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Screening and Identification of Small Non-coding RNAs in Bacteria
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Abstract Small non-coding RNAs (sRNAs) in bacteria are 50~500 nt small RNAs that do not encode
proteins, but act as important regulators in response to stress, virulence and metabolism. Most small RNAs
interact with target mRNAs through base-pairing to change their translation and stability so as to affect the activity
of bacteria. Recently, hundreds of SRNAs have been explored in bacteria using bioinformatics combined with
molecular biology techniques. This review focuses on the screening and identification of SRNAs in bacteria.
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WY K4 sRNAM i HERNAFE 1R (Wi Host factor
for Q beta, Hfq) 1) 45 75 1M & AE . Hfq/E 40 4
— PR YRR S AR R A, R4 2SS
RNABY 1 Sm & Sm#Af 5 [ it A7 R R Higty
R sSRNA)E & AU B35 455, KRMEHE TsRNA
fkase vk, [ B HfQE 5 sRNA K EmRNA LS &, fEit
TP TR EAE (BB,

Y h AT —2sRNA, ANt iE i 5 fEmRNAF
Tk 25 P A #EAE FH, Ti A i ek A FOLAE B 11 SR
e LA e, AR Cdmifi) . B TSN G
BB 2 1 I A 2 i PR (B 2)

ARk, B A WA B 2 RSB H R K R,
SRNA T IF SEAZE T R FF i A 5 2E F A 7
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— IR, WK/ FE DRI e al gt 3L e, ok LUK
CATHLINAT 53 JE 07 AT A RIS, ) T
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Fig.1 Hfq in association with a cognate SRNA may repress (A) or activate (B) the translation of a target
mRNA (modified from reference [S])

<@

— /
§® &

Inhibit Modify

i %
NN

& @

Activate Tether

E2 EsRNAXEEE B EEHIATIER GRIES % STk 6112250

Fig.2 Binding of sSRNAs to target proteins may regulate their activities (modified from reference [6])



RS - AR IR S /DRNA I % 5 38 7k

681
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SRNATIIN AL T A4k, JF CLlioh — P a2
W TBe T, AIEHRELA72 2000 5% B
SLINAL P51, AT AT AT AR A R . A A
Yo 55, REAE RN a) A PRsEAS 21 K sRNASH
KL, HLBEXS 22 Pl T I sSRNAREAT RIS LA

x1 AT NAESRNANENIE R FHEARESE CE14]1220)
Table 1 Summary of the various computational methods applied for SRNA prediction in bacteria (modified from reference [14])
Ty i Tt 1A SR EE SRR
Type of methods Tool Availability Main characteristic
L First systematic method for ncRNA detection among closely
http://selab.janelia.org/ . . . .
ORNA related organisms. It applies SCFG to test and differentiate
software.html .. .
pairwise alignments.
http://tage.univ-mrsfi/ It r‘ead multiple sequence alignments and se'condary struf:tures
ERPIN eroin/ to infer secondary structure profile. Dynamic programming was
P applied to search helix and hairpin structures.
. . L It applies RNAFOLD to generate secondary structure from
Comparative genomics- http://groups.csail.mit. . .
MSARI . sequence alignments, and detects RNA specific common stems
based methods edu/cb/MSARi/ . . . e .
from multiple sequence alignments using distribution-mixture.
http://infernal ianclia HMM-based covariance model (CM) was used and
S . ia.
INFERNAL ortr; J computationally efficient. However, novel predictions were not
& possible.
http://www. Search sSRNAs based on intergenic conservation (IGR), RNA
IS1 biochpharma.univ- structural features and terminators. However, conserved IGRs
rennes|.fr/ without flanking promoters and terminators are missed.
The method applies Support Vector Machine-based structural
RNAZ http://www.tbi.univie. regression analysis to compute z-score. It can be applied for large
ac.at/~wash/RNAz/ scale genomic screens, and has been a part of SRNA annotation
Secondary structures - .
) pipeline used in Rfam database.
and thermodynamic . L
stability-based method N . It uses thre? distinct Parameters, namely energy m'mlmlzatlon,
CARNAC http://bioinfo.lifl. fr/ phylogenetic comparison, and sequence conservation. The set
carnac of single stranded RNA sequences that need not to be aligned is
accepted as input.
http://cluster. SRNA specific promoters, terminator signals were applied to
SRNAscanner physics.iisc.ernet.in/ identify IGR sRNAs. However, current dataset had sensitivity
o sRNAscanner/ with medium and low %GC genomes
‘Orphan’ transcriptional ) . . . .
- A simple method to predict the SRNA locations with existing
signal-based methods hitor/newhi . inf on fi. her daals i he locati :
SRNAPredict3/SIPHT ttp://newbio.cs.wisc. information from .ot .er ata asebs. 'tlnte.grates t 'e ocations o .
edu/sRNA/ promoters/transcription factor binding site, terminators along with
sequence conservation.
Known RNA structural elements were trained with neural
RNAGENIE http:/rmagene.Ibl.gov/ networks a.nd applied to. differ.entiate RN:iA and non-RNA genes.. It
could be high accuracy if motifs added with free energy of folding
in spite of little experimental validation.
http://compbio.cs.sfu.ca/ It utilizes differential distributions of sequence motifs between
smyRNA nwp-content/software/ ncRNAs and background genome. However, family specific RNA
taverna/ identification is not possible.
Ab-initio-based . .. . .
tnitio-base . http://www.rnaspace. It computes G and C content of a particular position using sliding
methods Atypical GC . . .
org/ window and predicts RNA regions.
htto://rmai q IGR’s of reference genome are tiled into 50 nt segmentsand
://rna.igmors.u-psud.
NAPP fr/tIF\)IAPP/ g P classified based on their occurrence profile in1000 genomes.
However, tracking of ‘novel’ sSRNA is not possible.
http://bioserverl. First orthology based method successfully applied to predict
PsRNA physics.iisc.ernet.in/ sRNA specific gene clusters. It used KEGG orthology numbers of

