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Supplemental Figure S3.  RNAseq analysis of potential off-target genes. (A) Genome browser tracks show stranded total RNAseq read density over selected regions of the host (E. coli) chromosome.  Reads aligned to the top strand are colored blue; bottom strand, pink.  Orange bars indicate ORFs for potential off-target genes. The x-axis indicates cumulative read depth. Inducing type IIIA crRNP expression led to reduced coverage across the operon. (B) Three regions with partial matches to designed crRNA were identified; alignments between the designed spacer and the partial match are shown, mismatches are highlighted in yellow. (C-E) Representative RNAseq tracks are shown for three genes containing partial matches as identified in B. Teal bars show positions of the partial match protospacer for mdtB (C), L-fucose isomerase (D), and yhjD (E).
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Table S3. Oligonucleotides used to make mutations

Mutation ID Oligonucleotide sequence 5'-3'
3197 AAGCAACCTCGAGGCTGTGGTCTA
3186 GTGCCACGATAGATAATTTTGCCAATAGCAGCCAGCAGGCTACCACAAACC

L. lactis Csm1
H13A D14A 3187
D576A D577A

ATTGGCAAAATTATCTATCGTGGCAC

3188 CGCCACCGGCATAAATAAC

3189 GTTATTTATGCCGGTGGCGCCGCCCTGTTTATGATTGGTGCATGGC
3198 AAAAGCCATATGTTAGCGTTCACG

3892 GGGAGAGGATCCATAAAGGAGG

S. thermophilus 3895

Csm1 D575A D576A
3896

3897

ACCACCGGCATAGATAATGGA
TCCATTATCTATGCCGGTGGTGCAGCAGTTTTTGCAATTGGTAGCTGGC
CGCAGCCATATGTTAATCTTTACG
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Table S4. Northern analysis oligonucleotide probes

Probe ID Oligonucleotide sequence 5'-3'
5S rRNA 4636 TTCTGAATTCGGCATGGGGTCAGGTGG
C crRNA 3206 ATTTCTGAAGTGCTCTCAGCCGCAAGGACCGCATACTACAA
lpp 3' (Fig 1-2) 3233 GAACGTCGGAACGCATTGCGTTCACGTCGTTGCTCAGCT
Ipp crRNA 3026 ATTTAGCTACTAAACTGGTACTGGGCGCGGTAATCCTGG
lpp 3' (Fig S1) 3098 ACAGCTGATCGATTTTAGCGTTGCTGGAGCAACCT
lpp 5' 4673 ATACCCTCTAGATTGAGTTAATCTCCATGTAGCG
lpp 3' (Fig3) 4750 TGCGCCATTTTTCACTTCACAGGTACTATTACTT
cspE 3' 4681 GACGTATCTTACAGAGCGAT
ompF &' 3203 CTGCCAGAATATTGCGCTTCATCATTATTTATTAC
rnpB &' 5236 CGGCGACTGTCTGGTCAGCTTC
valV-valW 3190 CGGACGCAGGATGGTGCGTT
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Table S5. Differential expression results for multiplexed versus cspE crRNP

