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>strain9312 _TIGR_ntpmO5.txt 1:1709470 forward

tcttcttctttattaattagaatatttatctcagccaaaaccgtatttccatctacgtataaattcactggaaaaactttgatagaatct
acacttttaaaaatatttttattagcttcaactacattctttataccttttgcttcaatttcccaatctcttagataaatttgattgtcg
aacatagttatcaaagagctaatatctttattagaaaaaaaattaaaataagcaaccgctaaggatttaatattgtccattaaaaaggga

tta/——" " " " taaaaaattatttt
tag ()peron daaggataattatt
aaa A Aagtcactctagaa
ggt [ N gaaagaatgattta
att L tagttattaagtaa
ggt |_| | ] .._I_._IJ:I Aaaaattgtattga
ttc ggttatgtaaataa
ttg . I_I ccagatcaaggcaa
aat Aaaacttataaaga
tat attggaacagagga

agggattagaaagtattcccctgaagaattcaaatattttattgaaaaattatttggtttattatcattagatgaattcaatttaataaa
atatggtgttgttcagggggggactagattatcaatgaataaaaatattggaaattttaatgaagaaaaaattaaagattttatagctat
ttgtaagaatttcagcttaatgtcaaaggaacataatggagattatctaaaattatctgatataaaaagaaaatttgatttaggtttaaa
tgcaattaacattgcgcccgagatgggttttattgagtcaacttgtattttagaacaaataaaattagtttctgataatgaaacttttaa
aaaattatttaataaatgtttgcagtcagggcaatggaagaaatggatacctttagaaaagcagaataaaataattgaagaaaaaaatga
attgttaataaaaatatctggtcattacatttactcaagtgatattgttattgacattaagaaaaaatatcctgaattggattcaagaat
taaactatctatcaaaaacagaattaaatcaatcttatgcaaaataaagtaattgcttttgatctagatgatgttctttgttataggact

tcaaatgaaggagatatagaaaaatataaatcatgc

aaaattataatctatacttccagaggcatgacagtt

caattaagagaatggggagttaattatgaccaatta
ttacaaataaaaagtttatcagacgttgatattttc
gatgagcaatcatgataactgttaaacaattatcat
tagcttcatctaaaattaaaatagtagaacctttat
ctctttctcctacagttgtcctaaaagcatcaattg
ttatatcaatctgttcgtatggcactccgaatgcaa
tagaattaaaatatttcatctttatcctttcatttt
gcaaacccataattaagtttattagtgtactctttc
taaaattttctaatattaaattctcattatatttaa

haaccaataaaatcaatgataaatatattgaataaatgcaagagtaaaggtta
Ltcaaaggtaatagagacttgatttatgataatttatttgatattacaactag
httatgggtaaggtccattatgatttattaatagatgataaagctttaaataa
cttaatgacattaaagctcaataatcaaatcacacttatctaaagtgcttaat
taga atattt aatt ttctgtatgataatggagagaactt
og thlere 1y & bIdHERaY i AN ARTOrMATa: Ve cace
ftgaattaataaaatcgtataPopiig @ﬁﬁ%%@ﬂfﬁﬂﬂé@@fiﬂ%h%ﬁ%ccta
fattttcggcaaatgataaatttgataaataaatatcttgagatacatgagaa
jaacagcatttatatttactccatcaaccaatacttctcctttagtaggtata

haaagacatttttcaaaattatcgatttctgaaaatcaaacctttccttatca

Ctcggcctgttctacccttaataccaataatttttcctttatttatttctaaat
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tgaataacaaatatttattagttttaagatttaaataaagtagaaaactagttaatattttaattctgccttgaacaaatacccatccct
gataaagttcttgaaaagaccttaacaatctttgaagacctagtcctattgatcctaaaataggcagaatatatgaatcatttaaatata
ctgctagaaataatcctattaatactatagaaatcaaagccaatgcctcaataaaataaaaaggcagcctaccaagtaaatcaatttCag
cttcttgtttcctcttaattaaatcaacttgacgataatcttttataaaaaagttctgagaattgtctaatattatatctttaatattcc
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Environmental stress response involves non-coding RNAS

Example E. coli ~80 ncRNAs known:

(a) (b) (c) (d)
Siress  Fe++ limitation  Oxidative siress Low temperature  Glucose-P
Fur OxyH Fromoter Sgri
derepression activation activation l activation
w ¥ L
sRNA  RyhB CheyS DsrA Sgrs
—_— - W
Target  Fost bindi RpoS RpoS Glucose
mRNAs Epmml%;ng Fhil4, transporter
Outcome  Reduced Fe++ Reduced Increased Reduced glucose
requirement oxidative protection from entry and
damage low temperatures phosphorylation

RyhB matches
OxyS match

9 GARAGACCCTCGOEGAGARCCT GARRGCACGE 3e
3 tll"iTc‘l | |l:;lmll'l:|]l£|' 11 il I Itli‘!ll'_l'l'l:latli‘ 10 18 -CUOUUAACCCUUGAASTCA- (46) -GUERRACOITITGCEEATCOCCAGERATC- 106
B Freas -oeme-AeE B |l LI T AR
sdh 46 -GCUODGUTGEERACARCAGE- (17) -ATAUACTCSTARAR CARGARGETCCODTCG- —-10
fhiA

38 GACAUTGCTCACATTGCUTICCAGURTTIACTIT &l 3
: N A e A Ay »

CUOGTARCGA-TIAGRFFARE -TARTARIITIAR - . .

sadf [Gottesman, S. (2005) Trends in Genetics 21, 399-404.]



