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DESCRIPTION

FIELD OF INVENTION

[0001] The disclosure relates to compositions of purified bacterial strains, and treatments of pathogenic infections, such as Clostridium difficile infections, by administering
the compositions to a subject having a pathogenic infection.

BACKGROUND OF THE INVENTION

[0002] The collection of bacterial, viral, and fungal commensal microorganisms that reside within and on the human body are collectively known as the human microbiome.
The bacterial subset of the human microbiome plays an important role in host nutrient acquisition, development, immunological homeostasis, neurological health, and
protection against pathogens (LeBlanc et al. Curr. Opin. Biotechnol. (2013) 24(2): 160-168; Hooper et al. Science (2012) 336(6086): 1268-1273; Hughes et al. Am. J.
Gastroenterol. (2013) 108(7): 1066-1074). As the largest reservoir of mammalian commensals, bacteria residing in the gastrointestinal (Gl) tract influence nearly all of these
aspects of human biology (Blaser J. Clin. Invest. (2014) 124(10): 4162-4165). Consequently, perturbation of the normal bacterial populations within the Gl niche, a state
known as dysbiosis, can predispose humans to a variety of diseases.

[0003] Clostridium difficite infection (CDI) arises after intestinal colonization by the anaerobic spore-forming Gram-positive pathogen Clostridium difficite. Upon colonization of
the Gl tract, C. dffficile produces toxins which causes diarrhea and may ultimately lead to death. This illness is the most common identifiable cause of nosocomial diarrhea
and is thought to arise as a direct result of dysbiosis (Calfee Geriatrics (2008) 63: 10-21; Shannon-Lowe et al BMJ (2010) 340: ¢1296). Not surprisingly, usage of nearly all
classes of antibiotics has been associated with CDI, presumably by inducing dysbiosis in the Gl tract and thereby enabling C. difficile outgrowth. The Center for Disease
Control currently classifies CDI as a public health threat requiring immediate and aggressive action because of its natural resistance to many drugs and the emergence of a
fluoroquinolone-resistant strain that is now prevalent throughout North America and Europe. C. difficife was responsible for almost half a million infections and was
associated with approximately 29,000 deaths in 201 1 (Lessa et al. NEJM 2015, 372: 825-834).

[0004] The antibiotics metronidazole, vancomycin, and fidaxomicin are the current therapeutic options for treatment of CDI. However, metronidazole is inadequate because
of decreased response rates and neither metronidazole nor vancomycin prevent disease recurrence, with up to 30% of patients initially responding experiencing a clinical
recurrence after antibiotic cessation (Miller Expert Opin. Pharmacother. (2010) 11: 1569-1578). Fidaxomicin has been shown to be superior to vancomycin in preventing
recurrent CDI (Mullane Ther. Adv. Chronic Dis. (2014) 5(2): 69-84). Because of its narrow spectrum of activity, fidaxomicin is thought to enable normal microbiome
repopulation of the gut following dysbiosis and CDI, thereby lowering the likelihood of recurrent disease (Tannock et al. Microbiology (2010) 156 (Pt 11): 3354-3359; Louie et
al. Clin. Infect. Dis. (2012) 55 Suppl. 2: S132-142). Nonetheless, 14% of fidaxomicin-treated patients experience CDI relapse and mutations conferring reduced sensitivity
have already been reported (Eyre et al. J. Infect. Dis. (2014) 209(9): 1446-1451).

[0005] Because the risk of recurrent CDI is heightened by antibiotic use and C. difficile spores are inherently recalcitrant to the available chemotherapeutic arsenal,
alternative therapeutic modalities are being pursued for the treatment of CDI. Fecal microbiota transplantation (FMT) is one such modality that has shown efficacy against
CDI (Khoruts et al. Immunol. Lett. (2014) 162(2): 77-81; van Nood et al. N. Engl. J. Med. (2013) 368(5): 407-415). To date, results of FMT studies for the treatment of CDI,
have reported cure rates up to 90% in three randomized controlled studies (Cammarota et al. Alimen. Pharmacol. Therap. (2015) 41(9): 835-843; Kassam et al. Am. J.
Gastroenterol. (2013) 108(4): 500-508; van Nood et al. N. Engl. J. Med. (2013) 368(5): 407-415; Youngster et al. Infec. Dis. Soc. Am. (2014) 58(11): 1515-1522).

[0006] Despite the success of FMT, this therapeutic approach is not without risks and logistical concerns. Selection of FMT donors is critical and challenging. When FMT
donor recruitment is performed with stringent screening and standardization protocols, most prospective donors fail this process. Only 6-10% of prospective FMT donors
qualify, with the majority of failures arising from asymptomatic carriage of Gl pathogens (Paramsothy et al. Inflamm. Bowel Dis. (2015) 21(7): 1600-1606; Borody et al. Curr.
Opin. Gastroenterol. (2014) 30(10): 97-105; Burns et al. Gastroenterology (2015) 148: 896-597; Surawicz Ann. Intern. Med. (2015) 162(9): 662-663). Furthermore, variation
between donors may lead to variation in FMT efficacy. In addition, the risk of transmission of even non-infectious illnesses may be heightened by FMT. Indeed, significant
weight gain has been reported in a patient who received an FMT from an overweight stool donor (Alang et al. Open Forum Infect. Dis. (Winter 2015) 2(1)).

[0007] Narushima et al., 2014. Gut Microbes. 5(3):333-9 discloses a composition of 17 strains which corresponds to "Composition E" of the present disclosure.

[0008] Bucci et al., 2016. Genome Biol. 17(1):121 states that it presents MDSINE, a suite of algorithms for inferring dynamical systems models from microbiome time-series
data and predicting temporal behaviors.

SUMMARY OF THE INVENTION

[0009] The present invention provides a composition comprising eight purified bacterial strains of species Flavonifractor plauti, Anaerotruncus colihominis, Drancourtella
massiliensis, Clostridium symbiosum, Clostridium bolteae, Dorea longicatena, Blautia producta, and Clostridium innocuum.

[0010] The present invention also provides a composition comprising eight purified bacterial strains comprising 16S rDNA sequences having at least 97% sequence identity
to SEQ ID NO: 10, SEQ ID NO: 14, SEQID NO: 15, SEQ ID NO: 16, SEQID NO: 17, SEQ ID NO: 19, SEQ ID NO:20, and SEQ ID NO:21.

[0011] In some embodiments of the compositions provided herein, the composition comprises at least one bacterial strain from Clostridium cluster XIVa and at least one
bacterial strain from Clostridium cluster XVIl. In some embodiments of the compositions provided herein, the composition comprises at least one bacterial strain from
Clostridium cluster IV and at least one bacterial strain from Clostridium cluster XVII. In some embodiments of the compositions provided herein, the composition comprises at
least one bacterial strain from Clostridium cluster XIVa, at least one strain from Clostridium cluster IV and at least one bacterial strain from Clostridium cluster XVII. In some
embodiments of the compositions provided herein, the composition does not include Clostridium scindens.

[0012] In some embodiments of the compositions provided herein, one or more of the bacterial strains are spore formers. In some embodiments of the compositions
provided herein, one or more of the bacterial strains are in spore form. In some embodiments of the compositions provided herein, each of the bacterial strains is in spore
form.

[0013] In some embodiments of the compositions provided herein, one or more of the bacterial strains is in vegetative form. In some embodiments of the compositions
provided herein, each of the bacterial strains is in vegetative form.

[0014] In some embodiments of the compositions provided herein, the composition comprises only obligate anaerobic bacterial strains. In some embodiments of the
compositions provided herein, the composition comprises bacterial strains that originate from more than one human donor.

[0015] In some embodiments of the compositions provided herein, one or more of the bacterial strains are ba/CD-. In some embodiments of the compositions provided
herein, each of the bacterial strains is ba/CD-. In some embodiments of the compositions provided herein, the composition does not mediate bile acid 7-alpha-
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dehydroxylation. In some embodiments of the compositions provided herein, the composition inhibits C. difficile toxin production. In some embodiments of the compositions
provided herein, the composition inhibits C. difficile replication and/or survival.

[0016] In some embodiments of the compositions provided herein, the bacterial strains are lyophilized.
[0017] In some embodiments of the compositions provided herein, the composition induces the proliferation and/or accumulation of regulatory T cells (Tregs).

[0018] In one aspect, the composition comprises at least one bacterial strain from Clostridium cluster XIVa and at least one bacterial strain from Clostridium cluster XVII. In
one aspect, the composition comprises at least one bacterial strain from Clostridium cluster IV and at least one bacterial strain from Clostridium cluster XVII. In one aspect,
the composition comprises at least one bacterial strain from Clostridium cluster 1V, at least one bacterial strain from Clostridium cluster XIVa and at least one bacterial strain
from Clostridium cluster XVII. In some embodiments of the compositions provided herein, the composition does not include Clostridium scindens.

[0019] In some embodiments of the compositions provided herein, one or more of the bacterial strains are spore formers. In some embodiments of the compositions
provided herein, one or more of the bacterial strains are in spore form. In some embodiments of the compositions provided herein, each of the bacterial strains is in spore
form.

[0020] In some embodiments of the compositions provided herein, one or more of the bacterial strains is in vegetative form. In some embodiments of the compositions
provided herein, each of the bacterial strains is in vegetative form.

[0021] In some embodiments of the compositions provided herein, the composition comprises only obligate anaerobic bacterial strains.
[0022] In some embodiments of the compositions provided herein, the composition comprises bacterial strains that originate from more than one human donor.

[0023] In some embodiments of the compositions provided herein, one or more of the bacterial strains are ba/CD-. In some embodiments of the compositions provided
herein, each of the bacterial strains is ba/CD-. In some embodiments of the compositions provided herein, the composition does not mediate bile acid 7-alpha-
dehydroxylation. In some embodiments of the compositions provided herein, the composition inhibits C. difficife toxin production.. In some embodiments of the compositions
provided herein, the composition inhibits C. difficile replication and/or survival.

[0024] In some embodiments of the compositions provided herein, the bacterial strains are lyophilized.
[0025] In some embodiments of the compositions provided herein, the composition induces the proliferation and/or accumulation of regulatory T cells (Tregs).

[0026] In one aspect, the disclosure provides a pharmaceutical composition comprising any of the compositions provided herein further comprising a pharmaceutically
acceptable excipient. In some embodiments of the pharmaceutical compositions provided herein, the pharmaceutical composition is formulated for oral delivery. In some
embodiments of the pharmaceutical compositions provided herein, the pharmaceutical composition is formulated for rectal delivery. In some embodiments of the
pharmaceutical compositions provided herein, the pharmaceutical composition is formulated for delivery to the intestine. In some embodiments of the pharmaceutical
compositions provided herein, the pharmaceutical composition is formulated for delivery to the colon. In one aspect, the disclosure provides a food product comprising any of
the compositions provided herein further comprising a nutrient.

[0027] In one aspect, a pathogenic infection is treated by administering to the subject a therapeutically effective amount of any of the compositions or food products provided
herein.

[0028] In some embodiments, the pathogenic infection is C. difficife, Vancomycin Resistant Enferococci (VRE), Carbapenem Resistant Enterobacteriaceae (CRE), Neisseria
gonorrheae, Multidrug Resistant Acinetobacter, Campylobacter, Extended spectrum beta-lactamese (ESBL) producing Enterobacteriaceae, Multidrug Resistant
Pseudomonas aeruginosa, Salmonelfa, Drug resistant non-typhoid Sa/monella, Drug resistant Saimonefla Typhi, Drug resistant Shigella, Methicillin Resistant Staphylococcus
aureus, Drug resistant Streptococcus pneumoniae, Drug resistant Tuberculosis, Vancomycin resistant Staphylococcus aureus, Erythromycin Resistant Group A
Streptococcus, Clindamycin resistant Group B Streptococcus, and combinations thereof. In some embodiments, the pathogenic infection is C. difficife. In some embodiments
the pathogenic infection is Vancomycin-Resistant Enferococci.

[0029] In some embodiments, the subject is human. In some embodiments, the subject is an asymptotic carrier.

[0030] In some embodiments, the subject is administered a dose of an antibiotic prior to administration of the composition. In some embodiments, the subject is
administered more than one dose of the antibiotic prior to administration of the composition. In some embodiments, herein, the subject has not been administered an
antibiotic prior to administration of the composition.

[0031] In some embodiments, the composition is administered to the subject by oral administration. In some embodiments, the composition is administered to the subject by
rectal administration. In some embodiments, the administering results in proliferation and/or accumulation of regulatory T cells (Tregs).

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The accompanying drawings are not intended to be drawn to scale. The figures are illustrative only and are not required for enablement of the disclosure. For
purposes of clarity, not every component may be labeled in every drawing. In the drawings:

Figure 1 shows the strains of Compositions A-D. Each entry includes the SEQ ID NO of the 16S rDNA sequence of the strain, a strain identifier, and the species with the
closest known homology (can be more than one species). The bracketed roman numeral indicates the Clostridium cluster classification of each strain based on the closest
species homology. Strains that are not classified in Cluster XIVa are highlighted in bold. The two nonclostridial strains (SEQ ID NO:2, closest known species Turicibacter
sanguinis, and SEQ ID NO:6, closest known species Lactobaciffus mucosae) do not belong to the Clostridium genus.

Figure 2 shows various Clostridium difficile infection models. Timelines indicate antibiotic type, duration of treatment, as well as exposure to C. dffficile spores. The top panel
shows an antibiotic cocktail treatment model in which the antibiotic cocktail is provided in the drinking water from day -10 to day -3 followed by intraperitoneal clindamycin on
day -1. The middle panel shows a clindamycin IP injection model, in which clindamycin is administered by intraperitoneal injection on day -1. The bottom panel shows the
cefoperazone treatment model, in which cefoperazone is provided in the drinking water from day -12 to day -2, followed by administration of a live biotherapeutic product
(LBP)onday- 1.

Figure 3 shows the experimental conditions described in Example 1. The groups of mice were divided based on the antibiotic regimen received prior to administration of the
indicated amount of C. difficife spores. "Abx" refers to treatment with any of the antibiotic regimens.

Figures 4A-4L show data obtained in Example 1. Figures 4A-4D show survival of mice that received no treatment (Figure 4A), antibiotic cocktail (Figure 4B), clindamycin
(Figure 4C), or cefoperazone (Figure 4D) prior to C. dffficile infection. Figures 4E-4H show body weight of mice that received no treatment (Figure 4E), antibiotic cocktail
(Figure 4F), clindamycin (Figure 4G), or cefoperazone (Figure 4H) prior to C. difficife infection. Figures 41-4L show C. dffficile burden (CFU) per gram of feces from mice that
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received no treatment (Figure 41), antibiotic cocktail (Figure 4J), clindamycin (Figure 4K), or cefoperazone (Figure 4L) prior to C. difficile infection. Open circles indicate
infection with 10 C. difficile spores; closed squares indicate infection with 10,000 C. difficile spores. Black triangles in Figure 4J indicate an additional experimental arm in
which mice were treated with vancomycin following C. difficile infection.

Figure 5 shows experimental conditions evaluated in Example 2, the results for which are presented in Figures 7-9. Composition E corresponds to a mixture of 17 bacterial
strains (See e.g., Narushima et al., Gut Microbes 5: 3, 333-339). Composition | corresponds to a mixture of Clostridium scindens, Pseudoflavonifractor capillosus, and Blautia
hansenii. "Abx" refers to treatment with any of the antibiotic regimens.

Figure 6 shows survival of mice over time post infection with C. dffficile spores, according to the experimental conditions shown in Figure 5. Mice losing >20% body weight of
baseline were included in mortality numbers in survival curves.

Figures 7A-71 show weight of the mice at various times post infection with C. difficile spores. Groups of mice received cefoperazone (Abx) treatment followed by the indicated
composition, or no cefoperazone (ho Abx), then were administered C. difficile spores. Figure 7A shows weight of the mice that received no antibiotic treatment. Figure 7B
shows weight of the mice that received cefoperazone treatment. Figure 7C shows weight of the mice that received cefoperazone treatment followed by vancomycin. Figure
7D shows weight of the mice that received cefoperazone treatment followed by Composition |. Figure 7E shows weight of the mice that received cefoperazone treatment
followed by Composition E. Figure 7F shows weight of the mice that received cefoperazone treatment followed by composition A. Figure 7G shows weight of the mice that
received cefoperazone treatment followed by composition B. Figure 7H shows weight of the mice that received cefoperazone treatment followed by composition C. Figure 71
shows weight of the mice that received cefoperazone treatment followed by composition D.

Figures 8A-8C show the load of C. difficife in colony forming units (CFUs) in fecal pellets at various times post infection with C. difficife. Figure 8A shows C. difficile CFU/g
feces one-day post infection. Figure 8B shows C. difficile CFU/g feces 3 days post infection. Figure 8C shows C. difficile CFU/g feces 8 days post infection.

Figure 9 shows experimental conditions evaluated in Example 3, the results for which are presented in Figures 10-12.

Figure 10 shows survival of the mice over time post infection with C. difficife spores, according to the experimental conditions shown in Figure 9. Mice losing >20% body
weight of baseline were included in mortality numbers in survival curves.

Figure 11 shows weight of the mice at various times post infection with C. difficile spores.

Figure 12 shows the C. difficile burden in colony forming units (CFUs) in fecal pellets collected from mice 1, 3, and 8 days post infection with C. difficile.
Figure 13 shows the strains of Composition F. The genus-species notation indicates the closest species based on the sequence of the isolated strain.
Figure 14 shows the classification by Clostridium cluster of the strains in Composition F and their short-chain fatty acid producing abilities.

Figure 15 shows experimental conditions evaluated in Example 4, the results for which are presented in Figures 16-18. The dosing days are relative to C. difficile infection.
FMT refers to Fecal Matter Transplant with fecal matter isolated from mice or from humans.

Figures 16 shows survival of the mice over time post infection with C. difficile spores, according to the experimental conditions shown in Figure 15. Mice losing >20% body
weight of baseline were included in mortality numbers in survival curves.

Figures 17A-17H show weight of the mice at various times post infection with C. difficife spores. Groups of mice received cefoperazone (Abx) treatment followed by the
indicated composition, then were administered C. difficile spores. Figure 17A shows weight of the mice that received cefoperazone treatment. Figure 17B shows weight of
the mice that received cefoperazone treatment followed by FMT with fecal matter from a human. Figure 17C shows weight of the mice that received cefoperazone treatment
followed by FMT with fecal matter from a mouse. Figure 17D shows weight of the mice that received cefoperazone treatment followed by Composition B on day -1. Figure
17E shows weight of the mice that received cefoperazone treatment followed by Composition B on days -2 and -1. Figure 17F shows weight of the mice that received
cefoperazone treatment followed by Composition B on days -2, -1, 1, 2, and 3. Figure 17G shows weight of the mice that received cefoperazone treatment followed by
Composition F on day -1. Figure 17H shows weight of the mice that received cefoperazone treatment followed by Composition F on days -2, -1, 1, 2, and 3.

Figures 18A-18B show the load of C. difficile in colony forming units (CFUs) in fecal pellets at various times post infection with C. difficile. Figure 18A shows C. difficile CFU/g
feces 8 days post infection. Figure 18B shows C. difficile CFU/g feces 17 days post infection.

Figure 19 shows the strains of Composition G. The genus-species notation indicates the closest species based on the sequence of the isolated strain.

Figure 20 shows experimental conditions evaluated in Example 5, the results for which are presented in Figures 21-23. Composition B1 = Composition B with Bacteroides;
Composition B2 = Composition B with Bacteroides but without Flavonifractor plautii.

Figure 21 shows survival of the mice over time post infection with C. difficile spores, according to the experimental conditions shown in Figure 20. Mice losing >20% body
weight of baseline were included in mortality numbers in survival curves.

Figures 22A-22J show weight of the mice at various times post infection with C. difficile spores. Figure 22A shows weight of the mice that received vehicle control. Figure 22B
shows weight of the mice that received Composition F. Figure 22C shows weight of the mice that received Composition G. Figure 22D shows weight of the mice that received
cefoperazone treatment followed by Composition B. Figure 22E shows weight of the mice that received cefoperazone treatment followed by Composition B2 (= Composition
B without Flavonffractor plautii and with added Bacteroides). Figure 22F shows weight of the mice that received cefoperazone treatment followed by Composition B 1 (=
Composition B with Bacteroides added). Figure 22G shows weight of the mice that received cefoperazone treatment followed by frozen Composition B. Figure 22H shows
weight of the mice that received cefoperazone treatment followed by ethanol treated human fecal samples. Figure 22| shows weight of the mice that received cefoperazone
treatment followed by ethanol treated Composition B. Figure 22J shows weight of the mice that received cefoperazone treatment followed by Composition J.

Figure 23 shows the load of C. difficile in colony forming units (CFUs) in fecal pellets at various times post infection with C. difficile.
Figure 24 shows weight of the indicated groups of mice at various times post infection with C. difficile spores.
Figure 25 shows experimental conditions evaluated in Example 6, the results of which are presented in Figures 27-29.

Figure 26 shows the strains in Composition H (SEQ ID NO:14 - VE202-13 - Anaerotruncus colihominis (Cluster IV), SEQ ID NO:16 - VE202-16 - Clostridium symbiosum
(Cluster Xlva); SEQ ID NO:21 - 189 - Clostridium innocuum (Cluster XVII); SEQ ID NO:82 - PEQ - Clostridium disporicum (Cluster 1); SEQ ID NO:81 - PE5 - Clostridium
bolteae (Cluster XIVa); SEQ ID NO:80 - VE202-18 - Erysipelatociostridium ramosum (Cluster XVIII).

Figures 27A and 27B shows survival and weight loss of the mice over time post infection with C. difficile spores, according to the experimental conditions shown in Figure 25.
Mice losing >20% body weight of baseline were included in mortality numbers in survival curves. Figure 29A shows survival/mortality of mice that received the indicated
treatment prior to C. difficile infection. Figure 29B shows the weight over time of mice that received the indicated treatment prior to C. difficile infection.

Figures 28A and 28B show results from the experimental conditions shown in Figure 25. Figure 28A shows survival/mortality of mice that received the indicated treatment
prior to C. difficile infection. Figure 28B shows the weight over time of mice that received the indicated treatment prior to C. difficile infection.

Figures 29A and 29B show the C. dffficile burden in CFU/gram feces collected from mice that received the indicated treatment prior to C. difficile. Figure 29A shows C.
difficile burden at one-day post C. difficile infection. Figure 29B shows C. difficife burden at 4 days post C. difficile infection. Figure 29C shows C. difficile burden at 19 days
post C. difficile infection.
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Figure 30 shows that Composition B reduced the amount of C. difficile Toxin B compared to no treatment controls: "2-1 (Cdiff)" and "2-4 (Cdiff)" and FMT. In addition,
Composition B reduced the amount of C. difficile Toxin B compared to Composition B with additional spores.

Figure 31 shows Composition B reduced C. difficile growth in in vitro competition experiments. Cultures of C. difficie were incubated in the presence of B. thefaiotaomicron,
C. bifermentans, or Composition B, or in the absence of a competing strain(s) (C. diff only). The quantity of C. dffficile is presented as the percentage of the control (C. diff
only).

Figure 32 shows that inoculation with Composition B induced the percentage of FoxP3+ CD4+ cells (regulatory T cells) in the intestine of germ-free mice as compared to
control mice ("GF").

DETAILED DESCRIPTION OF THE INVENTION

[0033] Disclosed herein are compositions comprising purified bacterial strains and pharmaceutical compositions and food products containing such compositions and
bacterial strains. Also disclosed are the compositions for use in methods of treating a pathogenic infection, such as Clostridium difficile (C. difficile) infection, in a subject by
administering said compositions to the subject.

[0034] Various factors including antibiotic usage can induce dysbiosis of the gastrointestinal tract, which may allow for colonization by pathogenic microorganisms, such as C.
difficife. Such colonization or pathogenic infection can lead to a variety of adverse effects in the subject including diarrhea, which is one of the primary symptoms
characteristic of C. difficile infection (CDI). In the case of CDI, diarrhea is thought to be a result of C. difficife production of Toxin B (also referred to as cytotoxin TedB), which
results in opening of the tight junctions between intestinal epithelial cells, increasing vascular permeability, hemorrhage, and inflammation.

[0035] The compositions described herein are effective in the treatment of C. difficile infection. As shown herein, the disclosed compositions are effective in suppressing the
pathogenic effects of C. difficile infection. The compositions provided herein reduce the amount of C. difficife after infection and thereby provide an effective method for
eliminating C. difficile from the body (e.g., the gut). The compositions provided herein induce the proliferation and/or accumulation of regulatory T cells (Tregs), for example
when administered to a subject. Remarkably, the compositions disclosed herein have been found to reduce or inhibit production or activity of C. difficife Toxin B and thereby
represent effective compositions for the treatment or prevention of CDI. The compositions disclosed herein have also been found to inhibit the growth andfor survival of C.
difficile.

[0036] The present disclosure provides compositions comprising purified bacterial strains that can be administered to subjects experiencing or having experienced a
pathogenic infection to treat the infection. In some embodiments, the compositions may be administered to subjects who may be at risk for a pathogenic infection. Such
subjects include subjects who previously had pathogenic infections, subjects who have been treated with antibiotics and subjects who will undergo a procedure that will put
them at an increased risk for a pathogenic infection (e.g., surgery and/or hospitalization). In some embodiments, the pathogenic infection, is infection by a pathogen that is
present predominantly in the gut or the intestine. In some embodiments, the pathogen that is present predominantly in the gut or the intestine is Clostridium difficite.

[0037] In some embodiments, the one or more of the bacterial strains of the compositions provided herein colonize or recolonize the intestinal tract or parts of the intestinal
tract (e.g., the colon or the cecum) of the subject. Such colonization or recolonization may also be referred to as grafting. In some embodiments, one or more of the bacterial
strains of the compositions recolonize the intestinal tract (e.g., the colon or the cecum) of the subject after the naturally present microbiome has been partially or completely
removed, e.g., because of administration of antibiotics. In some embodiments, the one or more of the bacterial strains of the compositions colonize a dysbiotic
gastrointestinal tract.

[0038] In some embodiments, the one or more of the bacterial strains of the compositions can "outgrow" a pathogen, such as C. difficife. Thus, in some embodiments, if a
pathogen (e.g., C. difficile) and one or more bacteria of compositions provided herein are both present in the intestinal tract (e.g., the colon or the cecum), the one or more
bacteria of compositions provided herein grow faster (e.g., have a shorter doubling time) than the pathogen, thereby preventing the pathogen from accumulating in the
intestinal tract (e.g., the colon or the cecum). In some embodiments, the faster growth results because the one or more bacteria of the compositions provided herein are
better at grafting in the intestinal tract (e.g., the colon or the cecum). In some embodiments, the faster growth results because the one or more bacteria of the compositions
provided herein are better at metabolizing nutrients present in the intestinal tract (e.g., the colon or the cecum). In some embodiments, the compositions of bacterial strains
provided herein prevent or inhibit production of bacterial toxins by the pathogenic infection, or prevent or inhibit the cytopathic or cytotoxic effects of such bacterial toxins. In
some embodiments, the bacterial strains of the compositions provided herein can treat pathogenic infections, because of the synergy between the bacterial strains. Thus,
without being limiting, in some embodiments, the combination of the bacterial strains of the compositions provided herein act synergistically because the combination of the
strains is particularly well-suited to use nutrients in the intestinal tract (e.g., the colon or the cecum), or instance through metabolic interactions, and/or because the
combination is superior in grafting (e.g., by providing a favorable microenvironment).

[0039] In some embodiments, a pathogenic infection such as C. difficile is treated because the combination of bacterial strains of the compositions provided herein is
superior in the use of nutrients when compared to the pathogen such as C. difficile, thereby suppressing the growth of the pathogen such as C. difficile. In some
embodiments, a pathogenic infection such as C. difficile is treated because the combination of bacterial strains of the compositions provided herein is superior in grafting
when compared to the pathogen such as C. difficife, thereby suppressing the growth of the pathogen such as C. difficife. In some embodiments, a pathogenic infection such
as C. dffficile is treated because the combination of bacterial strains of the compositions provided herein is superior in the use of nutrients and in grafting when compared to
the pathogen such as C. difficile, thereby suppressing the growth of the pathogen such as C. difficile. In some embodiments, a pathogenic infection such as C. difficile is
treated because the combination of bacterial strains of the compositions provided herein inhibits the growth and/or survival of the pathogen such as C. difficife. In some
embodiments, a pathogenic infection such as C. difficile is treated because the combination of bacterial strains of the compositions provided herein induces regulatory T cells
(Tregs) in the subject that results in reduction or elimination of the pathogen such as C. difficife. In some embodiments, a pathogenic infection such as C. difficile is treated
because the combination of bacterial strains of the compositions provided herein inhibits the growth and/or survival of the pathogen and induces regulatory T cells (Tregs) in
the subject that results in reduction or elimination of the pathogen such as C. difficile.

[0040] In some embodiments, the synergistic effect is provided by the capacity of the combination to colonize specific niches in the intestinal tract (e.g., the colon or the
cecum). In some embodiments, the synergistic effect is provided by the capacity of the combination to metabolize specific nutrients. In some embodiments, the synergistic
effect is provided by the capacity of the combination to provide specific metabolites to the environment. Such specific metabolites may suppress growth of the pathogen
and/or stimulate growth of non-pathogens. In some embodiments, the synergistic effect is provided by the capacity of the combination to provide short-chain fatty acids to
the environment. In some embodiments, the synergistic effect is provided by the capacity of the combination to provide specific short-chain fatty acids to the environment. In
some embodiments, the synergistic effect is provided by the capacity of the combination to produce butyrate. In some embodiments, the synergistic effect is provided by the
capacity of the combination to produce acetate. In some embodiments, the synergistic effect is provided by the capacity of the combination to produce lactate. In some
embodiments, the synergistic effect is provided by the capacity of the combination to produce propionate. In some embodiments, the synergistic effect is provided by the
capacity of the combination to produce succinate. In some embodiments, the synergistic effect is provided by the capacity of the combination to produce multiple
metabolites. In some embodiments, the synergistic effect is provided by the capacity of the combination to produce multiple short-chain fatty acids. In some embodiments,
the synergistic effect is provided by the capacity of the combination to produce both butyrate and acetate. In some embodiments, the synergistic effect is provided by the
capacity of the combination to produce both butyrate and lactate. In some embodiments, the synergistic effect is provided by the capacity of the combination to produce both
butyrate and propionate. In some embodiments, the synergistic effect is provided by the capacity of the combination to produce both butyrate and succinate. In some
embodiments, the synergistic effect is provided by the capacity of the combination to produce butyrate, acetate and additional short-chain fatty acids.
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[0041] The bacterial strains used in the compositions provided herein generally are isolated from the microbiome of healthy individuals. In some embodiments, the
compositions include strains originating from a single individual. In some embodiments, the compositions include strains originating from multiple individuals. In some
embodiments, the bacterial strains are obtained from multiple individuals, isolated and grown up individually. The bacterial compositions that are grown up individually may
subsequently be combined to provide the compositions of the disclosure. It should be appreciated that the origin of the bacterial strains of the compositions provided herein
is not limited to the human microbiome from a healthy individual. In some embodiments, the bacterial strains originate from a human with a microbiome in dysbiosis. In some
embodiments, the bacterial strains originate from non-human animals or the environment (e.g., soil or surface water). In some embodiments, the combinations of bacterial
strains provided herein originate from multiple sources (e.g., human and non-human animals).

[0042] In some embodiments, the bacteria of the compositions provided herein are anaerobic bacteria. In some embodiments, the bacteria of the compositions provided
herein are obligate anaerobic bacteria. In some embodiments, the bacteria of the compositions provided herein are clostridia. Clostridia may be classified into phylogenetic
clusters with other closely related strains and species. (See e.g., Rajilic-Stojanovic, M., and de Vos, W.M. FEMS Microbiol Rev 38, (2014) 996-1047). In general, clostridia
are classified as belonging to a specific cluster based on their 16S rRNA (or 16S rDNA) nucleic acid sequence. Methods for determining the identity of specific bacterial
species based on their 165 rRNA (or 16S rDNA) nucleic acid sequence are well known in the art (See e.g., Jumpstart Consortium Human Microbiome Project Data
Generation Working, G. PLoS One (2012) 7, e39315).

[0043] Provided herein are compositions comprising bacterial strains belonging to specific Clostridium clusters that have been found to be effective in treating and/or
preventing pathogenic infection (e.g., C. difficife infection). In some embodiments, at least one of the bacterial strains of the composition belongs to Clostridium cluster IV. In
some embodiments, at least one of the bacterial strains of the composition belongs to Clostridium cluster XIVa. In some embodiments, at least one of the bacterial strains of
the composition belongs to Clostridium cluster XVII. In some embodiments, at least one of the bacterial strains of the composition belongs to Clostridium cluster |. In some
embodiments, at least one of the bacterial strains of the composition belongs to Clostridium cluster IX. In some embodiments, at least one of the bacterial strains of the
composition belongs to Clostridium cluster XIVa and at least one of the bacterial strains belongs to Clostridium cluster XVIl. In some embodiments, at least one of the
bacterial strains of the composition belongs to Clostridium cluster IV and at least one of the bacterial strains belongs to Clostridium cluster XVII. In some embodiments, at
least one of the bacterial strains of the composition belongs to Clostridium cluster 1V, at least one of the bacterial strains belongs to Clostridium cluster XlVa, and at least one
of the bacterial strains belongs to Clostridium cluster XVII.

[0044] In some embodiments, the compositon has at least twice as many bacterial strains that belong to Clostridium cluster XIVa when compared to the bacterial strains that
belong to Clostridium cluster IV. In some embodiments, at least two of the bacterial strains of the composition belong to Clostridium cluster |V and at least five of the bacterial
strains belong to Clostridium cluster XIVa. In some embodiments, the compositon has at least twice as many bacterial strains that belong to Clostridium cluster XIVa when
compared to the bacterial strains that belong to Clostridium cluster 1V, and the composition has at least one strain that belongs to Clostridium cluster XVII. In some
embodiments, at least two of the bacterial strains of the composition belong to Clostridium cluster IV, at least five of the bacterial strains belongs to Clostridium cluster XIVa,
and at least one of the bacterial strains belongs to Clostridium cluster XVII.

[0045] In some embodiments, the compositions provided herein do not include bacterial strains belonging to Clostridium cluster XVIIl. In some embodiments, the
compositions provided herein do not include bacterial strains belonging to Clostridium cluster XVI. In some embodiments, the compositions provided herein do not include
bacterial strains belonging to Clostridium cluster XI. In some embodiments, the compositions provided herein do not include bacterial strains belonging to Clostridium cluster
I. It should be appreciated that SEQ ID NOs: 1-83 and 124-159 may include both full length and partial 16S rDNA sequences. It should be appreciated that for all
compositions provided herein, in some embodiments, the bacterial strain or the bacterial strains are the active ingredient of the composition.

[0046] It should be appreciated that for all compositions provided herein, the bacterial strains are purified. The bacterial strains disclosed herein originally may have been
obtained and purified from the microbiota of one or more human individuals or obtained from sources other than the human microbiota, including soil and non-human
microbiota. As provided herein, in some embodiments, bacteria isolated from the human microbiota, non-human microbiota, soil, or any alternative source are purified prior
to use in the compositions and methods provided herein.

[0047] As discussed above, in some embodiments, the bacterial strains are the active ingredient of the composition. The bacterial strains disclosed herein that have a 16S
rDNA sequence with a nucleic acid sequence selected from the group consisting of SEQ ID NOs:1-83 and 124-159 have a high percent of homology (e.g., greater than 90%)
with 16S rDNA sequences of bacterial strains that have been described in various databases (See e.g., the National Center for Biotechnology Information). Table 1 and Table
3 provides the closest known species by homology when the 16S rDNA sequences comprising SEQ ID NOs: 1-83 and 124-159 are compared to 16S rDNA sequences of
bacterial species available in public databases. By way of example, the bacterial strain comprising a 16S rDNA sequence with SEQ ID NO:1 (also referred to herein as "Strain
71") disclosed herein has the highest homology with a bacterial strain of the species Blautia wexlerae as defined by Accession # NR_044054 (having 16S rDNA sequence
SEQ ID NO:94). While the bacterial strain with SEQ ID NO:1 has homology with other published bacterial strains as well, the highest homology is with a bacterial strain of the
species Blautia wexlerae as defined by Accession # NR_044054. In this particular example the homology of SEQ ID NO:1 is 96.6% with SEQ ID NO:94 (corresponding to
Blautia wexlerae). It should be appreciated that multiple bacterial strains disclosed herein may have the highest homology with the same species. (e.g., both SEQ ID NO:4
and SEQ ID NO:5 have the highest homology with a 16S rDNA sequence of a strain of the species Blautia hansenii).

