Expanding the Repertoire of Gene Tools for Precise Manipulation of the Clostridium difficile Genome: Allelic Exchange Using PyrE Alleles.
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Figure S1. PCR screening of ACE generated pyrE mutant and wildtype strains in C. difficile strains 630∆erm and C. difficile R20291. (a) five random FOAR, pyrE mutants (lanes 1-5) made in R20291 using pMTL-YN18, and; (b) five random pyrE repaired clones (lanes 1-5) from R20291 made using pMTL-YN2.  MW is a 2-Log DNA Ladder (NEB) molecular weight marker, plasmid is a pMTL-YN18 DNA control, WT is a wild-type C. difficile DNA control, and ∆pyrE is a mutants control taken from the strain in lane 1 of (a). The primers used, and expected size of the DNA fragments generated were: (a) primers pyrE-F2/pyrE-R2 and a 565 bp DNA fragment, and; (b) primers cdi630-pyrD-SF1/pyrE-R2 and a 750 bp DNA fragment.
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Figure S2. PCR screening of double crossover candidate clones of C. difficile 630Δerm for spo0A, cwp84 and mtlD. (A) PCR screening of four (1-4) putative spo0A in-frame deletion clones using primers spo0A-YN-F2 and spo0A-YN-R2. The desired mutant should give a DNA product of 1,845 bp in size (clone 2), while the wild type allele (clones 1, 3 and 4) generates a product of 2,331 bp in size. (B) PCR screening of three (1-3) putative cwp84 in-frame deletion clones using primers cwp84-F3 and cwp84-R4. A double crossover mutant (clone 3) should give a PCR product of 1,418 bp in size, as opposed to the 2,636 bp fragment predicted for the wild type allele (clones 1 and 2). (C) PCR screening of three (1-3) putative in-frame deletions of mtlD using primers mtlD-F3 and mtlD-R3.  The in-frame deletion mutant is predicted to yield a PCR DNA product 1,418 bp in size (clones 1 and 3), whereas the wild-type allele (clone 2) gives a DNA product of 2,582 bp in size. PCR product from wild-type or double-crossover wild-type revertants. MW is a 2-Log DNA Ladder (NEB) molecular weight marker and WT is a wild-type C. difficile DNA control.
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Figure S3. PCR screening of double crossover candidate clones of C. difficile R20291 for spo0A and cwp84. (A) PCR screening of three (1-3) putative spo0A in-frame deletion clones using primers spo0A-YN-F2 and spo0A-YN-R2. The desired mutant should give a DNA product of 1,845 bp in size (clones 2 and 3), while the wild type allele (clone1) generates a product of 2,331 bp in size. (B) PCR screening of four (1-4) putative cwp84 in-frame deletion clones using primers cwp84-F3 and cwp84-R4. Double crossover mutants (clones 1, 2 and 4) should give a PCR product of 1,418 bp in size, compared to the 2,636 bp fragment predicted for the wild type allele (clone 3). MW is a 2-Log DNA Ladder (NEB) molecular weight marker and WT is a wild-type C. difficile DNA control.
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Figure S4. Comparison of colony morphology of C. difficile 630Δerm strains. C. difficile 630Δerm (A) 630ΔermΔcwp84 mutant (B), and 630ΔermΔcwp84-complemented (C) were streaked onto anaerobic blood agar plate and incubated overnight to observe colony morphology. Colonies of C. difficile 630Δerm (A) and 630ΔermΔ cwp84-complemented (C) are indistinguishable and showed irregular edged colonies compared to C. difficile 630Δerm cwp84 mutant (B) showed more rounded colonies and are noticeably smaller due to its slower growth rate.