~_Without detailed information
- about the numbers and
functions of these regulators it
IS not possible to understand
the intracellular regulatory
network in all its complexity.
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Active Fur

NG, o)
5 ISTRRNA &
\_ >
ISIA )
~ @) 1026 1 -200
“m"\‘lsrR RNA
SIS RN Targeted degradation

\_

antisense RNA IsrR
In Synechocystis PCC 6803 Bibby et al.

NATURE‘VOL 412116 AUGUST 2001 |

Duhring U., Axmann |.M., Hess W.R., Wilde A. (2006) Proc. Natl. Acad. Sci. USA, 103, 7054-7058



Other examples for naturally occurring antisense RNAs in
cyanobacteria:

Csiszar K.. Transcriptional analysis of the
cyanobacterial gvpABC operon in differentiated cells:
occurrence of an antisense RNA complementary to
three overlapping transcripts. Gene (1987) 60, 29-37.

José A. Hernandez: Identification of a 7#wrA cis
Antisense RNA in the Cyanobacterium Anabaena sp.
PCC 7120. J. Mol. Biol. (2006) 355, 325-334.



Small RNAs In 4 strains of marine cyanobacteria

Northern
WH8 MIT SS1 MED

Northern
WH8 MIT SS1 MED

e
. 1950t L RNA 3
5S rRNA
a g aE»
100 nt SCRNA -
- T e 90 nt < < - -

e tRNA-Serin
tRNAs <

T

63 nt TMRNA 5'end - "™

WH8 MIT $S1 MED

Genome Biology 2005, 6:R73



..................... If It goes so well,
how many more are there ?



How to find regulatory
RNAS?

. Prediction using bioinformatic algorithms and
7%, validation in experiments

“»<% |dentification via microarrays

2%

~.4 Isolation and sequence analysis of all small

# RNASs (,RNomics*, 454)



Complementary mutations indicate
non-coding RNASs

PRO MED4 : . t---fta-----
Pro MITS31 : C la——-——-ttat—-——-—
Pro ASS601 : 5 ————ttaa-————|&
Syn_ WH7803 B coll-—————-
Syn WH5102 cgog-——-——-
Syn RS9917 cgcgt-—-----
Syn RCC307 [ o

Pro MITSZ1 cetcaca-—-—-—aqgqg

Comparison of 4 Prochlorococcus and 4 Synechococcus

10



(cYanobacterial Eunctional RNA)

o YIr

G
A
S

C
U
S

6 - 10 bp
(+1 loop or bulge)
6 -9 bp

Z
Z

Y
l.[ @ -C G-L'-u-u 3
D4 2C N> -

Sequence/structure model for Yfrl of 31 cyanobacteria. Voss et al., (2007) BMC Genomics 8:375,

(R:AorG;Y:CorU; M:AorC;S:GorC;B:G,UorC; V:G,CorA; D: G, TorA). 11
Colors: number of different base pairs at this position (red = 1, yellow = 2, green = 3 and blue = 4 or more).
Shading: frequency of base pairing.



A

B

Syn. Tsyn. Sync. Mic. Nos. Nos. Gloe.
7942 elong. 6803 7806 7120 punct. 7421

Syn. Tsyn. Sync. Mic. Ana. Nos. Gloe.
7942 elong. 6803 7806 7120 punct. 7421
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Complementary mutations indicate
non-coding RNASs

PRO MED4 : . t---fta-----
Pro MITS31 : C la——-——-ttat—-——-—
Pro ASS601 : 5 ————ttaa-————|&
Syn_ WH7803 B coll-—————-
Syn WH5102 cgog-——-——-
Syn RS9917 cgcgt-—-----
Syn RCC307 [ o

Pro MITSZ1 cetcaca-—-—-—aqgqg

Comparison of 4 Prochlorococcus and 4 Synechococcus
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Prediction based on
transcriptional signals

RNAP
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v Zvyn 6303, art

S T T {1 e [

Sequence =120267
— R 1 T 1 A e T
_transcript N T X o T TN T T MY IR

] 1514400 1515200 1516000 1516800 1517600 1515400 1519200 152000

start of IsrR

T T 1 | R A o A AR
O N R (IWRIRNIA NI 1

z11l02:

izia
€ ;I I I I o e R AT RN )