[0048] It should further be appreciated that the bacterial strains disclosed herein that have a 16S rDNA sequence with a nucleic acid sequence selected from the group
consisting of SEQ ID NOs:1-83 and 124-159, are also homologous to other strains based on their whole genome sequence, or subset of their whole genome sequence.
Homologies based on whole genome analysis are provided in Table 2 and Table 3.

[0049] The invention also encompasses compositions comprising bacterial strains that are close in homology to and/or fall within, for example, the species Blautia producta,
Blautia producta ATCC 27340, Clostridia bacteria UC5.1-1D4, Eubacterium fissicatena, Sellimona intestinalis, Drancourtefla massiliensis, Drancourtella massiliensis GD1,
Ruminococcus torques, Flavonffractor plautii, Clostridium orbiscindens 1_3_bOAFAA, Subdoligranulum, Anaerotruncus colihominis, Anaerotruncus colihominis DSM 17241,
Clostridium symbiosum, Clostridium symbiosum WAL-14163, Clostridium bolteae, Clostrdium bolteae 90A9, Dorea longicatena, Dorea longicatena CAG:42, Clostridium
innocuum, and Erysipelotrichaceae_bacterium_21-3. Thus, the compositions of the disclosure include eight bacterial strains comprising 16S rDNA sequences having at least
97% homology SEQ ID NOs: 10, 14, 15, 16, 17, 19, 20 and 21.

[0050] The bacterial strains in Composition A are related to the following bacterial species: Clostridium hathewayi, Blautia hansenii Blautia producta, Blautia coccoides,
Eubacterium contortum, Eubacterium fissicatena, Anaerostipes caccae, Clostridium scindens, Marvinbryanta formatexigens, and Eisenbergiella tayi (See e.g., Table 1). It
should be appreciated that multiple bacterial strains of the compositions disclosed herein can have the same related bacterial species. For instance, the bacterial strains
having 168 rDNA sequences with nucleic acid sequences SEQ ID NO:4, SEQ ID NO:5 and SEQ ID NO:7 all have Blautia hansenii as related species.

[0051] Each of the bacterial strains of Composition A are BaiCD+, meaning that the bacterial strains encode, or are predicted to encode, the bile inducible operon gene
BaiCD and/or a protein with stereospecific NAD(H)-dependent 3-oxo0-A4-cholenoic acid oxidoreductase activity. The BaiCD status of a bacterial strain can be determined for
instance by PCR (See e.g., Wells et al. Clin Chim Acta (2003) May; 331(1-2):127-34). Furthermore, each of the strains of Composition A are classified as belonging to
Clostridium cluster XIVa.

SRR
.
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SZQ_(4 Blaufia hansenit (Xiva)
,iiL, - Blautia Ransenii (XIVa)*
B 07 - Blantia. producia / Blaulia caceoides ( (Wﬂ
SEQ - Blautia hansenti (X1Va)
SEQ /E202-21 - Eubacterium, contorium Eualéﬁu fissi I
O 11 VEIp2- acrostipes_cacdae (XTVa
EO- 12 VE202-26 - Clostriditini. scindens (XIVa)*
SEQ_H 36 - Marvinbryaita I'lrx/),rl 1wéns (XIVay
SEQ 25 VE202.29 - Eisenbérgiclla_tayi (XIVa):
#= BaiCD* /

[0052] In one aspect, the disclosure provides Composition B (See e.g., Figure 1, Table B). As shown in Figure 1, Composition B contains bacterial strains that comprise 16S
rDNA sequences with nucleic acid sequences: SEQ ID NO:10, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:19, SEQ ID NO:20, and SEQ ID
NO: 21. In some embodiments, the compositions include eight purified bacterial strains comprising 16S rDNA sequences with nucleic acid sequences SEQ ID NO:10, SEQ ID
NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:19, SEQ ID NO:20, and SEQ ID NO: 21. composition essentially consists of eight purified bacterial strains
comprising 16S rDNA sequences with nucleic acid sequences SEQ ID NO:10, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID SEQ ID NO:20, and
SEQ ID NO:21, respectively.

[0053] In some embodiments, the composition consists of eight purified bacterial strains comprising 16S rDNA sequences with nucleic acid sequences SEQ ID NO:10, SEQ
ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQID NO:17, SEQ ID SEQ ID NO:20, and SEQ ID NO:21, respectively.

[0054] In some embodiments, the composition essentially consists of eight purified bacterial strains comprising 16S rDNA sequences with nucleic acid sequences SEQ ID
NO:10, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID SEQ ID NO:20, and SEQ ID NO:21, respectively.

[0055] The bacterial strains in Composition B are related to the following bacterial species: Flavinofractor plautii Lachnospiraceae bacterium 7_1_58FAA, Subdoligranulum
Anaerotruncus colihominis, Eubacterium fissicatena, Ruminococcus torques, Clostridium symbiosum, Clostridium bolteae, Dorea longicatena, Blautia producta, Clostridium
innocuum, and Erysipelotrichaceae_bacterium_21-3 (See e.g., Table 2).

[0056] Selected strains were subjected to whole genome sequencing using a PacBio Biosciences platform (Menlo Park, CA) and sequences were assembled into whole
genomes (Table 3). The 16S rDNA sequences were identified using Prokka and Barrnap. It was found that several strains contained more than one 16S sequence. All
identified 165 rRNA gene nucleotide sequences for each strain were then clustered at 97% identity using the usearch (v 5.2.236) algorithm and the cluster seed sequence
was selected as the representative sequence for each Composition B strain (The Consensus 16S sequence: column labeled "*Consensus SEQ ID # of 16S region as
determined by WGS" in Table 3). Table 3 provides identification of the indicated strains included in Composition B based on Sanger sequencing of the 16S region as well as
on whole genome sequencing (WGS). The closest species of the bacterial strains were identified both by comparison to a 16S database (column labeled: "Closest species
based on Consensus SEQ ID # of 16S region as compared with 16S database") and to whole genome databases (column labeled: "Closest species based on WGS
compared versus WG databases).

[0057] Based on identification of 16S sequences through whole genome sequencing, and by comparing these sequences with 16S databases, the bacterial strains in
Composition B are related to the following bacterial species: Clostridium bolteae, Anaerotruncus colihominis, Dracourtella massiliensis, Clostridium symbiosum Blautia
producta, Dorea longicatena Clostridium innocuum and Flavinofractor plautii (see, e.g., Table 3).

[0058] Based on whole genome sequencing and comparing of the whole genome to whole genome databases, the bacterial strains in Composition B are most closely
related to the following bacterial species: Clostridium bolteae 90A9, Anaerotruncus colihominis DSM 17241, Dracourtella massiliensis GD1, Clostridium symbiosum WAL-
14163, Clostridium bacterium UC5.1-1D4, Dorea longicatena CAG:42, Erysipelotrichaceae bacterium 21_3, and Clostridium orbiscindens 1_3_50AFAA (see, e.g., Table 3).

[0059] It should be appreciated that multiple strains of the compositions disclosed herein can have the same related bacterial species. For instance, the bacterial strains
comprising 16S rDNA sequences with nucleic acid sequences SEQ ID NO 18, SEQ ID NO:20 and SEQ ID NO:22 all have Dorea longicatena as related bacterial species.

[0060] Each of the bacteria of Composition B are Ba/CD- strains, meaning that the strains do not encode and/or are not predicted to encode the bile inducible operon gene

baiCD and/or a protein with stereospecific NAD(H)-dependent 3-ox0-A%-cholenoic acid oxidoreductase activity. In some embodiments, the bacteria are Ba/CD- strains. The
strains of Composition B are classified as belonging to Clostridium clusters 1V, XlVa, and XVII. In some embodiments, the bacteria are BaiCD- strains and belong to
Clostridium clusters IV, XIVa, or XVII. In some embodiments, the bacteria are Ba/CD- strains and belong to Clostridium clusters IV or XVIl. In some embodiments, the
bacteria are Ba/CD- strains and belong to Clostridium clusters XlIVa or XVII. In some embodiments, the bacteria are Ba/CD- strains and belong to Clostridium clusters IV or
XlVa. In some embodiments, the bacteria are Ba/CD- strains and belong to Clostridium cluster IV. In some embodiments, the bacteria are Ba/CD- strains and belong to
Clostridium cluster XIVa. In some embodiments, the bacteria are Ba/CD- strains and belong to Clostridium clusters XVII. In some embodiments, the bacteria are Ba/CD-
strains and belong to Clostridium clusters IV, XIVa, and XVII and do not belong to Clostridium clusters XVI or XVIII.

[0061] In some embodiments, the disclosure provides bacterial strains wherein the bacterial strains are spore forming bacterial strains.

rial strains wherein the bacteria include both spore formers and non-spore formers.
N

Q \
SEQ 14 - VE202.13 - Anaerptrun colihominis (TV)
SEQ15=VE22-14 um Jissicatena (X1
SEQ 16 VE202-16 - Clasiridium_symbiogum (XIVa)

SEQ_ 17+ VE202-7:- Clostridinm_bolteae (XIVa)

STOQ_19- 16 Blaniia 3 (XTViy
SFQ 20 170 - Dorea ongicatena (X1Va
SEQ.21: 189 - Clostridivm_inn XVH)

[0063] While not being limited to a specific mechanism it is thought that the inclusion of a Bacteroides species in a bacterial compositions increases the ability to sense and
adapt to nutrient availability or influence the host immune system so that it becomes more effective in fighting pathogens (e.g., C. dffficile).
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SEQ 10 211 Flay ctor pl M
SEQ_14 - VE202-13 - Anagrotruncus_colihominis (IV)
SEQ 15 VE2(2- fum fissi XV
SEQ 16 VE202- lostridinm_ symbiosum EX1V)

SEQ_ 17 NVEX2-7 stridium_holicdc (XIVa)

SEQ«Z{)\» 170 < Dorea_longicatena (XIVa
SEQ 19 16 Blautia praducia {XT /
SEQ 21 - 189 Clostridinm_inn XVIH)
STQ83 Bucteroides pvatus

RN
SRR

SEQ_14 - VE202-13 - Anacrotruncu s (IV)
SEQ 15 NE202-14 - Enbacterium  fissicatena (XIVa)

SEQ 16 VEX2-18 - Clostridium. symibiosum (XIV#)

SEQUIT § VE22T ididing: Bolteae 1XIVa)

SEQ 20 2 170 - Dorca_longicatena (X1Va)
SEQ_19 - 16 & Blantia_producta {X1Va)
SEQ 21-189: C) ium_innocoum (XVII)
SEQ. 83 Bacteroides ovalus
As shown in Figure 1, Composition C contains bacteria that have the following 16S rDNA sequences: SEQ ID NO:12, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:1, SEQ ID
NO:7, SEQID NO:18, SEQ ID NO:21, SEQ ID NO:10, SEQID NO:14, and SEQ ID NO:16.

)

[0064] The bacterial strains in Composition C are related to the following species: Clostridium scindens, Clostridium hathewayi, Blautia hansenii Blautia wexlerae, Blautia
producta, Blautia coccoides, Dorea longicatena, Clostridium innocuum, Flavonifractor plautii Lachnospiraceae bacterium 7_1_58FAA, Subdoligranulum, Anaerotruncus
colihominis and Clostridium symbiosum.

[0065] The strains of Composition C include both BaiCD* strains and Bai CD- strains.

s of Composition C are classified as belonging to Clostridium clusters IV, XIVa, and XVII.

Rt
SEQ_12 - VE202-76_ Clogts
SEQ_03 -5 2 Clostridium: bathewa: Va)
SEQ 05 - 10 - Blautia_hanseni (XIVa)*
SE 01 - 71 - Blautia_wexlere (XIVa)?
SEQ 07559 - Bliutia_produdts Blaitia_tobcpides (XIVa

SEQ 18 - 148 - Darca loagi Va)
SEQ 21 - 189 - Clostridi (XVID
SEQ. 10 - 211 - Flavonif plautii {(IV)

SEQ. 14 - VE202-13 - Anaerotruncus. colihominis (1V)
SEQ_16-VE202-16 - Clostridium  symbiosum) (XIVi)
*= BaiCD*

[0067] As shown in Figure 1, Composition D contains bacteria that have the following 16S rDNA sequences: SEQ ID NO:12, SEQ ID NO:3, SEQ ID NO:5, SEQ ID NO:1, SEQ
ID NO:14, SEQ ID NO:18, SEQ ID NO:21, SEQID NO:10, SEQ ID NO:2, and SEQ ID NO:6.

[0068] The strains of Composition D include both Ba/CD, strains and Ba/ CD- strains.

[0069] Composition D includes the non-Clostridium strains Turicibacter sanguinis and Lactobacillus mucosae.

SEQ 03 -5 - Clos

St 5 Laufia_hansenii £XIvay*

SE 71 - Blautia_wexlerae (XIVa)

SEQ. 14 - VE202:13 truncus_colih is {1V
EQ 18 - 148 - Doieal A {XIV

SEQ 21 - 189 - Clostridiun_innocu XVIL

SEQ 10:21 ifrac lau i {1

BRGQ 027102 Thricifideter Satigiinis {ion-Clostriditin

= SEQ 06° 40 ~Lactobucillus: mucosae thonClostridiving

*= BaiCD*
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[0070] As shown in Figure 13, Composition F contains bacteria that have the following 16S rDNA sequences: SEQ ID NO:24, SEQ ID NO:25, SEQ ID NO:26, SEQ ID NO:27,
SEQ ID NO:28, SEQ ID NO:29, SEQ ID NO:30, SEQ ID NO:31, SEQ ID NO:32, SEQ ID NO:33, SEQ ID NO:34, SEQ ID NO:35, SEQ ID NO:36, SEQ ID NO:37, SEQ ID
NO:38, SEQ ID NO:39, SEQ ID NO:40, SEQ ID NO:41, SEQ ID NO:42, SEQ ID NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NO:46, SEQ ID NO:47, SEQ ID NO:48, SEQ
ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID NO:52, SEQ ID NO:53, SEQ ID NO:54, SEQ ID NO:55, SEQ ID NO:56, SEQ ID NO:57, SEQ ID NO:58, SEQ ID NO:59,
SEQ ID NO:60, SEQ ID NO:61, SEQ ID NO:62, SEQ ID NO:63, SEQ ID NO:64, SEQ ID NO:65, SEQ ID NO:66, SEQ ID NO:67, SEQ ID NO:68, SEQ ID NO:69, SEQ ID
NO:70, SEQ ID NO:71, SEQ ID NO:72, SEQID NO:73, SEQ ID NO:74, SEQ ID NO:75, SEQ ID NO:76, SEQ ID NO:77, SEQ ID NO:78, and SEQ ID NO:79.

[0071] The bacterial strains in Composition F are related to the following bacteria: Dorea longicatena, Ruminococcus obeum, Megasphaera elsdenii Acidaminococcus
fermentans, Acidaminococcus intestine, Megasphaera elsdenii Ruminococcus faecis, Bacteroides cellulosilyticus, Anaerostipes hadrus, Ruminococcus obeum,
Flavonifractor plautii Eubacterium rectale, Flavonffractor plauti, Megasphaera elsdenii Eubacterium rectale, Ruminococcus champanellensis, Ruminococcus albus,
Ruminococcus champanellensis, Ruminococcus faecis, Bifidobacterium bffidum, Anaerostipes hadrus, Anaerostipes hadrus, Anaerostipes hadrus, Eubacterium rectale,
Ruminococcus faecis, Blautia luti Ruminococcus faecis, Anaerostipes hadrus, Anaerostipes hadrus, Ruminococcus faecis, Eubacterium rectale, Eubacterium rectale,
Anaerostipes hadrus, Ruminococcus faecis, Ruminococcus faecis, Dorea longicatena, Roseburia faecis, Blautia luti Fusicatenibacter saccharivorans, Fusicatenibacter
saccharivorans, Roseburia faecis, Megasphaera elsdenii Eubacterium rectale, Eubacterium rectale, Roseburia faecis, Blautia faecis, Fusicatenibacter saccharivorans, and
Dorea formicigenerans.

[0072] It should be appreciated that multiple strains of the compositions disclosed herein can have the same related bacterial species. For instance, Composition F includes
12 strains that have Eubacterium rectale as the closest related species.

[0073] Composition F includes hon-clostridium bacterial strains.

Table F1
Composition F
SEQ_NO StrainlD Genus_species SEQ_NO StraindID Genus_species
SEQ_24 YK96 Dorea_longicatena SEQ_52 YK51 Eubacterium_rectale
SEQ_25 YK101 Ruminococcus_obeum SEQ_53 YK52 Eubacterium_rectale
SEQ_26 YK110 Megasphaera_elsdenii SEQ_54 YK54 Anaerostipes_hadrus
SEQ_27 YK149 Acidaminococcus_fermentans / SEQ_55 YK56 Ruminococcus_faecis
Acidaminococcus_intestini
SEQ_28 YK154 Megasphaera_elsdenii SEQ_56 YK57 Ruminococcus_faecis
SEQ_29 YK36 Ruminococcus_faecis SEQ_57 YK58 Dorea_longicatena
SEQ_30 YK95 Bacteroides_cellulosilyticus SEQ_58 YK65 Roseburia_faecis
SEQ_31 YK32 Anaerostipes_hadrus SEQ_59 YK67 Blautia_|uti
SEQ_32 YK64 Ruminococcus_obeum SEQ_60 YK69 Fusicatenibacter_saccharivorans
SEQ_33 YK73 Flavonifractor_plautii SEQ_61 YK70 Fusicatenibacter_saccharivorans
SEQ_34 YK87 Eubacterium_rectale SEQ_62 YK71 Roseburia_faecis
SEQ_35 YK105 Flavonifractor_plautii SEQ_63 YK74 Megasphaera_elsdenii
SEQ_36 YK153 Megasphaera_elsdenii SEQ_64 YK88 Eubacterium_rectale
SEQ_37 YK163 Eubacterium_rectale SEQ_65 YK89 Eubacterium_rectale
SEQ_38 YK191 Ruminococcus_champanellensis / SEQ_66 YK97 Roseburia_faecis
Ruminococcus_albus

SEQ_39 YK99 Ruminococcus_champanellensis SEQ_67 YK98 Blautia_faecis
SEQ_40 YKS5 Ruminococcus_faecis SEQ_68 YK139 Fusicatenibacter_saccharivorans
SEQ_41 YK75 Bifidobacterium_bifidum SEQ_69 YK141 Dorea_formicigenerans
SEQ_42 YK90 Anaerostipes_hadrus SEQ_70 YK142 Ruminococcus_faecis
SEQ_43 YK30 Anaerostipes_hadrus SEQ_71 YK152 Blautia_hansenii
SEQ_44 YK31 Anaerostipes_hadrus SEQ_72 YK155 Blautia_hansenii
SEQ_45 YK12 Eubacterium_rectale SEQ_73 YK157 Eubacterium_rectale
SEQ_46 YK27 Ruminococcus_faecis SEQ_74 YK160 Roseburia_faecis
SEQ_47 YK28 Blautia_luti SEQ_75 YK166 Eubacterium_rectale
SEQ_48 YK29 Ruminococcus_faecis SEQ_76 YK168 Eubacterium_rectale
SEQ_49 YK33 Anaerostipes_hadrus SEQ_77 YK169 Eubacterium_rectale
SEQ_50 YK34 Anaerostipes_hadrus SEQ_78 YK171 Eubacterium_rectale
SEQ_51 YK35 Ruminococcus_faecis SEQ_79 YK192 Roseburia_faecis
Table F2
Composition F, strain groupings
Cluster Composition F *SCFAs
XIVa Eubacterium rectale 12 A B, L

Ruminococcus faecis 8 A L

Ruminococcus obeum 2 A L

Blautia faecis 1 A L

Blautia hansenii 2 A L

Blautia luti 2 A L

Anaerostipes hadrus 7 B

Roseburia faecis 5 A B

Fusicatenibacter saccharivorans 3 A L

Dorea formicigenerans 1 A

Dorea longicatena 2 A
v Flavonifractor_plautii 2 A B
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Composition F, strain groupings

Cluster Composition F *SCFAs
Ruminococcus champanellensis 2 A

IX Acidaminococcus fermentans 1 A B, P
Megasphaera elsdeni 4 P

other Bacteroides cellulosilyticus 1 A 'S
Bifiidobacterium Bifidum LA

A, acetate; B, Butyrate; L, lactate;

P, propionate; S, succinate

“Short chain fatty acid legend:

[0074] As shown in Figure 19, Composition G contains bacteria that have the following 168 rDNA sequences: SEQ ID NO:27, SEQ ID NO:43, SEQ ID NO:44, SEQ ID NO:51,
SEQ ID NO:55, SEQ ID NO:68, SEQ ID NO:72, SEQ ID NO:70, SEQ ID NO:24, SEQ ID NO:34, SEQ ID NO:37, SEQ ID NO:46, SEQ ID NO:76, SEQ ID NO:77, SEQ ID
NO:35, SEQ ID NO:62, SEQ ID NO:26, SEQ ID NO:63, SEQ ID NO:67, SEQ ID NO:40, SEQ ID NO:38, SEQ ID NO:47, SEQ ID NO:56, SEQ ID NO:25, and SEQ ID NO: 32.

[0075] The bacterial strains in Composition G are related to the following bacteria: Acidaminococcus fermentans, Acidaminococcus intestine, Anaerostipes hadrus, Blautia
faecis, Blautia hansenii Dorea formicigenerans, Dorea longicatena, Eubacterium rectale, Flavonifractor plautii Fusicatenibacter saccharivorans, Megasphaera elsdenii
Roseburia faecis, Ruminococcus champanellensis, Ruminococcus albus, Ruminococcus faecis, and Ruminococcus obeum.

Table G

Composition G

SEQ_27 YK149 Acidaminococcus_fermentans/Acidaminococcus_intesti
SEQ_43 YK90 Anaerostipes_hadrus

SEQ_44 YK30 Anaerostipes_hadrus

SEQ_51 YK34 Anaerostipes_hadrus

SEQ_55 YK54 Anaerostipes_hadrus

SEQ_68 YK98 Blautia_faecis

SEQ_72 YK152 Blautia_hansenii

SEQ_70 YK141 Dorea_formicigenerans

SEQ_24 YK96 Dorea_longicatena

SEQ_34 YK87 Eubacterium_rectale

SEQ_37 YK163 Eubacterium_rectale

SEQ_46 YK12 Eubacterium_rectale

SEQ_76 YK166 Eubacterium_rectale

SEQ_77 YK168 Eubacterium_rectale

SEQ_35 YK105 Flavonifractor_plautii

SEQ_62 YK70 Fusicatenibacter_saccharivorans
SEQ_26 YK110 Megasphaera_elsdenii

SEQ_63 YK71 Roseburia_faecis

SEQ_67 YK97 Roseburia_faecis

SEQ_40 YK99 Ruminococcus_champanellensis
SEQ_38 YK191 Ruminococcus_champanellensis/Ruminococcus_albus
SEQ_47 YK27 Ruminococcus_faecis

SEQ_56 YK56 Ruminococcus_faecis

SEQ_25 YK101 Ruminococcus_obeum

SEQ_32 YK64 Ruminococcus_obeum

[0076] As shown in Figure 26, Composition H contains bacteria that have the following 16S rDNA sequences: SEQ ID NO:14, SEQ ID NO:16, SEQ ID NO:21, SEQ ID NO:82,
SEQ ID NO:81, and SEQ ID NO:80.

[0077] The bacterial strains in Composition H are related to the following bacteria: Anaerotruncus colihominis, Clostridium symbiosum, Clostridium innocuum,
Erysipelotrichaceae_bacterium_21-3, Clostridium disporicum, Clostridium bolteae, and Erysipelatoclostridium ramosum.

[0078] Composition H includes bacteria from Clostridium cluster I, IV, XIVa, XVII and XVIII.

Table H

Composition H

SEQID NO Strain Closest species Cluster
SEQ ID NO: 14 VE202-13 Anaerotruncus colihominis Cluster IV
SEQ ID NO: 16 VE202-16 Clostridium symbiosum WAL-14163 Cluster XIVa
SEQ ID NO: 21 189 Clostridium innocuum Cluster XVII
SEQ ID NO: 82 PE9 Clostridium dispoticum Cluster |
SEQ ID NO: 81 PES Clostridium bolteae Cluster XIVa
SEQ ID NO: 80 VE202-18 Erysipelatociostridium ramosum Cluster XVIII

[0079] In some embodiments, all the bacteria are anaerobic bacteria. In some embodiments, all the bacteria are obligate anaerobic bacteria.

[0080] In one aspect, the disclosure provides bacterial strains with 165 rDNA sequences that have homology to a nucleic acid sequence of any one of the sequences of the
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bacterial strains or species described herein. In some embodiments, the bacterial strain has at least 98%, 99%, 99.5%, 99.6%, 99.7%, 99.8% or 99.9% homology relative to
any of the strains or bacterial species described herein over a specified region or over the entire sequence. It would be appreciated by one of skill in the art that the term
"homology" or "percent homology," in the context of two or more nucleic acid sequences or amino acid sequences, refers to a measure of similarity between two or more
sequences or portion(s) thereof. The homology may exist over a region of a sequence that is at least about 50 nucleotides in length, or more preferably over a region that is
100 to 500 or 1000 or more nucleotides in length. In some embodiments, the homology exists over the length the 165 rRNA or 16S rDNA sequence, or a portion thereof.

[0081] Additionally, or alternatively, two or more sequences may be assessed for the identity between the sequences. The terms "identical" or percent "identity" in the context
of two or more nucleic acids or amino acid sequences, refer to two or more sequences or subsequences that are the same. Two sequences are "substantially identical" if two
sequences have a specified percentage of amino acid residues or nucleotides that are the same (e.g., at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.6%,
99.7%, 99.8% or 99.9% identical) over a specified region or over the entire sequence, when compared and aligned for maximum correspondence over a comparison
window, or designated region as measured using one of the following sequence comparison algorithms or by manual alignment and visual inspection. Optionally, the identity
exists over a region that is at least about 50 nucleotides in length, or more preferably over a region that is 100 to 500 or 1000 or more nucleotides in length. In some
embodiments, the identity exists over the length the 16S rRNA or 165 rDNA sequence.

[0082] Additionally, or alternatively, two or more sequences may be assessed for the alignment between the sequences. The terms " alignment" or percent" alignment " in
the context of two or more nucleic acids or amino acid sequences, refer to two or more sequences or subsequences that are the same. Two sequences are "substantially
aligned" if two sequences have a specified percentage of amino acid residues or nucleotides that are the same (e.g., at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%,
99.5%, 99.6%, 99.7%, 99.8% or 99.9% identical) over a specified region or over the entire sequence, when compared and aligned for maximum correspondence over a
comparison window, or desighated region as measured using one of the following sequence comparison algorithms or by manual alignment and visual inspection. Optionally,
the alignment exists over a region that is at least about 50 nucleotides in length, or more preferably over a region that is 100 to 500 or 1000 or more nucleotides in length. In
some embodiments, the identity exists over the length the 165 rRNA or 16S rDNA sequence.

[0083] For sequence comparison, typically one sequence acts as a reference sequence, to which test sequences are compared. Methods of alignment of sequences for
comparison are well known in the art. See, e.g., by the local homology algorithm of Smith and Waterman (1970) Adv. Appl. Math. 2:482c, by the homology alignment
algorithm of Needleman and Wunsch, J. Mol. Biol. (1970) 48:443, by the search for similarity method of Pearson and Lipman. Proc. Natl. Acad. Sci. USA (1998) 85:2444, by
computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group. Madison.
WI), or by manual alignment and visual inspection (see. e.g., Brent et al., Current Protocols in Molecular Biology, John Wiley & Sons, Inc. (Ringbou ed., 2003)). Two
examples of algorithms that are suitable for determining percent sequence identity and sequence similarity are the BLAST and BLAST 2.0 algorithms, which are described in
Altschul et al., Nuc. Acids Res. (1977) 25:3389-3402, and Altschul et al., J. Mol. Biol. (1990) 215:403-410, respectively.

[0084] Disclosed herein are compositions comprising multiple purified bacterial strains (e.g., Compositions A-J). For instance, Figures 1, 13, 19, and 26 present several
example compositions comprising multiple bacterial strains. In one aspect, the 165 rDNA sequences of purified bacterial strains of the compositions were compared to 16S
rDNA sequences of known bacterial species/strains in a bacterial genome database to identify the closest known related bacterial species to the bacterial strains disclosed
herein (See e.g., Table 1). It should be appreciated that multiple bacterial strains of the compositions disclosed herein may have the same closest related bacterial species.

[0085] It should be appreciated the compositions and treatments provided herein can be distinguished from compositions and treatments associated with the treatment of C.
difficile infection that are available. For instance, it has been proposed that non-toxigenic C. difficile strains, /.e., strains that do not produce C. difficile toxins, may be used to
treat C. difficife infection (See, e.g., US 6,635,260). The compositions disclosed herein can be distinguished at least because the compositions described herein do not
comprise nhon-toxigenic strains of C. difficile.

[0086] It is also considered in the art that bacterial strains expressing a bile inducible 7a/B-dehydroxylation operon can be used in the treatment of C. difficile (see, e.g.,

Buffie et al. Nature (2015) 517:205-208). The catalysis of bile acid 7a dihydroxylation is mediated by a stereo-specific NAD(H)-dependent 3-ox0-A%cholenoic acid
oxidoreductase encoded by the gene ba/CD. In some embodiments, the compositions provided herein do not mediate bile acid 7-alpha-dehydroxylation.

[0087] In contrast to the findings in the art, in some embodiments, as shown herein, combinations of bacterial strains that do not encode »a/CD (or a homolog thereof), or
encode a baiCD that comprises one or more mutations that result in a non-functional BaiCD protein ("baiCD-"), are more effective at treating C. difficife infection and/or
reducing or inhibiting production of Toxin B by C. difficile than combinations of bacterial strains that have a functional BaiCD protein ("baiCD+"). Thus, in some embodiments,
the compositions of bacterial strains provided herein are baiCD- (i.e., the combination of the bacteria has no effective baiCD+ function). In some embodiments, all of bacterial
strains in the compositions provided herein are baiCD-. In some embodiments, the majority (i.e., 50% or greater) of the bacterial strains in the compositions are baiCD-. In
some embodiments, the majority (i.e., 50% or greater) of the bacterial strains in the compositions are baiCD- and the composition has no effective BaiCD function. In some
embodiments, the minority (i.e., 50% or less) of the bacterial strains in the compositions are baiCD- and the composition has no effective BaiCD function. In some
embodiments, bacterial strains for the compositions are selected based on the absence (or presence) of a ba/CD gene or a predicted ba/CD gene. In some embodiments,

bacterial strains may be modified (e.g., genetically engineered) to prevent or reduce expression of a ba/CD gene and/or to reduce or eliminate NAD(H)-dependent 3-ox0-A%

cholenoic acid oxidoreductase activity of BaiCD protein. The NAD(H)-dependent 3-ox0-A%cholenoic acid oxidoreductase activity of a bacterial strain may be assessed by
methods such as measuring the amount of 7a-dehydroxylated bile acid. In some embodiments, the compositions described herein comprise bacterial strains without the

baiCD operon (baiCD") or baiCD function.

[0088] In some embodiments of the compositions provided herein, the compositions do not include bacterial strains that are resistant to one or more antibiotics. It should be
appreciated that it may be desirable to have a mechanism to remove the bacterial compositions provided herein from the body of the subject after administration. One such
mechanism is to remove the bacterial compositions by antibiotic treatment. Thus, in some embodiments, the compositions do not include bacterial strains that are resistant
to one or more antibiotics. In some embodiments, the compositions do not include bacterial strains that are resistant to one or more antibiotics selected from the group
consisting of penicillin, benzylpenicillin, ampicillin, sulbactam, amoxicillin, clavulanate, tazobactam, piperacillin, cefmetazole, vancomycin, imipenem, meropenem,
metronidazole and clindamycin. In some embodiments, the compositions do not include bacterial strains that are resistant to vancomycin.

[0089] In some embodiments, the compositions include bacterial strains that are susceptible to at least four antibiotics that are efficacious in humans. In some embodiments,
the compositions include bacterial strains that are susceptible to at least three antibiotics that are efficacious in humans. In some embodiments, the compositions include
bacterial strains that are susceptible to at least two antibiotics that are efficacious in humans. In some embodiments, the compositions include bacterial strains that are
susceptible to at least one antibiotic that is efficacious in humans. In some embodiments, the compositions include only bacterial strains that are susceptible to at least four
antibiotics that are efficacious in humans. In some embodiments, the compositions include only bacterial strains that are susceptible to at least three antibiotics that are
efficacious in humans. In some embodiments, the compositions include only bacterial strains that are susceptible to at least two antibiotics that are efficacious in humans. In
some embodiments, the compositions include bacterial strains that are susceptible to at least one antibiotic that is efficacious in humans. As used herein, an "antibiotic that is
efficacious in a human" refers to an antibiotic that has been used to successfully treat bacterial infections in a human.

[0090] In some embodiments, the compositions described herein comprise spore forming and non-spore forming bacterial strains. In some embodiments, the compositions
described herein comprise spore forming bacterial strains. In some embodiments, the compositions described herein comprise only spore forming bacterial strains. In some
embodiments, the compositions described herein comprise only non-spore forming bacterial strains. The spore-forming bacteria can be in spore form (i.e., as spores) or in
vegetative form (i.e.., as vegetative cells). In spore form, bacteria are generally more resistant to environmental conditions, such as heat, acid, radiation, oxygen, chemicals,
and antibiotics. In contrast, in the vegetative state or actively growing state, bacteria are more susceptible to such environmental conditions, compared to in the spore form.
In general, bacterial spores are able to germinate from the spore form into a vegetative/actively growing state, under appropriate conditions. For instance, bacteria in spore
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format may germinate when thye are introduced in the intestine.

[0091] In some embodiments, at least one (e.g., 1, 2, 3, 4, 5, or more) of the bacterial strains in the composition is a spore former. In some embodiments, at least one (e.g.,
1,2, 3, 4, 5, or more) of the bacterial strains in the composition is in spore form. In some embodiments, at least one (e.g., 1, 2, 3, 4, 5, or more) of the bacterial strains in the
composition is a non-spore former. In some embodiments, at least one (e.g., 1, 2, 3, 4, 5, or more) of the bacterial strains in the composition is in vegetative form (As
discussed above, spore forming bacteria can also be in vegetative form). In some embodiments, at least one (e.g., 1, 2, 3, 4, 5, or more) of the bacterial strains in the
composition is in spore form and at least one (e.g., 1, 2, 3, 4, 5, or more) of the bacterial strains in the composition is in vegetative form. In some embodiments, at least one
bacterial strain that is considered able to form spores (/.e., a spore-former) but is present in the composition in vegetative form. In some embodiments, at least one bacterial
strain that is considered able to form spores is present in the composition both in spore form and in vegetative form.

[0092] In some embodiments, the disclosure provides compositions wherein the compositions comprise bacterial strains that are spore forming bacterial strains. In some
embodiments, the disclosure provides compositions wherein the compositions comprise bacterial strains that are non-spore forming bacterial strains. In some embodiments,
the disclosure provides compositions wherein the compositions comprise bacterial strains that are spore forming bacterial strains and bacterial strains that are non-spore
forming bacterial strains. In some embodiments, the disclosure provides compositions, wherein the compositions comprise a mixture of bacterial strains wherein at least 10%
of the bacterial strains are spore forming bacterial strains, at least 20% of the bacterial strains are spore forming bacterial strains, at least 30% of the bacterial strains are
spore forming bacterial strains, at least 40% of the bacterial strains are spore forming bacterial strains, at least 50% of the bacterial strains are spore forming bacterial
strains, at least 60% of the bacterial strains are spore forming bacterial strains, at least 70% of the bacterial strains are spore forming bacterial strains, at least 80% of the
bacterial strains are spore forming bacterial strains, at least 90% of the bacterial strains are spore forming bacterial strains bacteria up to 100% spore forming bacterial
strains. Whether a bacterial strain is a spore forming strain can be determined for instance by evaluating the genome of the bacterial strain for the presence of sporulation
genes. However, it should be appreciated that not all bacteria that are predicted to encode spore forming genes can be made to sporulate. In addition, whether a bacterial
strain is a spore forming strain can be determined by exposing the bacterial strain to stress conditions, e.g., heat or exposure to chemicals (e.g., ethanol or chloroform), that
are known to induce sporulation.