Gene coordinate:Gene ID;Gene name baseMean log2FoldChange pvalue padj
1674301:GSU80 RS08255;murein lipoprotein Lpp (TARGET) 1302.779329 -2.303680689 1.48E-23 3.75E-20
3038917:GSU80 RS14680;5H3 domain-containing protein 3492441416 -1.895183654 8.08E-07 0.00018614
2547648:GSU80 R512340;RNA polymerase sigma factor RpoE 277.3747287 -1.635388258 9.01E-15 7.61E-12
962595:G5U80 RS04655;porin OmpF (TARGET) 23941.74118 -1.553437691 3.39E-15 4.29€-12
1807288:GSUB0 RS08920;5Ip family lipoprotein YeaY 26.77801365 -1.506319647 6.77E-05 0.00612832
186173:GSUS0 RSO0805;serine endoprotease DegP 144.8426853 -1.476961976 2.00E-07 5.64E-05
2546965:GSU80 RS12335;anti-sigma-E factor RseA 314.7753548 -1.440804716 1.29€-13 8.15€-11
2546009:GSUB0 RS12330;sigma-E factor regulatory protein RseB 230.8279513 -1.273349581 1.82E-09 7.68E-07
2299249:GSU80 RS11195;beta-ketoacyl-ACP synthase | 401.4242506 -1.266185113 2.04E-05 0.00246846
2545533:GSU80 RS12325;SoxR-reducing system protein RseC 75.15594878 -1.183904349 3.37€-06 0.00056988
335212:G5U80 RS01555;beta-galactosidase (TARGET) 6443.872002 -1.077597045 3.77€-12 1.91E-09
333907:G5U80 RS01550;lactose permease 2061.531702 -0.841814549 2.46E-05 0.00283917
995713:GSU80 RS04795;porin OmpA 2332.420369 0.702963339 0.00012549 0.00964006
458028:GSU80 RS02140;mechanosensitive channel Msck 157.6813793 0.749041999 0.00013739 0.00980639
3278388:G5U80 R515895;505 ribosomal protein L6 666.1361526 0.760599628 0.00013926 0.00980639
3276886:GSU80 RS15875;50S ribosomal protein L15 796.9944004 0.76627133 1.70€-05 0.00215887
4058541:GSU80 RS19570;50S ribosomal protein L1 539.4665526 0.800594984 6.13E-05 0.0057526
402494:GSUB0 RS01870;6%2C7-dimethyl-8-ribityllumazine synthase 168.6441568 0.854977617 7.15E-05 0.0062523
403481:G5U80 RS501880;thiamine-phosphate kinase 101.994276 0.897373905 5.36E-05 0.00522361
425263:G5U80 RS01990;trigger factor 456.4741853 0.923665959 6.12E-06 0.00093186
3277507:GSU8B0 RS15885;305 ribosomal protein S5 551.0505608 0.963805374 1.95€-07 5.64E-05
4303249:GSU80 RS20680;30S ribosomal protein S6 286.5909596 0.965475497 9.80E-06 0.00138033
388834:GSUS0 RSO1805;proline-specific permease ProY 69.6765018 0.998753254 4.42E-05 0.00466708
2582308:GSU8B0 R512505;50S ribosomal protein L19 148.244981 1.012032884 0.00013602 0.00980639
2582697:G5U80 R512510;tRNA (guanosine(37)-N1)-methyltransferase TrmD 341.4998494 1.014585062 7.93E-05 0.00670437
4303651:G5U80 RS20685;primosomal replication protein N 190.6095385 1.085573518 8.91E-07 0.00018819
4304239:GSU8B0 R520695;50S ribosomal protein L9 111.7287422 1.288246689 5.00E-05 0.00506702
555888:G5U80 RS02660;copper response regulator transcription factor CusR 44.44310046 1.3422701 0.000109%96 0.00871093
4303970:GSUB0 RS20690;30S ribosomal protein S18 103.5695493 1.375974721 4.61E-07 0.00011682
546851:G5U80 R502600;porin 1514.198357 1.521327445 1.74€-06 0.00034011
3281540:GSUB0 RS15935;50S ribosomal protein L16 171.8185072 1.551956665 9.39E-05 0.00768023
3281963:GSUS0 RS15940;30S ribosomal protein $3 286.7172941 1.571104421 6.25E-06 0.00093186
558607:GSUSD RS02675;Cu(+)/Ag(+) efflux RND transporter periplasmic adaptor subunit CusB 103.9828733 1.635999304 3.01E-05 0.00332207
3284462:GS5U80 R515965;505 ribosomal protein L4 149.4782537 1.773901424 1.21E-05 0.00161583
558259:G5U80 RS02670;Cu(+)/Ag(+) efflux RND transporter periplasmic metallochaperone CusF 102.5952109 1.98859531 2.36E-06 0.00042785
556728:G5U80 RS02665;Cu(+)/Ag(+) efflux RND transporter outer membrane channel CusC 330.9620118 2.000912561 8.54E-08 3.09E-05
Off-target crRNA partial matches:
2745475::CDS:GSU8B0 RS13320;L-fucose isomerase 766.1028631 -0.74807345 0.03825544 0.39881765
2025795::CDS:GSUS0 RS10005;multidrug efflux RND transporter permease subunit MdtB 24.83678204 -0.511567116 0.32009895 0.85236433
3506161::CDS:GSUBD R$16995;inner membrane protein YhjD 25.17874172 -0.410093698 0.31929851 0.85225326