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Figure S5. Complementation of spo0A mutants of 630Δerm∆pyrE and R20291∆pyrE.   The sporulation phenotype of the mutants and complemented mutants were compared to the wildtype strains by assaying colony forming units (CFU) on BHIS supplemented with 0.1% [w/v] sodium taurocholate before and after heat shock (65°C for 30 min) following growth of each strain in BHIS media for 120 h.  Assayed strains are: 630∆erm∆pyrE∆spo0A; 630∆erm*(spo0A); 630∆erm; R20291∆pyrE∆spo0A; R20291*(spo0A), and; R20291, where * indicates the spo0A-complemented strain (spo0A) which has had a copy of the spo0A gene inserted into the chromosome, concomitant with the correction of the pyrE allele back to wildtype.  The detection limit for the assay was 50 CFU/ml. All experiments were undertaken in triplicate. Phase contrast microscopy confirmed that phase-bright spores were absent in the mutant cultures but present in both the complemented and wildtype strains.






[bookmark: _GoBack]Fig. S6. Growth of C. difficile 630Δerm strains with mannitol as the sole carbon source.. (B) The growth of ∆mtlD was limited in mannitol broth, while growth of the ∆mtlD complemented and mtlD overexpressed strains were restored to wildtype levels. (C) The pH of the media broth showed a dip in pH caused by the fermentation of mannitol for the wildtype, ∆mtlD complemented and ∆mtlD overexpressed strains, which correlate to their growth. The 630 ∆erm ∆mtlD mutant strain grew very weakly in mannitol broth, which was reflected in the sustained pH levels of the media.   Experiments were undertaken in triplicate.


















630 Δerm	5.7735026918962545E-3	5.7735026918962545E-3	1.7320508075688922E-2	3.2145502536643139E-2	6.2449979983984098E-2	8.0829037686547617E-2	5.7735026918962568E-2	3.4641016151377449E-2	3.2145502536643208E-2	1.0000000000000009E-2	5.7735026918962545E-3	5.7735026918962545E-3	1.7320508075688922E-2	3.2145502536643139E-2	6.2449979983984098E-2	8.0829037686547617E-2	5.7735026918962568E-2	3.4641016151377449E-2	3.2145502536643208E-2	1.0000000000000009E-2	0	1	2	3	4	5	6	7	8	24	7.6666666666666675E-2	7.3333333333333348E-2	0.13	0.24666666666666667	0.39999999999999997	0.66333333333333322	0.97666666666666657	1.1599999999999999	1.2466666666666666	1.61	630 Δerm ΔmtlD	5.7735026918962545E-3	5.7735026918962545E-3	5.7735026918962545E-3	3.3993498887762956E-17	5.7735026918962623E-3	5.7735026918962632E-3	5.7735026918962632E-3	1.1547005383792525E-2	5.7735026918962476E-3	0.12999999999999989	5.7735026918962545E-3	5.7735026918962545E-3	5.7735026918962545E-3	3.3993498887762956E-17	5.7735026918962623E-3	5.7735026918962632E-3	5.7735026918962632E-3	1.1547005383792525E-2	5.7735026918962476E-3	0.12999999999999989	0	1	2	3	4	5	6	7	8	24	8.3333333333333329E-2	8.666666666666667E-2	0.11666666666666665	0.18000000000000002	0.21333333333333335	0.21666666666666667	0.24666666666666667	0.24666666666666667	0.23333333333333331	0.38000000000000006	630 Δerm ΔmtlD complemented	0	5.7735026918962545E-3	5.7735026918962632E-3	2.6457513110645901E-2	5.7735026918962311E-3	5.7735026918962632E-3	1.0000000000000009E-2	1.1547005383792396E-2	5.7735026918962632E-3	0	0	5.7735026918962545E-3	5.7735026918962632E-3	2.6457513110645901E-2	5.7735026918962311E-3	5.7735026918962632E-3	1.0000000000000009E-2	1.1547005383792396E-2	5.7735026918962632E-3	