[0093] It should be appreciated that spore forming bacteria can be in spore form or in vegetative form. In some embodiments of the compositions provided herein, the spore
forming bacteria are in spore form. In some embodiments of the compositions provided herein, the spore forming bacteria are in vegetative form. In some embodiments of
the compositions provided herein, the spore forming bacteria are both present in spore form and in vegetative form. In some embodiments, the disclosure provides
compositions, wherein the compositions comprise spore forming bacteria at least 10% of the spore forming bacteria are in spore format, at least 20% of the spore forming
bacteria are in spore format, at least 30% of the spore forming bacteria are in spore format, at least 40% of the spore forming bacteria are in spore format, at least 50% of
the spore forming bacteria are in spore format, at least 60% of the spore forming bacteria are in spore format, at least 70% of the spore forming bacteria are in spore format,
at least 80% of the spore forming bacteria are in spore format, at least 90% of the spore forming bacteria are in spore format, up to 100% in spore format.

[0094] It is envisioned that the bacterial strains of the compositions provided herein are alive and will be alive when they reach the target area (e.g., the intestines). Bacterial
spores are considered to be alive in this regards. In some embodiments, bacteria that are administered as spores may germinate in the target area (e.g., the intestines). It
should further be appreciated that not all of the bacteria are alive and the compositions can include a percentage (e.g., by weight) that is not alive. In addition, in some
embodiments, the compositions include bacterial strains that are not alive when administered or at the time when the composition reaches the target area (e.g., the
intestines). It is envisioned that non-living bacteria may still be useful by providing some nutrients and metabolites for the other bacterial strains in the composition.

[0095] Methods of inducing sporulation of spore-forming bacterial strains are well known in the art (See e.g., Paredes-Sabja et al., Trends Microbiol. (2011) 19(2):85-94).
Generally, bacterial strains that are spore-formers can be made to go into spore form by stressing the bacterial strains. Non-limiting examples of stresses that can induce
sporulation are an increase in temperature, change in the nutrients available and/or exposure to chemicals (e.g., ethanol or chloroform). It should be noted that bacteria that
are non-spore formers, for instance because they are missing sporulation genes, cannot be made to sporulate by stress. To prepare compositions in which all the bacterial
strains are in the spore form, the composition or bacterial cultures used to prepare the composition may be subjected to treatment to kill any bacteria not in spore form (e.g.,
in vegetative form), for example by exposing the composition to heat and are chemically breaking down the non-spore bacteria. The bacteria in spore format can
subsequently be separated from the hon-spore bacteria for instance by filtration.

[0096] The amount of spores can be quantified using techniques know in the art. These techniques include phase contrast microscopy for enumerating spores using a
hemocytometer. In addition, the viability of spores can be determined by plating the spores and growing the spores. For instance, spores can be plated in appropriate media
and incubated in the anaerobic chamber for a period of time (e.g., 48-96 hrs.). Viability can subsequently be determined by quantifying the colony forming units which
correspond to spores that germinated. For instance, spores can be plated on TCCFA plates (Taurocholate, cycloserine, cefoxintin, fructose agar plates), in which
taurocholate helps the spores to germinate. In addition, spores can be quantified using the dipicolinic assay (DPA assay). DPA is an agent that allows for spore selection and
is a clear indicator of endospores. When complexed with terbium, bright green luminescence is observed.

[0097] In any of the compositions provided herein, the bacterial strains are purified. In any of the compositions provided herein, in some embodiments, the bacterial strains
are isolated. Any of the bacterial strains described herein may be isolated, for example, from a source such as a culture or a microbiota sample (e.g., fecal matter). The
bacterial strains used in the compositions provided herein generally are isolated from the microbiome of healthy individuals. However, bacterial strains can also be isolated
from individuals that are considered not to be healthy. In some embodiments, the compositions include strains originating from multiple individuals.

[0098] As used herein, the term "isolated" bacteria that have been separated from one or more undesired component, such as another bacterium or bacterial strain, one or
more component of a growth medium, and/or one or more component of a sample, such as a fecal sample. In some embodiments, the bacteria are substantially isolated
from a source such that other components of the source are not detected.

[0099] As also used herein, the term "purified" refers to a bacterial strain or composition comprising such that has been separated from one or more components, such as
contaminants. In some embodiments, the bacterial strain is substantially free of contaminants. In some embodiments, one or more bacterial strains of a composition may be
independently purified from one or more other bacteria produced and/or present in a culture or a sample containing the bacterial strain. In some embodiments, a bacterial
strain is isolated or purified from a sample and then cultured under the appropriate conditions for bacterial replication, e.g., under anaerobic culture conditions. The bacteria
that is grown under appropriate conditions for bacterial replication can subsequently be isolated/purified from the culture in which it is grown.

[0100] In some embodiments, the bacterial strains of the compositions provided herein are obligate anaerobes. In some embodiments, the bacterial strains of the
compositions provided herein are facultative anaerobes. the treatment of

[0101] Aspects of the present disclosure are related to the treatment of a pathogenic infection in a subject by administering a therapeutically effective amount of any of the
compositions described herein. In some embodiments, the subject is a mammalian subject, such as a human, non-human primate, rodent, rabbit, sheep, pig, dog, cat,
horse, or cow. In some embodiments, the subject is a human subject. In some embodiments, the subject is a pig.

[0102] In some embodiments, the subject is a carrier of a pathogenic organism and is suffering from the effects of the infection (e.g., diarrhea caused by C. difficile toxins).
In some embodiments the subject is an asymptomatic carrier of a pathogen. In some embodiments, the subject is a carrier of C. difficile. In some embodiments the subject is
an asymptomatic C. difficile carrier. In some embodiments, the subject has experienced recurrent or chronic pathogenic infections. In some embodiments, the subject is
suffering from a first occurrence of a particular pathogenic infection. In some embodiments, the subject has been treated with antibiotics which resulted in the recurrence of
the pathogenic infection. In some embodiments, the subject has been treated with antibiotics which resulted in a first occurrence of a pathogenic infection. In some
embodiments, the subject is to undergo a procedure that puts the subject at a higher risk of infection. In some embodiments, the compositions provided herein are
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administered to a subject to lower the risk of becoming infected by a pathogen.

[0103] In some embodiments, the compositions provided herein are administered to a subject if the subject has a dysbiosis (e.g., has as microbiome associated with a
disease state). In some embodiments, treatment with the compositions provided herein results in the change in the microbiome of the subject. In some embodiments,
treatment with the compositions provided herein removes the dysbiosis in the subject resulting in a healthy microbiome. In some embodiments, treatment with the
compositions provided herein removes the dysbiosis in the subject resulting in microbiome refractory or less susceptible to infection by a pathogen.

[0104] As used herein, the term "pathogen" in regard to a pathogenic infection refers to a microorganism (e.g., a bacterium) that causes a disease or a disease state in a
subject. In some embodiments, the disease or disease state of the subject may include symptoms such as colitis, diarrhea, watery diarrhea, abdominal cramping, fever,
blood or pus in the stool, hausea, dehydration, loss of appetite, chills, weight loss, and/or kidney failure. In some embodiments, the pathogenic infection may be diagnosed,
for example, by detecting a pathogen (or protein or nucleic acid associated with a pathogen) in a fecal sample collected from the subject. In some embodiments, the
pathogenic infection may be diagnosed, for example, by comparing the microbiota of a fecal sample of the subject with the microbiota in a fecal sample of a healthy subject.

[0105] In some embodiments, the pathogenic infection is C. difficile; Clostridium perfringens; Clostridium botulinum; Clostridium tributtycum; Clostridium sporogenes;
Escherichia coli Pseudomonas aeruginosa, such as Multidrug Resistant Pseudomonas aeruginosa;, Vancomycin Resistant Enterococci (VRE), Carbapenem Resistant
Enterobacteriaceae (CRE), Neisseria gonorrheae; Acinetobacter; Multidrug Resistant Acinetobacter; Campylobacter; Multidrug resistant Campylobacter; Candida;
Fluconazole-resistant Candida; Extended spectrum beta-lactamese (ESBL) producing Enterobacteriaceae; Salimonelfla, Salmonella Typhimurium, Drug resistant non-typhoid
Salmonella spp.; Drug resistant Sa/imonelffa Typhi, Drug resistant Shigella; Staphylococcus aureus, such as Methicillin Resistant S. aureus or vancomycin resistant S. aureus;
Drug resistant Streptococcus pneumoniae; Drug resistant Tuberculosis; Erythromycin Resistant Group A Streptococcus; Clindamycin resistant Group B Streptococcus, and
any combinations thereof. In some embodiments, the pathogenic infection is C. difficife. In some embodiments, the C. difficile is an antibiotic-resistant C. difficile, e.g.,
fluoroquinolone resistant C. difficife. In some embodiments, the pathogenic infection is vancomycin-resistant Enterococci.

[0106] Additional non-limiting examples of pathogens responsible for pathogenic infection that can be treated are Leishmania, Staphylococcus epidermis, Staphylococcus
saprophyticus, Streptococcus pyogenes, Streptococcus pneumoniae, Streptococcus agalactiae, Enterococcus faecalis, Corynebacterium diptheriae, Bacillus anthracis,
Listeria monocytogenes, Clostridium perfringens, Clostridium tetanus, Clostridium botulinum, Clostridium difficile, Neisseria meningitidis, Neisseria gonorrhoeae, Escherichia
coli, Salmonelfa typhimurium, Salmonella cholerasuis, Salmonella enterica, Salmonella enteriditis, Yersinia pestis, Yersinia pseudotuberculosis, Yersinia enterocolitica, Vibrio
cholerae, Campylobacter jejuni, Campylobacter fetus, Helicobacter pylori Pseudomonas aeruginosa, Pseudomonas mallei Haemophilus influenzae, Bordetella pertussis,
Mycoplasma pneumoniae, Ureaplasma urealyticum, Legionella pneumophila, Treponema pallidum, Leptospira interrogans, Borrelia burgdorferi, Mycobacterium tuberculosis,
Mycobacterium leprae, Chlamydia psittaci Chlamydia trachomatis, Chlamydia pneumoniae, Rickeltsia ricketsii, Rickettsia akari Ricketisia prowazekii Brucella abortus,
Brucella melitens, Brucella suis, and Francisella tularensis. In general, any bacterium that is capable of inducing a disease in a subject and/or that is not present in healthy
individual is considered a pathogen herein. It should be appreciated that a subject may carry multiple pathogens and/or have multiple pathogenic infections.

[0107] Any of the compositions described herein may be administered to a subject in a therapeutically effective amount or a dose of a therapeutically effective amount to
treat or prevent a pathogenic infection (e.g., one or more pathogenic infections). The terms "treat" or “treatment" refer to reducing or alleviating one or more of the
symptoms associated with a pathogenic infection, reducing the amount of bacterial toxin produced by the pathogenic infection, and/or reducing the bacterial load of the
pathogenic infection. The terms "prevent" or "prevention" encompass prophylactic administration and may reduce the incidence or likelihood of pathogenic infection or a
recurrent or chronic pathogenic infection. For instance, in some embodiments, administration of the compositions provided herein result in a healthy microbiome that is
refractory to pathogenic infection, thereby preventing the pathogenic infection.

[0108] As used herein, a "therapeutically effective amount” of composition, such as a pharmaceutical composition, is any amount that results in a desired response or
outcome in a subject, such as those described herein, including but not limited to prevention of infection, an immune response or an enhanced immune response to the
pathogenic infection, prevention or reduction of symptoms associated with pathogenic infection, and/or a reduction or inhibition of toxin production by the pathogenic
infection. It should be appreciated that the term effective amount may be expressed in humber of bacteria or bacterial spores to be administered. It should further be
appreciated that the bacteria can multiply once administered. Thus, administration of even a relatively small amount of bacteria may have therapeutic effects.

[0109] In some embodiments, the therapeutically effective amount of any of the compositions described herein is an amount sufficient to enhance survival of the subject,
reduce the bacterial burden of the pathogenic infection in the subject, and/or reduce or inhibit toxin production by the pathogenic infection. In some embodiments, the
therapeutically effective amount is an amount sufficient to reduce the bacterial burden of the pathogenic infection in a fecal sample from the subject by at least 1.5-fold, 2-

fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 20-fold, 30-fold, 40-fold, 50-fold, 100-fold, 1000-fold, 104—fold, 105-fold or more, as compared to the bacterial
burden in a subject with a pathogenic infection that has not received any of the compositions described herein, or as compared to a fecal sample from the same subject that
was collected prior to administration of any of the compositions.

[0110] In some embodiments, the compositions provided herein inhibit the production of a bacterial toxin, e.g., C. difficile Toxin B. In some embodiments, the therapeutically
effective amount is an amount sufficient to reduce or inhibit the amount of bacterial toxin (e.g., C. difficile Toxin B) produced by pathogenic infection in a fecal sample from
the subject by at least 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 20-fold, 30-fold, 40-fold, 50-fold, 100-fold, 150-fold, 200-fold, 500-fold or
more, as compared to the amount of the bacterial toxin in a subject with a pathogenic infection that has not received any of the compositions described herein or as
compared to a fecal sample from the same subject that was collected prior to administration of any of the compositions.

[0111] In some embodiments, the compositions provided herein induce the proliferation and/or accumulation of regulatory T cells in the subject. As will be evident to one of
ordinary skill in the art, regulatory T cells, also referred to as "Tregs," are a subset of T lymphocytes that are generally thought to suppress an abnormal or excessive
immune response and play a role in immune tolerance. Regulatory T cells may be identified based expression of the markers Foxp3 and CD4 (Foxp3+ CD4+). The term
regulatory T cells may also include Foxp3-negative regulatory T cells that are IL-10-producing CD4-positive T cells.

[0112] In some embodiments, the therapeutically effective amount is an amount sufficient to induce the proliferation and/or accumulation of Tregs in the subject (or in a
sample obtained from a subject) by at least 1.5-fold, 2-fold, 3-fold, 4-fold, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 20-fold, 30-fold, 40-fold, 50-fold, 100-fold, 150-fold, 200-
fold, 500-fold or more, as compared to the amount of Tregs in a subject (e.g., a subject with a pathogenic infection) that has not received any of the compositions described
herein or as compared to a fecal sample from the same subject that was collected prior to administration of any of the compositions.

[0113] As used herein, the phrase "induces proliferation and/or accumulation of regulatory T cells" refers to an effect of inducing the differentiation of immature T cells into
regulatory T cells, which differentiation leads to the proliferation and/or the accumulation of regulatory T cells. Further, the meaning of "induces proliferation and/or
accumulation of regulatory T cells" includes in vivo effects, in vitro effects, and ex vivo effects. In some embodiments, the proliferation and/or accumulation of regulatory T
cells may be assessed by detecting and/or quantifying the number of cells that express markers of regulatory T cells (e.g., Foxp3 and CD4), for example by flow cytometry.
In some embodiments, the proliferation and/or accumulation of regulatory T cells may be assessed by determining the activity of the regulatory T cells, such as the
production of cytokines (e.g., IL-10).

[0114] In some embodiments, the therapeutically effective amount is an amount sufficient to recolonize or repopulate the gastrointestinal tract of the subject with non-
pathogenic bacteria. In some embodiments, the therapeutically effective amount is an amount sufficient to graft one or more of the bacterial strains of the composition in the
gastrointestinal tract of the subject. In some embodiments, a fecal sample is obtained from the subject to assess the bacterial burden of the pathogenic infection and/or
evaluate the efficacy of administration of the bacterial compositions described herein. In some embodiments, the microbiota of the subject (e.g., the identity and abundance
of strains and/or species of the microbiota) may be assessed to determine a disease state of the subject and/or assess progress of the treatment. In some embodiments, the
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microbiota of the subject having a pathogenic infection is compared to the microbiota of a healthy subject, such as a subject that is not experiencing or has not experienced
the pathogenic infection. In some embodiments, the microbiota of the subject having a pathogenic infection is compared to the microbiota of the same subject from a fecal
sample obtained from the subject prior to the pathogenic infection.

[0115] Any of the compositions described herein, including the pharmaceutical compositions and food products comprising the compositions, may contain bacterial strains in
any form, for example in an aqueous form, such as a solution or a suspension, embedded in a semi-solid form, in a powdered form or freeze dried form. In some
embodiments, the composition or the bacterial strains of the composition are lyophilized. In some embodiments, a subset of the bacterial strains in a composition is
lyophilized. Methods of Iyophilizing compositions, specifically compositions comprising bacteria, are well known in the art. See, e.g., US 3,261,761, US 4,205, 132; PCT
Publications WO 2014/029578 and WO 2012/098358. The bacteria may be lyophilized as a combination and/or the bacteria may be lyophilized separately and combined
prior to administration. A bacterial strain may be combined with a pharmaceutical excipient prior to combining it with the other bacterial strain or multiple lyophilized bacteria
may be combined while in lyophilized form and the mixture of bacteria, once combined may be subsequently be combined with a pharmaceutical excipient. In some
embodiments, the bacterial strain is a lyophilized cake. In some embodiments, the compositions comprising the one or more bacterial strains are a lyophilized cake.

[0116] The bacterial strains of the composition can be manufactured using fermentation techniques well known in the art. In some embodiments, the active ingredients are
manufactured using anaerobic fermenters, which can support the rapid growth of anaerobic bacterial species. The anaerobic fermenters may be, for example, stirred tank
reactors or disposable wave bioreactors. Culture media such as BL media and EG media, or similar versions of these media devoid of animal components, can be used to
support the growth of the bacterial species. The bacterial product can be purified and concentrated from the fermentation broth by traditional techniques, such as
centrifugation and filtration, and can optionally be dried and lyophilized by techniques well known in the art.

[0117] In some embodiments, the composition of bacterial strains may be formulated for administration as a pharmaceutical composition. The term "pharmaceutical
composition" as used herein means a product that results from the mixing or combining of at least one active ingredient, such as any two or more purified bacterial strains
described herein, and one or more inactive ingredients, which may include one or more pharmaceutically acceptable excipient.

[0118] An "acceptable" excipient refers to an excipient that must be compatible with the active ingredient and not deleterious to the subject to which it is administered. In
some embodiments, the pharmaceutically acceptable excipient is selected based on the intended route of administration of the composition, for example a composition for
oral or nasal administration may comprise a different pharmaceutically acceptable excipient than a composition for rectal administration. Examples of excipients include
sterile water, physiological saline, solvent, a base material, an emulsifier, a suspending agent, a surfactant, a stabilizer, a flavoring agent, an aromatic, an excipient, a vehicle,
a preservative, a binder, a diluent, a tonicity adjusting agent, a soothing agent, a bulking agent, a disintegrating agent, a buffer agent, a coating agent, a lubricant, a colorant,
a sweetener, a thickening agent, and a solubilizer.

[0119] Pharmaceutical compositions of the invention can be prepared in accordance with methods well known and routinely practiced in the art (see e.g., Remington: The
Science and Practice of Pharmacy, Mack Publishing Co. 20th ed. 2000). The pharmaceutical compositions described herein may further comprise any carriers or stabilizers
in the form of a lyophilized formulation or an aqueous solution. Acceptable excipients, carriers, or stabilizers may include, for example, buffers, antioxidants, preservatives,
polymers, chelating reagents, and/or surfactants. Pharmaceutical compositions are preferably manufactured under GMP conditions. The pharmaceutical compositions can
be used orally, nasally or parenterally, for instance, in the form of capsules, tablets, pills, sachets, liquids, powders, granules, fine granules, film-coated preparations, pellets,
troches, sublingual preparations, chewables, buccal preparations, pastes, syrups, suspensions, elixirs, emulsions, liniments, ointments, plasters, cataplasms, transdermal
absorption systems, lotions, inhalations, aerosols, injections, suppositories, and the like.

[0120] In some embodiments, the bacteria are formulated for delivery to the intestines (e.g., the small intestine and/or the colon). In some embodiments, the bacteria are
formulated with an enteric coating that increases the survival of the bacteria through the harsh environment in the stomach. The enteric coating is one which resists the
action of gastric juices in the stomach so that the bacteria which are incorporated therein will pass through the stomach and into the intestines. The enteric coating may
readily dissolve when in contact with intestinal fluids, so that the bacteria enclosed in the coating will be released in the intestinal tract. Enteric coatings may consist of
polymer and copolymers well known in the art, such as commercially available EUDRAGIT (Evonik Industries). (See e.g., Zhang, AAPS PharmSciTech, (2016) 17 (1), 56-67).

[0121] The bacteria may also be formulated for rectal delivery to the intestine (e.g., the colon). Thus, in some embodiments, the bacterial compositions may be formulated
for delivery by suppository, colonoscopy, endoscopy, sigmoidoscopy or enema. A pharmaceutical preparation or formulation and particularly a pharmaceutical preparation for
oral administration, may include an additional component that enables efficient delivery of the compositions of the disclosure to the intestine (e.g., the colon). A variety of
pharmaceutical preparations that allow for the delivery of the compositions to the intestine (e.g., the colon) can be used. Examples thereof include pH sensitive compositions,
more specifically, buffered sachet formulations or enteric polymers that release their contents when the pH becomes alkaline after the enteric polymers pass through the
stomach. When a pH sensitive composition is used for formulating the pharmaceutical preparation, the pH sensitive composition is preferably a polymer whose pH threshold
of the decomposition of the composition is between about 6.8 and about 7.5. Such a humeric value range is a range in which the pH shifts toward the alkaline side at a distal
portion of the stomach, and hence is a suitable range for use in the delivery to the colon. It should further be appreciated that each part of the intestine (e.g., the duodenum,
jejunum, ileum, cecum, colon and rectum), has different biochemical and chemical environment. For instance, parts of the intestines have different pHs, allowing for targeted
delivery by compositions that have a specific pH sensitivity. Thus, the compositions provided herein may be formulated for delivery to the intestine or specific parts of the
intestine (e.g., the duodenum, jejunum, ileum, cecum, colon and rectum) by providing formulations with the appropriate pH sensitivity. (See e.g., Villena et al., Int J Pharm
2015, 487 (1-2): 314-9).

[0122] Another embodiment of a pharmaceutical preparation useful for delivery of the compositions to the intestine (e.g., the colon) is one that ensures the delivery to the
colon by delaying the release of the contents (e.g., the bacterial strains) by approximately 3 to 5 hours, which corresponds to the small intestinal transit time. In one
embodiment of a pharmaceutical preparation for delayed release, a hydrogel is used as a shell. The hydrogel is hydrated and swells upon contact with gastrointestinal fluid,
with the result that the contents are effectively released (released predominantly in the colon). Delayed release dosage units include drug-containing compositions having a
material which coats or selectively coats a drug or active ingredient to be administered. Examples of such a selective coating material include in vivo degradable polymers,
gradually hydrolyzable polymers, gradually watersoluble polymers, and/or enzyme degradable polymers. A wide variety of coating materials for efficiently delaying the
release is available and includes, for example, cellulose-based polymers such as hydroxypropyl cellulose, acrylic acid polymers and copolymers such as methacrylic acid
polymers and copolymers, and vinyl polymers and copolymers such as polyvinylpyrrolidone.

[0123] Additional examples of pharmaceutical compositions that allow for the delivery to the intestine (e.g., the colon) include bioadhesive compositions which specifically
adhere to the colonic mucosal membrane (for example, a polymer described in the specification of US Patent No. 6.368.586) and compositions into which a protease
inhibitor is incorporated for protecting particularly a biopharmaceutical preparation in the gastrointestinal tracts from decomposition due to an activity of a protease.

[0124] Another example of a system enabling the delivery to the intestine (e.g., the colon) is a system of delivering a composition to the colon by pressure change in such a
way that the contents are released by utilizing pressure change caused by generation of gas in bacterial fermentation at a distal portion of the stomach. Such a system is not
particularly limited, and a more specific example thereof is a capsule which has contents dispersed in a suppository base and which is coated with a hydrophobic polymer
(for example, ethyl cellulose).

[0125] A further example of a system enabling the delivery of a composition to the intestine (e.g., the colon), is a composition that includes a coating that can be removed by
an enzyme present in the gut (e.g., the colon), such as, for example, a carbohydrate hydrolase or a carbohydrate reductase. Such a system is not particularly limited, and

more specific examples thereof include systems which use food components such as non-starch polysaccharides, amylose, xanthan gum, and azopolymers.

[0126] The compositions provided herein can also be delivered to specific target areas, such as the intestine, by delivery through an orifice (e.g., a hasal tube) or through
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surgery. In addition, the compositions provided herein that are formulated for delivery to a specific area (e.g., the cecum or the colon), may be administered by a tube (e.g.,
directly into the small intestine). Combining mechanical delivery methods such as tubes with chemical delivery methods such as pH specific coatings, allow for the delivery of
the compositions provided herein to a desired target area (e.g., the cecum or the colon).

[0127] The compositions comprising bacterial strains are formulated into pharmaceutically acceptable dosage forms by conventional methods known to those of skill in the
art. Dosage regimens are adjusted to provide the optimum desired response (e.g., the prophylactic or therapeutic effect). In some embodiments, the dosage form of the
composition is a tablet, pill, capsule, powder, granules, solution, or suppository. In some embodiments, the pharmaceutical composition is formulated for oral administration.
In some embodiments, the pharmaceutical composition is formulated such that the bacteria of the composition, or a portion thereof, remain viable after passage through the
stomach of the subject. In some embodiments, the pharmaceutical composition is formulated for rectal administration, e.g. as a suppository. In some embodiments, the
pharmaceutical composition is formulated for delivery to the intestine or a specific area of the intestine (e.g., the colon) by providing an appropriate coating (e.g., a pH
specific coating, a coating that can be degraded by target area specific enzymes, or a coating that can bind to receptors that are present in a target area).

[0128] Dosages of the active ingredients in the pharmaceutical compositions of the present invention can be varied so as to obtain an amount of the active ingredient which
is effective to achieve the desired pharmaceutical response for a particular subject, composition, and mode of administration, without being toxic or having an adverse effect
on the subject. The selected dosage level depends upon a variety of factors including the activity of the particular compositions of the present invention employed, the route
of administration, the time of administration, the duration of the treatment, other drugs, compounds and/or materials used in combination with the particular compositions
employed, the age, sex, weight, condition, general health and prior medical history of the subject being treated, and like factors.

[0129] A physician, veterinarian or other trained practitioner, can start doses of the pharmaceutical composition at levels lower than that required to achieve the desired
therapeutic effect and gradually increase the dosage until the desired effect (e.g., treatment of a pathogenic infection, reduction of bacterial burden of pathogenic infection,
reduction or inhibition of toxin production) is achieved. In general, effective doses of the compositions of the present invention, for the prophylactic treatment of groups of
people as described herein vary depending upon many different factors, including routes of administration, physiological state of the subject, whether the subject is human or
an animal, other medications administered, and the therapeutic effect desired. Dosages need to be titrated to optimize safety and efficacy. In some embodiments, the dosing
regimen entails oral administration of a dose of any of the compositions described herein. In some embodiments, the dosing regimen entails oral administration of multiple
doses of any of the compositions described herein. In some embodiments, the composition is administered orally the subject once, twice, 3 times, 4 times, 5 times, 6 times, 7
times, 8 times, 9 times, or at least 10 times.

[0130] The compositions, including the pharmaceutical compositions disclosed herein, include compositions with a range of active ingredients (e.g., live bacteria, bacteria in
spore format). The amount of bacteria in the compositions may be expressed in weight, number of bacteria and/or CFUs (colony forming units). In some embodiments, the

pharmaceutical compositions disclosed herein contain about 10, about 102, about 103, about 104, about 105, about 106, about 107, about 108, about 109, about 1010, about
10", about 1012 about 1013 or more of each of the bacteria of the composition per dosage amount. In some embodiments, the pharmaceutical compositions disclosed

herein contain about 10, about 102, about 103, about 104, about 105, about 108, about 107, about 108, about 109, about 100, about 10!, about 10'2 about 1013 or more
total bacteria per dosage amount. It should further be appreciated that the bacteria of the compositions may be present in different amounts. Thus, for instance, as a non-
limiting example, a composition may include 103 of bacteria A, 104 of bacteria B and 108 of bacteria C. In some embodiments, the pharmaceutical compositions disclosed
herein contain about 10, about 102, about 103, about 104, about 10%, about 108, about 107, about 108, about 109, about 1010, about 10, about 1072, about 1013 or more
CFUs of each of the bacteria in the composition per dosage amount. In some embodiments, the pharmaceutical compositions disclosed herein contain about 101, about 102,
about 103, about 104, about 10%, about 108, about 107, about 108, about 109, about 1010, about 10™, about 1012, about 1013 or more CFUs in total for all of the bacteria
combined per dosage amount As discussed above, bacteria of the compositions may be present in different amounts. In some embodiments, the pharmaceutical
compositions disclosed herein contain about 10'7, about 10'6, about 10'5, about 10'4, about 10'3, about 10'2, about 10! or more grams of each of the bacteria in the
composition per dosage amount. In some embodiments, the pharmaceutical compositions disclosed herein contain about 10'7, about 10'6, about 10'5, about 10'4, about 10”

3 about 102, about 10-1 or more grams in total for all of the bacteria combined per dosage amount. In some embodiment, the dosage amount is one administration device
(e.g., one table, pill or capsule). In some embodiment, the dosage amount is the amount that is administered in a particular period (e.g., one day or one week).

[0131] In some embodiments, the pharmaceutical compositions disclosed herein contain between 10 and 1013, between 102 and 1013, between 103 and 1013, between 10%
and 1013, between 105 and 1013, between 108 and 1013, between 107 and 1013, between 108 and 1013, between 109 and 1013, between 1010 and 1013, between 10! and
1013, between 1012 and 1013, between 10 and 10'2 between 102 and 1012, between 103 and 1012, between 104 and 1012, between 105 and 1012, between 108 and 1012,
between 107 and 1012, between 108 and 1012, between 109 and 1012, between 1010 and 1012, between 101 and 1012, between 10 and 10™, between 102and 10", between
103 and 1013, between 104 and 1013, between 10% and 1013, between 108 and 1013, between 107 and 101!, between 108 and 101, between 109 and 101, between 1010 and
10", between 10 and 1070, between 102 and 1010, between 103 and 1010, between 104 and 1010, between 105 and 1070, between 108 and 1010, between 107 and 1010,
between 108 and 1010, between 109 and 1010, between 10 and 109, between 102 and 10°, between 103 and 109, between 104 and 109, between 10% and 109, between 108
and 109, between 107 and 109, between 108 and 109, between 10 and 108, between 102 and 108 between 103 and 108, between 104 and 108, between 10% and 108,
between 108 and 108 between 107 and 108, between 10 and 107, between 102 and 107, between 103 and 107, between 104 and 107, between 105 and 107, between 108
and 107, between 10 and 108, between 102 and 108, between 10% and 108, between 10 and 108, between 10% and 108, between 10 and 105, between 102 and 103, between
103 and 105, between 104 and 10%, between 10 and 104, between 102 and 104, between 103 and 104, between 10 and 103, between 102 and 103, or between 10 and 102 of
each of the bacteria of the composition per dosage amount. In some embodiments, the pharmaceutical compositions disclosed herein contain between 10 and 1013,
between 102 and 1013, between 103 and 1013, between 104 and 1013, between 10% and 1013, between 108 and 1013, between 107 and 1013, between 108 and 1013, between
109 and 1073, between 1010 and 1013, between 101! and 1073, between 1072 and 103, between 10 and 1012 between 102 and 1072, between 103 and 1012, between 104
and 1012, between 105 and 1012, between 108 and 1012, between 107 and 1012, between 108 and 1012, between 109 and 1012, between 1010 and 1012 between 10! and
1012 between 10 and 101, between 102 and 10", between 103 and 1013, between 10 and 1013, between 105 and 103, between 108 and 1013, between 107 and 10™,
between 108 and 101!, between 109 and 10", between 1010 and 10M, between 10 and 1010, between 102 and 1010, between 103 and 1010, between 104 and 1010, between
105 and 1019, between 108 and 1010, between 107 and 1010, between 108 and 1010, between 10% and 1010, between 10 and 109, between 102 and 109, between 10°% and
109, between 104 and 109, between 105 and 109, between 108 and 109, between 107 and 109, between 108 and 109, between 10 and 108, between 102 and 108, between
103 and 108, between 104 and 108, between 10% and 108, between 108 and 108, between 107 and 108, between 10 and 107, between 102 and 107, between 103 and 107,
between 10% and 107, between 105 and 107, between 108 and 107, between 10 and 108, between 102 and 108, between 103 and 108, between 10% and 108, between 10%
and 108, between 10 and 105, between 102 and 105, between 103 and 10%, between 104 and 105, between 10 and 104, between 102 and 104, between 103 and 104, between
10 and 103, between 102 and 103, or between 10 and 102 total bacteria per dosage amount.

[0132] In some embodiments, the pharmaceutical compositions disclosed herein contain between 10 and 1013, between 102 and 1013, between 103 and 1013, between 10%
and 1013, between 105 and 1073, between 108 and 1013, between 107 and 1013, between 108 and 1013, between 109 and 1073, between 1010 and 1013, between 10! and
1013 | between 1012 and 1013, between 10 and 1012 between 102 and 1012, between 103 and 1012 between 104 and 1012, between 10% and 1012, between 108 and 1012,
between 107 and 1012, between 108 and 1012, between 109 and 1012, between 1010 and 1012, between 101 and 1012, between 10 and 10™, between 102and 10", between
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103 and 1013, between 104 and 103, between 10% and 1013, between 108 and 1013, between 107 and 101!, between 108 and 101, between 109 and 101, between 1010 and
10", between 10 and 1070, between 102 and 1010, between 103 and 1070, between 104 and 1010, between 105 and 1070, between 108 and 1010, between 107 and 1010,
between 108 and 1010, between 109 and 1010, between 10 and 109, between 102 and 10%, between 103 and 109, between 104 and 109, between 10% and 109, between 108
and 109, between 107 and 109, between 108 and 109, between 10 and 108, between 102 and 108, between 103 and 108, between 104 and 108, between 10% and 108,
between 108 and 108 between 107 and 108, between 10 and 107, between 102 and 107, between 103 and 107, between 104 and 107, between 105 and 107, between 108
and 107, between 10 and 108, between 102 and 108, between 103 and 108, between 10 and 108, between 10% and 108, between 10 and 105, between 102 and 103, between
103 and 10°%, between 104 and 105, between 10 and 104, between 102 and 104, between 103 and 104, between 10 and 103, between 102 and 103, or between 10 and 102
CFUs of each of the bacteria of the composition per dosage amount. In some embodiments, the pharmaceutical compositions disclosed herein contain between 10 and 1013,
between 102 and 1013, between 10% and 1013, between 104 and 1013, between 10% and 1013, between 108 and 1013, between 107 and 1013, between 108 and 1013, between
109 and 1073, between 1010 and 1013, between 10! and 1013, between 1072 and 1013, between 10 and 1012, between 102 and 1072, between 103 and 1012, between 104
and 1012, between 105 and 1012, between 108 and 1012, between 107 and 1012, between 108 and 1012, between 109 and 1012, between 1010 and 1012 between 10! and
1012 between 10 and 101, between 102 and 10", between 103 and 1013, between 104 and 1013, between 105 and 103, between 108 and 1013, between 107 and 101,
between 108 and 101!, between 109 and 10", between 1010 and 10M, between 10 and 1010, between 102 and 1010, between 103 and 1010, between 104 and 1010, between
105 and 1019, between 108 and 1010, between 107 and 1010, between 108 and 1010, between 10% and 1010, between 10 and 10°, between 102 and 109, between 10°% and
109, between 104 and 109, between 10% and 109, between 108 and 109, between 107 and 109, between 108 and 109, between 10 and 108, between 102 and 108 between
103 and 108, between 104 and 108, between 10% and 108, between 108 and 108, between 107 and 108, between 10 and 107, between 102 and 107, between 103 and 107,
between 10% and 107, between 105 and 107, between 108 and 107, between 10 and 108, between 102 and 108, between 103 and 108, between 10 and 108, between 10%
and 108, between 10 and 105, between 102 and 105, between 103 and 10%, between 104 and 105, between 10 and 104, between 102 and 104, between 103 and 104, between
10 and 103, between 102 and 103, or between 10 and 102 total CFUs per dosage amount.

