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Marine microorganisms:



Topics covered

(1) Why doing Transcriptomics
and Metatranscriptomics?

(2) How to do It?

(3) What kind of things can we
find?



The organisms:
Trichodesmium global distribution

Capone et al., 1997 picture: B. Bergman
Trichodesmium is an enigmatic organism: a major contributor of ,new’ nitrogen, multicellular, forming large
blooms, capabable of apoptosis and coordinated behavior [Rubin, Berman-Frank & Shaked , Dust- and
mineral-iron utilization by the marine dinitrogen-fixer Trichodesmium® Nature Geoscience 4, 529-534]
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Synechocystis PCC6803
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(1) Why doing
Transcriptomics and
Metatranscriptomics?



Methods that provide comprehensive information about

the status of gene expression: under different conditions
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s110217-s110219: flv4_flv2 operon, encoding an electron valve for photosystem Il



Methods that provide comprehensive information about

the status of gene expression in mutant lines

insertion mutant in crhR
RNA helicase gene
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Methods that provide comprehensive information about

the status of gene expression in mutant lines

insertion mutant in crhR RNA helicase
gene: effect on flv4_flv2 expression
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Transcriptomic methods provide exact
information about the status of gene
expression under different conditions

and in mutant lines and about the
actually used TSS (promoters).




| S | Anabaena PCC7120
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dRNA-seq of the cyanobacterium Anabaena 7120
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dRNA-seq provides exact information about the TSS

(promoters) & allows the inference of binding sites for
regulatory proteins

—-NtcA-—, -10 | = transcription
2058877f AGTTTAT |GTAACCTATAAGAC| ATTTTATTTGATACCTCATACTC CAAGTA nTSS
2460393r TAAAAAA |GTAACTCTTGATAC| ATACGCTTATGAAAACCGCATA TGAAAAAA ¢TSS asl2052
580293f TAAAACT | GTAGCAATGCAGAC | TGTTGTTAGGAACAGTTATTAG GCGCCTG gTSS asr0485 (pipX)
1273249r TCTTTTG |GGTACAAGATATAC| AAAATAATATTGAGGAATTAGGC CATATCT ¢TSS alll087
5547631f GTTTTTT |GTTGCGTGCTAGAC| ATAACCAGACGGGTGTTTTGATC CCTGTAA all4e644
2059119f TTATTTT |GTATTTAACGGGAC|AGTTCTTACTTATCTAGTTAAGT AACAATCA gTSS alrl713
2837125f GTAGATA |GATATCCACAATAC| GGAAGTGTCAGTCTGATACTGG AAATTA gTSS alr2355
5731963f GTTTGTT | GGCGCAACGGCTAC | AGTTTGCTGGCGAGAGACAGGG GGATTAG alld813
4907756f GCAAACT |GAATTGTTTGATAC| GGCAGGATGTGCAGTTTTCTCT GAGCAAG gTSS alr4077
1693413r AAAAAAT |GTAATCACGCTGAC| AGAACTATCGTCTGATTAGGAGG GTGATCA gTSS alll432
3953418f TGAGTTA |GTCGCTAAAGCTAC| ATTTTGGCTAACAGTATCCGACT GAGATTTA all3278
2400767r GTTGCTC |GTATATTTCAACAC| GAATTTGATCATTTAGATGGTG TTATAGA gTSS all2006
519953f ACATAAC |GTGTTTTCAGTTAC | AGTTATGCCAGATGCAATTAAGC GTTGATTA ¢TSS alr0440
105428r CATTATG | GTATGAAATAGTAC| AGTTTAAAATTAGTGTTTGCGT TACGAGA gTSS all7614|(beta)
1657401r GAGAGTC |GTAGCATAACACAC| TAAAACTTCTGGAAACAGTAGGT TGCCTTA gTSS alll395
3346518f ATAAACT |GATAGTTATAATAC| TGTTCTCAGAAACGAAAAACTA GAGCATA
5248514r TGTTTTT | GCGATCGGCGATAC| AATTTACACGGGGCAAAAGCTG GAAGGAA iTSS all4379
5167792r GGCTAGA | GTAACAAAGACTAC| AAAACCTTGGGCATGGGCTTGT GAAATTCA gTSS all4312 (nrrA)
5407066f CTCAGCAATTTGTTCAACCTGAGCATTTTTCCCATTTGCAACTTGA TATTTTTA ¢TSS asr4517 (nblA)
2793917r CTTCCTCAACTGCTCATACAGAGCAGATACGGTTAAAAAAAGTTGC CATAAGTG gTSS all2319 (glnB)

dRNA-seq of the cyanobacterium Anabaena 7120
Mitschke et al. (2011b) Proc. Natl. Acad. Sci. USA, 108, 20130-20135.
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Metatranscriptomics & the typical question
of microbial ecology:

