0.38 99.5
2 0.96 0.67 0.60 99.3
3 0.96 0.69 0.55 99.4
4 091 0.72 0.44 99.5
5 0.96 0.69 0.55 99.4
6 091 0.70 0.49 99.4
Average 0.93 0.70 0.50 99.4
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Table 2 The scanning results of different prediction
methods in E.coli genome

Method Scanning interval Sn for positive dataset Number of prediction
RNAMotif  [-10, +60] 0.81 1075
GeSTer [-20, +270] 0.90 1883

Rnall [-50, +280] 0.92 1193

Our work  [-100, +300] 0.99 610
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