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Figure S1 Distribution of observed morphologies within the C. jejuni M1 STM Tn
mutant library. C. jejuni M1 Tn mutants screened by light microscopy are grouped by
signature tag. Each signature tag column is colour-coded by the number of Tn mutants
of each morphology: helical (blue), rod (red), rod-and-helical (purple) and short helical
(yellow). Some non-helical morphologies appear to cluster within select signature tags
of the library. Notably, many rod-shaped Tn mutants are from signature tags 50, 51,

53, 54,55 and 57 and many rod-and-helical Tn mutants are from signature tag 17.
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STMlight microscopyscreen of
1,933 Tn mutants

Identified 1,797 helical, 89 rod,
22 mixed, 25 short/coccoid STMs

PFGE of WT and rod
STMs

insertionsitesin49 non-
helical STMs. No obvious
pattern ofinsertion.

rod, 6short, 15 mixed) and
WT

Site-directed mutagenesis of
WT, targeting 3 genes
disruptedbyTns

No differences
betweenWTand
STMs

All rod isolates had aSNP or
INDELin pgplorpgp2

Plasmidrescue to identify TnJ

{ WGS of STMs (6 helical, 66

e N
Conclusion: no major
Conclusion: random mutation
No changeto cell shape of chromosomal
in pgplorpgp2 caused aloss
wT rearragements of helical cellshapeinSTMs
betweenSTMs P
A\ I J
'd N\
Conclusion: Tn did not cause
cell shape differences in STMs

43 \ J

44  Figure S2 Flow chart detailing the methods applied and conclusions made in the

45  process of the STM analysis.



46

47

48
49

50

51

52

53

54

55

56

57

58

0 bp 4 bp 1 bp 4 bp

intergenic overlap intergenic overlap
ctsG gcp pgp1 dxr cdsA
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pgp1_ON (CmR)

pgp1_OFF (CmR)

Figure S3 Gene locus and site-directed mutant of pgpl in C. jejuni M1. (a) The pgpl
‘locked on’ construct exchanged two adenines within the 8-A tract of AT PPVR3 with
two guanines, this protected the tract from slipped-strand mispairing but the ‘locked
on’ mutation maintained the same amino acid translation. A cat cassette (CmR) was
incorporated downstream of pgpl. The locked ‘on’ mutation, cat cassette and the
flanking regions indicated (pgpl_ON) were assembled by overlapping PCR and
Gibson Assembly®. ‘Locked on’ constructs were cloned into the suicide vector pMiniT
by PCR Cloning (pDARE?7), and transformed into (b) rod WT C. jejuni M1 to generate

(c) the helical pgpl_ON strain. Scale bars represent ~2 um.
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2 bp 0 bp 155 bp 84 bp
intergenic intergenic intergenic intergenic
CJM1_0870 alr pgp2 CJM1_0873 CIM1_0874
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pgp2_ON (KmR)
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pgp2_OFF (KmR)

Figure S4 Gene locus and site-directed mutant of pgp2 in C. jejuni M1. (a) The pgp2
‘locked on’ construct exchanged one adenine within the 4-A tract at base location
846256 (CP001900.1) with guanine, this protected the tract from slipped-strand
mispairing but the ‘locked on’ mutation maintained the same amino acid translation. A
cat cassette (CmR) was incorporated downstream of pgp2. The locked ‘on’ mutation,
cat cassette and the flanking regions indicated (pgp2_ON) were assembled by
overlapping PCR and Gibson Assembly®. The linear pgp2_ON construct was
transformed into (b) rod STM 50-18 to generate (c) a helical pgp2_ON strain. Scale

bars represent ~2 um.
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Figure S5 Muropeptide profiles of helical and rod C. jejuni 81116 and M1 isolates.
HPLC chromatographs of purified PG from (a) WT helical isolate 81116, (b) WT rod
isolate 81116 R1 (9A pgpl mutant), (c) WT helical isolate M1, and (d) rod isolate M1
STM 43-4_R (INDEL in pgpl at base location 1268425). The WT helical isolates (a)
and (c) show similar muropeptide profiles. The rod isolates (b) and (d) contain unique
mutations in pgpl but demonstrate similar muropeptide profiles that sharply contrast
with the WT helical profiles. Patterns of peptide length and crosslinking are inferred by
the relative absorbance of muropeptide fractions (peaks). Muropeptide peaks have
been putatively numbered and identified according to published muropeptide profiles