Who is there and what are they doing?

15



Methods that provide comprehensive information

about the status of gene expression in populations

16S rDNA sequencing for 16S rDNA sequencing gE
bacteria and archaea RNA seq / for bacteria dRNA seq /
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MaCuMBA~
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Red Sea sampling 2012
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objective: nitrogen cycle
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SW Pacific 2013

collaboration with Sophie Bonnet



y VAHINE sampling 2013
MaCuMBA®

sediment subsurface
meso 1 T6 meso1T6

Arcobacter

sediment subsurface
meso 1 T6 meso 1T6

16S rRNA-based diversity
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Methods that provide comprehensive information about the

status of gene expression: finding new players
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Synechocystis Complete Transcriptome Microarray
PsrR1 (SyR1), Photosynthesis regulatory RNA1 An experimentally anchored map of transcriptional

cestart sites in the model cyanobacterium
Synechocystis sp. PCC6803

lan Mitschke™ ', Jens Gearg™', Ingeborg Scholz®, Cynthia M. Sharma®, Dennis Dienst’, Jens BantschoM®, Bpwn Voit*
Claudia Megich®, Annegret Wilde*, Joeg Voge®, and Wolfgang & Hew**’



Methods that provide comprehensive information about the

status of gene expression: finding new players
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Methods that provide comprehensive information about the

status of gene expression: finding new players by dRNA-seq
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Are these new players relevant at all?
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Pigmentation phenotype of PsrR1

overexpression in Synechocystis
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An experimentally anchored map of transcriptional
sstart sites in the model cyanobacterium
ASynechocystls sp. PCC6803

a Segich®, Annegret Wilde* ,...,.r..nw,, —“'

M wchke™ ', Jons Georg® uebuvq Scholz®, Cynthia M. Sharma®, Dennis Dienst’, Jens BantschoM®, Bpwn Voit*



Are these new players relevant at all?

Judged by

their numbers (2/3 of all promoters give rise to non-mRNA
transcripts),

their regulation (ex iInucdion ry high light),

and the phenotypic effects when they are mutated or
overexpressed (exp., PsrR1 overexpression causes
disturbed pigmentation and photosynthesis).

26



(2) How to do I1t?

2.1 Computational predictions
2.2 Microarrays
2.3 RNA-seq



W@ 2.1 Computational predictions
~ and validation in experiments



These RNA players are abundant.
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Why are they not just annotated
during normal genome annotation?

continous reading frame
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Scheme of a bacterial protein-coding gene



Why are they not just annotated
during normal genome annotation?

contirXus reaXling fragne
ing frixr
o N
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Ok 7
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Shine D rno Sequence
(R|bOSO e |nd|ng S|te) e.g. 5"GGAGG Stop Of transcrlptlon