[0133] In some embodiments, the pharmaceutical compositions disclosed herein contain between 107 and 10'1, between 1078 and 10'1, between 1073 and 10'1, between 10™
4 and 1071, between 10-3and 1071, between 10-2 and 10-1, between 10-7 and 10-2, between 10-8 and 1072, between 105 and 10-2, between 104 and 1072, between 103 and
1072, between 107 and 1073, between 1078 and 1073, between 1075 and 1073, between 107 and 1073, between 1077 and 104, between 1078 and 104, between 1073 and 104,
between 1077 and 10-% between 106 and 10'5, or between 1077 and 108 grams of each of the bacteria in the composition per dosage amount. In some embodiments, the
pharmaceutical compositions disclosed herein contain between 10-7 and 10-1, between 10-8 and 10-1, between 10-5 and 10°1, between 104 and 10-1, between 10-3 and 101,
between 1072 and 1071, between 1077 and 1072, between 108 and 102, between 103 and 102, between 104 and 1072 between 1073 and 10-2, between 107 and 1073,
between 1078 and 1073, between 1073 and 1073, between 104 and 1073, between 1077 and 104, between 10® and 1074, between 105 and 1074, between 1077 and 105

between 106 and 1075, or between 10-7 and 10-8 grams of all of the bacteria combined per dosage amount.

[0134] Also with the scope of the present disclosure are food products comprising any of the bacterial strains described herein and a nutrient. Food products are, in general,
intended for the consumption of a human or an animal. Any of the bacterial strains described herein may be formulated as a food product. In some embodiments, the
bacterial strains are formulated as a food product in spore form. In some embodiments, the bacterial strains are formulated as a food product in vegetative form. In some
embodiments, the food product comprises both vegetative bacteria and bacteria in spore form. The compositions disclosed herein can be used in a food or beverage, such
as a health food or beverage, a food or beverage for infants, a food or beverage for pregnant women, athletes, senior citizens or other specified group, a functional food, a
beverage, a food or beverage for specified health use, a dietary supplement, a food or beverage for patients, or an animal feed. Non-limiting examples of the foods and
beverages include various beverages such as juices, refreshing beverages, tea beverages, drink preparations, jelly beverages, and functional beverages; alcoholic
beverages such as beers; carbohydrate-containing foods such as rice food products, noodles, breads, and pastas; paste products such as fish hams, sausages, paste
products of seafood; retort pouch products such as curries, food dressed with a thick starchy sauces, soups; dairy products such as milk, dairy beverages, ice creams,
cheeses, and yogurts; fermented products such as fermented soybean pastes, yogurts, fermented beverages, and pickles; bean products; various confectionery products
such as Western confectionery products including biscuits, cookies, and the like, Japanese confectionery products including steamed bean-jam buns, soft adzuki-bean jellies,
and the like, candies, chewing gums, gummies, cold desserts including jellies, cream caramels, and frozen desserts; instant foods such as instant soups and instant soy-
bean soups; microwavable foods; and the like. Further, the examples also include health foods and beverages prepared in the forms of powders, granules, tablets, capsules,
liquids, pastes, and jellies.

[0135] Food products containing bacterial strains described herein may be produced using methods known in the art and may contain the same amount of bacteria (e.g., by
weight, amount or CFU) as the pharmaceutical compositions provided herein. Selection of an appropriate amount of bacteria in the food product may depend on various
factors, including for example, the serving size of the food product, the frequency of consumption of the food product, the specific bacterial strains contained in the food
product, the amount of water in the food product, and/or additional conditions for survival of the bacteria in the food product.

[0136] Examples of food products which may be formulated to contain any of the bacterial strains described herein include, without limitation, a beverage, a drink, a bar, a
shack, a dairy product, a confectionery product, a cereal product, a ready-to-eat product, a nutritional formula, such as a nutritional supplementary formulation, a food or
beverage additive.

[0137] In some embodiments, the subject has not received a dose of an antibiotic prior to administration of the bacterial composition. In some embodiments, the subject has
not been administered an antibiotic at least 1, at least 2, at least 3, at least 5, at least 10, at least 15, at least 20, at least 25, at least 30, at least 60, at least 90, at least 120,
at least 180 or at least 360 days prior to administration of the compositions provided herein. In some embodiments, the person has not been administered and antibiotic to
treat the pathogenic infection. In some embodiments, the compositions provided herein comprise the first treatment of the pathogenic infection.

[0138] In some embodiments, the subject may be administered one or more doses of an antibiotic prior to or concurrently with a bacterial composition. Generally, the first
line of defense in the treatment of a pathogenic infection is the administration of an antibiotic.

[0139] In some embodiments, the subject is administered a single dose of an antibiotic prior to the bacterial composition. In some embodiments, the subject is administered
multiple doses of an antibiotic prior to the bacterial composition. In some embodiments, the subject is administered at least 2, 3, 4, 5 or more doses of an antibiotic prior to
the bacterial composition. In some embodiments, the subject is administered a dose of an antibiotic at substantially the same time as the bacterial composition. Examples of
antibiotics that can be administered include, without limitation, kanamycin, gentamicin, colistin, metronidazole, vancomycin, clindamycin, fidaxomicin, and cefoperazone.

[0140] Table 1 below provides sequence identifier numbers (SEQ ID NOs) used in the compositions of the experiments disclosed herein, along with the accompanying strain
identification number (Strain ID). The closest bacterial species to the indicated strain is presented by genus-species. The 16S rDNA sequence associated with each genus
species identified as the closest related genus species is also provided. The percent alignment presents the percent identity between the sequence of the indicated strain
with the sequence from the closest genus species and the length of the alignment. The GenBank Accession Number of the closest related species is provided in the last
column.

Table 1: Closest bacterial species to the strains described herein
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SEQID Strain ID Closest Genus_species SEQ ID NO. of closest {Percent Alignment lenght {Accession # of closest
species alignment species

SEQID 71 Blautia wexlerae SEQ_94 96.62 207 NR_044054

NO: 01

SEQID 102 Turicibacter_sanguinis SEQ_91 97.81 183 NR_028816

NO: 02

SEQID 5 Clostridium_hathewayi SEQ_105 92.42 198 NR_036928

NO: 03

SEQID 7 Blautia_hansenii SEQ_99 96.62 207 NR_104687

NO: 04

SEQID 10 Blautia_hansenii SEQ_99 98.06 206 NR_104687

NO: 05

SEQID 40 Lactobacillus_mucosae SEQ_90 87.57 185 NR_024994

NO: 06

SEQID 59 Blautia_producta SEQ_106 98.54 206 NR_113270

NO: 07

SEQID 59 Blautia_coccoides SEQ_103 98.54 206 NR_104700

NO: 07

SEQID 79 Blautia_hansenii SEQ_99 100 194 NR_104687

NO: 08

SEQID VE202-21 Eubacterium_contortum SEQ_109 94.59 296 NR_117147

NO: 09

SEQID VE202-21 Eubacterium_fissicatena SEQ_108 94.59 296 NR_117142

NO: 09

SEQID 211 Flavonifractor_plautii SEQ_93 98.49 199 NR_043142

NO: 10

SEQID VE202-9 Anaerostipes_caccae SEQ_88 99.5 399 NR_028915

NO: 11

SEQID VE202-26 Clostridium_scindens SEQ_87 95.76 354 NR_028785

NO: 12

SEQID 136 Marvinbryantia_formatexigens SEQ_89 94.66 131 NR_042152

NO: 13

SEQID VE202-13 Anaerotruncus_colihominis SEQ_95 99.34 1365 NR_027558

NO: 14

SEQID VE202-14 Eubacterium_fissicatena SEQ_102 93.33 1530 NR_117563

NO: 15

SEQID VE202-16 Clostridium_symbiosum SEQ_122 98.43 1469 NR_118730

NO: 16

SEQID VE202-7 Clostridium_bolteae SEQ_110 99.86 1390 NR_113410

NO: 17

SEQID 148 Dorea_longicatena SEQ_97 99.7 1318 NR_028883

NO: 18

SEQID 16 Blautia_producta SEQ_106 98.33 1493 NR_113270

NO: 19

SEQID 170 Dorea_longicatena SEQ_97 99.7 1318 NR_028883

NO: 20

SEQID 189 Clostridium_innocuum SEQ_98 98.64 1476 NR_029164

NO:21

SEQID 169 Dorea_longicatena SEQ_97 99.58 475 NR_028883

NO: 22

SEQID VE202-29 Eisenbergiella_tayi SEQ_121 100 354 NR_118643

NO: 23

SEQID YK96 Dorea_longicatena SEQ_97 99.48 191 NR_028883

NO: 24

SEQID YK101 Ruminococcus_obeum SEQ_85 96.81 188 NR_118692

NO: 25

SEQID YK110 Megasphaera_elsdenii SEQ_119 96.62 207 NR_102980

NO: 26

SEQID YK149 Acidaminococcus_fermentans SEQ_115 99.48 192 NR_074928

NO: 27

SEQID YK149 Acidaminococcus_intestini SEQ_112 99.48 192 NR_074306

NO: 27

SEQID YK154 Megasphaera_elsdenii SEQ_119 96.12 206 NR_102980

NO: 28

SEQID YK36 Ruminococcus_faecis SEQ_96 99.29 425 NR_116747

NO: 29

SEQID YK95 Bacteroides_cellulosilyticus SEQ_100 99.54 437 NR_112933

NO: 30

SEQID YK32 Anaerostipes_hadrus SEQ_107 98.8 415 NR_104799

NO: 31

SEQID YK6&4 Ruminococcus_obeum SEQ_84 99.04 415 NR_119185

NO: 32

SEQID YK73 Flavonifractor_plautii SEQ_93 98.56 418 NR_043142

NO: 33

SEQID YK87 Eubacterium_rectale SEQ_114 99.52 416 NR_074634

NO: 34
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SEQID Strain ID Closest Genus_species SEQ ID NO. of closest {Percent Alignment lenght {Accession # of closest
species alignment species

SEQID YK105 Flavonifractor_plautii SEQ_93 99.26 407 NR_043142
NO: 35

SEQID YK153 Megasphaera_elsdenii SEQ_119 96.04 429 NR_102980
NO: 36

SEQID YK163 Eubacterium_rectale SEQ_114 99.76 415 NR_074634
NO: 37

SEQID YK191 Ruminococcus_champanellensis {SEQ_117 94.47 416 NR_102884
NO: 38

SEQID YK191 Ruminococcus_albus SEQ_113 94.47 416 NR_074399
NO: 38

SEQID YK99 Ruminococcus_champanellensis {SEQ_117 97.28 184 NR_102884
NO: 39

SEQID YKS5 Ruminococcus_faecis SEQ_96 99.02 408 NR_116747
NO: 40

SEQID YK75 Bifidobacterium_bifidum SEQ_118 99.45 183 NR_102971
NO: 41

SEQID YK90 Anaerostipes_hadrus SEQ_107 98.97 194 NR_104799
NO: 42

SEQID YK30 Anaerostipes_hadrus SEQ_107 99.48 191 NR_104799
NO: 43

SEQID YK31 Anaerostipes_hadrus SEQ_107 98.97 194 NR_104799
NO: 44

SEQID YK12 Eubacterium_rectale SEQ_114 99.27 412 NR_074634
NO: 45

SEQID YK27 Ruminococcus_faecis SEQ_96 99.51 412 NR_116747
NO: 46

SEQID YK28 Blautia_|uti SEQ_111 99.5 400 NR_041960
NO: 47

SEQID YK29 Ruminococcus_faecis SEQ_96 99.03 413 NR_116747
NO: 48

SEQID YK33 Anaerostipes_hadrus SEQ_107 99.27 413 NR_104799
NO: 49

SEQID YK34 Anaerostipes_hadrus SEQ_107 99.51 410 NR_104799
NO: 50

SEQID YK35 Ruminococcus_faecis SEQ_96 99.51 409 NR_116747
NO: 51

SEQID YK51 Eubacterium_rectale SEQ_114 99.27 413 NR_074634
NO: 52

SEQID YK52 Eubacterium_rectale SEQ_114 99.03 413 NR_074634
NO: 53

SEQID YK54 Anaerostipes_hadrus SEQ_107 85.82 409 NR_104799
NO: 54

SEQID YKS6 Ruminococcus_faecis SEQ_96 99.03 413 NR_116747
NO: 55

SEQID YKS7 Ruminococcus_faecis SEQ_96 98.79 413 NR_116747
NO: 56

SEQID YKS8 Dorea_longicatena SEQ_97 98.8 417 NR_028883
NO: 57

SEQID YKE5 Roseburia_faecis SEQ_92 99.27 413 NR_042832
NO: 58

SEQID YK&7 Blautia_|uti SEQ_111 98.57 419 NR_041960
NO: 59

SEQID YKE9 Fusicatenibacter_saccharivorans {SEQ_116 99.27 413 NR_114326
NO: 60

SEQID YK70 Fusicatenibacter_saccharivorans {SEQ_116 98.79 414 NR_114326
NO: 61

SEQID YK71 Roseburia_faecis SEQ_92 99.28 414 NR_042832
NO: 62

SEQID YK74 Megasphaera_elsdenii SEQ_119 96.06 431 NR_102980
NO: 63

SEQID YK88 Eubacterium_rectale SEQ_114 99.28 415 NR_074634
NO: 64

SEQID YK89 Eubacterium_rectale SEQ_114 99.27 413 NR_074634
NO: 65

SEQID YK97 Roseburia_faecis SEQ_92 99.28 414 NR_042832
NO: 66

SEQID YK98 Blautia_faecis SEQ_104 98.02 405 NR_109014
NO: 67

SEQID YK139 Fusicatenibacter_saccharivorans {SEQ_116 99.03 412 NR_114326
NO: 68

SEQID YK141 Dorea_formicigenerans SEQ_120 98.51 402 NR_044645
NO: 69

SEQID YK142 Ruminococcus_faecis SEQ_96 98.79 413 NR_116747
NO: 70

SEQID YK152 Blautia_hansenii SEQ_99 99.5 401 NR_104687
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SEQID Strain ID Closest Genus_species SEQ ID NO. of closest {Percent Alignment lenght {Accession # of closest
species alignment species
NO: 71
SEQID YK155 Blautia_hansenii SEQ_99 98.79 413 NR_104687
NO: 72
SEQID YK157 Eubacterium_rectale SEQ_114 99.27 413 NR_074634
NO: 73
SEQID YK160 Roseburia_faecis SEQ_92 99.03 414 NR_042832
NO: 74
SEQID YK166 Eubacterium_rectale SEQ_114 99.27 409 NR_074634
NO: 75
SEQID YK168 Eubacterium_rectale SEQ_114 99.27 413 NR_074634
NO: 76
SEQID YK169 Eubacterium_rectale SEQ_114 99.28 416 NR_074634
NO: 77
SEQID YK171 Eubacterium_rectale SEQ_114 97.87 188 NR_074634
NO: 78
SEQID YK192 Roseburia_faecis SEQ_92 99.03 414 NR_042832
NO: 79
SEQID VE202-18 Erysipelatoclostridium_ramosum {SEQ_123 100 1485 NR_113243
NO:80
SEQID PES Clostridium_bolteae SEQ_110 100 1385 NR_113410
NO: 81
SEQID PE9 Clostridium_disporicum SEQ_86 99.21 382 NR_026491
NO: 82
SEQID 211-B Bacteroides_ovatus SEQ_101 95.64 436 NR_112940
NO: 83
Table 2: Bacterial species with a high degree of homology based on whole genome
analysis:
ubdpl
SEQ 1021 fract i
SEQ: 14 = VE20. 5 o]
SEQ 15 VE202.1 5 cons
SEQ 16 VE 1 Clostridin z
SEQ 17-VE202.7 Closmidinm_holtee
SEQ 22 169 ) 20- 170 Do !
SEO 19-16 Blawia
Closgridiom i
SEO 21189 Erysipelatrichaceqe. bucterium 21 3
Table 3: Bacterial species with highest degree of homology based on whole genome analysis
Composition { Strain SEQ ID # of Closest SEQID# (*Consensus Closest Closest species jAdditional closely {Clostridium
B strain identifier§16S region species of 16S SEQ ID # of species based on WGS jrelated cluster
number as based on jregions as {16S region based on compared versus jsequences
determined Sanger determined {as Concensus WG databases
by Sanger { sequencing jby WGS* idetermined { SEQ ID # of
sequencing of 16S region by WGS 16S region as
compared
with 168
database
1 VE202-7 {17 Clostridium 124, 125, 124 Clostridium Clostridium bolteae XIVa
bolteae 126, 127, bolteae 90A9
128
2 VE202- {14 Anaerotruncus {129,130, 129 Anaerotruncus jAnaerotruncus v
13 colihominis 131 colihominis colihominis DSM
17241
3 VE202- {15 Eubacterium {132, 133, 132 Dracourtella Dracourtella Ruminococcus XIVa
14 fissicatena 134, 135, massiliensis  imassiliensis GD1 {torques;
136 Sellimonas
intestinalis
4 VE202- {16 Clostridium 137, 138, 137 Clostridium Clostridium XIVa
16 symbiosum 139, 140 symbiosum symbiosum WAL-
14163
141, 142, Clostridium Blautia product
strain Blautia 143, 144, Blautia bacterium UC5.1- 3{ATCC 27340
5 #16 19 producta 145 141 producta 1D4 XIVa
6 strain 20 Dorea 146, 147, 146 Dorea Dorea longicatena XIVa
#170 longicatena 148, 149, longicatena CAG:42
150, 151
7 strain 21 Clostridium 152, 153, 152 Clostridium Erysipelotrichaceae XVII
#189 innocuum 154, 155, innocuum bacterium 21_3
156
Clostridium Subdolinogranulum
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Composition { Strain SEQ ID # of Closest SEQID# *Consensus Closest Closest species jAdditional closely {Clostridium
B strain identifier{16S region species of 16S SEQ ID # of species based on WGS jrelated cluster
number as based on {regions as {16S region based on compared versus jsequences
determined Sanger determined {as Concensus WG databases
by Sanger { sequencing jby WGS* idetermined { SEQ ID # of
sequencing of 16S region by WGS 16S region as
compared
with 16S
database
strain Flavinofractor {157, 158, Flavinofractor jorbiscindens
8 #211 10 plautii 159 157 plautii 1_3_50AFAA I\
"WGS refers to Whole Genome Sequencing performed on a PacBio Biosciences platform (Menlo Park, CA).
*Consensus sequence is defined as the 16S sequence that has the most overlap with all other identified 16S sequences.

[0141] In some embodiments, in any of the compositions described herein, Clostridum bolteae can be replaced with Clostridium bolteae 90A9 . In some embodiments, in any
of the compositions described herein, Anaerotruncus cofihominis can be replaced with Anaerotruncus colihominis DSM 17241. In some embodiments, in any of the
compositions described herein, Eubacterium fissicatena can be replaced with Sellimonas instestinalis, Drancourtella massiliensis or Drancourtella massiliensis GP1. In some
embodiments, in any of the compositions described herein, Clostridium symbiosum can be replaced with Clostridium symbiosum WAL-14163. In some embodiments, in any
of the compositions described herein, Blautia producta can be replaced with Clostridium bacterium CD5.1-1D4 or Blautia product ATCC27340. In some embodiments, in any
of the compositions described herein, Dorea longicatena can be replaced with Dorea longicatena CAG:42. In some embodiments, in any of the compositions described
herein, Clostridium innocuum can be replaced with Erysipelotrichaceae bacterium 21_3. In some embodiments, in any of the compositions described herein, Flavonifractor
plautii can be replaced with Clostridium orbiscindens 1_3_50AFAA.

[0142] Aspects described herein provide pharmaceutical composition comprising a purified bacterial mixture consisting of bacterial strains comprising 16S rDNA sequences
of at least 97% homology to SEQ ID NO:10, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:19, SEQ ID NO:20, and SEQ ID NO:21. In some
aspects, the bacterial strains have at least 98% homology to SEQ ID NO:10, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17, SEQ ID NO:19, SEQ ID NO:20,
and SEQ ID NO:21. In some aspects, the bacterial strains have at least 99% homology to SEQ ID NO:10, SEQ ID NO:14, SEQ ID NO:15, SEQ ID NO:16, SEQ ID NO:17,
SEQ ID NO:19, SEQ ID NO:20, and SEQ ID NO:21.

[0143] In some aspects, at least a portion of the bacteria of the pharmaceutical composition are in spore-form. In some aspects, the pharmaceutical composition further
comprises a pharmaceutically acceptable excipient.

[0144] In some aspects, the pharmaceutical composition is formulated for oral administration. In some aspects, the pharmaceutical composition is in the form of a capsule.
In some aspects, the pharmaceutical composition is formulated for delivery to the colon. In some aspects, the pharmaceutical composition further comprises a pH sensitive
composition comprising one or more enteric polymers.

[0145] Aspects described herein provide pharmaceutical compositions comprising a purified bacterial mixture consisting of the following bacterial strains: Clostridium bolteae,
Anaerostruncus colihominis, Selfimonas intestinalis, Clostridium symbiosum, Blautia producta, Dorea Longicatena, Erysipelotrichaceae bacterium, and Clostridium
orbiscindens.

[0146] In some aspects, at least a portion of the bacterial strains are in spore-form. In some aspects, the pharmaceutical composition further comprises a pharmaceutically
acceptable excipient.

[0147] In some aspects, the pharmaceutical composition is formulated for oral administration. In some aspects, the pharmaceutical composition is in the form of a capsule.
In some aspects, the pharmaceutical composition is formulated for delivery to the colon. In some aspects, the pharmaceutical composition further comprises a pH sensitive
composition comprising one or more enteric polymers.

[0148] Aspects described herein provide administering the pharmaceutical composition of any of the an aspects described herein to the subject in an amount sufficient to
treat an infectious disease. In some aspects, the infectious disease is Clostridium difficile infection.

[0149] The nucleic acid sequences of the 165 rDNA, or portion thereof, for the bacterial strains described herein are provided below:

> SEQID NO: 011711
LT

G TCTCARCCATCOCT:

> SEQ ID NO: 0211021
CTAMCCOTCCAGGTCATCCGARACTCGTCARC TTSAGT:
AATCCOIAGA

CCARGTCORA

CLTIGLAACTO

> SEQ ID NO: 03151
ATRRAAGC CTORACCCORRTACTGOT ™ GRARACT:
CTAGTGTA ARATET " AGH

IG GG

> SEQ ID NO: 04171
GTGRAGG

CCTAGACTCCCC!
CCRAICCCCCTTA

> SEQ ID NO: 09|VE202-21|
LISCALTSGACAC ALG CABT GAG. GLUTCAGASGLANG  GBAL  ICUTASL G AGUGELCARA . SCEIASAL



A SGAACACCAG GGLGAAGECGS ACUZCACZE SACGE
AACANMAN ATA ACTUUCCLAC CCACSTICLAANCCALCCALAC  ASTICLCTCCLSOCAMACTCATLITEINC
CCOCACCARACCCAATARCTATSCCACCTOCCCATTACTTTCOCARCAATCAARCTCARA TTOACCTA

> SEQID NO: 1012111

COUGICG UGAATGOGEGC. CACT LCCATTCLGUA T GAAAC U GUAGL CLITAGLECTD
ATCGGARTTCOGTGTSTAGCSSTGARAT SO TASAT ATACGGASSAACACCASTSGCGAAGT:
AGUAACTCGACTCLGAGSUGCOARAGCG LGOI GAGTARACAGT. Gal

CASICA
GCTIZAC

> SEQ ID NO: 11|VE202-9|
fite:

AGCRGCCECGGTA G
GAN GANMRERGETEE ARG CAGAAGTEAMAGENOGGREED T AAED
GTCATSCTOOACTCCAGGAGAGOIAASCCCARTTCCTAGTOTAGCOOTGAARTAT

CHEEACT

GAZRT

SGANCACCAGTGECGRAGGC SGCTTACTGGA!
CRGGALAGAURCTTUGERAGLTCA Y

CTOGTIACTGACRCTGATGCACGRARGCGTGGEGAGCARN

> SEQ ID NO: 12|VE202-26|

ATEGGARCG U ABAGEUGACTEEGCCATALS

SGACAGCTC UGG T CAATTC T ART T GUAL
¥k CCGGAGLEGCAGGECG CTRGIGTAECGET S, TECETAGATAT
GEIGANGGCGECC GTIGEATTGA 'GAGGTLCGAMNGCGIGEEEAGCANATA
GETAGTCCACEZCCGTAANCGAT GACTACTAEG TG T C6GETGEUAAGGACH CCGCAGCAARIGCAATAN
CTACTCOACO GOOGAGTACAT CRCARGAR T GARRCTCARAGGARATTCAL

> SEQ ID NO: 1311361
CGCAGIGGAGTGTATCCTAGGCTCAZCTGGLTGC
LGGLGUAGLGLGARALGIG AGATA CUGGAGEAS

tefetes ITSGGCAGCARACAG

TGAGCE

TCGRACTEET!
LACCAGT GEUGANG
JCCTGOTRR

CT. CEIGTAGRGEGGERG:

GUEGLTITI U GEATEECAAT IGACGT

> SEQ ID NO: 14|VE202-13|
GATCCTEGCICAGEACGREIGCTGE0GECECGRCT
CGGATGSACGAATGTAMGS T
AGCCBGAMCEECTEC AN
CANCCCECTGARNGATGEGCTCGCGTCCaRT
GCOCGAC GATAGG L IGAACTGT
ATATGUACAN COGCTARAGEL
ABBITACTS

ACRIGCAAGTCGARNCGGL

COGCCCATAL

JCAAGAUTCICLTCGCALY

TAZTLICCCAGTACCCGC

CGOOICTAANGCCAGCOTAGGCSICATICCA

CCOU_CLITAGLTARGLAGA

ACTSICCAACCCITCCIOCI OO T TAACTCACTIT
C.

ZRATCC,
AGIA_ GUGG LAN
CCTUCBEEGCATECAT,
CGAGUGTRR TRITAT
GEEGATANCGTCARATC,

CGHEUBACACCELGALS IGAN

SCCLLS
CUGLUGA

GTECGGCTGGRTCACCTICTTT

ACACACZCICCIG_C

> SEQ ID NO: 15|VE202-14|

TACCAGAD

CCCIGICGELC o

CALAAGOGUACAG:

CAIGCAADTCCACCCAATCCC U TUT
TANEGCGIGEGCAACT ECCITAT A
GACTGOATGEUGLY AAKACT

_CGGAGGANGAGE,

_GCCGTARACTT CA_CCAT
ACAICACCOTACC CAC AACAATCACCCCCTARATACT U SCCAGCAGCCLCOOL
L TCCOCATTTACTGOS LB AZGCRCCOTAGA! CRACTCTCC CARBRCICE

ACGTCICCAACCTIEC  TATTGOACGCLSACICAC
CAGCALACATCA N TACATATCCICI A CCACTCCUIALACCA CAL ACTAGE LT
CCOTD COOIAT TCOTRACAATTA,
AGGARL GGGATT: COAAGTAACGCGARGAACTL _ACTUIGL
CTTCACATCCCC ECCCCCCAGTAATT COSSCCATCCCATZACACITCCICC
TCAGCTCGTGIOGTGRGATGTTGGGT TARGICCCGIARCGAGCGCAACCCTTATCT TOAGTAGCCAGIATATARG

foilieiaterer.1
GGCTAGGGE
CRAUGUCIC
GCCSCOCTCAATACCTTICCCOOOTC
TCACCCAACCTTACACGACGCATCT
GAC

: ACCUGGAGTAAGT GUOTATCALGITARA CAITALC
GOCOUAAACAAAGTTAAGCTAGAGCG GACT U GCAGCTAL L ICCARAARA
CAAGCILGAR COCTATTABTCOUCE Al
CARCRZCATC CCCCAAGCTCZAC
ATAACTGCCGT ACGZACCCITA

CCU_AL

CCOARRCCCCCTACT
s

9
Q
Q
a

i
=
g
o
a

> SEQ ID NO: 16|VE202-16|
ATGAGATL U CALCCIGOCTCAGGA CAACTCLTOLGGET GOCUAACATAL SCARCT COAACCAALTCALL _AA
COGANGT. U CGGALGGAAGLIGAN. UGAT  GAG. SGCEEACEEE GAGL AMCGCEIGEG AACCIGICITIG AC
AGALATGACTGCTAL I ACCGIATARGUGCACAGTATCACATGATACAGTGTSARARALTC
UGOATCCOCT_ CLGAT U ACCTAT UIGT ACCUCITACCAAGGCCACTA CAGUAGC
CIACGGEAGECAGCRS

ATTTCGGTRATGTARR

FiXcie}

ACALTZGGCGAANGCCTGATEC,

A_CCCOTATITACICCCLIT A
L CTCCTTTCGRARCTS CGGRCRGCTARGTCCARTICC CTRAICC
UACTUGCACGATAAT CACCIUTAGTT . CO
CECCEIAANTEAL GlG
GGTGCOGTCGCRAACGCAGIARGTATTCOAC O TGGGRAGTADGT T
SORGCRTITGS LI SAACCAACGCCAN
(T ICCTCCGGEGCGGAGAAILCRGGT G

LRAGCTS
GOALTTCAL

GAGRAGCARGACCGCSAGGTGERGT
ARCGTUTCACITCGCATTG! TAGTBATCCCCRATCAGRATG
TCECGETGRATACGTTCICGS CACCECOCE CCBRRGTCAGT

CCCRL CCOARGTCCOCACCCATARCTGGCCTCARGTCCTAACARCGTAZCCOTATC

> SEQ ID NO: 17|VE202-7|
ATGLGAG CCTGSOTCAGGATGARS
ATCAAGI I UIGCATGAT T ITUGAL G
fReieielelsTY AGUTAGAAATSACTCCLAA
CGELGEIG GAGA GBALCCGUG CLGAT CIGECGGEE AN GG CUACCAMNGCEACES
CGACCTGAGASG for Xolclelalolois?
ATUGCACAA GAKAGCCTEATCCAS SCGCGLGAGIGAAGANG
AGORGRGARGIAN TGACGETACC TEACTARGARGECCCEGOTAM GTGCCRGCAGCOG
GOCCCARSCOITATCCOOATTTACTCOGTC I ARAGIGASTCTAGAC SCARG
COGAGAGS AAGTT
UACUGGACCATAAC

TGEEIGETETGEE

GAGTIGCSCACGOT AT A

ARGTCGRA
COLGTATAAC
ACCTACG

LTISACATTCT e ACCTSCTCCALD
CAGCLCE G TG GABALGTLIGEG I ANG 3
CIGGGOAT
Cal ICGGCUACA

CICGARA,
CGLATC
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> SEQ ID NO: 1811481
TGATCCTSGCTCASGATGARIGET GCSG\,G”GCTTAACACATGCAAC”CGAECGAAGCACTTTS
GEATGAAGACTTT CTGRCIGAGCGGCGEACGGETEAGTA GUZGGTAACCTGCCTCATAS

RCGTIGCETGARGSED TCGETRTE
CCICGCTRAC CCATCCO!
GGTG-ARAGEIGAGCGTAGNCGGCACE3CARGCCRGATGTGAR

CALI CGAACIT AGAC_CICCCATATITAACTCOAATICCTA
ACATATTACGCACCARCACCACTCCOCCAACCCOGCTTOCTCOACGATCACTCACCTTIAGSCICE
LIRS ICTGEIAGTCCACGCCGTARRC SATGAUT 50 GTEZCGEEIGGE
CCUCTUICASEUAACCCAA AATCACICCACCISCOCASTACS " COCAAGAATTAMACITAAA
CCAATTCACGIGCACCCOCACRAGCCOTCOAGER VATTCGARCCARIGCGARGRACC
LICACATTCCIA CAZIOCTITI AR CTAAGCT . CI U COOAACATTOO U SATACT I SO TTCATIT ST
CASCICS G UCCUCASATCITSS0 CCOCAACTACCOIAACCIIIALIT " CAG .
CTEGGCACTCIGEAGRGACTGUCAGEGRTARCCTS
GACCS
TRACGTCTCR
GCUCCOOUCAR

dabster!

ALGGAGGGAGT GUCGAR
TGGATCACCTCUTTT

CEAUARC GGEETG!

