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Abstract

Staphylococcus aureus displays a clonal population structure in which horizontal gene transfer
between different lineages is extremely rare. This is due, in part, to the presence of a Type | DNA
restriction and modification (RM) system given the generic name of Saul, which maintains different
patterns of methylation on specific target sequences on the genomes of different lineages. We have
determined the target sequences recognised by the Saul Type | RM systems present in a wide range
of the most prevalent S. aureus lineages and assigned the sequences recognised to particular target
recognition domains within the RM enzymes. We used a range of biochemical assays on purified
enzymes and single molecule real-time sequencing on genomic DNA to determine these target
sequences and their patterns of methylation. Knowledge of the main target sequences for Saul will
facilitate the synthesis of new vectors for transformation of the most prevalent lineages of this
“untransformable” bacterium.
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Introduction

Type | DNA restriction-modification (RM) systems are found in about half of the sequenced
prokaryotic genomes (1-4). They present a formidable barrier to the invasion of the host cell by
foreign DNA whether by transduction, transformation or conjugation and thus exercise control over
horizontal gene transfer (HGT) (1,4-8). As an example of their effectiveness, less than 1 in 10 or 10°
phage infections can successfully avoid the classical EcoKl Type | RM system of Escherichia coli K12.
In some circumstances, such as when antirestriction systems are absent (9), when there are multiple
target sites on the phage (10) or when RM expression is raised (11), the barrier due to this single RM
system can be even greater. RM systems operate by methylating defined target sequences on the
host genome and they maintain this methylation pattern through each round of DNA replication
(modification). Foreign DNA entering the cell often contains the same target sequence but in an
unmethylated state. These unmethylated target sequences are targeted for endonucleolytic
cleavage by the RM system (restriction). The Type | RM system comprises three hsd (host specificity
for DNA) genes, hsdR, hsdM and hsdS for restriction, modification and target sequence specificity
respectively. The gene products form an R,M,S; complex in which HsdS (or S) recognises the target
sequence, HsdM (or M) recognises the methylation status of the target and methylates
hemimethylated targets while HsdR (or R) cleaves the DNA containing unmethylated targets after a
complex reaction involving ATP hydrolysis and DNA translocation (12). An M,S; complex can act
solely as a methyltransferase (MTase) (13). Type | RM enzymes almost always recognise and
methylate adenine nucleotides in their target sequences to form N6-methyl adenine (6mA) although
a few forming N4-methyl cytosine (m4C) are now known (3,14). In addition to the protection offered
by Type I, Il and Ill RM systems, Type IV restriction systems can attack foreign DNA containing
methylated sequences not found in the host (15).

The presence of multiple RM systems in a single host can increase the barrier to HGT still further. For
instance, Staphylococcus aureus often contains two related Type | RM systems making its
transformation extremely inefficient and hindering the genetic analysis of this organism (16-19).
These genomes contain two hsdM and two hsdS and share a single hsdR, although some S. aureus
strains have different numbers of hsdM and hsdS (Figure 1a). The presence of only a single hsdR is
not a problem as it can interact with each hsdMhsdS pair. It has long been known that S. aureus
displays a clonal population structure (20) in which HGT between different clonal complexes is
exceedingly rare. Multi-locus sequence typing, microarray analysis and whole genome sequencing
divides lineages of S. aureus and close relatives into the clonal complexes (CC) (20-23), each of which
carries a different range of mobile genetic elements and antibiotic resistance genes on the genome
(24-27). Each CC can be further subdivided into sequence types (ST) (22). Waldron and Lindsay (16)
first realised that each CC of S. aureus contained a unique pair of Type | RM systems. A Type IV
restriction system, SauUSI, was also identified later and recognised as a methyl-dependent
restriction enzyme which would prevent the uptake of foreign DNA containing C5-methyl cytosine
(5mC) (28,29). Thus most genetic manipulation of S. aureus is confined to strain RN4220, which has a
defective Type | RM system due to a premature stop codon in hsdR. Furthermore, to avoid the Type
IV system, DNA needs to be prepared from an Escherichia coli strain, such as E. coli ER2796, lacking
the Dcm 5mC MTase (30).

The Type | RM systems in different strains of S. aureus were given the informal name of Saul by
Waldron and Lindsay (16) and it is clear from not only a comparison of the sequences of genes and
proteins but also from the ability to use subunits from one strain to complement subunits from
other strains (31) that the term Saul describes a classical “family” of Type | RM systems. Type | RM
families, Type IA to Type IE, were originally defined in E. coli and Salmonella enterica by DNA
hybridisation, antibody cross reactivity and subunit complementation (32,33), although now it is
more usual to use the high levels of sequence identity (over 90%) in HsdM and HsdR to define a
family in silico. Although the name Sau1 for this family of Type | RM systems in S. aureus is an
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informal one not following the usual conventions (34), we retain it as it is established in the
literature. However, it is important to note that some strains of S. aureus show additional Type | RM
systems, which show limited amino acid sequence identity to the HsdR, HsdM and HsdS of Saul
(Figure 1a). For instance, Monk et al. (35) identified an active Type | RM system, SauJKDIII, in S.
aureus JKD6159 which showed low sequence identity to members of the Saul family. This is clearly
a member of a new and different Type | RM family whose subunits will be unable to interact with the
Saul HsdM and HsdR (DTFD, JAL and MTG Holden, manuscript in preparation).

The Saul Type | RM systems are so effective because they show great variability in the target
sequences recognised thus preventing HGT between CC but allowing HGT between strains within a
CC (31,35,36). This variability in target sequences is due to the modular construction of the Type |
RM systems (Figure 1b). The S subunit contains two target recognition domains (TRD) each of which
recognises one half of a bipartite target, for example the first Type | RM system in CC1, given the
generic name CC1-1, recognises CCAYNNNNNTTAA (adenine methylation sites are underlined)
(35,36). Swapping TRDs between S subunits generates new targets, for example the second Type |
RM enzyme in CC1, termed CC1-2, couples the first TRD of CC1-1 with a different second TRD to
recognise CCAYNNNNNNTGT. This swapping is easy because the DNA for S subunits contain
conserved sequences bounding each TRD. Most S. aureus strains have two copies of hsdS, two of
hsdM and one of hsdR. Thus there are often four TRDs in each CC, which define the restriction
barrier against HGT. Some Type | RM enzymes have half-size HsdS incorporating only a single TRD. It
has been shown that these products are often able to dimerise and recognise symmetric target
sequences (37-39). We have been able to recapitulate these results on “half-HsdS” enzymes by
manipulating the CC398-1 S. aureus system (EKM Bower and DTFD, unpublished results).

Previously we have identified the target sequences recognised by several common community-
associated, hospital-associated and livestock-associated) MRSA clonal complexes (31,36) and
recently several more have been identified (3,35,40). Monk et al. (35) and Jones et al. (40) have used
this information to prepare DNA methylated by the MTase M,S; component enzymes to aid the
transformation of S. aureus strains that are usually resistant to transformation.

The identification of further targets recognised by the S subunits of Saul Type | RM systems would in
principle allow more CC to be transformed for genetic analysis. In addition, further understanding of
the structural requirements for TRDs to recognise different specific DNA sequences is of intense
interest as the Type | RM systems are very widespread in bacteria and archaea (1,4) and exert a
considerable pressure on HGT and the evolution of prokaryotes. For instance, the use of multiple
TRDs being exchanged between strains has been observed in Helicobacter (41), Mycoplasma (42,43),
Streptococci (44,45) and Bacteroides (46).

Here we identify many further TRDs and their targets using both biochemical and PacBio single-
molecule real-time (SMRT) sequencing methods to define the barriers to HGT in a wide range of S.
aureus CC of global importance.

Materials and Methods

Nomenclature for expression plasmids encoding new MTases.

As each Type | S subunit contains two TRDs and we propose to determine the targets recognised by
each TRD, we have given each TRD a single letter code, Table 1, and refer to the plasmids as
pSauTRD1-TRD2, e.g. pSauBl expresses an S subunit containing TRD B and TRD | and the M subunit. If
the TRD combination is the same as that found in a known clonal complex, then that CC is also given
in brackets. The MTase would be called M.SauBl in this example and the S subunit S.SauBl and is
from CC22. All sequences are given in the supplementary information.
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Preparation of M.SauBl (CC22-1), M.SauCD (CC30-1), M.SauJK (CC30-2) and M.SauCL (CC45-1).
These four MTases were prepared as EGFP-His tag fusions as described in Roberts et al. (31). pSauBI-
EGFP (CC22-1, genomic DNA from MRSA5906), pSauCD-EGFP (CC30-1, genomic DNA from MRSA252),
pSaulK-EGFP (CC30-2, genomic DNA from MRSA252) and pSauCL-EGFP (CC45-1, genomic DNA from
strain 70642) were all constructed by the polymerase chain reaction (PCR) with their hsdS fused to
DNA encoding EGFP and a His-tag, with the following locus-specific oligonucleotides priming from
the 3’ end of the genes encoding the S subunits:

CC22-1 BI BS 5’GATCGAATTCCGGATCCAATAAACATCTTTTGTAAAAACAC3’

CC30-1 CD BS 5’"GATCGAATTCCGGATCCTAAGAACATCTTTTGTAAAAAGG3’

CC30-2 JK BS 5’GATCGAATTCCGGATCCTATAAAAATTTTTTGAAGTAATCCTTG3’

CC45-1 CLR167K BS 5’GATCGAATTCCGGATCCAATAAACATCGATTTAAGTAAGGC3’

The sequence for CC45-1 introduced a single mutation R167K in the first TRD in the S subunit but
since this change is found in other S. aureus isolates containing this TRD, the change is presumed to
be completely neutral.

A new vector for MTase expression: pJF118his.

Although we had not experienced problems in examining the fusion proteins of S subunits and EGFP
in biochemical work, we decided to construct a vector encoding hsdS with only a C-terminal His-tag.
Vector pJF118his was made by PCR of the plasmid encoding the MTase CC5-1-EGFP constructed in
Roberts et al. (31) with these two oligonucleotides:

pJFMShisTS 5’AGCTTCGAGAGGATCCCATCATCATCATCATCATTAAGAATTCAGCTTGGCTGTTTTGGCGG3’
and pJFMSEGFPhisBS 5’"GAGTGAATCCCCGGGGATCCGTCGACC3'.

The resulting PCR product was cut with BamHI and unimolecular religation gave pJF118his into
which the hsdMS operon could be ligated as BamHI fragments and from which all subsequent MTase
clones were descended.

Construction of an MTase plasmid to allow TRD swaps: pSaudeltaXmal.

A PCR-based strategy was devised to allow free pairwise assortment of desired TRDs in HsdS. Many,
but not all of the HsdS subunits, including that encoded by the Type | system in CC398 (36), have a
predicted proline-glycine sequence near the N-terminus. This dipeptide can be encoded by CCCGGG,
which would be a target site for Smal or Xmal. Oligonucleotides were designed which would
introduce this motif in the N-terminus (a replacement with no amino acid changes) and at the C
terminus (an insertion of two amino acids) of the S subunit of the CC398 system (36), by a two stage
PCR fusion. Thus, primary PCR products were generated by reactions primed by: PromoterJF
5'GCTTCTGGCGTCAGGCAGCC3’ with 398SmalOligoBS
5’CCCATTCGCCTTCAAACCCGGGGAATCTCAACTCTGGCAC3' and 398SmalOligoTS
5'GTGCCAGAGTTGAGATTCCCCGGGTTTGAAGGCGAATGGG3’ with 398SmalBamHI
5'GATCGATCGGATCCCCCGGGAATAAACATCTTTTGAAGTAATGAC3'.

The purified PCR products were then fused in a secondary PCR reaction primed by PromoterJF with
398SmalBamHI. The product was then cut with BamHI, and ligated into the BamHI site of pJF118his
as pSauNE-Xmal. This mutated form of the CC398-1 MTase, could assemble the complete restriction
enzyme that proved to be active in endonucleolytic cleavage (36). This indicated that insertion of a
proline and glycine towards the C-terminus did not affect the function of the enzyme. Subsequently,
on reanalysing the DNA sequence, a single PCR mutation was discovered within the Xmal fragment.
This caused a mutation A50S but this clearly did not affect the specificity or function of the S subunit
in our assays. Digestion of pSauNE-Xmal with Xmal followed by intramolecular religation of the
vector fragment generates pSaudeltaXmal, into which any pairwise combination of TRDS with Xmal
cohesive ends may be inserted.
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Construction of MTases M.SauNI, M.SauND, M.SauNK, M.SauNL, M.SauBE, M.SauJE and M.SauCE
(ST425-1) containing hybrid S subunits.

The DNA for each TRD of these S subunits was fused to the DNA for the reciprocal TRD of S.SauNE
(CC398-1). This was achieved by creating primary PCRs with a short area of homology, which then
allowed base pairing of single strands of each PCR, in a secondary PCR. For example, S.SauBE TRD B
was generated from an appropriate plasmid template by PCR with oligonucleotides,
TRD1FOR398SmalOligoTS 5’ GTGCCAGAGTTGAGATTCCCCGGGTTTGAAGGCGAATGGG3’ paired with
TRD1nearuniversal 5’GTTCTTCTAATTCAATTTGT3’. TRD E was similarly generated by PCR from
plasmid template with oligonucleotides TRD2nearuniversal 5’ ACAAATTGAATTAGAAGAAC3’ and
398SmalBamHI 5’GATCGATCGGATCCCCCGGGAATAAACATCTTTTGAAGTAATGAC3'. The final insert
was then generated by PCR with the two gel-purified primary oligonucleotides and
TRD1FOR398SmalOligoTS 5’ GTGCCAGAGTTGAGATTCCCCGGGTTTGAAGGCGAATGGG3’ and
398SmalBamHI 5’GATCGATCGGATCCCCCGGGAATAAACATCTTTTGAAGTAATGAC3'. S.SauCL was the
only subunit for which we could not use the central universal oligonucleotides for PCR and required
specific substitutes: TRDLFOR/CC45-1
5’ACAAATTGAATTAGAAGAACAAAAACTTGAATTACTTCAACAACAG3’ and TRDC/CC45-1
5'GTTCTTCTAATTCAATTTGTCGATCGAGTTTGCTGAAGAAG3'. Each C-terminus is unique and where
TRD2 was not TRD E, a specific oligonucleotide was employed: TRDIREV/CC22-1c-termsmal
5'GATCGATCGGATCCCCCGGGAATAAACATCTTTTGTAAAAACAC3’, TRDDREV/CC30-1c-termsmal
5’GATCGATCGGATCCCCCGGGTAAGAACATCTTTTGTAAAAAGGATTG3’, TRDKREV/CC30-2c-termsmal
5’GATCGATCGGATCCCCCGGGTATAAAAATTTTTTGAAGTAATCCTTG3’ and TRDLREV/CC45-1c-termsmal
5'GATCGATCGGATCCCCCGGGAATAAACATCGATTTAAGTAAGGC3'. Each pure secondary PCR product
was cut with Xmal and ligated into the Xmal site of pSaudeltaXmal.

Construction of further MTases with further combinations of TRDs using synthetic genes.
Additional hsdS sequences were obtained as synthetic genes from GeneArt (ThermoFisher Scientific)
with sequences optimised for expression in E. coli (Supplementary information). All the first TRDs
begin with 5’"CCCGGGTTTGAAGGCGAATGGGAG3’, except that for CC80-2 which begins with
5'CCCGGGTTTGAAGGCGAATATTCT3'. All the first TRDs end with
5'CAAATTGAATTAGAAGAACAGAAGZ'. All the second TRDs begin with
3'CAAATTGAATTAGAAGAACAGAAGS’ and have a universal reverse oligonucleotide, Trd2unirev
5’GATCGATCGGATCCCCCGGG3'. These conserved sequences were used to create oligonucleotides to
prime PCR reactions. Each pure secondary PCR product was cut with Xmal and ligated into the Xmal
site of pSaudeltaXmal. The orientation of the fragments was determined by PCR.

Expression and purification of MTases.

These new MTases and the R subunit of CC5 were expressed in E. coli BL21(DE3) and purified via
HisTrap chromatography, size exclusion chromatography, diethylaminoethyl (DEAE) anion exchange
chromatography and, if necessary, Heparin HiTrap chromatography (GE Healthcare, Uppsala,
Sweden) as described previously (31).

Nuclease and ATPase assays.

Purified MTases were mixed with the CC5 R subunit and used in assays for ATP hydrolysis (ATPase)
activity (coupled enzyme assay following a change in absorbance of NADH) and DNA cleavage
activity (plasmid cutting assay with analysis via agarose gel electrophoresis) as previously described
(31,36).

Preparation of genomic DNA for SMRT sequencing.

The expression plasmids harbouring the various MTases were used to transform a non-methylating
(dam”dcm’) strain of E. coli ER2796 (30). Single colonies from the transformation plate of Lysogeny
Broth (LB) agar medium supplemented with 10 pg/ml kanamycin, 10 pug/ml tetracycline as well as

For Peer Review



©CoO~NOUTA,WNPE

247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296

Nucleic Acids Research Page 6 of 122

100 pg/ml carbenicillin, which acted as a selection marker for the expression construct, were picked
and used to inoculate 5 mL of LB containing the same cocktail of antibiotics. The cultures were
incubated overnight with shaking at 37°C and 1 mL aliquots of the overnight culture were then
pelleted by centrifugation (6000 g, 6 min, 4°C). The culture medium was carefully removed and the
cell pellets stored at -20°C until required. Genomic DNA was prepared from each cell pellet using the
Wizard Genomic DNA purification kit (Promega, Madison, WI) according to the manufacturer’s
instructions. The quality of the genomic DNA preparations was initially assessed by agarose gel
electrophoresis and from the shape of the absorbance profile from 240 to 340 nm. Genomic DNA
from S. aureus strains LGA251 (a kind gift from Mark Holmes) and NCTC13435 (a kind gift from
Angela Kearns) was prepared by using the PurElut Bacterial Genomic Kit (EdgeBio, Gaithersburg, MD
20877, USA). The DNA library for SMRT sequencing was prepared and subsequently analysed as
described in Anton et al. (30).

Methylation of plasmids using M.EcoGlI.

M.EcoGll was kindly supplied by Dr. lain Murray (New England Biolabs) and used to modify plasmids
E2, E5, E10, E11 and E12 previously described (31) and plasmid pCN36 (47). 0.45 ug DNA was
methylated using 2.0 U of M.EcoGlI for 100 min at 37°Cin a 50 pl volume. The reaction was in
1xNEB4 buffer (50 mM potassium acetate, 20 mM Tris acetate, 10 mM Mg acetate, 1 mM DTT (pH
7.9@25°C) supplemented with 320 uM S-adenosyl-L-methionine (SAM). As a negative control, DNA
was incubated in the same buffer without M.EcoGIIl. The DNA samples were then supplemented with
ATP (20 uM) and additional SAM (160 uM) and then digested with a Type | enzyme (CC5-1, CC5-2,
CC30-1, CC45-1 or the NY TRD hybrid) for 14 min at 37°C. As a control, methylated and
unmethylated DNA was digested with EcoRI.

Results and Discussion

Assigning TRDs to target sequences.

Each TRD was given a one letter code (A to Z and a* to f*), Table 1. There were 14 TRD1 examples
and 18 TRD2 examples in our survey and these are found in 17 different CC or ST groups. Table 1 lists
the target specificity and site of methylation for each TRD in our survey. These data were obtained
by pairing TRDs and determining the complete target for each TRD pair as described in the next
section and in full in the supplementary information. Of interest are the TRD pairs B and P and U and
c*. These pairs recognise the same DNA sequence namely AGG and GAY respectively. Amino acid
sequence comparisons of B with P and U with c* are shown in Figure 2.

TRD B and TRD P are virtually identical throughout the TRD region even though TRD B is the first TRD
in the HsdS subunit and TRD P is the second TRD in the HsdS subunit, Figure 2a. While the high level
of sequence identity is expected for Type | systems in the same family, the high level of identity
between TRDs found in the first or second position in the HsdS subunit is more unusual. However,
such a situation has previously been observed in comparisons of the Type | systems in Salmonella
blegdam and E. coli R124 (48).

In contrast, TRDs U and c* are both examples of the second TRD in the HsdS subunit recognising 5’-
GAY-3’ but the level of identity between them is much lower (~¥36%) (Figure 2b). This level of identity
between TRDs recognising the same target is expected if the TRDs are from different Type | RM
families so the low level of identity observed here is unusual. Despite this low level of sequence
identity, the predicted secondary structure elements are the same as expected from the early work
of Sturrock and Dryden (49). In fact, all of the TRDs in the Saul family of RM systems align well when
secondary structure elements are taken into consideration (50) and they will have the same protein
fold (Supplementary information: PROMALS alignments). Therefore, it should in future be possible
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to predict the precise amino acid to nucleotide contacts involved in sequence recognition as was
done for the Type IIG TRDs (51,52).

Determination of complete target sequences recognised by pairs of TRDs.

Tables 2, 3 and 4 show the TRD combinations investigated in this work and those investigated
previously by ourselves and others along with their combined target sequences, methylation
specificity and the methods used to determine these parameters. The full experimental data are
given in the supplementary information. Many of the TRDs were investigated in more than one
MTase and in more than one assay thus our set of data represents a self-consistent set. DNA
cleavage and ATP hydrolysis assays were performed on purified MTases mixed with purified R
subunit while SMRT data were collected from E. coli genomic DNA isolated after the hosts were
transformed with a plasmid expressing the MTase or directly from S. aureus genomic DNA. The
adenines targeted for methylation were determined easily by SMRT sequencing but for systems not
examined in this manner, it was assumed if there was a single adenine in the site recognised by the
TRD that this was the target for methylation.

Table 2 contains systems from a range of CC investigated previously as well as several examined in
this study. It is important to note that in our work those systems containing M.SauMRSII plus S.
SauMRSII, M.Sau1330RF1794P plus S.Sau1330RF1794P and M.SauMRSI plus S.SauMRSI are paired
with the HsdR (SauN3150RF189P) from the N315 strain of CC5 in DNA cleavage and ATPase assays.
Those shown in Tables 3 and 4 are studied as HsdS paired with the HsdM (M.SauSTORF499P) from
strain S0385 of CC398 and the HsdR (SauN3150RF189P) from the N315 strain of CC5 (if used in DNA
cleavage or ATPase assays). Therefore, these HsdS are not examined in the context of their natural
genome, but since they are all from the Saul family of Type | RM systems and the HsdM and HsdR of
these RM systems are essentially identical in all of the strains, it is reasonable to assume that the
target specificities identified are those that would be recognised in their natural host.

Identifying the complete target recognised by a member of the Saul Type | RM family when both
TRDs have unknown targets is difficult and ambiguous as either orientation may be correct. Hence,
we combined TRDs with unknown targets with TRD E or TRD N to make a protein recognising a
hybrid sequence in which one half of the target was already known(Table 3). A variety of methods
were used to determine the target associated with each hybrid including DNA cleavage and ATP
hydrolysis assays when the hybrid enzyme could be expressed and purified from E. coli and SMRT
sequencing when the expression and purification levels were low, for example, the SaulK enzyme
corresponding to the second Type | RM enzyme in CC30 did not express in E. coli despite its
expression in S. aureus by Monk et al. (35). The ambiguity in assignment of targets in CC93 in Monk
et al. (35) is resolved because the TRDs M and b* occur in more than one HsdS in our survey.

The DNA sequences for further pairs of TRDs found in a wide range of CC and ST groups were then
inserted after the hsdM of CC398-1 in our expression vector and examined to ascertain the spacer
sequence in the natural system (Table 4).

Genomic DNA from S. aureus strains NCTC13435 and LGA251 was prepared and examined using
SMRT sequencing as these strains contain two TRD pairs, XY and e*f* respectively, which we could
not express in E. coli. While SMRT signatures for the other Type | HsdS in these strains were very
clear (Supplementary information) and in agreement with our results from E. coli (Table 4) and those
of Monk et al. (35), these TRD pairs still showed no methylation activity even in their normal host.
Thus these TRDs pairs are not active.
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Analysis of spacer sequence length in S. aureus Type | RM systems.

It is apparent that the number of base pairs separating the adenines targeted for methylation and
the number of base pairs in the non-specific spacer between the sequences recognised by the TRDs
is not constant, with the former varying between 7 and 9 base pairs and the latter varying between 5
and 7 base pairs. This variation makes it very difficult to predict a Type | RM recognition sequence if
one knows only the targets recognised by the two TRDs as the length of the spacer in the target is
not recognised in any obvious manner by the TRDs. An example of this is the CC80-1 enzyme (Table
4) containing TRDs X and Y of known specificity. Since the enzyme did not methylate DNA in vivo for
the SMRT analysis, the spacer and hence the complete target for CC80-1 remain unknown until the
enzyme is purified and analysed biochemically. While it has been observed that insertions of
multiples of four amino acids into the alpha helical spacers separating the TRDs can increase the
length of the spacer in the target sequence in a predictable manner (65-67), it is clear from the
structure of HsdS subunits (Figure 1b) that the junction between the TRDs and the alpha helical
spacers in the conserved region is going to be of crucial importance for determining the fine details
of the length of the spacer in the target sequence as was found for some Type 11B RM enzymes
which contain a subunit equivalent to HsdS (68). Perhaps even single amino acid insertions or
deletions will serve to rotate the TRD with respect to the rest of the subunit and thereby change the
length of the spacer. Further progress in understanding the correlation between amino acid
sequence and the length of the target spacer would be greatly aided by an accurate atomic structure
of a Type | enzyme with DNA as the current models (12,13) lack sufficient resolution to be
informative on this point.

Linking TRDs pairs to further clonal complexes and sequence types.

After determining the recognition sequences for all of the TRDs in Table 1 by creating artificial
hybrids (Table 3) we also found that some of these TRD combinations do actually occur in natural
systems as given in Table 5 (and supplementary information) (69). As sequence databases expand,
more and more of the possible TRD combinations based on the TRDs in Table 1 will be found. As
mentioned above, although the sequences recognised by the TRDs are known, the length of the non-
specific spacer separating them is unknown so that the complete target cannot be specified
accurately without experimentation.

Further TRDs in S. aureus Type | RM systems.

Searching the publicly available sequences in the NCBI database with individual TRD sequences
revealed that some of those given in Table 1 can be found paired up with further novel TRDs. We
have found four new TRDs shown in Table 6 in S. aureus strains 21343 and KPL1845. Strain 21343
contains “NOVEL 1” paired with TRD K and the TRD pair NQ described in Table 6. Strain KPL1845 also
contains the TRD pair NQ and two further systems comprised of “NOVEL 2” paired with “NOVEL 3”
and “NOVEL 4” paired with TRD f*. Undoubtedly further TRDs will be found as sequencing continues.

Improving transformation of S. aureus by avoiding targets recognised by the Saul Type | RM family.
A general method of preparing DNA suitable for transformation of S. aureus which can overcome the
RM barrier should be possible. Several DNA MTases belonging to Type || RM systems have been
found which have extremely short target recognition sites, namely Hin1523, Nma1821 and Hia5 (70)
and EcoGll recognising and methylating adenine in the targets 5'-A-3', 5'-AB-3' or 5'-BA-3'. The
methylation performed by these enzymes should protect any DNA molecule from the RM enzymes
described here (or indeed any RM barrier relying upon adenine methylation). Thus, DNA methylated
in vitro with these unusual MTases could be used in subsequent transformation experiments even
when major RM barriers are present.

We used the M.EcoGll adenine MTase (a kind gift from lain Murray, New England Biolabs) to modify
all adenines in several plasmids in vitro. The plasmids were from our collection of plasmids used to
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determine the target sequences of the S. aureus Type | enzymes and have been previously described
(31). These plasmids were then mixed with various purified S. aureus Type | restriction enzymes or,
as a control, the EcoRl restriction enzyme. After one hour of methylation by M.EcoGll, the plasmids
were completely resistant to digestion by EcoRI and by the S. aureus restriction enzymes (Figure 3).
Furthermore, the shuttle vector pCN36 (47) was also protected from digestion by these same
enzymes (data not shown). Subsequent experiments using the methylated pCN36 to transform S.
aureus were unfortunately entirely unsuccessful (unpublished results by JAL using strains HO5096
(CC22), JE2 (CC8) and RN4220 (CC8, hsdR’). The reason for the failure of transformation with the
highly-methylated pCN36 when it should be resistant to all Saul RM systems is not clear. This result
may imply a further unrecognised barrier to transformation of S. aureus or some aspect of the
physical properties of highly methylated DNA. Nevertheless, the method using MTases with very
short target recognition sequences may be of use for transformation of other bacterial species.

CONCLUSIONS

In conclusion, we have determined the target recognition sequences of a considerable number of
TRDs and HsdS specificity subunits of the Type | RM systems in S. aureus. This was achieved using a
combination of gene synthesis, endonuclease activity, ATP hydrolysis activity and single molecule
real-time genome sequencing. The systems analysed cover a large proportion of the known
sequence types and clonal complexes of S. aureus and delineate more clearly the barrier to
horizontal gene transfer within the S. aureus population.

The data obtained here will allow the construction of new E. coli strains for preparing methylated
shuttle vectors (35) and MTase reagents for in vitro methylation of DNA (40) to assist transformation
of further S. aureus strains. However, these approaches are time consuming and it is worth noting
that the common shuttle vector used for transformation of S. aureus, pCN36 (47), contains a target
site for almost every TRD pair investigated in this paper. This means that pCN36 is inevitably a poor
vector for transformation of S. aureus. The construction of new shuttle vectors completely lacking
Saul targets via DNA synthesis, coupled with careful analysis of the fragments to be ligated into the
vector so that they also lack targets, may be an effective way forward to improve transformation of S.
aureus now that so many target specificities have been determined. Obviously, the avoidance of the
sequence ANg.oT, although difficult to achieve without altering protein coding sequences in a vector,
would be a general method to negate the effect of the Type | RM systems in S. aureus and other
prokaryotes.

Lastly, the determination of so many recognition sequences of Type | RM systems in different
lineages of S. aureus, in effect a “Rosetta Stone”, means that now the population structure of S.
aureus can be investigated from an epigenetic/evolutionary perspective (4) as performed previously
with, for example, H. pylori (71) and S. pneumoniae (72).
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Figure legends

Figure 1. S. aureus genomes showing the genes and the typical organisation of TRDs in the HsdS DNA
sequence specificity subunit. (a) Strain ED133 (CC133) has two hsdS; strain 11819-97 (CC80) has
three hsdS (CC80) and strain JKD6159 (CC93) contains an extra Type | RM system from a different
Type | RM family. From top to bottom: ED133, 11819-97, JKD6159. hsdR (red), hsdM (blue), hsdS
(yellow). (b) The structural organisation of the HsdS specificity subunit. The conserved regions (cr)
are common to all S subunits within a family. The two target recognition domains (TRD1 and TRD2)
define the target sequences recognised by the RM enzyme and can be swapped between S subunits
of the same family to generate new specificities.

Figure 2. Amino acid sequence and secondary structure alignment of two pairs of TRDs recognising
the same DNA target. The TRD sequences are highlighted in yellow. Consensus secondary structure
shows “h” for alpha helix and “e” for beta sheet. (a) TRDs B and P are examples of a first and a
second TRD respectively recognising 5'-AGG-3". (b) TRDs U and c* are both examples of second TRDs
with the same specificity, 5'-GAY-3'. The long predicted alpha helices at the start and the end of the
sequences are the conserved helical spacer regions in the HsdS subunits while the sequence
between these helices makes up the TRD.

Figure 3. General protection from endonuclease activity using M.EcoGll MTase to methylate all
adenines. Plasmid without M.EcoGlI treatment is digested (- lanes) but plasmid with M.EcoGlI
treatment is protected from digestion (+ lanes). Panel (a) uses Sau347| (CC45-1, TRDs Cand L)
restriction enzyme against plasmids E2, E5 and E10 described in (31). Panel (b) uses SauNY (TRDs N
and Y) against plasmids E10, E11 and E12 described in (31). Panel (c) uses three different enzymes,
SauN315I (CC5-1, TRDs B and D), SauN315I1 (CC5-2, TRDs A and H) and SauMRSII (CC30-1, TRDs C and
D), against plasmid E10. In each panel EcoRlI restriction enzyme was used as a control and markers
(M) are in kb.
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Table 1. TRD targets shown from 5’ to 3’. The underlined A indicates the site of adenine methylation. TRD pair B and P, and TRD pair U and c* recognise the same

DNA sequence and are highlighted in red. In the targets, Y=CorT; R=AorG,W=AorT,H=A, TorC N=A, G, TorC.

TRD1 code letter and

TRD2 code letter and

target target

A CCAY D ATC
B AGG E TCAY

c GWAG F TTAA

J GGA G ACA

M CAG H TAC
N ACC | YTCA
o) CAAC K CGA
R GARA L TTTA

T CAAG P AGG
Vv CNGA Q ACAY
X TCTA s GCA
z GAC U GAY
b* GGHA w CRAA
e* GAG Y CTA
a* GAA

c* GAY

d* CYAA

f* GAAY
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Table 2. The Saul RM systems with published recognition sequences. Target sites are shown from 5’ to 3’ with the length of the non-specific spacer shown as a
number. Underlined A or T indicates the site of adenine methylation on the top or bottom strands respectively. The experimental methods used are indicated as g =
target obtained by DNA cleavage with a purified enzyme, s = target obtained by SMRT sequencing of E. coli ER2796 genomic DNA, a = target obtained by ATPase
assay with a purified enzyme. Full details are given in the supplementary information. S.Saul330RF1794P is characterised in this work but is included here as it is
part of the RM system found in strain ED133. SauMRSI and SauMRSlII characterised by Monk et al. and S.SauSTORF499P characterised by Chen et al. are also
further characterised in this work.