RVAVAVAVAVAVAVAVATY): IaVaVAVAVAVAVANT)  CIaVaVE:
MRNA continous mMRNA

Scheme of a bacterial non-protein-coding gene



Alignment of PsrR1 from 28 different

cyanobacteria

interaction region terminator hairpin

Nostoc_azollae_0708
Anabaena_sp_90
Anabaena_cylindrica_PCC7122
Anabaena_variabilis ATCC29413 AL TIRI TIRSAT T TCARTAT CGEEE TA TCIICAT TGLICASEEttts
Nostoc_sp_PCC7107
[OF 1o T s T ad ©L 0 4= o I Y.\ A T A AT T TCGGTATCGE TATIETCCCATEGACA SR
Stanieria_cyanosphaera_PCC7437 ] 7| il
Cyanothece_sp_PCC8801 QAT TGACA R
Cyanothece_sp_PCCB8802 A ANGVAAGT T TIEeAR A8 CGREs T TCOUAT TGACASEEEE
Anabaena_sp_PCC7120*
Nostoc_sp_PCC7524
Nostoc_punctiforme_PCC73102
Cylindrospermum_stagnale_PCC7417
Pleurocapsa_sp_PCC7327
Microcystis_aeruginosa_NIES843
Cyanothece_sp  ATCC51142
Synechocystis_sp PCC6803*
Synechocystis_sp_PCC6714*
Cyanothece_sp_PCCT7424
Cyanothece_sp_PCCT7822
Microcystis_aeruginosa_NIES843

variable 5' region

TR
i 18 TCCCATTGACA

Synechococcus_sp_PCC7002" $— E _______
Leptolyngbya_sp_PCC7376 | |- m----——---- CAATLTG--T TSI CSATCRE (e - - ——--

Chroococcidiopsis_thermalis_PCC7203 TR N AGCEACCTLCHNST TACGY TG TTTGGG-—-JC-
Crinalium_epipsammum_PCC9333 TTIT T] CG ECAT—ATCiCE WEGT G % _______

Geitlerinema_sp_PCC7407 TTQECECC ~CGEC-——@CAYTG G TCgEe s T —— LC
Dactylococcopsis_salina_PCC8305 T RAcTcR -CAECAE- NGECGGT( TEECAAC---1
Halothece_sp PCC7418 craAcTaeacea-calBcale- NGECGGTC TECAAC- -1l

Usually, the sequence conservation of non-coding
transcripts is not very good,

but the secondary structure conservation is better
and might be utilized:



Complementary mutations indicate
non-coding RNAS

PRO MED4

Pro MIT931
Pro AS9601
Syn WH7803
Syn WH8102
Syn RS9917
Syn RCC307

Pro MITO921 : tpeattaccaaaagtaatigElactclgtcidea t|deElefEl-alg-aaaa-tiefgdeelccctcaca——-—-—-agggiefefejsaset

Comparison of 4 Prochlorococcus and 4 Synechococcus

33



(cYanobacterial Functional RNA 1)

®4-m Yirl
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6 - 10 bp
(+1 loop or bulge)
6 -9 bp

Z
Z

! G\
S |
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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).
Colors: number of different base pairs at this position (red = 1, yellow = 2, green = 3 and blue = 4 or more). 34
Shading: frequency of base pairing.



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

Yfrl is areal sRNA:

Yfrl

35



But, how to find out the function of a
bacterial sSRNA In a marine microbe
that can‘t even be manipulated ?

36



Functional analysis of Yfrl — target

prediction and experimental verification

Synechococcus elongatus PCC 6301

— homozygous mutants in S. elongatus PCC 6301 (Nakamura et
al., 2007)

— reduced growth under various stress conditions, e.g. oxidative
stress and high salt stress conditions

— about 18,000 copies/cell (vs. 146,400 ribosomes/cell)

— putative target of Yfr1 in Synechococcus is sbtA (C transporter)

Synechocystis sp. PCC 6803 (work of Annegret Wilde Univ. Giessen)
— Yfr1 is essential in Synechocystis sp. PCC 6803

— mutants are not fully segregated

— strong growth effects in the mutants under light stress

Prochlorococcus
— ~ 100 molecules per cell (vs. ~ 2,000 ribosomes/cell)



Target prediction with INTARNA

http://rna.informatik.uni-freiburg.de:8080/IntaRNA/Input.jsp

PMM1119 (som) mRMNA energy: -13.4 kcal/mol
« =D

5" - ACUCAAAUUGUGUGAGGAUULLUAUGAAGCUULLL. . . -3

LT
3" - UUUUUUCGGGCUAUVUAGCCCGCUAAACCACACACUCCUCAUACCCCAAAGGGGGUA -5

Yfrl

PMM1121 (som) mRNA energy: -10.5 kcal/mol
e 50
5" -UGUCCCUAAUAUUGUGUGAGGCAAUUUAUGAAGCUULLUC, . . -3
LEETTELT
3" -UUUUUUCGGGCUAUUUAGCCCGCUAAACCACACACUCCUCAUACCCCAAAGGGGGUA- ST