0	0	1	2	3	4	5	6	7	8	24	0.08	8.666666666666667E-2	0.13333333333333333	0.28000000000000003	0.40666666666666668	0.64666666666666661	0.96	1.1333333333333331	1.2433333333333334	1.61	630 Δerm ΔmtlD overexpressed	0	0	5.7735026918962632E-3	0	6.7986997775525911E-17	0	1.3597399555105182E-16	0	0	2.5166114784235857E-2	0	0	5.7735026918962632E-3	0	6.7986997775525911E-17	0	1.3597399555105182E-16	0	0	2.5166114784235857E-2	0	1	2	3	4	5	6	7	8	24	7.0000000000000007E-2	0.08	0.12666666666666668	0.25	0.38999999999999996	0.66	0.98999999999999988	1.17	1.29	1.5933333333333335	hours
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630 Δerm	6.3508529610859024E-2	6.6583281184793869E-2	5.1961524227066236E-2	2.6457513110645845E-2	4.5825756949558302E-2	5.5075705472860864E-2	3.7859388972001841E-2	3.5118845842842181E-2	1.154700538379227E-2	1.0000000000000231E-2	6.3508529610859024E-2	6.6583281184793869E-2	5.1961524227066236E-2	2.6457513110645845E-2	4.5825756949558302E-2	5.5075705472860864E-2	3.7859388972001841E-2	3.5118845842842181E-2	1.154700538379227E-2	1.0000000000000231E-2	0	1	2	3	4	5	6	7	8	24	7.2066666666666661	7.1966666666666663	7.18	7.23	7.13	6.9866666666666672	6.8766666666666678	6.8133333333333326	6.7566666666666668	6.44	630 Δerm ΔmtlD	2.0816659994661382E-2	5.033222956847147E-2	3.605551275463962E-2	1.7320508075688915E-2	2.6457513110645845E-2	3.0550504633039155E-2	2.3094010767585053E-2	3.055050463303877E-2	2.5166114784236179E-2	1.5275252316519529E-2	2.0816659994661382E-2	5.033222956847147E-2	3.605551275463962E-2	1.7320508075688915E-2	2.6457513110645845E-2	3.0550504633039155E-2	2.3094010767585053E-2	3.055050463303877E-2	2.5166114784236179E-2	1.5275252316519529E-2	0	1	2	3	4	5	6	7	8	24	7.2033333333333331	7.1966666666666663	7.18	7.28	7.18	7.1166666666666671	7.1033333333333326	7.0966666666666667	7.126666666666666	6.9833333333333334	630 Δerm ΔmtlD complemented	0	5.7735026918966474E-3	1.154700538379227E-2	4.0414518843273899E-2	1.5275252316519626E-2	1.7320508075688915E-2	1.1547005383792781E-2	2.5166114784235766E-2	1.0877919644084146E-15	1.154700538379227E-2	0	5.7735026918966474E-3	1.154700538379227E-2	4.0414518843273899E-2	1.5275252316519626E-2	1.7320508075688915E-2	1.1547005383792781E-2	2.5166114784235766E-2	1.0877919644084146E-15	1.154700538379227E-2	0	1	2	3	4	5	6	7	8	24	7.21	7.1866666666666674	7.1566666666666663	7.2233333333333336	7.0766666666666671	6.9899999999999993	6.9033333333333333	6.8433333333333337	6.830000000000001	6.5533333333333337	630 Δerm ΔmtlD overexpressed	1.1547005383792781E-2	2.0000000000000018E-2	1.527525231651914E-2	1.154700538379227E-2	5.7735026918961348E-3	0	1.154700538379227E-2	5.7735026918961348E-3	2.6457513110645845E-2	1.5275252316519142E-2	1.1547005383792781E-2	2.0000000000000018E-2	1.527525231651914E-2	1.154700538379227E-2	5.7735026918961348E-3	0	1.154700538379227E-2	5.7735026918961348E-3	2.6457513110645845E-2	1.5275252316519142E-2	0	1	2	3	4	5	6	7	8	24	7.2266666666666666	7.22	7.163333333333334	7.2133333333333338	7.0733333333333333	6.97	6.8666666666666671	6.7966666666666669	6.7399999999999993	6.416666666666667	hours
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This is the gel picture which shows the isolation of the spo0A mutant by PCR screening with flanking primers. The mutant, T2 gives a smaller band when compared to the wt.  
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