Clonal Complex Recognition Suggested generic Experimental Reference for target specificit
Strain name and genome reference or S subunit name in REBASE s TRDs assigned g8 g P getsp ¥
sequence name method and method
Sequence Type
MW2 1 S.SauMW?2I CCAY-5-TTAA AF cc1-1 g s a a1
g
(53) S.SauMW2lI CCAY-6-TGT AG CC1-2 (CC8-2) g s, a 2 (36)
N315 5.SauN315l| CCAY-6-GTA AH Ccs-2 gs a s (CC8-1 and CC8-2 in strain
CC5 NRS384 are from ref. 35)
(54) S.SauN315l AGG-5-GAT BD CC5-1 (CC8-1) g s, a
s (35)
S.SauMRSlII GWAG-5-GAT CcD CC30-1 g s )
MRSA252 g, s (this work)
CC30
(55) s (35)
S.SauMRSI GGA-7-TCG JK CC30-2 s .
- - s (this work)
S.SaulKDIII GAAG-5-TAC Not a Saul system CC93-3 S > (35)_ .
JKD6159 or complement Note the ambiguity in
CC93 % assigning CC93-1 and CC93-3 is
(56) S.SaulKDII GGHA-7-TCG b*K CC93-2 s clarified with strains ED133
S.SaulJKDI CAG-6-TTC Ma* CC93-1 s and 32320 and from Table 3.
ED133 cc133 S.Sau1330RF451P CAG-5-RTGA ME CC133-1 g g (36)
(57) S.Sau1330RF1794P GGA-7-TTRG Jd* CC133-2 s s (this work)
32320
(58) CC133 S.Sau323200RFAP CAG-5-RTGA ME CC133-1 g g (36)
50385 CC398 S.SauSTORF499P ACC-5-RTGA NE CC398-1 g s g.(36)
(59) s (this work)
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Table 3. The “artificial” Saul systems containing novel pairings of TRDs. Target sites are shown from 5’ to 3’ with the length of the non-specific spacer shown as a
number. Underlined A or T indicates the site of adenine methylation on the top or bottom strands respectively. The experimental methods used are indicated as g =
target obtained by DNA cleavage with a purified enzyme, s = target obtained by SMRT sequencing of E. coli ER2796 genomic DNA, a = target obtained by ATPase

©CoO~NOUTA,WNPE

e
[Ny
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S D
O

assay with a purified enzyme. Full details are given in the supplementary information.

“Artificial” Saul RM systems.

Recognition sequence |TRDs assigned |Experimental method | |[Recognition sequence [TRDs assigned |Experimental method
AGG-5-RTGA BE a ACC-6-TTC Na* 5
GGA-6-RTGA JE g s ACC-6-RTC Nc* S
ACC-6-TGAR NI g ACC-6-TTRG Nd* g s

ACC-6-TCG NK g GARA-6-RTGA RE 5
ACC-6-TAAA NL g CAAG-5-RTGA TE s
ACC-5-CCT NP s CNGA-6-RTGA VE 5
ACC-5-RTGT NQ gs TCTA-6-RTGA XE gs
ACC-6-TGC NS s GAC-5-RTGA ZE a
ACC-5-RTC NU g s GAC-6-TGC z5 a
ACC-6-TTYG NW g s GGHA-6-RTGA b*E s
ACC-6-TAG NY g s GAG-6-RTGA e*E g s
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Table 4. The Saul RM systems investigated in this project. Target sites are shown from 5’ to 3’ with the length of the non-specific spacer shown as a number.
Underlined A or T indicates the site of adenine methylation on the top or bottom strands respectively. TRD pair e*f* in strain LGA251 was not cloned in E. coli while
TRD pair XY was cloned. However, no target modification was observed using SMRT on genomic DNA from either E. coli or S. aureus for these TRD pairs. If the genes
are translated, their target is inferred from other TRDs in this table although the spacer length remains undefined. The experimental methods used are indicated as
g = target obtained by DNA cleavage with a purified enzyme, s = target obtained by SMRT sequencing of E. coli ER2796 genomic DNA, s* = target obtained by SMRT
sequencing of S. aureus genomic DNA, a = target obtained by ATPase assay with a purified enzyme. Full details are given in the supplementary information.

strain name and Clonal Complex or S subunit name in REBASE |Recognition sequence | TRDs assigned |Suggested generic name Experimental method
genome reference Sequence Type
CC()5187)91 cco7 S.5auC017910RFAP CCAY-6-RTC Ac* CC97-1 s
H?GS(()))% CcCc22 S.Sau5096! AGG-6-TGAR Bl CC22-1 g s
S.Sau251I GWAG-5-RTGA CE ST425-1 g, s*
LGA251 STa25 S.Sau2510RF16900P GAG-?-RTTC e*f* ST425-2 Not expressed, no signature with s*.
(61)
S.Sau251l1 GAAG-5-TAC Not a Saul system Same as CC93-3 s*
or complement
Isolate 3
(19) CC51 S.SauL30RFAP GGA-6-CCT JP CC51-1 S
'50'3(289?067 ccas $.5au347| GWAG-6-TAAA cL CCa5-1 g
'5°'a(tleg)315° cc1s $.5aul3150RFAP CAAC-5-RTGA OE cC15-1 s
SA40
(62) CC59 S.SauSA400RF370P GGA-6-RTGT Q CC59-1 a
CN1 S.SauCN10RF415P GARA-6-RTGT RQ CC72-1 a
CC72
(63) $.5auCN10RF1757P GGA-7-TGC 1S cC72-2 a
MSHR1132 cors S.Sau11320RF3780P CAAG-5-RTC TU CC75-1 g
(64) 5.5au11320RF16570P CNGA-7-TTYG VW €C75-2 s
2 - i i *
NCTC13435 S.Saul134350RF394P TCTA-?-TAG XY ST80-1 Not expressed, no signature with s or s*.
NCBI Biosample identifier: ST80 S.Saul34350RF1751P GAC-6-TTYG W ST80-2 a, s*
SAMEA2479566 S.Saul34350RF2165P TCTA-6-RTTC Xf* ST80-3 s, s*
32326
(58) CC873 S.Sau323260RFAP GAG-6-GAT e*D Ccc873-1 a
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Table 5. Further TRD pairs found in sequenced strains of S. aureus. Every pair of TRD1 with TRD2 in table 1 was used in a BLASTP sequence search to identify HsdS

subunit sequences in publicly accessible databases. Examples of strains containing these TRD pairs are shown. ST and CC are from the PATRIC database (69) or
derived using www.cbs.dtu.dk/services/MLST (73). Some TRD pairs are present in many strains while others are rare.

TRD pair Example Strain Clonal Complex or i REBASE name
Sequence Type of example strain
AD FDAARGOS_159 ST5 S.Saul590RF12345P
AL K12S0375 ST692 S.Sau3750RFDP
AU S. schweitzeri FSA084 - S.SauFSA0840RF355P
AW FDA209P ST464 S.Sau2090RF1697P
BG MRSN8611 ST8 S.Sau86110RF11430P
BH PLAC6019 ST5 S.Sau60190RF851P
BU SA-083 ST101 S.Sau0830RF9680P
BY S. argenteus M260-MSHR - S.SarM2600RF2316P
Bf* SA-083 ST101 S.Sau0830RF1720P
JE Tager 104 ST49 S.Saul040RF1102P
JL W56227 ST45 S.Sau562270RF970P
JW ClG290 ST45 S.SauCIG2900RF2408P
JW APS211 ST45 S.SauAPS2110RF9230P
Mw FSA037 ST1872 S.SauFSA0370RF2487P
NQ KPL1845 ST96 S.Saul8450RF2596P
Of* USA300-TCH959 ST1159 S.SauTCH9590RF2844P
Rf* Tager 104 ST49 S.5aul040RF2433P
TY M21126 ST2250 S.Sau211260RF1065P
XF 21334 ST109, CC9 S.Sau213340RF1353P
XF RKI4 ST27 S.SauRKI4ORF1905P
Xw 103564 ST80-PVL carrier S.5au1035640RF678P
Y D139 ST145 S.SauD1390RF2470P
b*W ST20130941 CC15 S.Sau9410RF4310P
exf* SA-120 ST425 S.Saul200RF4875P
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Table 6. New TRD pairs associated with pairs shown in Tables 2, 3 and 4. The new TRDs of unknown specificity are termed NOVEL 1, NOVEL 2, NOVEL 3 and NOVEL
4. TRD NOVEL 3 is a second TRD while the others are first TRDs in the HsdS amino acid sequence. Subspecies 21343 and species KPL1845 also contain S.SauNQ
(5.5au213430RF1169P and S.Saul8450RF2596P respectively).

Subspecies 21343 Bioproject accession: PRJINA53699

> 5.5au213430RF2597P TRD NOVEL 1 + TRD K
MSNTQKKNVPELRFPGFEGEWEEKKLGEVATFAKGKLGAKKDVSONGVPVILYGELYTKYGAIVSKIFSKTDIPENKLKMAKKNDVLIPSSGETAIDIATASCIYLNKGVAVGGDINILTPOQKQDGRFISLSIN
GINKNELSKYAQGKTVVHLYNNDIKNLKIAFPSEFEEQVRIGNFFSKLDRQIELEEQKLELLQQQOKKGYMQKIFSQELRFKDENGNDY PKWEEKKIEDIASQVYGGGTPNTKIKEFWNGDIPWIQSSDVKVNDL
ILQQCNKFISKNSIELSSAKLIPANSIAIVTRVGVGKLCLVEFDYATSQDFLSLSSLKYDKLYSLYSLLYTMKKISANLQGTSIKGITKKELLDSIIKIPHNLEEQOQKIGDLFYKIDKYISFNKCKIEILKSLK
QGLLKKMFI

Species KPL1845. Bioproject accession: PRJINA169473

> S5.5aul8450RF1619P TRD NOVEL 2 + NOVEL 3
MTEQINTPELRFPEFKNEWSYDLVSDVVTNKSKKEFDPKKEEAKKDIELDSIEQNTGRLLDTYISNDFTSQKNKEFNKGNVLYSKLRPYLNKYYYATIDGVCSSEIWVLNTLNKDVLANKFLYYFIQTNRFSSVTN
KSAGSKMPRADWELVKNIRLYKGSIEEQEKIGYFFSKLDRQIELEEKKLELLEQOKKGYMOKIFAQELRFKDENGNDYPDWVTKKLGDIGKVAMNKRIYKNETTENGEIPFYKIGNEFGKNADTFITREKFDEYK
EKYPYPNVGDILISASGSIGRTIEYTGEDAYYQDSNIVWLNHNDEVINKYLKYFYKIVKWSGIEGTTIKRLYNKNILNTKIELPTVEEQYKMANFLSKLDKIIDIQIEKIELLKQRKQGLLQKMEV

> 5.5aul8450RF2199P TRD NOVEL 4 + TRD f*
MSNTQKKNVPELRFPEFEGEWKDVKEVSIFQEVSNKTSDLAKYPLESLTVEKGITPKTERYKRDFLVKKSDNFKIVEPRDIVYNPMNVTLGAIDLSKYNYDIALSGYYHVMKIINSEFNPDFISNFLKTEKMITH
YKKIATGSLMEKQRVHFSEFKNIIKKFPTNKEQQKIGDFFSKLDRQIELQVOKLELLQOQOKKGYMOKIFSQELRFKDENGEDY PDWKEKKLGDITEQSMYGIGASATREFDSKNIYIRITDIDEKSRKLNYONLT
TPDELNNKYKLKRNDILFARTGASTGKSYIHKEEKDIYNYYFAGFLIKFEIDEQNNPLEIYQFTLTSKENKWVKVMSVRSGOQPGINSEEYAKLPLVLPNKLEQOQKIAEFLDRFDQOQIELEKQKIEILQQOKKGL
LQSMFI

For Peer Review




©CoO~NOUTA,WNPE

Nucleic Acids Research Page 26 of 122

SUPPLEMENTARY INFORMATION
DNA target recognition domains in the Type I
restriction/modification systems of Staphylococcus aureus.

Laurie P. Cooper, Gareth A. Roberts, John H. White, Yvette Luyten,
Edward K.M. Bower, Richard D. Morgan, Richard J. Roberts, Jodi A.
Lindsay, David T.F. Dryden.

Pages

Pages

2

4

SECTION
of TRDs

Pages
Pages

Pages
Pages

Pages

10

17

58
86

92

and 3: SUPPLEMENTARY INFORMATION FOR TABLE 1.

to 9: Supplementary information for MATERIALS AND METHODS
“Construction of further MTases with further combinations
using synthetic genes.”

to

to

to
to

to

16:

57:

85:
91:

97:

SUPPLEMENTARY INFORMATION FOR TABLE 2.
SUPPLEMENTARY INFORMATION FOR TABLE 3.

SUPPLEMENTARY INFORMATION FOR TABLE 4
SUPPLEMENTARY INFORMATION FOR TABLES 5 AND 6.

PROMALS ALIGNMENT OF TRD AMINO ACID SEQUENCES WITH

SECONDARY STRUCTURE PREDICTIONS.

For Peer Review



Page 27 of 122 Nucleic Acids Research

0
1
2
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

PRPRPOO~NOOUOPRAWDNPE

SUPPLEMENTARY INFORMATION FOR TABLE 1.

The amino acid sequences in FASTA format of the first TRD with its
letter code, DNA target (5’ to 3’) and methylation site underlined.
The TRDs labelled as NOVEL 1, NOVEL 2 and NOVEL 4 were found once
all of the other TRDs had been analysed but are included in this
list for completeness.

The TRD sequences are flanked by the conserved regions so to

obtain the amino acid sequence of any HsdS subunit simply paste

the sequence for the second TRD directly on to the end of the
sequence for the first TRD.

>A CCAY
MSNTQKKNVPELRFPGFEGEWEEKQLGDLTTKIGSGKTPKGGSENYTNKGI PFLRSONIRNGKLNLNDLVY I SKDIDDEMKNSRTYYGDVLLNITGASIG
RTAINSIVETHANLNQHVCIIRLKKEYYYIFFGQYLLSRKGKRKIFLAQSGGSREGLNFKEIANLKIFTPTIFEEQQKIGKFFSKLDRQIELEEQKLELL
000

>B AGG
MSNTQKKNVPELRFPGFEGEWEEKQLGDLTDRYVIRKNKNLESKKPLTISGQLGLIDQTEYFSKSVSSKNLENYTLIKNGEFAYNKSYSNGYPLGAIKRLT
RYDSGVLSSLYICFSIKSEMSKDFMEAYFDSTHWYREVSGIAVEGARNHGLLNVSVNDFFTILIKYPSLEEQQKIGKFFSKLDRQIELEEQKLELLQQQ
>C GWAG
MSNTQTKNVPELRFPGFEGEWEEKQVGELLEFKNGLNKGKEYFGSGSS IVNFKDVENNRS INTNNLTGKVNVNSKELKNYSVEKGDVFFTRTSEVIGEIG
YPSVILNDPENTVFSGFVLRGRPKSGIDLINNNFKRYVFFTNSFRKEMI TKSSMTTRALTSGTATNKMKVTY PVSAKEQKK I GDFFSKLDRQTELEEQKT,
ELLOQQ

>J GGA

MSNTQKKNVPELRF PEFEGEWEERKLGDL IKVNSGKDYKHLDKGDI PVYGTGGYMTSVSEPLSEIDAVGIGRKGT INKPYLLEAPFWTVDTLEFYCT PEKE
ADILFILSLFRKINWKLYDESTGVPSLSKQTINKINRLVPTNKEQQKIGEFFSKLDRQIELEEQKLELLOQQ

>M CAG

MSNTQTKNVPELRFPGFEGEWEEKKLEDLGLFQKSYSFSRAKEGNGKTKHIHYGDIHSKFKTVLDSDGNIPNI IEKAVFELIQKGDIVFADASEDYSDLG
KAVMIDFEPNSLISGLHTHLFRPLNNATSNFLIFYTKTLSYKKFTRQQGTGI SVLGT SKKSLLNLNVLI PRSELEQQKT GQFFSKLDRQTELEEQKLELL
QQQ

>N ACC
MSNTQKKNVPELRFPGFEGEWEEKKLGEFAGKVTOKNVDKKY IETLTNSAELGI I SQKDYFDKE I SNIDNIKKYYVVEENDFVYNPRMSNYAPFGPVNRN
KLGKKGVMSPLYTVFKIQNTDLNFIEFYFKSSKWYRFMALNGDSGARADRFS TKDRTFMEMPTLHT PCMDEQTKIGQFFSKLDRQTELEEQKLELLQQQ

>0 CAAC
MSNKQKKNVPELRFPGFEGEWEEKKLGEVGTFTSGGTPLKSKSEYWNGDI PWITTGDIHNIKRENI TNF I TEKGLNESSAKLITNEATLTAMYGQGKTRG
MSATLNFEATTNQACATYQTNONINFVFQYFQOKLYEFLRSLSNEGSQKNLSLSLLKEI TLNY PNEQEQKK I GDFFSKLDRQIELEEQKLELLQQQ

>R GARA
MSNTQKKNVPELRFPGFEGEWEEKKLGEVAKIYDGTHQTPKYTNEGIKFLSVENIKTLNSSKYISEEAFEKEFKIRPEFGDILMTRIGDIGTPNIVSSNE
KFAYYVSLALLKTKNLNSYFLKNLILSSSTQNELWRKTLHVAFPKKINKNETGKIKINYPKKQEQQOK I GOFFSKLDRQTELEEQKLELLOQQ

>T CAAG
MSNTQTKNVPELRFPGFEGEWEEKELGEIFQIISGSTPLKSNKEFYENGNINWVKTTDLNNSKVTHSKEKI TEYAMKS LKLKLVPKNSVLIAMYGGFNQT
GRTGLLKIDATINQAISALLMNHETNPEFIQAFLNYQVKGWKRYAASSRKDPNITKKDIEQFKVPYVSINEQQKIGEFFSKIDHQIELEEQKLELLQQQ
>V CNGA

MSNTGKMNVPELRFPGFEGEWEEKELRELRNPKDKYSYTGGPFGSDLKKSDYTTDGIQT IQLONIGDGYFYNSNKVEFTSNEKAEVLKSCNVEPGDIVIAK
MADPIARAAIVPDNNIGKYLMASDGIRLSVDTVHENTKFVLECINRKSFRKKVEDNSSGSTRMRIGLSTLGSLTLKTTTLKEQQKIGQFFSKLDRQIVLE
EQKLELLQQQ

>X TCTA
MSNTQKKNVPELRFPGFEGEWEEKQFADFTKINQGLQIATNERKTEYSPELYFY I TNEFLRPNSQTKYF IENPPQSVIANKEDT LMTRTGNTGKVVTNVE
GAFHNNFFKTKFDKNLYDRLFLVEVLNSSKIQNKILSLAGSSTIPDLNHSDFYSTSSSYPLLREQQKIGKFFSKLDRQTELEEQKLELLQQQ

>7 GAC
MSNTQTKNVPELRFPGFEGEYSLDIFGNLATNKSEKFNPQNENASIDIELDCIEQNTGRLIKIYNSKEFSSQKNKFNPONVLYGKLRPYLNKYYFTKKSG
VCSSEIWVLKSTKEDKLLNLFLYYFIQTKRYSDVASKSAGSKMPRADWGL IENTRVYFPELCEQQKIGOFFSKLDRQTELEEQKLELLOQQ

>b* GGHA
MSNTQKKNAPELRFPEFEGEWKEKKLEDTLEFIKDGTHGTHENVNNGPWLLSAKNIKNNKIIISSDDRKISESDYKKIYKNYKLEKGDLLLTIVGTIGRA
AIVKNPNNIAFQRSVAILKTKATYDVGFIFQLFQTKYFKNLLLRKQVVSAQPGLYLGDIRKIKISITNI IEEQRKIGIFFSKLDRQIELEEQKLELLQQQ
>e* GAG

MSNTQKKNVPELRFPGFEGEWEEKS I SSFLKESKIKGSNGSHAKKLTVKLWGKGVVPKKETFKGSDNTQY YKRKAGQLMYGKLDFLNCAFGIVPDSTNNY
ESTIDSPSFDFINGDSKFLLERIKLKSFYKKFGDIANGSRKAKRINQDTFLSLPVFAPKYDEQLRIGEFFSKLDRQIELQKQKLELLQQQ

>NOVEL 1
MSNTQKKNVPELRFPGFEGEWEEKKLGEVATFAKGKLGAKKDVSONGVPVILYGELYTKYGATVSKI FSKTDI PENKLKMAKKNDVL T PSSGETATDIAT
ASCIYLNKGVAVGGDINILTPQKQDGRFISLSINGINKNELSKYAQGKTVVHLYNNDIKNLKIAFPSEFEEQVRIGNFFSKLDRQIELEEQKLELLQQQ
>NOVEL 2
MSNTQKKNVPELRFPEFEGEWKDVKEVS IFQEVSNKTSDLAKY PLFSLTVEKGI TPKTERYKRDFLVKKSDNFKIVEPRDIVYNPMNVTLGAIDLSKYNY
DIALSGYYHVMKI INSFNPDFISNFLKTEKMI THYKKTATGSLMEKQRVHFSEFKNT IKKFPTNKEQQK I GDFFSKLDRQTELQVQKLELLQQQ
>NOVEL 4
MTEQINTPELRFPEFKNEWSYDLVSDVVTINKSKKFDPKKEEAKKDIELDS IEQNTGRLLDTY I SNDFTSQKNKFNKGNVLYSKLRPYLNKYYYATIDGVC
SSEIWVLNTLNKDVLANKFLYYFIQTNRFSSVTNKSAGSKMPRADWELVKNIRLYKGSIEEQEKIGYFFSKLDRQIELEEKKLELLEQQQ
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The amino acid sequences in FASTA format of the second TRD with
its letter code, DNA target (5’ to 3’) and its methylation site
underlined. The TRD labelled as NOVEL 3 was found once all of the
other TRDs had been analysed but is included in this list for
completeness.

>D ATC
KKGYMQKIFSQELRFKDENGEDYPHWENSKIEKYLKERNERSDKGQMLSVTINSGIIKFSELDRKDNSSKNKSNYKVVRKNDIAYNSMRMWQGASGKSNY
NGIVSPAYTVLYPTQNTSSLFIGYKFKTHRMIHKFKINSQGLTSDTWNLKYKQLKNINIDIPVLEEQEKIGDFFKKMDILISKQKIKIEILEKEKQSFLQ
KMFL

>E TCAY
KKGYMQOKIFSQELRFKDENGNDYPEWEETTIKEIAQINXGKKDTKDAITNGSYDFYVRSPIVYKINTFSYEGEAILTVGDGVGVGKVFHYVNGKFDYHQR
VYKISDFKNYYGLLLFYYFSQNFLKETKKYSAKTSVDSVRKDMIANMKVPRPIYIEQKKIGQFIKRVDNKTKIQKQVIELLKQRKKALLQKME T

>F TTAA
KKGYMQOKIFSQELRFKDEEGKDYPDWKSKSIQEIFENKGGTALETEFNFDGNYKVISIGSYSINSTYNDONIRVNKNKKTEKY ILSKGDLAMVLNDKTKD
GKIIGRSIFIDKDNQYIYNQRTERLIPFAENDNKFLWEFLMNTDLIRNKIKGMMQGATQVYINYSSIKLISIQLPLLEEQQKIRGFLEVLSGITTKQLHKI
DQLKERKKAFLQOKMF T

>G ACA
KKGYMQOKIFTQELRFKDENGEEYPEWENKFIKDIFIFENNRRKPITSSLREKGLYPYYGATGIIDYVKDYLFNNEERLLIGEDGAKWGQFETSSFIANGQ
YWVNNHAHVVKSNDHNLFFMNYYLNFKELRAFVTGNAPAKLTHANLCNINLKIPCLTEQDKVSALLKS IDNKMNNQMNRIELLKERKKELLQKMF I

>H TAC

KKCYTIQKIFSQELRFKDEEGNYYKGWNKKQLKDVLEFSNKRT INENEYPVLTSSRQGLILQSDYYKDRKTFAESNIGYFILPKNHITYRSRSDDGI FKEN
LNLMIDVGITISKYYPVFKGIDANQYYLTLHLNYQLKKEYIKYATGTSQLVLSQKDLONIKTKLPSYEEQQKIGDFFSEIDRLVEKQSSKVGRLKVRKKEL
LOKMEV

>I YTCA
KKGYMOKIFSQELRFKNENGNDYPDWERIKFEFDVIDKVIDFRGRTPKKLNMEWSDEGY LALSAVNVKKGY IDFNVEAKYGNLDLY TRWMRGNELYKGQVL
FTTEAPMGNVAQVPDNKGYILSQRTIAFNSNEKITDNFLASLLSSENVYNDLLKLCSGATAKGVSQKNLNRLYVTIPHSISEQEETAEFFRKINQLVELQ
KYKIEHTKSQKQVFLQKMEFT

>K CGA

KKGYMOKIFSQELRFKDENGNDY PKWEEKKIEDIASQVYGGGTPNTKIKEFWNGDIPWIQSSDVKVNDLILOQQCNKFISKNSTELSSAKLIPANSIATIVT
RVGVGKLCLVEFDYATSQDFLSLSSLKYDKLYSLYSLLYTMKKISANLOQGTSIKGITKKELLDSTIIKIPHNLEEQQKIGDLFYKIDKY ISFNKCKIEMLK
SLKQGLLKKMFI

>L TTTA
KKGYMOKIFSQELRFKDENGNDYPNWRTIELKNILENIVDNRGKTPDNAPSEKYPLLEVNALGYYRPAYIKVSKFVSENTYNNWEFREHLKENDILESTVG
NTGIVSLMDNYKAVIAQNIVGLRVNNNNLPSFIYYMLSYKGNQKKIKRIQMGAVQPSVKVSQFKFIKYLVPIKDEQEKVAKLLIEIDKLVNKQLIKIELL
QORKKALLKSMFT

>P AGG
KKGYMQKIFSQELRFKDESGNDYPDWEEKELGEVADRVIRKNKNFESKKPLTISGQLGLIDQTEYFSKSVSSKNLENY TLIKNGEFAYNKSYSNGYPLGA
IKRLTRYDSGVLSSLYICFSIKSEMSKDFMEAYFDSTHWYREVSGIAVEGARNHGLLNISVNDFFTILIKYPSLEEQRKIGDFFIKLDRQIELEEQKLEL
LOQRKKALLKSMLT

>Q ACAY
KKGYMQKIFSQELRFKDENGEDYSEWEERRFADIFKFHNKLRKPIKENLRVKGSYPYYGATGIIDYVDDFIFDGNYLLIGEDGANIITRSAPLVYLVNGK
FWVNNHAHILSPLNGNIQYLYQVAELVNYEKYNTGTAQPKLNIQNLKIINVVISTNLEEQOKIGSFLSKLDRQIDLEEQKLELLQQRKKALLKSMEV

>S GCA
KKGYMQKIFSQELRFKDENGNDYPDWTNERLGEVTTVTMGQSPKSVNYTDNSNDTVLIQGNADIENGLINPRIYTREVTKLIQKDEI ILTVRAPVGKLAM
AQINACIGRGVCSIKGDKFLYYFLEWFATONKWIRFSQGSTFESISGNDIRNIHIKIPVEDERTKIIKLLNSLDVLNSKTDLKIQNLKQRKQSLLOKIFV
>U GAY
KKGYMOKIFSQELRFKDENGEDYPDWEVTTIQNITKYTSSKKSSNQYADKDNSKGYPVYDAVQEIGKDSNYDIEESYISTILKDGAGVGRLNLRPGKSSVI
GTMGYIQSNNVDIEFLYYRMKVVDFKKYIIGSTIPHLYFKDYSKETLYIPSSIQEQAKIGMFISNLDKLIENKNLKLNCLKQLKQGLLQSMFT

>W CRAA
KKGYMOKIFSQELRFKDENGNDYPDWEEKQLGELSQIVRGASPRPIKDPKWENKESDIGWLRISDVTNONGKIYHLEQKLSTEGQEKTRVLVTTHLLLST
AASTGKPVMNFVKTGVHDGFLIFLKPKENLFFMYYWLEYFKDKWSKYGQPGSQVNLNSEIVKSQTLNMPSNHEQEKVGQFFNRNEKLIELQQEKIMY IKR
CKQVLLQKMFI

>Y CTA

KKGYMOKIFSQELRFKDENGNDY PDWEKKKLKETACVYTGNTPSKKENIYWNKGEYVWVTPTDINNSKNIYESENKLTQEGYKKARQLPENTLLVTCIAS
IGKNATILRKQGSCNQQINAVVPFENINIDYLYYISDSLSTFMKSIAGKTATQIVNKNTFENLEIYLAPFEEQNKIADLISSLEELTEKQASKLIKMKSRK
QGMLQIMFI

>a* GAA
KKGYMQOKIFSQELRFKDENGNDYPEWENKRIEDIANVNKGETPSTNNNEYWDNNDKNWLS TAGMNQKYLYKGNKGI SKDAAKNYMKVKNDTLIMSFKLTI
GKLAIVKAPLYTNEAICHFIWKVNKINTEFIYYYLNSLNISTFGVQAVKGVTLNNDSINSIIVKLPNEEEQNTI TAKFLLEVDKTVNNQLVKTKLLKQRKK
GLLQRMEV

>c* GAY
KKGYLOKIFSQELRFKDENGNDYPEWRFARFKDFMYKPINIRPAINISKSELLTVKLHCKGIEKANINRVLKLGATNYYKRFEGQFIYGKQONFFNGAFDI
VPKKFDGLYSSSDVPAFEINTEKIEPNYFISYISRPSFYKSKEKYSTGTGSKRIHENTVLNFSLHLPCLNEQLKIASFVCFLNRKIELLERKIYLIKKQK
QALLOOMFT

>d* CYAA
KKGYMOKIFSQELRFKDENGNDYPEWENVMLOKVLKDKTEGIKRGPFGGALKKDIFVESGYAVYEQRNATYDISNFRYYINENKYKEMQSEFSVQPNDIIM
SCSGTIGRLALIPHNYTKGIINQALTIRFRTNHKIRSEFFLIFMRSNOQMORKILEANPGSAITNLVPVKELKLIPFPLPVKFEQDKISQFTHIINRRIEQS
EKKIESLKNRKQGFLQKLEV

>f* GRAAY
KKGYMQOKIFSQELRFKDENGEDYPDWKEKKLGDITEQSMYGIGASATRFDSKNIYIRITDIDEKSRKLNYQNLTTPDELNNKYKLKRNDILFARTGASTG
KSYTHKEEKDIYNYYFAGFLIKFKINEQNSPLFIYQFTLTSKENKWVKVMSVRSGQPGINSEEYAKLPLVLPNKLEQQKTIAKFLDRFDRQIELEKQKIET
LOQOKKGLLQSMF T

>NOVEL 3

KKGYMOKIFAQELRFKDENGNDYPDWVTKKLGDIGKVAMNKRIYKNETTENGEI PFYKIGNFGKNADTFITREKFDEYKEKYPYPNVGDILISASGSIGR
TIEYTGEDAYYQDSNIVWLNHNDEVINKYLKYFYKIVKWSGIEGTTIKRLYNKNILNTKIELPTVEEQYKMANFLSKLDKITIDIQIEKIELLKQRKQGLL
QKMEV
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SUPPLEMENTARY INFORMATION FOR MATERIALS AND METHODS SECTION
“CONSTRUCTION OF FURTHER MTASES WITH FURTHER COMBINATIONS OF TRDS
USING SYNTHETIC GENES.”

The DNA sequence is followed by the predicted amino acid sequence
for each TRD. Some synthetic sequences encoded two TRDs.

