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INTRODUCTION Decapping with RppH ' CONCLUSION

bosition Cappable-Seq is a novel method which enables
Egggggfei_n direct modification and identification of the
seq triphosphorylated RNA characteristic of primary

transcripts. Cappable-seq determines TSS at
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The initiating nucleotide that is found at the 5’ end of " :
primary transcripts has a distinctive triphosphorylated
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end Wthh diStingUiSheS these transcripts from all Other . | \ OTB capped 25mer % one base resolutlon genome_W|de |n E COII by
RNA species. Here we developed a novel method which ‘ - <~ M7G capped 25mer 5 o pairing Cappable-Seq with direct 5’ ligation of
specifically captures, for the first time, primary RNA - 2 A bositions sequencing adantors to the RNA. Despite bein
transcripts by enzymatically modifying the 5 RNA ’ — i depleted in 9 g P ' P J
triphosphate with a selectable tag. Rather than | _ o 5- ' opanie a very dlffgrent approac_:h, the results are
removing processed and degraded RNA, primary é;‘;,'_ﬁﬁ;etf;f:ciijfs‘v”;ee:et:‘j\L‘jggfégamidvgfy‘i’gavrf]t;‘uitflf;{im’fgr30 g consistent with the established methodologies
transcripts are directly and specifically modified at their minutes at 37 degrees in 1X Thermopol Buffer. | for determining TSS in prokaryotes. Indeed, a
5" end. To achieve this modification, the RNA is "B B ‘ large fraction (59 %) of the TSS found in E. coli
enzymatically capped with a modified guanosine T : - I o o _ L -

’[rlphyOSpha’[e %/hat CI(D)II?]taJnS a 31 deSth|Ob|Ot|n rrg]OIth The Transcrlpthn Start Sltes = E. COII Mean of Normalized Reads (NR) by Ca‘ppable Seq are COInCIdent Wlth known
reaCtlon reqUIreS the 5, end Of the RNA tO be Enrichment score function of the mean of relative read score for the 36077 putative TSSs found in e.coli TSS, Others are novel Cappable-seq

rown on minimal media. In blue are TSS that are enriched in cappable-seq library compared to the . . " y .

triphosphate (or diphosphate), capping only primary - RNA fragmentation for TSS ey G et G s e discriminates the S° triphosphate end
transcrlpts DeSth|0b|0t|ny|ated RNA |S Selectlvely Prokaryotic Transcription Start spurious TSS mainly located in ribosomal loci. CharaCtenSth Of |n|t|at|ng 5 trlphOSphOrwated
bound to streptavidin and the remaining RNA is washed Sites = Single base resolution nucleotide incorporated by the RNA

1 Total RNA - Cap with DTB-GTP

percentage of mapped reads

away. The bound fraction is eluted and decapped . 2 Fragment - repair 3' ends polymerases from the processed 5'
leaving the RNA with ligatable 5° monophosphate o emwinoin Whole Transcriptome - E. coli monophosphate RNAs.
ends. Coupled with direct ligation-based library 5 Decap with RppH

6 NEBNext® Small RNA Library Prep ]

preparation and sequencing, this technique directly

defines TSS of prokaryotes at single base resolution - As triphosphorylated transcription start sites are