Yfrl

PMMO0O538 mRNA <0 energy: -8.1 kcal/maol

5" - AAAUAUAACGGAGAUUAUUUUUGAGGAGUUUGCAAAULLLL., . . -3

LT
3" - UUUUUUCGGECUAUUUAGCCCGCUAAACCACACACUCCUCAUACCCCAAAGGGGGUA-5

Yfrl

PMM1697 mRNA energy: -9.2 kcal/maol
5D

5 - AAUCCACUUAAAGAGGLCAGE GUGﬂuﬁﬁGEAUCCUU...-B'

LI T
3" -UUUUUUCGGECUAUUUAGCCCGCUAAACC  CAC ACUCCUCAUACCCCARAGGGGGUA -S|

Yfrl



GFP reporter system

Plasmid cloning of target gfp fusion
and sRNA under control of

constitutive promoter

target 5" UTR sRMNA gene

FLtetE“: PLIacD
gfp ')

Low=copy,
cm®

High-copy,
Amp"

Combine plasmids
in E. coli recA

‘Il'll.llll.l

*
Tamus

Johannnes Urban &
Jorg Vogel, NAR 2007
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2.2 MiCrOarrayS



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

cDNA hybridization

direct RNA hybridization




Types of microarrays

S T i npr i mpi s sl mp i T

Synechocystis PCC6803: ,1/3 genome tiling array” (Georg et al., MSB 2009)

>, 2>, 25>,

—>
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Synechococcus WH7803: ,intergenic regions only“ tiling array (Gierga et al., ISME J. 2012) '




Types of microarrays:
Prochlorococcus Affymetrix high density microarray

___Specifications:

788 4 genomes (MED4, MIT9313,

g8 P-SSP7, P-SSM4)

8 25 base oligomers (PM,MM)

i Orfs,RNAs: 11 probes, or every 80 bases
B |G: 4 probes, or every 45 bases

g8 In total: ~3000,000 probes
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Most classical microarrays work with cDNA
that may cause problems:

dRNAseq - !

i

fw

standard I | I I \ | I

N O

y \ J \
dRNAseq % }-—-—-1
l 960 nt antisense artefacts due to cDNA

rev . synthesis,
i here visible in an dRNA-seq
standard experiment with Trichodesmium
erythreaum




200 pg Synechococcus

EE Date: 24.08.2005  Time: 11:15:31

| > 120 nt

Therefore we introduced

Direct labelling of RNA via Platinum

complexes

5S RNA ~115 nt

][ 90-110 nt

-

tRNAs 70 - 90 nt

¢ <70 nt

7803 RNA

DNA

RNA

PROTEIN

ULS label

Binds to
N7 position
of guanine

Detection principle
¢ Haptens

® Fluorophores

¢ Enzymes

Binds to Met-,
Cys- and His-
amino acids




»Intergenic spacer only“ array Synechococcus WH 7803 and direct RNA labeling

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

o -

cold stress RNA o ontrl '
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The ISME Journal (2012), 1-14

© 2012 International Society for Microbial Ecology Al rights reserved 1751-7362/12

e

www.nature.com/ismej

ORIGINAL ARTICLE
Non-coding RNAs in marine Synechococcus and

their regulation under environmentally relevant

stress conditions

Gregor Gierga, Bjorn Voss and Wolfgang R Hess

Faculty of Biology, University of Freiburg, Freiburg, Germany

14 ] control i855 14
Jd -Fe
12 1 12
10] _p 10
8 ] cold 8
Q -
3 6 6
S 4 1synWH7803_1012 4rohe synWH7803_1013 [ »
c
.9 900182 900382 900582
@ ' 900282 i 900482 i
o - _
< 5 5
o 7 -7
3 9 -9
11 ] [ 11
13 1 [ 13
15 2 15

Position (nt)

100




A 105K Agilent tiling array covering 1/3 of
the Synechocystis genome and with probes
on both strands was hybridized against
directly labelled total RNA

very strong
strong
weak

no signal
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~ =8 Example: isiA mRNA // IsrR
Synechocystis 6803 array  antisense RNA




Other pitfalls:

RNA half life

RNA is not very stable as the
gene as the gene expression
profile is constantly
changing in a cell.

