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Supplementary Fig. 1 sRNA-target interactions detected by iRIL-seq. a Plasmid map for 

pBAD-t4rnl (pYC582). b Western blot detection of T4 RNA ligase 1 expressed in vivo. 

Salmonella strains carrying an empty vector or plasmid pYC582 were grown in LB to an OD600 

of 2.0. Bacterial cultures were supplemented with 0.2% L-arabinose for 30 min. Total proteins 

were analyzed by Western blotting using an anti-HIS antibody. GroEL serves as a loading 

control. c Potential toxic effect of T4 RNA ligase during the log phase of Salmonella growth 

in LB. The T4 RNA ligase was induced when bacteria were grown to an OD600 of 0.5. Bacterial 

growth (OD600) was monitored every 30 minutes. d Western blot verification of Hfq-coIP 

pulldown. Salmonella WT and Hfq::FLAG strains carrying an empty vector or plasmid 

pYC582 were grown in LB to an OD600 of 1.5. Bacteria were treated with 0.2% L-arabinose 

for 30 min and grown to OD 2.0. Cells were collected and subjected to iRIL-seq experiments. 

Input, total proteins from bacterial lysates. IP, proteins after immunoprecipitation with anti-

FLAG antibody. Blot shown is representative of n = 2 biological replicates. e Verification of 

the ArcZ sRNA in iRIL-seq samples using reverse transcription and PCR (RT-PCR). The 

RNA samples collected from panel c were reverse transcribed using random hexamer; the 

resulting cDNA samples were amplified using ArcZ specific oligos. H2O served as a no 

template control. 16S rRNA served as internal control. f Detection of known sRNA-target 

chimeras (red asterisks). cDNA samples from panel d were used for PCR validation. 

Chimeras were detected using forward primers sense to the target mRNAs, and reverse 

primers antisense to sRNAs. H2O served as a no template control. Source data are provided 

as a Source Data file. 

 
  



Supplementary Figure 2
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Supplementary Fig. 2 Data analysis of iRIL-seq datasets at three growth stages. a cDNA 

libraries containing singleton fragments were clustered using correlation coefficients. b cDNA 

libraries containing S-chimera fragments were clustered using correlation coefficients. c 

Distribution of each transcript type for singleton and S-chimeric fragments at three growth 

stages. The total number of sequenced fragments is denoted in parentheses. Housekeeping 

RNAs: RnpB, SsrS, Ffs, SsrA. IGR: intergenic region. 

 
  



Supplementary Figure 3

a b

c

ArcZ

CpxQ

RprA

SdsR

MgrR

InvR

GcvB

STnc2030

PinT

Spf

0 80 160 240 320 400 480 560 640

iRIL-seq RIL-seq

1214 203 371

Number of targets

iRIL-seq RIL-seq

Singleton

S-chimera

Singleton

S-chimera

0

20

40

60

80

100

s
R

N
A

 r
e

a
d

s 
fr

a
c
ti

o
n

 (
%

)

Processed sRNAPrimary sRNA

-100 -90 -80 -70 -60 -50 -40 -30 -10 0-20

F
re

q
u

e
n

c
y

0.0

0.2

0.4

0.6

1.0

0.8

DG (kcal/mol)

iRIL-seq

RIL-seq

Shuffled pairs form iRIL-seq

-14iRIL-seq vs shuffled: p-value = 4.36x10

0 25 50 75 100

CDS Bins

R
e

a
d

 c
o

u
n

ts

0

25000

50000

75000

0-200 -100 100 200

Nucleotides from start codon (nt)

R
e

a
d

 c
o

u
n

ts

0

5000

10000

15000

d e

iRIL-seq vs RIL-seq: p-value = 0.00385



Supplementary Fig. 3 Comprehensive comparison between iRIL-seq and RIL-seq. a 

Comparison of the sRNA-mRNA interactions found by iRIL-seq (three growth stages) and 

RIL-seq data (ESP at OD 2.0). The bars indicate the numbers of predicted targets for ten 

sRNAs that have most predicted targets. Venn diagram (inset) shows the overlap of all 

predicted targets for these ten sRNAs between the two datasets. b Processed sRNAs 

(Supplementary Data 6) were enriched in S-chimeras in both iRIL-seq and RIL-seq. c 

Comparison of RNA–RNA interaction strength (ΔG, kcal/mol) for all RNA–RNA interactions 

in S-chimeras. Energies of RNA-RNA interactions were calculated by RNADuplex. Pairs of 

interacting RNAs in iRIL-seq were randomly shuffled. A two-sided Kolmogorov–Smirnov test 

was used to calculate p-values. d S-chimeric reads per million total reads detected by iRIL-

seq and RIL-seq. e S-chimeras per million total reads detected by iRIL-seq and RIL-seq. f 

Distribution of RNA1 fragments in S-chimeras over all protein-coding genes in iRIL-seq. Each 

gene was divided in 100 bins. The number of RNA1 fragments mapped to each bin was 

calculated. g Distribution of RNA1 fragments in S-chimeras at start codons in iRIL-seq. 

Dashed line indicates the position of start codons. 