psrna/

the flanking genes to locate the SRNA specific intergenic regions.
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$5t L A0 I DR 4 TP 9 SRNA S BRI (1 7 32, 6T
AH % 20 T B DR 1A) B DX (IGR) I A1 AR 57 02 5 A
AT T 2 Bt ELIT R RS Al R b LA R
i i sSRNA, B Ik 44) J 48 v 145 1) OR < P 2500,
Sridhar %O T 4 B 5L 821 sSRN AR & IR
BLTHIEAT TIE R, 20 YRS LR AL 41 2= 5
N RTINS SRS E R . MR R A T
AN RE e A AN R AR AR I M S STV E(GR 1)

B MBI 5 VAT B S AR R . VR
SRNA M o 6§ L 7 vk i T 1 S 5l IF 2
TEAR N AFBNIGAIE o 0 I P T 45 1) Bk DT 1a) il B 2C
FEI, I T 3RAS T — SR A JEsRNA. SR 1M, JE
TR ARG R PR PR 732 n] Be i i — 2 [R5
SRNAFI iz 85 FHIsRNAFE N, 25 T3S 45 5 11
LA DA A i A I R () BT sRNA P LA 7 55 1) —
Fhiike o70% T % R UL E 30 715 7,
654, o27H1e38n] F >k il Jpp 1 J NisRNA . AR,
JRVE T H SR A 5 (1) J 6] i [T [R) sRN AR I AR A
24, AE JEBH R X (UTR) 4 55 1T sRN A B AZ T 5S4l
FAMERE, Hosdlid — A K sRNABL K e sk 1
IR (FIsRNA . A HIRNAMAREAE 19 Sk TF 5
TNERE T K2 HC AIsRNA L, (5] fig2ii ke
VFZ AR PE

LA RNAFUIN 595K 22 Rk F 2 2% FE DR 4 b
TR B 1 O A sSRNAZCR HEAT PEANTS, ax 26 g1 AL
D7V R RUIN VEAF  m AR FEAR K, R = 56 6 R v
Bl i Tk AT . VFEEAR A RIR R, AR
FeBER SRR, B o T .. — PRG54
CRAER RS EFEE AT LIRS RNAKE
R e B T T BE 2 45t S A RS A TR sSRNATE R
1.2 X oHrE
12,1 A&EAREEk BB/ sRNALH R % H%
FRICYEIR I SR AT (0 o 207 V1 Se R IR 25 4l
MRS AT AR, AR I B 2 B B RNA, V)
IR H R Boa, FHAZ R I S A LAEAT YR N 234 o
FIFH TR LT — 2820 i P % f2F = IHsRNA, W1
4.5S RNA. 6S RNAFItmRNAZE, {Hix £ 5z 46 75 5
AT B PRI o X T AR ) — L%
sRNA, 171 7] FHEB&E AL 22 Ykl kbR ic EARNA, Pk
AT IR AT, 0 Al 22 SRR B I BS190H1BS203
G I E0 R 2 BT T 1) = R R IA SRN A A2l i
FEAC S Gt A 2 070,