CC1l5 TRD O
CCCGGGTTTGAAGGCGAATGGGAGGAAAAAAAACTGGGTGAAGTTGGCACCTTTACCAGCGGTGGC
ACTCCGCTGAAAAGCAAAAGCGAATATTGGAATGGTGATATTCCGTGGATTACCACAGGCGATATT
CATAACATTAAACGCGAAAACATCACCAACTTTATCACCGAAAAAGGCCTGAATGAAAGCAGCGCA
AAACTGATTACCAATGAAGCAATTCTGATTGCCATGTATGGTCAGGGTAAAACCCGTGGTATGAGC
GCCATTCTGAATTTTGAAGCAACCACCAATCAGGCCTGTGCAATTTATCAGACAAACCAGAACATC
AACTTCGTGTTCCAGTATTTCCAGAAACTGTATGAATTTCTGCGTAGCCTGAGCAATGAAGGTAGC
CAGAAAAATCTGAGCCTGAGCCTGCTGAAAGAAATTACCCTGAATTATCCGAACGAGCAAGAACAG
AAAAAAATCGGCGATTTCTTCAGCAAACTGGATCGTCAAATTGAATTAGAAGAACAGAAG

CC1l5 TRD O
PGFEGEWEEKKLGEVGTFTSGGTPLKSKSEYWNGDIPWITTGDIHNIKRENITNFITEKGLNESSA
KLITNEAILIAMYGQGKTRGMSAILNFEATTNQACAIYQTNONINEVEQYFOKLYEFLRSLSNEGS
QOKNLSLSLLKEITLNYPNEQEQKKIGDEFFSKLDRQIELEEQK

CC51 TRD P
CAAATTGAATTAGAAGAACAGAAGCTGGAACTGTTTCAGCAGCAGAAAAAAGGCTATATGCAGAAA
ATCTTTAGCCAAGAGCTGCGCTTTAAAGATGAAAGCGGTAATGATTATCCGGATTGGGAAGAARAAA
GAACTGGGTGAAGTTGCAGATCGTGTGATTCGTAAAAACAAAAACTTTGAAAGCAAAAAACCGCTG
ACCATTAGCGGTCAGCTGGGTCTGATTGATCAGACAGAATATTTCAGCAAAAGCGTGAGCAGCAAA
AACCTGGAAAACTATACCCTGATTAAAAACGGCGAGTTCGCCTATAACAAAAGCTATAGCAATGGT
TATCCGCTGGGTGCAATTAAACGTCTGACCCGTTATGATAGCGGTGTTCTGAGCAGCCTGTATATT
TGCTTTAGCATCAAAAGCGAGATGAGCAAAGATTTCATGGAAGCCTATTTTGATAGCACCCATTGG
TATCGTGAAGTTAGCGGTATTGCAGTTGAAGGTGCACGTAATCATGGTCTGCTGAATATTAGCGTG
AACGATTTTTTCACCATCCTGATCAAATATCCGAGCCTGGAAGAACAGCGTAAAATCGGTGATTTC
TTCATTAAACTGGATCGCCAGATTGAGCTGGAAGAACAAAAACTGGAACTGCTGCAACAGCGCAAA
AAAGCACTGCTGAAAAGTATGCTGATCCCCGGGGGATCCGATCGATC

CC51 TRD P
QIELEEQKLELFQOOKKGYMOKIFSQELRFKDESGNDYPDWEEKELGEVADRVIRKNKNFESKKPL
TISGOLGLIDQTEYEFSKSVSSKNLENYTLIKNGEFAYNKSYSNGYPLGAIKRLTRYDSGVLSSLYT
CEFSIKSEMSKDFMEAYEFDSTHWYREVSGIAVEGARNHGLLNISVNDEFFTILIKYPSLEEQRKIGDFE
FIKLDRQIELEEQKLELLOQRKKALLKSMLI

CC72-1 TRD R + CC59-1 TRD Q

CCCGGGTTTGAAGGCGAATGGGAGGAAAAAAAACTGGGTGAAGTGGCCAAAATCTATGATGGCACC
CATCAGACCCCGAAATATACCAATGAAGGTATCAAATTTCTGAGCGTGGAAAACATCAAAACCCTG
AATAGCAGCAAATACATTAGCGAAGAAGCCTTCGAGAAAGAATTCAAAATTCGTCCGGAATTTGGC
GATATTCTGATGACCCGTATTGGTGATATTGGCACCCCGAATATTGTTAGCAGCAATGAAAAATTC
GCCTACTATGTTAGCCTGGCACTGCTGAAAACCAAAAATCTGAACAGCTACTTCCTGAAAAACCTG
ATTCTGAGCAGCAGCATTCAGAATGAACTGTGGCGTARAACCCTGCATGTTGCATTTCCGAAAAAA
ATCAACAAAAACGAGATCGGCAAAATCAAAATCAACTACCCGAAAAAACAAGAACAGCAGAAAATC
GGTCAGTTTTTCAGCAAACTGGATCGCCAAATTGAATTAGAAGAACAGAAGCTGGAACTGCTGCAA
CAGCAGAAAAAAGGTTATATGCAGAAAATCTTCAGCCAAGAGCTGCGCTTTAAAGATGAAAATGGT
GAAGATTATAGCGAGTGGGAAGAACGTCGTTTTGCCGATATTTTCAAATTTCACAACAAACTGCGC
AAACCGATCAAAGAAAATCTGCGTGTTAAAGGCAGCTATCCGTATTATGGTGCAACCGGCATTATT
GATTATGTGGATGATTTTATCTTCGATGGCAACTATCTGCTGATTGGCGAAGATGGTGCAAACATT
ATTACCCGTAGCGCACCGCTGGTTTATCTGGTTAATGGTAAATTTTGGGTGAACAACCATGCCCAT
ATTCTGAGTCCGCTGAATGGTAATATTCAGTATCTGTATCAGGTTGCCGAACTGGTGAACTATGAA
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AAATACAATACCGGCACCGCACAGCCGAAACTGAACATTCAGAATCTGAAAATTATCAACGTGGTG
ATCAGCACCAATCTGGAAGAACAGCAAAAAATTGGTAGCTTCCTGAGCAAACTGGATCGTCAGATT
GACCTGGAAGAACAAAAACTGGAACTGCTGCAACAACGTAAAAAAGCACTGCTGAAAAGCATGTTC
GTGCCCGGGGGATCCGATCGATC

CC59-1 TRD Q
QIELEEQKLELLOOQOKKGYMQOKIFSQELRFKDENGEDYSEWEERRFADIFKEFHNKLRKPIKENLRV
KGSYPYYGATGIIDYVDDFIFDGNYLLIGEDGANIITRSAPLVYLVNGKEWVNNHAHILSPLNGNI
QYLYQVAELVNYEKYNTGTAQPKLNIQONLKIINVVISTNLEEQOKIGSFLSKLDROIDLEEQKLEL
LOORKKALLKSMEV

CC72-1 TRD R
PGFEGEWEEKKLGEVAKIYDGTHQTPKYTNEGIKFLSVENIKTLNSSKYISEEAFEKEFKIRPEFG
DILMTRIGDIGTPNIVSSNEKFAYYVSLALLKTKNLNSYFLKNLILSSSIONELWRKTLHVAFPKK
INKNEIGKIKINYPKKQEQOKIGQFFSKLDROIELEEQK

CC75-1 TRD T and TRD U
CCCGGGTTTGAAGGCGAATGGGAGGAAAAAGAACTGGGCGAAATCTTTCAGATTATTAGCGGTAGC
ACACCGCTGAAAAGCAACAAAGAATTTTATGAGAACGGCAACATCAACTGGGTTAAAACCACCGAT
CTGAATAATAGCAAAGTGACCCATAGCAAAGAAAAAATCACCGAGTATGCAATGAAAAGCCTGAAA
CTGAAACTGGTGCCGAAAAATAGCGTTCTGATTGCAATGTATGGTGGCTTTAATCAGATTGGTCGT
ACCGGTCTGCTGAAAATTGATGCAACCATTAATCAGGCAATTAGCGCACTGCTGATGAATCATGAA
ACCAACCCGGAATTTATTCAGGCCTTTCTGAATTATCAGGTGAAAGGTTGGAAACGTTATGCAGCA
AGCAGCCGTAAAGATCCGAATATCACCAAAAAAGATATCGAACAGTTCAAAGTGCCGTACGTGAGC
ATTAATGAACAGCAGAAAATTGGCGAGTTTTTTAGCAAAATCGATCATCAAATTGAATTAGAAGAA
CAGAAGCTGGAACTGCTGCAACAGCAGAAAAAAGGTTATATGCAGAAAATCTTCAGCCAAGAGCTG
CGCTTTAAAGATGAAAATGGTGAAGATTATCCGGATTGGGAAGTTACCACCATTCAGAACATTACC
AAATACACCAGCAGCAAAAAAAGCAGCAATCAGTATGCCGATAAAGACAACAGCAAAGGTTATCCG
GTTTATGATGCCGTTCAAGAAATTGGCAAAGATAGCAACTATGACATCGAAGAGAGCTATATCAGC
ATTCTGAAAGATGGTGCCGGTGTTGGTCGTCTGAATCTGCGTCCGGGTAAAAGCAGCGTTATTGGC
ACCATGGGTTATATTCAGAGCAACAACGTGGATATCGAGTTCCTGTATTATCGTATGAAAGTGGTG
GACTTCAAAAAATACATTATCGGTAGCACCATTCCGCACCTGTATTTCAAAGATTATAGCAAAGAA
ACCCTGTACATTCCGAGCAGCATTCAAGAACAGGCAAAAATTGGTATGTTCATCAGCAACCTGGAT
AAACTGATCGAGAACAAAAACCTGAAACTGAACTGTCTGAAACAACTGAAACAGGGATTGCTACAA
TCTATGTTTATTCCCGGGGGATCCGATCGATC

CC75-1 TRD T
PGFEGEWEEKELGETFQITSGSTPLKSNKEFYENGNINWVKTTDLNNSKVTHSKEKITEYAMKSLK
LKLVPKNSVLIAMYGGENQIGRTGLLKIDATINQATISALLMNHETNPEFIQAFLNYQVKGWKRYAA
SSRKDPNITKKDIEQFKVPYVSINEQOKIGEFFSKIDHOIELEEQK

CC75-1 TRD U
QIELEEQKLELLOQOOKKGYMOKIFSQELRFKDENGEDYPDWEVTTIONITKYTSSKKSSNQYADKD
NSKGYPVYDAVQEIGKDSNYDIEESYISILKDGAGVGRLNLRPGKSSVIGTMGYIQSNNVDIEFLY
YRMKVVDFKKYITIGSTIPHLYFKDYSKETLYIPSSIQEQAKIGMFISNLDKLIENKNLKLNCLKQL
KOGLLOSMFE'I

CC75-2 TRD V

CCCGGGTTTGAAGGCGAATGGGAGGAAAAAGAACTGCGTGAACTGCGCAATCCGAAAGATAAATAC
AGCTATACCGGTGGTCCGTTTGGTAGCGATCTGAAAAAAAGCGATTATACCACCGATGGCATTCAG
ATTATTCAGCTGCAGAATATTGGTGACGGCTATTTCTATAACAGCAACAAAGTGTTTACCAGCAAC
GAAAAAGCCGAAGTTCTGAAAAGCTGTAATGTTTTTCCGGGTGATATTGTGATTGCCAAAATGGCA
GATCCGATTGCACGTGCCGCAATTGTTCCGGATAATAACATTGGTAAATACCTGATGGCCAGTGAT
GGTATTCGTCTGAGCGTTGATACCGTTCATTTTAACACCAAATTTGTGCTGGAATGCATCAACCGT
AAAAGCTTTCGTAAAAAAGTCGAGGATAATAGCAGCGGTAGCACCCGTATGCGTATTGGTCTGAGT
ACCCTGGGTAGCCTGACCCTGAAAACCACCACCCTGAAAGAACAGCAGAAAATTGGTCAGTTTTTC
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AGCAAACTGGATCGTCAAATTGAATTAGAAGAACAGAAG

CC75-2 TRD V
PGFEGEWEEKELRELRNPKDKYSYTGGPEFGSDLKKSDYTTDGIQITIQLONIGDGYFYNSNKVETSN
EKAEVLKSCNVFPGDIVIAKMADPTIARAAIVPDNNIGKYLMASDGIRLSVDTVHENTKEFVLECINR
KSFRKKVEDNSSGSTRMRIGLSTLGSLTLKTTTLKEQQOKIGOFEFSKLDROIELEEQK

CC75-2 TRD W
CAAATTGAATTAGAAGAACAGAAGCTGGAACTGCTGCAACAGCAGAAAAAAGGTTATATGCAGAAA
ATCTTCAGCCAAGAGCTGCGCTTTAAAGATGAAAATGGTAACGATTATCCGGATTGGGAAGAAAAA
CAGCTGGGTGAACTGAGCCAGATTGTTCGTGGTGCAAGTCCGCGTCCGATTAAAGATCCGAAATGG
TTTAACAAAGAAAGCGATATTGGTTGGCTGCGCATTAGTGATGTTACCAATCAGAATGGCAAAATC
TATCATCTGGAACAGAAACTGAGCATCGAAGGTCAAGAAAAAACCCGTGTTCTGGTTACCACCCAT
CTGCTGCTGAGCATTGCAGCAAGCATTGGTAAACCGGTTATGAACTTTGTGAAAACCGGTGTGCAT
GATGGCTTTCTGATTTTTCTGAAACCGAAATTCAACCTGTTCTTTATGTACTATTGGCTGGAATAT
TTCAAAGATAAATGGTCCAAATATGGTCAGCCTGGTAGCCAGGTTAATCTGAATAGCGAAATTGTT
AAAAGCCAGACCCTGAATATGCCGAGCAATCATGAACAAGAAAAAGTGGGCCAGTTTTTTAACCGC
AACGAAAAACTGATTGAACTGCAGCAAGAGAAAATCATGTATATCAAACGTTGCAAACAGGTGCTG
CTGCAAAAAATGTTTATTCCCGGGGGATCCGATCGATC

CC75-2 TRD W
QIELEEQKLELLQQOOKKGYMQOKIFSQELRFKDENGNDYPDWEEKQLGELSQIVRGASPRPIKDPKW
FNKESDIGWLRISDVTNONGKIYHLEQKLSIEGQEKTRVLVTTHLLLSTIAASTIGKPVMNEVKTGVH
DGFLIFLKPKENLEFFMYYWLEYFKDKWSKYGQPGSQVNLNSEIVKSQTLNMPSNHEQEKVGQFFEFNR
NEKLIELQQEKIMYIKRCKQVLLOKMFT

CC80-1 TRD X and TRD Y
CCCGGGTTTGAAGGCGAATGGGAGGAAAAACAGTTTGCCGACTTCACCAAAATTAACCAGGGTCTG
CAGATTGCCATTAATGAACGTAAAACCGAATATAGCCCTGAGCTGTATTTCTATATCACCAACGAA
TTTCTGCGTCCGAATAGCCAGACCAAATATTTCATTGAAAATCCGCCTCAGAGCGTGATTGCCAAC
AAAGAAGATATTCTGATGACCCGCACCGGTAATACCGGCAAAGTTGTTACCAATGTTTTTGGTGCC
TTCCACAACAACTTTTTCAAAATCAAATTCGATAAAAACCTGTATGATCGCCTGTTTCTGGTTGAA
GTTCTGAACAGCAGCAAAATCCAGAACAAAATTCTGAGCCTGGCAGGTAGCAGCACCATTCCGGAT
CTGAATCATAGCGATTTCTATAGCATTAGCAGCAGCTATCCGCTGCTGCGCGAACAGCAAAAAATT
GGCAAATTCTTTAGCAAACTGGATCGTCAAATTGAATTAGAAGAACAGAAGCTGGAACTGCTGCAA
CAGCAGAAAAAAGGTTATATGCAGAAAATCTTCAGCCAAGAGCTGCGCTTTAAAGATGAAAATGGT
AACGATTATCCGGATTGGGAGAAAAAAAAACTGAAAGAAATTGCCTGCGTGTATACCGGTAATACC
CCGAGCAAAAAAGAAAACATCTATTGGAACAAAGGCGAGTATGTTTGGGTTACCCCGACCGATATT
AACAACAGCAAAAACATTTATGAAAGCGAAAACAAACTGACCCAAGAAGGCTACAAAAAAGCACGT
CAGCTGCCGGAAAATACCCTGCTGGTTACCTGTATTGCAAGCATTGGTAAAAATGCCATTCTGCGT
AAACAGGGTAGCTGTAATCAGCAGATTAATGCAGTTGTGCCGTTTGAGAACATCAACATCGATTAT
CTGTATTATATCAGCGATAGCCTGAGCACCTTCATGAAAAGCATTGCAGGTAAAACCGCAACCCAG
ATTGTGAACAAAAACACCTTTGAAAACCTGGAAATTTACCTGGCACCTTTTGAGGAACAGAACAAA
ATTGCAGATCTGATTAGCAGCCTGGAAGAACTGATTGAAAAACAGGCAAGCAAACTGATCAAAATG
AAAAGCCGCAAACAGGGCATGCTGCAGATTATGTTTATTCCCGGGGGATCCGATCGATC

CC80-1 TRD X
PGFEGEWEEKQFADFTKINQGLOQIAINERKTEYSPELYEFYITNEFLRPNSQTKYFIENPPQSVIAN
KEDILMTRTGNTGKVVITNVEFGAFHNNFFKIKFDKNLYDRLEFLVEVLNSSKIQONKILSLAGSSTIPD
LNHSDFYSISSSYPLLREQQOKIGKFEFSKLDRQIELEEQK

CC80-1 TRD Y
QIELEEQKLELLQOOKKGYMOKIFSQELRFKDENGNDYPDWEKKKLKEIACVYTGNTPSKKENIYW
NKGEYVWVTPTDINNSKNIYESENKLTQEGYKKARQLPENTLLVTCIASIGKNAILRKQGSCNQQIT
NAVVPFENINIDYLYYISDSLSTEFMKSIAGKTATQIVNKNTFENLEIYLAPFEEQNKIADLISSLE
ELTEKQASKLIKMKSRKQGMLQIMETI
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CC80-2 TRD Z + CC72-2 TRD S
CCCGGGTTTGAAGGCGAATATTCTCTGGATATTTTTGGTAATCTGGCCACCAACAAAAGCGAAAAA
TTCAATCCGCAGAATGAAAACGCCAGCATTGATATTGAACTGGATTGCATTGAACAGAATACCGGT
CGTCTGATCAAAATCTATAACAGCAAAGAATTTAGCAGCCAGAAAAACAAATTTAACCCGCAGAAC
GTGCTGTATGGTAAACTGCGTCCGTATCTGAACAAATATTACTTCACCAAAAAAAGTGGTGTGTGC
AGCAGCGAAATTTGGGTTCTGAAAAGCACCAAAGAAGATAAACTGCTGAACCTGTTCCTGTACTAT
TTCATTCAGACCAAACGCTATAGTGATGTTGCAAGCAAAAGCGCAGGTAGCAAAATGCCTCGTGCA
GATTGGGGTCTGATTGAAAATATTCGTGTGTATTTTCCGGAACTGTGCGAACAGCAGAAAATTGGT
CAGTTTTTTAGCAAACTGGACCGTCAAATTGAATTAGAAGAACAGAAGCTGGAACTGCTGCAACAG
CAGAAAAAAGGTTATATGCAGAAAATCTTCAGCCAAGAGCTGCGCTTTAAAGATGAAAATGGTAAC
GATTATCCGGACTGGACCAATGAACGTCTGGGTGAAGTTACCACCGTTACCATGGGTCAGAGCCCG
AAAAGCGTGAATTATACCGATAATAGCAATGACACCGTTCTGATTCAGGGTAATGCCGATATTGAA
AACGGTCTGATTAATCCGCGTATCTATACCCGTGAAGTGACCAAACTGATTCAGAAAGATGAGATT
ATTCTGACCGTTCGTGCACCGGTTGGTAAACTGGCAATGGCACAGATTAATGCATGTATTGGTCGT
GGTGTTTGCAGCATTAAAGGCGATAAATTTCTGTATTATTTCCTGGAATGGTTCGCCACCCAGAAT
AAATGGATTCGTTTTAGCCAGGGTAGCACCTTTGAAAGCATTAGCGGTAATGATATTCGCAACATC
CATATCAAAATCCCGGTTGAAGATGAACGCACCAAAATTATCAAACTGCTGAATAGCCTGGATGTG
CTGAATTCAAAAACCGATCTGAAAATCCAGAATCTGAAACAGCGTAAACAGAGCCTGCTGCAAAAA
ATCTTTGTGCCCGGGGGATCCGATCGATC

CC80-2 TRD Z
PGFEGEYSLDIFGNLATNKSEKENPONENASIDIELDCIEQONTGRLIKIYNSKEEFSSQKNKENPON
VLYGKLRPYLNKYYFTKKSGVCSSEIWVLKSTKEDKLLNLFLYYFIQTKRYSDVASKSAGSKMPRA
DWGLIENIRVYFPELCEQOKIGOFFSKLDROIELEEQK

CC72-2 TRD S
QIELEEQKLELLOOQOKKGYMQOKIFSQELRFKDENGNDYPDWTNERLGEVTTVTMGOSPKSVNYTDN
SNDTVLIQGNADIENGLINPRIYTREVTKLIQKDEIILTVRAPVGKLAMAQINACIGRGVCSIKGD
KFLYYFLEWFATONKWIREFSQGSTFESTISGNDIRNIHIKIPVEDERTKI IKLLNSLDVLNSKTDLK
IONLKORKQSLLQKIEV

CC93-2 TRD b*
CCCGGGTTTGAAGGCGAATGGGAGGAGAAAAAACTGGAAGATACCCTGGAATTCATTAAAGATGGC
ACCCATGGTACACATGAAAATGTTAATAATGGTCCGTGGCTGCTGAGCGCCAAAAACATTAAAAAC
AACAAAATCATCATCAGCAGCGACGATCGCAAAATTAGCGAAAGCGATTACAAAAAAATCTACAAA
AACTATAAACTGGAAAAAGGCGATCTGCTGCTGACCATTGTTGGCACCATTGGTCGTGCAGCAATT
GTTAAAAATCCGAACAATATTGCCTTTCAGCGTAGCGTTGCAATCCTGAAAACCAAAGCAACCTAT
GATGTGGGCTTTATCTTTCAGCTGTTCCAGACCAAATACTTTAAAAACCTGCTGCTGCGTAAACAG
GTTGTTAGCGCACAGCCTGGTCTGTATCTGGGTGATATTCGTAAAATCAAAATCAGCATTACCAAC
ATCATCGAAGAACAGCGCAAAATCGGTATCTTTTTCAGCAAACTGGATCGTCAAATTGAATTAGAA
GAACAGAAG

CC93-2 TRD b*
PGFEGEWEEKKLEDTLEFIKDGTHGTHENVNNGPWLLSAKNIKNNKITISSDDRKISESDYKKIYK
NYKLEKGDLLLTIVGTIGRAAIVKNPNNIAFQRSVAILKTKATYDVGFIFQLEFQTKYEFKNLLLRKQ
VVSAQPGLYLGDIRKIKISITNITEEQRKIGIFFSKLDRQIELEEQK

C93-3 TRD a*

CAAATTGAATTAGAAGAACAGAAGCTGGAACTGCTGCAACAGCAGAAAAAAGGTTATATGCAGAAA
ATCTTCAGCCAAGAGCTGCGCTTTAAAGATGAAAATGGTAACGATTATCCGGAATGGGAAAACAAA
CGCATTGAAGATATTGCCAATGTGAACAAAGGTTTTACCCCGAGCACCAACAATAACGAATATTGG
GATAACAACGATAAAAACTGGCTGAGCATTGCAGGCATGAATCAGAAATATCTGTATAAAGGCAAC
AAAGGCATCAGCAAAGATGCAGCCAAAAACTATATGAAAGTGAAAAACGACACCCTGATCATGTCC
TTTAAACTGACCATTGGTAAACTGGCGATTGTTAAAGCACCGCTGTATACCAATGAAGCCATTTGT
CATTTTATCTGGAAAGTGAACAAAATCAACACCGAGTTCATCTACTATTACCTGAACAGCCTGAAC
ATTAGCACCTTTGGTGTTCAGGCAGTTAAAGGTGTTACCCTGAATAACGATAGCATCAACAGCATT
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ATTGTGAAACTGCCGAATGAAGAGGAACAGAACATTATCGCAAAATTTCTGCTGGAAGTGGACAAA
ACCGTTAATAATCAGCTGGTGAAAACCAAACTGCTGAAACAACGTAAAAAAGGCCTGCTGCAGCGT
ATGTTTGTTCCCGGGGGATCCGATCGATC

CC93-3 TRD a¥*
QIELEEQKLELLOQOOKKGYMOKIFSQELRFKDENGNDYPEWENKRIEDIANVNKGFTPSTNNNEYW
DNNDKNWLSTAGMNQOKYLYKGNKGISKDAAKNYMKVKNDTLIMSEFKLTIGKLAIVKAPLYTNEAIC
HEIWKVNKINTEFIYYYLNSLNISTEFGVQAVKGVTLNNDSINSIIVKLPNEEEQNITAKFLLEVDK
TVNNQLVKTKLLKQRKKGLLORMEV

CC873 TRD e* + CCO97 TRD c*
CCCGGGTTTGAAGGCGAATGGGAGGAAAAATCGATCAGCAGCTTTCTGAAAGAAAGCAAAATCAAA
GGTAGCAATGGTAGCCATGCAAAAAAACTGACCGTTAAACTGTGGGGTAAAGGTGTTGTTCCGAAA
AAAGAAACGTTTAAAGGCAGCGATAACACCCAGTATTACAAACGTAAAGCAGGTCAGCTGATGTAT
GGCAAACTGGATTTTCTGAATTGCGCCTTTGGTATTGTTCCGGATAGCCTGAATAACTATGAAAGC
ACCATTGATAGCCCGAGCTTTGATTTCATTAATGGCGATAGCAAATTTCTGCTGGAACGCATTAAA
CTGAAAAGCTTCTACAAAAAATTCGGCGATATTGCAAATGGCAGCCGTAAAGCAAAACGTATTAAT
CAGGATACCTTTCTGAGCCTGCCGGTTTTTGCACCGAAATATGATGAACAGCTGCGTATTGGTGAA
TTTTTCAGTAAACTGGATCGTCAAATTGAATTAGAAGAACAGAAGCTGGAACTGCTGCAACAGCAG
AAAAAAGGTTATCTGCAGAAAATCTTTAGCCAAGAGCTGCGCTTTAAAGATGAAAACGGTAATGAT
TATCCGGAATGGCGTTTTGCCCGTTTCAAAGATTTTATGTACAAACCGATTAATATCCGTCCGGCA
ATCAACATTAGCAAAAGCGAACTGCTGACCGTTAAACTGCATTGCAAAGGTATTGAAAAAGCCAAC
ATTAACCGTGTGCTGAAACTGGGTGCAACCAATTATTACAAACGTTTTGAAGGCCAGTTTATCTAT
GGCAAACAGAACTTTTTTAACGGTGCCTTTGATATCGTGCCGAAAAAATTCGATGGTCTGTATAGC
AGCAGTGATGTTCCGGCATTTGAAATCAATACCGAGAAAATTGAGCCGAACTACTTCATCAGCTAT
ATTAGCCGTCCGAGCTTCTATAAAAGCAAAGAGAAATATAGCACCGGCACCGGTAGCAAACGTATT
CATGAAAATACCGTGCTGAACTTTAGCCTGCATCTGCCGTGTCTGAATGAACAGCTGAAAATTGCA
AGCTTTGTGTGCTTTCTGAACCGTAAAATTGAACTGCTGGAACGCAAAATCTATCTGATCAAAAAA
CAGAAACAGGCCCTGCTGCAGCAAATGTTTATTCCCGGGGGATCCGATCGATC

CC873 TRD e*
PGFEGEWEEKSISSFLKESKIKGSNGSHAKKLTVKLWGKGVVPKKETFKGSDNTQYYKRKAGQLMY
GKLDFLNCAFGIVPDSLNNYESTIDSPSEFDFINGDSKFLLERIKLKSEFYKKFGDIANGSRKAKRIN
QDTFLSLPVFAPKYDEQLRIGEFFSKLDRQIELEEQK

CC97 TRD c*
QIELEEQKLELLOQOOKKGYLOKIFSQELRFKDENGNDYPEWRFARFKDFMYKPINIRPAINISKSE
LLTVKLHCKGIEKANINRVLKLGATNYYKREFEGOFIYGKONFENGAFDIVPKKEDGLYSSSDVPAF
EINTERKIEPNYFISYISRPSEFYKSKEKYSTGTGSKRIHENTVLNESLHLPCLNEQLKIASEFVCELN
RKIELLERKIYLTIKKQKQATLLQOMET

CC133-2 from ED133 TRD d*
CAAATTGAATTAGAAGAACAGAAGCTGGAACTGCTGCAACAGCAGAAAAAAGGTTATATGCAGAAA
ATCTTCAGCCAAGAGCTGCGCTTTAAAGATGAAAATGGTAACGATTATCCGGAATGGGAAAATGTG
ATGCTGCAGAAAGTTCTGAAAGATAAAACCGAAGGTATTAAACGTGGTCCGTTTGGTGGTGCACTG
AAAAAAGATATTTTTGTGGAAAGCGGCTATGCCGTTTATGAACAGCGTAATGCCATTTATGATATC
AGCAACTTCCGCTACTATATCAACGAGAACAAATACAAAGAGATGCAGAGCTTTAGCGTTCAGCCG
AATGATATTATCATGAGCTGTAGCGGCACCATTGGTCGTCTGGCACTGATTCCGCATAACTATACC
AAAGGTATTATCAACCAGGCCCTGATTCGTTTTCGTACCAATCATAAAATCCGCAGCGAATTCTTT
CTGATCTTTATGCGTAGCAATCAGATGCAGCGTAAAATTCTGGAAGCAAATCCGGGTAGCGCAATT
ACCAATCTGGTTCCGGTTAAAGAACTGAAACTGATCCCGTTTCCGCTGCCGGTTAAATTTGAACAG
GATAAAATCAGCCAGTTCATCCACATTATTAACCGTCGTATTGAACAGAGCGAGAAAAAAATCGAA
AGCCTGAAAAATCGCAAACAGGGTTTCCTGCAGAAACTGTTTGTTCCCGGGGGATCCGATCGATC
CC133-2 from ED133 TRD d*
QIELEEQKLELLQOOKKGYMOKIFSQELRFKDENGNDYPEWENVMLOKVLKDKTEGIKRGPFGGAL
KKDIFVESGYAVYEQRNAIYDISNEFRYYINENKYKEMOSEFSVQOPNDIIMSCSGTIGRLALIPHNYT
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KGIINQALIRFRTNHKIRSEFFLIFMRSNOMORKILEANPGSAITNLVPVKELKLIPFPLPVKFEQ
DKISQFIHIINRRIEQSEKKIESLKNRKOQGFLOKLEV

ST80-3 TRD X + TRD f*
CCCGGGTTTGAAGGCGAATGGGAGGAAAAACAGTTTGCCGATTTTACCAAAATTAACCAGGGTCTG
CAGATTGCCATTAATGAACGTAAAACCGAATATAGCCCTGAGCTGTATTTCTATATCACCAACGAA
TTTCTGCGTCCGAATAGCCAGACCAAATATTTCATTGAAAATCCGCCTCAGAGCGTGATTGCCAAC
AAAGAAGATATTCTGATGACCCGCACCGGTAATACCGGCAAAGTTGTTACCAATGTTTTTGGTGCC
TTCCACAACAACTTTTTCAAAATCAAATTCGATAAAAACCTGTATGATCGCCTGTTTCTGGTTGAA
GTTCTGAACAGCAGCAAAATCCAGAACAAAATTCTGAGCCTGGCAGGTAGCAGCACCATTCCGGAT
CTGAATCATAGCGATTTCTATAGCATTAGCAGCAGCTATCCGCTGCTGCGCGAACAGCAAAAAATT
GGCAAATTCTTTAGCAAACTGGATCGCCAGATTGAACTGGAAGAACAGAAACTGGAACTGCTGCAA
CAGCAGAAAAAAGGCTATATGCAGAAAATCTTTAGCCAAGAGCTGCGCTTTAAAGATGAAAACGGT
GAAGATTATCCGGATTGGAAAGAAAAAAAACTGGGCGATATTACCGAGCAGAGCATGTATGGTATT
GGTGCAAGCGCAACCGTTTTGATAGCAAAAATATCTATATCCGCATCACCGACATCGATGAAAAAA
GCCGTAAACTGAATTATCAGAATCTGACCACACCGGATGAACTGAACAATAAATACAAACTGAAAC
GCAACGACATCCTGTTTGCACGTACCGGTGCAAGTACCGGTAAAAGCTATATTCATAAAGAAGAGA
AAGACATCTACAACTACTACTTTGCGGGTTTTCTGATCAAATTCAAAATTAACGAACAGAACAGTC
CGCTGTTCATCTATCAGTTTACCCTGACCAGCAAATTCAACAAATGGGTTAAAGTTATGAGCGTGC
GTAGCGGTCAGCCTGGTATTAATAGCGAAGAATATGCAAAACTGCCGCTGGTTCTGCCGAATAAAC
TGGAACAACAAAAAATCGCGAAATTCCTGGATCGTTTTGATCGTCAGATCGAGCTGGAAAAACAAA
AAATTGAAATTCTGCAGCAACAAAAAAAAGGCCTGCTGCAGAGTATGTTTATTCCCGGGGGATCCG
ATCGATC

ST80-3 TRD X
MSNTQKKNVPELRFPGFEGEWEEKQFADFTKINQGLOQTIAINERKTEYSPELYFYITNEFLRPNSQT
KYFIENPPOQSVIANKEDILMTRTGNTGKVVTNVEGAFHNNFFKIKEDKNLYDRLEFLVEVLNSSKIQ
NKILSLAGSSTIPDLNHSDEFYSISSSYPLLREQOKIGKFEFSKLDR

ST80-3 TRD f*
QIELEEQKLELLOOQOKKGYMOKIFSQELRFKDENGEDYPDWKEKKLGDITEQSMYGIGASATREDS
KNIYIRITDIDEKSRKLNYONLTTPDELNNKYKLKRNDILFARTGASTGKSYIHKEEKDIYNYYFA
GFLIKFKINEONSPLEIYQFTLTSKENKWVKVMSVRSGOPGINSEEYAKLPLVLPNKLEQQOKTIAKEF
LDRFDROIELEKQKIEILQQOKKGLLOSMFIPGGSHHHHEHH
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S.SauCD-EGFP

CC30-1 GWAG-5-GAT

This MTase was expressed and purified as a fusion with EGFP.
MSNTQTKNVPELRFPGFEGEWEEKKVGELLEFKNGLNKGKEYFGSGSSIVNFKDVENNRSLNTNNL
TGKVNVNSKELKNYSVEKGDVFEFTRTSEVIGEIGYPSVILNDPENTVESGEVLRGRPKSGIDLINN
NFKRYVFFTNSFRKEMITKSSMTTRALTSGSAINKMKVIYPVSAKEQRKIGDFEFSKLDRQIELEEQ
KLELLOQOKKGYMOKIFSQELRFKDENSEDYPHWENSKIEKYLKERNERSDKGOMLSVTINSGIIK
FSELDRKDNSSKDKSNYKVVRKNDIAYNSMRMWQGASGRSNYNGIVSPAYTVLYPTONTSSLEIGY
KFKTHRMIHKFKINSQGLTSDTWNLKYKQLKNINIDIPVLEEQEKIGDFFKKMDILISKOKIKIET
LEKEKQSFLOKMFLGSMVSKGEELFTGVVPILVELDGDVNGHKESVSGEGEGDATYGKLTLKEICT
TGKLPVPWPTLVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEE
GDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADH
YOONTPIGDGPVLLPDNHYLSTOSALSKDPNEKRDHMVLLEFVTAAGITLGMDELYKHHHHHH

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1- marker 2- Nickel column eluate  3-14 Fractions from gel filtration column
15- CC5-1 Purified protein marker
Nuclease assay on the plasmid library.
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S.SauCD-EGFP
CC30-1 GWAG-5-GAT

SMRT did not work for the CC30-1 system when looking for
methylation of genomic DNA from E. coli.

Motif Modified Modification % Motifs # Of Motifs # Of Motifs In Mean Mean Motif
Position Type Detected Detected Genome Modification QV Coverage

BNNGGTAMH 4 unknown 7.05 780 11058 377 886

ANNNNNNDNNNH 1 unknown 0.11 1312 1235059 36.0 100.7

Not Clustered 0 0.19 14583 7880091 36.1 107.4

Modification QV Histogram By Motif

Modification QV Histogram

10°

1 BNNGGTAMH
ANNNNNNDNNNH
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S.SauJK-EGFP

CC30-2 GGA-T7-TCG

This MTase was a fusion with EGFP.
MSNTQKKNVPELRFPEFEGEWEERKLGDLIKVNSGKDYKHLDKGDIPVYGTGGYMTSVSEPLSEID
AVGIGRKGTINKPYLLEAPFWTVDTLEYCTPEKEADILFILSLFRKINWKLYDESTGVPSLSKQTI
NKINRLVPTNKEQQKIGEFFSKLDROQIELEEQKLELLQQOKKGYMQOKIFSQELRFKDENGNDY PKW
EEKKIEDIASQVYGGGTPNTKIKEFWNGDIPWIQSSDVKVNDLILQQCNKFISKNSIELSSAKLIP
ANSTIAIVTRVGVGKLCLVEFDYATSQDFLSLSSLKYDKLYSLYSLLYTMKKISANLQGTSIKGITK
KELLDSIIKIPHNLEEQOKIGDLFYKIDKYISFNKCKIEMLKSLKQGLLKKMFIGSMVSKGEELFT
GVVPILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFICTTGKLPVPWPTLVTTLTYGVQCFSRYP
DHMKQHDFFKSAMPEGYVQERTIFFKDDGNYKTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKL
EYNYNSHNVYIMADKOKNGIKVNFKIRHNIEDGSVQLADHYQONTPIGDGPVLLPDNHYLSTQSAL
SKDPNEKRDHMVLLEFVTAAGITLGMDELYKHHHHHH

This system could not be expressed so was used for SMRT sequencing
only.
SMRT analysis of genomic DNA from E. coli.

Modified Modification % Motifs # Of Motifs # Of Motifs In Mean Mean Motif
Motif Partner Motif
Position Type Detected Detected Genome Modification QV Coverage
CGANNNNNNNTCC 3 mBA 98.76 1439 1457 89.3 76.9 GGANNNNNNNTCG
GGANNNNNNNTCG 3 mBA 98.56 1438 1457 81.2 76.8 CGANNNNNNNTCC

Not Clustered 0 0.08 8260 9123294 357 87.7

Modification QV Histogram By Motif
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S.SauJddx*

CC133-2 from ED133 GGA-7-TTRG

This enzyme was studied using the SMRT assay. There are minor
variations in S subunit sequence in CC133-2.