You don‘t want the gene
epxression on deck of the ship to
be measured (or in the dark
centrifuge either)




Other pitfalls:

RNA half life - What do you guess

is the median half life of mMRNA in
Prochlorococcus?




ow to measure half-life time?

 rifampicin binds to beta subunit of RNA polymerase
* prevents initiation of new transcripts

* RNA stability can be measured

ignal on microarray

pression signa

AT I I I
_. 0255 10 20 40 60

Affymetrix high density microarray Time [min] after rifampicin addition
slide: C. Steglich Steglich et al. Genome Biol 2010

|
E



global half-life of 2.4 min

100 150 200 250 300

number of RNA species

50

slide: C.

Shortest global half-life ever measured for any

organism

cell doubling vs. half-life

— g [
501 laninus mepa (1.7 Mbp) m prokaryotes
o 40 4 m archaea
w0 — | | m sukaryotes
i & 30-
o P faici
& _ : alciperum (23 Mbp)
o] £ 9
_ 2 87
g 7 "
—_ 8 | 5 6- = H. salinarum (2 Mbp)
© 5] S. solfataricus (3 Mbp)
o - © ]
o 4-
| | | | I | ] -
3 S. acidocaldarius (3Mbp)
A 0 2 4 6 8 10 . . .
1] B. subtilis (4.2 Mbp) S. cerevisiae (12 Mbp)
1 - [ ]
M = o e = 0+ E. coli (4.6 Mbp) ’e A. thaliana (157 Mbp)
| T T T T T l ’ i ' ' ' ' ) A )
. 5 3 4 & & 0 5 10 15 20 220 228230
median global half-life [min]
half-life [min]

Steglich



2.3 RNA-seq

¢+ (Isolation and sequence

% analysis of all small RNAS;
“dRNA-seq”, “RNomics*, 454,
Solexa)



Transcriptome sequencing

MaCuMBA"

RNAseq mainly sequences cDNA of ribosomal RNA

cultures _ -
environmental samples SW Pacific




dRNA-seqg and rRNA depletion

Enzymatically - Terminator™ Exonuclease (TEX):

* In the cell rRNA is processed from a primary
transcript — rRNA maturation

* Primary transcripts: 5'-PPP

* Processed transcripts: 5-P, 5'-OH (don't ligate)

IVAVAVAVAVAVAVAVAVAVAVAVAVAVAYAVAVAVAVAVAVA VR

e N S T e L e N 2 e

Terminator™
Exonuclease

~ N~ N\ s ( . f
GG (p)™ s/ ;‘} SN
\ ‘ 1 Hour
i )
Yy —~um

“~  mRNA \



Differential RNAseqg (dRNA-seq) according

to Sharma et al. (2010)

Isolate total RNA

TEX (5°'PPase)-treatment removes not
only rRNA, but all processed/degraded

RNAS. o
= Enrichment for primary transcripts S
- mapping of TSS ¥
v
dRNA-seq:
o 2 libraries: cDNA synthesis & barcoding of libraries

TEX-treated vs. untreated

High-throughput sequencing

57




Difference between TEX/TAP-treated and

untreated RNA (dRNA-seq versus RNA-seq)

B |
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Example: Total RNA from Synechocystis 6803 (high light cultures)

* " :
Transcriptional start site



(3) What kind of things
can we find?



The primary transcriptome of Trichodesmium

*RNA(fMet
repeat *gvpA (fdet)

I inwmun||wiiwmnﬂmnm i mmw I Mw i

Te+05 2100000 3500000 4900000 6300000 7700000

fex »

4000

o = N W kA o o N

3000
|

SYNY Buipoo-uou

1400000 2800000 4200000 5600000 Te+06

M \»MIIMII\WMI\HMI I IIMI\HIIW L

*DGR_TR ran psaK
RBP_1ab

2000
|

i

log10 read number

N o g bk w N s o
1000
1

o -

RNA DNA

Position (nt)