of strain 81-176 (S1).
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Frequency Rate
Organism | Geneor phenotype Max Min Max Min Reference
E. coli lacl 2.4x 10 45x 10 (S2)
» Rirampcm ZUX 10 B.UX 10 S3)
3 g Rifampcin 30x10° | 4.0x10
L d = = (84)
g d H. pylori Clarithromycin™ 1.0x10 5.0x10
29 RTrampicim 6.6 X 10 38X 10 T6X 10 T.IXI0 (S5)
S g Clarithromycin® 3.0x 107 8.0x 107
7] C. jejuni Nalidixic acid™ 4.0X 101 1.0x 10: (S6)
Ciprofloxacin™ 2.6x10° 4.2x 10 S7)
On-to-Off | Off-to-On | On-to-Off | Off-to-On
E.con a043 5.0X 10 5.0X 10 (513))
@ é cj1139-TacZ-cat 5.3x10 5.2x 10 4.4x107 5.8x107
© U ¢J1139-lacZ-kan 1.0x 10 6.5x10" 1.0x 10 1.0x10™
g 5 C. jejuni d TJUU3T T3X 10 T7X 10 TZX 10 T8X 10 (59
7 capA 1.8x 10 3.6x 10 I.ox 10 3.4x 10
C. Jejuni Helical-rod 7.7x107 7.25x10 This work
CoJejunt Hefncar-rod Z.IX 10 TTIS WOTK
Table S1

spontaneous mutation and phase variation. The gene or phenotype used to measure
mutation in various studies is displayed next to known mutation frequency and/or

mutation rate values. Mutation rates are in mutations per division.

Frequency and rate of morphological change in C. jejuni compared to
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Table S2 SNPs and INDELs detected by genome sequencing in C. jejuni strains.
SNPs (blue boxes) and INDELs (grey boxes) are organised by gene and base
locations within the C. jejuni M1 (CP0019001), 81116 (CP000814), 81-176
(CP000538.1), or NCTC11168 (AL111168.1) genomes. Solid fill indicates > 90% of
next generation sequencing (NGS) reads contain the variation; striped fill indicates 10-
90% of NGS reads contain the variation. Genes with a mutation located upstream of
the coding region are represented by an asterisk (*). C. jejuni isolates are organized
and colour-coded by morphology: helical (blue), rod (red), rod-and-helical (purple),
short helical (yellow) and kinked rod (orange). (a) SNPs and INDELs present in C.
jejuni M1 Tn mutants and targeted deletion strains ACIJM1_0159::cat H (A0159 H)
and ACJIJM1_0159::cat R (A0159_R) that are not present in the WT C. jejuni M1
isolate (with the exception of the partial INDEL in pgpl). SNPs and INDELs present in
helical, rod and kinked rod WT C. jejuni isolates from strains (b) M1, (c) 81116, (d) 81-
176 and (e) NCTC11168. (f) SNPs and INDELs present in C. jejuni M1 helical-to-rod
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109

110

passage mutants. Rod mutants are from the original helical isolates H2 and H5 after

1, 2 or 4 passages. Helical isolates from each passage are also shown. All rod isolates

contain a SNP or INDEL in pgpl or pgp2.
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112

113

114 Table S3 Percentage of genome sequence reads demonstrating ‘on’ tract lengths of
115 PVRs. PVRs are defined as G:C homopolymeric tracts seven or more bases in length.
116 PVRs are organised by gene location and genes with PVRs located upstream are
117 indicated with an asterisk (*). C. jejuniisolates are organised and colour-coded by
118 morphology: helical (blue), rod (red), rod-and-helical (purple), short helical (yellow)

119 and kinked rod (orange). A PVR s considered ‘on’ ifits tract length is in-frame with the

13
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123

124

125
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128

rest of the translated sequence, producing the full-length protein. Percentage of ‘on’
tract lengths are proportionate to the length of the green bars (column width represents
100%). Percentage of ‘off tract lengths at each PVR may be inferred by the remaining
column width not filled with green. (a) PVRs of C. jejuni M1 STMs and targeted deletion
strains ACIJM1_0159::cat H (A0159 H)and ACJM1_0159:cat R (A0159 R). PVRs
of helical, rod and kinked rod WT C. jejuniisolates from strains (b) M1, (c) 81116, (d)
81-176 and (e) NCTC11168. (f) PVRs of C. jejuni M1 helical-to-rod passage strains.
Rod strains are from the original helical isolates H2 and H5 after 1, 2 or 4 passages.

