Supplement Figure 1. EMS mutagenesis strategy. EMS was added to logarithmically growing
cultures and incubated for 3 hours. The resulting cells were spread on sporulation medium
(70:30) and incubated for 5 days. Subsequently, the growth was harvested, purified, and then
then heat shocked at 65 °C for 1 hour. After heat treatment, the samples were plated onto 70:30
and again incubated for 5 days. This enrichment process was repeated 3 times before individual
colonies were isolated, phenotypes confirmed, and DNA sent for whole genome re-sequencing.

The figure was generated using BioRender.com.

Supplement Figure 2. Spore yield is reduced with expression of spolVB2 in EMS strains.
Spore yield of the indicated strain was determined as described in Figure 1. pEV indicates an
empty vector. A) Strains isolated during EMS. B) Clean strains containing generated spolVB2
alleles. All data represents the average of three independent experiments. Statistical analysis by
one way ANOVA with Sidak’s multiple comparison test. * P<0.05, ** P<0.01, *** P<0.001, ****

P<0.0001. B) a P<0.0001 in comparison to C. difficile AsspA AsspB.

Supplement Figure 3. gPCR of mutant strains: Part 1. Strains were grown on sporulation
medium for 11 hours before RNA extraction. gPCR was performed using SYBR green.
Transcripts for the following genes were determined: A) sspA, B) sspB, C) spolVA, D) sleC, E)
pdaA, F) spoVT. Fold change from R20291 was determined with the AACT method using rpoA
transcripts as the internal control. All data represents the average of five independent
experiments. Statistical analysis by one way ANOVA with Dunnett’'s multiple comparison test

with the mutant strains compared to wild type. * P<0.05, ** P<0.01, *** P<0.001, **** P<0.0001.



Supplement Figure 4. gPCR of mutant strains: Part 2. Strains were grown on sporulation
medium for 11 hours before RNA extraction. g°PCR was performed using SYBR green.
Transcripts for the following genes were determined: A) spolVB, B) spolVB2, C) spollP. Fold
change from R20291 was determined with the AACT method using rpoA transcripts as the
internal control. All data represents the average of five independent experiments. Statistical
analysis by one way ANOVA with Dunnett’s multiple comparison test with the mutant strains

compared to wild type. * P<0.05, ** P<0.01, *** P<0.001, **** P<0.0001.

Supplement Figure 5. gPCR of mutant strains: Part 3. Strains were grown on sporulation
medium for 11 hours before RNA extraction. g°PCR was performed using SYBR green.
Transcripts for the following genes were determined: A) dpaA, B) spoVAC, C) spoVAD, D)
spoVAE. Fold change from R20291 was determined with the AACT method using rpoA
transcripts as the internal control. All data represents the average of five independent
experiments. Statistical analysis by one way ANOVA with Dunnett’s multiple comparison test

with the mutant strains compared to wild type. * P<0.05, ** P<0.01, *** P<0.001, **** P<0.0001.

Supplement Table 3. Mutations found within suppressor strains. The mutations identified in
EMS treated suppressor strains are sorted by position within the genome and color-coded

based on the isolate containing the mutation.

Supplement Table 1. Primers used in this study.

Primer Name Sequence

5'sspA_MTL ttatcaggaaacagctatgaccgcggccgcttagatgaggaaaaactggataa




3'sspA_up

ttatttataactatctgttgctttttccaggttgattaccttccttctgttta

5'sspA_down

aataaattaaacagaaggaaggtaatcaacctggaaaaagcaacagatagt

3'sspA_xyIR

tgcaggcttcttatttttatgctagctcgagctattgaacttggaaatgagag

CRISPR_sspA_165

gtgtgctataattaaactgtaaaacgcgtgactaaaaaattagttgaaagttttagagctagaaatagca
agttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgctttttttctatggaga
aatctagatcagcatgatgtctgactagacgcgtaagctctgcaactatttttagat

5'tral

gcgaggaagcggaagagcegeccaatacgcagggccccctgettcggggtca

3'tral

aatttatctacaatttttttatcctgcagggggceccgatcggtettgecttg

CRISPR_sspA_135

taattaaactgtaaaggtaccagagaaaatggttatgtagggtittagagctagaaatagcaagttaaa
ataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgcttttittctatggagaaatctag
atcagcatgatgtctgactagacgcgtaagctctgcaactat

5'sspB UP atttttttatcaggaaacagctatgaccgcggccgcttttaaaatatcatccatattat
3'sspB UP tgtcaaaatttactatttattttccagccacctcaaataattagtttatgatg
5'sspB DN tgttagacatcataaactaattatttgaggtggctggaaaataaatagta
3'sspB_xyIR atgcaggcttcttatttttatgctagctcgagatacttgtctattttttcagtaa