60



non-coding potential

0 1 2 3 4 5 6 7 8 9 10 Mbp
Larsson et al., 2011

UNI.
FREIBURG

Trichodesmium erythraeum

highest proportion of
non-coding nucleotides
amongst all sequenced
cyanobacteria to date;

some analogy to
eukaryotic genomes



mapping of split transcriptome reads in Trichodesmium

36 selected hases on reverse strand: 7084..7119 = cowplement [7742930..7743025)
Wser algatithm frorn Mischung_rdrm_splits_TriChodesrmiurm_rev.org Window size: 1

Intr:n Intron -3 H Intron“—l J

dnaN, a gene with 4
introns and 3 inteins

Intron -2

I T A T Hﬁ L T TR T 1 e YR

(BRI A AT T T HMWHWHMHHH H[Z]HNMHHMMIWWIHHM\ (LRI Ri (R (Al HWWIiHWWHH\WH\H 2D W

LR A A IHWMHEZZZ}HMIMWIMIWHH HHM\MNIHHI\HIHIW AR N TR TR T A HIIWNMNHHHNHWH |||mMTWﬁﬁMHM|meum
Tery_0010 l:p

Tery 0010 :ry_0009 Tery 0006 Tery Tery_ Tery 0002
|27344DD |2735200 h?SEDUU |2736800 ETS'JGDD h?38400 739200 &40000 7740500 EMIGDD |2742400 |] |2?43200 h744UUD E'M%DD EMSGDD |27464ED E'M'JZDD EMSDDD 7748500 7749600
| { Q

v 0011 Y Tery 0007 Tery 0005

(T T T T T TR TR AT DIIHHII 1 R T T 11 HIFIIIIII [T IIHIIHIﬂ:I
L AR AT R N A WMWMW RNt iy HWMMHMWNH\MMHMHHWW\IMWMIWMHNWHH\IHHMMHIH\HIHHHIH\WHWNWWMMHWW
LU MMWMHMINHMMHW\HNHHWMNH\WNHWNHWWNWMMIIHWWWNHWMMIWHNMWMMWWIWMH|IWMHLWNMNIWWWWIWWWNMHHMHHHMHMM

- .

D,....

y 0011

\ J
|
ACCELERATED PUBLICATION: intron-encoded General Maturase
A dnaN gene

. / \
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dnaN-1 dnaN-2  dnaN-3  dnaN-4
1 kb

Accelerated Publications:

An Intron-encoded Protein Assists RNA
Splicing of Multiple Similar Introns of
Different Bacterial Genes

Qing Meng, Yanfei Wang and Xiang-Qin Liu
J. Biol. Chem, 2005, 280: 35085-35088.
doi: 10.1074/jbe. 500328200 originally published online September 7, 2005



Interaction with bacteriophages: Identification

of antiviral CRISPR expression (Synechocystis)

2182

1455

Number of reads

727

CRISPR3

ssr7093

I:I = primary reads

. = secondary

reads

slr7094
L ]

non-coding section

63

3l

54



CRISPR in Synechocystis PCC6803

ssl7004 antitoxin sll7006 toxin/antitoxin

sI17003 ,System
toxin |

slr7010 (cas3)

slr7011 (csc3)
slr7012 (csc2)

slr7013 (cscl)
sir7014 (cas6)
slr7015 (cas4)
slr7016 (casl)
ssr7017 (cas2)

—

ssr7093 (cas2)
slr7092 (casl)

CRISPR3

sl17090 (Cas10, Cmr2) \

| constitutive, CRISPR1
7089 (Cmr3 .
CRISPR | (Cme3) DA most highly constitutive

RAMP — sl17087 (Cmr4) ﬂ expressed expression

module 1 | sii7085 (cmr6) ———>/ ] Plasmid pSYSA
103,307 bp

xbase V|ewer http://xbase.ac. uk/

CRISPR2
responds to environmental stimuli

sll7075 (cas6)
ssr7072 (cas2)
slr7071 (cas1)

04 =

slr7068 (cas6) ssl7046 N number of reads
. sli7067 (cmr2) T /]\ toxin in transcriptome
. lysis:
Synechocystis sp sI17063, sI7065, sII7066 T:wom i analysis 2500
(CRISPR system cas-protein >200
PCC 6803 has three CRISPR arrays (RSP system e 20
|OcatEd RAMP superfamily)  S!17062 r <60
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Y Synechocystis sp. PCC6803