Helical isolates from each passage are also shown.
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Peak no. Muropeptide fraction Peak no. Muropeptide fraction
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Table S4 Muropeptide fractions of HPLC peaks. Lengths of each peptide monomer
(di-, tri-, tetra- or pentapeptide) are represented with circles. Crosslinked peptides in
the dimers and trimers (peaks 7, 9 and 10-18) are joined by dashes. The glycan
backbone residues, N-acetyilmuramic acid (M) and N-acetylglucosamine (G), may be
acetylated (Ac) or anhydrous (Anh) as indicated. Table adapted from Frirdich et al

(S1).
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Strain or plasmid Relevant genotype or description Source and/or
reference

C. jejuni M1 Chicken and human clinical isolate (Helical) Diane Newell, (S10)

C. jejuni Mlcam Deriv ativ e of original M1 isolate (Helical) (S11)

C. jejuni 81-176 Human clinical isolate, hy perinv asiv e (Helical) (S12)

C. jejuni 81116 Human clinical isolate (Helical) (S13)

C. jejuni | Human clinical isolate (Helical) (S14)

NCTC11168

ACIM1_0159_H M1 background, ACIJM1_0159, Cm~ (Helical) This study

ACIM1_0159_R M1 background, ACIM1_0159, Cm"~ (Rod) This study

ACIM1_0631 M1 background, ACIJM1_0631, Cm" (Helical and rod) This study

AdtpT M1 background, AdtpT, Cm™ (Helical and rod) This study

pgpl_ON Rod M1 background, pgpl_ON, Cm™ (Helical) This study

pgp2_ON Helical M1 background, pgp2_ON, Cm™ (Helical) This study

22-12_pgp2_ON Rod M1 STM 22-12 background, pgp2_ON, CmT~, Km~ (Helical) This study

50-18_pgpZ_ON Rod M1 STM 50-18 background, pgpZ_ON, Cm™, Km™ (Helical) This study

51-44_pgpZ_ON Rod M1 STM 51-44 background+, pgpZ_ON, Cm™, Km™ (Helical) This study

E. coli DH5a Subcloning Efficiency™ DH50™ Competent Cells. F~ ®80lacZAM15 A(lacZYA-argF) U169 | Thermo Scientific
recAl endAl hsdR17(rs, myx") phoA supE44 thi-1 gyrA96 relA1 X

Plasmids

pUCI9 E. coli cloning vector, C. jejuni suicide v ector, Ap™ New England
Biolabs, (S15)

pCE107/70 C. jejuni shuttle vector, Km~ (S16)

pRY111 Source of Canpylobacter cat cassette, Cm”~ (S17)

| pMinT E. coli cloning vector, C.jejuni suicide vector, Ap"~ New England

Biolabs

pDARE1L pUC19 deriv ative encoding ACJM1_0159, Ap~, Cm~ This study

pDAREZ pCEI07770 derivaiive encoding CJMI_0159, Km™ This study

PDARE3 pUC19 deriv ativ e encoding ACIM1_0631, Ap~, Cm~ This study

pDARE4 pCE107/70 deriv ative encoding CIM1_0631, Km™~ This study

PDARES pUC19 deriv ativ e encoding AdtpT, Ap", Cm" This study

pDARE6 pCE107/70 deriv ativ e encoding dtpT, Ap~, Cm”~ This study

pDARE7 pMiniT deriv ativ e encoding pgp1_ON, Ap~, Km™ This study

pDARES pMiniT deriv ativ e encoding pgpl_OFF, Ap~, Cm~ This study

pDAREY pMiniT deriv ativ e encoding pgp2_OFF, Ap~, Cm~ This study

16




140 Table S5 Bacterial strains and plasmids used in this study. Abbreviations for

141  antibiotics: Cm, Chloramphenicol; Km, Kanamycin; Ap, Ampicillin.
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Primer Target Sequence (5 —3')

dare008 cat cassette gaattcggtaccCTCGGCGGTGTTCCITTCCAAGT T
dare009 cat cassette gcatgcggatccCGCCCTTTAGT TCCTARAGGGTT
dare010 catcassette gcatgcctgcagCGCCCTTTAGT TCCTAAAGGGTT
dare011 catcassette agtactgagct cCTCGGCGGTGTTCCTTTCCAAGTT
0159 1 CJIM1_0159 upstream ggatccgagct cATGCAAAAAGC TAAAATT TTAATTGCC
0159 2 CJM1_0159 upstream aagcttggtaccTTTTATAAATATCTTT TC TAT TAARAAAGGC
0159 3 CJM1_0159 dow nstream cccgggggatccCTTTTCTTAAATTAATCTCTTTTITATG
0159 4 CJM1_0159 dow nstream ctcgaggcatgcCTAATCTTGACTTAAAAGCAGTTITTG
0159_ckl ACJM1_0159 AAGAACAGGCTATGCACAAGG

0159 _ck2 ACJM1_0159 ACCTGATTTTGCGATTTTGG

0159 _ck3 ACJM1_0159 GTTTTAAT GGCCGTGCTGTT

0159_ck4 ACJIM1_0159 AAGCCTTGCCAGGATCACTA

0159 _ck5 ACJM1_0159 TGCAAATGCAGCCTTAGTTG

0631 1 CJM1_0631 upstream ggatccgagct cATGAATAAAATAGAAGTATTT TTGCA
0631 2 CJM1_0631 upstream aagcttggtaccTTCCCAATACCTTTCTTTTTTATGCT TA
0631_3 CJM1_0631downstream cccgggggatccACTTAAAATACAAAATACACCAAAG
0631 _4 CJM1_0631dow nstream ctcgaggcatgcCTACAAAAGCAGGAAAAT TAAAGC
0631_ckl ACJM1_0631 TCATGGCTTAATTCCAATGATTCT