CRISPR_sspB_144

aattaaactgtaaaggtaccagagaaaatggatatgttgggttttagagctagaaatagcaagttaaaa
taaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgctittittctatggagaaatctagat
cagcatgatgtctgactagacgcgtaagctctgcaacta

5'CDR20291_0714 UP

ttatcaggaaacagctatgaccgcggcecgeccttgatgecctgggtctatac

3' CDR20291_0714 UP

cttatttatttatattatttacaacatccgttgcataaaacacctctttct

5'CDR20291_0714 DN

ttaataagaaagaggtgttttatgcaacggatgttgtaaataatataaataa

3' CDR20291_0714 DN

gcaggcttcttatttttatgctagctcgagggaacagcattaggaagtcc

CDR20291_0714 gRNA 3

gcattcaaggagggggtaccgtatctattttattaaataggttttagagctagaaatagc

3' gRNA_change

ccatctaaaaatagttgcagagcttacgcgtctagtcagacatcatgctgatctag

5'tn916.traJ

tctgcagattacctaataatttatctacattccctttagcctgcettcggggtcattat

5'Tn9160ri_gibson

cggaagagcgcccaatacgcagggccctaacatcttctatttitcccaaatce

3'tn916.trad

cgaaaaaatcgctataatgaccccgaagcaggctaaagggaatgtagataaattattag

5'CDR20291_0714

ttttttatcaggaaacagctatgaccgcggecgctgctatctecttttccttg

3'CDR20291_0714

gtgccaagcttgcatgtctgcaggcectcgagttacaacatccatttaataaatac

3'0714_S301A

ttattatcttgaactattggagtacctgccataccttgtacaataccacc




5'0714_S301A

ctcaaactggtggtattgtacaaggtatggcaggtactccaatagttcaag

3' sspA.pJS116

tgccaagcttgcatgtctgcaggcectcgagctatetgttgetttttccag

3' sspAsspB ggaactgataatatggatgatattttaaaactatctgttgctttttccagccatttg
5' sspAsspB caaatggctggaaaaagcaacagatagttttaaaatatcatccatattat
3'sspBpJS116 cagtgccaagcttgcatgtctgcaggcctcgagttattttccagccatttgtc
5' rpoA taaaggtagaggttatgtttctgct

3' rpoA tttgaccaactcttgtgttttcc

5'sspA_gPCR caaaagaggctttaaaccaaatgaa

3'sspA_gPCR attttctcttgcagtaaggtttcctt

5'sspB_gPCR aacagaacagtagttccagaagcaaa

3'sspB_gPCR caacatatccattttctctagctgttaag

5'sleC_gPCR ttgaagcaagacaaggagttccc

3'sleC_gPCR cgaaaccagtaggaggaggtaatgg

5'spoVT_gPCR

agagaaggagaccctttagagat

3'spoVT_gPCR

ctgttatcaacactccatatcctagt

5'pdaA_gPCR

tggtaaacagccatcacctataa

3'pdaA_gPCR

tccactttcatatccagcatca

5'spolVA_gPCR

ggatagaacaagagatgagataccc

3'spolVA_gPCR

ctgctgccttttcaaatgtc

5'spolVB_gPCR_1

ttcagagctaggtataagtggtaat

3'spolVB_gPCR_1

tgcggtcttccaacttctatt

5'spolVB2_gPCR_1

agctcaaactggtggtattgt

3'spolVB2_gPCR_1

catgtgacactgctccgatta

5'spollP_gPCR_1

catactcatggatgtgagacttattcaa

3'spollP_gPCR_1

accccatcctttgctatctaaagce

5'dpaA_gPCR

actgttattgggggagacctgc

3'dpaA gPCR

ggaacttttggatagtgcttcagc




5'spoVAC_gPCR

agctggagcetggttctataattcc

3' spoVAC_gPCR

catagccttctcttttatactccattgc

5'spoVAD_gPCR

tgacagctcagtggacagttacag

3'spoVAD_QgPCR

tttggaccgtctccattagga

5'spoVAE_gPCR

gtttaatagcccaagtaatgatggatt

3' spoVAE_gPCR

acaccagttgttacatacgttaccataa

3' luciferase_ssrA_pHN149

aagcttgcatgtctgcaggcctcgagtcatcatgcagcaagtgcataattttcatcattagctgctagaatt
tcttcaaaaagtctat