Recombinant S.SauJdd* CC133-2
MSNTQKKNVPELRFPGFEGEWEEKKLGDLIKVNSGKDYKHLEKGDIPVYGTGGYMTSVSEPLSEID
AVGIGRKGTINKPYLLEAPFWTVDTLFYCTPKKETDILFILSLEFRKINWKVYDESTGVPSLSKQTTI
NKINREFVPSNKEQQKIGEFFIKLDRQIELEEQKLELLQOQKKGYMOKIFSQELRFKDENGNDYPEW
ENVMLOKVLKDKTEGIKRGPFGGALKKDIFVESGYAVYEQRNATIYDISNFRYYINENKYKEMQSFES
VOPNDITIMSCSGTIGRLALIPHNYTKGIINQALIRFRTNHKIRSEFFLIFMRSNOMORKILEANPG
SAITNLVPVKELKLIPFPLPVKFEQDKISQFIHIINRRIEQSEKKIESLKNRKOQGFLOKLEFVPGGS
HHHHHH

Wild type S.SauJdd¥*

MSNTQKKNVPELRFPGFEGEWEEKKLEST IKVNSGKDYKHLDKGDIPVYGTGGYMTSVSEPLSEID
AVGIGRKGTINKPYLLEAPFWTVDTLEFYCTPKKETDILFILSLEFRKINWKVYDESTGVPSLSKQTI
NKINREFVPTNKEQOQKTIGKFFSKLDROQIELQEQKLELLOQOKKGYMOKIFSQELRFKDENGNDYPEW
ENVMLOKVLKDKTEGIKRGPFGGALKKDIFVESGYAVYEQRNATYDISNFRYYINENKYKEMQSES
VOPNDITIMSCSGTIGRLALIPHNYTKGIINQALTRFRTNHKIRSEFFLIFMRSNQMORKILEANPG
SAITNLVPVKELKLIPFPLPVKFEQDKISQFIHIINRRIEQSEKKIESLKNRKQGFLQKLEFV*

Reports for Job Dryden_J_deita_MODs @ 2o
-~ SMRT Calls 1 Mowes 1
Motif Summary
Motifs Modified Type % Motifs # Of Motifs # Of Motifs In Mean Mean Motif Partner Motif
Position Detected Detected Genome Modification QV Coverage

CYAANNNNNNNTCC 4 MEA  90.36% a2 467 51.19 30.33

GGANNNNNNNHTRG 3 mEA  ATE6T% 1114 2337 a7 224

CYAAYENNNNNMCC 4 mea  2568% 169 663 4289 M5

CCBANTNNNNNTCC 4 mBA  2039% 2 206 2440 3214 GGANNNNNANTVGG

GGANNNNNANTVGG 3 mEA  18.45% 38 206 4476 31.37 CCBANTNNNNNTCC

Meodification QVs

104

] CrAANNNNNNNTCC
GGANNNNNNNHTRG
CYAAYBNNNNNMCC

[ CCBANTNMNNMNNTCC

1 GGANNNNNANTVGG

ot Not Clustered

Motif Sites
=

| Wi T

0 20 a0 60 80 100
Modification QV
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S.SauNE
CC398-1 ACC-5-RTGA
The clone obtained contained a single amino acid substitution A50S
which did not affect activity. The enzyme was expressed using
plasmid pSauNE-Xmal.
S.SauNEXmaI “Expected” sequence
MSNTQKKNVPELRFPGFEGEWEEKKLGEFAGKVTQKNVDKKYIETLTNSAELGIISQKDYFDKEIS
NIDNIKKYYVVEENDEFVYNPRMSNYAPFGPVNRNKLGKKGVMSPLYTVFKIQNIDLNFIEFYFKSS
KWYRFMALNGDSGARADREFSIKDRTFMEMPLHIPCMDEQIKIGQFFSKLDRQIELEEQKLELLQQQ
KKGYMOKIFSQELRFKDENGKDYPEWEETTIKETAQINTGKKDTKDAITNGSYDEFYVRSPIVYKIN
TEFSYEGEAILTVGDGVGVGKVEFHYVNGKEFDYHQRVYKISDFKNYYGLLLFYYFSONFLKETKKYSA
KTSVDSVRKDMIANMKVPRPIYIEQKKIGQFIKRVDNKTKIQKQVIELLKQRKKSLLOKMEIPGGS
HHHHHH*
S.SauNEXmaI “Actual” sequence
MSNTQKKNVPELRFPGFEGEWEEKKLGEFAGKVTQKNVDKKYIETLTNSSELGIISQKDYFDKEIS
NIDNIKKYYVVEENDEFVYNPRMSNYAPFGPVNRNKLGKKGVMSPLYTVFKIQNIDLNEFIEFYFKSS
KWYRFMALNGDSGARADRFSIKDRTFMEMPLHIPCMDEQIKIGQFFSKLDRQIELEEQKLELLQQQ
KKGYMOKIFSQELRFKDENGKDYPEWEETTIKETAQINTGKKDTKDAITNGSYDEFYVRSPIVYKIN
TESYEGEAILTVGDGVGVGKVFHYVNGKEDYHQRVYKISDFKNYYGLLLEFYYEFSONFLKETKKYSA
KTSVDSVRKDMIANMKVPRPIYIEQKKIGQFIKRVDNKTKIQKQVIELLKQRKKSLLOKMEIPGGS
HHHHHH*

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1- marker  2- Nickel column eluate 3-14 Fractions from gel filtration column
15- CC5-1 purified protein marker
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S.SauNE
CC398-1 ACC-5-RTGA

Reports for Job Ed_1_Dryden_MODs

SMRT Celis 1 __Modes 1

©CoO~NOUTA,WNPE

Motif Summary

10 Moditied % Motifs # Of Motifs # Of Motifs In Mean Mean Motif

Motits Partner Mot
Position Detected Detected Genome Medification QV Coverage o

11 ACCNNNNNRTGA
12 TCAYNNNNNGGT
13 ACCNNNNHRTGGS
14 VCCAYDNNNNGGT
15 ACCNNNNHRAGA
16 HYCARNNNNNGGTNV
17 ACCNNNNNYTGAD

Type
méA  996%% an 974 as s 519 TCAYNNNNNGGT
mbA  9969% an 974 S000 5785 ACCNNNNNRTGA
mbA  4907% 21 593 5417 s8N VCCAYDNNNNGGT
mbA  4538% 269 £93 5462 6185 ACCNNNNHRTGGE
mbA  4175% 200 479 4034 6176
méaA  JEN% %4 127 52 6233
mbBA  49% 320 917 4993 60 83

S N ST

21 Modification QVs

26 10°

ACCNNNNNRTGA

29 TCAYNNNNNGGT

30 ACCNNNNHRTGGB
VCCAYDMNMNMNNGGT
ACCNNNNHRAGA
HTCARNNNNNGGTNV
ACCNNNNNYTGAD

37 Not Clustered
38 10°

i

32 10t}

UL

D
|_\
Motif Sites

57 Modification QV
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SUPPLEMENTARY INFORMATION FOR TABLE 3.
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S.SauBE  AGG-5-RTGA

This MTase was purified but cut all the plasmids in the nuclease
assay. Therefore once the targets for each TRD had been determined
from other MTases, we used the ATPase assay to verify the length
of the non-specific spacer.

MSNTQKKNVPELRFPGFEGEWEEKKLGDLTDRVIRKNKNLESKKPLTISGQLGLIDQTEYFSKSVS
SKNLENYTLIKNGEFAYNKSYSNGYPLGAIKRLTRYDSGVLSSLYICEFSIKSEMSKDFMEAYEFDST
HWYREVSGIAVEGARNHGLLNVSVNDFFTILIKYPSLEEQQKIGKEFEFSKLDROQIELEEQKLELLQQ
QKKGYMOKIFSQELRFKDENGKDYPEWEETTIKETAQINTGKKDTKDATITNGSYDFYVRSPIVYKT
NTFSYEGEAILTVGDGVGVGKVEFHYVNGKEFDYHQRVYKISDFKNYYGLLLEYYEFSQONEFLKETKKYS
AKTSVDSVRKDMIANMKVPRPIYIEQKKIGOFIKRVDNKTKIQKOVIELLKOQRKKSLLOKMEIPGG
SHHHHHH
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1- marker 2- Nickel column eluate  3-14 Fractions from gel filtration column
15- CC398-1 purified protein marker

Oligonucleotides for checking BE target site using ATPase assay.
Underlined refers to methylated bases.

5’ -AGG-N-RTGA-3’

3’ -TCC-N-YACT -5’

N values may be 4-6 i.e., number of base pairs between methylated
adenines of 7-9. However, DNA digests show that pUCl9 contains the
site. This rules out the possibility of N=4 (i.e., no site in
pUC19 for N value of 4). Therefore we checked for N5 and N6 only.

Oligonucleotide
name DNA sequence (5' to 3')
BESfor AGATGATGGAATCAATGCAGGTTCCAGTGAGCCCTATACGATATAA
BESrev TTATATCGTATAGGGCTCACTGGAACCTGCATTGATTCCATCATCT
BE6for AGATGATGGAATCAATGCAGGTTCACAGTGAGCCCTATACGATATAA
BE6rev TTATATCGTATAGGGCTCACTGTGAACCTGCATTGATTCCATCATCT
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S.SauBE

AGG-5-RTGA

Nucleic Acids Research

Page 44 of 122

N=5 gives the most activity therefore we conclude from the ATPase
assay that the site for the BE TRD combination is AGG-5-RTGA.

Absorbance (340 nm)

[ N=5
o N=6
A neg control
0.004 "
®
4 °
™
A
_ ™
-0.02 m °
m 4 PY
-0.04] 4
||
F s
0.06- -
-0.084
| |
0 50 100 150 200 250
Time (sec)
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S.SauJE GGA-6-RTGA
This MTase was used in both nuclease and SMRT assays. The TRD pair
JE occurs in other ST groups namely ST49 and ST50.
MSNTOQKKNVPELRFPGFEGEWEEKKLGDLIKVNSGKDYKHLEKGDIPVYGTGGYMTSVSEPLSEID
AVGIGRKGTINKPYLLEAPFWTVDTLFYCTPKKETDILFILSLEFRKINWKVYDESTGVPSLSKQTT
NKINREFVPSNKEQOKIGEFFIKLDROQIELEEQKLELLOQOKKGYMOKIFSQELRFKDENGKDYPEW
EETTIKETAQINTGKKDTKDAITNGSYDEFYVRSPIVYKINTFSYEGEATLTVGDGVGVGKVFEFHYVN
GKFDYHORVYKISDFKNYYGLLLEFYYFSONFLKETKKYSAKTSVDSVRKDMIANMKVPRPIYTIEQK
KIGOFIKRVDNKTKIQKOVIELLKOQRKKSLLOKMFIPGGSHHHHHH

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1- marker 2- soluble cell extract 3- Nickel column flow through 4- Nickel column wash 1

5- Nickel column wash 2 6- Nickel column eluate 7-14 Fractions from gel filtration column
15- CC398-1 purified protein marker

Possible site: GGANNNNNNRTGA Note that the background
linearisation may be due to the enzyme displaying star activity
against a similar site (i.e., a single GGANT7RTGA site is found in
pUC19) to the real site (GGANGRTGA). Repeated digests generate an
identical pattern of digestion.

E7 E7
by rle—
+— o0 = o0
ggNNNYNNNNNNNN §§NNNNNN
M>Du 1. 2.4 .5 6 7 9 1011 1213 14 M D O 15 16 17 18 19 20
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S.SauJE

Motif

TCAYNNNNNNTCC
GGANNNNNNRTGA
Not Clustered

GGA-6-RTGA
SMRT data showed only the N=6 spacer giving modification.

Nucleic Acids Research

% Motifs

ERE )
2443
0.00

#0f Motifs  # Of Motifs In

05 g7
237 70
324 9,124 268

Mean
Modification QV
B3
8.3
M2
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Mean Motif

Coverage
”7a GGANNNNNNRTGA
175 TCAYNNNNNNTCOC

158
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S.SauNI  ACC-6-TGAR
MSNTQKKNVPELRFPGFEGEWEEKKLGEFAGKVTQKNVDKKY TETLTNSAELGI I SQKDYFDKETS
NIDNIKKYYVVEENDFVYNPRMSNYAPFGPVNRNKLGKKGVMSPLYTVFKIQNI DLNFIEFYFKSS
KWYRFMALNGDSGARADRFSTKDRTFMEMPLHI PCMDEQTKIGQFFSKLDRQIELEEQKLELLQQQ
KKGYMOKI FSQELRFKNENGNDY PDWERTKFFDVIDKVIDFRGRT PKKLNMEWS DEGY LALSAVNY
KKGYIDFNVEAKYGNLDLYTRWMRGNELYKGQVLFTTEAPMGNVAQVPDNKGY ILSQRT TAFNSNE
KITDNFLASLLSSENVYNDLLKLCSGATAKGVSQKNLNRLYVTIPHSISEQEETAEFFRKINQLVE
LOKYKIEHTKSQKQVFLQKMF I PGGSHHHHHH
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1- marker  2- soluble cell extract 3- Nickel column flow through 4- Nickel column wash 1
5- Nickel column wash 2 6- Nickel column eluate  7-14 Fractions from gel filtration column
15- CC398-1 purified protein marker
Nuclease assay on the plasmid library gave a clear result.

E7

}
} s

N NY Y Y Y N NNY N N
T 2.4 5 6 7 9 40 11 12 13 14 M

Y N N N ¥ ¥
15 16 a7 48 19 20

Uncut
CC398
Uncut
CC398
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S.SauNK ACC-6-TCG
MSNTQKKNVPELRFPGFEGEWEEKKLGEFAGKVTQKNVDKKY TETLTNSAELGI I SQKDYFDKETS
NIDNIKKYYVVEENDFVYNPRMSNYAPFGPVNRNKLGKKGVMSPLYTVFKIQNI DLNFIEFYFKSS
KWYRFMALNGDSGARADRFSTKDRTFMEMPLHI PCMDEQTKIGQFFSKLDRQIELEEQKLELLQQQ
KKGYMOKI FSQELRFKDENGNDY PNWEEKKTEDIASQVYGGGTPNTKIKEFWNGDI PWIQSSDVKY
NDLILRQCNKFISKNSTELSSAKLIPANSTATVTRVGVGKLCLVEFDYATSQDFLSLSSLKYDKLY
SLYSLLYTMKKISANLQGTSIKGITKKELLDSTIKIPHNLEEQQKIGDLFYKIDKYISFNKCKIET
LKSLKQGLLQKIFIPGGSHHHHHH
1 2 3 4 5 6 7 8

1- marker 2- soluble cell extract 3- Nickel column flow through
4- Nickel columnwash 1 5- Nickel column wash 2 6- Nickel column eluate
7- Eluate after PD10 desalting 8- CC398-1 purified protein marker

Nuclease assay gave a clear result.
ES

m

5

}
}

N N NNNYNY Y Y NN
1 2 4 5 6 7 9 10 11 12 13 14 M

Y N Y NN
15 16 17 18 19 20

Uncut
CC389GFP
Uncut
CC389GFP
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S.SauNL ACC-6-TAAA
MSNTQKKNVPELRFPGFEGEWEEKKLGEFAGKVTQKNVDKKY IETLTNSAELGI ISQKDYFDKETS
NIDNIKKYYVVEENDFVYNPRMSNYAPFGPVNRNKLGKKGVMSPLYTVFKIQNIDLNFIEFYFKSS
KWYRFMALNGDSGARADRFSTKDRTFMEMPLHT PCMDEQTKIGQFFSKLDRQTELEEQKLELLQQQ
KKGYMQKIFSQELRFKDENGNDYPNWRT TELKNTLENTVDNRGKT PDNAPSEKYPLLEVNALGYYR
PAYIKVSKFVSENTYNNWFREHLKENDILFSTVGNTGIVSLMDNYKAVIAQNIVGLRVNNNNLPSF
TYYMLSYKGNQKKTKRIQMGAVQPSVKVSQFKFTKYLVPTKDEQEKVAKLLIETDKLVNKQLIKIE
LLQORKKALLKSMFIPGGSHHHHHH
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1- marker 2- soluble cell extract 3- Nickel column flow through 4- Nickel column wash 1
5- Nickel column wash 2 6- Nickel column eluate  7-14 Fractions from gel filtration column
15- CC398-1 purified protein marker

Nuclease assay gave a clear result.

7E

E
|

L))
FY NY Y NNY N YN N N Y Y N Y Y
O 1 2 45 6 7 9 11 12 13 14 M 15 16 17 18 19 20

Uncut
CC389

N
10 11 12 13
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S.SauNP  ACC-5-CCT
MSNTQKKNVPELRFPGFEGEWEEKKLGEFAGKVTQKNVDKKY TETLTNSAELGI I SQKDYFDKETS
NIDNIKKYYVVEENDFVYNPRMSNYAPFGPVNRNKLGKKGVMSPLYTVFKIQNI DLNFIEFYFKSS
KWYRFMALNGDSGARADRFSTKDRTFMEMPLHI PCMDEQTKIGQFFSKLDRQIELEEQKLELFQQQ
KKGYMOKIFSQELRFKDESGNDY PDWEEKELGEVADRVIRKNKNFESKKPLTISGOLGLIDQTEYF
SKSVSSKNLENYTLIKNGEFAYNKSYSNGYPLGATKRLTRYDSGVLSSLYICFSIKSEMSKDFMEA
YFDSTHWYREVSGIAVEGARNHGLLNISVNDFFTILIKYPSLEEQRKIGDFFIKLDRQIELEEQKL,
ELLQQORKKALLKSMLTPGGSHHHHHH
1 2 3 4 5 6 7 8

1- marker, 2- soluble cell extract, 3- Nickel column flow through, 4- Nickel column wash 1, 5-
Nickel column wash 2, 6- Nickel column eluate, 7- eluate after conc. and PD10 desalting, 8- Final
concentrated protein

Although purified this MTase was only assayed via SMRT.
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S.SauNP

ACC-5-CCT

Nucleic Acids Research

Motifs
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Position Type Detected Detected Genome Modification QV Coverage
ACCNNNNNCCT 1 moa fnm 1220 1450 498 20 AGGNNNNNGGT
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S.SauNQ  ACC-5-RTGT
MSNTQKKNVPELRFPGFEGEWEEKKLGEFAGKVTQKNVDKKY TETLTNSAELGI I SQKDYFDKETS
NIDNIKKYYVVEENDFVYNPRMSNYAPFGPVNRNKLGKKGVMSPLYTVFKIQNI DLNFIEFYFKSS
KWYRFMALNGDSGARADRFSTKDRTFMEMPLHI PCMDEQTKIGQFFSKLDRQTELEEQKLELLQQQ
KKGYMOKI FSQELRFKDENGEDY SEWEERRFADT FKFHNKLRKPTKENLRVKGSYPYYGATGI IDY
VDDFIFDGNYLLIGEDGANT ITRSAPLVYLVNGKFWVNNHAHTLSPLNGNTQYLYQVAELVNYEKY
NTGTAQPKLNIQONLKIINVVISTNLEEQQKIGSFLSKLDRQIDLEEQKLELLQORKKALLKSMEVP
GGSHHHHHH
1 2 3 4 5 6 7

1- marker 2- soluble cell extract 3- Nickel column flow through

4- Nickel column wash ~ 5- Nickel column eluate 6- eluate after conc. and PD10 desalting
7- Final concentrated protein

DNA cleavage assay and SMRT assay agreed.
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S.SauNQ ACC-5-RTGT
Motifs
Motif Modifed Modinication % Motits # Of Motifs ¥ Of Motifs in Mean Mean Motit Partner Motif
Position Type Detected Detected Genome Modification QV Coverage
ACAYNNNNNGGT 3 mbA 9985 654 655 85 563 ACCNNNNNRTGT
ACCNNNNNRTGT 1 mBA 99.85 654 655 807 555 ACAYNNNNNGGT
ACCNNNNNRAGTH 1 mbA 5556 215 a7 542 565
BNACCNNNNNRGGTH 3 mGA 2374 18 a7 458 516
DACAGNNNNNGGTNR 4 mbA 2165 50 231 428 555
HACCNNNNNDAGTG 2 mbA 2103 o 195 “a 519
YNACCYNNNNCTGT 3 mBA 2052 a7 pz.} 29 517
Not Clustered 0 00 3095 anaaT7 333 625

Modification QV Histogram By Motif
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Motifs
Modified Modification % Motifs 2 Of Motifs # Of Motifs In Mean Mean Motif
Mot Position Type Detected  Detected - Modification @V  Coverage Rortnes oW
ACAYNNNNNGGT 3 — 09,85 g54 065 s 583 ACCNNNNNRTGT
ACENNNNNRTGT 1 A 0085 54 165 w07 555 ACAYNNNANGET
ACCNNNNNRAGTH 1 "BA 5556 215 87 543 565
BNACCNNNNNRGGTH 2 — 2974 e a7 458 578
DACAGNANANGGTNG 4 oA 268 50 m 28 e
HACCNNNNNDAGTG 2 meA 2103 41 15 443 579
YNACCVNNNNCTGT 3 A 2052 ar 0 29 577
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S.SauNS ACC-6-TGC

MSNTQKKNVPELRFPGFEGEWEEKKLGEFAGKVTQKNVDKKY TETLTNSAELGI I SQKDYFDKETS
NIDNIKKYYVVEENDFVYNPRMSNYAPFGPVNRNKLGKKGVMSPLYTVFKIQNI DLNFIEFYFKSS
KWYRFMALNGDSGARADRFSTKDRTFMEMPLHI PCMDEQTKIGQFFSKLDRQTELEEQKLELLQQQ
KKGYMOKI FSQELRFKDENGNDY PDWTNERLGEVTTVTMGOS PKSVNYTDNSNDTVLIQGNADTEN
GLINPRIYTREVTKLIQKDEIILTVRAPVGKLAMAQINACIGRGVCSTKGDKFLYYFLEWFATONK
WIRFSQGSTFESISGNDIRNIHIKIPVEDERTKI IKLLNSLDVLNSKTDLKIQNLKQRKQSLLQKT

FVPGGSHHHHHH
1 2 3 4 5 6 7

1- marker 2- soluble cell extract

3- Nickel column flow through 4- Nickel column wash

5- Nickel column eluate 6- eluate after conc. and PD10 desalting

7- final protein after concentration

Although purified this MTase was only assayed via SMRT.

Motifs
Modified Modification % Motifs # Of Motifs  # Of Motifs In — Mean Motit

o Position Type Detected Detected Genome "“.;:'m Coverage N
ACCNNNNNNTGC 1 meA 100,00 2938 2938 1188 817 GCANNNNNNGGT
GUANNNNNNGGT 3 maA 9390 2935 2928 1207 839 ACCNNNNNNTGC
ACCNNNNHHTMCD 1 oA 57.03 925 1622 mnia 837 HGKADONNNNGGT
HGKADDNNNNGGT 4 mhA 43 83 792 1622 638 864 ACCNNNNHHTMCD
YNACCNNNNHENVGC 3 meA 46549 1925 40 5717 846

CCACCNNNNNNTGG 3 meA 3915 74 188 8587 859

TNCCANDNNNNGGTNR 5 mAA 3160 73 b)) 535 825

YNACCNNNNGHEMGC 3 mhA 3% 195 622 632 874

YRNACCNNNNHNVGC 4 meA 2865 465 1623 489 863

ACCNNNNHHTMCC 1 mBA 2758 13 475 541 843

Mot Clustersd 0 009 8284 9100925 386 €25
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S.SauNU  ACC-5-RIC
MSNTQKKNVPELRFPGFEGEWEEKKLGEFAGKVTQKNVDKKY TETLTNSAELGI I SQKDYFDKETS
NIDNIKKYYVVEENDFVYNPRMSNYAPFGPVNRNKLGKKGVMSPLYTVFKIQNI DLNFIEFYFKSS
KWYRFMALNGDSGARADRFSTKDRTFMEMPLHI PCMDEQTKIGQFFSKLDRQTELEEQKLELLQQQ
KKGYMOKI FSQELRFKDENGEDY PDWEVTTIONITKYTSSKKSSNQYADKDNSKGY PVYDAVQETG
KDSNYDIEESYTSTILKDGAGVGRLNLRPGKSSVIGTMGY IQSNNVDIEFLYYRMKVVDFKKY TGS
TIPHLYFKDYSKETLYIPSSIQEQAKIGMFISNLDKLTENKNLKLNCLKQLKQGLLQSMFI PGGSH
HHHHH
1 2 3 4 5 6 7

1- marker 2- soluble cell extract

3- Nickel column flow through 4- Nickel column wash

5- Nickel column eluate 6- eluate after PD10 desalting

7- final protein after concentration

DNA cleavage assay worked despite there being one site in pUC19

but this site was subject to dam methylation and therefore not cut.
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ACC-5-RTC
Modification QV Histogram By Motif
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S.SauNW ACC-6-TTYG
MSNTQKKNVPELRFPGFEGEWEEKKLGEFAGKVTQKNVDKKY TETLTNSAELGI I SQKDYFDKETS
NIDNIKKYYVVEENDFVYNPRMSNYAPFGPVNRNKLGKKGVMSPLYTVFKIQNI DLNFIEFYFKSS
KWYRFMALNGDSGARADRFSTKDRTFMEMPLHI PCMDEQTKIGQFFSKLDRQTELEEQKLELLQQQ
KKGYMOKI FSQELRFKDENGNDY PDWEEKQLGELSQIVRGASPRPTKDPKWFNKESDIGWLRI SDV
TNQNGKIYHLEQKLSTEGQEKTRVLVTTHLLLSTAASTGKPVMNFVKTGVHDGFLIFLKPKENLEFF
MY YWLEYFKDKWSKYGQPGSQVNLNSE IVKSQTLNMPSNHEQEKVGQFFNRNEKL T ELQQEK IMY T
KRCKQVLLQKMF I PGGSHHHHHH
1 2 3 4 5 6 7

1- marker 2- soluble cell extract

3- Nickel column flow through 4- Nickel column wash
5- Nickel column eluate 6- eluate after PD10 desalting
7- final protein after concentration

DNA cleavage assay.
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ACC-6-TTYG
Moltifs
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S.SauNY ACC-6-TAG
MSNTQKKNVPELRFPGFEGEWEEKKLGEFAGKVTQKNVDKKY TETLTNSAELGI I SQKDYFDKETS
NIDNIKKYYVVEENDFVYNPRMSNYAPFGPVNRNKLGKKGVMSPLYTVFKIQNI DLNFIEFYFKSS
KWYRFMALNGDSGARADRFSTKDRTFMEMPLHI PCMDEQTKIGQFFSKLDRQTELEEQKLELLQQQ
KKGYMOKI FSQELRFKDENGNDY PDWEKKKLKE T ACVYTGNTPSKKENT YWNKGEYVWVTPTDINN
SKNTYESENKLTQEGYKKARQLPENTLLVTCTASTGKNATLRKQGSCNQQINAVVPFENINIDYLY
YISDSLSTFMKSIAGKTATQIVNKNTFENLETYLAPFEEQNKIADLISSLEELTEKQASKLIKMKS
RKQGMLQTIMFIPGGSHHHHHH

1 2 3 4 5 6

1- soluble cell extract 2- Nickel column flow through
3- Nickel column wash 1 4- Nickel column wash 2 5- Nickel column eluate
6- final protein after PD10 desalting and concentration of eluate

DNA cleavage assay.
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S.SauNa* ACC-6-TTC
Motifs 7 )
Motif Moditied Modification % Motifs # Of Motifs # Of Motifs In Mean Mean Motif Partrier
Position Type Detected Detected Genome Modification QV Coverage

ACCNNNNNNTTC 1 mBA 85 91 2567 2968 464 %2 GAANNNNNNGGT
GAANNNNNNGGT 3 mHA BN pax’ | 2968 “ui 262 ACCNNNNNNTTC
RGAANNNNNNGGVGD 4 mHA 16.05 107 665 1A 278

Not Cluslersd o 001 1034 9110685 w6 38

MSNTOKKNVPELRFPGFEGEWEEKKLGEFAGKVTOKNVDKKYIETLTNSAELGIISQKDYEFDKEIS
NIDNIKKYYVVEENDEVYNPRMSNYAPFGPVNRNKLGKKGVMSPLYTVFKIQONIDLNFIEFYFKSS
KWYRFMALNGDSGARADREFSIKDRTFMEMPLHIPCMDEQIKIGOFFSKLDROQIELEEQKLELLQQQ
KKGYMOKIFSQELRFKDENGNDYPEWENKRIEDIANVNKGETPSTNNNEYWDNNDKNWLSITAGMNQ
KYLYKGNKGISKDAAKNYMKVKNDTLIMSFKLTIGKLAIVKAPLYTNEATICHFIWKVNKINTEFTY
YYLNSLNISTEFGVQAVKGVTLNNDSINSIIVKLPNEEEQNITAKFLLEVDKTVNNQLVKTKLLKQR

KKGLLORMFVPGGSHHHHHH

Modification QV Histogram By Motif
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S.SauNc* ACC-6-RTC
MSNTQKKNVPELRFPGFEGEWEEKKLGEFAGKVTQKNVDKKYIETLTNSAELGI ISQKDYFDKEIS
NIDNIKKYYVVEENDFVYNPRMSNYAPFGPVNRNKLGKKGVMSPLYTVFKIQNIDLNFIEFYFKSS
KWYRFMALNGDSGARADRFSIKDRTFMEMPLHIPCMDEQIKIGQFFSKLDRQIELEEQKLELLQQQ
KKGYLQKIFSQELRFKDENGNDYPEWRFARFKDFMYKPINIRPAINISKSELLTVKLHCKGIEKAN
INRVLKLGATNYYKRFEGQFIYGKQONFFNGAFDIVPKKFDGLYSSSDVPAFEINTEKIEPNYFISY
ISRPSFYKSKEKYSTGTGSKRIHENTVLNFSLHLPCLNEQLKIASFVCFLNRKIELLERKIYLIKK
10 QKQALLQQOMFIPGGSHHHHHH

11 1 2 3 4 5 6 7 8

©CoO~NOUTA,WNPE

32 1- marker 2- soluble cell extract

33 3- Nickel column flow through 4- Nickel column wash 1

5- Nickel column wash 2 6- Nickel column eluate

36 7- eluate after PD10 desalting

37 8- final protein after concentration

38 Although purified, this MTase was only assayed by SMRT.
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S.SauNc* ACC-6-RTC
Modification OV Histogram By Motif
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S.SauNd* ACC-6-TTRG
MSNTQKKNVPELRFPGFEGEWEEKKLGEFAGKVTQKNVDKKYIETLTNSAELGI ISQKDYFDKEIS
NIDNIKKYYVVEENDFVYNPRMSNYAPFGPVNRNKLGKKGVMSPLYTVFKIQNIDLNFIEFYFKSS
KWYRFMALNGDSGARADRFSIKDRTFMEMPLHIPCMDEQIKIGQFFSKLDRQIELEEQKLELLQQQ
KKGYMQKIFSQELRFKDENGNDYPEWENVMLOKVLKDKTEGIKRGPFGGALKKDIFVESGYAVYEQ
RNAIYDISNFRYYINENKYKEMQSFSVQPNDIIMSCSGTIGRLALIPHNYTKGI INQALIRFRTNH
KIRSEFFLIFMRSNOMQORKILEANPGSAITNLVPVKELKLIPFPLPVKFEQDKISQFIHIINRRIE
10 QSEKKIESLKNRKQGFLOKLFVPGGSHHHHHH

11 1 2 3 4 5 6 7 8

©CoO~NOUTA,WNPE

1- marker 2- soluble cell extract 3- Nickel column flow through
a 4- Nickel column wash 5- Nickel column eluate

42 6- eluate after conc. and PD10 desalting

43 7- final protein after concentration 8- NP purified protein marker

45 DNA cleavage assay.
47 ES ES

N
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2

z
NS Mtase

Y
15 16 17 18 19 20

58 Site determined to be ACC-6-TTRG or ACC-6-YTRG. Note that the
59 underlined site was determined by SMRT and is accepted since if Y
60 is a cytosine, then it can't be methylated.
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S.SauNd* ACC-6-TTRG
Motifs
Modihed Modification % Motits £ Of Motifs # Of Motifs In Mean Mean Motit Partner
Position Type Datected Detected Genome Modification QV Coverage Motst
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Modification QV Histogram By Motif
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CYAANNNNNNGGT 4 miA LR T 619 50 209
ACCNNNBNNHTRG 1 miA G7 06 2013 3002 475 310
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S.SauRE  GARA-6-RTGA
MSNTQKKNVPELRFPGFEGEWEEKKLGEVAKT YDGTHQTPKYTNEGIKFLSVENTKTLNSSKYISE
EAFEKEFKIRPEFGDILMTRIGDIGTPNIVSSNEKFAYYVSLALLKTKNLNSYFLKNLILSSSIQON
ELWRKTLHVAFPKKINKNEIGKIKINYPKKQEQQOKTGQFFSKLDRQIELEEQKLELLOQQKKGYMQ
KIFSQELRFKDENGKDYPEWEETT IKETAQINTGKKDTKDATTNGSYDFYVRSPIVYKINTFSYEG
EAILTVGDGVGVGKVFHYVNGKFDYHQRVYKISDFKNYYGLLLFYYFSQNFLKETKKY SAKTSVDS
VRKDMIANMKVPRPTYTEQKKIGQF IKRVDNKTKTQKQVIELLKQRKKSLLQKMFT PGGSHHHHHH
1 2 3 4 5 6

1- soluble cell extract, 2- Nickel column flow through, 3-Nickel column wash 1, 4- Nickel column
wash 2, 5- Nickel column eluate, 6- Final protein after PD10 desalting and concentration

Although purified, this MTase was only used in SMRT.

Motifs
Mean
Motf Moditied Modification % Motifs # Ot Motifs  # Of Motifs In Modific Mean Motit Pa
Position Type Detected Detected Genome pop Coverage
TCAYNNNNNNTYTC 3 mEA 9188 192 862 146 625 GARANNNNNNRTGA
GARANNNNNNRTGA 4 meA 7958 3 B62 %57 617 TCAYNNNNNNTYTC
CCACDONNNNNTYTC 3 mBA 1587 30 189 P4 655
TCAGNNTNNNTNTCNE 3 mbA 1503 2 193 910 677
Mot Clustered ] 0.00 129 15220 854 67.9
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S.SauRE GARA-6-RTGA
Kinetic Detections
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S.SauTE CAAG-5-RTGA

MSNTQKKNVPELRFPGFEGEWEEKELGEIFQIISGSTPLKSNKEFYENGNINWVKTTDLNNSKVTH
SKEKITEYAMKSLKLKLVPKNSVLIAMYGGENQIGRTGLLKIDATINQAISALLMNHETNPEFIQA
FLNYQVKGWKRYAASSRKDPNITKKDIEQFKVPYVSINEQOKIGEFFSKIDHQIELEEQKLELLQQ
QKKGYMOKIFSQELRFKDENGKDYPEWEETTIKETAQINTGKKDTKDATITNGSYDFYVRSPIVYKT
NTFSYEGEAILTVGDGVGVGKVEFHYVNGKFDYHQRVYKISDFKNYYGLLLEYYEFSQONFLKETKKYS
AKTSVDSVRKDMIANMKVPRPIYTEQKKIGQFTITKRVDNKTKIQKQVIELLKQRKKSLLOKMEIPGG

SHHHHHH
1 2 3 4 5 6 7

1- soluble cell extract 2- Nickel column flow through

3-Nickel column wash 1 4- Nickel column wash 2

5- Nickel column eluate 6- eluate after concentrating and PD10 step

7- Final concentrated protein

This MTase did not purify well and was only analysed by SMRT
sequencing. The degeneracy in the target determined by SMRT
sequencing can be removed using results from other systems.