DESeq2 was used to determine the changes in expression, with p-values, for all annotated genes in E. coli. Top section
shows results for genes with padj < 0.1 and log2FoldChanges of at least 0.58. Bottom section shows results for three

genes with partial (off-target) matches to a crRNA.
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Supplemental Figure S1.  Mutagenesis of conserved HD and Palm motifs of Csm1 does not impact
target RNA cleavage.  Expression of L. lactis type III-A crRNPs containing either wildtype (WT) or
mutant (HD or Palm mutants as indicated) Csm1 and crRNA targeting lpp mRNA was induced with 
arabinose (+) and Northern analysis was performed with probes against the lpp mRNA and 5S rRNA.
The positions of both the full-length (dot) and cleavage product (red star) of the lpp mRNA are indicated.  
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Supplemental Figure S1.  Mutagenesis of conserved HD and Palm motifs of Csm1 does not impact

target RNA cleavage.  Expression of L. lactis type III-A crRNPs containing either wildtype (WT) or

mutant (HD or Palm mutants as indicated) Csm1 and crRNA targeting lpp mRNA was induced with 

arabinose (+) and Northern analysis was performed with probes against the lpp mRNA and 5S rRNA.

The positions of both the full-length (dot) and cleavage product (red star) of the lpp mRNA are indicated.  
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Supplemental Figure S2.  Mutagenesis of Csm3 (D30A) inhibits target RNA cleavage.  The expression 
of L. lactis type III-A crRNPs containing the indicated Csm1, 3 and 6 variants with either the lpp crRNA or 
negative control crRNA (C) was induced with arabinose and Northern analysis was performed with a 
probe against the lpp mRNA.  The positions of both the full-length (dot) and cleavage product (red star) 
of the lpp mRNA are indicated.  The dotted line indicates the removal of an intervening lane.   
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Supplemental Figure S2.  Mutagenesis of Csm3 (D30A) inhibits target RNA cleavage.  The expression 

of L. lactis type III-A crRNPs containing the indicated Csm1, 3 and 6 variants with either the lpp crRNA or 

negative control crRNA (C) was induced with arabinose and Northern analysis was performed with a 
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Table S1. Guide sequences for each tested target RNA

Target
lpp
lpp
lpp
lpp
lpp
lpp
lpp

cspE
ompF

rnpB
rnpB
rnpB
rnpB
rnpB
rnpB
rnpB

System

L. lactis
L. lactis
L.
L
L

lactis

. lactis
. lactis

crRNA
lpp 1
lpp 2
lpp 3
lpp 4
lpp 5

S. epidermidis lpp 1
S. thermophilus lpp 1

L.

L.

FEEEEEFE

lactis

lactis

lactis
lactis
lactis
lactis
lactis
lactis
lactis

cspE 1
ompF 1

rnpB 1
rnpB 2
rmpB 3
rnpB 4
rmpB 5
rnpB 6
rmpB 7

Guide sequence 5'-3'
CCAGGAUUACCGCGCCCAGUACCAGUUUAGUAGCU
AGCAACCUGCCAGCAGAGUAGAACCCAGGAUUACC
ACAGCUGAUCGAUUUUAGCGUUGCUGGAGCAACCU
GCGGUAUUUAGUAGCCAUGUUGUCCAGACGCUGGU
CUUGCGGUAUUUAGUAGCCAUGUUGUCCAGACGCU
CCAGGAUUACCGCGCCCAGUACCAGUUUAGUAGCU
CCAGGAUUACCGCGCCCAGUACCAGUUUAGUAGCUUUCA

GGACUCAUUAAACCACUUAACGUUACCUUUAAUCU
CAACGUCAGCGUAUUUAAGACCCGCGAAUGCCAGA

UAUGGAGCCCGGACUUUCCcUcCCcccuccaGcccacucu
CCAUCGGCGGUUUGCUCUCUGUUGCACUGGUCGUG
CCGGGUUCAGUACGGGCCGUACCUUAUGAACCCCU
CCCGUCUCCCCCGAAGAGGACGACGACGAAGCGGC
CCUGAUCCCGCUUGCGCGGGCCAUCGGCGGUUUGC
UGCGCUCUUACCGCACCCUUUCACCCUUACCUGAU
CUCACUGGCUCAAGCAGCCUACCCGGGUUCAGUAC




image5.png
Table S2. Oligonucleotides used to make crRNA guides

pCsm crRNA ID Oligonucleotide sequence 5'-3'