3' luciferase_pHN149

gccaagcttgcatgtctgcaggcectcgagtcatcatagaatttcttcaaaaag

3' PsspA_BS49

gttgttgctgttacctgagttattgttagccatgttgattaccttccttctgt

5'sspA_BS49

acacaaaataaattaaacagaaggaaggtaatcaacatggctaacaataactcagg

3'sspA_BS49

ccagtgccaagcttgcatgtctgcaggcectcgagttagaattgtcctccgec

3' spolVB2 F36F

attttgtgcataaattaaattatttgagaagaaatataataaaaataaaaatgttaaaac

5' spolVB2 F36F

tacaattgttttaacatttttatttttattatatttcttctcaaataatttaatttatgc

3' spolVB2 F37.UUA

aattttgtgcataaattaaattatttgataaaaaatataataaaaataaaaatgttaaa

5'spolVB2 F37.UUA

caattgttttaacatttttatttttattatattttttatcaaataatttaatttatgcac

3' spolVB2 F37.UUG

aattttgtgcataaattaaattatttgacaaaaaatataataaaaataaaaatgttaaa

5'spolVB2 F37.UUG

caattgttttaacatttttatttttattatattttttgtcaaataatttaatttatgcac

5'sacB_UP

ttatcaggaaacagctatgaccgcggccgegtcgactagttetttaggeccg

sacB_3 Xhol

aagcttgcatgtctgcaggcectcgagttatttgttaactgttaattgtecttgttcaagg

3’ PsspA_spolVB2

ttaaagtattatttttaaaatgaaaatttttaagttgcatgttgattaccttccttctg

5’ spolVB2_PsspA

acaaaataaattaaacagaaggaaggtaatcaacatgcaacttaaaaattttcatt

5" spolVB.pHN149

acaatttttttatcaggaaacagctatgaccgcggccgctttattgtcttcgaatatac

3’ PspolVB_spolVB2

aagtattatttttaaaatgaaaatttttaagttgcatatatccatctactcctatgc

5’ spolVB2_PspolVB

aatacataataatacagcataggagtagatggatatatgcaacttaaaaattttcat

5’ PspolVB2_pHN149

atttttttatcaggaaacagctatgaccgcggccgctatttatttitatgaaaactaagg

3’ PspolVB(100)_PspolVB2

cttaataagtgatttttaatacataatatgaaaacacctctttcttatta

5 PspolVB2_PspolVB

ctattattaaaataatttaataagaaagaggtgttttcatattatgtattaaaaatcact




3’ PsspA_PspolVB2

ttaattcaggtaatttttagcaattaaaacctgaaaacacctctttcttatta

5 PsspA_PspolVB2

ttattaaaataatttaataagaaagaggtgttttcaggttttaattgctaaaaa

3’ spolVB2_homol

tatttttaaaatgaaaatttttaagttgcataaaacacctctttcttattaaattat

5 spolVB2_gene_homol

ttaaaataatttaataagaaagaggtgttttatgcaacttaaaaattttcattttaa

3’ spolVB2end_IrgBit

tcccaatcacccacaaaatcttcaagtgtaaacaccaacatccatttaataaatacacc

5’ IrgBit_spolVB2end

ctgtaggttatggtgtatttattaaatggatgttggtgtttacacttgaagattttgtgg

3’ spolVB2_bitLuc

ccaatcacccacaaaatcttcaagtgtaaacaccataaaacacctctttcttattaaatt

5’ bitLuc_PspolVB2

attattaaaataatttaataagaaagaggtgttttatggtgtttacacttgaagattttg

5 spolVB2_theo

ttttttatcaggaaacagctatgaccgcggccgcgatttgtcttcatttttatcttta

3’ spolVB2_theo

gccagtgccaagcttgcatgtctgcaggcctcgagaaatatcaaagttattaatttgac

CRISPR targetin

g sequence is in bold.

Supplement Table 2. Strains and plasmids used in this study.

Strain Description Reference

E. coli DH5a Cloning strain [1]

E. coliHB101 | Conjugal donor strain, AmpR [2]

pRK24

E. coli recA* E. coli strain Gift from Dr.

MB3436 Michael Benedik

B. subtilis Tn916 donor strain, TetR [3]

BS49

C. difficile Wild type, ribotype 027 [4]

R20291

C. difficile Wild type, ribotype 012 Gift from Dr.

CD630Aerm Daniel Paredes-
Sabja (Texas
A&M University)

C. difficile R20291 spo0OA CRISPR-Cas9 mutant [5]

KNM10

C. difficile R20291 sspA CRISPR-Cas9 mutant [6]

HNNO3

C. difficile R20291 sspB CRISPR-Cas9 mutant with an [6]

HNNO4 sspAcszy allele (called sspB* throughout this

manuscript)