1.2.2 DNA#M7|H A  DNAREFESFE AR SRR
RVZH KPR — AN Bk, 20 28 sk 40 i 3 i A 6 TR
BT A R 15 L (0 L T, AR T R TR
sSRNAMRIL, L4 n] H T4 5§ FIsRNA Y. 1
i DRLES P 0 T T 1A 2 98 IR mRN AT ¥ 11
(1), 1M K 2 $UsRNANL T3 K (A JE g X, Rk 75 22
BRI e DX IR S 1 T T DNABRBE B . SR, EJE
DRI PR A G A DX 5 G A X (1) FLAMEE B 1 PP 51 AN BE B A
MR ARFFE TR T — s B R AL T TR AR E,
% TmRNA. tRNAFIRNAX I, th B % 7 — &
5 IGR™Y,  HFDNABEF AR GEWS [F] 1 3545
AN TR) R 58 4% 11 558 3805 RS 1 22 Pl sSRNA R 2 5 7K1
SRR L, X RS sSRNA TR 52 B0k J5 18 . Bl kb
I AT BRI R, & CCA I B sRNA A )
THRZ—.

Hu%5:PUF] FIRNA-DNAZ% A2 Ji B % 18 7 &1 )
RNA IS, A AR 2 X0 RN A B $2-5 DN A
HIAE, HEHESERL AR R 7 51 AR 1 1R A4
e R0 B B 7 2% 2R DN 7= AR AR S 3 AT R R
Mo I T7VRERT I 2 A FE [P sSRNA, e 25/
A = 45 R IRsRNA . PerezZ5 2 3 M 41 5 v AF
N B AR AT 2K B 75 18 21 T 404 i 1ESRNA;
Shioya 5> F 1% 77 V515 4 22 G B (1) 45 A 300 157
FWERAE V583t Ik T 111 sRNA, Hrhe M54k
AR SR IE, 24N AR KIS 2, 3N
PRSI 338 T A 1
123 RNAAFFZ@ENAFHEAK  RNAZLH
AT e 3T A1 R cDNASC I, AR Ji5 18 e SC i i 7
FERINGE 71K 34 sRNA . R %7, © 20k
2 T2 41 BEsRNA . Vogel F4H HIRNAZH 2= F7
AR, FE R 13 H A R AE K HTIEH50~500 ntfFJRNA
M HEcDNASCE, fiiik 117 sRNA . Kawano%5»I7E
KB FF B T 7 % T 30~65 ntfJRNA, Fk 3 7k A
5'-UTR. 3-UTRF{IsSRNALL I 55 11 9 5 5 K] H b
204 sRNA . StraubZ5PH) 1% J7 vk gt 37 7 vg
R 1T B CDNASCE, ik H T391M130~460 nt K /M)
HrsRNA, Hrb2 1AM T3 DA R) X3k, 184N 1 e X
B b M7 VER A B R AN REE X R e R g A
RNAZE R AT, & F FERNARI S5 A 2%RNA
PEAETE SO LA, M o] e 2 a5 R R A 1
sRNA. 534b, iR AR I RNASE A I 3Rk
A —E PR PE R AN IE A X R 77
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AR, LT — 28 M sRNAM P 72, Bl
NVE H & 56 TR IR #5 (10 PP 20 € 7 ke %07
VHE G 1O A R e Y L 2% R ) R, TR T B
ANcDNAREAT iyl fE AT I o i 5 0y BRI
RNAZA 7 HR 454, AR sRNA TR I 128 Ji ok A
AEo I T4 TR sSRNA G K8 — QI P R %2
A Tllumina’Zy =] #E H ¥ Solexaill [ °F- &+ ABIA H]
HEH I SOLIDY P & LL K Roche 2y i) 4k 1 Fr1454 31
J¥ R 4. Sittka 5P H] w2 AR R WP B ARV
[RGB P T 6440 5 HEq4h &5 [FIsRNA, 384
FHF K. Raghavan®5 28 FH M 3 7 v 0 16 - 48
52 T KW F 1 104 BisRNA, HpAg — - 7ERNA
44545 B I Hfq A7 AE N A2 43 BEAEE ; 17 Shinhara %5 ]
Solexa Genome AnalyzerX K i #F WKI121K 7 ¥ &
cDNASC IOy, TiiE 2] 12294 K150 ntf)
PEsRNA, Hrp il 3452 1 HE.