Motifs
Motit Modified Modification % Motifs # Of Motifs # Of Motifs in Mean Mean Mot Parner
Position Type Detected Detected Genome Modification QV Coverage Motit
CAAGNNNNNRTGR 3 mHA 80.15 214 267 638 Qar
YCABNNNNNCTTG 3 mhA 5508 260 472 E5.1 41
HTCAYNNNNNCMTG 4 mbA a s 238 s02 517 aa
TCAYNNONNCTVG 3 mGA naw 19 383 510 443
CNAGNNNNRVTGA 3 nhA B 82 170 594 585 436
TCAYTNNNNOTTG 3 mEA 16.8% » 25 454 a3
Not Clustered 0 00s 3962 9114883 358 06
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CAAG-5-RTGA
Modification QV Histogram By Motif
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Per-Strand Coverage Moaification QV
Motifs
Motid Moditied Modification % Motifs # Of Motifs # Of Motifs in Mean Mean Motit Partner
Position Type o] d Detected G Modification QV Coverage Motif

CAAGNNNNNRTGR 3 maA B0 15 214 27 6348 427
YCASNNNNNCTTG 3 méA 608 20 472 651 431
HTICAYNNNNNCMTG 4 meA AT 23 502 57 Ma
TCAYNRDNNCTVG 3 miA noy 19 353 510 442
CNAGNNNNRVTGA 3 méA »ne 170 04 5 430
TCAYTNNNNDTTG 3 miA 1689 = 2 454 443
Hat Clusterod 0 o4 202 9114883 3548 s06
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S.SauVE

CNGA-6-RTGA

Nucleic Acids Research

MSNTOQKKNVPELRFPGFEGEWEEKELRELRNPKDKYSYTGGPFGSDLKKSDYTTDGIQITIQLONIG
DGYFYNSNKVEFTSNEKAEVLKSCNVFPGDIVIAKMADPIARAAIVPDNNIGKYLMASDGIRLSVDT
VHENTKEVLECINRKSEFRKKVEDNSSGSTRMRIGLSTLGSLTLKTTTLKEQQKIGQFEFSKLDRQIE
LEEQKLELLOOOKKGYMOKIFSQELRFKDENGKDYPEWEETTIKETAQINTGKKDTKDAITNGSYD
FYVRSPIVYKINTESYEGEAILTVGDGVGVGKVEHYVNGKFDYHQRVYKISDFKNYYGLLLEYYEFES
ONFLKETKKYSAKTSVDSVRKDMIANMKVPRPIYTIEQKKIGQFIKRVDNKTKIQKQVIELLKQRKK
SLLOKMFIPGGSHHHHHH

1 2 3 4

5

6

1- marker, 2- soluble cell extract, 3- Nickel column flow through, 4- Nickel column wash, 5- Nickel
column eluate, 6- eluate after conc. and PD10 desalting, 7- Final protein after concentration

Although the MTase was purified,

it was only analysed via SMRT

sequencing.
Motifs
Mean
Motit Modified Modification % Motifs # Of Motifs # Of Motifs Modification Mean Motif Partner Motit
Position Detected Detected In Genome ov Coverage

TCAYNNNNNNTCNG 3 meA 9934 1354 1363 730 432 CNGANNNNNNRTGA
CNGANNNNNNRTGA 4 mbA 96 09 1337 1363 714 434 TCAYNNNNNNTCNG
TCAGENNNNMTCNG 3 méA 4158 79 190 537 492

VCCAYNNNNNVICNG 4 meA 3 n 637 508 ar CNGABNNNNNRTGGE
CNGABNNNNNRTGGE 4 miA, 2998 191 637 502 458 VCCAYNNNNNVTCNG
CNGAYNDNNNCTGA 4 meA n% 74 232 830 449

HTCAYTNNNNNMONG 4 mBA 2331 131 62 445 455

Not Clustered 0 005 4345 an2342 xe 499

ST
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S.SauVE

Motif Sites

CNGA-6-RTGA

Nucleic Acids Research

Modification QV Histogram By Motif

1 TCAYNNNINNTONG.
CNGANNNNNNATGA
TCAGRNNNNMTENG
VCCAYNNNNNYTCNG

[] CNGABNNNNNATOGR

] CNGAYNDNNNCTGA

(] HTCAYTHNNNNMCNG
Not Chustered
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'Modmta!ian Qv

AKX 0
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Par-Strand Caverage Modification QV
Motifs
Modified  Modification % Motifs  #0Of Motifs ¥ Of Motifs e Mean Motif
Maotif Position Yype o = n B e Modzzakm Conirags Partnes Motif
TCAYNNNNNNTCNG 3 oA 0934 1354 1363 Ti0 92 CHNGANNNNNNRTGA
CNGANNNNNNRTGA ¢ A 98,00 1397 1383 4 04 TCAYNNNNNNTONG
TCAGENNNNMTCNG - 3 neA 4158 70 190 537 e32
VOCAYNNNNNVIONG 4 meA 3312 m 6ar WNE u7 CNGABNNNNNRTGOH
CNGABNNNANRTGOE 4 maA 2098 191 a7 02 a58 VCCAYNNNNNVIONG
CNGAYNOMNNCTGA 4 A N 74 m a0 49
HTCAYTNNNNNMONG 4 A 23 131 562 445 455
Nof Clustered 0 005 4345 9112242 ®o 24
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S.SauXE TCTA-6-RTGA
MSNTQKKNVPELRFPGFEGEWEEKQFADFTKINQGLQIAINERKTEYSPELYFYITNEFLRPNSQT
KYFIENPPQSVIANKEDILMTRTGNTGKVVTNVFGAFHNNFFKIKFDKNLYDRLFLVEVLNSSKIQ
NKILSLAGSSTIPDLNHSDFYSISSSYPLLREQQKIGKFFSKLDRQIELEEQKLELLQQQKKGYMQ
KIFSQELRFKDENGKDYPEWEETTIKEIAQINTGKKDTKDAITNGSYDFYVRSPIVYKINTFSYEG
EAILTVGDGVGVGKVFHYVNGKFDYHQRVYKISDFKNYYGLLLFYYFSQNFLKETKKYSAKTSVDS
VRKDMIANMKVPRPIYIEQKKIGQFIKRVDNKTKIQKQVIELLKQRKKSLLOKMFIPGGSHHHHHH
10 1 2 3 4 5 6 7

©CoO~NOUTA,WNPE

35 1- soluble cell extract 2- Nickel column flow through
36 3- Nickel column wash  4- Nickel column eluate

5- eluate after conc. and PD10 desalting

39 6- final protein after concentration

40 7- CC398-1 purified protein marker

41 DNA cleavage assay.
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S.SauXE  TCTA-6-RTGA
The degeneracy in the target determined by SMRT sequencing can be
resolved by reference to targets from other systems.

Motifs
Modited Modification %% Motifs # Of Motifs # Of Motifs Mean Motit

ot Position Type Detected Detected In Genome Wod av on Coverage '
YCASNNNNNNTAGA 3 mhA 68.77 195 285 1216 104.1 TCTANNNNNNVTGR
TCTANNNNNNVTGR B mhA 68.07 194 5 1200 1066 YCABNNNNNNTAGA
DNNTCAYNNNNNNTAGY 6 mhA 457 - 8L 793 1030

RCTANNNNNNRTGA 4 mh4 W4 « 245 78 1041

HTCAHNNNNNNTVGA 4 meA 3243 156 481 09 1042

HTCAYNNNNNNVAGA 4 mhA kg 2n 658 672 10748

Not Clustered Q 012 10813 9115188 KR 54

Modification QV Histogram By Motif
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Motifs
Modified  Modification % Motifs 20fMotifs 7 Of Motifs Sen Mean Motit
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on Position Type Detected  Detected In Genome "““ov‘ CaMon  Coverage P o
YCABNNNNNNTAGA 3 mBA 877 196 25 1218 104.1 TCTANNNNNNVTGR
TCTANNNNNNYTGR ‘ meA sar 1™ 5 1200 1066 YCABNNNNNNTAGA
DNNTCAYNNNNNNTAGY & mea “57 a2 1L 793 1030
RCTANNNNNNRTGA & maA £ “ M5 718 1041
HTCAHNNNNNNTVGA . maA NS 156 Ll 1039 1042
HTCAYHNNNNNVAGA ¢ mBA 207 m 223 €2 107.8
Noe Clustersd 0 o2 10812 9115188 LR} 154
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S.SauZE GAC-5-RTGA

MSNTQKKNVPELRFPGFEGEYSLDIFGNLATNKSEKFNPONENASTDIELDCIEQNTGRLIKIYNS
KEFSSQKNKFNPONVLYGKLRPYLNKYYFTKKSGVCSSEIWVLKSTKEDKLLNLFLYYFIQTKRYS
DVASKSAGSKMPRADWGLIENTRVYFPELCEQQKIGQFFSKLDROTELEEQKLELLQQQKKGYMOK
TFSQELRFKDENGKDY PEWEETTTIKETAQTNTGKKDTKDATTNGSYDFYVRSPTIVYKINTFSYEGE
AILTVGDGVGVGKVFHYVNGKFDYHQRVYKISDFKNYYGLLLFYYFSQNFLKETKKY SAKTSVDSV
RKDMTANMKVPRPTYIEQKKIGQF TKRVDNKTKIQKQVIELLKORKKSLLOKMF T PGGSHHHHHH *

1 2 3 4 5 6 7 8

1- marker  2- soluble cell extract 3- Nickel column flow through
4- Nickel column wash  5- Nickel column eluate  6- eluate after conc. step and PD10 desalting
7- final concentrated protein 8- CC398-1 purified protein marker

DNA cleavage assay showed cutting of all plasmids so the ATPase
assay was used given that we knew the individual TRD specificities.

Oligonucleotide
name DNA sequence (5' to 3')
ZES5for AGATGATGGAATCAATGCGACTTCCAGTGAGCCCTATACGATATAA
ZESrev TTATATCGTATAGGGCTCACTGGAAGTCGCATTGATTCCATCATCT
ZE6for AGATGATGGAATCAATGCGACTTCCATGTGAGCCCTATACGATATAA
ZE6rev TTATATCGTATAGGGCTCACATGGAAGTCGCATTGATTCCATCATCT
ZET7for AGATGATGGAATCAATGCGACTTCACATGTGAGCCCTATACGATATAA
ZETrev TTATATCGTATAGGGCTCACATGTGAAGTCGCATTGATTCCATCATCT
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S.SauZkE
N=5 gives the clearest signal.

Absorbance (340 nm)

GAC-5-RTGA

Nucleic Acids Research
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S.SauzZS GAC-6-TGC

MSNTOQKKNVPELRFPGFEGEYSLDIFGNLATNKSEKFNPONENASIDIELDCIEQNTGRLIKIYNS
KEFSSOKNKENPONVLYGKLRPYLNKYYFTKKSGVCSSEIWVLKSTKEDKLLNLEFLYYFIQTKRYS
DVASKSAGSKMPRADWGLIENIRVYFPELCEQOKIGOQFFSKLDROIELEEQKLELLOQOKKGYMOK
ITFSQELRFKDENGNDYPDWTNERLGEVTTVTMGQSPKSVNYTDNSNDTVLIQGNADIENGLINPRI
YTREVTKLIQKDEIILTVRAPVGKLAMAQINACIGRGVCSIKGDKFLYYFLEWFATONKWIRESQG
STEFESISGNDIRNIHIKIPVEDERTKIIKLLNSLDVLNSKTDLKIQNLKQRKOSLLOKIFVPGGSH

HHHHH*
1 2 3 4

5 6 7 8 9

1- marker 2- soluble cell extract 3- Nickel column flow through

4- Nickel column wash 1 5- Nickel column wash 2 6- Nickel column eluate
7- eluate after PD10 desalting 8- final protein after concentration

9- NQ purified protein marker

The DNA cleavage assay showed cutting of all plasmids so the
ATPase assay was used since we knew the TRD specificities.

Oligonucleotide
name DNA sequence (5' to 3')
ZS6for AGATGATGGAATCAATGCGACTTCCATTGCGCCCTATACGATATAA
ZS6rev TTATATCGTATAGGGCGCAATGGAAGTCGCATTGATTCCATCATCT
ZSTfor AGATGATGGAATCAATGCGACTTCACATTGCGCCCTATACGATATAA
ZSTrev TTATATCGTATAGGGCGCAATGTGAAGTCGCATTGATTCCATCATCT
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S.Sauzs GAC-6-TGC
N=6 gives the greatest activity.
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S.Saub*E GGHA-6-RTGA

MSNTQKKNVPELRFPGFEGEWEEKKLEDTLEF IKDGTHGTHENVNNGPWLLSAKNTKNNKI T TSSD
DRKISESDYKKIYKNYKLEKGDLLLTIVGT IGRAATVKNPNNIAFQRSVAT LKTKATYDVGFIFQL
FOTKYFKNLLLRKQVVSAQPGLYLGDIRKIKISITNI IEEQRKIGIFFSKLDRQIELEEQKLELLQ
QOKKGYMQKIFSQELRFKDENGKDY PEWEETTIKE TAQTINTGKKDTKDATTNGSYDFYVRSPIVYK
INTFSYEGEATLTVGDGVGVGKVFHYVNGKFDYHQRVYKISDFKNYYGLLLEFYYFSQONFLKETKKY
SAKTSVDSVRKDMIANMKVPRPIYTEQKKIGQFTKRVDNKTKIQKQVIELLKQRKKSLLQKMEF I PG
GSHHHHHH

1 2 3 4 5 6

1- soluble cell extract, 2- Nickel column flow through, 3- Nickel column wash, 4- Nickel column
eluate, 5- eluate after conc. step and PD10 desalting, 6- Final concentrated protein

Although this MTase was purified, it was only used in the SMRT
sequencing assay.

Motifs

Modified Modification % Motifs #£0ftMotits  # Of Motifs In Mean Mean Motit
Moty Partner Motf

Position Type Detected Detected Genome Modification QV Coverage
TCAYNNNNNNTDCC 3 mBA 739 969 1278 446 245 GGHANNNNNNRTGA
GGHANNNNNNRTGA 4 mbA 67 68 865 1278 4312 247 TCAYNNNNNNTDCC
TCAGNDNNNNTDCC 3 mBA 2157 1o 510 410 252
Not Clustered 0 0ot 928 9114260 »7 273
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S.Saub*E GGHA-6-RTGA

Nucleic Acids Research

Medification QV Histogram By Motif
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o Position Type Detectec Detected Genome Modification QV Coverage Mowt
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S.Saue*E GAG-6-RTGA
MSNTQKKNVPELRFPGFEGEWEEKSISSFLKESKIKGSNGSHAKKLTVKLWGKGVVPKKETFKGSD
NTQYYKRKAGQLMYGKLDFLNCAFGIVPDSLNNYESTIDSPSEFDEFINGDSKFLLERIKLKSEYKKE
GDIANGSRKAKRINODTFLSLPVFAPKYDEQLRIGEFFSKLDROQIELEEQKLELLQQOKKGYMOKT
FSQELRFKDENGKDYPEWEETTIKEIAQINTGKKDTKDAITNGSYDEFYVRSPIVYKINTFSYEGEA
ILTVGDGVGVGKVFHYVNGKFDYHQRVYKISDFKNYYGLLLEYYFSQNFLKETKKYSAKTSVDSVR
KDMIANMKVPRPIYIEQKKIGQFIKRVDNKTKIQKQVIELLKQRKKSLLOKMFIPGGSHHHHHH

1 2 3 4 5 6

1- soluble cell extract, 2- Nickel column flow through, 3- Nickel column eluate, 4- eluate after
PD10 desalting, 5- Final concentrated protein, 6- RE purified protein as marker

DNA cleavage assay.
E7 E7
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o
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S.Saue*E GAG-6-RTGA

Nucleic Acids Research

Page 82 of 122
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Motifs
Mean
Modified Modification % Motits #0fMotifs  # Of Motifs In ™ Mean Motif -
Position Type Detected Detected Genome av Coverage
TCAYNNNNNNCTC 3 mbA B3.60 762 860 494 285 GAGNNNNNNRTGA
GAGNNNNNNRTGA 2 mibA 87313 751 860 S0 82 TCAYNNNNNNCTC
GAGNDNNNNGTGGS 2 mBA 2022 37 183 4089 205
DNNGAGNDNNNNGAGA & mbs 1856 3% 194 N8 27
Not Glusterad 0 om 914 9415229 ue6 363
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Modified Modification % Motifs ¥ Of Motifs  # Of Motifs In Mean Motif
Position Type Detected Detected Genome M av Coverage Fortnar Mot
TCAYNNNNNNCTC 3 mEA 88 60 762 860 494 25 GAGNNNNNNRTGA
GAGNNNNNNRTGA 2 A 41353 %51 L] so0 282 TCAYNNRNNNCTC
GAGNDNNNNGTGGE 2 mhA o n 143 W00 205
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SUPPLEMENTARY INFORMATION FOR TABLE 4.
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S.SauAc* CCAY-6-RTC

The Ac* TRD combination is found in CC97-1. The MTase was not purified but
instead used to methylate the genome of E. coli ER2796 for SMRT analysis. The
target is CCAYNNNNNNRTC. There are a few minor amino acid differences in the
S.SauAc* between members of CCO97.

CcCc9o7

Recombinant S.SauAc* CC97-1
MSNTQKKNVPELRFPGFEGEWEEKKLGDLTTKIGSGKTPKGGSENYTNKGIPFLRSOQNIRNGKLNLNDLVYISKDIDDEM
KNSRTYYGDVLLNITGASIGRTAINSIVEIHANLNQHVCIIRLKKEYYYNFFGQYLLSRKGKRKIFLAQSGGSREGLNFK
EIANLKIFTPTIFEEQOKIGEFISKLDRQIELEEQKLELLOQOKKGYLQKIFSQELRFKDENGNDYPEWRFARFKDEMYK
PINIRPAINISKSELLTVKLHCKGIEKANINRVLKLGATNYYKRFEGQFIYGKONFFNGAFDIVPKKEFDGLYSSSDVPAF
EINTEKIEPNYFISYISRPSFYKSKEKYSTGTGSKRIHENTVLNEFSLHLPCLNEQLKIASFVCFLNRKIELLERKIYLIK
KOKQALLQOMFIPGGSHHHHHH

Wild Type S.SaulAc*
MSNTQKKNVPELRFPGFEGEWEEKQLGDLTTKIGSGKTPKGGSENYTNKGIPFLRSOQNIRNGKLNLNDLVYISKDIDDEM
KNSRTYYGDVLLNITGASIGRTAINSIVETHANLNQHVCIIRLKKEYYYIFFGQYLLSRKGKRKIFLAQSGGSREGLNFK
EIANLKIFTPTIFEEQQKIGKFFSKLDROQIELEEQKLELLOQQQKKGYLOKIFSQELRFKDENGNDYPEWRFARFKDFMYK
PINIRPAINISKSELLTVKLHCKGIEKANINRVLKLGATNYYKRFEGQFIYGKONFFNGAFDIVPKKFDGLYSSSDVPAF
EINTEKIEPNYFISYISRPSFYKSKEKYSTGTGSKRIHENTVLNESLHLPCLNEQLKIASFVCFLNRKIELLERKIYLIK
KOKQALLQQOMFI*

SMRT Cells: 1 Movies: 1
Motif Summary
Motif Modified T % Motifs # Of Motifs # Of Motifs In Mean Mean Motif Part Motif
otifs e artner Moti
Position P Detected Detected Genome Modification QV Coverage
CCAYNNNNNNRTC 3 méA  97.52% 2199 2255 68.95 50.78 GAYNNNNNNRTGG
GAYNNNNNNRTGG 2 meA  96.01% 2165 2255 68.50 51.01 CCAYNNNNNNRTC
Modification QVs
10* - -
| CCAYMNNNNNRTC |
GATNNNNNNRTGG
Not Clustered

10°

Matif Sites
=

10t b il

| i

100 0 00 =0 00
Modification QV
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S.SauBI-EGFP
CcC22-1 AGG-6-TGAR
This MTase was expressed and purified as a fusion with EGFP.
Nuclease assays and SMRT analysis gave the same target site.
MSNTOQKKNVPELRFPGFEGEWEEKKLGDLTDRVIRKNKNLESKKPLTISGQLGLIDQTEYEFSKSVS
SKNLENYTLIKNGEFAYNKSYSNGYPLGATIKRLTRYDSGVLSSLYICFSIKSEMSKDFMEAYFDST
HWYREVSGIAVEGARNHGLLNVSVNDFFTILIKYPSLEEQOQKIGKFFSKLDROQIELEEQKLELLQQ
10 QKKGYMOKIFSQELRFKNENGNDYPDWERIKFFDVIDKVIDFRGRTPKKLNMEWSDEGYLALSAVN
VKKGYIDFNVEAKYGNLDLYTRWMRGNELYKGQVLEFTTEAPMGNVAQVPDNKGYILSQRTIAFNSN
EKITDNFLASLLSSENVYNDLLKLCSGATAKGVSQKNLNRLYVTIPHSTISEQEETAEFFRKINQLV
14 ELQKYKIEHTKSQKOQVFLOQKMFIGSMVSKGEELFTGVVPILVELDGDVNGHKEFSVSGEGEGDATYG
15 KLTLKFICTTGKLPVPWPTLVTTLTYGVQCEFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNY
16 KTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVY IMADKOKNGIKVNFKIRHNTE
ig DGSVQLADHYQONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITLGMDELYK
HHHHHH

©CoO~NOUTA,WNPE

21 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

47 1- marker 2- Nickel column eluate  3-14 Fractions from gel filtration column
48 15- CC5-1 Purified protein marker
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S.SauBI-EGFP
éGG—G—IGAR

cca22-1

DNA cleavage assay
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L linear
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S.SauBI-EGFP
CcC22-1 AGG-6-TGAR

Motif Modifled Modification % Motifs # Of Motifs # Of Motifs In Mean Mean Motif Bartror Mot
Position Type Detected Detected Genome Modification QV Coverage

YTCANNNNNNCCT 4 m6A 99.24 919 926 86.2 56.3 AGGNNNNNNTGAR

AGGNNNNNNTGAR 1 mBA 99.24 919 926 83.9 55.7 YTCANNNNNNCCT

Not Ciustered 0 0.06 5230 9124356 348 61.5

©CoO~NOUTA,WNPE

16 Modification QV Histogram By Motif

19 Modification QV Histogram

23 10 v Y Y .
24 [ YTCANNNNNNCCT
P AGGNNNNNNTGAR
27 Not Clustered

29 104 |

35 10°

Motif Sites

41 10°

47 10t |

9 A i I
>3 10 80 100 120 140 160
55 Modification QV
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S.SauCE
ST425-1 GWAG-5-RTGA
The recombinant enzyme with TRDs C and E was purified and used in
the nuclease assay. There are minor differences in amino acid
sequence between members of ST425-1.
Recombinant S.SauCE CC425-1 GWAG-5-RTGA
MSNTOQKKNVPELRFPGFEGEWEEKKVGELLEFKNGLNKGKEYFGSGSSIVNEFKDVENNRSINTNNL
TGKVNVNSKELKNYSVEKGDVEFFTRTSEVIGEIGYPSVILNDPENTVESGEFVLRGRPKSGIDLINN
NFKRYVFFTNSFRKEMITKSSMTTRALTSGTAINRMKVIYPVSAKEQKKIGDEFFSKLDRQIELEEQ
KLELLOQOKKGYMOKIFSQELRFKDENGKDYPEWEETTIKETAQINTGKKDTKDAITNGSYDFYVR
SPIVYKINTFSYEGEAILTVGDGVGVGKVEFHYVNGKFDYHQRVYKISDFKNYYGLLLEYYFSQONFEL
KETKKYSAKTSVDSVRKDMIANMKVPRPIYIEQKKIGQFIKRVDNKTKIQKQVIELLKQRKKSLLQ
KMFTIPGGSHHHHHH
Wild type S.SauCE
MSNTQTKNVPELRFPGFEGEWEEKQVGELLEFKNGLNKGKEYFGSGSSIVNEFKDVENNRSINTNNL
TGKVNVNSKELKNYSVEKGDVFFTRTSEVIGEIGYPSVILNDPENTVESGFVLRGRPKSGIDLINN
NFKRYVFFTNSFRKEMITKSSMTTRALTSGTAINKMKVIYPVSAKEQKKIGDEFFSKLDRQTIELEEQ
KLELLOQOKKGYMOKIFTQELRFKDENGNDYPEWEETTIKETAQINTGKKDTKDAITNGSYDFYVR
SPIVYKINTFSYEGEATILTVGDGVGVGKVFHYVNGKFDYHQRVYKISDFKNYYGLLLEYYFSQONEFL
KETKKYSAKTSVDSVRKDMVANMKVPRPIYIEQEKIGQFIKKVDNKIKIQKQVIELLKQRKKALLQ
KMFI*

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1- marker  2- soluble cell extract 3- flow through from Nickel column 4- wash from Nickel
column

5- eluate from Nickel column 6-14 Fractions from gel filtration column  15- CC398-1 purified
protein marker
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S.SauCE
ST425-1 GWAG-5-RTGA

DNA cleavage assay.
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S.SauJdP

CC51 GGA-6-CCT

This MTase was used in the SMRT analysis of E. coli ER2796.

There are minor variations in the sequences of the S subunits in
CC51.

Recombinant S.SauJdP CC51-1
MSNTOQKKNVPELRFPGFEGEWEEKKLGDLIKVNSGKDYKHLEKGDIPVYGTGGYMTSVSEPLSEID
AVGIGRKGTINKPYLLEAPFWTVDTLEYCTPKKETDILFILSLFRKINWKVYDESTGVPSLSKQTI
NKINREFVPSNKEQOKIGEFFIKLDROQIELEEQKLELFOQOOKKGYMOKIFSQELRFKDESGNDYPDW
EEKELGEVADRVIRKNKNFESKKPLTISGQLGLIDQTEYEFSKSVSSKNLENYTLTKNGEFAYNKSY
SNGYPLGAIKRLTRYDSGVLSSLYICEFSIKSEMSKDEFMEAYFDSTHWYREVSGIAVEGARNHGLLN
ISVNDFFTILIKYPSLEEQRKIGDFFIKLDROIELEEQKLELLOQRKKALLKSMLIPGGSHHHHHH
Wild Type S.SaudP
MSNTQTKNVPELRFPGFEGEWEEKKLEDITKVNSGKDYKHLDKGDIPVYGTGGYMTSVSEPLSEID
AVGIGRKGTINKPYLLEAPFWTVDTLEFYCTPKKETDILFILSLEFRKINWKVYDESTGVPSLSKQTI
NKINREVPTNKEQOKIGKFEFSKLDROQIELEEQKLELFQOOKKGYMOKIFSQELRFKDESGNDYPDW
EEKELGEVADRVIRKNKNFESKKPLTISGOLGLIDOQTEYFSKSVSSKNLENYTLIKNGEFAYNKSY
SNGYPLGATKRLTRYDSGVLSSLYICEFSIKSEMSKDFMEAYEFDSTHWYREVSGIAVEGARNHGLLN
ISVNDFFTILIKYPSLEEQRKIGDFFIKLDROQIELEEQKLELLOORKKALLKSMLIT

Reports for Job Dryden_J_P_MODs O S ces
SMRT Cells: 1 Moves
Motif Summary
Modified % Motifs # Of Motifs £ Of Motifs In Mean Mean Motif )
Motif f
Mo Position Type Detected Detected Genome Modification QV Coverage Pantor: Mol

GGANNNNNNCCT 3 mEA 381N 1340 1368 823 EER )} AGGNNNNNNTCC
AGGNNNNNNTCC 1 mEA  37.38% 1333 1356 E104 3818 GGANNNNNNCCT

BNAGGANNNNNACCH 3 mbA  4626% “ 47.92 3946

(=)
.-
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S.SauJP
CC51 GGA-6-CCT

Modification QVs
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S.SauCL-EGFP
cc45-1 GWAG-6-TAAA

Two separate clones of pSauCL-EGFP encode residue 167 as Lysine (K)

instead of arginine (R), but this does not affect the specificity
as identical sequences are recognised in Trd C from CC30-1.
S.SauCL-EGFP “Expected” sequence
MSNTOQKKNVPELRFPGFEGEWEEKKVGELLEFKNGLNKGKEYFGSGSSIVNEFKDVENNRSINTNNL
TGKVNVNSKELKNYSVEKGDVEFFTRTSEVIGEIGYPSVILNDPENTVESGEFVLRGRPKSGIDLINN
NFKRYVFFTNSFRKEMITKSSMTTRALTSGTAINRMKVIYPVSAKEQKKIGDFFSKLDRQIELEEQ
KLELLOQOKKGYMQOKIFSQELRFKDENGNDY PNWRTIELKNILENIVDNRGKTPDNAPSEKYPLLE
VNALGYYRPAYIKVSKEVSENTYNNWEFREHLKENDILEFSTVGNTGIVSLMDNYKAVIAQNIVGLRV
NNNNLPSFIYYMLSYKGNQKKIKRIQMGAVQPSVKVSQFKFIKYLVPIKDEQEKVAKLLIEIDKLV
NKQLTKIELLOORKKALLKSMEFIGSMVSKGEELFTGVVPILVELDGDVNGHKFSVSGEGEGDATYG
KLTLKFICTTGKLPVPWPTLVTTLTYGVQCEFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNY
KTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIE
DGSVQLADHYQONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITLGMDELYK
HHHHHH
S.SauCL-EGFP “Actual” sequence
MSNTQKKNVPELRFPGFEGEWEEKKVGELLEFKNGLNKGKEYFGSGSSIVNEFKDVENNRSINTNNL
TGKVNVNSKELKNYSVEKGDVEFFTRTSEVIGEIGYPSVILNDPENTVESGEFVLRGRPKSGIDLINN
NFKRYVFFTNSFRKEMITKSSMTTRALTSGTAINKMKVIYPVSAKEQKKIGDFFSKLDRQIELEEQ
KLELLOQOKKGYMOKIFSQELRFKDENGNDYPNWRTITELKNILENIVDNRGKTPDNAPSEKYPLLE
VNALGYYRPAYIKRKVSKEVSENTYNNWEFREHLKENDILEFSTVGNTGIVSLMDNYKAVIAQNIVGLRV
NNNNLPSFIYYMLSYKGNQKKIKRIQMGAVQPSVKVSQFKFIKYLVPIKDEQEKVAKLLIETIDKLV
NKQLIKIELLQOQRKKALLKSMFIGSMVSKGEELFTGVVPILVELDGDVNGHKEFSVSGEGEGDATYG
KLTLKFICTTGKLPVPWPTLVTTLTYGVQCEFSRYPDHMKQHDFFKSAMPEGYVQERTIFFKDDGNY
KTRAEVKFEGDTLVNRIELKGIDFKEDGNILGHKLEYNYNSHNVY IMADKOQKNGIKVNFKIRHNIE
DGSVQLADHYQONTPIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGITLGMDELYK
HHHHHH

1 2 3 4 5 6 7 8 9 100 11 12 13 14 15

1- marker  2- Nickel column eluate ~ 3-14 Fractions from gel filtration column
15- CC5-1 purified protein marker
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S.SauCL-EGFP
CC45-1 GWAG-6-TAAA
DNA cleavage assay.
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S.SauOE
CC15
Recombinant S.SauOE CC1l5-1 CAAC-5-RTGA
MSNTQKKNVPELRFPGFEGEWEEKKLGEVGTFTSGGTPLKSKSEYWNGDIPWITTGDIHNIKRENIT
TNEFITEKGLNESSAKLITNEAILIAMYGOQGKTRGMSAILNFEATTNQACAIYQTNONINEVEFQYEFQ
KLYEFLRSLSNEGSQOKNLSLSLLKEITLNYPNEQEQKKIGDFFSKLDRQIELEEQKLELLQQOKKG
YMOKIFSQELRFKDENGKDYPEWEETTIKEIAQINTGKKDTKDAITNGSYDEYVRSPIVYKINTES
YEGEAILTVGDGVGVGKVFHYVNGKFDYHOQRVYKISDFRKNYYGLLLEYYFSONFLKETKKYSAKTS
VDSVRKDMIANMKVPRPIYIEQKKIGQFIKRVDNKTKIQKQVIELLKQRKKSLLOKMFIPGGSHHH
HHH
Wild Type S.SauOE
MSNKQKKNVPELRFPGFEGEWEEKKLGEVGTEFTSGGTPLKSKSEYWNGDIPWITTGDIHNIKRENT
TNEFITEKGLNESSAKLITNEAILIAMYGQOQGKTRGMSAILNFEATTNQACAIYQTNONINEVEFQYFQ
KLYEFLRSLSNEGSQKNLSLSLLKEITLNYPNEQEQKKIGDFFSKLDRQIELEEQKLELLQQQOKKG
YMOKIFSQELRFKDENGNDYPEWEETTIKEIAQINXGKKDTKDAITNGSYDEYVRSPIVYKINTFES
YEGEAILTVGDGVGVGKVEFHYVNGKFDYHQRVYKISDFKNYYGLLLEFYYFSONFLKETKKYSAKTS
VDSVRKDMIANMKVPRPIYIEQKKIGQFIKRVDNKTKIQKQVIELLKQRKKALLQKMET

1 2 3 4 5 6 7 8 9

1- marker 2- soluble cell extract 3- Nickel column flow through

4- Nickel column wash 1 5- Nickel column wash 2 6- Nickel column eluate
7- eluate after PD10 desalting 8- Final concentrated protein

9- CC398-1 purified protein marker

Although purified, this MTase was only used in SMRT sequencing.
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S.SauOE
CC15