C. difficile R20291 sspA and sspB CRISPR-Cas9 double [6]

HNNO5 mutant

C. difficile R20291 sspB CRISPR-Cas9 mutant [6]

HNN17

C. difficile EMS isolate from treatment of HNNO4 This study

HNN19




C. difficile EMS isolate from treatment of HNNO4 This study
HNN22

C. difficile EMS isolate from treatment of HNNO4 This study
HNN26

C. difficile EMS isolate from treatment of HNNO4 This study
HNN28

C. difficile EMS isolate from treatment of HNNO5 This study
HNN32

C. difficile EMS isolate from treatment of HNNO5 This study
HNN33

C. difficile EMS isolate from treatment of HNNO5 This study
HNN35

C. difficile EMS isolate from treatment of HNNO5 This study
HNN37

C. difficile EMS isolate from treatment of HNNO5 This study
HNN38

C. difficile EMS isolate from treatment of HNNO5 This study
HNN39

C. difficile EMS isolate from treatment of HNNO5 This study
HNN40

C. difficile EMS isolate from treatment of HNNO5 This study
HNN41

C. difficile CD630Aerm sspB CRISPR-Cas9 mutant This study
HNN43

C. difficile CD630Aerm sspA CRISPR-Cas9 mutant This study
HNN45

C. difficile CD630Aerm sspA and sspB CRISPR-Cas9 double This study
HNN46 mutant

C. difficile EMS isolate from treatment of HNNO5 This study
HNN48

C. difficile R20291_ 0714 (spolVB2) CRISPR-Cas9 mutant This study
HNN49

C. difficile EMS isolate from treatment of HNNO5 This study
HNN51

C. difficile R20291 spolVB2rs7r This study
HNN57

C. difficile R20291 spolVB2azot This study
HNN60

C. difficile R20291 AsspA AsspB spolVB2a20t This study
HNN64

C. difficile R20291 AsspA AsspB spolVB2rszr This study
HNN73

Plasmid Description Reference
pMTL84151 E. coli — C. difficile shuttle vector [7]
pMTLYN4 traJ containing plasmid [8]
pJS116 B. subtilis — C. difficile shuttle vector [9]
pKM197 CRISPR plasmid with xyIR promoter driving cas9 [10]
pMB81 BitLuc containing plasmid [12]




pJB09 cas9 containing plasmid for the 2-plasmid CRISPR [13]
system

pJB14 Targeting plasmid for the 2-plasmid CRISPR system | [13]

pJB94 Theophylline allelic exchange base plasmid [14]

pJB96 pHN149 with sacB between Notl and Xhol cut sites, | This study
for easy selection of inserts

pHN14 R20291 sspB promoter region and gene [6]

pHN30 R20291 sspA and sspB complement [6]

pHN120 CD630Aerm sspA targeted CRISPR vector, gRNA This study
1398

pHN121 CD630Aerm sspB targeted CRISPR vector, gRNA This study
1186

pHN122 CDR20291_0714 promoter region and F37F allele This study

pHN123 CDR20291_0714 promoter region and A20T allele This study

pHN127 CDR20291_0714 promoter region and WT allele This study

pHN131 CD630Aerm sspA targeted CRISPR vector with This study
TraJ oriT, gRNA 165

pHN132 CD630Aerm sspB targeted CRISPR vector with This study
TraJ oriT, gRNA 144

pHN138 CD630Aerm sspA targeted CRISPR vector with This study
TraJ oriT, gRNA 135

pHN145 CDR20291_0714 promoter region and S301A allele | This study

pHN146 CDR20291_0714 promoter region and F37F, S301A | This study
allele

pHN147 CDR20291_0714 promoter region and A20T, This study
S301A allele

pHN149 pMTL84151 based plasmid that also contains the This study
Tn916 oriT (base plasmid that can be conjugated
through E. coli or B. subtilis conjugal donors)

pHN152 CD630Aerm sspA promoter region and gene This study

pHN153 CD630Aerm sspA and sspB promoter region and This study
gene

pHN157 CDR20291_0714 targeted CRISPR vector, gRNA 3 | This study

pHN176 CD630Aerm sspB promoter region and gene This study

pHN208 CDR20291_0714 promoter region and F36F This study

pHN218 CDR20291_0714 promoter region and F37L (UUA This study
codon)

pHN219 CDR20291_0714 promoter region and F37L (UUG This study
codon)

pHN220 SSpA promoter region and sspA gene from B. This study
subtilis BS49

pHN271 spolVB2A20T theophylline allelic exchange This study




pHN272 spolVB2F37F theophylline allelic exchange This study
pHN312 SSpA promoter driving spolVB2 expression This study
pHN329 spolVB promoter driving spolVB2 expression This study
pHN330 spolVB2 and spolVB promoters driving spolVB2 This study
expression
pHN331 spolVB2 and sspA promoters driving spolVB2 This study
expression
pHN335 spolVB2 promoter with spolVB2 attached to bitLuc This study
(luciferase) and tagged with ssrA
pHN336 spolVB2 promoter with spolVB2azot attached to This study
bitLuc (luciferase) and tagged with ssrA
pHN337 spolVB2 promoter with spolVB2rs7r attached to This study
bitLuc (luciferase) and tagged with ssrA
pHN338 spolVB2 promoter with bitLuc (luciferase) and This study
tagged with ssrA
pHN339 spolVB2 promoter with bitLuc (luciferase) This study
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