124 HAsRNAGRLZ % () REILDURE %
AR I, sSRNAFEAE 5 — S84 1 FoAH AR H,
SLFPRSEI A2 fe . thit, w] LA %
S BT PR SR G 5 L DT TE T REAH LA T 0
sRNA. Iy A2 AR T e F s e
JRISRNA, f 1A 51 ELAE 8 F 5 sSRNAF i ik H
AHE HE. 78R AP 1) I 55— Lo df 15
ETHEQE 1, A28 Ml Y sRNAFEHE ] H FrmRNABE
ATHECRT, PRt ) AE sSRNA T 2 1 36 FH 375 7 A 1100
ZhangZ5P Ve S HTHEQHUAR AR AT B 40 i 4 S
ITHEE, K E4ERNA, AR5 5 5E i T 5L 4 R
SEAZ FEA (tilling array)Z4 AL, ik 2] T KM+ =
532 —[PsRNA. RiederZC27r iy | THRHEF B AL A 241
PR S I B DR SR AN INFLAGHR 2%, FH S 3eyiie
D7 kTR 5 A S5 A IsRNA, R 1% 77538 7 —
it HAREE A EAEAISRNA

(2)SELEX$: A: 48 80 & S 1 R 48 it 1k
(systematic evolution of ligands by exponential tech-
nique and method enrichment, SELEX)H7 ARl H K%
SEBENLSEAZ T B S S 04 AR EAE L, AT o
S TR RIS A TR, SRS AT
PCRY™ ' 4, 58 e 2 045 Hom s F J F sy
R 7 1 ) SEAZ IR ICAA . LorenzA5 53 1% 77 1Ak
KIGHT b ik 5 Hq 8 1 45 5 sRNA . AT E 56
AL T —AN50~500 bplBEALT I R4 S, AR5
W SCPE | BORAT R AN 5, T SRR BTN A,

B 2o R 455 HsSRNA G, #4555 sSRNAE I RT-PCR I
TP 18, PRI SR R HEAT 58 — R0k . 4l 2480
1, G sk A5 S HEq M AR 745 A BIsRNA.

2 ‘AESRNAKIEEH
2.1 NorthernE[iZF

Northern [l 2F (Northern blot)/& #] H . §£DNA
ERNAZEAT 73 F 1A 2828, AT ISR A IIRF 5+ PERNA
S FIHIR . H IR 22 FHRAS I A 1
DRI A A8 A 1R A 8 1 W] 5 b T v, AN A REAS I
PN, M H g R B PR+ E. H
T AR 8 ARG I 7 v, R R A G AR, kY
SARNA [ ER HA E, — M 28 L2 LT i 1 s
RNAE A GEAL I 2B W G A2 A8 A5 5, DR He 2 A
FA AR 3 5 o

LA H Northern KA M sSRNA ) T 7447 2 B, 1X
U873 A EE DA TIRE RS L BT P AN [
5O (1) 5 VR SR B NP, AR R B bR ID AR IR T
i, HATE A fe F 1k, M EAT I BR . By T 4%
GRS FEhRId XA, HEr BB I Kt — e 4
H R W AE R 2 bR i Northern EV 12525, 4 Hb iy
(DIG)bsic FIAREL SR AL MISRNA . DIGHR L 7 %45 R
B b5 R bR ICIEA Y, (HA 24, JTAFK,
PREF BUH SR 15 31 T KBS . (6 S IMDNASE S
% IR R AT 1 3% 7 4 s R 0 RE 1 B % 1R (locked
nucleic acid, LNA)PSE AT e R 5 T 5 L. Kim
EPVHIDIGHR it FLNAZE AL 1 TR IR BT AN —Fh oy ¢
[IRNA-JE JNEAZ ) 5T, 5T RINA R4S I 2 1 8 5k 2]
510" mol, MMy K K4 ki RGN [R], HBRE IS fa] a]
PRI Z A