Recombinant S.SauOE

Nucleic Acids Research

CC15-1

CAAC-5-RTGA

Motifs

TCAYNNNNNGTTG
CAACNNNNNRTGA
TCAGNDNNNGTTG
CAACNNNHNCTGA
CCAHKNNNNGTTG
CAACNNNNHRTGG
Not Clustered
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S.SauJdQ
CC59
This enzyme was purified and analysed using the ATPase assay as
both TRD specificities were known and the DNA cleavage assay
showed cutting of all plasmids.
Recombinant S.SauJQ CC59-1 GGA-6-RTGT
MSNTQKKNVPELRFPGFEGEWEEKKLGDLIKVNSGKDYKHLEKGDIPVYGTGGYMTSVSEPLSEID
AVGIGRKGTINKPYLLEAPFWTVDTLEFYCTPKKETDILFILSLFRKINWKVYDESTGVPSLSKQTT
NKINREFVPSNKEQQKIGEFFIKLDRQIELEEQKLELLOQQOQKKGYMOKIFSQELRFKDENGEDYSEW
EERRFADIFKFHNKLRKPIKENLRVKGSYPYYGATGIIDYVDDFIFDGNYLLIGEDGANITITRSAP
LVYLVNGKFWVNNHAHILSPLNGNIQYLYQVAELVNYEKYNTGTAQPKLNIONLKITINVVISTNLE
EQOKIGSFLSKLDRQIDLEEQKLELLOQQRKKALLKSMEFVPGGSHHHHHH
Wild type S.SaudQ
MSNTQKKNVPELRFPEFEGEWEERKLGDLTIKVNSGKDYKHLDKGDIPVYGTGGYMTSVSEPLSEID
AVGIGRKGTINKPYLLEAPFWTVDTLFYCTPEKEADILFILSLFRKINWKLYDESTGVPSLSKQTT
NKINRLVPTNKEQOQKIGEFFSKLDROQIELEEQKLELLOQQOKKGYMOKIFSQELRFKDENGEDY SEW
EERRFADIFKFHNKLRKPIKENLRVKGSYPYYGATGIIDYVDDFIFDGNYLLIGEDGANIITRSAP
LVYLVNGKFWVNNHAHILSPLNGNIQYLYQVAELVNYEKYNTGTAQPKLNIQNLKIINVVISTNLE
EQOKIGSFLSKLDRQIDLEEQKLELLQQRKKALLKSMEV*

1 2 3 4 5 6 7 8 9

1- marker 2- soluble cell extract 3- Nickel column flow through

4- Nickel column wash 1 5- Nickel column wash 2  6- Nickel column eluate
7- eluate after conc. and PD10 desalting

8- final concentrated protein  9- XE purified protein marker
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S.SauJQ

CCc59

Recombinant S.SauJdQ CC59-1 GGA-6-RTGT
ATPase assay shows that N=6.
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35 Oligonucleotide
36 name DNA sequence (5' to 3')

JO5for AGATGATGTCATCAATGCGGATTACAGTGTGCCCTATACGATATAA
39 JQbrev TTATATCGTATAGGGCACACTGTAATCCGCATTGATGACATCATCT
40 JQo6for AGATGATGTCATCAATGCGGATTGACAGTGTGCCCTATACGATATAA
JQ6rev TTATATCGTATAGGGCACACTGTCAATCCGCATTGATGACATCATCT
43 JQ7for AGATGATGTCATCAATGCGGATTAGACAGTGTGCCCTATACGATATAA
44 JQT7rev TTATATCGTATAGGGCACACTGTCTAATCCGCATTGATGACATCATCT
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S.SauRQ
CC72
This enzyme was purified and analysed using the ATPase assay as
both TRD specificities were known and the DNA cleavage assay
showed cutting of all plasmids.
Recombinant S.SauRQ CC72-1 GARA-6-RTGT
MSNTOQKKNVPELRFPGFEGEWEEKKLGEVAKIYDGTHQTPKYTNEGIKFLSVENIKTLNSSKYISE
EAFEKEFKIRPEFGDILMTRIGDIGTPNIVSSNEKFAYYVSLALLKTKNLNSYFLKNLILSSSTIQON
ELWRKTLHVAFPKKINKNEIGKIKINYPKKQEQQKIGQFFSKLDRQIELEEQKLELLQOQQOKKGYMQ
KIFSQELRFKDENGEDYSEWEERRFADIFKFHNKLRKPIKENLRVKGSYPYYGATGIIDYVDDFIF
DGNYLLIGEDGANITTRSAPLVYLVNGKFWVNNHAHILSPLNGNIQYLYQVAELVNYEKYNTGTAQ
PKLNIQNLKIINVVISTNLEEQQKIGSFLSKLDRQIDLEEQKLELLQOQRKKALLKSMFVPGGSHHH
HHH
Wild type S.SauRQ
MSNTOQKKNVPELRFPGFEGEWEEKKLGEVAKIYDGTHQTPKYTNEGIKFLSVENIKTLNSSKYISE
EAFEKEFKIRPEFGDILMTRIGDIGTPNIVSSNEKFAYYVSLALLKTKNLNSYFLKNLILSSSIOQON
ELWRKTLHVAFPKKINKNEIGKIKINYPKKQEQQKIGQFFSKLDRQIELEEQKLELLQQOQQKKGYMQ
KIFSQELRFKDENGNDYPEWEERRFADIFKFHNKLRKPIKENLRVKGSYPYYGATGIIDYVDDFIF
DGNYLLIGEDGANIITRSAPLVYLVNGKFWVNNHAHILSPLNGNIQYLYQVAELVNYEKYNTGTAQ
PKLNIQNLKIISVVISTNLEEQQOKIGSFLSKLDRQIDLEEQKLELLOQRKKALLKSMFEV*

1 2 3 4 5 6 7 8 9

1- marker 2- soluble cell extract 3- Nickel column flow through

4- Nickel column wash 1 5- Nickel column wash 2 6- Nickel column eluate
7- eluate after PD10 desalting 8- Final protein after concentration

9- NP purified protein as marker
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S.SauRQ
CC72
Recombinant S.SauRQ

Nucleic Acids Research

GARA-6-RIGT
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N=6 shows activity.
Oligonucleotide
name DNA sequence (5' to 3')
RQ5for AGATGATGGAATCAATGCGAGATTCCAGTGTGCCCTATACGATATAA
RQ5rev TTATATCGTATAGGGCACACTGGAATCTCGCATTGATTCCATCATCT
RQ6for AGATGATGGAATCAATGCGAGATGTCCAGTGTGCCCTATACGATATAA
RQ6rev TTATATCGTATAGGGCACACTGGACATCTCGCATTGATTCCATCATCT
RQ7for AGATGATGGAATCAATGCGAGATGTACCAGTGTGCCCTATACGATATAA
RQ7rev TTATATCGTATAGGGCACACTGGTACATCTCGCATTGATTCCATCATCT

For Peer Review



©CoO~NOUTA,WNPE

Nucleic Acids Research Page 100 of 122

S.Sauds
This second enzyme from CC72 was purified and analysed using the
ATPase assay. There are minor variations between S subunit
sequences in CC72-2.
CC72
Recombinant S.SauJds CC72-2 GGA-7-TGC
MSNTOQKKNVPELRFPGFEGEWEEKKLGDLIKVNSGKDYKHLEKGDIPVYGTGGYMTSVSEPLSEID
AVGIGRKGTINKPYLLEAPFWTVDTLEFYCTPKKETDILFILSLEFRKINWKVYDESTGVPSLSKQTI
NKINREFVPSNKEQOKIGEFFIKLDROQIELEEQKLELLOQOKKGYMOKIFSQELRFKDENGNDYPDW
TNERLGEVTTVTMGQSPKSVNYTDNSNDTVLIQGNADIENGLINPRIYTREVTKLIQKDEITILTVR
APVGKLAMAQINACIGRGVCSIKGDKFLYYFLEWFATONKWIRFSQGSTFESISGNDIRNIHIKIP
VEDERTKIIKLLNSLDVLNSKTDLKIONLKORKQSLLOKIFVPGGSHHHHHH
Wild Type S.SaudS
MSNTOKKNVPELRFPEFEGEWEEKQLGNIIKVNSGKDYKHLDKGDIPVYGTGGYMTSVSEPLSEID
AVGIGRKGTINKPYLLEAPFWTVDTLEFYCTPKKETDILFILSLEFRKINWKVYDESTGVPSLSKQTT
NKINREVPTNKEQOKIGKFEFSKLDROQIELEEQKLELLOQOKKGYMOKIFSQELRFKDENGNDYPDW
TNERLGEVTTVTMGQSPKSVNYTDNSNDTVLIQGNADIENGLINPRIYTREVTKLIQKDEIILTVR
APVGKLAMAQINACIGRGVCSIKGDKFLYYFLEWFATONKWIREFSQGSTFESTISGNDIRNIHIKIP
VEDERTKITKLLNSLDVLNSKTDLKIQONLKQRKQSLLOKIFEFV

1 2 3 4 5 6 7 8 9

1- marker 2- soluble cell extract 3- Nickel column flow through

4- Nickel column wash 1 5- Nickel column wash 2 6- Nickel column eluate
7- eluate after PD10 desalting 8- final protein after concentration

9- NP purified protein as marker
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S.SauJdSs
CC72

Nucleic Acids Research

Recombinant S.SaudS CC72-2 GGA-7-TGC
N=7 shows activity.

Oligonucleotide
name

DNA sequence (5' to 3')

JSefor

AGATGATGGCATCAATGCGGATTACATTGCGCCCTATACGATATAA

JSorev

TTATATCGTATAGGGCGCAATGTAATCCGCATTGATGCCATCATCT

JST7for

AGATGATGGCATCAATGCGGATTGACATTGCGCCCTATACGATATAA

JS7rev

TTATATCGTATAGGGCGCAATGTCAATCCGCATTGATGCCATCATCT
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S.SauTUu
CC75
Recombinant S.SauTU CC75-1 CAAG-5-RTC

MSNTOKKNVPELRFPGFEGEWEEKELGEIFQIISGSTPLKSNKEFYENGNINWVKTTDLNNSKVTH
SKEKITEYAMKSLKLKLVPKNSVLIAMYGGENQIGRTGLLKIDATINQAISALLMNHETNPEFIQA
FLNYQVKGWKRYAASSRKDPNITKKDIEQFKVPYVSINEQOKIGEFFSKIDHQIELEEQKLELLQQ
OKKGYMQOKIFSQELRFKDENGEDYPDWEVTTIQONITKYTSSKKSSNQYADKDNSKGYPVYDAVQET
GKDSNYDIEESYISILKDGAGVGRLNLRPGKSSVIGTMGY IQSNNVDIEFLYYRMKVVDEFKKYIIG
STIPHLYFKDYSKETLYTIPSSIQEQAKIGMFISNLDKLTENKNLKLNCLKQLKQGLLOSMFIPGGS
HHHHHH
Wild type S.SauTU
MSNTQTKNVPELRFPGFEGEWEEKELGETFQIISGSTPLKSNKEFYENGNINWVKTTDLNNSKVTH
SKEKITEYAMKSLKLKLVPKNSVLIAMYGGENQIGRTGLLKIDATINQAISALLMNHETNPEFIQA
FLNYQVKGWKRYAASSRKDPNITKKDIEQFKVPYVSINEQOKIGEFFSKIDHQIELEEQKLELLQQ
OKKGYMQOKIFSQELRFKDENGEDYPDWEVTTIQONITKYTSSKKSSNQYADKDNSKGYPVYDAVQET
GKDSNYDIEESYISTILKDGAGVGRLNLRPGKSSVIGTMGYIQSNNVDIEFLYYRMKVVDFKKYIIG
STIPHLYFKDYSKETLYTIPSSIQEQAKIGMFISNLDKLTENKNLKLNCLKOQLKOGLLQSMFET

1 2 3 4 5 6 7 8

1- marker 2- soluble cell extract 3- Nickel column flow through 4- Nickel column wash 1 5-
Nickel column wash 2 6- Nickel column eluate 7- eluate after conc. and PD10 desalting 8- final
protein after concentration

DNA cleavage assay.
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S.SauVw

CC75

Recombinant S.SauVW CC75-2 CNGA-7-TTYG
MSNTQKKNVPELRFPGFEGEWEEKELRELRNPKDKYSYTGGPFGSDLKKSDYTTDGIQIIQLONIG
DGYFYNSNKVETSNEKAEVLKSCNVFPGDIVIAKMADPIARAAIVPDNNIGKYLMASDGIRLSVDT
VHEFNTKEVLECINRKSFRKKVEDNSSGSTRMRIGLSTLGSLTLKTTTLKEQQKIGQFEFSKLDRQIE
LEEQKLELLOOOKKGYMOKIFSQELRFKDENGNDYPDWEEKQLGELSQIVRGASPRPIKDPKWENK
ESDIGWLRISDVTNONGKIYHLEQKLSIEGQEKTRVLVTTHLLLSIAASIGKPVMNEFVKTGVHDGFEF
LIFLKPKFNLFFMYYWLEYFKDKWSKYGQPGSQVNLNSEIVKSQTLNMPSNHEQEKVGQFFNRNEK
LIELOQEKIMYIKRCKQVLLOKMFIPGGSHHHHHH

Wild Type S.SauVW
MSNTGKMNVPELRFPGFEGEWEEKELRELRNPKDKYSYTGGPEFGSDLKKSDYTTDGIQIIQLONIG
DGYFYNSNKVEFTSNEKAEVLKSCNVFPGDIVIAKMADPTIARAAIVPDNNIGKYLMASDGIRLSVDT
VHEFNTKEFVLECINRKSFRKKVEDNSSGSTRMRIGLSTLGSLTLKTTTLKEQQKIGQFEFSKLDRQIV
LEEQKLELLOQOOKKGYMOKIFSQELRFKDENGNDYPDWEEKQLGELSQIVRGASPRPIKDPKWENK
ESDIGWLRISDVTNONGKIYHLEQKLSIEGQEKTRVLVTTHLLLSTIAASIGKPVMNEVKTGVHDGEF
LIFLKPKFNLFFMYYWLEYFKDKWSKYGQPGSQVNLNSEIVKSQTLNMPSNHEQEKVGQFFNRNEK
LIELOQEKIMYIKRCKQVLLQKMFTI*

Reports for Job Dryden_V_W_MODs D e
SMRT Cells 1 Mowes 1
Motif Summary
Modified % Motifs # Of Motifs # Of Motifs In Mean Mean Motif

Motits Type : Partner Motit
| Position Detected Detected Genome Modification QV Coverage

CNGANNNNNNNTTYG - moA 99.93% 1442 1443 9787 661 CRAANNNNNNNTCONG

CRAANNNNNNNTCNG 4 mBA 99.86% 1441 1443 83.76 6395 CNGANNNNNNNTTYG

DNNNNNNNGCCACNCAD 9 wiknown  191% 2 3 38.56 6749
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S.SauVw
CC75
Recombinant S.SauVW CC75-2 CNGA-7-TTYG
Modification QVs
10° . . .
CNGANNNNNNNTTYG
1 CRAANNNNNNNTCNG
[ DNNNNNNNGCCACNCAD
4 Mot Clustered
104 b
" 10° |
[al]
=
un
b=
[=]
=

10°

e

0 100 200 300 an0 500 600 700
Modification QW
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S.SauiZw
ccs8o
Recombinant S.SauZW cc80-2 GAC-6-TTYG
MSNTQKKNVPELRFPGFEGEYSLDIFGNLATNKSEKFNPONENASIDIELDCIEQNTGRLIKIYNS
KEFSSQKNKEFNPONVLYGKLRPYLNKYYFTKKSGVCSSEIWVLKSTKEDKLLNLFLYYFIQTKRYS
DVASKSAGSKMPRADWGLIENIRVYFPELCEQQKIGQFEFSKLDROQIELEEQKLELLOQQOKKGYMQK
IFSQELRFKDENGNDYPDWEEKQLGELSQIVRGASPRPIKDPKWENKESDIGWLRISDVTNQNGKI
YHLEQKLSIEGQEKTRVLVTTHLLLSIAASIGKPVMNFVKTGVHDGFLIFLKPKEFNLFFMYYWLEY
FKDKWSKYGQPGSQVNLNSEIVKSQTLNMPSNHEQEKVGQFFNRNEKLIELQQEKIMYIKRCKQVL
LOKMFIPGGSHHHHHH
Wild Type S.SauZW
MSNTQTKNVPELRFPGFEGEYSLDIFGNLATNKSEKENPONENASIDIELDCIEQNTGRLIKIYNS
KEFSSQKNKEFNPONVLYGKLRPYLNKYYFTKKSGVCSSEIWVLKSTKEDKLLNLFLYYFIQTKRYS
DVASKSAGSKMPRADWGLIENIRVYFPELCEQQKIGQFEFSKLDROQIELEEQKLELLOQQOKKGYMQK
IFSQELRFKDENGNDYPDWEEKQLGELSQIVRGASPRPIKDPKWENKESDIGWLRISDVTNQNGKI
YHLEQKLSTIEGQEKTRVLVTTHLLLSIAASIGKPVMNFVKTGVHDGEFLIFLNPKENLEFMYYWLEY
FKDKWSKYGQPGSQVNLNTEIVKSQTLNMPSNHEQEKVGQFFNRNEKLIELQQEKIMYLKRRKQVL
LOKMFI*

1 2 3 4 5 6 7 8 9

1- marker 2- soluble cell extract 3- Nickel column flow through

4- Nickel column wash 1 5- Nickel column wash 2  6- Nickel column eluate
7- eluate after conc. and PD10 desalting

8- final protein after concentration 9- CC75-1 purified protein marker

Although purified, this enzyme cut all plasmids in the DNA

cleavage assay so the ATPase assay was used as we knew the
specificities of the TRDs.
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Recombinant S.SauZW cc80-2 GAC-6-TTYG
N=6 shows activity.

m N=6
0.05- ® N=7
A N=8
¥ neg control
0.00- I3
V) % 5 .
£ " LA I
c -0054
o ||
3
ey [ ]
o -0104
Q
S m
=2
o -0.191
2 [ |
o]
< ]
-0.204
[ |
025 T T . T . T . T . \
0 a0 100 150 200 250
Time (sec)
Oligonucleotide
name DNA sequence (5' to 3')
ZW6for AGATGATGGAATCAATGCGACTTCCATTTCGGCCCTATACGATATAA
ZW6rev TTATATCGTATAGGGCCGAAATGGAAGTCGCATTGATTCCATCATCT
ZW7for AGATGATGGAATCAATGCGACTTCTCATTTCGGCCCTATACGATATAA
ZWTrev TTATATCGTATAGGGCCGAAATGAGAAGTCGCATTGATTCCATCATCT
ZW8for AGATGATGGAATCAATGCGACTTCTACATTTCGGCCCTATACGATATAA
ZW8rev TTATATCGTATAGGGCCGAAATGTAGAAGTCGCATTGATTCCATCATCT
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S.SauXf*

ST80

Recombinant S.SauXf* CcCc80-3 TCTA-6-RTTC
MSNTQKKNVPELRFPGFEGEWEEKQFADEFTKINQGLOIAINERKTEYSPELYFYITNEFLRPNSQT
KYFIENPPQSVIANKEDILMTRTGNTGKVVTNVFGAFHNNEFFKIKEFDKNLYDRLFLVEVLNSSKIQ
NKILSLAGSSTIPDLNHSDEFYSISSSYPLLREQQKIGKFEFSKLDRQIELEEQKLELLQQQKKGYMQ
KIFSQELRFKDENGEDYPDWKEKKLGDITEQSMYGIGASATRFDSKNIYIRITDIDEKSRKLNYQON
LTTPDELNNKYKLKRNDILFARTGASTGKSYIHKEEKDIYNYYFAGFLIKFKINEQONSPLFIYQFT
LTSKFNKWVKVMSVRSGQPGINSEEYAKLPLVLPNKLEQOQKIAKFLDRFDRQIELEKQKIEILQQQ
KKGLLOSMFIPGGSHHHHHH

Wild Type S.SauXf*
MSNTOQKKNVPELRFPEFEGEWEEKQFADFTKINQGLOTAINERKTEYSPELYFYITNEFLRPNSQT
KYFIENPPOSVIANKEDILMTRTGNTGKVVTNVFGAFHNNFFKIKFDKNLYDRLELVEVLNSSKIQ
NKILSLAGSSTIPDLNHSDEFYSISSSYPLLREQOQKIGKFEFSKLDROIELEEQKLELLOQOKKGYMQ
KIFSQELRFKDENGEDYPDWKEKKLGDITEQSMYGIGASATREFDSKNIYIRITDIDEKSRKLNYQON
LTTPDELNNKYKLKRNDILFARTGASTGKSY IHKEEKDIYNYYFAGFLIKFKINEQONSPLEFIYQFT
LTSKEFNKWVKVMSVRSGQPGINSEEYAKLPLVLPNKLEQQKTAKFLDRFDRQIELEKQKTIETILQQQ
KKGLLQSMFT

Reports for Job Dryden_X_zeta_MODs @ BOSCENCES

SMRT Celis. 1| Movies 1

Motif Summary

Modified % Motifs # Of Mo # Of Motifs In Mean Mean Motit
’ Motits Type ® s % Partner Motit

Position Detected Detected Genome Modification QV Coverage
TCTANNNNNNRTT( 4 maA 1000% 92 2 96 27 6185 GAAYNNNNNNTAGA
GAAYNNNNNNTAGA 3 mhA 100 0% 92 %2 90 82 QN TCTANNNNNNRTTC

Modification QVs

10°

1 TCTANNNNNNRTTC
GAAYNNNNNNTAGA
Mot Clustered

104}

107 |

Motif Sites

107

10t}

S i iy

20 40 60 80 100 120 140 160
Modification QV
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S.Saue*D
cc873
Recombinant S.Saue*D CcCc873-1 GAG-6-GAT
MSNTQKKNVPELRFPGFEGEWEEKSISSEFLKESKIKGSNGSHAKKLTVKLWGKGVVPKKETEFKGSD
NTQYYKRKAGQLMYGKLDFLNCAFGIVPDSLNNYESTIDSPSFDEFINGDSKFLLERIKLKSEYKKFE
GDIANGSRKAKRINODTFLSLPVFAPKYDEQLRIGEFFSKLDROQIELEEQKLELLOQOQOKKGYMQKI
FSQELRFKDENSEDYPHWENSKIEKYLKERNERSDKGOMLSVTINSGIIKFSELDRKDNSSKDKSN
YKVVRKNDIAYNSMRMWOGASGRSNYNGIVSPAYTVLYPTONTSSLFIGYKFKTHRMIHKFKINSQ
GLTSDTWNLKYKQLKNINIDIPVLEEQEKIGDFFKKMDILISKQKIKIEILEKEKQSFLOKMFLPG
GSHHHHHH
Wild Type S.Saue*D
MSNTQKKNVPELRFPGFEGEWEEKSISSFLKESKIKGSNGSHAKKLTVKLWGKGVVPKKETFKGSD
NTQYYKRKAGQLMYGKLDFLNCAFGIVPDSLNNYESTIDSPSFDEFINGDSKFLLERIKLKSEFYKKFE
GDIANGSRKAKRINODTFLSLPVFAPKYDEQLRIGEFFSKLDROQIELOQKQKLELLOQOQOKKGYMQKI
FSOQELRFKDENGEDYPHWENSKIEKYLKERNERSDKGOMLSVTINSGIIKFSELDRKDNSSKNKSN
YKVVRKNDIAYNSMRMIWQGASGKSNYNGIVSPAYTVLYPTONTSSLEIGYKFKTHRMIHKFKINSQ
GLTSDTWNLKYKQLKNINIDIPVLEEQEKIGDFFKKMDILISKQKIKIEILEKEKQSFLOKMFL*
1 2 3 4 5 6 7 8 9

1- marker 2- soluble cell extract 3- Nickel column flow through

4- Nickel column wash 1 5- Nickel column wash 2 6- Nickel column eluate
7- eluate after PD10 desalting and concentration

8- Final concentrated protein  9- CC398-1 purified protein marker
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1
2 S.Saue*D
3 CC873-1
. Recombinant S.Saue*D GAG-6-GAT
6 "
7 e*D clearly digests pUCl9 so the ATPase assay was used as we knew
8 the specificities of both TRDs.
9
12 Likely site: GAG-Nx-GAT
12 . .
13 GAG-4-GAT 2 sites in pUCI19
14
15 GAG-5-GAT 0 sites in pUC19
16
ig GAG-6-GAT 2 sites in pUCI9
19 . .
20 GAG-7-GAT 0 sites in pUC19
21
22 Oligonucleotide
23 name DNA sequence (5' to 3')
gg e*D6for AGATGATGGAATCAATGCGAGTTCCATGATGCCCTATACGATATAA
26 e*Dérev TTATATCGTATAGGGCATCATGGAACTCGCATTGATTCCATCATCT
27 e*D5for AGATGATGGAATCAATGCGAGTTCCAGATGCCCTATACGATATAA
gg e*D5rev TTATATCGTATAGGGCATCTGGAACTCGCATTGATTCCATCATCT
30 e*D4for AGATGATGGAATCAATGCGAGTTCAGATGCCCTATACGATATAA
31 e*Ddrev TTATATCGTATAGGGCATCTGAACTCGCATTGATTCCATCATCT
32
33 N=6 shows activity.
34
35 m N=4
36 e N=b
37 A N=6
38 0-004 v ) neg contro
39 9 3 3 v g
40 -0.05 - A s = $
41
42 — A
£ -0.104
a1 £
o
45 < -0.15- A
46 <
47 Q0204 A
48 e
49 ©
50 £ -025- A
o
51 E
52 -0.30 -
53 < A
54
55 _0.35_
56 A
57 -0.40 T T T T T T T T T T 1
58 0 50 100 150 200 250
59
60 Time (sec)
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SMRT results for S. aureus strains LGA251 and NCTC13435
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LGA251
) SMRT® Portal @ Print
Reports for Job Dryden_LGA_Mods @ BiSinces
SMRT Cells: 2 Movies: 2
Motif Summary
Modified % Motifs # Of Motifs # Of Motifs In Mean Mean Motif
Motifs Type Partner Motif
Position Detected Detected Genome Modification QV Coverage
TCAYNNNNNCTWC 3 mBA 100.0% 391 391 352.92 251.20 GWAGNNNNNRTGA
GWAGNNNNNRTGA 3 mBA 100.0% 391 391 349.86 243,53 TCAYNNNNNCTWC
GTANNNNNCTTC 3 meA 98.59% 245 248 34071 251.31 GAAGNNNNNTAC
GAAGNNNNNTAC 3 mBA 99.59% 245 248 349,91 237.85 GTANNNNNCTTC
BTTGGTAVY 2 unknown  26.29% 127 483 38.52 249.23
f S
NCTC13435
2 SMRT® Portal @Print % Close
Reports for Job Dryden_NTCT_Mods € addinces
SMRT Cells: 2 Movies: 2
Motif Summary
Modified % Motifs # Of Motifs # Of Motifs In Mean Mean Motif
Motifs Type Partner Motif
Position Detected Detected Genome Modification QV Coverage
CRAANNNNNNGTC 4 méA  100.0% 422 422 275.90 212.58 GACNNNNNNTTYG
GACNNNNNNTTYG 2 meA  100.0% 422 422 315.18 220.50 CRAANNNNNNGTC
GAAYNNNNNNTAGA 3 mBA  100.0% 260 260 307.05 214.54 TCTANNNNNNRTTC
TCTANNNNNNRTTC 4 meA  100.0% 260 260 318.07 218.98 GAAYNNNNNNTAGA
GGATG 3 mBA  100.0% 2818 2818 327.54 220.52 CATCC
CATCC 2 meA  100.0% 2818 2818 324.65 220.07 GGATG
DNNNNNNNASNGGATG 8 mBA  26.07% 67 257 141.42 225.84
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SUPPLEMENTARY INFORMATION FOR TABLES 5 AND 6.

By combining all TRD 1 with all TRD 2 amino acid sequences and
searching sequence databases, we found that some of our
“artificial hybrids” described in Table 3 were actually present in
real strains of S. aureus. We present several examples below.

S.SauAU

A plasmid expressing S.SauAU with the M subunit was prepared but
not analysed further. The S.SauAU sequence matches that of the S
subunit of the Type I RM system in S. schweitzeri FSAQ084.

>S.SauAU
MSNTQKKNVPELRFPGFEGEWEEKKLGDLTTKIGSGKTPKGGSENYTNKGIPFLRSOQNTIRNGKLNL
NDLVYISKDIDDEMKNSRTYYGDVLLNITGASIGRTAINSIVETHANLNQHVCITIRLKKEYYYNEF
GOYLLSRKGKRKIFLAQSGGSREGLNFKEIANLKIFTPTIFEEQQKIGEFISKLDRQIELEEQKLE
LLOOQOKKGYMOKIFSQELRFKDENGEDYPDWEVTTIQONITKYTSSKKSSNQYADKDNSKGYPVYDA
VOEIGKDSNYDIEESYISTILKDGAGVGRLNLRPGKSSVIGTMGYIQSNNVDIEFLYYRMKVVDEKK
YIIGSTIPHLYFKDYSKETLYIPSSIQEQAKIGMEFISNLDKLIENKNLKLNCLKQLKQGLLOSMFT
PGGSHHHHHH

S. schweitzeri FSA084
CLUSTAL 0O(1.2.1) multiple sequence alignment

FSAO084 msn-tgkkvpelrfpgfegeweekklgevttkigsgktpkggsenytnkgipflrsgnir
S.SauAU MSNTQKKNVPELRFPGFEGEWEEKKLGDLTTKIGSGKTPKGGSENYTNKGIPFLRSQNIR

* Kk * :*:*******************: :*k*k*k*k*k*k*k************************
FSAO084 ngklnlndlvyiskdiddemknsrtyygdvllnitgasigrtainsivethanlnghvci
S.SauAU NGKLNLNDLVYISKDIDDEMKNSRTYYGDVLLNITGASIGRTAINSIVEIHANLNQHVCI

KA AR A A AR A AR A A AR A AN A A AR A A A A AR A AR A A AR A AR A A A A A AR Ak A Ak kKA k kK
FSAO084 irlkkeyyynffegyllsrkgkrkiflagsggsreglnfkeianlkiftstifeeqgkvg
S.SauAU IRLKKEYYYNFFGQYLLSRKGKRKIFLAQSGGSREGLNFKEIANLKIFTPTIFEEQQKIG

AhkAk Ak khAhkkhhkhkh *hkhkAhkkhhrhkhkhAhhkhkrhkhkhAhkkhkhkrkhk krhkhkhxkrxkhk,xxk*x*%x ********:*
FSAO084 kffskldrgieleegklellgggkkgymgkifsgelrfkdengneypewkvtsigdvtky
S.SauAU EFISKLDROIELEEQKLELLOQOQKKGYMOKIFSQELRFKDENGEDYPDWEVTTIQNITKY

e K e AR A A A A KA AR A A A A AR KA A KA A AR A AR AR A A A AR A AR A A A A e oo kkokekkhohkkhookkk

FSA084 tsskkssngyadkidskgypvydavreigkdsnydieesyisilkdgagvgrlnlrpeks

S.SauAU TSSKKSSNQYADKDNSKGYPVYDAVQEIGKDSNYDIEESYTISTLKDGAGVGRLNLRPGKS
*kkhkkkkhkkkkkkkk*k :**********:******************************* * %

FSAO084 svigtmgylgannidleflyyrmkivdfkkyiigstiphlyfkdysketiyipssigeqga

S.SauAU SVIGTMGYIQSNNVDIEFLYYRMKVVDFKKYIIGSTIPHLYFKDYSKETLYIPSSIQEQA
********:*:**:*:********:************************:**********

FSAO084 kigkfisnldkmienktrklnclkglkggllggmfi----------—

S.SauAU KIGMFISNLDKLIENKNLKLNCLKQLKOGLLOSMFIPGGSHHHHHH

khkk KAk hkkhkkhkKk oo kkkk khkkkhkhkkhkkhkhkkhkkkhkk kk K*k%k
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1

2 S.SauJE GGA-6-RTGA

2 S.SauJE against subspecies 21262, a member of ST49

5 HsdS sequences from strain 21262.

6 >EH091218 This has TRD R + f*

7 MSNTOKKNVPELRFPGFEGEWEEKKLGEVAKIYDGTHQTPKYTNEGIKFLSVENIKTLNS

8 SKYISEEAFEKEFKIRPEFGDILMTRIGDIGTPNIVSSNEKFAYYVSLALLKTKNLNSYF

9 LKNLILSSSIONELWRKTLHVAFPKKINKNEIGKIKINYPKKQEQOKIGQFFSKLDRQIE

10 LEEQKLELLQOQOKKGYMQOKIFSQELRFKDENGEDYPDWKEKKLGDITEQSMYGIGASATR

11 FDSKNIYIRITDIDEKSRKLNYONLTTPDELNNKYKLKRNDILFARTGASTGKSYIHKEE

12 KDIYNYYFAGFLIKFEIDEQNNPLEFIYQFTLTSKENKWVKVMSVRSGOQPGINSEEYAKLP

13 LVLPNKLEQQKIAEFLDREFDOQIELEKQKIEILQOQKKGLLQSME I

14

15 >EHO092010 This has TRD J + E

16 MSNTOKKNVPELRFPGFEGEWEEKKLEDIIKVNSGKDYKHLDKGDIPVYGTGGYMTSVSE

17 PLSEIDAVGIGRKGTINKPYLLEAPFWTVDTLEYCTPKKETDILFILSLFRKINWKVYDE

18 STGVPSLSKQTINKINREVPTNKEQQKIGKEFFSKLDRQIELEEQKIELLOQOQKKGYIQKI

19 FSQELRFKDENGDDYPEWEETTIQEIAQINTGKKDTKDAITNGSYDEYVRSPIVYKINTE

20 SYEGEAILTVGDGVGVGKVFHYVNGKEDYHQRVYKISDEFKNYYGLLLEFYYFSONFLKETK

21 KYSAKTSVDSVRKDMVANMKVPRPIYIEQEKIGOFIKKVDNKIKIQKQVIELLKQRKKAL

22 LOKMFI

23

24 CLUSTAL 0O(1.2.1) multiple sequence alignment

25

26 EH091218 msntgkknvpelrfpgfegeweekklgevakiydgthgtpkytnegikflsveniktlns

27 S.Saudk MSNTQKKNVPELRFPGFEGEWEEKKLGDLIKVNSGKDYKHL--=-==——-—-— EKGDIPVYGT

28 EH092010 msntgkknvpelrfpgfegeweekklediikvnsgkdykhl--------- dkgdipvygt

29 kAhkkhkkhkkhkrkhkkhkhkhkkhkkhkrhkkhkhkhrkkhkkkxkhk*x*x* .. *: .*__ .k .

30

31 EH091218 skyiseeafekefkirpefgdilmtrigdigtpnivssnekfayyvslallk--tknlns

32 S.SaudJkE GGYMTSVS—----- EPLSEIDAVGIGRKGTINKPYLLEAP---FWITVDTLFYCTPKKETDI

33 EHO92010 ggymtsvs—---- eplseldavglgrkgtlnkpylleap———fwtvdtlfyctpkketdl

* oo o . . * . . . *x x % * . . * . * . .