> SEQ ID NO: 191161

ALCCUGGCICAGCATGAACCC, TCCEOCGLGT
TCGGATTGAMACTTATTTERACTGAZCGEIG qlCGLvaIGAG"M‘;CLTLGTG’JQIILACC,LTCCT
NACRGGGSERTARCAGTTAGARATGG CGCATRAGIGCACAGSALCGCATEE CTGGTS
TCCGGTOGTAZGAGATIGACCCGCG-CTGAZ TAGC T ACT TGGAGGCGTAACGSCCCACCARGECGACT?
Gzar G TGRACGG
@A(tm,@f‘@;s* 2
TCAGCAGGGARGRR

RGEGGGIAR

TCTAG.
CCOARGOCOCCTTAL

ACAATCED QLMAC—\AAGQ AAGCGAGACAG CAlTT”

CUL2GIACLET
ANCALT O
Eehi¥elertcicicn!
JmGC GCGGIIEGATCACC CCIL

> SEQ ID NO: 2011701
BATGAGAT " GATCDTGOCTCA
GEAGATT:

ABRTATA IGTAATITCGATCOAATCAT /G

CGCGTGEETARCCTEICTCATAC
BGGGCGATRAZRGT TCOTACACTCCTARRRALTC
CEGUGETAGAGH ot N LLGCCH (\
CCACCTCACATZC "GACCGGCCACA’"CGGACT"‘”ACACGG"‘””EGAC"CCTACFGCAGGCK?C
CRAATICAGGA

ACGIGITAGES \"'(fo GLAN
J( AGATGTOAN,

TGAC
SLCLGES /xGJU( /\qu(,GlLu‘u\(/qu,GAClG(’l GG
CCLITCOTASIATT U COTAL
COGUU AR COAAGTAACGCOAAGAACCTL
CRGGTCCTCCATS

GGECICG
G-CGGG-GG

CAAAGCTA
COARTTGACGIO ‘ACCLGCAVMGCCLLUUALCA z

CGTGREATGT

GGZ\AUAXCIXC, Ret 2 el TCANATCATC,
AEEETARGCAN,
CTZ\STI\I\T

TCACZCZCAACCITAAOIACCCAICTCCCCRATCTSC!
CCCAARCCTCCOOCTO AL CTTT

CARCCCATRACTOSCCTCARGT COTARCARGCTACCIST. AT

> SEQ ID NO: 2111891
ATSOAGAS CCCTICCTCACGATCAALGCTOICCOCATG \TACATGCRAAGT CGARCCRATTTTCIAG
GAAGCTITC COAAATAGATI AG GGIOAACTOI "CAT AATACGTATT AALCTLICCAT G TRGH5A A

LGCLGGAAACCCLAGT AAAACCCCALATGTAUACAGAGCCEA GEICAG LAUAT TAAAG 3
GGAZTUG C;GI(‘CA,LLM

[1 GAACALGGAL

CAGU_GGLGAGGIARCGEETTAL:
AT COOCCCAARCTT 1A:GGGAW
GCUGLGLGAGUGAAGAAGG LT LT TG

AULTSACGLTAGUL LA
CCCOCAATCA LGOS TAAAGTT /CCCTATI

CTACCATTCCIO ,AAlACLLAGGLCLCAA co
CLAACLT CU AAAACGCCAACGT CAA

COAUGUAA
CLGoAATUGA
BTGAGBRUT

ATUGITAAAC CAAATTAATIDAC
CaACCLTACCACCCCITIACAT T
ATEGLLG CC, AGCLCE. A

AGOATOARG™ 'me"Lw\wh/‘xﬁGTﬁ\:FG“TnT(‘" CARATCATTAT

LTAANCG

ACACATAGCGGGATAAT

GRTCAGCH
COAACCTN

GTCARRCCATEGGAGTCA
CATSACUCCOS U AACTLO _AACAACGO

> SEQ ID NO: 2211691

+ T GLETOAT ACRGEGREA T ANCAGT TAGAAA TGRS TEE T ANTACCECATARGAS
GTACCEE, ACASTGGTARARAACTCIS, GRGATGGACCCS: TEATTAGGTAGTTS
ACOCCCTACCAAGCCSACCATCAGTACCCCACCTSACGASCCTCACCCCCCACAT TCCCACT CAGALT,
Ee AR AGGAANCTCUGALGEAGUGACE
CRACTAT T CIGTATOTARACT CTATCRCIACIGAAGRARATGACGOTACCTGACTARGARCCCCOIGCTARCT
ACCTCCCACCACCCOLO ATACCTACCCIGCAACCCTTATCCOCATTTACTCOCTCTARALGGAT
GCACCCCAACICACGATITCARACCCC

> SEQ ID NO: 23|VE202-29|
CAGGCTEGAG. GCAGSAGAGSTANGCGGAA I TECTAGTGTAGCGETGARATGTGT

GCOAACGIOCCITAT . G "c P"MAL:GLUWGA
UGBATCUTAL

“IGACTCCCATCCTCATAAGCEE GO

SCATC

AGTATGT

> SEQ ID NO: 24|YK96|

GGRGEECTCATCCTS: :(‘u(“ GO

FCDZ\“.TG\ TEAGCTAGRGTETCGGRGAGGL
SGCLECT TGO GUAS

gepelenviy
SAUGAL

TCCRRAGCT

ATSC > He . Rete; 1 CAGTTTCL, SACTUAAUUOTARTIT
GGTGAMATGTS COGEACGETARCTGRT
GARAGUS GEGEAGCARMUAGGAT AGA AT GEIAAL

> SEQID NO: 26|YK110|
GEGRAGTIGGC SGCGSE6CITANCICCETRAGESGACTSRA
AGCEG (e A A

AGCTCGRGTGTICER
felelolehiny, 193
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GACAAUTUACL U GALLCGUGABAUCUALLLGAS

> SEQ ID NO: 27|YK149|
: AGAGHARAD
palelws Xaialeh foln

AN
f‘luAqu,

GOOROORAL,
AACCSTALL

UCCOARACTTALGC AT

> SEQ ID NO: 28|YK154|

tole)

CRCCCOCTZACTICATCIR
GCGUAGA ATTAGSAGEE,

TCRAGCTCCAS
AGUGHCGARAG

> SEQ ID NO: 29| YK36|
CGTTTECTCCACGSTTCGAGCCTCA

CA
ABA_CC
TACDGL

GUCTLGGGE
GEATAACGE
CRTTITCCTZCICTSITGRT,
TCCTTCE TOCRA

ACGCTTEE

> SEQ ID NO: 31| YK32|
COGTTRTOACECT TG GCTOAGTE CAG
TCTRCGOR CGCTACRCTAGEARTTICGT
CCCAC TSOCTLTLC
ATAACGTUGLCCCCLATGLAL A
TLICLT GCUGATAGAG
COCCATTO CIAA ATTHCCCAL

TCOAGTARGCCRID COACTEATETTOOTCOTARTA
CRCCTCTCCTGCACTCCAGTCTGACAGT T TCAARAGTAGT

AGUUAGTUGEEGENS
GAAMUACTCITOACTTACETGECEL
CUC_GCAAGTITGGA

> SEQ ID NO: 32|YK64|

WAuACcAA,,(‘ CTTACOT
SCCCCTCCTUTITACATCACATT LS
SCCOTACGTATTACCGCGRC TECTGECACGTA

g ACATACTGAGA AT "D TDD
LTCCCCCACTECTGOITOCCETEGERGTET

ADTATDITCC
CTCCCATTGT

> SEQID NO' 33|YK73|
LGCICATEC] SUCAGCGUCAGTIAT GIT AACCECCIICGECAT GEIE.ICCICT
ACGCATTOCACCGE 25 ST LAGRI

SGTTSAGT 2
ACECTTSCCA
GIUUCGICCC
GCOCATTSGOC

GGCACGTAGTTASC
SICGAANGCT 'Cl’lCC,lCALGCGGCGLl CN—
CCCGIGETAGTITSEGR

GITaGGIl _GC

> SEQ ID NO: 34| YK87|

LGUCCACOC, _ COAGCLCAGLT CAGTTA COICTAGTAA
SCATT CATCGULATACTATDIAA G
GOOGTIGAGCTCCCUTEL U ICACATCAGAT
ACGCTTSCACTATACSTATTACIGCOGCTS
TCUUCECIGC SITTAC
CAUTGLECAN AU ICCUCACTEIIGAC

#\,&CCLlLG'

AT CCLITT "CLCL, ALA_CT

lLCCLl
TCCCACCTAT ”TI;CF(‘GC”GTTT“TTACTGACCTAF
ACCCOOTO U COCITCALCAL

> SEQ ID NO: 35|YK105|
COUTITICCATGE GO COGUCACTOGTCILRT JCChL
CCAGCAT CAAGAACTACAGL TCARATGE

> SEQ ID NO: 36|YK153|
ATTUCCITAC S CGETTT CATUGICAGL L TUCT I CATARAGETGCT T COTCACTGOUGTICCITIUAAUAC
TACGCAT " CACCGCTATACTASGAN TCEECT T CCTC U CCBATACT CEAGTT CACAS I CG
GGGERTTARGCLCCGOAC T TTARGACCGAC I TGOGATGOCRCOTROGOGECCTTTACGURCANTART TCOGRACH
ACCCLLGECATC TAUTACECCCOCIT COIAGUIAGCCOIGGE LT CICT LCATGG
ATAACTGT A CGACOGE ATCE G OL TO0AT R ARTAGAAL T TATAATCIGAAGIOD CA THTTIACG
COOCGLTGC CCG CAGACT ITCGICCAT TCOUARCAT CCCCAC GCLGCTICCCIGOGA.

> SEQ ID NO: 37|YK163|

GToTGCTCACSCTTTOGAGCTCAGCC T CAS T TATC I TCCAGTAASCCGCCTTOGCCACTOCTCTTCCICCTARTA

TCTACROAT T T CACCROTACAL TAGEAAT T ICRG T TACCOO T IORACAT TCTAGTACGATAGT T TCCAATGECAGT

TCRGCCCCTCGCTT CACATCACACT TCCCOTACLGEC ACTARATCIGE
C ca

AICAGGTTC

TACATALCGAM AT CIITGCICATEIGECG UGG,
GCCCATT! CTGCCICCCOIAGCACTTT
> SEQ ID NO: 38|YK191|
JCTCACCCATTCSAGCCTCAGOGTCR,
CACCGC H

TRAZCCTAGTARCCCCCCTTUCCCACTCATC T TCCICCTRATA
ACCUC AT CATT VAL&GAAACCALAA(l,L\,AA,ALQCAQL
CCRTCC

TAGTTAGCUCGERGIT

G

CTTCCCTORS
[siei u\,Al G,:CKAJAl CCCLACLCCL&,_ COUTUAGTACTL CCas

L TCCCTOL

> SEQ ID NO 39|YK99|

CTGC "TT”AZAA’“TK.T«;U"’(‘T . ARGTACACITRAGT

CAATTCCTAOTCTRGT

GAMAGTG

> SEQ ID NO: 40| YK55|
CTCACCATCOAGUTCACGS : > > CCCTARTAICTACICR
ACATTAGS,
GTTTTOACE
TATTRCCOGCGGEITGITE
JI‘GCT TAC. TT;(‘VG?\I\I\TZ\

CATCGCTTALGGETGEA "(‘TGTG(‘C(‘GFTF;”GGQ(‘”GGC"GGUG"G(‘GG" iEcicieierite}

CTCCACTSCACCR!
GRARTGCETAGAT AT TRGGASGARCAT CAGTGECGANGGCG!
SRGGUACGAAAGCGIEGEGAGTAL TACCALGE AL

> SEQ ID NO: 43|YK30|
ACCRCGGCTTAACTCTSOCAC TGO T T TCRAC TS TCACACTCGACT
ATCCCTCARATSCCTACATATTATCACCAR STCSCCRACE
CACGARAGOG IGEGGAS CAGGACTABA ACCOISEI A

RIT
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> SEQ ID NO: 441YK311
GLRCC G TIGARCTIGICAGACTGEAST GOASGAGREGTAR
TS IAACICGOOTTA A
AGECACGALAICHTGAGAAGTANLCA GG AGL TACCCCROTAR

GGRATTCC
ARUTCRCACTS

> SEQ ID NO: 45|YK12|

BAGCAGC. L COAGCITAGCELCAG LA CEICCAGLANGECGCC LCGCCAC GOLS
COCATITCACTGC ACAT AGTAAT . CCT
GGOTTGASCCOCCGOCT T TCACATCAGRS TG
OO0 TGEAGEA ACGTA AT CIGT GEoA
CTTCCCTGCT2ATAGAGC T TTACATACCGARATAC D
ATZGIGCAR

CT"CF‘ TCZ‘CGCSGCSTVGCTGCﬁT‘ AGGCITTOGECICC

GTGTTC
Z\(“C\"Z&«;TA?\ TCE
LTAGTCGE GUU CUTAG T CAGG B
CITACCCOSIO

UAGATGCY
CCCCACUGCLECCUTCCEY

CRGEAATICC
CUACACCACA
jar-Tototatwlalal sinratol catater Ve
TTTACATACCTACATAL
CTGOTGCCTCICGTAGGRGTTTEGE

CCAATGCAGLCCCEEGEL
C
AZCCOGUOCTTOT RS CRAGOTACCGTCATT T CT CCCTOOTIATAGRAC
CACCCCCCCTCOCTICATCACOCT! CCCCATTCTCCAATATTCCCICA

> SEQ ID NO: 48| YK29|
CICAGTT T CGATTTOATGTTAG T ACCS TOAGT AAGTOGCLT "I1T e
CEGCLATACTATGAA TCCCCITATCICIT CLCIAGA IGACACT
FIEACATEATAC THOTAT COGTT
TACCGOGGT

COITEL ASTATT ATTD
CCaa_ A’lCCCG‘JUU

> SEQ ID NO: 49|YK33|
CAZCCTCAGCTTZCOTGCTCACTSTCAGTTTCACTCCACTAATCCOCCTICOCCACTOATCT TCCTCCTART,

TACGOAT 3 x LTICARARGTAT CC
f‘u«;[(ﬂln[(—;C(i C_CATULCLGAT LACGEACCT I TACATCCAG AN " COGGAT
AATCCTTITCT CoCTo COTTCTTAT CA i (Jl\,/-“ T

TTCTTCOOT GO TOATASAGD T "TACRE
CCATTCTCCAATATTCCCCACTOCTCD

> SEQ ID NO: 50|YK34|70A 009 YK34 A1 A02

CCCCCTACGTATTACIEIGGLTGE!
LLCCCIGEU G AGRET u\: A 1\( (’GAG/\ .

> SEQ ID NO: 51| YK35|

CTCACCTTCGRCCCTCACGTCACTTACCS

> SEQ ID NO: 521YK511

CGAGCTCAGCGTCRGTT.

RCGEI

CATTTCA CTACACTAGGAATTCCGCTTAZCCCTOCGACAT
a7 q]&qCC (‘GGG"TI'I"”C”T AuN‘TTSSCGC\UCGCCTGTCC CCCo

TACACCCASTARMATICEGN
lA(‘L‘"AGG, prajet
CGCATCAZGCLU JCECCTAL

TGTCTAGTARG
ACCCOTOCE
A ATTIDAD

CGGOCCOTASATAGCCOO

SCCL_Clo
TIRG

GUICASCLL § - LITGC
GOATT CACCGOTACAC T AGGRAAT " ICGE " TACOTOTCOGETACTOTAGA
SCTTCACCCCCCOIT ACATCATACTTOCCACTICT COCTCC
GCTTG"ACCK,J‘CqTT\T NCCGEGGCTGITEGCACETAT T AGCCEETGL!
LGAL CGARN ATTITAL teetelelel
TTGTGCRATAT CTGCCTCCCGAGEGGAGT T =GN

SUUCCICUUANTALT
GACAGTT CCARTGLAGTOD
CACCCACTARA GO
TASTCAGGTACZCGICATTITC

o) AUCAGEGL . CTT

> SEQ ID NO: 56| YK57|

GICAGCI U CEASCTCATGICAGI U ACCS

CHCIATACIAGGAN ITTUGCITALC

CCCSOTTTTCACATCACACTTGOTA, COCTC!

TTGCACCATACGTATTACCGIGEITECTEET CEIATTINGCOGGTIS o TAGTCAGGTAZCS
AGCLTUA g

CCLOCATISCT

JCLTACGC.
GCATTZCR
SCTTSACCO

CCECCLTEGCCAT GG CCLTy

TASUCACCTACCO _CAlLY
COCUTCA_CACACT ' _CCL

CACATTAG
S3GGCTTTON

CGRAT TCOTE
qCC,CCCGAGGu AGTIGEA

CEIGECGTCGITECATCAGEGT ZTCCTICR

> SEQ ID NO: 59| YK67|

AGCCCOTE.L JCOAGTTLCASTUCAC  TACTGLCCAGTAAGCCSUC UL COCUAT GGG CCUCCUAAY A
COCATTTCACTGCTACATTAGCART - CCOGITACT TCTECGGCACTCARSACTOGCACTTTCCARTSIAGTSO0G
GOGULGAGCCTCAGCC T CACA CAGAL, _GLICCA COGUCLACGCICCC, LIACACCCAG GOA_AA
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ALCGLGOARTALG

> SEQ ID NO: 60| YK&69|
TG
COCATITCACTGC ACAT
CEEGLTL

NGTRAG
GOAAT CCUV —&C‘C,CLCCGGCAC,CLALLLAun@A:’l
LGCUE CLAUGCLIL ST LT ACY
CGCUTCCCCCTUACCTAT ACCOCGCCTOl _COCAZOTAS I "ASCCCOOOC U LIC U AGT S,

CAGAGUUTTACATACCEARATAL " CIUC
CCCCACTGUTGCCTCCCRAAGEEAGTITGGA

CACGUEGLSTCGULGIAT
VTTGTGCRRTAT

> SEQ ID NO: 611YK701
GIGCICAGE

CECCLTCGETAL GEIE.
hi¥cisiertert

AGTGTTARGE CCOTTTM
ADOCTIGICCIC AQTTA TATEGCC GRS SOOI TAS AT G Groa a
LCUCCoUGe CGCOOCOUCCCTGCALTCASOI TICTCe

GRTT

> SEQID NO' 621YK711

> SEQ ID NO: 63|YK74|

GAUGCCCGGI U COTEC CAGCETCAGTY c:xsm%scacu,cs:cacus GLLCCIT
T2CGCR TRCTAC 2 CTCOC

GOOCTIAAGT
ACCCTTSOCA
ATABCGTS
CEECEITE

WIUCCCOACT GG

TTTACTAACCOOLC ITOITATUCCLSY
SLCLCCGACAT CLAGTAZCACAGY
MCCGCCTECGCTICCTTTACACCET

Gre
CGIA LLICACTGC ACAT

CTCACOCCOCCT

ATTGTEIRAT

> SEQ ID NO: 65|YK89|

- ATAUA VA AR
,,Lluu A_ATCCCCALCCTECC JCCCOAAGTGATY

> SEQ ID NO: 66|YK97|

CCGEETY
COCLTSCACCATAZD
CCTTCCCTGOTGATASAGC T TTACK
SRS GOAATATTIICTA

> SEQ ID NO: 67|YK98|
ATTCAGT AGCTCACGTCAG
OGO ACAT I AGEAA TTECBCT ACTCOTOTEECAC CRASCATACEAG
GTTAAGCCOCTGOCTTICACATCAGACTTGATACGSCSTS CTCCCT tels
CICECCCUCUACE AL LACCECERC. GO BECACGLAGT L AGCCEEGICT L I IAGL CAGE ACCELCAL
COCTGCTGATASRAGT T TACATACCGAGA T ACTTCTTCOTTCACGCGGCGTOGCTGIATSA
TGTCCAATATTCACCACTGOTACC COCOATGAAAIT T TO0A

> SEQ ID NO: 68|YK139|
GTGTCAGCTTTCGAGCTOACGTIAGS
GCATTTCACCGCTACAS
GGTTAAGCCCTGGSTTTTCACAT
G ACGUINIUACTS
LGAUAGAS

COGTCCAGTARGICECCTTOGCCACTGETGTTO TTCOTARTATIIAC
CGC CACTCGAGCCA CARSTTTCCARTGCAGTIC
SLRCTTGCCTT CACCCAGTARATCIGGAT.

5 LASCCAGGLATCG

ACAGEGL -

CCCCCTOAGCTACLISNT

> SEQ ID NO: 69| YK141|
GCCAGCTICGAGOCTCACGTCAGTCATCGTICAGTARGCCGCCTTOGT
CCGCTACACTASGALTTCCACTTALC CCTCOGASACTOTA:
LU T TEACTITAGAC IGCACAGCEG T ACT
\TTACCGOGGCTGUTGEIANGT.
AN
CACTSOTGECTCCOGRS

CTCITARTATCTACGE
CRAMGCAGTT:
ITATACIEAGTAAS UG

LGTCAGGTAZCG'
CHUTHIAICAG

> SEQ ID NO: 70| YK142|
LGALCAGC ’

SCALLUC
GGLLGAGCC

> SEQ ID NO: 71|YK152|

GAUGALCAGC U CGAGT CACG CAGIIAICE AGLOGCCITCECTAT GEIE ICCICT
ACECATTOCACCGCTRACACTAGGAAT TCCE0 T TACS TCTOCGGEAC T CTAGAARNACAGT T TCCART
GGEGLIAAGCTCCAGCL U L CACAT CLCCGUCIAC
ACTOITGECCICUACTTA T TACEGCCGOTED GGEACCTAG TAGCAGGAGE M
Relotelilele] GABCTITACA ACCGAGATA; UCCTUCACGEGGSEUCOLTGOALCA
CATIGIGCAAIATICCOACTGCIGROTOCNGRER? TIGGR

> SEQ ID NO 72|YK155|

CAGLTAAGCCTT SUGGLGY
_CLCOGhCA ,(’ln"”ﬂhu(ﬂ[ﬂ,,Cﬁ

ACZCICGCCTITIC0T,
CTTCCCTS i TACATRACCGA! CTTCCTTCACGCGEECT
Al 715‘(‘1\[ f CACTGEIGCCICRT SEAGLUIGG

> SEQ ID NO: 73|YK157|
CLACTLCAGULY - COACCICACCT L CAC, LA G LCCAGTAATCCCTL 1EGT
LACGCAT L S CACCGCLATAL i coere - GACAE TTCTAN AT
C836ET Ta GCOCCEaGITTICACAT CAGACT TaCCIEACCICTICGOICCTTTACACCCAGTANTCCIGAT
BACGCTTSCR L CGTRTTACCSOOGC TGS COCACGTA, >
AICIICCT CTIOATAGAGE . T TACA ACCTARATACT -CLUCECI CACICEICEITTL: QCATCAGCCTT-Can
COATTBIGCANLA L CECCAC GEUGCCUCLL!

> SEQ ID NO: 74|YK160|
GAGCICAGCS CAT. LALT CICC_CCURATAUCTAL
e VAR ~OCAGIACCSS

CCCOTATAAD
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> SEQ ID NO: 75|YK166|

TTCRGCT T CGAGEC T CRGCATOAG T ATCE COAGTANGICGOC T TERCOAL GGG T COTor

TAGTACGACASTLC

GGTTGAGCCCCGGECTTTCACATCASACTTECCGCASCGCITGCGITICT CLCCCRGTAMATC

SOTTGEACCALACS UGCUBGORCGTAT. _ASCCEEIGE TAGUCAGGLA
UGCGAAGASC CGRANACTIS TEECIC

AAAUUCT

TTCGET GGTG

SCCTAGTRCCACAGT T
ACCTCCISCCCLITIC L LTAGAT
ASCCOOIaCU LT

GLAAGCCECC I CECCAL GGIGT
CCTCCBACACTCTAGTACGACAGTTZCCARTS
ACCCCCTSOGUTCCC T TTACACCCAGT AR,

GO \GUCGETECTTETTAGTORG
L TACCGARATACITCTTCGCTCACCCSGTSTCOCTSCAT

CCCACTGETGCCTCCCEAGEGAGTTTGG

> SEQID NO: 781YK1711

LGAGCUGGICICACCOCOOACTGUA  IGEAAL CLCT
CAGCCU_CAAR GCTLAGA AT TAGIAGGAATACCATT
LCGARAECE GEEGASCARACAG AT TAGATACALT

ACTACAC CICCCACGTCCTAAGETICAAT
COAACCCOOT AL CCACTAL
Lif

> SEQ ID NO: 79|YK192|
CACGALGUCACCU ICGACCLCAGCC /CAG _ UALCT UCCAG AAGCCOITT L CGUCACITOGTC LT _COLAA
CACCGCUACA! ACCLCICCE: CAGLUTECRATGE:

CGORCUGCCTECECTICCTTTACACCCAGTRAATCOGE
GLCAGGE_ACCE_CA
GOGIT

GCACG AT AGCCGEIGE I ICY
LITIICT CCT UG ICALAGATT I ACATACCTAAATAT CIUCCCI CACSCOCCOICGCLGCAL
ANTALT U CCTTA \elelelel aeleriy

O: 80|VE202-18)|
GaC SLTAG

GLRACGEGTGAGTAATACL T AAGTARCT TG
AGGTACGGACACTCCATGETGACIGTAT

ABTACALGUARGY
COTRGACLGEGGEATARCTAT CGGAM
WMGTGCCTCARNGCACTGGTAGAS:

CTAMRGACCEC.
TLTGG

CCOCCCTAACCCCCCACCARZCCCACCATOCCTACCCSACCT. TCACZCCOCCTAC
WCUGGRAL GAGACACGECCOABAC_ CCTALGGEEAZGCABUAGTAGGBAAL . ITCEEUAN GEGGEARULT Gl
CGAGCAACGLCGOGLGAAGGARGAAGGL Y _UCGGAL TGUAAAL U CLGUTATARAGGAAGAATGHT

CRART

CASTATCCUUTSLAALAT
TTATTGGGCETAAAZAGGGAGCAGGCGETRAGCANGETITGTEETGARMGTE
AGCCRTACARACCACGCACITACASTCCAGCRCACCATT: ARTTCCATCTCTA

GGRACACCAGTGGCGRAGECGAC AT CTGGT!
AGAUACCUCAGAGTCTACELCGLARLC
MGTACTCCGCCIGRGTAGTRCGTTCEC

GG

ca
TGTUGTORGCTOGTGICGTEAGATEICG
ULAAGT IGEGGALL

GOTAT

GCAACGAGCEEAACCCTTIA_CGI AG T TACCAT

CCCCCCITA CAZC IGO0 ACA
ANCCCATAARACCAT T CTCRGT TCGG:
CGCTAGTARTCGEIGARTCAGCATGTCECGETERATLCGTT

CCCIGECTCASGA_ GAACECTGEIGGEIE G CAUSCAAGTCGAACGAAG
SIGGACGGRTEAGTALIGIGTGEATARCCTGINT
ARTAZCGCATANGCGOACH \TGGTACAGTGTGARARR

GETARCGGEIC CAANGIGH GTLG:
CCRARCTCCTACGEGAGECAGCAGTGEGGRRT.
CGAAG: CITCGEELIATGTIAAAGCLCTAY

ACCTOCCASCROCCOCOOTARTASD
\AGTCTGALGTGARARCCEAG
OTCCARTTCCTACTOTACE

ARRGEGAGLGT.
TTECTACAT

TAGGAGEARCACCAGTGSOGAASGLEGET
CACCATTACATACCCTOOTASTCCACCO
GLUGCAAACE
ocAcA

ATCCOISOA

GTRLACGGIGE!

CTGEACGRTAACTGRCGT T GASGOTCGARRGCGTGS
AARCTATCARTOCTACCTOTTSOCCOOCARACCCCTICOOT
AGIATG LT CGCARGAATGARAT T CARMGEANL GAL

AAGUCZIUCACAL

5GCGCATGETTGTCETCAGCTEGTGICGTSAGATG TG

GO AASUCCICCAAZTACCTOTAACCCTTA _CCITACTASCCASTACD TAAATST U CCOIACTC ATTITAGAT _GC
CRTCC

L TAACCTGCAZCAACTTOOCSATCACGTCARATCAICATOCCCCTTATCAT T TOCCCTACACACCTOCTACARTC
COTAARCAARGCCAACCARSATAGTGATSIGOAG ARATCCOARRRATARS STOCCASTICTGACT -
ACGRAGCTEEANTCGCTAETARTCGCGNT GTCECGETGAN

NGCETRGGTEGACT
AGEAGAGEAGAN GGAALC
CTGSATTGTARCTGAC
CAAACGALGANTAL AG

GRARTGS
AGCGTGEEGA

GATTAGGARGAR
ARACABGALTAGK ACCT _GEIAZ.
GCCGCOGCTARCGCATTARGTAT

CRLAGH
ARTTGAZOCA

> SEQ ID NO: 831211-Bl
ACENGLG AT GG T TAT T GEG~ TANGGEAGCG T AGETEGATTA TARGTCAG T GTEARAG T TTEIGECTIAR
AGTTGARACTSGCAGTC CAGTAGAGETGGECGEARTTCGTGGT
AGAUATTACGANGAACTTUGALLGE GUICACTAGACT G CAT
LGGATTAGATACCCTGGRT,

TGCSATATACAGT
CCCAAMGAALTTBACG

GGLAACCTTTCATIGRAGT

TEECGEACGEETCAGTAACGE:
GUACABGUGUACAGGALIGE
ATUUC AZCAACCGCS

ABACACTEC ACGEGAGGCAGTAGIGEGGAA AL TBCACAA L GEGEGARACCCLGALS
AACT_CTACABCAGGGANGALAG GACGETACCTS
GCCCCOOCUAAC ACTTSCCASCAGCCOIOI " AAUACCTACCOOOCAASI S TAUCCOTA T LACT ST
GGSAGCGTAGRCGGACT GGCRAS GATGZGARAZGCSEGGGCTCARCCCCTGGRACTECATIGGRARCTS
LTUIGA CAAGCGGAATTCT AT T AGCGULCARAT GUGUAGA AT TAGGAGGALTA
GCBRAGGCGGLTTACTSGACGETAACTGAC 2T TGAZGC TCGALAGCGTGEGEAGTLAACAGGATTAS:

DK/EP 3468573 T5



DK/EP 3468573 T5

GIAGTCIA CEUAAATGALGA T TACTAGE G
TATT
LGUCGLY
TTCOTTCGGGACAGGISAG
Z‘K‘GAG”G("NAC’TT’IT l ”‘T?I‘
GAGGAAGGCG!
ARAGEGAAGT.
TIGCAT
-

CBCCCATCRC

CACACGT G
jtolei CCCAG LCEGACTE
COTDAR AT ITEIGE
CAASTGUAAAGANGEAG

S6CGTGOTT ARCACATGCAAGTCGA TERAGCTTCGGR
CGCRCCOCTCAGTRRCGIGTGSS COCATARCARCCAGAAATCCTTS

CRAGCECACAGGACCECATGGTCTGETGTEARRARCTCCGETEGTATARGATGGACCOGCGTTGGAT TAGCTAGT

fetele]

COOCARACCOTIATE

LEECAGEE ANCGGCITACCAAGGCEACEA_CCAUAGCIGGCCIG:
CACCCODCRCACTCCTOGOOAGCOACCAS T I GOGAR AT LUADAR"

S z GGEAAGATA! Y
CGKCT“}.\,TA\,C CCVASCACCCCCCCTAA PCCTACCCCCCBAuCCTTATCCC:PTTTACT\.CCTU_P,’APN:CA
CAGECGGACTGGIANGT CTGATETGRANGE GGGCTCARCCCCTSGATTGCATTGGAART it

UGCCOCATACCTAASCOOAA T ICCTAS _CTASICOICA AlGCLLAuA,Al UAGCAGCASCACCACITCOICA
< jalelof Xeleirnl JECCTTSACGT

nm"r?rrnAArnATdAATAC”Arn"rd”’nmﬁhnz‘,mnm"rc !
CACGIUCGCAAGAA GARACTCARAGTAL TGACGE ARGCCGTGEAGCAT
COCCRACREACCTTACCAAGTCTTGACATCCOTCTGACCSTCOETTARCCOCATCTTINC
AGGTGETGOATGS felcialer Xc! GTTGEGTTARS
CAGCOCAACCTIC ATCCCCASTACCCACCAT “NCSICLGOCCAT C CCCACGT
'anCquuA, ACGLCAAATCA CAGCCICTIA_GAL L GGG /\CueAququAL‘[ﬂL WAG

COANRARTARCGTICORCTTOOOAC TGCASTCTOCARS TCOASTON
GUCTLOTATACACTICC

“ATGCT(“C"FC""
"A(‘P\TA"L\'T'TCM "("(‘(‘

ACTT ,CG:LAA(.CG fejoe
LCCLLAAAC BN GA\A AL A(Llu AGGCGC CCATGACT
3GGASTACGETCECARGAT TARARCTCR M”GMITQM
GAAGCAACGCGRAAGIACCTTACC! G
"C(‘CA""AAuA"‘AGC COTCCATCOITTOM

GTZCGGITA

AGCABAACCARAALCTTS (’lCAS
GUTRGTANTCGCIARTCAGCATGTUGCGGTGANTA
COCCCOTCACACCATOATACT I COCAATAL ACOUCATC AACCCOT
AGECTCAGCGA T GEEEIGAAG T ACAAGGIAZCCEUAGBAGAA

AGCOAGCE

> SEQ ID NO: 87INR_028785.1 IClostridium scindens strain ATCC 35704 168 ribosomal RNA gene, complete sequence
GASAGLT GA.CCUGET U CAGOA GANCET _GGIEECEIGCCIANCATAL GUANG  COANCGAAGTGICIEEICC
COACTTC CAARCCATCACE: CCOACTCAT CCOCACCOOT!
LOCCCCATAATACCCASARATSOCTCCTAA ACCOIATAACACTCAACTOCE Helololelaleiniete
COGOGRTEOARGAT GREON GATTAGGTAZTTGROGHGETARIGE! RCCRARGTC Zx(‘"w/?«’
COACCICAGATGCUCACTCCCCACA, CGUCACTCATACALGOCCTACAD U CULALGUUATTUCACCAT
ATTCCACARTZOGOCARACCCTOATCCASTIACSOIGCOTOARDS TTTCGOTATC
AGCLGGEANGALGATGATGGIACCTCACTARGRAGLCCCGGU TN ”KCSTGC\"AGCKGT(‘G‘ GGTAAT. ACG’
GOOCCARTCC CCCOTATTTACTCOOTS _AAACTCASEG AGACCT: CC ALULLAA CCC
SGUUCARCCCIGGEATTECAT T GEAACT GG T EEL GEAG T UGGA! GLAZCG
GTOR ACCACCAACACCACTCOICARTCCCOOT TCZAGOCICC
AAACCOIECE SAGOA ALACTCTOG . CIo_CCLo_00
CAACGT CARACGCAA AAT ALGAAACl .
GGARTIGACS!

GCRRCGRGE

CTEEN 1y

GAGACTGCCRGGEAGLL
CRUACETECTACARTEGCS!

LCGUGGTGAA ACGTYL UL GLAL
CACCCARCCOT TARGOOAGGAASCCC T COARCOTATGASSCATRAC TGOS T GA,
TCOCAACCTCCCGCTOOATCACCTCCTTL

AGTOOTARCARGOTAGCOITA

> SEQ ID NO: 88|NR_028915.1|Anaerostipes caccae strain L1-92 168 ribosomal RNA gene, partial sequence
GCOCTTA CTCAACTCOAACCARGT CATTCRAAD COOATSOATTTOCTATATS
fejoeley TACRGGEGEE: ARG ITGGAMCGECTGOT
ATATTAIGS CCCICGLCTOA
CL CACAGACICARCCOCCACATIOICAT,
CACANTOOODN BAAD CATLIACH
CAGGGARAGAAALCAGACGGTACCTSACTAAZAN
COEANTLIACTS:
ISGACTIO T GAARCTE
AGGAGGAR

TATCRG
LA ”(’Glu(’
ARATCCIOGN
UAGCGGIBALALGT:
TCATCCACGARRCCOTSOS
GTCEGRECOGTAGAGE

AT CCGAAGCAACGEGANGANRCCTTACCTGETCT Tu“CKTCCCIﬂTGA
et SCACACZATCTCCTO

> SEQ ID NO: 89|NR_042152.1|Marvinbryantia formatexigens strain I-52 16S ribosomal RNA gene, partial sequence >gi|636558750|ref|[NR_114807.1|Marvinbryantia
formateX|gens strain |-52 168 ribosomal RNA gene, complete sequence
CA.

ACGETACCEOATGETACH 2T GTGALARAC CCEE T GaT AT ALGAT GEG=00
A&TCCCCACC COA_CCAUACCCCGCCCISASAGOCLGTACGCCCAL,

TCCTACGGEAGGCAGCAG I GEGELATAT T GCACARTGEGGGRALC
AADAACTAL U CCOLTAU T AAATCCEY AAALG,
ACTACE GECAGCAGCCEIGEIAA ACE AGGECGCAAGE ST UATCEEEAL TAT
MAGGGAGT NCGECCATGCANG CTGEGTEINAGGCGGEGEE! umCCCCGGue GC TGGT\Z&LA
TGECTTGAGTECCGGRGAGGTLAGCEGAAT TCCT 32T GTAGCGETGARL TGOS TAGATATCAGGAGGRACACTAG
LEECEAAGGUEGC I TACUGGATEGTAACT GACGT U CAGEL  CHANNGEG U GL .
TGGTAGTCOALGCCGTAACEATGAN T ACCAGGT G- CEGEGGACACGETCC T TEGGTGECGCAGCRAACGSRI TR
AGTATTCCACTTGGGAAGTAT CRARGARTGAARCTCRARGEAATTS, GGACCCGCACARG
GANAGCAATGCEA, xmﬂ\C”l ACCAGG CLUGACAL CCEGACGATIGGAC

? G GA GT

TQ,CGICAGCITGTQIT S

AAGCCCTEGEC

COCAACGACCT CKAC\,\JV,GLlCCCAGLAG_CAI

GTCCCARTTCGGRTTGTAGTS
SCCCCOTUCAATACCTTCCT
SACCUAACCTUUARCUATGCACTLY

ACTCCCT
[siereie]olotel

CCACACCATICCASCCGUAARY
ABCCCOTUCAATCH ATAA




> SEQ ID NO: 90|NR_024994 1|Lactobacillus mucosae strain S32 168 ribosomal RNA gene, complete sequence

CUGGUITABGSA GAACGECEBCEE _GLGLCT rur ACATGCANG COLALGE
GURTEGR! GRCGTTS! 3

ITRGCCCAGTTCRGACACT
GCAALT TCACAA_CGCT
CICEIAAMGE _CUGTTE U AGAGAACAACE _GCE
GTCACGGT LCGTSCCAGCAGOCGES
CGCAGECGGTTTSATRAS

121

GTAGGTAACAN ATCCGER
CTCTGGCTTARCCRANGARGTGCR
\GOGGTEGRATGE VGATATR
TCTCSOTCTOCAACT CAC”CT&‘A CCTCGAAACCATCOCTATCCA:

GGART TGA““”“SGC"‘"GW“

ICACOADGTTAGATCATIA GO
ACTCCCCASTOCAACCTAACL
TAGTANTCG

IaCGARD GOD
AAARCCO U CTICA

L\,uGAf‘L
{GCGGTGRATACGETTC

CGCUCOGOIAACCC U ICOCCCATCT
CCGUAGGAGL GUBGUUGEALT

> SEQ ID NO: 91|NR_028816. 1|Tur|C|bacter sanguinis strain MOL361 16S rlbosomal RNA gene, complete sequence

AGAGTIISA DA GODITAGHA CAACGT
TGAGCGGCGANCGEGTGAGTRATAL
LACCGGAUAG
AGGGTALNGE!
GCCCACALT T

el etele} L\A ACATTOAAG COAGTGASCCAD QT
AGGEITATCIGCCT
ACGAALG T TARAGE GUL _CGLUACCAL G
ACCRNGGCGRCGATGCGIAGCCEACCTGAGAGGGTGARCGGICH
ACCCCACCGCATCACT AGG"A—MC,,C""”AAl G(J"‘nAnq\,u Car
AATGALGR ke GUAARATTC GETA ARG LCLAG S
ACGGTACCTTATGAGRANGCCACGGC T AR T ACETECCAGCAGCCGCGETARTACGTAGETGER CAF”GTTA’(‘C
GEANTTAL GEGCETAANGAGTGCG! UGTEAANGCCCACGECL  As TGEEA
GTCATTGERARGTGGTCARCTTS, .G,GCAQTPGIXG?JALUQ GGAATTECATEIGTAGCGSIGARATGIGTAGAGR
LA CCAGSAATACCATTSCCTAAGGTCGE ., _CCIEI U C LG AAL teilat talale] 2AACCCLS [/AL
ACZAGGATT. MGTETTEEGEETCGARCCTCAGTECIGA

TTGRAA ALGGAN
ACABGCSTG AN COARCCAATUCTAACAACC  LACCAST CLICACALACTAT Y
F GATAN GGA_ACAGG GEUGUATES] LG CEITAGCLCGTE _CELE
AAGUCCUGTAACZTACGCCCAAT,
jie Z\C'ICLAGGAAGGTLGGL‘I\ G“uu CCARMTCATE, COCTTAT
CTRCARTEGT n,GIauhGCMAN‘"""
GTAGGCTGCAR

CCIT_COITACTTSCCATTAT ITACT I SSCCACTLUAACTATAC
C

\CCTGCCCTACLCAT
ATAAAGCCARTCT M.Q’,EGC“"
(e
LOCACT
TGEATC

CATGRACCCTIGCSGINTET T”CTTC:F;AATGAAF.A
LULLGUCAC U CACLIGECSG, CGGC, ALLAACQ jike CCTAAAC
RGO AA ACOTCATAACRGCA CAGGA COCATGA TORG GITARARAG O "? G5 AITAGA GOACICH
CELCIGA L AGCCAG I GGCAGEG T AACGEICIACCAMAG WCGATTAGUAGCC: UGAGAGGG _GATLEGE

CATRIIGSGAL CAGATACGTTNCARACT L UATGIGADIC GOGOAATATIGIACAL GITICARATCC
BCGACECCSE GUGAAGALG - GGLA B L LCAGCAGEGANGAAG,
CACOTCCCACZCATCCOCOOTAATAZOTATCCTOCE

TRTGTRAS
LESCT \AAG

GOTGCCGARGECAGGTTCGATARC TEGRGTS

> SEQ ID NO: 931NR_043142.11Flavonifractor plautii strain Prevot 81 16S ribosomal RNA gene, partial sequence
A, £

[ojajoieieiotelelorapiie] CICCICC CAUCACOOACTA " COTCCA
Cm,,,_m/ GAGGGGAATAACAZUCCE

F(’FGGG"N‘CGG !