Prokaryotic Whole Transcriptome

genome-wide. When applied to £. coli an e e - oo pemeovemer | O816VEC 10 DO UMIVOTSA In profaryoles
unprecedented number of putative TSS are obtained. In ————— E Bl osomsigenes 3 Eltewithpiotn Cappable-Seq should perform well when
addition this method is species agnostic and avoids . { ST MY TEBUUE DI OO - applied to that large group of organisms and
uninformative sequence such as rRNA. Furthermore e E:_?:E‘j {BiGrR | B S R provide for the first time a solution for TSS
Cappable-Seq when applied to eukaryotes determines ft IPIRSS SR 100 Snad PIIG MY determination in complex microbiome
the TSS  of RNA polymerase | and Il primary o T e | R population. TSS derived from a microbiome can
ANSCIiD bound : : P : P S— . . .
represent a unique signature derived from the
Cappable-Seq P P | P 5’ end of transcripts. Thus, Cappable-Seq can
o U_ B R be used to derive sets of quantitative markers
g from which association to diseases or other
, — L - states can be made. By providing a signature
| iy traneorn profile of the microbiome functional state, this
>Pe I Beloww_e compare Capp_able_-s_eq to pul?lished dRNA seq dataset teChnOlOgy ShOU|d . greatly faCIIItate
g I_Processed tanserit Bacterio “1"37‘,ffé’_gé‘;(“éz;{i‘).']“'t';"232.’3:&'1.51“;2’1}2?&";"“2;'f;f"éé‘t';; . metagenome-wide association studies.
. methods in defining . e T T I I 1T T T T T 1T T T T T TrT I T J T [ 1
Lr ‘RNA and tRNA processed sites oo ————— —— Cappable-Seq can also be used for whole
b —— SIS S IS transcriptome analysis by avoiding the
DTB-GTP 2 AR . niragmentea primary can e enriched,
3 . v ] " . " .
5 ::v%y" " ey Appllcable to EUKaryOteS effectively removing rBRNA. Such depletion is
L B R | . ideally suited for microbiome studies as it
DTB-Gppp ao LA oo | Somecty RNA polymerase | + |ll transcripts are 5’ triphosphate y .
N ' ot . should universally remove rRNA and most
v, RNA polymerase Il transcripts are m7G capped L. . .
5-p o 4] contaminating eukaryotic host RNA leaving
L o s R . . rokaryotic transcripts intact.
Fromaliedeacs (O Cappable-Seq does enrich human pol | and lll transcripts P y P
bind to streptavidin and wash g% dRNA-seq tecd)nell 2 gmall subset of the annotated processed 5
Eﬂé)ﬁ%%zggesslgesslt%rseasrtéocnogrlr}égt?yIlgte?rﬂl}’l\’éwﬁa ap?pa%leeseq than in Applying Cappable—seq to eUKaryOtiC RNA
Streptavidin beads v ReCappable-Seq for m7G-capped mRNA - pol Il transcripts would reveal the triphosphorylated
o 8.on0 Profiles of enrichment score for ‘ transcriptome  such as the Pol | and Pol Il
10 ?” POS'tlpnglnthegehomg Gp transcrlpts and Identlfy the TSS of such
— B IR *? transcripts. While eukaryotic pol Il mRNA differs
\ 5 (5’deadenylase) which leaves a 5’ diphosphate RNA ReCappable-Seq could be utilized on the
. v 5" diphosphate RNA is recapped with DTB-GTP identification of the TSS of eukaryotic mRNA by
-P . . . .
0 G p p p NNNNNNNNNNNNNNNN first treating the RNA with a decapping enzyme
£ | 5 deadenylase such as 5'deadenylase that only removes the
Capplng Wlth DTB'GTP f;a p p NNNNNNNNNNNNNNNN m7G mOHOphOSphat? and leaves a 5_"
. VCE +DTB-GTP diphosphate at the terminus of the mRNA. This
control DTB-G p p p NNNNNNNNNNNNNNNN can then be recapped with desthiobiotin GTP
none GTP 3'DTB-GTP ‘ . . 5 Deadenylase and then be treated in an analagous way as
- + - VCE + DTBGTP .
| prokarytotic RNA to reveal the TSS of
| e T eukaryotic mRNAs.
‘ «——— Capped 25mer i :Cappable-se“q... dRNA-seg . ~ €— DTB-capped 25mer .
L - aoned 25mer o Known s (R25on8) @ Other postios B = & DE— eApplicable to Prokaryotes and Eukaryotes
- & 25mer D . hl ﬁ f
4 eHighly Specitic for TSS
forary for both cappable.seq and JRNA-Seq experimens. Negative. scores are. depleted regions. and : :
Eg(s)si’t\jyxe_rsscg;?sn?rseznurligzegBr-egions in CAPPABLE-seq or dRNA-Seq compared to control. Red points are Decapping and Recapping: A 15% TBE Urea polyacrylamide gel of a .Slngle base rESOIUtlon TSS
A 15% TBE Urea polyacrylamide gel of a 25mer T7 triphosphorylated 25mer T7 7mG capped transcript first incubated with 5’ deadenylase .
transcript incubated with VCE in the absence of nucleotide (none) or the and subsequently incubated with VCE and DTB-GTP. ‘DEplEtES rIbOSOmal RNA

presence of 0.5 mM GTP or 0.5 mM 3'DTB-GTP.