34 Tt : oo oot oot to

35 . . . . D .

36 EH091218 yiflknlilsssignelwrktlhvafpkkinkneigkikinypkkgeggkiggffskldrqg

37 S.Saudk LF----- ILSLFRKINWKVYDESTGVPSLSKQTINKINREFVPSNKEQQOKIGEFFIKLDRQ
EHO092010 1f--——- 1lslfrklnwkvydestgvpslskqt1nk1nrfvptnkeqqk1gkffskldrq

38 * e Kk e e e e ke K ** * . ****** * Kk kkhkkkkx

39 ) o ) e B o

40 EH091218 ieleegklellqgggkkgymgkifsgelrfkdengedypdwkekklgditegsmygigas-

41 S.SaudE IELEEQKLELLQQOKKGYMOKIFSQELRFKDENGKDYPEWEETTIKETAQINTGKKDTKD

42 EH092010 leleeqklelquqkkgquklfsqelrfkdengddypeweetthelaqlntgkkdtkd

43 ******* ********** *************** *** * * . .

44

45 EH091218 atrfdskniyiritdideksrklnygnlttpdelnnkyklkrndilfartgastgksyih

46 S.Saudk AITNGSYDFYVRSPIV-YK-—-=-—-=-—=-———————— INTFSYEGEAILTVGDGVGVGKVFEFHY

47 EHO92010 aitngsydfyvrspiv-yk--—---------———- 1ntfsyegealltvgdgvgvgkvfhy

48 * * e ek ek . x S S ST

49

50 EH091218 keekdiynyyfagflikfeidegnnplfiygftltskfnkwvkvmsvrsggpginseeya

51 S.SaudE VNGK--FDYHQRVYKIS-DFKNYYGLLLEFYYF--SONFLKETKKYSAKTSVDSVRKDMIA

52 EH092010 vngk——fdthrvykls dfknyyglllfyyf——sqnflketkkysaktsvdsvrkdmva

53 * oo : * o HI T T S S

54

55 EH091218 klplvlpnkleqgkiaefldrfdggielekgkieilgggkkgllgsmfi———-———-——--

56 S.SaudE NMKVPRPIYTIEQKKIGQFIKRVDNKTKIQKQVIELLKQRKKSLLOKMFIPGGSHHHHHH

57 EH092010 nmkvprplyleqeklgqflkkvdnklququlellqukkallqkmfl ——————————

58 ** * % :*:.:. 1] L .« kK ** * * ** *** * k%

59

60 The above alignment shows that SauJE is identical to the EH092010

sequence from this strain.
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S.SauJE

Nucleic Acids Research

GGA-6-RTGA

Sub species 51262, a member of ST49

CLUSTAL O(1.2.1) multiple sequence alignment
TRD R and TRD f* against EHO091218, the second HsdS in this strain.

CC80-3
EHO91218
CC72-1

CC80-3
EHO91218
CC72-1

CC80-3
EHO91218
CC72-1

CCc80-3
EH091218
CC72-1

CCc80-3
EH091218
CC72-1

CCc80-3
EHO91218
CC72-1

CCc80-3
EHO91218
CC72-1

msntgkknvpelrfpgfegeweekklgevakiydgthgtpkytnegikflsveniktlns
MSNTQKKNVPELRFPGFEGEWEEKKLGEVAKIYDGTHQTPKYTNEGIKFLSVENIKTLNS

skyiseeafekefkirpefgdilmtrigdigtpnivssnekfayyvslallktknlnsyf
SKYISEEAFEKEFKIRPEFGDILMTRIGDIGTPNIVSSNEKFAYYVSLALLKTKNLNSYF

lknlilsssignelwrktlhvafpkkinkneigkikinypkkgeqggkiggffskldrgie
LKNLILSSSIQONELWRKTLHVAFPKKINKNEIGKIKINYPKKQEQQKIGQFFSKLDRQIE

—————————————————————— QELRFKDENGEDYPDWKEKKLGDITEQSMYGIGASATR
leegklellqgggkkgymgkifsgelrfkdengedypdwkekklgditegsmygigasatr
LEEQKLELLQQOQKKGYMOKIFS == == === == == —m — oo o e o e

FDSKNIYIRITDIDEKSRKLNYONLTTPDELNNKYKLKRNDILFARTGASTGKSYIHKEE
fdskniyiritdideksrklnygnlttpdelnnkyklkrndilfartgastgksyihkee

KDIYNYYFAGFLIKFKINEQNSPLEFIYQFTLTSKENKWVKVMSVRSGOPGINSEEYAKLP
kdiynyyfagflikfeidegnnplfiygftltskfnkwvkvmsvrsggpginseeyaklp

LVLPNKLEQOKIAKFLDRFDROIELEKQKIEILQOQOKKGLLQOSMFET
lvlpnkleggkiaefldrfdggielekgkieilqgggkkgllgsmfi
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1

2 S.SauJE GGA-6-RTGA

3 S.SauJE against ST49 strain “Tager 104"

g The ST49 Tager genome has the same TRD combinations as the ST49

6 strain 21262.

7

8 PATRIC db

9 >fig|1381115.3.peg.1063|VBIStaAur301678 1063 Type I restriction-modification

10 system, specificity subunit S (EC 3.1.21.3) [Staphylococcus aureus subsp.

11 aureus Tager 104 | 1381115.3] This is TRD R+f*

12 MSNTQKKNVPELRFPGFEGEWEEKKLGEVAKIYDGTHQTPKYTNEGIKFLSVENIKTLNS

13 SKYISEEAFEKEFKIRPEFGDILMTRIGDIGTPNIVSSNEKFAYYVSLALLKTKNLNSYF

14 LKNLTILSSSIQNELWRKTLHVAFPKKINKNEIGKIKINYPKKQEQQOKIGQFFSKLDRQIE

15 LEEQKLELLQQOKKGYMOKIFSQELRFKDENGEDYPDWKEKKLGDITEQSMYGIGASATR

16 FDSKNIYIRITDIDEKSRKLNYONLTTPDELNNKYKLKRNDILFARTGASTGKSYIHKEE

17 KDIYNYYFAGFLIKFEIDEQNNPLEIYQFTLTSKENKWVKVMSVRSGQPGINSEEYAKLP

18 LVLPNKLEQOKIAEFLDRFDQOQIELEKQKIEILQQQKKGLLQSMFE T

19 >fig|1381115.3.peg.2628 |VBIStaAur301678 2628 | Type I restriction-modification

20 system, specificity subunit S (EC 3.1.21.3) [Staphylococcus aureus subsp.

21 aureus Tager 104 | 1381115.3] This is TRD J+E

22 MSNTQKKNVPELRFPGFEGEWEEKKLEDITKVNSGKDYKHLDKGDIPVYGTGGYMTSVSE

23 PLSEIDAVGIGRKGTINKPYLLEAPFWTVDTLEFYCTPKKETDILFILSLFRKINWKVYDE

24 STGVPSLSKQTINKINRFVPTNKEQQKIGKFFSKLDRQIELEEQKIELLQQOQKKGYIQKT

25 FSQELRFKDENGDDYPEWEETTIQETAQINTGKKDTKDAITNGSYDFYVRSPIVYKINTF
SYEGEATILTVGDGVGVGKVFHYVNGKEDYHQRVYKISDFKNYYGLLLFYYFSONFLKETK

26 KYSAKTSVDSVRKDMVANMKVPRPIYIEQEKIGQFIKKVDNKIKIQKQVIELLKQRKKAL

gg LOKMFI

29

30

g; S.SauJE against ST49 Tager 104 GGA-6-RTGA

33 CLUSTAL O(1.2.1) multiple sequence alignment

34

35 S.SauJE MSNTQKKNVPELRFPGFEGEWEEKKLGDLIKVNSGKDYKHLEKGDIPVYGTGGYMTSVSE

36 fig|1381115.3.peg.2628| VBIStaAur30l678_2 628 | MSNTQKKNVPELRFPGFEGEWEEKKLEDIIKVNSGKDYKHLDKGDIPVYGTGGYMTSVSE

37 N P

38 S.SauJE PLSEIDAVGIGRKGTINKPYLLEAPFWTVDTLEFYCTPKKETDILFILSLEFRKINWKVYDE

39 FLOTISEILS. 3 peg. 2020 [VBISEaRura01678 2628 e

40

41 S.SauJE STGVPSLSKQTINKINRFVPSNKEQOQKIGEFFIKLDRQIELEEQKLELLQQQOKKGYMOQKI

42 FLOIIIBLILS. S peg 2028 [VBIStahur 01678 2628 B O

43 S.SauJE FSQELRFKDENGKDYPEWEETTIKEIAQINTGKKDTKDAITNGSYDFYVRSPIVYKINTE

44 fig|1381115.3.peg.2628| VBIStaAur30167872 628 FSQELRFKDENGDDYPEWEETTIQETIAQINTGKKDTKDAITNGSYDFYVRSPIVYKINTFE

45 KKk AR KRRk Kk KAk kK Ak KAk kA kR ok Kk kA Kok E kKA KKKk Kk &k

46 S.SauJE SYEGEAILTVGDGVGVGKVFHYVNGKEDYHQRVYKISDFKNYYGLLLEYYFSQONEFLKETK

47 fig|1381115.3.peg.2628| VBIStaAur30167872 628 SYEGEAILTVGDGVGVGKVFHYVNGKEFDYHQRVYKISDFKNYYGLLLEYYFSQONFLKETK

48 N

49 S.SauJE KYSAKTSVDSVRKDMIANMKVPRPIYIEQKKIGQFIKRVDNKTKIQKQVIELLKQRKKSL

5O ORISR RSO TE A6 g

51

52 S . SauJE LOKMFIPGGSHHHHHH

o3 fig|1381115.3.peg.2628|VBIStaAur301678_ 2628 | LOKMFT--=-—--=-=

54

55

56

57

58

59

60
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S.SauNQ ACC-5-RTGT
This TRD pair was found in strains KPL1845 (ST96) and 21343 (ST88).
Subspecies 21343 contains SauNQ and a novel TRD (NOVEL 1) paired

P OO~NOUILAWNPE

with TRD K.

>EHQ67679 THIS IS TRD NOVEL 1 + TRD K
MSNTQKKNVPELRFPGFEGEWEEKKLGEVATFAKGKLGAKKDVSQONGVPVILYGELYTKY
GAIVSKIFSKTDIPENKLKMAKKNDVLIPSSGETAIDIATASCIYLNKGVAVGGDINILT
POKQODGRFISLSINGINKNELSKYAQGKTVVHLYNNDIKNLKIAFPSEFEEQVRIGNEEFES
KLDRQIELEEQKLELLQOQOKKGYMOKIFSQELRFKDENGNDYPKWEEKKIEDIASQVYGG
GTPNTKIKEFWNGDIPWIQSSDVKVNDLILQQCNKFISKNSIELSSAKLIPANSIAIVTR
VGVGKLCLVEFDYATSQDFLSLSSLKYDKLYSLYSLLYTMKKISANLOQGTSIKGITKKEL
LDSIIKIPHNLEEQOKIGDLEFYKIDKYISEFNKCKIEILKSLKQGLLKKMET

>EHQ71248 THIS IS TRD N+Q ACC-5-RTGT

MSNTQTKNVPELKFPEFEGEWEEKKLGEFAGKVTKKNVDKKYIETLTNSAELGIISQKDY
FDKEISNIDNIKKYYVVEENDEVYNPRISNYAPFGPVNRNKLGKKGVMSPLYTVEKIQNI
DLNFIEFYFKSSKWYRFMALNGDSGARADRESIKNRTFMEMPLHIPCMDEQIKIGQFFSK
LDRQIELEEQKLELLOQOQOKKGYMOKIFSQELRFKDENGNDYPEWEERRFADIFKFHNKLR
KPIKENLRVKGSYPYYGATGIIDYVDDEFIFDGNYLLIGEDGANIITRSAPLVYLVNGKEW
VNNHAHILSPLNGNIQYLYQVAELVNYEKYNTGTAQPKLNIQNLKIISVVISTNLEEQQK
IGSFLSKLDRQIDLEEQKLELLQORKKALLKSMEV

SPECIES KPL1845 CONTAINS THREE Saul S SUBUNITS.

>ETD06224 THIS IS TRD N+Q ACC-5-RTGT
MSNTQTKNVPELKFPEFEGEWEEKKLGEFAGKVTKKNVDKKY IETLTNSAELGI ISQKDY
FDKEISNIDNIKKYYVVEENDFVYNPRISNYAPFGPVNRNKLGKKGVMSPLYTVFKIQONT
DLNFIEFYFKSSKWYRFMALNGDSGARADRFSIKNRTFMEMPLHIPCMDEQIKIGQFFSK
LDRQIELEEQKLELLOQQKKGYMOKIFSQELRFKDENGNDYPEWEERRFADIFKFHNKLR
KPIKENLRVKGSYPYYGATGIIDYVDDFIFDGNYLLIGEDGANIITRSAPLVYLVNGKFW
VNNHAHILSPLNGNIQYLYQVAELVNYEKYNTGTAQPKLNIQNLKIISVVISTNLEEQQOK
IGSFLSKLDRQIDLEEQKLELLQORKKALLKSMFV

>ETD11204 THIS HAS TWO NOVEL TRDS, NOVEL 2 + NOVEL 3.
MTEQINTPELRFPEFKNEWSYDLVSDVVTNKSKKFDPKKEEAKKDIELDS IEQNTGRLLD
TYISNDFTSQKNKFNKGNVLYSKLRPYLNKYYYATIDGVCSSEIWVLNTLNKDVLANKFL
YYFIQTNRFSSVTNKSAGSKMPRADWELVKNIRLYKGSIEEQEKIGYFFSKLDRQIELEE
KKLELLEQQKKGYMOKIFAQELRFKDENGNDY PDWVTKKLGDIGKVAMNKRIYKNETTEN
GEIPFYKIGNFGKNADTFITREKFDEYKEKYPYPNVGDILISASGSIGRTIEYTGEDAYY
ODSNIVWLNHNDEVINKYLKYFYKIVKWSGIEGTTIKRLYNKNILNTKIELPTVEEQYKM
ANFLSKLDKIIDIQIEKIELLKQRKQGLLQKMFV

>ETD09130 THIS HAS A NOVEL TRD (NOVEL 4) PAIRED WITH TRD f*
1MSNTQKKNVPELRFPEFEGEWKDVKFVSIFQEVSNKTSDLAKY PLFSLTVEKGITPKTER
61YKRDFLVKKSDNFKIVEPRDIVYNPMNVTLGAIDLSKYNYDIALSGYYHVMKIINSFNPD

121FISNFLKTEKMIIHYKKIATGSLMEKQRVHFSEFKNIIKKFPTNKEQQOKIGDFFSKLDRQ
181IELQVQOKLELLOQOKKGYMOKIFSQELRFKDENGEDYPDWKEKKLGDITEQSMYGIGASA
241TRFDSKNIYIRITDIDEKSRKLNYONLTTPDELNNKYKLKRNDILFARTGASTGKSYIHK
301lEEKDIYNYYFAGFLIKFEIDEQNNPLEFIYQFTLTSKENKWVKVMSVRSGQPGINSEEYAK

361LPLVLPNKLEQQOKIAEFLDRFDOOIELEKQKIEILQQQKKGLLQSMFI

For Peer Review
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PROMALS ALIGNMENT OF TRD AMINO ACID SEQUENCES WITH SECONDARY
STRUCTURE PREDICTIONS.

”

\\e

secondary structure.

PROMALS alignment of all first TRDs.

Conservation:

NOVEL_4_189
Z_GAC_191_
NOVEL2_194

NOVELL_199
R_GARA_192
J_GGA_172

N_ACC_198

0_CAAC_195
T CAAG 199
C_GWAG_206
M CAG 203

X_TCTA 192
B AGG 199

A CCAY 203
e*_GAG_190
V_CNGA 210
b*_GGHA_200

Consensus_ss:

Conservation:

NOVEL_4_189
Z_GAC_191_
NOVEL2_194

NOVELL_199
R_GARA 192
J_GGA_172

N_ACC_198

0_CAAC_195
T _CAAG_199
C_GWAG_206
M_CAG_203

X_TCTA_192
B_AGG_199

A CCAY 203
e*_GAG_190
V_CNGA 210
b*_GGHA_200_

Consensus_ss:

Conservation:

NOVEL 4 189
72 GAC 191
NOVEL2 194

NOVEL1 199
R GARA 192
J_GGA_172

N_ACC_198

0_CAAC_195
T _CAAG_199
C_GWAG_206
M_CAG_203

X_TCTA_192
B_AGG_199

A_CCAY 203
e* _GAG_190
V_CNGA_210
b*_GGHA_200_

Consensus_ss:

Conservation:

NOVEL_4 189
7 GAC 191
NOVEL2 194

NOVEL1 199
R_GARA 192
J GGA_172

N_ACC_198

O_CAAC_195
T CAAG 199
C_GWAG_206
M _CAG_203

X_TCTA_192
B AGG_199

A _CCAY 203
e* GAG_190
V_CNGA 210
b* GGHA_200

Consensus_ss:

PR R RRRRRRRRRR R

114
116
116
123
115
100
119
121
124
129
126
116
119
126
113
134
123

178
180
183
188
181
161l
187
184
188
195
192
181
188
192
179
199
189

9998767979999

M--TEQINTPELRFPEFKNEWSYDLVSDVVTNKSKKFDPKK
MSNTQTKNVPELRFPGFEGEYSLDIFGNLATNKSEKFNPQON
MSNTQKKNVPELRFPEFEGEWKDVKEFVSIFQEVSNKTSDLA
MSNTQKKNVPELRFPGFEGEWEEKKLGEVATFAKGKLGAKK
MSNTQKKNVPELRFPGFEGEWEEKKLGEVAKIYDGTHQTPK
MSNTQKKNVPELRFPEFEGEWEERKLGDLIKVNSGKDYKH

99798898665 5 5

MSNTQKKNVPELRFPGFEGEWEEKKLGEFAGKVTQKNVDKKY

MSNKQKKNVPELRFPGFEGEWEEKKLGEVGTFTSGGTPLKS

MSNTQTKNVPELRFPGFEGEWEEKELGEIFQIISGSTPLKSN

MSNTQTKNVPELRFPGFEGEWEEKQVGELLEFKNGLNKGKE
MSNTQTKNVPELRFPGFEGEWEEKKLEDLGLFQKSYSFSRA

MSNTQKKNVPELRFPGFEGEWEEKQFADFTKINQGLQIAINE
MSNTQKKNVPELRFPGFEGEWEEKQLGDLTDRVIRKNKNLES
MSNTQKKNVPELRFPGFEGEWEEKQLGDLTTKIGSGKTPKGG

MSNTQKKNVPELRFPGFEGEWEEKSISSFLKESKIKGSNGS

———————————— EEAKKDIELDSIEQNTG
———————————— ENASIDIELDCIEQNTG
———————————— KYPLFSLTVEKGITPKT
DVSQONGVPVILYGELYTKYG

YTNEGIKFLSVENIKTLNS
LDKGDIPVYGTGGYMTS—--

IETLTNSAELGIISQKDYFDKEIL
KSEYWNGDIPWITTGDIHNIKR
KEFYENGNINWVKTTDLNNSKV

YFGSGSSIVNFKDVENNRS

KEGNGKTKHIHYGDIHSKFK
RKTEYSPELYFYITNEFLRPNS
KKPLTISGQLGLIDQTEYFSKSV
SENYTNKGIPFLRSQNIRNGKL
HAKKLTVKLWGKGVVPKKET

MSNTGKMNVPELRFPGFEGEWEEKELRELRNPKDKYSYTGGPFGSDLKKSDYTTDGIQIIQLONIGDGYF

MSNTQKKNAPELRFPEFEGEWKEKKLEDTLEFIKDGTHGTH

ENVNNGPWLLSAKNIKNNKI

eee ceeeeeeeeeee eeeeeeeeee
5
RLLDTY-—---— ISNDFTSQKNKEFNKGNVLYSKLRPY---LNKYYYATI----DGVCSSEIWVLNTLNK-D
RLIKIY-—---- NSKEFSSQKNKEFNPONVLYGKLRPY---LNKYYFTKK----SGVCSSEIWVLKSTKE-D
ERYKRDFL----- VKKSDNFKIVEPRDIVYNPMNVT---LGAIDLSKYN--YDIALSGYYHVMKIIN---
AIVSK--IFS-KTDIPENKLKMAKKNDVLIPSSGETAIDIATASCIYLN--KGVAVGGDINILTPQ---—
SK--—-- YIS-EEAFEKEFKIRPEFGDILMTRIGDI----GTPNIVSSN--EKFAYYVSLALLKTK----
***************** VSEPLSEIDAVGIGRKGTI----NKPYLLEA----PFWTVDTLFYCTPEK---
S-——————————- NIDNIKKYYVVEENDFVYNPRMSNYAPFGPVNRNKLG--KKGVMSPLYTVFKIQ---—
ENITN--FIT-EKGLNESSAKLITNEAILIAMYGQGK-TRGMSAILNF----EATTNQACAIYQ---—-— T
THSKE--KIT-EYAMKSLKLKLVPKNSVLIAMYGGFN-QIGRTGLLK----IDATINQAISALLMNH---

INTNNLTGKV-NVNSKELKNYSVEKGDVFFTRTSEVIGEIGYPSVILNDP-ENTVFSGFVLRGRPKSGID
TVLDSD-GNI-PNIIEKAVFELIQKGDIVFADASEDYSDLGKAVMIDFEP-NSLISGLHTHLFRPLN---

QTKYF--—-—-—- IENPPQSVIANKEDILMTRTGN----TGKVVTNV----FGAFHNNFFKIKFDKN---
SSK-—=——=—=—=—-— NLENYTLIKNGEFAYNKSYSNGYPLGAIKRLTRY--DSGVLSSLYICFSIKS---
NLNDLV-YIS-KDIDDEMKNSRTYYGDVLLNITGAS---IGRTAINSIVE-THANLNQHVCIIRLKK--~
| KGSDNTQYYKRKAGQLMYGKLDFL---NCAFGIVPDS--LNNYESTIDSPSFDFI-~-~
YNSNKV-FTS-NEKAEVLKSCNVFPGDIVIAKMADP---TIARAAIVPDNNIGKYLMASDGIRLSVDT -~V

IISSDDRKISESDYKKIYKNYKLEKGDLLLTIVGTI----GRAAIVKNP--NNIAFQRSVAILKTKA-~~

e ee eeeeee eeeeee eeee eeeee
9 99 799 9999898998
VLANKFLYYFIQTNRFSS-VINKSAG----SKMPRADWELVKNIRLYKGS-IEEQEKIGYFFSKLDRQIE
KLLNLFLYYFIQTKRYSD-VASKSAG----SKMPRADWGLIENIRVYFPE-LCEQQKIGQFFSKLDRQIE
SFNPDFISNFLKTEKMIIHYKKIATGS--LMEKQRVHFSEFKNIIKKFPT-NKEQQKIGDFFSKLDRQIE
KQDGRFISLSINGI-NKNELSKYAQG----KTVVHLYNNDIKNLKIAFPSEFEEQVRIGNFFSKLDRQIE
NLNSYFLKNLILSSSIQNELWRKTLHV---AFPKKINKNEIGKIKINYPK-KQEQQKIGQFFSKLDRQIE
EADILFILSLFRKINWKL----YDES----TGVPSLSKQTINKINRLVPT-NKEQQKIGEFFSKLDRQIE
NIDLNFIEFYFKSSKWYRFMALNGDSGA-RADRFSIKDRTFMEMPLHIPC-MDEQIKIGQFFSKLDRQIE
NQONINFVFQYFQK--LYEFLRSLSNE----GSQKNLSLSLLKEITLNYPN-EQEQKKIGDFFSKLDRQIE
ETNPEFIQAFLNYQ-VKGWKRYAASS----RKDPNITKKDIEQFKVPYVS-INEQQKIGEFFSKIDHQIE
LINNNFKRYVFFTNSFRKEMITKSSM----TTRALTSGTAINKMKVIYPVSAKEQKKIGDFFSKLDRQIE
NAISNFLIFYTKTLSYKKFIRQQGTG----ISVLGISKKSLLNLNVLIPRSELEQQKIGQFFSKLDRQIE
LYDRLFLVEVLNSSKIQNKILSLAGS----STIPDLNHSDFYSISSSYPL-LREQQKIGKFFSKLDRQIE
EMSKDFMEAYFDSTHWYREVSGIAVEGARNHGLLNVSVNDFFTILIKYPS-LEEQQKIGKFFSKLDRQIE
EYYYIFFGQYLLSRKGKRKIFLAQSG----GSREGLNFKEIANLKIFTPTIFEEQQKIGKFFSKLDRQIE
NGDSKFLLERIKLKSFYKKFGDIANGS---RKAKRINQDTFLSLPVFAPK-YDEQLRIGEFFSKLDRQIE
HFNTKFVLECINRKSFRKKVEDNSSG----STRMRIGLSTLGSLTLKTTT-LKEQQKIGQFFSKLDRQIV
TYDVGFIFQLFQTKYFKNLLLRKQVV----SAQPGLYLGDIRKIKISITNIIEEQRKIGIFFSKLDRQIE
hhhhhhhhh hhhhhhhhhh hhhhh ee hhhhhhhhhhhhhhhhhhh

977899999899
LEEKKLELLEQQ 189
LEEQKLELLQQQ 191
LOVQKLELLQQQ 194
LEEQKLELLQQQ 199
LEEQKLELLQQQ 192
LEEQKLELLQQQ 172
LEEQKLELLQQQ 198
LEEQKLELLQQQ 195
LEEQKLELLQQQ 199
LEEQKLELLQQQ 206
LEEQKLELLQQQ 203
LEEQKLELLQQQ 192
LEEQKLELLQQQ 199
LEEQKLELLQQQ 203
LOKQKLELLQQQ 190
LEEQKLELLQQQ 210

LEEQKLELLQQQ 200
hhhhhhhhhh

For Peer Review

means beta strand and “h” means alpha helix in the consensus

56
58
58
61
60
57
65
63
64
60
61
64
65
64
61

61

113
115
115
122
114

118
120
123
128
125
115
118
125
112
133
122

177
179
182
187
180
160
186
183
187
194
191
180
187
191
178
198
188



P OO~NOUILAWNPE

U OTUu U OITON OO DMBEMDIAMDIMBAEADIAMDIMDNWOWWWWWWWWWWNDNNNNNNMNNNNRERPRPRPERPRERPERRERE
QOO NOUPRRWNRPOOO~NOUOPRRWNPRPOOONOOOPRARWNRPFPOOONOODURAWNPOOO~NOOUUDMWNEO

Nucleic Acids Research

PROMALS alignment of all second TRDs.

Conservation:
NOVEL3_205
S_GCA 200
d* CYAA 220
a* GAA 208
E_TCAY 194
W _CRAA 211
Q ACAY 197
G _ACA 196
£* GAAY 224
L TTTA 213
Y CTA 209

U GAY 193
I_YTCA 220
K CGA 212
D_ATC_204
c* GAY 209
P AGG_214
F_TTAA 216
H_TAC_206
Consensus_ss:

Conservation:
NOVEL3 205
S_GCA 200
d* CYAA 220
a* GAA 208
E_TCAY 194
W_CRAA 211
Q ACAY 197
G_ACA 196
£* GRAAY 224
L TTTA 213
Y CTA 209

U GAY 193

I _YTCA 220
K CGA 212

D ATC 204
c* GAY 209
P AGG 214
F_TTAA 216
H TAC 206
Consensus_ss:

Conservation:
NOVEL3 205
S_GCA 200
d* CYAA 220
a* GAA 208
E_TCAY 194
W _CRAA 211
Q ACAY 197
G _ACA 196
f* GAAY 224
L TTTA 213
Y CTA 209

U GAY 193
I_YTCA 220
K _CGA 212

D _ATC 204
c*_GAY_ 209
P AGG 214
F_TTAA 216
H TAC 206
Consensus_ss:
Conservation:
NOVEL3 205
S_GCA 200
d* CYAA 220
a* GAA 208
E_TCAY 194
W _CRAA 211
Q ACAY 197
G_ACA 196
f* GAAY 224
L TTTA 213
Y CTA 209

U GAY 193
I_YTCA 220
K _CGA 212

D _ATC 204
c*_GAY 209
P AGG 214
F_TTAA 216
H TAC 206
Consensus_ss:

P RRPRRRPRRRRRRERRRRRP P&

118
113
127
118
103
122
109
109
122
121
119
105
127
122
110
116
118
124
116

177
172
192
180
166
183
169
168
186
185
181
165
192
184
176
181
186
188
178

998979999799999989696797 9 5
KKGYMQKIFAQELRFKDENGNDYPDWVTKKLGDIGKVAMNKRIYKNE--—-—-——— TTENGEIPFYKIGNFEG
KKGYMQKIFSQELRFKDENGNDYPDWTNERLGEVTTVTMGQSPKSVN-———-— YTDNSNDTVLIQGNADIE
KKGYMQOKIFSQELRFKDENGNDYPEWENVMLOKVLKDKTEGIKRGPFGGALKKDIFVESGYAVYEQRNAT
KKGYMQOKIFSQELRFKDENGNDY PEWENKRIEDIANVNKGFTPSTNN-—-—--— NEYWDNNDKNWLSIAGMN
KKGYMQOKIFSQELRFKDENGNDYPEWEETTIKEIAQINXGKKDTKD-——-——-—-— AITNGSYDFYVRSPIV
KKGYMQOKIFSQELRFKDENGNDYPDWEEKQLGELSQIVRGASPRPIK---DPKWENKESDIGWLRISDVT
KKGYMOKIFSQELRFKDENGEDYSEWEERRFADIFKFHNKLRKPIKE--—---— NLRVKGSYPYYGATGII
KKGYMOKIFTQELRFKDENGEEYPEWENKFIKDIFIFENNRRKPITS-----— SLREKGLYPYYGATGITI
KKGYMOKIFSQELRFKDENGEDYPDWKEKKLGDITEQSMYGIGASA-——-——-——-— TRFDSKNIYIRITDID
KKGYMQOKIFSQELRFKDENGNDYPNWRTIELKNILENIVDNRGKTPD-———-—-— NAPSEKYPLLEVNALG
KKGYMOKIFSQELRFKDENGNDY PDWEKKKLKEIACVYTGNTPSKKE-—-—--— NIYWNKGEYVWVTPTDIN
KKGYMOKIFSQELRFKDENGEDYPDWEVTTIQNITKYTSSKKSSNQY-——-——-— ADKDNSKGYPVYDAVQETI
KKGYMOKIFSQELRFKNENGNDYPDWERIKFFDVIDKVIDFRGRTPK---KLNMEWSDEGYLALSAVNVK
KKGYMOKIFSQELRFKDENGNDYPKWEEKKIEDIASQVYGGGTPNTK—-—-—-— IKEFWNGDIPWIQSSDVK
KKGYMQKIFSQELRFKDENGEDYPHWENSKIEKYLKERNERSDK-————————-————— GOMLSVTINSGI
KKGYLQKIFSQELRFKDENGNDYPEWRFARFKDFMYKPINIRPAINI-—-——-——-————— SKSELLTVKLHC
KKGYMOKIFSQELRFKDESGNDYPDWEEKELGEVADRVIRKNKNFES----KKPLTISGQLGLIDQTEYF
KKGYMQOKIFSQELRFKDEEGKDYPDWKSKSIQEIFENKGGTALETE-——-——-——-— FNFDGNYKVISIGSYS
KKCYIQKIFSQELRFKDEEGNYYKGWNKKQLKDVLEFSNKRTINE-—-—-—=-——-————— NEYPVLTSSRQG
hhhhhh eeceeecheeeee EEEEEEEEEE]

5 7
KNADTFITR--EKF----DEYKEKYPYPNVGD-ILISASG---——-— SIGRTIEYTG--EDA-YYQDSNIV
NGLINPR--=-=——————— IYTREVTKLIQKDE-IILTVRA-—---—— PVGKLAMAQIN--—--- ACIGRGVC
YDISNFRYY-INEN----KYKEMQSFSVQPND-IIMSCSG---——-— TIGRLALIPH-NYTK-GIINQALT

QKYLY-KGN-KGIS----KDAAKNYMKVKNDT-LIMSFKL-----— TIGKLAIVKAP----- LYTNEAIC
YK-—-mm INTFSYEGEAILTVGDGV-——--— GVGKVFHYVNGK----FDYHQRVY

KGYIDFNVE-AKYGNLDLYTRWMRGNELYKGQ-VLFTTEA---—-— PMGNVAQVPDNKG---YILSQRTI
VNDLILQOQCNKFISK--NSIELSSAKLIPANS-IAIVTRV-—---—— GVGKLCLVEFD----— YATSQDFL
IKFSELDR--KDNS----SKNKSNYKVVRKND-IAYNSMRM--—-— WQGASGKSNYN-——-— GIVSPAYT
KGIEK-ANI-NRVL----KLGATNYYKRFEGQ-FIYGKQONF--—-— FNGAFDIVPKKFDG--LYSSSDVP
SKSVS——-—————————-—— SKNLENYTLIKNGE-FAYNKSYSN--GYPLGAIKRLTRYDS---GVLSSLYI
INSTYNDON-IRVN----KNKKTEKYILSKGD-LAMVLNDKTKDGKIIGRSIFIDKDNQ---YIYNQRTE
LILQOSDYYKDRKTF----AESNIGYFILPKNH-ITYRSRS—-—----— DDGIFKFNLNLMIDV-GIISKYYP
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WLNHND-EVINKYLKYFYKI----~ VKWSGIEG----TTIKRLYNKNILNTKIELPT-VEEQYKMANFLS
SIKG------ DKFLYYFLEWFATQNKWIRFSQG----STFESISGNDIRNIHIKIPV-EDERTKIIKLLN
RFRTNH-KIRSEFFLIFMRSNQMORKILEANPG---SAITNLVPVKELKLIPFPLPV-KFEQDKISQFIH
HFIWKVNKINTEFIYYYLNSL---NISTFGVQA----VKGVTLNNDSINSIIVKLPN-EEEQNIIAKFLL
KISDFK-NYYGLLLFYYFSQN-FLKETKKYSAK----TSVDSVRKDMIANMKVPRPI-YIEQKKIGQFIK
IFLKP--KFNLFFMYYWLEYF--KDKWSKYGQP----GSQVNLNSEIVKSQTLNMPS-NHEQEKVGQFFN
ILSPL--NGNIQYLYQVAEL----VNYEKYNTG----TAQPKLNIQNLKIINVVISTNLEEQQKIGSFLS
VVKSN--DHNLFFMNYYLNF----KELRAFVTG----NAPAKLTHANLCNINLKIPC-LTEQDKVSALLK
KFKINE-QNSPLFIYQFTLTSKFNKWVKVMSVR----SGQPGINSEEYAKLPLVLPN-KLEQQKIAKFLD
GLRVNN-NNLPSFIYYMLSYKGNQKKIKRIQMG----AVQPSVKVSQFKFIKYLVPI-KDEQEKVAKLLI
AVVPFE-NINIDYLYYISDSL--STFMKSIAGK----TATQIVNKNTFENLEIYLAP-FEEQNKIADLIS
YIQSN--NVDIEFLYYRMKVV----DFKKYIIG----STIPHLYFKDYSKETLYIPSSIQEQAKIGMFIS
AFNSNE-KITDNFLASLLSSENVYNDLLKLCSG----ATAKGVSQKNLNRLYVTIPHSISEQEEIAEFFR
SLSSLK--YDKLYSLYSL--LYTMKKISANLQG----TSIKGITKKELLDSIIKIPHNLEEQQKIGDLFY
VLYPTQ-NTSSLFIGYKFKTHRMIHKFKINSQGL--TSDTWNLKYKQLKNINIDIPV-LEEQEKIGDFFK
AFEINTEKIEPNYFISYISRPSFYKSKEKYSTG----TGSKRIHENTVLNFSLHLPC-LNEQLKIASFVC
CFSIKS-EMSKDFMEAYFDSTHWYREVSGIAVEGARNHGLLNISVNDFFTILIKYPS-LEEQRKIGDFFI
RLIPFA-ENDNKFLWFLMNTDLIRNKIKGMMQG----ATQVYINYSSIKLISIQLPL-LEEQQKIRGFLE
VFKGI--DANQYYLTLHLNYQ-LKKEYIKYATG----TSQLVLSQKDLONIKTKLPS-YEEQQKIGDFFS
cee hhhhhhhhh hhhhhhhhhh hhhhh ke hhhhhhhhhhhh
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KLDKIIDIQIEKIELLKQRKQGLLQKMEFV-———==—=~~ 205
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RNEKLIELQQEKIMY IKRCKQVLLQKMFI———————=-~ 211
KLDRQIDLEEQKLELLQQRKKALLKSMFV-———==—=-~ 197
SIDNKMNNQMNRIELLKERKKELLQKMFI —=—-—-—-—~ 196
RFDRQIELEKQKIEILQQQKKGLLQSMFI ————==-=-~ 214
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KLDRQIELEEQKLELLQQRKKALLKSMLI ——=—==-=-~ 214
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PROMALS alignment of all TRDs.