1K, Maroney25 P HINilsen8 & V7 7 —FlBr 1)
Je 3% Hz(splinted ligation)iZ, H T B RNAH B Hbx
WL MSRNA(EI3) . ZITERH T — M SER
¥R (bridge oligonucleotide), L fj 5 sSRNAKF 57 'k
e oeF, 53— b5 [ A7 25 bR oic 16 55 2R A% 1 R (ligation
oligonucleotide)F 5 PEEC X o 173K IISRNA S 13
Uiy F A I R 2 BRI ) 56 SR A T IR S i Bl 1 ik
AT MR L. Al b [FAL 2 [ sRNA W] I
Tk A P S I VORI Bk 5 el R 4 i R AT A
WMo ZT7 VBRI 2 24 be 22 Tl U RNA, G 7 2k
ITH 14, IR e ar . Rk, HORR$E M T R
o
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e Small RNA 0
T4 DNA ligasv
IEEENNEESENNNNEEEEEES

Bridge oligonucleotide

e

® .-'TI'I'I'I'I'I'H'I'I'é‘I'I'I'ITlT

0

E3 T H2illsRNARY RIREIZE(RHE S % SCHR[38]1220)
Fig.3 Splinted ligation method to detect SRNA (modified

from reference [38])

2.2 WHRE=ZEPCR

5 NorthernE[1 78 £ R A Lk, 2¢ ) & H#PCRJj 4%
BAT w0 R, GER I H I 2 R A P sRNAZ>
o BT, PN 2 07V EAA PO B ecDNA
37 AUt R 96 6 58 I SEPCRFNZE IR 51 4 9% )6 o 1
WiH PCR.
221 Mgy HDNAZ-R#B R AT TH IR
PCR %7245 41 # sSRNA )3 - b s 422 3k 1) %
Fpoly(A)JE, SR 5 LU S AE R 5 [ FF RN AT i 5%
& cDNA, FHEAT 986 58 #PCR, 43 BT & 55 5% BT 5 b
fJIsRNA. JL L7514 sRNAKE 5, RilFsIy
S H AR
222 ERXF|MRAEFHEGEZPCR  HTATHE
A G sRNAKE 510 B3 5 1 (E W 51 40) . sSRNAK 5+
() Taqman®R £ 1y 2L IR S5 (1) 51 1.l 2530 45 4
51 v] S 45 A sRNA Y 11 HLEA 8 I i A
JENE, HANY) SZDNATG G, 3 TR e A 2tk
I Z 7008 T AASZ B iR Ak, B 54l
MURZBREAT 537

3 RBE

ULAESR, BERE LA R 1 e % JRE R
2 U B AL R L R 1 58 R, SRNARIRITF3RA% T B
PR EHLIE . BF5T 40 BSRNA () HIUE S5 % 2 A= )
15 B2 TIN5 45 49 TR 2 S, 1 5, A

CLAISRNAJTH1 (1) — LERf s (an Zr AT X 3, Rk =22
INGERY . Rho AR L % 53k 28 11-55) 9 W AH S R (1)
— R E T A [FIYRPE, 8 D AR R 4L 7 5 P kb
TRISRNA, 4R & i 1 43 7 A2 40 2 S 56 560 F A7 A,
IrE— B LI RE

H A, TV T 2Rk s e ik, &5
P A SRR YE . R (R 25k e
TEAFDOT A 7 T [1) P 75 6 1 AL 5 [RIJRsRNA, AR A
et T ARG RS X, H6E T[R9 A ) 5 1 e
PESRNA N 75 5 i, RIS 305 1 s 25 5 0
BT LS, R i SEIG MR IE TS R sSRNATE
LS, XA AR RN 5% A5 5 S50 e 1 T L,
HLAERS I % 2 AR (R SFsSRNA, SRIMAE WA %, 98 4%
PRELR P A i, HEORHMEERK . 7EsSRNAISEE 1,
2 R H 1R 3 AR i b id PR ET (¥ Northern ENIZE J57%, {H
WIS AT [ 25 450 A B I DL 3k O N\ AR 2 % S 4
A A n) FH At = [R]85 2 AR 40 3 Rk vy =
ATHREN bR, LR PEAR RIS, HoeAR ey 147
K R JREHEE R 1 ¢ ' e B PCR R S 4 v, A DNl 21
G BE A sRNA, 1R P PR o

g5 b, R0 8R4 0 AN R 41 B (T sRNAR, BIFFT
H N AZ AR FTE ST I sSRN A s 3 B A3 79, Al A
K AR 73220 2, 20 5 k45 N FH 1) 97 326
YSTE RIS o OB T BV S AT R IR 5
HUBCKR IR 22 (1945 FHSRNA, 38 B A1 1% 40 1 A8 BERAE
AEHLBI IR, FEX 3 A= 40 1 I e B AR A H
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