0631_ck2 ACJM1_0631 CCAAAATGCCATCCGTATTC

0631_ck3 ACJM1_0631 TAGTGGTCGAAATACTCTTTTCGTG

0631_ck4 ACJIM1_0631 CCCTTATCGATTCAAGTGCATCATG

dtpT_1 dtpT upstream ggatccgagct cACAAAGTTATACATAT

dtpT_2 dtpT upstream aagcttggtaccATAAAAAAGAGTAAAACCACAG

dtpT_3 dtpT dow nstream cccgggctgecagTATTAAGGAGAAAATATGA

dtpT_4 dtpT dow nstream ctcgaggcatgcT CAAGCTCCATGATGATTIC

dtpT_ckl  AdtpT TGCATGTGGATGCTTTTTGT

dipT_ck2  AdtpT AAAGCGGTCATTTTTAAGG

pgpl 1 papl left flank ATGAAATTTTTTT TAACAATTTTAT

pgpl_2 pgpl_ON leftflank TATTCT TCTTATGAACTAAAATACCACTTTCATC

pgpl_3 pgpl_OFF leftflank TATCTTCT TATGAACT AAAAT ACCACTT TCATC

pgpl_4 pgpl_ONright flank ATAAGAAGAATATGCAAACACAATACTCTTTA

pgpl_5 pgpl_OFF right flank ATAAGAAGATATGCAAACACAATACTCTTTA

pgpl_6 pgpl right flank ATCAATCTTTGTGAAT TGCATCATTCAAAT TCCACTAARATAG

pgpl_7

catcassette

CTATTTTAGTGGAATTTGAATGATGCAATT CACAAAGATTGAT
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144

145

146

147

pgpl_8
pgpl_9
pgpl_10
pgpl_ckl
pgpl_ck2
pgpl_ck3
pgp2_1
pgp2_2
pgp2_3
pgp2_4
pgp2_5
pgp2_6
pgp2_7
pgp2_8
pgp2_9
pgp2_10
pgp2_ckl
pgp2_ck2
pgp2_ck3
AJG227
CcC1

254

256

258

CAT15

catcassette

pgpl dow nstream

pgpl dow nstream
pgpl_ON and pgpl_OFF
pgpl_ON and pgpl_OFF
pgpl_ON and pgpl_OFF
pgp2 left flank
pgp2_ON left flank
pgp2_OFF leftflank
pgp2_ON right flank
pgp2_OFF right flank
pgp2 right flank

Km™ cassette

Km" cassette

pgp2 dow nstream

pgp2 dow nstream
pgp2_ON and pgp2_OFF
pgp2_ON and pgp2_OFF
pgp2_ON and pgp2_OFF
Transposon
Transposon

Linker

Linker

Linker

Cat cassette

CTAGGATAAGATTTTTCATTTATTTATTCAGCAAGTCTTGT
ACAAGACTTGCTGAATAAATAAATGAAAAATCTTATCCTAG
CGCACTGCATTTTTAAGTCC
TGCTGCTAATGAAGTTGGTGT
CCGCCTACCAACGCCAAAATT
GCAATGAAACCACCGTTCCT
gagctcggtaccTGCCTAAAAAAGACATTCCTATAAA
CTGTTCAAATTTCATCTTATCAAAAC
CTGTTCAAATTTCACTTATCAAAAC
AAACGTTTTGATAAGATGAAAT
AAACGTTTTGATAAGTGAAAT
GATATTCTCATTTTAGCCATTTATTGCTCTGCTAAAAT
ATTTTAGCAGAGCAATAAATGGCTAAAATGAGAATATC
GAATTTTTATTAAAGACATTTATTGCTCTGCCTAAAACAATTCATCCAG
CTGGATGAATTGTTTTAGGCAGAGCAATAAATGTCTTTAATAAAAATTG
gaattctctagaGAATAAGATCTATAGCATGTTC
GGTTTTGGGTAGGCTGAAACT
TCCATCCATTTCATCTGCACT
ACATGGAAACTAGCTTGGACA

CCCGGGAATCATTTGAAG

TAACTTGGAAAGGAACACCG

CGACTGGACCTGGA
GATAAGCAGGGATCGGAACCTCCAGGTCCAGTICG
GATAAGCAGGGATCGGAACC

TAGTGGTCGAAATACTCTTTTCGTG

Table S6 Primer sequences used in this study. Upper-case indicates homology to

target sequence. Restriction enzyme sites are underlined and preceded by an arbitrary

6-bp sequence.
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