GLAG GI\I\GD.Z;GG[‘

CCCTSTAGGCCCCAT TCCAAGTCALAT STCABRACTGOCCSITORR
,,GAGlSCLGGFul\(‘GO._L (‘Cme TCCGUGTE AGTEE SAANTGY
GAGGCGIGAMNGCGT GGG
TACSTTOTICCCECTT
AGGTC (‘A“A(‘ GOGUGETT
CACCACCOC I U SACATCCCACLAACCACCCATAC
ATGCOTTAGG GCOCTTNGGIGARAC TGS CTCCTCAGCTECTCICOTGAGRTS
AASUCCICCAALTSACCTTAACCCLLA Gl S AZCCAATATGTAC U CTASCCACACITICCT D
ARALCGGAGGARGGTG35GACGACGTCAAATCATCATGCCCK

CCALTTCGGA TOCAGGT
P ConTGC

COAUCAGTA_CCCOCOOICAATATCILCCID
VACACCCGARGT COGTAGCC T RACCGUAMGGAGGGTZCGETIGR

CAARCTCCAARCTCCRATTANTTTATTC
CGTGGETARCITGOCTTATACLG!

pukeicichtorl

GAG

ARTACT. —&uul‘m
CTCARAGGCATCCCCTCARITIE ATACTT:ACICCC?
AGLulAGLLG CAANTLGTUT AT SCAACACTATIGOCCAACCTGCT
GLALGCGTGEEGRGEA I\CZ\FGNT RGATACCCTSGTAGTCCACGES
LGARTAAC NG G ICGEGIGECARAGUCA CEE_GCCE CELARALT 5 E X
GTTCGCARGARTGRAAT e

ATTAAGLT

LTS UICGGSES

ZCUGGAGSAACGCTOICALTGACG
LA CGCAAL
CLACACUAAGT
BCACACCCCICCOTCACA!

GCCCCCACCCATCACT

LCALATCA
AGAGUACCABAUCCCARRARTAACC
'ACTARTCC GGATCAGAATGCCGCGGTG

Gro

> SEQ ID NO: 95|NR 027558 1|Anaerotruncus colihominis straln WAL 14565 165 ribosomal RNA gene, partial sequence

CTCGGAUTGATGAA Amuuug
CAGA VJG(I LnACA(. tole}
AGCAN CCHUUGARAGA.
CACGL ACACTT
SAGEGANGATE

CCAGLGGESAASGUGSTCTTCCTGS
CGRARGCGTGEGEAGCARALAGEAT TAGATATCC TGS TA CCGTRAAT

R A O P R R O R, g A
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AAAL'GAA T GAr

TCTACACAICGL:

GGAZGANGATCTTS

GRGATGGACCCGCGTCTGATTRGGTAGTT
L—&GA:LCl ACCOGCCATAIT Q\‘UACLGACAF/ACU\

rlcaieiciolchVtcicle

TAVGTTCG”RZ‘«GRZ\TuA}‘QsCTCPﬁACG%T,
kn‘MC‘qCGpA I\(‘CTT’\(‘CT\;\

CACCICCACCCCCACARTCOCTOCOACCATCTCCOTTCAATTCCAL

MRTGECGTRARACARAG
GLUUGUAAL CBAL
CCOCCTCTTOTACACACCCCCCOTIACAZCATO

GOAGC CCCTAAT

> SEQ ID NO: 97|NR_028883.1|Dorea longicatena strain 111-35 16S ribosomal RNA gene, partial sequence
TAACC‘ CTOOCTARCCTICCTOAT CATAACATTTAGRAR CTOCTAATACCGCATAASACCRTT
CUATGAGATGCACTEGCGI O SAT AGOIAGTLGGT ST (.(.lAAC(.
GACTGAGR

BAARCTTCTATCAGCAS) CTGACTARGARGCCO
COGLAN /LG 565G Eiole} GEETE AAAGEGAL

Gas
rtatel
GATACCCTIEGIAGICCACGED
ATAATCAL COA

uTAGTuTAFchT
UGACGTUGAGGED

CCISACATD

CAGAGA
L ACATAC COTAAACABACG
CTCAGTTCGGAT ARCTCGRCT. C
GCGGTGAATACGTTCCCGEGTCOTGTACACACCE

> SEQ ID NO: 98INR_029164.1IClostridium innocuum strain B-3 163 ribosomal RNA gene, partial sequence
ATGGAGRH GATCCTEGCTCAGGATGALIGCTS! (‘GGT CTAATACATGFI\DGTTEAJ\(‘C‘AA CT"‘
GAMGCTTGU T ZCCAAAAMGACT TRAGT GGLGAN GAGT V";(‘FTUGG”N‘(‘FTCC‘(‘(’DIFT
ATUGCTGTAAACCOTAGT AAAACCC TIGIATATTAARGTO (‘f“f
GTGRACATGGATGGAC I TGCGATGCATTAGITAGT D) GGT«)Z\GK‘:TA\(‘GG(‘C/\‘T" PDGGC(;D"'C“T"’GTAF”(‘G
CCCTCATAGC AAACGSC(‘AC
(kte} ("“";(\‘A(‘ FAA(‘K\A’T’HT\M(‘(AM(‘\AA—\'J oA
ALGTGAAGRN G(‘(‘TCZ& £ " 3 GEEAGTGACGETAGCTTACTAGAMD
CCACYASTCCICCTAATACCTASGTCOCAACCOTTATCOOCAATCATTOOOUOTARAGOOTCCCTASD:
CIAACITUGT BASCUATSCAAATTIDTA CCICCAC GTA
CEATGGAN TATGGAGGAACATS:
cr § KGGEATAGA
ATCACAAT KLAL GJLGGALAAA TCAGITT CCAT I AACGCAA AAT
IGAARC WGGAATTGACGEGGECICGEATANGOGNTGGAGTA
GAACCITACCAGGUC LT GACAT S ACAAA ASACATASGUGIATAR L ATGIA CACAT
ATGGTTGETCGICAGCTS TTG AGATS) CCGCARCERGIGURALT:
AGCRATCARGT F(“CCA TCATGUGRGACTSD: CGEAGGAAGETGGGGATGACE
SLraA L
TCTCATARLGH (‘GT TCAGTTCGGATTGARGTITE
GATCAGIT CCGGTEAATACGT-CTCGEGCT
COANGCIEET 2 6CATALCCGTARGGAGT GRZCOSE

CARCTCGAL
GTACRCACZCGCCCGTCARMCCAT GGG,
CIGAAGGTRGGRCCGR

> SEQ ID NO: 99INR_104687.1IBlautia hansenii strain JCM 14655 16S rlbosomal RNA gene, partial sequence
ATACTIIT. CUCCTITAGCSA CAACCT ZLCGGLLJUV,,AA" CATTTAAT U COATICABGCA:
TT\.CCAACATTT SAETR
GOARTAATAC
TEGIALGAGA_GGAC:
VWGAGGGIGALCEEICACH

SUCLOS CLCAAAR,

TRUGGEGERGEIRGCAG
ATCTCCGTATCTRARC
CGOGGTARTAC
CTCRRRG
CIATAGIGOCOOAGALT "AATGIOGALT OO AGTS Ar:rﬁ
CCOAACCCOCCITAC COACOITAACTCACCT "CAGTC L,
[cletcimleleicicitetet ALCD_G”;LTILGRTM‘CT" GTLGICOROGOOGTRARASGR xuh—ﬂf‘TnGGIGT(‘(‘AFCT" AL
CATUICACT COGCACTACT L LT Cas|CAAMD CA,

SRRGCGGTCCACGCAT T ACCBAGTCTTS
CTCGT

AGTTUGGCTESE

CG CAA

CAGCCCACCTCOCSRAGCCCICACCTATRACT

AGMGTTTS (el oy
CIT GGC3ACCGECGCACGES
GAAAGAAAGA T ANLIACTGGATAG A AAT:
COA AGTT GITEEC G AACGLT
CGAACTGAGACALGG . CCARACTITT ‘sk uu(“\ﬂuff(.f‘nuluAuuﬁAln,,(.[ CCAA_GGAT
CCAAGUAGCE GANGGA CIGICCIAGGE GLAAAlITT .
AGTCARG G GO GTATT ACCATATGAATBAGTA QLT AAD TIT
CGAGCATCUCATCGUTATTCCSA CLGGIUTTARACTTAGT
TCCOCCTCAALCCTARAAT TGCAGTTCATAL ZGOTOTC T CASTGUASTACAGGTAGCCCCRATTCD
GOGGTGRAR VGATATCACGAAGALS GOGRAGGORGOTTACTGERCTETT
TCCAAAG G IO ATCAAACATI SA_ACTC_GGIAG CCACACATTAAACGAIGAR
ACAGCAAGCGGECTAAG: CCTGGGEGAGTACGCCGEIANC:
CCCCCCOCACAACCCCATCRACAT I TCOT T TARTTCOAT CATACCCCATCARCCT T C
GUCCCAAGCCACATC U GAAGS CUITCALGGL Y

e} GTIE;C 7\\40

LUCCGUTAGULGIEGUT L AAC GET

TCTRC AGACTGCCCTCCT AGA

COCCTUCTACA
_C

TCAT
CAGCOA

ARGRT! "rn (‘(‘G(‘G?\(‘GGG Gr
A TAAUACTOGATAG ATCGTATGA AAGAA uuccun,

claroar




CGAGCETTATCCCGATTCATIS GG T - TALASGGLAGIGTAGG UGG

(‘CL SUUCAAACTCCCAG CLLTACTY

TCALSTCAGTTSUGALN
CAACCUTALA CAGLASACCLCOTZOORAT TG IO
AR TRGA VCTAGRCTGTTRCTGAC,
TUTGGETATCALACAGGAT TAGATACCCTEETAGT, :CA\,A.CZ\\)TAXI\ COATGALTACTOGCTE
AGTABGUCGCIRAGUGARRGT: ACTATICCACCTCOICAGTACGOCOCCRACGCGTCARR

CEGGGECCO A ACARGIGGAGEAACATG T IGTTCAATTCGATGATACGCGASGARCCT TR
AGAATATATTGGARACAGT AT AGCCETAAGEC TSI GTGAAGGTECT GGTZGT
[stel G/UJG G GC(,LLszLGLLALA/\C' CECANCCTU ALS U AT LATIARCAGE

ACCACGNCARANCAGCACGOCEATTA
Cr TGGGGQG”TCAGMAG”(‘AGF ACCTGGCGACAGGATSITARTCCCRA
GLAATCECECATTAGC
CCCCTTITACZACACCCCICITCAAZCCATCARAOCCCOOOOTACCTCAACTACCTARCCOCAAD
COUAAAACTT: UGOOICTA

ATACCTTCC
CAGCCLT

> SEQ ID NO: 1021NR_117563. 11Eubacter|um f|SS|catena 168 rlbosomal RNA gene, partial sequence

TACACTTCGAZCCTCOCTCAGSAT
CLGARGATY
AGUTAGAANTEA

CGOGMANCCCTRATEOAGE
AMLTGRCGGTACCTGACTAS
TGOS

ACGUCGLARAL GALTACTAGGLS CGES GG
L CCTCOOCASTACCTTCOCARGAATCARRCT CARR

RaCon
COOCCATZUCL

GCN;CQ

AT A TS \A” Xe
'A(’AZ}AC 'C(ACLCALAA CIOCACCAACCLGOCCATTACT ICAALT L,
ACAATCGUGTARACARAGGERGGIN GGETTGAL T
(‘L;CDT GTAGTCTGCARCICGAC T ACATGARGCTGGARTCSCTAGTAAT CGCGRATCAGANTG
SGIGAA_AUGLL G
GACCCARCCGLAGAGHGAGCTOCCGAAG AT GOSN TG T A TGaGE T GhAGTCGTARCAAGET,
CCRTCACCTICTT

JGR

ALGARGH

AGATGIUGULT T ARL
CACACTICCIOOCE

ACAATGGCGIAMMCAAATGEANGCGAGACAGIGA
\lLGan,AJ\l&GC
CARCCOCCCCTCACACCATCOOASTCACTAACCCCCCRAT
WIAACTGECEIGAAG ITE ANEANG

CCOCTCAATACCTTCCCOCCTC T TG ACA
CCUANCCEANGEAAGEAGC TG

> SEQID NO 104|NR 109014 1|Blautia faeC|s strain M25 168 rlbosomal RNA gene partial sequence

CGOTAGGOTAGCGOCCTAT I‘AAuu((
ATGECCTAG, CAGCAGT -
CTCGETATGTAMACT ZCTAZCAGE:
9t GUOSTRATACTTRCODIIC

GTRALGEEAGTGET,

ADUCGARGDTAAL GARD
GUACTCCACCCCC AAACCATCAA AL ACCUCICAGGGACCAL.
AICTGGGGAGTACGT T \LGGAT

IGOATT AADDS GO

CACACTECOCE - CACACCATEGRAGTCASTARCGICCE

> SEQ ID NO: 105|NR_036928. 1|Clostr|d|um hathewayi strain 1313 16S rlbosomal RNA gene, partial sequence

CLCAGGAL G&”CCCLJQVGGVU GC
1) GABA
ARTGRAUTEC

CCECGET

AAGUCGAGTGAS xGLGGLl CAATGANE
G\ﬁﬁ(‘\AA((‘\'\JT

CCASTAGCCGRACCTGAGR
GCAGTGERGAATAT CGGA!
CICOCTUATT AAAGE U TTA U CAD
CG"PCCTCAC’AACAAC"CCCCCCTAACTA”CTCCCACVA\/CCCCCCTAATA"""PCCCCCCAACCC
ACACCOTTTAGTARG O GAAG oY Xelatel
GASUGCAGGAZAGEUAMGLGGANTI CCLAGLG IASCGG T GANY
CACTGSIGARSCO CORITCTARD TCAFFTT"A
AGGRTTAGLTACCCTGETAGTCCACGCCGTAALC AT GART
1A,LC(:A(‘C GUOAGLA

COAAGAACULTA
(‘AS ’G m‘C’\GS i GLLAG
UCCUTAGUAGCCAGCCAG IAGACICOCGCACTE

> SEQ ID NO: 106|NR_1|3270.1|Blautia producta strain JCM 1471 16S ribosomal RNA gene, partial sequence

AGAGTTTER
ALUUCIITGE

GGCTCAGGATGAMCGC T 2GCEEIGTECT TARCRACATECARG TCGAGCGANGCAT T
COAASUCTLI T GACTTATCCOII0ATSOCTTAC AATTISICCCTAACCLCCT LT
ACAAA_ CACTOCTAATACTCOCATAACCOCACASCACCOCAICO CIGE CLCAAAA,
STCTCATTAGCIACTTCGASCGGTARCCGCCCAZCARCTOCRCT

LGRIGG

CVTCAC,AA\.AAL.CV 3
ACTOGG GTRARRGOGADCE "“EA‘"Z«"CAA"HFTM TGTCARAGICTOGIGN
GCAAL CCLALlU

AACAGBATTASATACCTY
BCCCATTOGCIGCCGCALT
ALCGATIICCACCE

ACACACCOCCCOTCACACCATICCACTCASTAACCCOCORATTCAGTGA
AGGLGEEGACCEATAMCTGGE GTARCARGGTARC

> SEQ ID NO: 107|NR_104799.1|Anaerostipes hadrus strain DSM 3319 16S ribosomal RNA gene, partial sequence

IOACTTANOS (AACTIT T

O G AACANA CRA AT INSANSRASTI T ARCIC AT (TN CA
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CAACGOCCATA
GEALS
ATGACCT
fReeleleriviy

QLGACLUnuACACLC

Aq'Lg[LqLL

WGUCAGAAG
VGETAAGCGGAATTCCTAGT CTZ“;C
AGTCCCCARGGST COA WARCTGACACTOR
ACATACZTICIOOUAG_ CCAZTCCOUAAATTA CAATACTATSITUCCOIOCCT
TGCCGCAGCORRCGC WGTATTCCACCIGGGGAGTRCG
ATTCGOATAATCGG T GGAGCATS ITOAAGTAACTHTDAAGAADT MTACCTSS Q1
b ACCOTACCTTUC CAGOCOICCALICO I ICICSICACT Y
TAGCCAZCATTTCAGGTGGGET:

GLELTGT z g
GRGACTGUCAZGEATAACCTGGAGGALGS
ACEUGCIACAA GECETANNCAGAGEGAAGT Y

GTATTCTAC CCAQ&,
GIUCCCEEGTY GCCCGAAGTEA
GGLGGGAG! AGGTAGCCGTAT

ACACCTAAD
CUTAC  GBATGALUACTGA!

NLGCGETGEAGTR

ATCETGAGR i AGC! AT T TRETAGCCR
TRSAGAGA

LCacCUCCLlY

> SEQ ID NO: 109INR_117147.1IEubacterium contortum strain DSM 3982 168 ribosomal RNA gene, partial sequence
ITGATEE DA GAAT ACCTET TTAACATA GOAAT SOGAATC I \A' 1rGAT
CIGICAC,

UGELG

GCTERCC

A8
ARCCCCOO
ATSCGTAGR

Nx(_CL"‘ GG, \‘”GLQQGG'U
CRCETGCTACIATGE! ,TmKCAM\GGGNGGV;MGCF
CGLAGUCIGCANC_ COAT _ACATUEAAGT GOAN COTUAG AN COUEANLCAGANT
GTICCOGEGETOTTS CACCECOOEICACACCATSGRAGT TGS TARL GOUCGALGTCAGT GALCC
ARCCGUAAGGAGGGAGTTGCCGAGGETGEEACCEA I AN TGGGETGALGTCGTARCALGET] CCGERAG
CITOGHT GOA CACTITCTTTE

> SEQ ID NO: 110|NR 113410. 1|Clostr|d|um bolteae strain JCM 12243 16S ribosomal RNA gene, partial sequence
AGTGECGEAIGGETGRGT. o M ACTGGEEGGATARCAGTTR
CCOOTCCTCTOATATOD.

GETTETCETCAGTT!
COUAAACCTSGOCACTCY
ATCRTGCCCCTTAS TGCGCTRIA
Cl"GALCAﬂALCLC AAALTAACCTCCCAT

llGGGll AC CCCL&,AAC AUVGC ACC
TCCCACCSRTRACC

LGGNCl’JCu AAGLVUUGLVAUGLAAClGZLLl AACL,

> SEQ ID NO: 111|NR_041960.1|Blautia luti strain BInlX 16S ribosomal RNA gene, complete sequence

GTGGGTAACCIGCCTTAT, GEGGEATLAIAGTIAG. CGACTGCTARTAZCGCATANG

GACCCE GGATTRAS:

A(v\m, LA CGEGCCAL,
B Clq“

CLGEGAZLG,

AGCGquCCG
CARSRRGCC:
LAAGGEGAGCGLAGAL
GAAAGECTGEECC_ CAACTCCEEEACTECAT I GGANALTGTCCGITI UG

CUAGLGUAGTON: TAGA Al A(;(‘AGG
CCACCCTCCARACCOTOICCAT ° COCCOTARRCO
UGTTGEGGAGE, M'”‘”,,CGG,GquCf’f“” CGL \,lAuGCle,CCJ\,CClC~ GAG_AC

COCCASUALCCAGUCT ICSUUCCGUTAL
CETCARATCATCATGIOOCTTA” TTGGEOTACACADGE GOTACART
COAGGEIGGGIANTTUIANAAN :
CEUAGTAL IGCGGAT ACGCCGCEE-GRAT
GATUCATUAATGCCCTAAG I TAT GACCTAATT

ARACRAAGEGANGTA

> SEQ ID NO: 112|NR_074306.1|Acidaminococcus intestini RyC-MR85 strain RyC-MR85 16S ribosomal RNA, complete sequence
CTGGLGEOGT CRCATGCR CCGRACGEAEAACTTATTTCGGTALGTITOTT
AACCCOTOCCCANCCTOSCCCTICAG TTCCCAANGCCATOCTAN

LAGAG‘

SGUARLTGGAT
GGLCGARRGCACTETGITC
b ACCA""GLGLLAA,AC TAT
CELGARANLGCEES
(GOGAA FICGOAS GIIAG
,TT?”FbAC"CT\,, SMCGCTSAGRT GCGRAL
VCCLM/\CQ“ GGAUAT LAGGLGIAGGAGGLA_CGALICC
GEEEACTATGALCGEANGA TGANATLCA
TTCCACCCARCCCCARSAACCTTACC
VCACGARAACAGE TGS TGCATEECT
ATCCCIAUCCTAT T TACCACT OGO A,
TCATCC

GTAGATR
GLAGCALA
LLCIGLGC

COOCCCCCCa
GAE_ GARNG]
CITCICATA

TCATACCRCACT

ACAACCOCTCOCACTAT

_COTT T AATTECCCCAAL
GCCAGGG ATARCTCCOACTAAT:
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CTAUACALG U AU ACARLGGL
CCAGTTCEGATCGTAGGCT (JCI;I\CCCGC\,
LOANT CCGO
ACTUTTTAGGAGLC

SASUTUUALCARRTCCLAUAAA ce
CGETAGTALTCGCAGGTCAGCATACTEIGGE
. oA, GOLAACACTTOA C.
GO TAAGE - GUOTCOTA . AT COOE. GAAG- 0 AACARGH ATC

SCAAUARALULUAGULARS
ACGTGAAGT TGGALT

> SEQ ID NO! 113|NR 074399. 1|Rum|nococcus albus strain 7 16S rlbosomal RNA gene, complete sequence

;CCZ:GA
LCGLCGAAATUA!
GERCTGAGR

TCC JZ\CT\JZ&SZ‘ CACGGCLC

AGTZGCTACGOALGRL
LA"CATUK TTATOAC
,cf‘ SCRR TAAAB:FAL.T"
CAATCGOGGATCAGOR
ARCRCCCCRACCLTOTO
AMCAMGETAGCEE A

AGAGTIICA
arclcors

CUGCTITACSA CGAACCT UICCOOTOT S AAlACAT CEAAT COBATCABCCAL _TAT 0
CCOACCOOUCADTAAD
CARGCGCACGGCATCGIATGATGCAGIGTGARA
GEIGAGETRACGECCCATCAN
SACATEGCUUARAL T CE AU EGE,
CECGTEAGCGARGAAGTATTCCGGTATGTAMGITCTATCA
ACCOCCTARATACCTCOCACCAGCOCCCOTAATACSTATG
AGGLCCLTT: AAGLCIGATC CAAACCITICE
GUGLTECAGEEEUNAAGCGEAN ITCCTIAG
Af‘JGGAC’TA ’L\AC GA

AGCC _AUCCOTA T TA!

UCAACCCCEG ﬁCmmquGAMCLQ
LGA (etele
AAGCGELEEGGAGT,
NN elol] \:, (e

GEGANGC
AL e .AAGAA GARACTTAMAG
AT COAAGCAACTCCAATSAACCIIATCAAT CL
CRGGLSTGNACAGGTGE -
CAGTAGCCA
GEATGACGICAANTTA
CTGTERAGCCGAGOR
LB TCCUTAGTERTCG
CCALSOTATS T COCAA G
CGTARCAACCTAGTCGTAZCG

TGALP T

AGC

LECCCICAR ACC, LCL
CCOAARGGRAGCRGTTY
GAAGCTEIGET GOATIACT

> SEQ ID NO: 115|NR_074928.1|Acidaminococcus fermentans strain DSM 20731 168 ribosomal RNA gene, complete sequence
AGAGTTTGRTCCTGGUTOAGGACGAACGCTEGCGEN GTGFT””T;F[‘(‘ ALCG -

Gan GL1IT LGGCGAACGGEED &
DAGCTAA T ATCCAR T TAGA DD 'O
CAGEAGAGE!

CGCOUCIGA!

ORCGARAGTCTOACGOAGCARCGD:
CACCAAACCATZCCATCTA  AATACA ITCT Gl

GTGAFT"A”GZ\AGG(‘,PT” ‘“GTAAMF F.T? CTCAGE
COAGGAASCCACCCCLAAC ACCTSICA

AAAATCECOTOT TAACTOTOTATICCI U GO

TSTCTCR:
GOUACTAT AGLAGG,ALLG“CCCCl, ,Liu_CC«,‘AG lAAC AATAAD
AARCTCRRACCART GACGICCCCICCCACARSCOUTSGACTATCTGST T TARTTE
s > TITGACA TGAL GARAGACTCAGATA GHGTET LT CGT AAL
S(‘?\iGG(‘,TGTTGTJm(‘T( GTGT \TG””GGG””D RG”CTCG« I\N‘GDGC\
ALl

ACGTARD
CHAABAC

o ,CLLAACA CC(’AAUVC CAGA AT "‘, CCGOOTCCCACAT _CGTG_
AGTCGTARCANGHT ACC"FTT:GAGAAC:A:CC:C,GCATCAC;,

> SEQ ID NO: 116|NR 114326 1|FuS|caten|bacter saccharlvorans strain HT03-11 16S ribosomal RNA gene, partial sequence
LEGETCARGA IGAACED CYTTIGEALS
ATTCTTOA GCT3O
ALACGGTTGC TR TLTGGERTGSES
CTCCT CRCRISCCIAT

“FCCCCT CooTa

CCCOCAACCACCCC %"
LE0ATSAR

,CCTCAGTAGCCAGCAGZTA ACC"GGFC‘
UALGACCLGOTE

> SEQ ID NO: 117|NR 102884.1|Ruminococcus champanellensis strain 18P13 16S ribosomal RNA gene, complete sequence
AGLLL CGGUTUA SGCCTUAACACATEUANG (_E'lul\_&'&'l\,LTA\ll GAL_C
CTTTATCITAGTGGIGGRIGGETG. GEGATAGCTICTGGRAL

(& _ACCTCATAACA ALJ&‘CLCALAC
GUECLEAT AGUUAGAT GG GAGG AAL
CCACATTOCOC CACACACSOCCCACAL
CTCATCCAGCCIATGCIOCCTOCACGARCGRAZGTTCZCCST TTGTR\Z\I\‘"TCC
LAZCLLIASCATCAAGTLITCO AC tole} CAZICCTST LA
TTACTGEECGE. II‘J‘CGG’\GCqTA;GC(‘GGGA,TGCA\L’TVAGI\TG”FI\“T;F;"”ﬂT ;GG‘

L TAATCCOA
SATGGAATA CIC GOIGRAAGTIGGOXT UTGOT 1AL
ACRCCCTGGTAGTCCACGCT GTAMCGA
GIUARCATAA _AAGTAATCCATT GEGGAG _ACGS! VGu;[GGl G/ AL 1'/;m;GGAU,L\LWG\“
CAACCAT GOAG ATITSCTITAAT COAATCAATICCAARAATT " ATTAL CIDADATTOAT
CCOCCACACARATACACITCOTCCATOCTTOTCOTCACCTCOTCTICOT.
UCCIECAACGAGCELAACCCLY TUAGTIGC ACEC, mAq' VCUCTAGAGGEACT G
AAAAC'”A(\(\AA(\C‘7\”«\\\‘\‘«”«( VOCAAR CATOA COUCCTTA GATZD CUACADACT AL
LA 2 ACLTTCAGA IO
ACTCOCCTRACATCAASTOGCAA TAGTRATCCCIACAT FAGCA"F&TZC\J\.T"AATAFCTT(‘C"'
ATACACTAC CAZA CACTCON AATATCCOAAGLTAG AT
ACCUCOGAUTAL GAul&‘GLuL CEAC_CO A,ACAAZGLAGCCGU;,CGGAAGTAuCLLu,CuA,CA(

GIOTCATCATGE
CTACCCOACCCATCACTION!

> SEQ ID NO: 118|NR_102971.1|Bifidobacterium bifidum $17 strain $17 16S ribosomal RNA, complete sequence
TTCTTCTCCATZCCTTOCATTCTCOCTCACOATCAATCCTICOCOCCTOC T TARCACATOCRACTCOARCOOOATC
CRTCG , CCTTOOTGOTORGAC TGO .CTGAF ARTOOOTOAL ACCTOOCCCATOO CCOGRAT
WGUUCOIEGANACGE 13GLL\A (‘C(‘GGA, CUAC, 13y SAUGLGAT LGUGEEANGA LT
CCAAGGCTTCGACGGGETAGTC:

CEIGCE
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GGCEARGEIAGELITT C

CCTICZCC
\PF‘“CWF“CAGDMTGG FIJ,,r‘r‘T CGBGGCGEETTOACAGETSGTGCATGGTCETEATC
el GEETTARMGTCICGCAACGAGCGCARCCCTCGUCCCGTGTTGCCAGTR

CGGOAACTCALGGITSALCGCTOGGT . LAAT‘
CCCABSGC- G AUAGGCGAC

COCGTCTCAGT T OGCATOGOAGD: ARCCGCOOACTCOOTAS AR

CCCOCOCTCAATGIOT "CCC""CC,TGTAVACACCGCCC TCRACTCATCAAARCTICCCIREG

CGLCEUAACCECTY LWGUCGLCUAAGGTGA CCGLGA GEEAC ARG
LCCEEAACGUGCEEIIGGATCACC JCCLUCL

AaTGUGGOTAGACG U CAGATCRITA GCICCLUACG

> SEQ ID NO: 119|NR_102980.1|Megasphaera elsdenii strain DSM 20460 16S ribosomal RNA gene, complete sequence
ACACTITCA TC CCCITACOACCAACCE U TCOCOTIC IOl " AACACATOCAAG ' CCAALGAD
LEIOMA =l o N LCAAT CEAGUGEUAAATEGETEAG LAACH PAGCAACTIECCITUCA
GCTGGAARCGECTGCTAA T ACCGAATACGT ZCTTT I TGTOGCATSGCAGAGESAAGANAGGGAGGTT:
CT CAMNCCACGSOOCTTSCCTCTOR ARCOCOCZCCRACCANCCICAZD
CCGETCTGREAGERTSAN GG CACA T TG EACT GAGACACGGT CCAGAC TC I TACGGENGGCAGTAETGEE:
GCACuAAAGT TCACCCACCAACCTCCCOTGARCCATCACCSCCTTCOOCTICTARACTTS GT
SGCEUAGTEG LT, ACGAGGACGEIACCE IAAGAGAAMGCTCACEEC TAAT A
VILCGTAGGTS GEATTATC 3GGCGETINDG
""'“(“CTT;Z\G'“”G(‘ CTTARRAGTGCCGGEC I TALCICCGTGAGEEGAICS, AZ\F"”GCQZ&"GCTI\C‘A«:
,C"lAGLGlAGCCGLGE AEAUATTAGGAGGAATACCAGTGGCEAAAG
ACGGGAT,AUATnCCCCGCTAGTCC’FGCC:”A

AGATATCGATAA

LGAGL ALCGACCM,, ,Cl'i,

AGGUTEAAE U CARAGGAN T TEATGEEEGCL
ATTCC AT&‘GATA"‘AGATA,C# o7

TGTTGEITTARGTE

> SEQ ID NO: 120|NR_044645. 2|Dorea form|C|generans strain ATCC 27755 168 ribosomal RNA gene, complete sequence
LTIABACTAGAT " UGAYT i £ A7 CGINOGITUGC LT A,
TAAGTLIIOA AGCI]GC[NA Mo} \JNUZ.AZ.

"‘I;TCL\.
ASCCOTORER T GOOTAL VA’“ATTHF ECORRCACTA '”C”?TFZ\A'?’?FF\ 11 NTD'”T COACTRTGACTOAICTTIRGG
CLCCAAATH CCACCOT: AmC l GACLCCTAT
GTACCARAGCTE TCGCAACRAT
CAARGHAA COAZCATG GO AT COAAKNAR
CA_CLLITACA CCCCATTACCOU ICCLAA COAATY LTI " CLICCCAACATCEG CACACCLOCIEIATEE G
v GG AAGT C CATCTTUCATIAS
WCUGCCAGEEAUAATT U GEAGGAARG U GEEGALGACGLNN. \‘\(‘1\1"‘/‘ GCO
ARTGICGTARLCACAGGSAGGCLORGTTG
CULGATUACATGAAGTUGCAALCGUTAG T AATCS
ACAUCALGEGAGITAGLAATE!
ARGGIGCCACCGATAACTGGGST

AGBATGEECAL
TATGR
AAAUASCTUCICAGTICGGATLS
AAUGCLGIGG-GARL ke
CRCTCACCCARCCCARAGCAGTTAGCTCCE

> SEQ ID NO: 121|NR_118643.1|Eisenbergiella tayi strain BO86562 16S ribosomal RNA gene, partial sequence
GEUATAAD GUGGUGEACBEE GAGTAACGUG  EGEAANCU T ECCUT G TATUEGELEAAACATT
GETGCTR i CEGTGETRCAGG:
SCCTACCARACCCACTAT TRSTCOGCTT!