Conservation:

CC80-3 f*

CC45-1L

CC97 c*

CCc22-11

CC873D

CC5-1D

CC30-1D

CC5-2H
CC133-2fromED133 d*
CC72-28

CC93-3 a*

CC93-2K

CC30-2K

CC80-2W

CCT75-2W

CC59Q

CC72-1Q

CC1-2G

ST425-1E

CC15TRD2E

CC133_771E

CC398-1E

CCc80-1Y

CC75-1U

CCl-1F

CC873 e*

cc80-2z
CCB80-3XS.S5aull8190RF2227P
CC80-1X

CC75-1T

ST130-1T

CC93-3M

CC133 771-1strain32320Hsd
CC133-2fromED133J
CC72-2J

CC51TRD1J
CC30-2strainMRSA252HsdSJ
CC59-1J

CC72-1R

CC15TRD10O
CC398-1strain398HsdSN
ST425-1C
CC30-1strainMRSA252HsdSC
CC45-1strain3067HsdSC
CC97A
CCl-2strainMW2HsdSA
CCl-1lstrainMW2HsdSA
CC5-2strainN315HsdSA
CC75-2v
CC22-1strain5096HsdSB
CC51TRD2P
CC5-1strainN315HsdSB
CC93-2 b*
Consensus_ss:
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—————— QELRFKDENGEDYPDWKEKKLGDITEQSMYGIGASA--—----—--TRFDSKNIYIRITDI
—————— QELRFKDENGNDYPNWRTIELKNILENIVDNRGKTP--------DNAPSEKYPLLEVNAL
—————— QELRFKDENGNDYPEWRFARFKDFMYKPINIRPAIN--—-----ISKSELLTVKLHCK-GI
—————— QELRFKNENGNDYPDWERIKFFDVIDKVIDFRGRTPKK----LNMEWSDEGYLALSAVNV
—————— QELRFKDENGEDYPHWENSKIEKYLKERNERSDKGQOM—-—-----LSVTIN--SGIIKFSEL
—————— QELRFKDENGEDYPDWENSKIEKYLKERNERSDKGQM—-—-----LSVTIN--SGIIKFSEL
—————— QELRFKDENSEDYPHWENSKIEKYLKERNERSDKGQOM—-—-----LSVTIN--SGIIKFSEL
—————— QELRFKDEEGNYYKGWNKKQLKDVLEFSNKRTINE--—-----—---——--NEYPVLTSSRQ
—————— QELRFKDENGNDYPEWENVMLQKVLKDKTEGIKRGPFGG-ALKKDIFVESGYAVYEQRNA
—————— QELRFKDENGNDYPDWTNERLGEVTTVTMGQSPKSVN-—-----YTDNSNDTVLIQGNADI
—————— QELRFKDENGNDYPEWENKRIEDIANVNKGFTPSTNN------NEYWDNNDKNWLSIAGM
—————— QELRFKDENGNDYPKWEEKKIEDIASQVYGGGTPNTK-—-----IKEFWNGDIPWIQSSDV
—————— QELRFKDENGNDYPNWEEKKIEDIASQVYGGGTPNTK-—-----IKEFWNGDIPWIQSSDV
—————— QELRFKDENGNDYPDWEEKQLGELSQIVRGASPRPIKD----PKWEFNKESDIGWLRISDV
—————— QELRFKDENGNDYPDWEEKQLGELSQIVRGASPRPIKD----PKWEFNKESDIGWLRISDV
—————— QELRFKDENGEDYSEWEERRFADIFKFHNKLRKPIK-—-—-----ENLRVKGSYPYYGATGI
—————— QELRFKDENGNDYPEWEERRFADIFKFHNKLRKPIK-—-—-----ENLRVKGSYPYYGATGI
—————— QELRFKDENGEEYPEWENKFIKDIFIFENNRRKPIT--—-----SSLREKGLYPYYGATGI
—————— QELRFKDENGNDYPEWEETTIKEIAQINTGKKDTKD--—-------AITNGSYDFYVRSPI
—————— QELRFKDENGNDYPEWEETTIKEIAQINXGKKDTKD--—-------AITNGSYDFYVRSPI
—————— QELRFKDENGDDYPEWEETTIKEIAQINTGKKDTKD--—-------AITNGSYDFYVRSPI
—————— QELRFKDENGKDYPEWEETTIKEIAQINTGKKDTKD--—-------AITNGSYDFYVRSPI
—————— QELRFKDENGNDYPDWEKKKLKEIACVYTGNTPSKKE-—----NIYWNKGEYVWVTPTDI
—————— QELRFKDENGEDYPDWEVTTIQNITKYTSSKKSSNQY-—----—-ADKDNSKGYPVYDAVQE
KKGYMQKIFSQELRFKDEEGKDYPDWKSKSIQEIFENKGGTALETE-——-—-———-— FNFDGNYKVISIGSY
-MSNTQKKNVPELRFPGFE----GEWEEKSISSFLKESKIKGSNGS-—-—-—----— HAKKLTVKLWGKGVV
—MSNTQTKNVPELRFPGFE----GEYSLDIFGNLATNKSEKFNPQN--—-——-— ENASIDIELDCIEQNTG
—MSNTQKKNVPELRFPEFE----GEWEEKQFADFTKINQGLQIAINE-—-——-— RKTEYSPELYFYITNEF
—MSNTQKKNVPELRFPGFE----GEWEEKQFADFTKINQGLQIAINE-———-— RKTEYSPELYFYITNEF
—MSNTQTKNVPELRFPGFE----GEWEEKELGEIFQIISGSTPLKSN-—-——--— KEFYENGNINWVKTTDL
—MSNTQKKNVPELRFPGFE----GEWEEKKLGEIFQIISGSTPLKSN-—-——-— KKFYENGNINWVKTTDL
—MSNTQTKNVPELRFPGFE----GEWEEKKLEDLGLFQKSYSFSRA--—-———-—-—— KEGNGKTKHIHYGDI
—MSNTQTKNVPELRFPGFE----GEWEEKKLGDLGLFQKSYSFSRA--—-———-—-—— KEGNGKTKHIHYGDI
—MSNTQKKNVPELRFPGFE----GEWEEKKLESIIKVNSGKDYKH-—--—-——-—-—-—— LDKGDIPVYGTGGY
—MSNTQKKNVPELRFPEFE----GEWEEKQLGNIIKVNSGKDYKH-—---——-—--—-— LDKGDIPVYGTGGY
—MSNTQTKNVPELRFPGFE----GEWEEKKLEDIIKVNSGKDYKH----—-—---—-— LDKGDIPVYGTGGY
—MSNTQTKNVPELRFPGFE----GEWEEKKLGDLIKVNSGKDYKH----—-—---—-— LEKGDIPVYGTGGY
—MSNTQKKNVPELRFPEFE----GEWEERKLGDLIKVNSGKDYKH----—-—---—-— LDKGDIPVYGTGGY
—MSNTQKKNVPELRFPGFE----GEWEEKKLGEVAKIYDGTHQTPK---—-—---—-—-— YTNEGIKFLSVENI
—MSNKQKKNVPELRFPGFE----GEWEEKKLGEVGTFTSGGTPLKS-—-———--— KSEYWNGDIPWITTGDI
—MSNTQKKNVPELRFPGFE----GEWEEKKLGEFAGKVTQKNVDKKY-——--— IETLTNSAELGIISQKDY
—-MSNTQTKNVPELRFPGFE----GEWEEKQVGELLEFKNGLNKGKE---—-—---—-— YFGSGSSIVNFKDV
—MSNTQTKNVPELRFPGFE----GEWEEKKVGELLEFKNGLNKGKE---—-—---—-— YFGSGSSIVNFKDV
—MSNTQKKNVPELRFPGFE----GEWEEKKVGELLEFKNGLNKGKE---—-—---—-— YFGSGSSIVNFKDV
—MSNTQKKNVPELRFPGFE----GEWEEKQLGDLTTKIGSGKTPKGG-———--— SENYTNKGIPFLRSQNT
—MSNTQTKNVPELRFPGFE----GEWEEKKLGNLTTKIGSGKTPKGG-———--— SENYTNKGIPFLRSQONI
—MSNTQKKNVPELRFPGFE----GEWEEKKLGDLTTKIGSGKTPKGG-———--— SENYTNKGIPFLRSONI
—MSNTQTKNVPELRFPGFE----GEWEEKKLGNLTTKIGSGKTPKGG-—-——-— SENYTNKGIPFLRSQNI
—MSNTGKMNVPELRFPGFE----GEWEEKELRELRNPKDKYSYTGGPFGSDLKKSDYTTDGIQIIQLONI
—MSNTQKKNVPELRFPGFE----GEWEEKKLGDLTDRVIRKNKNLES-———— KKPLTISGQLGLIDQTEY
—————— QELRFKDESGNDYPDWEEKELGEVADRVIRKNKNFES-—----KKPLTISGQLGLIDQTEY
—MSNTQKKNVPELRFPGFE----GEWEEKQLGDLTDRVIRKNKNLES-——-— KKPLTISGQLGLIDQTEY
—MSNTQKKNAPELRFPEFE----GEWKEKKLEDTLEFIKDGTHGTH---——-—-—— ENVNNGPWLLSAKNI
eeeeeeeeeeee eeeeeee €
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Conservation:
CC80-3 f*
CC45-1L
CC97 c*
CC22-11
CC873D
CC5-1D
CC30-1D
CC5-2H
CC133-2fromED133 d*
CC72-28
CC93-3 a*
CC93-2K
CC30-2K
Ccc80-2wW
CC75-2W
CC59Q
CC72-1Q
CC1-2G
ST425-1E
CC15TRD2E
CC133_771E
CC398-1E
CCc80-1Y
CC75-1U
CCl-1F
CC873 ex*
cc80-2z

CC80-3XS.Saull8190RF2227P

CC80-1X
CC75-1T
ST130-1T
CC93-3M

CC133_771-1strain32320Hsd

CC133-2fromED133J
CC72-2J
CC51TRD1J

CC30-2strainMRSA252HsdSJ

CC59-1J
CC72-1R
CC15TRD1O

CC398-1strain398HsdSN

ST425-1C

CC30-1strainMRSA252HsdSC
CC45-1strain3067HsdSC

CC97A
CCl-2strainMW2HsdSA
CCl-1strainMW2HsdSA

CC5-2strainN315HsdSA

CC75-2v

CC22-1strain5096HsdSB

CC51TRD2P

CC5-1strainN315HsdSB

CC93-2 b*
Consensus_ss:
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DEKSRKLN-YQNLTTP----DELNNKYKLKRNDILFARTGAST----— GKS-YIHKEEKDIYNYYFAGFL
GYYRPAYI-KVSKFVSE-NTYNNWFREHLKENDILFSTVGNT------ GIV-SLMDN----YKAVIAQNI

EKANINRV--———-————— LKLGATNYYKRFEGQFIYGKQNFFN—--—--— GAF-DIVPKK--FDGLYSSSDV
KKGYIDFNVEAKYGNLD-LYTRWMRGNELYKGQVLFTTEAPM-—---—-— GNV-AQVPD---NKGYILSQRT
DRKDN---———=————-—— SSKNKSNYKVVRKNDIAYNSMRMWQ-——--— GAS-GKSNY-—-—--- NGIVSPAY
DRKDN---————————-—— SSKDKSNYKVVRKNDIAYNSMRMWQ-—-—--— GAS-GKSNY--—--- NGIVSPAY
DRKDN---————————-—— SSKDKSNYKVVRKNDIAYNSMRMWQ-——--— GAS-GRSNY----- NGIVSPAY
GLILOSD---YYKDRKT-FAESNIGYFILPKNHITYRSRSDD----—-- GIFKFNLNLM--IDVGIISKYY
IYDISNF----RYYINE-NKYKEMQSFSVQPNDIIMSCSGTI-——---— GRL-ALIPHN--YTKGIINQAL
ENGL-----—-———- INP-RIYTREVTKLIQKDEIILTVRAPV-——---— GKL-AMAQI--—--- NACIGRGV
NOKYLYK---GNKGIS—---KDAAKNYMKVKNDTLIMSFKLTI--—---— GKL-AIVKA----- PLYTNEAT
KVNDLILQ-QCNKFISK-NSIELSSAKLIPANSIAIVTRVGV----—- GKL-CLVEF----- DYATSQDF
KVNDLILR-QCNKFISK-NSIELSSAKLIPANSIAIVTRVGV------— GKL-CLVEF----- DYATSQDF
TNONGKIY-HLEQKLS---IEGQEKTRVLVTTHLLLSIAASI--—-——— GKP-VMNEFV---—-- KTGVHDGF
TNONGKIY-HLEQKLS---IEGQEKTRVLVTTHLLLSIAASI--—-——-— GKP-VMNEFV----- KTGVHDGF
IDYV--—————— DDFIFDGNYLLIGEDGA-NIITRSAPLVYLVNG---—-- KFWVNNHA
IDYV--—————— DDFIFDGNYLLIGEDGA-NIITRSAPLVYLVNG---—-- KFWVNNHA
IDYVK-———=—————————————— DYLFNNEERLLIGEDGA-KWGQFETSS-FIANG---—- QYWVNNHA
VYKI---=-———————————————— NTFSYEGEAILTVGDGVGV-—---— GKV-FHYVN----GKEFDYHQRV
VYKI---=-———————————————— NTFSYEGEAILTVGDGVGV-—--— GKV-FHYVN----GKEFDYHQRV
VYKI---=-———————————————— NTFSYEGEAILTVGDGVGV-—--— GKV-FHYVN----GKFDYHQRV
VYKI---=-———————————————— NTFSYEGEAILTVGDGVGV-—--— GKV-FHYVN----GKFDYHQRV
NNSKNIY--ESENKLT---QEGYKKARQLPENTLLVTCIASI--—---— GKN-AILRK----- QGSCNQQT
IGK-——=———————————————— DSNYDIEESYISILKDGAGV---—- GRL-NLRPG----- KSSVIGTM
SINSTYN--DONIRVN---KNKKTEKYILSKGDLAMVLNDKTKDGKIIGRS-IFIDK---DNQYIYNQRT
PKKETF--—-——-———-—— KGSDNTQYYKRKAGQLMYGKLDFLN---—-- CAF-GIVPD---SLNNYESTID
RLIKIYN---———-————— SKEFSSQKNKFNPONVLYGKLRPYL-——--— NKY-YFTKK----- SGVCSSEI
LRPNS-—---—-- QTKY-FIENPPQSVIANKEDILMTRTGNT--——-— GKV-VTNVF-—-—--- GAFHNNFF
LRPNS-—---—-- QTKY-FIENPPQSVIANKEDILMTRTGNT--——-— GKV-VTNVF-—-—--- GAFHNNFF
NNSKVTH---SKEKITE-YAMKSLKLKLVPKNSVLIAMYGGFNQI---GRT-GLLKI----- DATINQAT
NNSKVTH---SKEKITE-YAMNSLKLKLVPKNSVLIAMYGGFNQI---GRT-GLLKI----- DATINQAT

HSKFKTV--LDSDGNIP-NIIEKAVFELIQKGDIVFADASEDYSDL--GKA-VMIDFE--PNSLISGLHT
HSKFKTV--LDSDGNIP-NIIEKAVFELIQKGDIVFADASEDYSDL--GKA-VMIDFK--PNSLISGLHT

MTS-—----——————————————— VSEPLSEIDAVGIGRKGTI-—-—---— NKP-YLLEA----- PFWTVDTL
MTS-—---———————————————— VSEPLSEIDAVGIGRKGTI-—----- NKP-YLLEA----- PFWTVDTL
MTS-—--———————————————— VSEPLSEIDAVGIGRKGTI-—----- NKP-YLLEA----- PFWTVDTL
MTS-—---———————————————— VSEPLSEIDAVGIGRKGTI-—-—---- NKP-YLLEA----- PFWTVDTL
MTS-—-=-———————————————— VSEPLSEIDAVGIGRKGTI-—-—---— NKP-YLLEA----- PFWTVDTL
KTLNSS-——---- KYISE-EAFEKEFKIRPEFGDILMTRIGDI--—-—---— GTP-NIVSS---NEKFAYYVSL
HNIKREN---ITNFITE-KGLNESSAKLITNEAILIAMYGQGKTR---GMS-AILNF---—- EATTNQAC
FDKEIS--————-————-—— NIDNIKKYYVVEENDFVYNPRMSNYAPF--GPV-NRNKL---GKKGVMSPLY

FNNRSINT-NNLTGKVN-VNSKELKNYSVEKGDVFFTRTSEVIGEI--GYP-SVILND--PENTVEFSGEFV
FNNRSLNT-NNLTGKVN-VNSKELKNYSVEKGDVFFTRTSEVIGEI--GYP-SVILND--PENTVFSGEV
FNNRSINT-NNLTGKVN-VNSKELKNYSVEKGDVFFTRTSEVIGEI--GYP-SVILND--PENTVFSGEFV

RNGKLNL--NDLVYISK-DIDDEMKNSRTYYGDVLLNITGASI---—-— GRT-AINSIV--ETHANLNQHV
RNGKLNL--NDLVYISK-DIDDEMKNSRTYYGDVLLNITGASI---—- GRT-AINSIV--ETHANLNQHV
RNGKLNL--NDLVYISK-DIDDEMKNSRTYYGDVLLNITGASI---—-— GRT-AINSIV--EIHANLNQHV
RNGKLNL--NDLVYISK-DIDDEMKNSRTYYGDVLLNITGASI---—-— GRT-AINSIV--ETHANLNQHV
GDGYFYN--SNKVFTSN-EKAEVLKSCNVFPGDIVIAKMADPI---—-— ARA-AIVPDN-NIGKYLMASDG
FSKSVS--—-—--—-———-—-—— SKNLENYTLIKNGEFAYNKSYSNGYPL--GAI-KRLTR---YDSGVLSSLY
FSKSVS--—-—--—-——-—-—— SKNLENYTLIKNGEFAYNKSYSNGYPL--GAI-KRLTR---YDSGVLSSLY
FSKSVS---—---——-—-—— SKNLENYTLIKNGEFAYNKSYSNGYPL--GAI-KRLTR---YDSGVLSSLY
KNNKIIIS-SDDRKISESDYKKIYKNYKLEKGDLLLTIVGTI----—- GRA-AIVKN---PNNIAFQRSV
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CC80-3 f*

3 CC45-1L

4 CC97 c*
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5 CC873D
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9 CC72-2S
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11 CC80-2W

12 cC75-20
CC590

13 cc72-1Q
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17 CC80-1Y
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20 CC873 ex*
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21 CC80-3XS.Saull8190RF2227P
CC80-1X

22 CC75-1T

23 ST130-1T
CC93-3M

24 CC133_771-1strain32320Hsd

25 CC133-2fromED133J
CcCc72-2J

26 CC51TRD1J

27 CC30-2strainMRSA252HsdSJT
CC59-1J

28 CC72-1R

29 CC15TRD10

30 CC398-1strain398HsdSN
ST425-1C

31 CC30-1strainMRSA252HsdSC

32 CC45-1strain3067HsdSC
CC97A

33 CCl-2strainMW2HsdSA

34 CCl-1strainMW2HsdSA
CC5-2strainN315HsdSA
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36 CC22-1strain5096HsdSB
CC51TRD2P

37 CC5-1strainN315HsdSB

38 CC93-2 b*
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IKFKINE---QNSPLFIYQFTLTSKFNKWVKVMS----VRSGQPGINSEEYAKLPLVLPN-KLEQQKIAK
VGLRVNN---NNLPSFIYYMLSYKGNQKKIKRIQ----MGAVQPSVKVSQFKFIKYLVPI-KDEQEKVAK
PAFEINT--EKIEPNYFISYISRPSFYKSKEKYS----TGTGSKRIHENTVLNFSLHLPC-LNEQLKIAS
IAFNSNE---KITDNFLASLLSSENVYNDLLKLC----SGATAKGVSQKNLNRLYVTIPHSISEQEEIAE

TVLYPTQ---NTSSLFIGYKFKTHRMIHKFKINSQ--GLTSDTWNLKYKQLKNINIDIPV-LEEQEKIGD
TVLYPTQ---NTSSLFIGYKFKTHRMIHKFKINSQ--GLTSDTWNLKYKQLKNINIDIPV-LEEQEKIGD
TVLYPTQ---NTSSLFIGYKFKTHRMIHKFKINSQ--GLTSDTWNLKYKQLKNINIDIPV-LEEQEKIGD

PVFKGI----DANQYYLTLHLNYQ-LKKEYIKYA----TGTSQLVLSQKDLONIKTKLPS-YEEQQKIGD
IRFRTNH---KIRSEFFLIFMRSNQMORKILEAN---PGSAITNLVPVKELKLIPFPLPV-KFEQDKISQ
CSIKGD-——-=-——-- KFLYYFLEWFATONKWIRFS----QGSTFESISGNDIRNIHIKIPV-EDERTKIIK
CHFIWKV--NKINTEFIYYYLNS---LNISTFGV----QAVKGVTLNNDSINSIIVKLPN-EEEQNIIAK
LSLSSL----KYDKLYSLYSLLY--TMKKISANL----QGTSIKGITKKELLDSIIKIPHNLEEQQKIGD
LSLSSL----KYDKLYSLYSLLY--TMKKISANL----QGTSIKGITKKELLDSIIKIPHNLEEQQKIGD
LIFLNP----KENLFEMYYWLEY--FKDKWSKYG----QPGSQVNLNTEIVKSQTLNMPS-NHEQEKVGQ
LIFLKP-—---KENLFFMYYWLEY--FKDKWSKYG----QPGSQVNLNSEIVKSQTLNMPS-NHEQEKVGQ
HILSPL----NGNIQYLYQVAEL----VNYEKYN----TGTAQPKLNIQNLKIINVVISTNLEEQQKIGS
HILSPL----NGNIQYLYQVAEL----VNYEKYN----TGTAQPKLNIQNLKIISVVISX---—-——-—-—-—-—
HVVKSN----DHNLFFMNYYLNF----KELRAFV----TGNAPAKLTHANLCNINLKIPC-LTEQDKVSA
YKISDFK---NYYGLLLFYYFSQ-NFLKETKKYS----AKTSVDSVRKDMVANMKVPRPI-YIEQEKIGQ
YKISDFK---NYYGLLLFYYFSQ-NFLKETKKYS----AKTSVDSVRKDMIANMKVPRPI-YIEQKKIGQ
YKISDFK---NYYGLLLFYYFSQ-NFLKETKKYS----AKTSVDSVRKDMVANMKVPRPI-YIEQEKIGQ
YKISDFK---NYYGLLLFYYFSQ-NFLKETKKYS----AKTSVDSVRKDMIANMKVPRPI-YIEQKKIGQ
NAVVPFE---NINIDYLYYISDS--LSTFMKSIA--—--GKTATQIVNKNTFENLEIYLAP-FEEQNKIAD
GYIQSN----NVDIEFLYYRMKV-—---VDFKKYI----IGSTIPHLYFKDYSKETLYIPSSIQEQAKIGM

ERLIPFA---ENDNKFLWFLMNTDLIRNKIKGMM----QGATQVYINYSSIKLISIQLPL-LEEQQKIRG
SPSFDFI---NGDSKFLLERIKLKSFYKKFGDIA---NGSRKAKRINQDTFLSLPVFAPK-YDEQLRIGE

WVLKSTKE-DKLLNLFLYYFIQTKRYS-DVASKS-—---AGSKMPRADWGLIENIRVYFPE-LCEQQKIGQ
KIKFDKN---LYDRLFLVEVLNSSKIQNKILSLA----GSSTIPDLNHSDFYSISSSYPL-LREQQKIGK
KIKFDKN---LYDRLFLVEVLNSSKIQNKILSLA----GSSTIPDLNHSDFYSISSSYPL-LREQQKIGK
SALLMNH---ETNPEFIQAFLNYQV-KGWKRYAA----SSRKDPNITKKDIEQFKVPYVS-INEQQKIGE
SALLMNH---ETNPEFIQAYLNYQV-KGWKRYAA----SSRKDPNITKKDIEQFKVPYVS-INEQQKIGE
HLFRPLN---NAISNFLIFYTKTLSYKKFIRQQG----TGISVLGISKKSLLNLNVLIPRSELEQQKIGQ
HLFRPLN---NAISNFLIFYTKTLSYKKFIRQQG----TGISVLGISKKSLLNLNVLIPRSELEQQKVGK
FYCTPKK---ETDILFILSLFRKIN----WKVYD----ESTGVPSLSKQTINKINRFVPT-NKEQQKIGK
FYCTPKK---ETDILFILSLFRKIN----WKVYD----ESTGVPSLSKQTINKINRFVPT-NKEQQKIGK
FYCTPKK---ETDILFILSLFRKIN----WKVYD----ESTGVPSLSKQTINKINRFVPT-NKEQQKIGK
FYCTPKK---ETDILFILSLFRKIN----WKVYD----ESTGVPSLSKQTINKINRFVPS-NKEQQKIGE
FYCTPEK---EADILFILSLFRKIN----WKLYD----ESTGVPSLSKQTINKINRLVPT-NKEQQKIGE
ALLKTK----NLNSYFLKNLILSSSIQNELWRKT---LHVAFPKKINKNEIGKIKINYPK-KQEQQKIGQ
AIYQTN--—--- ONINFVFQYFQK--LYEFLRSLS----NEGSQKNLSLSLLKEITLNYPN-EQEQKKIGD
TVFKIQ----NIDLNFIEFYFKSSKWYRFMALNGD-SGARADRFSIKDRTFMEMPLHIPC-MDEQIKIGQ
LRGRPKSGIDLINNNFKRYVFFTNSFRKEMITKS—---SMTTRALTSGTAINKMKVIYPVSAKEQKKIGD
LRGRPKSGIDLINNNFKRYVFFTNSFRKEMITKS----SMTTRALTSGSAINKMKVIYPVSAKEQRKIGD
LRGRPKSGIDLINNNFKRYVFFTNSFRKEMITKS----SMTTRALTSGTAINRMKVIYPVSAKEQKKIGD
CIIRLKK---EYYYIFFGQYLLSRKGKRKIFLAQ----SGGSREGLNFKEIANLKIFTPTIFEEQQKIGK
CIIRLKK---EYYYNFFGQYLLSRKGKRKIFLAQ----SGGSREGLNFKEIANLKIFTPTIFEEQQKIGK
CIIRLKK---EYYYNFFGQYLLSRKGKRKIFLAQ----SGGSREGLNFKEIANLKIFTPTIFEEQQKIGE
CIIRLKK---EYYYNFFGQYLLSRKGKRKIFLAQ----SGGSREGLNFKEIANLKIFTPTIFEEQQKIGQ
IRLSVDT--VHENTKFVLECINRKSFRKKVEDNS----SGSTRMRIGLSTLGSLTLKTTT-LKEQQKIGQ

ICFSIKS---EMSKDFMEAYFDSTHWYREVSGIAVEGARNHGLLNVSVNDFFTILIKYPS-LEEQQKIGK
ICFSIKS---EMSKDFMEAYFDSTHWYREVSGIAVEGARNHGLLNISVNDFFTILIKYPS-LEEQRKIGD
ICFSIKS---EMSKDFMEAYFDSTHWYREVSGIAVEGARNHGLLNVSVNDFFTILIKYPS-LEEQQKIGK
AILKTKA---TYDVGFIFQLFQTKYFKNLLLRKQ----VVSAQPGLYLGDIRKIKISITNIIEEQRKIGI
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Conservation:

CC80-3 f£*

CC45-1L

CC97 c*

CC22-11

CC873D

CC5-1D

CC30-1D

CC5-2H
CC133-2fromED133 d*
CC72-28

CC93-3 a*

CC93-2K

CC30-2K

Ccc80-2wW

CC75-2W

CC58Q

CC72-1Q

CC1-2G

ST425-1E

CC15TRD2E

CC133_771E

CC398-1E

CCc80-1Y

CC75-1U

CCl-1F

CC873 e*

CC80-2z
CCB80-3XS.Saull8190RF2227P
CC80-1X

CC75-1T

ST130-1T

CC93-3M
CC133_771-1strain32320Hsd
CC133-2fromED133J
CC72-2J

CC51TRD1J
CC30-2strainMRSA252HsdSJ
CC59-1J

CC72-1R

CC15TRD1O
CC398-1strain398HsdSN
ST425-1C
CC30-1strainMRSA252HsdSC
CC45-1strain3067HsdSC
CC97A
CCl-2strainMW2HsdSA
CCl-1strainMW2HsdSA
CC5-2strainN315HsdSA
CC75-2v
CC22-1strain5096HsdSB
CC51TRD2P
CC5-1strainN315HsdSB
CC93-2 b*
Consensus_ss:

173
172
168
179
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179
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FLDRFDRQIELEKQKIEILQQQKKGLLQSMFI
LLIEIDKLVNKQLIKIELLQQRKKALLKSMFI
FVCFLNRKIELLERKIYLIKKQKQALLQQMFI
FFRKINQLVELQKYKIEHTKSQKQVFLQKMFET
FFKKMDILISKQKIKIEILEKEKQSFLQKMFL
FFKKMDILISKQKMKIEILEKEKQSFLQKMFL
FFKKMDILISKQKIKIEILEKEKQSFLQKMFL
FFSEIDRLVEKQSSKVGRLKVRKKELLQKMEV
FIHIINRRIEQSEKKIESLKNRKQGFLQKLEV
LLNSLDVLNSKTDLKIQNLKQRKQSLLQKIFV
FLLEVDKTVNNQLVKTKLLKQRKKGLLQRMEV
LFYKIDKYISFNKCKIEMLKSLKQGLLKKMFI
LFYKIDKYISFNKCKIEILKSLKQGLLOKIFI
FFNRNEKLIELQQEKIMYLKRRKQVLLQKMET
FFNRNEKLIELQQEKIMY IKRCKQVLLQKMFI
FLSKLDRQIDLEEQKLELLQQRKKALLKSMFV
LLKSIDNKMNNQMNRIELLKERKKELLQKMF I
FIKKVDNKIKIQKQVIELLKQRKKALLQKMFI
FIKRVDNKTKIQKQVIELLKQRKKALLQKMFI
FIKKVDNKIKIQKQVIELLKQRKKALLQKMET
FIKRVDNKTKIQKQVIELLKQRKKSLLQKMFI
LISSLEELIEKQASKLIKMKSRKQGMLQIMFI
FISNLDKLIENKNLKLNCLKQLKQGLLQSMFI
FLEVLSGITTKQLHKIDQLKERKKAFLQKMFT
FFSKLDRQIELQKQKLELLQQQKKGYMQKIFS
FFSKLDRQIELEEQKLELLQQQKKGYMQKIFS
FFSKLDRQIELEEQKLELLQQQKKGYMQKIFS
FFSKLDRQIELEEQKLELLQQQKKGYMQKIFS
FFSKIDHQIELEEQKLELLQQQKKGYMQKIFS
FFSKLDRQIELEEQKLELLQQQKK-—-—-—--
FFSKLDRQIELEEQKLELLQQQKKGYMQKIFS
FFSKLDRQIELEEQKIELLQQQKKGYIQKIFS
FFSKLDRQIELQEQKLELLQQQKKGYMQKIFS
FFSKLDRQIELEEQKLELLQQQKKGYMQKIFS
FFSKLDRQIELEEQKLELFQQQKKGYMQKIFS
FFIKLDRQIELEEQKLELLQQQKKGYMQKIFS
FFSKLDRQIELEEQKLELLQQQKKGYMQKIFS
FFSKLDRQIELEEQKLELLQQQKKGYMQKIFS
FFSKLDRQIELEEQKLELLQQQKKGYMQKIFS
FFSKLDRQIELEEQKLELLQQQKKGYMQKIFS
FFSKLDRQIELEEQKLELLQQQKKGYMQKIFT
FFSKLDRQIELEEQKLELLQQQKKGYMQKIFS
FFSKLDRQIELEEQKLELLQQQKKGYMQKIFS
FFSKLDRQIELEEQKLELLQQQKKGYLQKIFS
FFSKLDRQIELEEQKLELLQQQKKGYMQKIFT
FISKLDRQIELEEQKLELLQQQKKGYMQKIFS
FFSKLDQQIELEEQKLELLQQQKKCYIQKIFS
FFSKLDRQIVLEEQKLELLQQQKKGYMQKIFS
FFSKLDRQIELEEQKLELLQQQKKGYMQKIFS
FFIKLDRQIELEEQKLELLQQORKKALLKSMLI
FFSKLDRQIELEEQKLELLQQQKKGYMQKIFS
FFSKLDRQIELEEQKLELLQQQKKGYMQKIFS
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