3025 GAACCCAGGATTACCGCGCCCAGTACCAGTTTAGTAGCT

3026 ATTTAGCTACTAAACTGGTACTGGGCGCGGTAATCCTGG

3025 GAACCCAGGATTACCGCGCCCAGTACCAGTTTAGTAGCT

3142 CGATAGCTACTAAACTGGTACTGGGCGCGGTAATCCTGG
4670 AAACCCAGGATTACCGCGCCCAGTACCAGTTTAGTAGCTTTCA
4671 TATCTGAAAGCTACTAAACTGGTACTGGGCGCGGTAATCCTGG
3205 GAACTTGTAGTATGCGGTCCTTGCGGCTGAGAGCACTTCAG
3206 ATTTCTGAAGTGCTCTCAGCCGCAAGGACCGCATACTACAA
4388 AAACTTGTAGTATGCGGTCCTTGCGGCTGAGAGCACTTCAG
4389 TATCCTGAAGTGCTCTCAGCCGCAAGGACCGCATACTACAA
3146 GAACAGCAACCTGCCAGCAGAGTAGAACCCAGGATTACC

L. lactis lpp 1

S. epidermidis  lpp 1

S. thermophilus lpp 1

L. lactis C

S. thermophilus C

L. lactis P2 3447 ATTTGGTAATCCTGGGTTCTACTCTGCTGGCAGGTTGCT
| ot op3 098 GAACACAGCTGATCGATTTTAGCGTTGCTGGAGCAACCT
3099 ATTTAGGTTGCTCCAGCAACGCTAAAATCGATCAGCTGT
| ot op4 4686 GAACGCGGTATTTAGTAGCCATGTTGTCCAGACGCTGGT
4687 ATTTACCAGCGTCTGGACAACATGGCTACTAAATACCGC
| ot op5 4684 GAACCTTGCGGTATTTAGTAGCCATGTTGTCCAGACGCT
4685 ATTTAGCGTCTGGACAACATGGCTACTAAATACCGCAAG
| ot csp 1 3649 GAACGGACTCATTAAACCACTTAACGTTACCTTTAATCT
3650 ATTTAGATTAAAGGTAACGTTAAGTGGTTTAATGAGTCC
| note ompr 13152 GAACCAACGTCAGCGTATITAAGACCCGCGAATGCCAGA
3153 ATTTTCTGGCATTCGCGGGTCTTAAATACGCTGACGTTG
| note o1 4008 GAACTATGGAGCCCGGACTTTCCTCCCCTCCGCCCGTCT
4010 ATTTAGACGGGCGGAGGGGAGGAAAGTCCGGGCTCCATA
| ot pp2 4011 GAACCCATCGGCGGTTTGCTCTCTGTTGCACTGGTCGTG
4012 ATTTCACGACCAGTGCAACAGAGAGCAAACCGCCGATGG
| ot s 3 4013 GAACCCGGGTTCAGTACGGGCCGTACCTTATGAACCCCT
4014 ATTTAGGGGTTCATAAGGTACGGCCCGTACTGAACCCGG
| ote s 4 5212 GAACCCCGTCTCCCCCGAAGAGGACGACGACGAAGCGGC
5213 ATTTGCCGCTTCGTCGTCGTCCTCTTCGGGGGAGACGGG
| ote s 5 5214 GAACCCTGATCCCGCTTGCGCGGGCCATCGGCGGTTTGE
5215 ATTTGCAAACCGCCGATGGCCCGCGCAAGCGGGATCAGG
 ore o5 6 5216 GAACTGCGCTCTTACCGCACCCTTTCACCCTTACCTGAT
5217 ATTTATCAGGTAAGGGTGAAAGGGTGCGGTAAGAGCGCA
| ot o7 5218 GAACCTCACTGGCTCAAGCAGCCTACCCGGGTTCAGTAC

5219 ATTTGTACTGAACCCGGGTAGGCTGCTTGAGCCAGTGAG
Paired oligonucleotides were annealed and ligated into linearized pCsm to program guide RNAs

3721 CAGCAAGGTCTCAGAACCCAGGATTACCGC
PP 1 3722 GATGCTGGTCTCAGGAGCGGTTGTATTTAGCTAC
3723 CAGCAAGGTCTCGCTCCTCGATAAAAGGGGACGAGAACGGAC
3724 GATGCTGGTCTCCCCTTTTATCGAGGAGCGGTTGTATTTAGAT
3725 CAGCAAGGTCTCAAAGGGGACGAGAACCAAC
3726 GATGCTGGTCTCGCGGTTGTATTTTCTGGCATT

Paired oligonucleotides were used to amplify fragments from single spacer array plasmids, which were
then combined in a Golden Gate Assembly into pCsm.

Multispacer array  cspE 1

ompF 1