C_ACTGZAGGTAGCAT. QLGGAALA U‘A
CAROTAT TT"”(“TA"‘C ARAGCTCTATCACCACCCAACARRATCACCITA
< ALTATT CODAAGCT IR TOO0A I
ACUGGETEUANGEGAGIGTAGACGECALG! SLGAAAACTCAGGEC I CAACT L GGEA LG,
TCOCRACTOCCACCCTICACTOCACGAGATS - CARLTGCCTATSA
COAACAZCAC _GCCOAASCCOIC U TACTIGACTT AAul”ﬁccl CACSCICSAARCCIUCCCCALTA

GAAN S

GA”FCAC"CI\ F(‘(‘CC;”FACTGN
00 GATTAAGAAGE

Ia’r?nam,t; G ACAZGTGETGCATGGTTSTS
COGTAAG CICOCAAL: ALCGLAA(CCl e ACCCACCAGOUAAAST . L_/u
CCCOCCATRATCCGCRCSARGSUCGCCATCACOT CARATIATCATCRCCCTTAT SATTTSOC:
AZAATCOCC AAACAAATCOAATC! ACATUCATT CUACCAAATCYTATAAN
AGUCTGCAAC _COACTATATGANGC GGAA_COUUAGTAN COOGAATCAGTATE CECEETEAATAT
GGTCTTGTACACACCGOOCGTCACACCATS
GCAGCLGARGECAGGTCTGATARC TEGGET

ARGTCGTAM

> SEQ ID NO: 122|NR_118730. 1|Clostr|d|um symblosum strain ATCC 14940 168 ribosomal RNA gene, partial sequence
AANCATEAGAL ,(:Alu(,LquL, CAGGALT
TTARCGGRAG GLAGTTGLL
GT’\CTGGGGG]\ VGAALTCACTS
JGC GLroT
LA&‘CCGACC,”A ACSGUCATTTCCCACAL
CGEEEGALAGC

MACAUKC (JLIM;\JL’ GAAL
GT«:GCGGF\CG\m,qA\
TALTACCGCATALGCGCACAGTATTGCATGATACAGIGTGARAL
ATTAICTAG ULUAMCUUAADGOC T TACTUARGUCGACCA TIAC
P GAGACACGGCPNHAA" LICCTACICCACCIAZCATUTCO
C

CCLLAZCCOT.
"CG GNCUCAACTUGCGEENNC LG
SLTARA_GUGLATAUALIAG
TCGARRGCGIGEGEAGIAANCAGGATTAGATACCITGETAGTCCRCGC UG TAARCGAT GRAT.
COACCRAA CCOTCGL CCCRT CTATTCCACCTOOOCATTACOTCCE
CACCOUTACCNGTACAAGESI L CTASCALTUGH AL

COACGESGGAGIAATGITIIHN TN,
CCTCITGTCSTCACRTCT TCGGTTNACTCOCCTARCCRCCOCARC T AT TC TRRC TAGT:
s} GGELA GGAAGRCTGCCAGGEAT AL L TGERAGAAGGGGGGATGACGT CNARTCATE
TA"CKIC"GC C CANTGECGTANACANAGAGANGCANGAZCGCGAGETGEAGTAN,
B CACTTCIGACTCCACCCTGIARCTOGCCTNCAL ARG T CCRATCGCTAGTARTCS!

AATTCAL
TGV _UAACUGGAS GLCEGASASGLIAAG GG,

1 GG

ARTGTCGOGGIGAATACEITCCOGRE-CT TR TACAIACSGNNCG TOACAC CATGEGAGT CAGT AR GICOGALGT
TCGACUCARCCCCAATCACOOAGCTCCCTAACGOICOOACCTAN, Jifetaie}

> SEQ ID NO: 123|NR 113243 1|EryS|peIatocIostr|d|um ramosum strain JCM 1298 16S ribosomal RNA gene, partial sequence
- TOCANTTCCARCGCTAGT,

CACGRATACTEOA
CCOCATTACCIO SOCCCST L X GCCTAGCCGACCTGAGALC\JTGACCGC
CACTCCOACTCACACACICCICACACTCITACCITACCE, GCA"HLGCGAA"TT"CGCCPGT‘ GCTCRAACCIT
AGCAAC! G TGAAGGAAGAN LA TARAGEAAG,
GEALALEE AZCCGATTEACGE AT, ,LLA,,AGLALAG( CACGGEUAACTATELGECAGEAGCOGCGE _AATAT G

AGTUCCCAACIC U ATCCCCGAA U A “COOICIAAAGAGSCACCACCCOOCASTAACCTL CLTUGTY
CRAGCTTARCT CACTAAGCCATR Z\AACF CCCAZCTACAGTCCACCAGACCATCCTGGART TCCATCTST!

AC"CC ACCCCOTARATTA

o] ACCL

C':ACTC"CCAACTLCACTA”ATCAACTTCC TCCCIACTARTCCCCAATCACCAT
GGO TRCACACCS:




>SEQ ID NO: 124 IPROKKA_00507 168 ribosomal RNA gene | VE202-7
ATSACGASTTTIATCCTOICTCASCATGARCICTSSICCIOTGOCTAA c
GGRAGTT

GGOCALAA

COCRCACOTARGTCC,
SECGGOTIAC L
ARCCATCAATOCT

CGCCATEGCARACT
(el

>SEQ ID NO: 125 |PROKKA_00709 168 ribosomal RNA gene | VE202-7
ATGRGAG COTGE0TCAGGAT GRACSCTGEIGECGTGUCTAACAL
ATGRAGT CGATGIATTTTICATZCACIGAGTSOCCTACESUICAST
fefelelelery AG_TATAAAITGACTCCTAA
£G8200TS2GI0ACEIATCCCEICTUATTAGCEAC T TOICAESE™
GACCTGAGAT GG GATTGGOTACA
AL GOAC AL OGCGARAGE I SALCCATN S ACTE 0T
CRGGER NTGR
ACCSOATLIACICCGLG
GGOACTGCTTTICARACTS

ARAGCEIEGE
ARRGCCT
COARTTCACG

CEECGLAMAD
CTGGGGRETALGTTCGUARGART GAAACTS:
CRAGE: JxFFCGZxZ\FD CC

GETGOCETCRCAACGCAGS Ahq" v
COACCISCACAAGCCOTSTAGCR

S UCGBATLGLAG TG, 25, GRS A CAGIALT
LCAR ACGLA‘VCCLGG S GCCCCUCA Cf‘m GO0AT CAT:
LEACCCANC & & B GC_GCIEAAG! e} WGEIAACTEEEE IGAAGTIE Al
ATOGGAIG CGCTGATCACCTCCTTT

>SEQ ID NO: 126 |PROKKA_| 01766 168 rlbosomal RNA gene | VE202-7

ATCACAT ACCIGOCICAG

ATERAGT -

TGEGGGATA TG X 8 ] GIACGEZGTSARRARLSC
" ; g AGC

GAAGTANGICLG,

CGGAZGAAGGTGESGATGACETCARAT AT
AGCCARGIAAGACLCTCATOTCOACCR
COAATCITIACTAA CO
SCATGEGASTCAGCAACGT!
GUSAATICTHIABCAAC

>SEQ ID NO: 127 IPROKKA_01779 168 ribosomal RNA gene | VE202-7
ATCRGRT TCCTIZCTCASG CCTOTO
TG GOATGGATT I CAL GAL
TEGEEGEN Al ASAMATGACTCCTRAATACTS
IGEUGET G GAGATGEA T HCLGALAGCL
3G
CCCCARAGCCTCATCCAGCIACTE:
8 ACTANGAAS
ACCCTTALTTAC CLLlU,A—&AG"L—XUVG,A&‘ACLJCGAAL
GGEAZIECTITEGARACLG
DITARATICG AGATAT AGTA

COoo”

ATANGCGTA

SGCCLTAAACZA GAATGCTKCGTG (stejeialele]
AAGAN GAAACTTA,

TGGCCAC"C £l

ACAS AGGGA AGCAL
CORATCGT
CACCATGOCAT AACCCCCOAADTCAT
CUGGEEIGAAG COIANCAAGE AGCCE_AT

CGLGCL"A
AZCCAACT

>SEQ ID NO: 128 |PROKKA_05926 16S rlbosomal RNA gene 1 VE202-7
LATGLG CCTSECTCLEGATGR
KIGAAGT GGATGGA LT
GEGGGATANC: GRART SN
GGG GAT A GUATCCGAG CICATIACCOAT, L GOCEG0T
GACCTCAG ACCOOCCACATZCCS ACCCCCCR?

ttos CTauu\vau

TTGC, C.
GCAGO A‘"G TTTATS Au;;’if’ _ACTUACC
GGG("AAGF AGGEAGCETAGAOGGUGANG ARG TCTERAGTGRANLCICAGG

CCUCAACCC U CCCACTOT I T GEAAACTOL
TCARRTCCGTAG CCR

TG _ACAT CICCCACACST U AAD

CTOCRATCA

AGTCCRCGIT!
ACCATTCCACCTOOCCACTACT
SO GOL U AL COBAUTAAL
> TICGGGEEAAGAGAGS Relciileie
CCTCACATIT TC'G’“TAAGT\,_C(JVAACCAGCGLA}\CC‘ TTATCCTTACTACCCAGTALD GTAAAGC
e GGTGEGGATRRCETIT T TGC

LEACATE
ATZCTCOTIT
TEEGCAT

ATTTGEECTACACACETGCTACANTEGE: ANCAMAGEERAGCANGACAG T SATGTEGEAGCAN
ACUACATS,

ACGUCCTAGL _CGOATY

SOASLTAGCAACCUCCSAAGLTATIC
VAT GGEGTERAGTCGTARCARGETAGCCGTAT

ATA
CCGRAZGCGEEGCAG!
CGCTGCATCACCTCCTTT

ACTCR

COCRACCTONT

>SEQ ID NO: 129 | F’ROKKA_01784 168 ribosomal RNA gene
GALCCITECLAGEACGAALGCLEECEECECOLT
COOALGTALTAA.

LCARAGAG
LIUGAAT
AGEGGGAT

(‘GTTG’\I‘CGG«"(‘
WTGGGCGRAAG

Kolalc CA RCGGTCCAGRLTE
GGAAGACEGET

CTTCGGATTGTARN

(ks \Mﬁ'?(‘AA(‘AAL\A\'?A("ﬁ acc CAGTAAGCITONND AATTADS IGLCAGTAGCE G
AGGGAGCARGIGTTGTCOGGR CGGEIGTAMGGEAGCGTAGGCGEGATGECAAGTAGALT
LCEECLCAATIGE GEIIGCEICT VOUZCCEL _CLIGAGLGANGLAGAGSIUAGGLGEANL ZCTL
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GGTGAAATGU

(siciomicH¥ciciom]

AGGRAGGAACACTAGTGECEAMGGUGECCTEC TS TTARC
CACCARACACTATTACATACCCTOITAGTCCATD TAARCOATCAT

ATUGATIOC
AGERATTER
CTTGACATCG

GGGECCIGCACARGCAGTS
ATGEATACCCTAGACATACC TCAALCCCTTCCCCOUATCCASACAGGTOGTCCATSITTOT
GATATCTICZIOT CCOTARCTAG Al TATTATTAT
CAATGAGACT GCCOU GACAAAACGGATCAAGI UGOOCALSACGLICAAAICA CATGCCCULTA _GACT GG
LOAG GAGGIGANGCEANTTCCEA WGoGL
CTCACTTCACAT TCCRACCOTOOARCCOCCO CORTTARS TCONRRT TGO TACTAATCOOGOATCACIATGIIING
CIGaalAlG DTG UACACACCICCCO _CACACCATTCCAS COTTAACATTCC,
ARCCGCAAGCICGGEGCTGTCCARGC TGUSATTCATCACTGGCCTCARCT CGTARCARCCTACCCOTATCOCAAC
GLTCOOTUCCATCACTITCL LY

>SEQ ID NO: 130 | PROKKA_01864 168 ribosomal RNA gene

TCRARGH GATCCT36CTCAGGACGRALGCTEECGEIGCGCCTANCACATGCAAGTCGANCGGAZCTTA
CGOATSCACCAATGTAAGC I TAGTCGCOSACCSCTCAGTARCACGTCASCAACCTSICTTS
AGEGGATARCAGCCGRAMACHES GOGGRGRCATATGOCA ACORLAGE:
ARTCCGITGANRGATEGECTCGUGTCOGAT TAGCEAGT TEGCGGEGTAACGSICORCCAMAGCGRCEATCEE G
GRACGGICAC: GACACGGCCCAGRC TCCTACGGGAGGLAGTR
GGECGRANGETT
CGEGEAAZRARATGACGETACCCAMAGA
GCRRGC
COGOTTAACE

AMAEGGAGCGTAGGCEEEATIETT
TAGGCODAA T CCTA;
GRCGC
AG
GEGEAGTALGECCEOARGET TEARACTORAN

GGET

felatadl] &
GT
AAGCETECEEAGCANTAGEAT ACATACTCIEE _AGL T

GROCCCT T IOGT GOOECAGT TAACACRAR T ARG TART OO
GOAATIGACGICGGCLT:
GCATASCCLAGAG

WGGAGGAACATT

WWETCCT U CGGEE

AGACAGGLGE G
STTATTATTACT GCTACGOARGAL

CTACACAD
LOAGLLCAGA GO
LCARTACT TCCOCSCT IO TACACACCSICCT Y

BCT

>SEQ ID NO: 131 | PROKKA_02671 168 ribosomal RNA gene
TCRRAG GATCOTRGCICAGRACGRATGOTERCGEAGCGECTANCACATGERR
MAZRCG

ATCGANCGGRAT

TTGGLGEGGTARCS
AL A
CGCATCOACICCTUG. CAGCCAATATTD
CIACGLG

ALATTOCACAA CCCCGARASTC G,
ANANT GACEEUACCCANAN.
ACCCACTAACTIC " CLTT00AA
LCEGCITANCIGE GGL GCEIUCT.
GGTGARATGUETAGAT
CRARGCOTCOIGAGCAAN
ADUGADDOCT COGTGOT AACATAL AAT AATTCALD
AGGAATTGRACEGEGECECGCACARGCAGTGZAGTACGTGET T TAR'
[k CCGLAUGCATAGUTIAGACATEA ARl
CAGCICOU GUCAGATCLICOCT

CARTGAG

CGRAGGOGECCTGOTE
STARAZGATGATTACTACST!
AT ADOGCOGUAATG

LIGCCH

TIA_GACC GG
ATGGCACTAAMLCAGRGECGECGACACCGUGAGETOARGLGANTCCCEARLLAGTGT
UGCAGECTGCAACCCGIT _GCAL AEUCGGAA T UGEUAG LA CECEGATLCAGIA GCLECG
GTSAATACGTICCCGEECCTTGTACACACCZCCCGICACACCATGGGAGTCETARCACCCGARGCCAGTAGICT
AKCCOCAACCICCCCICUCTCOAAGC COCA T ITA _CACUGCOO CAAS U COIAACAAGT ACCC
GTGCGGCTGGATCACCTICTTT

>SEQ ID NO: 132 | PROKKA_00690 168 ribosomal RNA gene

CROTCCETC,
VTIRG
AGGTAGTTGGCG
ACTCAGACAC

GACGICGRGE!

CRIGGETE

GRAZANAATGACGETACCTGAGT:
ALCCEGATTUAC. GBS

GCARAGTACAT
AGGANLTEAC

SRCCTGGGEERGTR

GEACCIGCAAAL

AT AGTRAGCCRG
COTCAARTCATCATD
AGOGAGAGGETGACCTGERGOGM
FIAGLANTCGE:
CGAATACGLLY CUTALACATTGCCTG T ' SATUC i
LTACCCAACT UCUAACCCIOICATOCATAAC GOS0 SAACTCOUAACAALS _ACCIT A
LCCOAAGT CLCCCLOCALCAZT CCULY

>SEQ ID NO: 133 | PROKKA_00991 168 ribosomal RNA gene

TRCGRCA GATCCTSGCTCAGGATCRACGCTGOCSGCS TSCCTARCACATGCRAASTCGAGT SRR
UCAGAAIC " CCOATGAAGAGGACAGIGAT ‘CAGCGGLGT AT

GALAACAGT UAGAARTGAT JGCLAN

GOUGGIA SAGATSCACCEGCG TUCA
SCEACT_GAGAGGE T BACCGECCACA IGEEACT

CATLGCACAALGGOGOAAACCT LA GCATTGAT

G
SSTSAGAACCCOUGOCCAALCTICCLE,
ACAGGLCCGCS

CCAMNC CUACGEGAGGLAG
CCOCT_CAACTAACAAC AT I CCO AT AAACTIT _AT

CRGCAGGERA
TGETGCARGC!
COCCTCRACT

AGATGACGETACTIGAG
TATCCEGATTTACTGEGT!

ARGRAZCACCGGCTARATACGTCCAGCAGCCEUGETALTAC ST
VAACGGAGCGTAGLCGGATASGCAAGTCCGEAGTGARARCCCA
ATCTGGAGTSCCCORCAST
SCAGLGECGANGGCEEC  TATTESALGGLGACTGACT Y
AGTCCATICCOTARAZTOATC,

CRAATARGIAGTCCACCTGGGGAG
CACAAGCCCLICIACCA CUNOU IAAT COAAGTAACH
CCOACTAATG COCCO_CCCU COOOCCATTICACACATT
CUAGAGLLT TUATIUI
[cugciclciolomlom GRCTGCCRGEGRGR GTGGGGATGALGTCAMATCATCA
COCCACTO BCAATCCCT OCCACACCOTCACCTCARCCGAR CAARAA
TEACCTIOC CTACTARTCCCTGATCRITAT
CCRT AGTCAG i
GGG CAAGTCSUAAL,

>SEQ ID NO: 134 | PROKKA_01948 168 ribosomal RNA gene
TEGCTCAGRATGAALGCTRECEROGTGE ACATGORAGTCGA
GARGRGGACAGTGACT!
LGULAN ACUECALAL AAAACT
GATGGACCCGCGTCTGATTAGETAGT TEGTGGS z CAGIAG
\GAGGGTCACCGECEACATTEGIACTCAGACACGGSSC tlof Tojos.¥
- GGGEGANMCTC GA GCAGLGACEICGRE. ARGANS LA TCGE AL GLAR

SCOCCTACIOD,
ACTCCOLARAATTA CAl
GOGTAT
CAACCAACCCOARCRAACT

—ce
TCAGCTCS L GTGRGNTGTTGGG. ARG ICOCEIARCGRGT , o
OTOCCCR GCLCACACTOCCAGCCACANCCTOCAGTARGCTOOCCATCAZOTCARM T CATCAT OCCT:
CACACGTGUTACIATGI 2 AGEGARGCGAGAGGETGACCTGGRAGCGART
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CCCCCOCTCARTACCTTCCCSSGTCT TOTAZRCATIGCCT
IGACCIARGG T AGAGGAGE
LCOCAAGT CICOCISOATCACT CCULL

>SEQ ID NO: 135 | F’ROKKA 02310 168 ribosomal RNA gene

rrm”ﬁvrTﬁm -
AGITACAAATGAC,

ww“GGN‘G”wG GRGTANIGOGTGEGCARS:

AGAAZCAUCGGUIAAATAL AGUAGT G
"KAA”CCAG”GTA"ECCGATAZ"CPRCTVTG ACTC:

CABA GO AGAT A
GAARGCGUGG
GUAL /\GCACW CEELHE

A
CGLAALTGA
IRE CGGLGAGUALS.
SCACAAGCGGLG ALVA,JLUU,,LAA,,A‘AAG:AAC
FACGATEGGEGAGL, LCCCUUCHEEGCATTTEAGACAGE UGG LGCAY
LZACCIII CoCOUCATALCLIIIGE [ojet Al

CACACT GCLATAN
JAA((‘\A, CATTUCGHA T GTAL O

GTGGGGRTGALGTUARR
ARASCCAATCCACATES LCACCLOALG
ATATGAARC GOAA TOUAGTAATDC

CAAAAL
CAGTA

OCCOCOOTCAATACOTTOCENNT GTACRCRCCONT CACTCATGOCAGTCR % AGQTAG
CGATCCARCCTTAGASGAGGGAGC T STCOAAGECGEEACE AR T 566G UGG T CGTAACANGG I AGCTETA
UCGGAAGG_GIGGTIGGA CATT CTUTT

>SEQ ID NO: 136 | PROKKA_02993 168 ribosomal RNA gene
TRCGAGR: GATCCT3GCTCAGGATGRALGETEECGECGGCETARCACATGERAGTCGAG!
TLCAGAR COOATSAAGAGEACAGLGAL - GAGLGOCE0ACEE6 BATIANCECEITE ”mc:,

CRGGGGS AGGRCCGORTGETGTAGTGT
CCT”T‘"" AAAGLC AC"‘I-&AUC

iiatei

CCAAGC

CGGGGCAl\,\,uAuA ALG GLLGCA,
toll}

SCCCCo
GACC m;(_(_

>SEQ ID NO: 137 | PROKKA_00436 168 ribosomal RNA gene
ATCAGAG ALUCCLAGCICATGA_ GACTCIGOLOGCT GOCUAACACAL SCARGLE
CGGRAGT

JGQGC'MMCC, CEEATTTACTEGETE _AMAG!
[sfetel CAAV (o] LCGAQUL uuG&AAC@ CLAA
GG

SAGCGUAGACGEIAAAT 1L/\Gl'
GGAG: AVGLAUAUULAALLWAALLCCiA
Neltelelite}
GTAARCT
GCAG,AAGT?\,TVHA S TRGGERETAG TGO GAATGANACTS
COTOOAGOA TG0 " AL " CHAALTAADGCHAAGAACC

COGCAAC_ CL _OCCACAT CCCACGCATAAICTTEACCAACCICOCCATGALTS T,
ACRCCTCCTRCARTCGCCGTARACARRCACAACCARCACTGCIACCTCCAL
AACCLCLICAG COCACCCATSCICCAAL _COTT _CCACCAATT COAALTIT QLAA,C[(,LAA,CAGAA,G
TCCCGOTERATACGTTCCCCOSTCTTGTACACRE DT NCACCATCCOAS STARCCCCTGARGTCAGT
CACCCAATCOTAAGGATSCALD GOCGAATICOOTACCTA AAD GONT GAAT COTAATAAGGTATCCT A 'C
CUGCATTACCTLC

COAACCTS

>SEQ ID NO: 138 | PROKKA_00685 168 ribosomal RNA gene

ATGAGAZ LTCCTEECTOAGGAT GARCECTEECGEIETGIT

CEEAART GGATAGAAGTTEAAT"GA GOGGERCGRGETGAG AN TTG
TOOCCOACAATACTTACAAATCACTCCTAATACCOTATAAGUOCACACTATCOCATCATACAC TCTCAAARATTC
[stejoRie «),AJ\ACZZ.ILL\C AAUCC[ CZ.A, ,AZ. AGC

COAC

ATTGCACAR T 2GGCGARAGCCTEATGCAGTFACGI NGOG TGAGTGRAGRAG T AT TTCGGTATGTARARC
ACCRCCORACRARATCACCOTACCTCACTARCAACICCLOCCTARCTACOTOCCACCASCCCCCOTART,
COGOCAAGCGL A CCODATTTACTT (.lu,AL\‘AG GAl: WLCTCCAAGT
GOT_CAAT CIOCCATITCTTTSCARACTS LSAGSLAAGTCSARTICCIAT Y
GTGAARTECG WGGAGGAACACCAGTEGLGAAGGCGAL GERCGRTAL:
AANGCETEEEEAGCAAATAGEA ALACCICIGE _AGTCCACGCCG IAMT A GARTACTAGGT G
CAARGTTT o COOARRCGCAG AL A ICCACCIGGOGAGTATZS " CLEARGAATHABACTT
COARTTCACCICCACCCOCACARCCCOTOORCCATITOCTTTAATTCOAACCAACCCOARCARCCTTACCACITC
LIBACATTGA_COGATGEEGGEAG. CGGEECGGAGAASATAGGRIGGTCCALS 3
CATCTCD GO0 GADA G IGO0 AAL TCCOIAACTAGCLIARCED IA I AAG AGCCALT

GGGAGI CAGGGATARLCTGEAGGARGGTGEEGATEAC

ACACGTSCLALAATEGCE

TOGGR! ‘Gr GECTGORACTC GAAGCTGGRATC

ZACCTTC CCCG"CA ACCATCC:

u‘ ke GGLEGAN

>SEQ ID NO: 139 | PROKKA_01171 168 ribosomal RNA gene

(‘CTG’;(‘T"‘ZL;GA,GI\F

TCBGTAGC
AG_CEUTEAAT

GGFJ TIGA

llGACAluGA CCCATTICCTAT ZCCIUCCOEECOTATAAT,
AGCTCCY GLUCAGATCLLCOCT ACGACCOIAACCCUTALTT

GCORGH!
TECTACARTCGCS

TCGCGETERAT
CROCCART
COAACCICCCIC COATTACCICCT

>SEQ ID NO: 140 | PROKKA_05969 168 rlbosomal RNA gene

LCCLGECICABGA_GAAL AAGLCEANCGAAG
GCATSGAAGTTSCATTGAS GTOSSTAMCCTSS
AGAAATGAC GATARCAC
ATCORCT T QAT AT
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GGGN(‘T\-‘L; . L COTACGGGAGGCAGCLS
’\FCVTEI‘T CAGUEACGCIGCETGAGTERAGRAGT
ACTAAGAL €

ARACCOTICO AGCAAACAGG
CAAAGTTE
AR A GOACET A ACA RGO (T GRACCA
TTGI\CNT"GI\i CGRCGEGGEAGT.
GTTGGGT
CUGTTAG £
CRCGTCTACARTCGCG AL CANAGAGRAGCARGACCGT

LCI ACCLIEGGGAGTATEY
GO AR AnAATG

AAGASCCT ATCATT C

GAALTAGANTS

CCGAAGICAGY
CACCCARCCCCARCCAICCASCTOCCCAACICOCCACCOATARCTOOICTOARSTE:
GERAGATGOGRCTGEATIACCTCCTT T

>SEQ ID NO: 141 | PROKKA_00279 168 ribosomal RNA gene

ATCAGAGAGTITGATCCTGGCT CAGEATGAACGE TS50 EECGTGUT TARCACAT SCARG
ATTTSACTOACCCICGCACSGOTSASTARIG
AGLTAGASA CGCUGTY AGCOCACAGGACCTCALST.
L GAGALGEACCUECG_CLG AGEGGLACE eleT ¥,

TCGAGCGRAGCRT TR
[olet

ACZAGCOTTA”

TCCGEIGE

GCCGGCCTGAZAGGETEARCGECCACAT TEZGAC T EAGKCRCGET! AGTAG
ATATICCACAS CCGOGARACT UGCATCCACICCOLC CAAGCAAGAA! be] GrasaCl”

TCAGCAGGGARGARANT SACGGETE MAGRAGCCCCGGOTRACTACGTGCCAGCAGUCGCGEIARTALGT
AGEGGEECARGIGTTATT:
GOSGCITARCT (‘( AGTAL

CGG Cans ALAlA LAuuHL

TGLOT

GOUAAGTLGAAUITTI_AGLIS_AG
ACGGlF-A lﬁﬂuu CCAGICT

,,CLLL LL&‘&‘AULAVGLLCGCA !
'mGG/ml GA_GCGGAM,,G"AVAAC(’GG EGAGCATUGYT ~G lhﬂ fietetiVive} CGLG”W/
TS CTGACCGGETCGTALS LCAGET
CTCACCTCCTCTCCTEASATGTOGGCTTRRLT

EXe) \GGGAGACTGOCGEGGEGR,
AT\;DTTT\;G(‘””M“’“A GTGETACAATGED
TL

\GGOGGGEGELCGAOGTCARATCATCA
GTAAACARAGGGAAGCGAGACAGCGATGT GAGCRAATCCCARL
GGRAGCTGGANTCY s H
3GEAGTCAGTARCGCICGR
AAGICGTHACAATGL

TRCCGGARGGIGCGGCTSGATIACCTCCT TS

>SEQ ID NO: 142 | PROKKA_01221 168 ribosomal RNA gene
ATCAGAGAGL . _CALCCUCGCICAGCALGAACCC U TGCGOCC LG UAACADATCCAAG TGAGCCAAGCAT _UA
AG T CGEATTGARACTTATTIGACTGARCGEIGRATGRGTGA CGTEGGT A, GCT
ACACGOGOAL AACAGT TACAAATGUC  GCUAATACTGCAL AAGCOCACAGGACCOCAL GG CLOGTG GAAAA,

TCCGBTG GAGATG;LL < C : \GEGEIAACE ST

C ‘AFGAA“A

COOCUAACTACG LGCCAGLAGCLG

CCABCTCTC
qGGCCLlAAC_CCALuAu,GCA,,GC LLl,,,ClAGALlGCCLGA CASCUAAGTOCAS ICE_ACTS_AC
CEEUGAAN GG UAGATN TAGGAG GCEANGGIEGCT T A QAlCGGlALﬁClUAxwg
f‘GMN“TG G (‘E‘TG\A’JV‘DGGTT I\GF ACCCTIATAGT rf‘h?Gr‘f‘G mZ\ACGLTGu“,D\

i¥cieiniclciciorto) GLCSACGTCRAR
ATCATTTCGOD > AGCGSTRCRCCCRTSIT
CTGGRY T"G(‘TZm

ATUGARCTAALC AT
LATCCOAACG _GCCCTITCALTACC _CCIL

>SEQ ID NO: 143 | PROKKA_02318 168 ribosomal RNA gene

GAGAGTTTGATCOTGGCT CAGEATSARCGC T EGCEECGTGCT TARCRCAT GOANG TCGAGCGAN
AGTGGAT COCRTTCARG CTCAZCCOCOCACSGCTSAGTARCGCOTSCOCTARCCIGN
ACAGGGSOATARCAGTTAGARATG ATAGCGCATRAGEOCACAGGATCOCATSGTCIGGTOIGRAARRAC
TCOGGTSGTATGASATSSACCOGCG CAGA-AGTIOGAGE00TAACGACOCACTARGCCGAT -ATCA A

JCCCCCCUCATAGCUITAACSSLC
ENE LL.VA( AN COUUTARRCCT
o’ ABARTTACSS
TATCCGGATTTRACTGGEIGT e FRGCANGTCTGAT:
GLEGCLTARCTCCAGEAL 8 AL G U CTAGY AAGLEGA
COCTCAAATCICTACATATTACCAGCAAZAT C—&C""GCU}U\GGCG(‘CTTA\,
CEALAGTEGEGGAGTANACAGEA
GGUAARGUCA L CEGLELCGIABCARACEUANTAAE A
AATCAATUCATCCCCATTCCTATAACCCD
TCOTCACATCICTCTCACCCOOTUGTARCCICCCOITC COUGGCRCRCIAGRCATTT
GIEAGIIIG CUCOIBAGAT ST U GGRE T TAAT /CTUZCAATG, WITTTLAUCCLLAGL
AGCTGGECACICTAGSGNGACTGCCEGGEATALCCIGEAGGANGECGGEEACSACGTCANT
ATCATTTCGOLCACAELEC TG T ACART GOLGTRAMACALAGGUAAGCGAGRCASCORTGTIGAGCARATCOCARA
ARTAACGTCCIAGTTCAGACTGCAGTCTGCARMCTCE, fosc)
ATC
AS,GACVT.AA CUUATASGAGEGAGC G
TACOCAACC CCCCIIICATTACC CCLL -

UCA

AL GAN N
AT GGEGAG LACG T L CECANGAAT
LUCTSCUITAA I COAASTAACGECS

>SEQ ID NO: 144 | PROKKA_02336 168 ribosomal RNA gene
ATCAGRGA GLTCCTGGCTCAGGATGAACGCTEG0GE0RTET -
AGCOCATOTOITCGCATTCARAC T TATTTSACTSATCGSIGCACICOTSACTARCCCOTOCCTAALS
CCALGTCLGGLS

CAAGCCGAD

AGE 8
ATATTOCACARTCCCOTAAAL CACCCACICCOCCTCAACCARCAATSTATCTIOCT.
lCAGCAGGGKA 5 CUCAT _AAGAACCCLC TACCICCCAGCACCT:

ARRCIGTT

G TARCACATGCARGTCGAGCGIN
COCATTCAAR: CCOCCCACOCCTCATTAACCCOTOCCTAALT
ACAGCOOCATARCACTTACARATCGGCT) G?"AATACCCCATAACCGCA"‘AGGATCGCRTUU CT(“GTG’G—;AAZ\AC
TOCGGEIE GAGATGERCICGCGETCTER, = LGEGETARIG3T l,A«u
GUUG

ATRCTG

i
AGACGEAAGAGOAAG (‘L[ T
ACTCOCCOCACASOTAACCOOANT TCC,AGTG,AG
GCLTA; G

GGAT
GOOCCTTARCCCCAGSACTGLA
GUAGATAULA

MGGEIGTCEEGT
AAT_CA
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LTI L U b e L A S 5 L ale L LI Lol 3 e
TCTTCACATCICTCTIACCCSICCGTAALD
CTCE T COTCACATSTTCGCTTAAZTCIT
AGCTGGECRCICTAGGGAGACTROCGGGGAIARITT

ALGATITEGGIUACATATG LS
ULCOOACLOCAGLCLTCAACT CCACLGCACSANCT I COANTCCCLAT AN ZCOCTALTTA
CEGGTCTTEIACACACCECCCGTCACAZIATSEGAGTIAGTAACSICCGRAZTC
AGTGACCORRLCT T ACRGGAGEENGC T GCOIANGEIGEEACCAR TAACTEEETERAGTIGTAACARIGTAGICG
TATCGTARCCTCCCCITOCATCACCTCCTTC

>SEQ ID NO: 146 | PROKKA_00208 168 ribosomal RNA gene

ACCACAGTTIGATCOTSOCTS TCAACGCTSICCOSGTGCTTARCACATGC ARG TS GACCORA!
COGATTAAC OOGTRGGT AACE
C. A

ACALTT, CCCCACGACTCTIACCOSACCCACLAT
AAGGATGARG LA

TG,

TTATOCCGATTTACTGGST
CGCCAT

CGCCTTCCTCIATGATIACTC.

CCCTOCTCCATTY

GGGACCCGOACRAGCGGT A
CATCCOGATGRICGCTTCGTART GGAR
LEAGCT CELG CGLTGGE A
GCTGGGEACTITGGAGAGRCTGOCR
LGACCAGEGT
ATARCGTCTC

ACGCGARGAL
ALCATCGGTGACAGETGETGCRT
oy CUNTCUTCAG AGCCAS
GGTGGGEATENIGTCARMTCATCAT

COCOTCTTS COTUCGTCACACCATS
TAAGGAGGGAGOTECCGAMGGTGRRACCGATARC TGGERG
CCTGCATCATCTCCTTT

(&)

SRRGTCGTAACARGGIAGOOETR

>SEQ ID NO: 147 | PROKKA_00340 168 ribosomal RNA gene

5 GALCUTEGCLCAC CGECELGEY ACALGCARGT CGAGCGAN
COOALGAILCC I CLTAT AT GGCT0ACTOC  CATTAACTCCLGCT
CAGGGGGA AGLLASAAALGAC_ GCLAATAL
CEGTGST GRTGGACCCGEGTCTGAT T AGETAGT TGE
CGRCCTGACAGCGTGASCGGCCACAT TGO ACTGAGASAT

SAA_GOAGGAAACTT . GALGCATIGATSICGIT GAATGAT GART LA ICGT AL CIAARCTIT

ALATGACGGTACCT GACTAAGAAECCCCGGETARCTAC AGCAGCCGECE

DOSCCCAAGCT U UALTISCAL T UAC_ GO AGTEACA LA,
GOOCLCAACT ACIG AAGTGOARTLCCTA
GLEARTGCG  AGALAT AGBAGGAACALCAGT GG GAAGGCEEC . GULUBEALGATGAL GACGT
ARMGCGTEGE ATRGE ATR GTCCACGCCGTAMAS G3GI6G
CAMGCCA U UGG GOCECAGE UAACGCAL _ AAGEAG T CCACCT BGGEAGTACE L CELAAGAA T GARACTCARN
GGRATTGACGEGGACCCGCACIAGCEGTEGAC GGoTTARTICGARGCAACGCGANGANCCT TACCTGH
TTGACETCC G

GTTGEGT-ALG
igciclclomlont GACTGCCAGEGAT.
GLCCAGS TACRATGGCS \GAGARGTGA AGGGTI! AT
TRACGTCTCAZTT GTAGTCTGCRAMCTCEALTACATGALGCTGEARTCGCTAGTARTCGCAGATCAGALT
Goue CGAAACGLLT CGTATACATTGCCTG ACCAZ CU
LCACCCAACCI U AACCATCCACT GCCCAATCICOTACCOA AALICOONTCAAT COLAACAACTUACCEO AT
CEEAAGEGC! UGGAUCAZEICCLUT

CGAGLGIAR .
GALGGTEGGGATGACGTCAMATCATCATE

>SEQ ID NO: 148 | PROKKA_01031 168 ribosomal RNA gene
AACGAGAT L _BACCISCCLCAGGA GAATGEIGICASUC GOU AACACA LGUAAGICCATCOAAT
GLUUGAT O _CGGALGAAGAT I GLGAL GAGTGECGEACGEG GAGIANCGCGLGEE
CACGCGGOA AACAGT TAGAAATGAC. GCLAA ACCICATAA COGUACTOCALTS

CCOCTOSTATIRACATOOARL

CCCCTCTCATIAGCTAGTTSGTOOCCTRARCGGTCTAC
ACLGOTACTGAGATA AGATTETTA
CGCACAATGEAGEAARCTCTGAT GCAGIGACGICGCETGAAGGATGARGTAT T TCGGTATGTAAMACTTI AT

ARATEACGETACC. GAL SAECCCUGGULAACTAL: GCCE i
GEAGCGTAGACGGTACSEGEE
CLAGAGTEUCGEAGAGSEAAGTEES

COOA TGTAGTC GRAACTINA
GTCCCCGEGTCTTETACACALCGTIC
WAGGAGGEAGCTGCCGRAGGTGEGALIC
LCOCAAST CGICGCISTA CATT CCUTL

>SEQ ID NO: 149 | PROKKA_01840 168 ribosomal RNA gene

UGAGTGEIEGACGEC U GAGTANCECGIGEGT
TOCATGS BCACTOS AAAAACL

ATGACGETACCTGACTAAGRAZCCTCGGCTARCTACT
CATCCSGAT T UAC GGG E AR EGEASCGIAGACGEUA!