3z3l046]1 0249 iziB

i I [
Synechocystis PCC6803 P P P DD L L G ¥ % C W[ N|G F D N HE $# P KD L M L 4

K N M 3 P & T D A GKMNGTLTITTIENENG ORTIGE$TCTUW.L
[ K I CPPTRGS SR L L B K WY * # P I TEKGSG S5 HNT G +
“AAAAATATGTCCCCCCACCABATCTTCTAGGCTACTGATGC TGO ALATGGGTTOATAACCATALATAACCARAGGATCTARTETTGGCTG
1517980 1515000 15150 1515040 1518080
ITTTTTATACAGGGGGGTGATCTAGAAGATCO GATGACTACGACCGZA TTACCCARACTATTGGTATTTATTGGTTTCCTAGATTACAACCGAC
1] L F 1D GWWIEKG+a4vs5 s p L 1P KEIVHEFLULI+HGUJS
F I H G GV L D E L 5 3 I ¥4 FBHTQI|¥ 6 Y I ¥ L P D L TEF Q
FYTGOGGSRRP + oo cCF PN S|\LWLYGF S RINGLS

bits

A

0 - ——  —

— o~ ™ = e} [{=

First transcribed nt:

-2 -11 ) <10 | -9 -8 -7 GATAACCATAAATAACCAAAGGATCTAATGTTGGCTGA
CTGACTAGGCGCACCGTTTGGGTGGTGGCGTCGTACA
-3.26 | 182 | 009 1 0.98 | L19 | -1.68 || \roccCCCCAATACATGGCTTTGCCTGCCAACAGTAGA
GCTCCGGCCCCCAGGAACAGGAGATGATGACCCAAAA
TTATCCCTAGTTGCTGGGGGTTTTCCC

-0.83 | -3.15 | 0.02 | -0.83 | -0.57 | -3.15

PSSM values >2
indicate functional
-10 box elements.
Max. value: +7,69
(Bantscheff et al.,
2008 in prep.)

157 | -3.15 | 0.43 | 0.02 | -0.83 | -3.15
154 | 327 | -046 | 127 | -127 | 1.73 | 4.8 ! Almost perfect -10 box 15
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Synechocystis PCC 6803
Genome-wide prediction based
on transcriptional signals

rtemis Entry Edit: Syn_PCC6803_TIGR_JUNOS5_AIl_ncDNA_20_to_300_pssm3_polyU3_new

Entriez Zelect View Goto Edit Create Write Graph Display
selected base on forward strand: 1515204
i (vl Jyn PCCeS03_TIGRE JUNOS _A1]1 neDMi 20 to 300 pssm3 polyls new filters. genbank

L I IR | I . |
ISIR
I N O N i | 1] NI
promoter terminator
T & | B :
1677 17 1677 1677 i6 167 i67 1677
1516500 1516800 1517100 1517400 1517700 1518000 1518300 1518600
|
i3iF isid
(T e N 1T R I 1 | I |
RN T4 1] |
isid
0 T I | | i LT
isif

369 predicted transcripts within all non-annotated sequences (intergenic and antisense). Only 42
have no TATA element (327); if -35 element is considered: 323; very strong critera for -35: 301.
Weakening terminator rule by 1 mismatch or bulge: 714. 16




, Intergenic spacer only“ array Synechococcus WH 7803

(tiling factor =11, sense + antisense); no protein-coding genes; Format: 12K




A 105K tiling array was designed covering 1/3 of the
Synechocystis genome and with probes on both
strands covering all 714 mRNAs with predicted cis-

antisense RNAs, and an analog control set without
predicted asRNAs.

1517400 1517700 1318000

216 62 11732 11503 214 48047 50 104 | 858

.very strong
strong

weak
no signal

PP EEOD R L EOID LD DTT MR Db [T D BT DD PP DD EME DRI

Tlz 3 2 763 30985 3039 36 35607 £ 8 67 le 527 79 50 16843 5T283 o 212 355 Lo

1513300 1318600

.87 74201 4963« 75 Fe o

.

Example: isiA mRNA// IsrR

Synechocystis 6803 array antisense RNA 1



Upper strand

. et . e
l'\- .:l.ﬁ ’.‘.l' I’-.-' '; e nire’ » .., '.l'o o .,..6 . Pobe -'V.:I' ‘...'.l

o
&
Ll 1

log2(DNA-Hyb.)

-
=2 I =]
| |

. . . N .
Vo, P WL W A T Y )

log2(RNA-Hyb.) =~ 7

T_'I .I

. 10g2(RNA) - .
4 Jog2(DNA) RN e T N SR

*

ISrR

44, .. RNA

- : e H H I: . I'-.. 'q'-y ok LI e s
’ j- Normalization Nt s pvee o ]

o RNA

e 24" Normalization
-4 . . ’ . . . o ©
% :|_.s°.-.“-. W/O 5% |OW€St X _\,'. . e - o ..- s ..'.. ) e .a..‘...._..\.'.
-8

026 0267
stk T LS 1516kD 1510k = )

R T R
0 RNA o Neh e
) . . . > ot tTe R .
R Normalization P o
6 w/o 5% lowest e U

o d
- 1 Lower strand

' L, o sll0245 |
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Normalization according to Huber et al. (2006), Transcript mapping with
high-density oligonucleotide tiling arrays Bioinformatics 22, 1963-1970



Synechocystis standard array (Eisenhut, et al. (2007) Plant Physiol 144:1946-59)

cDNA hybridization

direct RNA hybridization

20
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