 
  



Supplementary Figure 4
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Supplementary Fig. 4 Most S-chimeras are ligation products between mRNA (RNA1) 

and sRNA (RNA2). a-c Abundance of S-chimera fragments for each combination of 

transcript type at three growth stages. RNA1, the 5’ terminal RNA in the S-chimera. RNA2, 

the 3’ terminal RNA in the S-chimera. d-f Distribution of RNA1 and RNA2 in S-chimeric 

fragments for each transcript type at three growth stages. 
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Supplementary Fig. 5 Sequence motifs found in RNA2 of S-chimeras. a-c Sequence 

motifs are detected in RNA2 in the S-chimeras at three growth stages. m, the number of 

RNA2 sequences. n, the number of RNA2 sequences that contain the motif. E-value, the 

statistical significance of the motif. 
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Supplementary Fig. 6 Sequence motifs shared by sRNA targets in S-chimeras. a-l 

Sequence motifs found in the target genes are complementary to the cognate sRNAs. m, 

the number of target sequences. n, the number of target sequences that contain the motif. 

E-value, the statistical significance of the motif. 

 
  



CC

A

ACUCCU

UGAGGA

UGU

ACA
CGC ... 3'

UAA ... 5'

...GGU5'

...UAU3'

+38

-29-38

+48
PinT

ompD

Hybridization Energy: -14.9 kcal/mol

A
AUUU

UGAG GAAACACGC
UAA ... 3'

UAU ... 5'

...GGU5'

...GGC3'

+18

-25-38

+31
STnc770

ompD

Hybridization Energy: -19.6 kcal/mol

CUUUGUGCG

U

UACC

AUGG UGAGGAAA
CAC ... 3'

U 5'p

...ACA5'

...AGA3'

+2

-31-43

+13
CpxQ

ompD

Hybridization Energy: -17.5 kcal/mol

GUUCCUUU

GU
GUUA GGCAGUGGCA

GUG ... 3'

5'

...UAA5'

...UUC3'

+40

+27+12

+53
SLnc1006

ompD

Hybridization Energy: -23.7 kcal/mol

CAAU UCGUCACUGU
GUC ...

AGUGGCA
GUG ... 3'

5'

...GGC5'

...GAU3'

+22

+27+21

+28

ompD

Hybridization Energy: -16.7 kcal/mol

UCACCGU
AUG ...

STnc1010

U
AG GGCAGUGGCA

ACU ... 3'

5'

...GUU5'

...AAC3'

+30

+30+15

+44
MalH/STnc810

ompD

Hybridization Energy: -27.4 kcal/mol

GGG ...

G

A

UG

UC CCGUCACCGU AC

U
GUGGCAG GGCAG

UGA ... 3'

5'

...UUA5'

...ACC3'

+5

+28+16

+16
chiQ_3UTR

ompD

Hybridization Energy: -23.4 kcal/mol

CACCGUU CCGUC
CCA ...

GGCAGUGGC
AGU ... 3'

5'

...AGU5'

...UUU3'

+1

+26+18

+9

ompD

Hybridization Energy: -22.7 kcal/mol

UCGUCACCG

RybB

U

CUGUUGGC AGCAGGCG
UUG ... 3'

5'

...UCC5'

...CCA3'

+68

+52+37

+84
STnc970

ompD

Hybridization Energy: -30.2 kcal/mol

GACAACCG UUGUCUGC
UCC ...

AGCAGG UAAAUGCAGC
CGA ... 3'

5'

...GGC5'

...UUU3'

+33

+65+45

+52
InvR

ompD

Hybridization Energy: -26.2 kcal/mol

CAU ...

UUG

U
UCGUCU AUUUACGUUGAAC

CG
AAAGACGGCAAU AAA

CUG ... 3'

5'p

...AAC5'

...CCC3'

+1

+93+79

+16
FadZ

ompD

Hybridization Energy: -20.4 kcal/mol

A
UUUUUGCCGUUG UUU

UGA GUGAUGGUGACAAA
ACU ... 3'

5'

...UGA5'

...GCG3'

+13

+162+138

+37
MicA

ompD

Hybridization Energy: -30.1 kcal/mol

ACG ...

AACGG
U AA

ACU UACUACUAUUGUUUUUGUC
CCU

C
UACCAGGG AAA

AAC ... 3'

5'p

...CAG5'

...GUU3'

+1

+528+517

+11
ArcZ

ompD

Hybridization Energy: -19.3 kcal/mol

GUGGUCCC UUU

a b c

d e f

g h i

j k

l m

Supplementary Figure 7



Supplementary Fig. 7 Predicted base-parings between the ompD mRNA and sRNAs. a-

m Base-paring sites are predicted by RNAhybrid using the sRNA sequence and the ompD 

sequence detected in S-chimeras. 
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Supplementary Fig. 8 FadZ is a 3’UTR-processed sRNA in fatty acid metabolism 

pathway. a SDS-PAGE analysis of total proteins from bacteria grown in different media. b 

The ompD mRNA level was quantified by qRT-PCR, in WT and ∆crp mutant. c Salmonella 

mutants were grown overnight in LB, and total RNAs were analyzed for FadZ expression by 

northern blotting. d Total RNA samples were separated on a 1% agarose gel under denatured 

conditions. Northern blotting was performed to detect the fadBA mRNA in the temperature-

sensitive rne strains. e A ‘UUU’ to ‘CCC’ mutation was introduced at the RNase E cleavage 

site in the fadBAZ mRNA. The FadZ sRNA was expressed from the constitutive PLlacO-1 

promoter. The FadBAZ variants was driven by their native promoter, whereas pJV300 serves 

as a negative control. Total RNAs were analyzed using northern blotting. f The growth curves 

of Salmonella WT and ∆crp mutant in M9CA media containing either 0.1% glucose or 0.1% 

oleic acid as sole carbon sources. Data points represent average OD600 value. Error bars 

indicate standard deviations form n = 3 biological replicates. Source data are provided as a 

Source Data file. 
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