CRISPR RAMP module 2




454-sequencing results

2182| = primary reads
= secondary reads
CRISPR3
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CRISPR-derived crRNAs are among the most highly expressed
transcripts in the cell



Cyanophages

Podoviridae: - short tails that are non contractile
- linear double stranded genome (~ 40 kbp, ~ 55 genes)

cyanophage P-SSP7, picture Bin Ni, Chisholm Lab

Myoviridae: - non enveloped viruses that consist of a head and a talil

separated by a neck
- linear double stranded genome (30-170 kbp, 200-300 genes)

cyanophage P-SSM4, picture Bin Ni, Chisholm Lab

Siphoviridae: - consist of a head and non contractile tail
- linear double stranded genome (~ 50 kbp, ~ 70 genes)

cyanophage MIT9313-4, picture Matt Sullivan, Chisholm Lab

slide: C. Steglich



- asRNAs modulate gene expression through the
protection of mMRNAs from RNase E cleavage

*in T7 and T4 phage RNase E activity is
regulated by phosphorylation of the C-terminus
(not present in Prochlorococcus RNase E)

* indirect regulation of RNase E activity in
Prochlorococcus by RNA duplex formation
reflects an alternative mechanism of regulation
of enzyme activity

slide: C. Steglich



Pigmentation phenotype of PsrR1

overexpression in Synechocystis
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An experimentally anchored map of transcriptional
sstart sites in the model cyanobacterium
ASynechocystls sp. PCC6803

a Segich®, Annegret Wilde* ,...,.r..nw,, —“'

M wchke™ ', Jons Georg® uebuvq Scholz®, Cynthia M. Sharma®, Dennis Dienst’, Jens BantschoM®, Bpwn Voit*



PsrR1 is a conserved sRNA

Nostoc_azollae_0708
Anabaena_sp_90
Anabaena_cylindrica_PCC7122
Anabaena_variabilis_ ATCC29413
Nostoc_sp_PCC7107
Calothrix_sp_PCC7507
Stanieria_cyanosphaera_PCC7437
Cyancthece_sp PCC8801
Cyanothece_sp_PCC8802
Anabaena_sp PCC7120*
Nostoc_sp_PCC7524
Nostoc_punctiforme_PCC73102
Cylindrospermum_stagnale_PCC7417
Pleurocapsa_sp PCC7327
Microcystis_aeruginosa_NIES843
Cyanothece sp_ ATCCS51142
Synechocystis_sp_PCC6803*
Synechocystis_sp_PCC6714*
Cyanotheca_sp_PCCT7424
Cyanothece_sp_PCC7822
Microcystis_aeruginosa_NIES843
Synechococcus_sp_PCC7002*
Leptolyngbya_sp_PCC7376
Chroococcidiopsis_thermalis_ PCC7203
Crinalium_epipsammum_PCC29333
Geitlerinema_sp_PCC7407
Dactylococcopsis_salina_PCC8305
Halothece_sp_PCC7418
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How bacterial SRNAs work: repression of

gene expression

Repression by translational inhibition

mRNA

/ + sRNA

B Repression by mRNA destabilization

ompD mRNA

Fasre s

e

{+ RNaseE

o

+ MicC

(5]

From: Corcoran et al. (2011), Hfg-associated regulatory small RNAs. In: Hess W.R. & Marchfelder A. (Editors)

Regulatory RNAs in Prokaryotes. Springer-Verlag Wien New York.



Prediction of PsrR1 interaction sites within
the mRNA targets
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CopraRNA: Comparative Prediction Algorithm for sSRNA Targets: PNAS Plus (2013) 110 (37), E3487-E3496.



The combination of different transcriptomic

approaches allows to:

— measure gene expression in a comparative mode
— map precisely the suite of active promoters
— Infer regulatory sequence elements

— derive excact information on transcript boundaries, i.e. define
operons and transcript isoforms

— find highly transcribed regions of special importance, e.g.
CRISPRs, the prokaryotic immune system

— Identify previously unknown transripts, such as non-coding
SRNAs, and

— PsrR1 is an sRNA regulator of psaL and likely of several more
photosynthesis-associated genes in cyanobacteria

72
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