SCUARALGE CCAAGLCITCLSOT
GANGEE GEIGAGCARNCASEA T TAGATATICCTEE A CCATECCETAMNTI A GATUGCL
GCABACT: COCTOCTCCASE AACCTAR AACTACT lelsleierNe)
AGCRATTCRACICLCACCIGCACARGCCOTSIAGCATCT GG T TART TCCAAGTARC:
1T GACA CC IECTAATGGAAGT 10 COOAACA TGS ITACAGD GG GCA
TCAGCTCGTGICGTGREATGTTEGGT TAAG T CCCGIAMCGAGLGTRACCCC T ATCT TCAGTAGCCAS!
CCTCOOTAL CCACACACTICCACCOR
C_ACACACI CCIACAA U CICI AAATAAACACAASCCAATTCSUCACCOUAACCAAA CITAA,
LETAGLC GCANCTTBACT A 3AAGCIGSAALCECTAG ANLCGTS
TUCCCGOGTICU TSI ACATALUGCCCG L CACACCATSTGAG LCATY
GTGACCCARCIGTARGSAGGEAGU TECCEANGGTGEGACCGATARC AGTCG
TCCORRGGTCIGCCTCOATCAGTTCCTTT

>SEQ ID NO: 150 | PROKKA_02944 168 ribosomal RNA gene
CCTEGCLCAGEAGAAL GO EECGEEEGGU U AACACA LGURAGITEA
SAGTANCECGTGEGTAR

SACGAGAS
GT
CACCCOC
CEETGESE LGATSEACCIGCGTCTGAT
GROCTEAGAGGRTGRCCGEIIACAT TGS
CCAGOAAACTC CA_CCAT

ALCCATCAAG LA
COCTARCTALS

GGGACTHCAT!
CG_AGATAT AGBAG!

GTCGGAGAGEIAAGTGEARTICC
GGCUGEUGEALEATGAT GACGT
CACGIOOTARRL CACTSOTAGGTS CROOTG0
GGUGCEECAGTUANCGCAR _AAGTAGLITCACCIGGGGAGIAZG U CLEANG:
ARTTOACCICCACCCOCACAACCCOTOCAGCA CT ALTTCORACCAARCCCCAALE
LICACATTCCIA CAZIOCTICT AR CTAACTT  _CTC
CCGCARCGAGCGCARCCCTTATS

¢ IATAACCUGOAGGAAGT GUODATCACGICARAT CATCA GICCCU AT
GBCT GCGTAARCARAGRIASGCALACT

TRAT

SCTSCOCTCARTACOTTICCOT: % s L CCT ACACZCATO

CGATCCARCCE ARGEASGEAGT  GUCGAAEGLIGGGATCE,

ARCIGGGE GRAGLCGIARCARSGE
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CCCAACGTCCGCCTGCATCACCTCCITT

>SEQ ID NO: 151 | PROKKA_04036 168 ribosomal RNA gene
GAGTTIGATCCTSGCTCAGGATGRASGCTSE

SAACATT O QEGATGA T T (TGAT GAL

AGCGGOATALCATTTAGAAATS

SReE

COACCTOA

COT O
LA IGUACAA  GGAGGAACTULGA
\GCRAGGGRA
SOCCCRAGT

GUABIGALS

LG
CCBAG
ThGRGTETCGEREAGGCANGTEERAT ZCOTAGT ST,
TCCTGSACGATCACT

a0
@
9]
9
Q
I3
o)
a
3
9
@
@

ARBRTGCCTAGATATTAGCAGGANCE

Q

CaAsCCl CCICACCAAACASIA  TACATATCCI ST VAL CCAZTCCOTAAATSA CALY
GCARAGT CCCLTCCCCATT AACCTAA AAT CCUCCGOTAT
GG, CRAGCGGTSEE RAT TGRS

TUCACATCCICA CAL CCTTCC
NG CGoCEUGABNIGLLS

CUCCAGGAACS COCCATTALT Caan C
GUTUAM AAGCGARLTC!
CEGATTGTAGTCTGCRACTCS TGEAATIGCT.
ACELCCCEEGIC I GUACACATCGLCCG I CACACCATESEGAGICAL
AAGGRGGERECTECCGARGETEEGATCGATRACTGEESE
GGCTGEATCACCTCOTTT

TCEGRALG:

>SEQ ID NO: 152 | PROKKA_00437 168 ribosomal RNA gene

ATEGAGAT . _GACCTEECTUAGGA GAATGC LS GUATGCULAATACALGUAAGT COANCGAL

GRRGCTTGCTICCAARGAGRCT VCRCGTAGETALICTGUCCATGTS
CCTBBAACCO ATCCTCACTATATTARAGT

SCTAACGITITALT SCCAL
AANCGECCATA U TEGGAL _GAGATACEECCLANMCLCCIAZEECAGECAGTAGIAL
AGCAA GODOIGTTGAG GAAGAATS I ITEGGA IO T BAA:
CCCCICAUACAGGAARL CCL COCACTCACCOTACCTTACCASARACGCCACTCCTAACTALT

GTTATCCGGARTCATTGEGCSTARAGGS
CTEER
AGUGGLTARGICT
CCTRGTAGTCCACGTIGTARACG
TRACGCARTARCTTCTCCCCCTCOCCAGTATGCRCICA

ARTRGGATTAGHT

ATUCTCAAA
CRACCTTAC
ATGSILSICG

CAGATRCC
AAT CCCOCAATTATSIOUAACITTTC
AARCCGGRGGRAGETEEGGATEC

>SEQ ID NO: 153 | PROKKA_00896 168 ribosomal RNA gene
ATCGAGRCTTIOATCCTACCTCACGATGRASGETGICGSCRTGCCTARTACATSCRARGTOCARCGRAS TTTOIAG
CRAGCTTSCTZCCARRGACACTIAGTGGCSARCOS I ZOACTARCACCTASGTRRCCTGCCCATCTSTCCGGCATA

GAGCGCATGCTCAGTATATTARAG

JOTARCCTOCTICAZCA

CRTTGGGR
AACTCTOAA GCAA_CCCT
LCACACAGGAAN GCUAZCOOAI
ARTACGTATGTCGCAATCGT A COIOGARN TR ITEG0T
ABAGGCARTGGCTCRALC, V\TGGRARACTSITY

CUAGCOTUANAALTTIOLATA

CIGAGHT.

- IACGAAACCGINIGOATIAAR AGTA
ATGRAGAACTAMGTGTTGSAGEAATTCAGT G T GCASTTARCGUART.
AGUGTGAANC _CARNGEANTTEACGEGGEETCGCATANGIGG LGS,
GANCCTTACCAGGRCT TERCATEGAANCARATALT AGATRGGGGEATART T ATGGA
ATGGTTETCGICAGCTGTGTCETGAGAT G TGGE T
GGEGGAC CALGEGACACTEIC

< CCCOTGABTACGTTCTCS TRCACBCCGCCCCTOARACCATCOCRGTY
CARGOCCO T I OOATAACCGTAACGAN T GAS GO T ICARCG TACCACCOATOAD TGONS T AROTOL T ARIARGE
TACCCCTACCICAACSTOCCOA CGA CACT CCL

>SEQ ID NO: 154 | PROKKA_02845 168 ribosomal RNA gene
ATCGAGAGTTIGATCCTIGCTCAGGA GST ATACATGCR
GAAGCTIGE " QCARATAGATI AG GGOGAACHGT "CAT AATACGIAGE AATCT
ACLGCLGOAAACCGLAGT AAAACCCC:
GIGAACA GGAGGATU GCEGIGCA  TAGT AGT
GCCIGAGAGG: CICGGAT _GAGAC

TGARACGAGCAATCCCCOCTCAS SCTCTTCOGATCCT.
GGEAGLGACGEIAGCTEACLA

0
COGGTATA

AIGTGTAGCGETAMARTGIGTAGN
CGAGECACEALAGOGLS:

AGCGGTGERGTATGT

GRAGATLGGGGGATA
ARG CCTECANSEAGTGCANCTT L
GOAALTITO0GAT G,
VCARAGAGCASCGRCATAGTE
AACUCBAC U CAUGANG U COBAATCE
GTCARRCCATEGGAGTCE
COAACCIOCU COCATAATCCIAACGACTOATCCO U COAALC AGCACCOAT CAL U COOE U AACTEE _AACARCE

ALTGEILGE CECAGCLTE.
ATCATCAAC _COCCAT

AGAGC! CAG LA TAALG
CCTCACCTARCCCCCCACCRAGCOCCATCATICCTASICO
C AALCTCCIAZSOCACS ATGGAN 5
NAAUGEIGEAAN LGAACGAGCAN GCIEIGIEAG GAAGAAGE I T ITZGGATCG TAAAGT G
AACAACGCCTCATACACCAARTCCTATGOCACT CACCCTAGCTTACCAGARACCCACCGUTARCTAL:
COAGCAGICE! ARTACGTA CCGGAATCATTGEEIETAR
CTRAGTC G AGTAARAGGCAR T GRC T CARTCAT ST ARGC TATGGARAL TAATATGLTEGAR
UATAGG
ALCAGGATAGAZA L GLAG T
TARCGCAATALGTTCTCOGCCTEGG!
ACCCOTCCACTATT
AGRGATAGGGGGATANT TATGGH

RCRCAAGAIGE

AUGOTISUCG_CAGCLT,

AGGLGGGGE

>SEQ ID NO: 156 | PROKKA_04921 168 ribosomal RNA gene
ATEGAGAE L GAICCTEGCTE CAGGAGAAGCTE SUKUGECTANTACA LGEARG T
GZGGCS GAGTAACACGTAGGTARCCTGOICATGTE

CTUGAGRGGT CGGCCCARRCTCCTALGEGAGECRGE
TSR R AR AT B ASAT AL AR AR TR S AT AR OR RO R SST AT T AAE A TAATA 5 A TS AT
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z CALACTTAL C'LClAACLAL;

AEACCT

ATAC! A&‘GAA\,A\,A,, SUCCCOAACCCOIUTCCT
UAGGAUUAG AGLAG CCAC:; SIAMACG
CATUUAACGCAATAAST CAGIA_GCATICA

CKAALGAALL ‘ACGCLLU\“\,
ACATEGAAACAAA

CETGAGATEIC

MANCCGEAGEAAGETEEGGATERC
Mcp, CAAAGAGCARCCACATAGTCATD
CUCAUGANGUCGEAR f[fum
CETCARACCATEEGAGTEA:
SATEALUGE

TATCCCTACCTCAACISTOCCSATCCGATCACITCITIT

>SEQ ID NO: 157 | F’ROKKA 00199 168 ribosomal RNA gene

GCGGCGTEE

GAGATEGCCTCGCE CIG 55 SCCCACTC
LCACCY T SACTOOCCACAL TOCAT _CATSACACTOCCCATATITT ACTOCAT
UGGETECANGEC CCL. LTCAm_GquCGLmQGqumzmquLlluGC

BACCITOAGTD GOA ITGAAAT SUTITGAGTGIT
TGCGTAGATATRCGGAGGRACATT, GTqG(‘bA’\GGCGGL IGF”CQAF}\CIAAW

LGGGU‘lG Neolero} SCCCCACT _AAT CCCACCIGGOTAG ACCAT CfC—m

AUUG
g GADAAAALTGAGTAALT "GOLGALT CARA CA CA
ACTACAL COUICTTAACAGACCCASCCAA ACTECCACTUGCACCAAR COL
CRGGCTGRARCCT: LAGTTGGAATCGCT.
ICCGEGRCTT > ACCATGRAGAGTCGSEG
GLAGCUTAACTGCAABEAGGELGCGECCEANGET GEG T TUGATAN GEEEL BANG LT
TCEGRAGETGUGECTEGATCATCTCCTTT

>SEQ ID NO: 158 | PROKKA_00208 168 ribosomal RNA gene
LA UGAGA GALCCUGGCICAGEATGAACGL S
TGRCGGAGEAT TORTCEARCGGATTRAG! CTR

CGAGA
CALAG(’Ll Sl

GRATARGCCACGGCTALCTACGTGCCRG!
NAAGGGEUGE GLAGGIEEEATIGEN

TGCTGSAGRGECALTCGGA]
TTCCTCCACRGTARS

LAATUCDAAGTAAUGIGAASS
LCCOCTARACTOCACACAT,
CCBTEICEIGAGA G EGG L ARG I CCCEUANCEABU G CAACCLT [u&uu
AGUGRAGACTECCET TSR
AK‘AC‘A"FTA\ "

CCAAGGALLGLGCCLCCGAALG,;LCl CLAUAA lGG(\uluAALlLG ABCAAT
CCCCIGoATCACCICCTITY

CLCCAACTOA lC/\Ll,ACClA CuuGka\,uC LCAT

AL U LTIGGEEICE

ACATTCCTITCCC CL T,

AGGLIGACEEECCACALY = ‘, CEECCCAGAT LCE ACGEGA
GEGCALTI LwGGT:f‘D“GFrTCZ\(‘T?TG

nCGFCTTGZ\ SCCRLT f ATCC . CCCCARAGTGCAGA
gkl lele} :G SAGA GITTGIG pietelel « AATCCITA T
f‘mGAf"‘” i

CACHI
CLAGGAGGGCE0GECCERANGETEEGTTUGATART TGEEETS!
JGCTGGATCACCTCOTTT

GTAGCCTAL
TCOCAASSTOD

The use of "including,
thereof as well as additional items.
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‘comprising,” or "having," "containing," "involving," and variations thereof herein, is meant to encompass the items listed thereafter and equivalents

[0150] Unless otherwise defined herein, scientific and technical terms used in connection with the present disclosure shall have the meanings that are commonly understood
by those of ordinary skill in the art. Further, unless otherwise required by context, singular terms shall include pluralities and plural terms hall include the singular. The
methods and techniques of the present disclosure are generally performed according to conventional methods wellkknown in the art. Generally, nomenclatures used in
connection with, and techniques of biochemistry, enzymology, molecular and cellular biology, microbiology, virology, cell or tissue culture, genetics and protein and nucleic
chemistry described herein are those well-known and commonly used in the art. The methods and techniques of the present disclosure are generally performed according to
conventional methods well known in the art and as described in various general and more specific references that are cited and discussed throughout the present

specification unless otherwise indicated.

EXAMPLES

Example 1: Mouse model of C. difficile infection

Mouse husbandry

[0151] Experiments were performed using C57BL/6J female mice purchased from Jackson Laboratories (Bar Harbor, ME) and housed in ventilated sterile cages. All animals
were maintained in a specific-pathogen-free facility. Animals were acclimated to the vivarium for at least 3 days prior to study (ie., commencing antibiotic courses). For

experiments involving C. difficile infection, mice were administered 10-104 C. difficile VPI 10463 spores in 200 pl PBS by oral gavage. Experiments were performed in
compliance with institutional guidelines and approved by the institution's Institutional Animal Care and Use Committee. Sterile food and drinking water were provided to the

animals
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Live Biotherapeutic Product (LBP) Preparation

[0152] Individual bacterial strains were isolated from fecal material obtained from healthy donors. The individual strains were struck out from 15% glycerol freezer stocks
onto EG (Eggerth Gagnon) agar plates containing 5% horse blood in an anaerobic chamber and incubated for 24-48 hours at 37°C. Colonies were inoculated into pre-
reduced liquid Peptone Yeast Glucose (PYG) media and grown for 24-48 hours until dense (static in the anaerobic chamber). Optical density (ODggg) of the cultures was

assessed and live biotherapeutic product (LBP) cocktails were prepared inside an anaerobic chamber adjusting inputs based upon ODggg for equal CFU ratio cocktails in
PBS (sterile, pre-treated).

C. difficile colony forming unit (CFU) determination

[0153] Fecal pellets were collected, transported to an anaerobic chamber (<2 hours), and manually homogenized in 500 pL of pre-reduced PBS using a pipette tip and
through repeated pipetting. Serial dilutions of fecal homogenates were prepared in pre-reduced PBS, 100 uL of which was spread onto cycloserine-cefoxitin-fructose agar
with sodium taurocholate (TCCFA) plates, and incubated anaerobically at 37°C. C. difficile CFUs were enumerated at 48 hours.

Murine susceptibility to C. difficile infection

[0154] Groups of mice were evaluated for susceptibility to C. difficife using three antibiotic regimen protocols: (1) an antibiotic cocktail, (2) clindamycin administration, or (3)
cefoperazone administration (Figures 2 and 3). The antibiotic cocktail consisted of kanamycin (0.4 mg/ml), gentamicin (0.035 mg/ml), colistin (0.056 mg/ml), metronidazole
(0.215 mg/ml), vancomycin (0.045 mg/ml) in the drinking water from day -10 to day -3, followed by a single intraperitoneal clindamycin injection (200 pg/mouse). The
clindamycin administration involved a single intraperitoneal injection of clindamycin (200 pg/mouse) on day -1. The notation of days is relative to day 0, the day of C. difficile
infection.

[0155] Mice were treated with the indicated antibiotic regimen as described above and then infected with either 10 or 104 C. difficile spores by oral gavage on day 0 (Figures
2 and 3). An additional experimental arm was added to the antibiotic treatment model in which mice were treated with vancomycin after C. difficile infection (Figure 4J; black
triangles).

[0156] Mice were monitored daily following infection for mortality/survival (Figures 4A-4D) and weight (Figures 4E-4H). Fecal pellets were also collected daily and used for C.
difficile CFU enumeration, presented as CFU/gram feces (Figures 4I-4L).

[0157] The groups of mice that received cefoperazone treatment had a significant change in weight (Figure 4H) and substantial C. difficile bacterial load in the fecal pellets
(Figure 4L), even following administration with 10 C. difficile spores. These results indicated that the cefoperazone pre-treatment regimen provided a good model for C.
difficile infection and for evaluating protection and/or treatment of C. difficile infection. In the absence of antibiotic treatment prior to infection, C. difficife infection was not
established (Figure 4l) and all mice survived (Figure 4A) without significant change in body weight (Figure 4E).

Example 2: Live Biotherapeutic Product (LBP) preparations protect against C. difficile infection.

[0158] The following LBP compositions were evaluated for their capacity to protect and/or treat C. difficile infection:
Composition A,

Composition B,

Composition C,

Composition D,

Composition E (See e.g., Narushima et al., Gut Microbes (2014) 5(3) 333-339), and

Composition I: a mixture of Clostridium scindens, Pseudoflavonifractor capifiosus and Blautia hansenii (Figure 5).

[0159] In general, LBP cocktails were mixed in PYG media, and each mouse was administered a dose by oral gavage in 250 uL pre-reduced PBS (media-free). For
composition E, bacteria were mixed in equal volumes (not equal ratios/CFUs) and administered in a 250 pL dose. Each LBP of Compositions A-D contained 108 CFUs total in

a 250 pL dose, comprised of 107 CFU of each of the bacterial strains (Figure 1), for a total of 108 CFU administered to each animal. Composition | contained a total of 108
CFUs in a 250 pL dose (approximately 333,000 of each of the 3 bacteria mixed).

[0160] Groups of mice were subjected to cefoperazone treatment, as described in Example 1, and were administered the indicated composition by oral gavage 2 days after

the cessation of cefoperazone treatment Twenty-four hours later, the mice were subjected to infection with 104 C. difficile spores (Figure 5). Mice evaluated for
survival/mortality (Figure 6), weight (Figures 7A-71, and C. difficife CFUs (Figures 8A-8C). The results show that administration of Composition B prior to C. difficile infection is
an effective protection and/or treatment against C. difficile infection.

Example 3: Composition B protects against and/or treats C. difficile infection.

[0161] Groups of 10-12 week old mice were used in the C. difficile mouse model (Figure 9). Mice were subjected to cefoperazone treatment as described in Example 1. One

group of mice was then administered Composition B (108 CFU per mouse) administered by oral gavage, as described in Examples 1 and 2, 2 days after the cessation of
cefoperazone treatment. The other group of mice did not receive a live biotherapeutic product after cefoperazone treatment (control). Twenty-four hours later, the mice were
subjected to C. difficile infection (104 C. difficile spores) and then evaluated for survival/mortality (Figure 10), weight (Figure 11), and C. difficile burden (CFUs per gram
feces; Figure 12). These results confirm the results of Example 2 that demonstrate treatment with Composition B prior to C. dffficile infection is an effective protection and/or
treatment against C. difficile infection.

Example 4: LBP Composition F protects against and/or treat C. difficile infection.
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[0162] Figure 13 shows the strains of live biotherapeutic product (LBP) Composition F. The genus-species classification indicates the closest species based on the sequence
of the isolated strain. Figure 14 shows the classification by Clostridium cluster of the strains in Composition F.

[0163] Groups of mice were administered cefoperazone, as described in the Examples above, then administered LBPs or fecal matter transplant (FMT) from mice or human

(Figure 15). Composition B was administered to the indicated groups on day -1; days -2 and -1; or on days -2, -1, 1, 2, and 3, relative to infection with 104 C. difficile spores.
Composition F was administered to the indicated groups on day -1 or on days -2, -1, 1, 2, and 3, relative to administration of C. difficile spores. Additional groups received
FMT from mice or from humans (200uL of a 10% fecal sample s per mouse). Mice were then evaluated for survival/mortality (Figure 16), weight (Figures 17A-17H), and C.
difficife burden (CFU/gram feces) on days 1, 3, 8 and 17 after infection (Figures 18A and 18B). The data demonstrate that Composition B, Composition F, and FMT protect
against and/or treat C. dffficie infection.

Example 5: LBP compositions protect against and/or treat C. difficile infection.

[0164] Figure 19 shows the strains of LBP Composition G. The genus-species hotation indicates the closest species based on the sequence of the isolated strain.
Composition G includes a subset of the strains of Composition F. Groups of mice were administered cefoperazone, as described in the Examples above, then administered
the LBP:

Composition B;

Composition B-1 (Composition B with Bacteroides added);

Composition B-2 (Composition B from which Flavonffractor plautii was removed and Bacteroides added);

Composition F;

Composition G;

Human fecal samples subjected to ethanol treatment;

Composition B subjected to ethanol treatment;

Composition B that had been frozen; or

Composition J: Clostridium innocuum, Clostridium bolteae and Clostridium symbiosum subjected to ethanol treatment;

(See also Figure 20).

[0165] The Bacteroides strain used in Composition B-1 and B-2 was Bacteroides ovatus (strain identifier 211-B; SEQ ID NO: 83).

[0166] Mice were challenged with C. difficile VPI 10463 spores (104) and monitored daily (Day O to Day 7 post C. difficile infection) for survival/mortality (Figures 21 and 23)
and change in weight (Figures 22A-22J and 24). These data show that the compositions protect against and/or treat C. difficile infection.

Example 6: LBP compositions protect against and/or treat C. difficile infection.

[0167] Groups of mice were subjected to cefoperazone treatment, as described above, then administered human fecal matter transplant, Composition B, Composition B + 4
spores, or Composition H (Figure 25). "Composition B + 4 spores" refers to Composition B plus the following four strains in spore form: Clostridium bolteae, Anaerotruncus
colihominis, Clostridium symbiosum and Clostridium innocuum. Composition H contains the following six strains in spore form: Clostridium bolteae, Anaerotruncus
colihominis, Clostridium symbiosum, Clostridium innocuum, Clostridium disporicum and Erysipelatoclostridium ramosum (Figure 26).

[0168] Mice were then challenged with C. dffficile infection with 10% C. difficile VPI 10463 spores and monitored for survival/mortality (Figures 27A and 28A), weight (Figures
27B and 28B). Mice that lost more than 20% body weight relative to baseline were included in mortality numbers in survival curves. The C. difficile burden was assessed by
CFU in fecal pellets on days 1, 4 and 19 after infection (Figures 29A-29C).

[0169] These data indicate that Composition B as well as other compositions can improve survival in the cefoperazone-induced C. difficile mouse model and protect against
and/or treat C. difficile infection.

Example 7: C. difficile toxin experiment

[0170] Vero cells, epithelial cells derived from African Green Monkey kidney epithelium, are sensitive to a variety of bacterial toxins, including C. difficile Toxin B. Exposure of
cells to C. difficife Toxin B results in inhibition of the function of Rho, Rac, and Cdc42 leading to a decline in F-actin, a change in cell morphology (e.g., cell rounding), and
eventually apoptosis.

[0171] To determine whether administration of bacterial compositions described herein has an effect on the production or activity of C. difficile Toxin B, a cellular assay was
performed. Briefly, groups of mice were treated with cefoperazone, as described above, and administered human fecal matter transplant (FMT) ("4-3"); Composition B ("5-
3"); Composition B plus four strains in spore form: Clostridium bolteae, Anaerotruncus colihominis, Clostridium symbiosum and Clostridium innocuum ("7-4"), or no

treatment. Each of the groups of mice were then exposed to C. difficile infection with 104 C. difficile spores. The groups of mice that did not receive a treatment after
cefoperazone administration and prior to C. dffficile infection are referred to as "2-1 (Cdiff)" and "2-4 (Cdiff)." An additional group of mice was not exposed to C. difficile as
indicated by "N3 (Healthy)".

[0172] Fecal pellets were collected from each of the groups of mice, weighed, and homogenized in PBS and normalized to a fixed concentration (-25 mg/mL). The samples

were centrifuged to prepare a clarified supernatant, which was then diluted in 10-fold serial dilutions to produce a range from 1:10 to 1:10°% dilutions of clarified pellet
supernatant. Vero cell cultures were exposed to the diluted samples for approximately 18 hours, then visualized by phase contract microscopy to assess morphological
changes (i.e., cell rounding) associated with C. difficife toxin exposure. The cells were scored based on the highest concentration of supernatant that did not yield a change
in morphology (Figure 30). The samples from mice that had been treated with Composition B prior to C. difficile infection had reduced amounts of C. difficile Toxin B, as
compared to samples from control mice that did not receive a treatment after cefoperazone administration and prior to C. difficile infection ("2-1 (Cdiff)" and "2-4 (Cdiff)") as
well as compared to samples from mice that received FMT. Notably, the samples from mice that had been treated with Composition B also had reduced amounts of C.
difficile Toxin B, as compared to samples from mice that had been treated with Composition B with additional spores.

Example 8: In vitro Competition Between Compositions B and C. difficile
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[0173] Composition B was assessed for its ability to suppress Clostridium difficife growth by an in vitro mixed culture competition assay. From glycerol freezer stocks,
individual strains of Composition B, C. difficile (Cdiff), Clostridium bifermentans, and Bacteroides thetaiotaomicron were struck out onto Eggerth-Gagnon agar plates with
horse blood (EG+HB). Single colonies of each of the strains were subsequently inoculated into brain heart infusion (BHI) liquid media and allowed to grow in pure culture for
24-48 hours. Turbid cultures were sub-cultured then grown to exponential phase and finally diluted and combined to prepare a mixed culture with an optical density (ODggg)
of 0.1. Exponential phase Cdiff culture was added to the mixed culture at a final concentration with an OD of 0.1. After the cultures were combined and incubated for 2-3
hours, samples were collected, serially diluted, and plated on Taurocholate-Cycloserine-Cefoxitin-Fructose Agar (TCCFA) plates to select for Cdiff growth. After 48-72 hours,
the colony forming units (CFUs) of Cdiff in each competition experiment were determined by manual colony counting.

[0174] EG+HB agar plates were prepared according to standard procedures and reduced in an anaerobic environment for at least 6-8 hours prior to use. Liquid BHI medium
was obtained from BD Biosciences (Catalog # 211059, San Jose, CA), prepared according to the manufacturer's instructions, and reduced in an anaerobic environment for
at least 18-24 hours prior to use. TCCFA plates were prepared according to standard procedures and reduced in an anaerobic environment for at least 6-8 hours prior to
use. Clostridium dffficile strain used in the experiments: American Type Culture Collection (ATCC) 43255.

Table 4: Composition B strains

Composition B
VE202-7
VE202-13
VE202-14
VE202-16
Strain #16
Strain #170
Strain #189
Strain #211

[0175] Strains were struck out onto EG+HB agar plates from frozen glycerol stocks inside an anaerobic chamber for 48-72 hours. Single colonies were inoculated into 10 mL
of BHI media and grown 24-48 hours at 37°C in the anaerobic chamber. Turbid cultures were then diluted to an OD of 0.1 and grown for 2-3 hours at 37°C in the anaerobic
chamber. Exponential phase cultures were diluted and combined at equivalent ODs. For the competition assay, each of the strains of Combination B (Table 4) were
combined in equal parts, based on ODgqg, to reach a final consortium ODggg of 0.1. C. bifermentans and B. thetaiotaomicron were setup to compete with Cdiff individually at
ah OD of 0.1. The OD600 for Cdiff in each of the mixed culture competition experiments was 0.1. After combination, the cultures were incubated for 2-3 hours at 37°C in the
anhaerobic chamber, then prepared for enumerations on Cdiff selective plates.

[0176] TCCFA plates are selective for Cdiff growth, and none of the Combination B strains, nor either of the control strains (C. bifermentans and B. thetaiotaomicron), grow
on these plates. Inside an anaerobic chamber, a 100 yL sample of each competition culture was collected and serially diluted 1:10 to reach a final dilution of 1%10-8. Plates

for CFU enumeration were prepared by spreading 100 L of each of the 1x104 through 1x108 dilutions on TCCFA plates using sterile spreading loops. CFU plates were
incubated for 48-72 hours at 37°C in the anaerobic chamber. CFU enumeration was completed by manually counting colonies.

[0177] To determine the effect of competition, the ratio of CFUs determined for the competition samples and Cdiff alone was calculated and expressed as a percentage.
Inhibition of Cdiff growth by the Composition B cocktail was compared to the responses of B. thefaiofaomicron (negative control) and C. bifermentans (positive control). The
results are shown in Table 5 and Figure 31.

Table 5: Summary Results for /n Vifro Competition

Experiment No Competing Strain(s) {Competition with B. Competition with C. bifermentans jCompetition with Composition B
Number thetalotaomicron
n=1 100 33.8
n=2 100 9.90 0.1 05
n=3 100 115 395 33.1
n=4 100 413 0.7 0.7
n=5 100 105 14.1 20.9
n=6 100 57.4 4.1 1.6
Mean 100 65.6 1.7 15.1
Std. Dev. 0 438 16.5 16.2
Total N 6 5 5 6

[0178] Data is expressed as Cdiff CFU as a percentage of control. Each n is representative of a single biological replicate, independent of other measurements.

[0179] In in vitro competition, Composition B inhibited Cdiff growth to 15.1 + 16.2 % of control (absence of competing strain(s)). This result is consistent with the inhibition
observed by the positive control, C. bifermentans, of 11.7 £ 16.5 % of control. B. thetaiotaomicron, a negative control, yielded a negligible effect on Cdiff growth at 65.6 +
43.8 % of control. Given the variability inherent in the assessment of CFU, inhibition of growth to < 25 % of control is considered to be significant inhibition and both the
positive control and Composition B cocktail meet this threshold of activity. The Composition B consortium attenuated Cdiff growth in vifro comparable to the direct competition
observed by C. bifermentans. Direct competition with B. thetaiotaomicron did not significantly inhibit Cdiff growth.

Example 9: Determination of In Vitro Short-Chain Fatty Acid Production

[0180] Each strain of Composition B was assessed for individual short-chain fatty acid (SCFA) production in vitro. Composition B strains were grown in pure cultures inside
an anaerobic chamber. Spent supernatant from liquid media cultures was harvested by centrifugation, filter sterilized, and then stored at < -70°C. Frozen clarified
supernatant specimens were analyzed for short-chain fatty acids (SCFAs).

[0181] EG+HB agar plates (Eggerth-Gagnon agar plates with horse blood) were prepared according to standard methods and reduced in an anaerobic environment for at
least 6-8 hours prior to use. Liquid PYG medium (pre-formulated, pre-reduced) was obtained from Anaerobe Systems (Catalog#AS-822; Morgan Hill, CA).

[0182] Strains were struck out onto EG+HB agar plates from frozen 15% glycerol stocks inside an anaerobic chamber for 48 - 72 hours. Single colonies were inoculated into
7 mL PYG media and grown 24-48 hours at 37°C in the anaerobic chamber. Unless otherwise noted, when the optical density (OD) was = 0.2, samples were collected for
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CFU enumeration and filtration. Inside an anaerobic chamber, a 100 yL sample of turbid culture was collected and serially diluted 1:10 to reach a final dilution of 1x10-8.

Plates for CFU enumeration were prepared by spreading 100 pL/dilution for the 1x104 through 1x10°® dilutions on EG+HB agar plates using sterile glass beads. CFU plates
were incubated for 48-72 hours in the anaerobic chamber. CFU enumeration was completed using the EasyCount 2 (bioMérieux SA, Marcy-I'Etoile, France). Immediately
after samples of turbid cultures were collected for CFU enumeration, the remaining turbid cultures were centrifuged at approximately 1000 RCF for 10 minutes to pellet
cellular debris. The clarified supernatants were transferred to a 0.2 ym plate filter and vacuum filtered to remove any remaining particulates prior to bioanalysis. In the event
of blockage in the filter plate, clarified supernatants were manually filtered using 0.2 pm syringe filters. Filtered supernatants were aliquoted and stored at < - 70°C prior to
bioanalysis of SCFAs.

[0183] To facilitate easier comparisons between samples, raw SCFA data (ug/mL) was normalized by the logg of corresponding determined/estimated CFU for the culture.
The results are depicted in Table 6 and Table 7 below.
Table 6: Enumerated CFUs for Composition B Strains

Sample ID OD800 Enumerated CFU (CFU/mL)
VE202-7 >2 6.11E+08
VE202-13 0.8 4.00E+08
VE202-14 >2 1.60E+09
VE202-16 1.92 1.28E+09
#16 1.97 1.69E+08
#170 1.8 1.08E+08
#189 1.03 1.74E+09
#211 0.35 3.71E+08
Table 7: SFCAs produced by individual Composition B strains
Sample ID Normalized (ug/Log(CFU/mL)*mL)
Acetate Propionate Isobutyrate Butyrate 2-Methylbutyrate Iso-valerate Valerate Hexanoate
VE202-7 123.7 0.077 0.102 0.208 0.015 0.056 BLOQ 0.031
VE202-13 30.1 0.545 0.116 34.452 0.288 0.188 0.097 0.034
VE202-14 110.5 0.054 0.022 0.248 0.011 0.014 BLOQ 0.009
VE202-16 313.2 0.000 0.000 0.280 0.004 0.000 BLOQ 0.009
#16 104.0 0.005 0.000 50.988 0.014 0.033 BLOQ 0.009
#170 87.1 0.055 0.025 0.215 0.011 0.039 BLOQ 0.016
#189 0.0 BLOQ 0.000 35751 0.005 0.019 0.359 0.587
#211 576 5.289 0.000 78.227 0.028 0.050 0.053 0.095

[0184] Seven strains of Composition B were found to produce significant quantities (> 1 pg/Log(CFU/mL)*mL) of the 2-carbon SCFA, acetate. One strain, (#211), produced
substantial quantities of the 3-carbon SCFA, propionate. Four strains of Composition B produced substantial quantities of the 4-carbon SCFA, butyrate. Trace quantities (< 1

Hg/Log(CFU/mL)"mL) of other SCFAs were also produced by the Composition B strains.

Example 10: Composition B induces regulatory T cells (Tregs)

[0185] Each of the bacterial strains of Composition B were grown to log phase, combined to a total dose of ~108 cfu per mouse. Germ-free mice were inoculated with
Composition B or a negative control by oral gavage and sacrificed following four weeks of colonization. Lamina propria leukocytes were isolated from colonic tissue of
individual mice by standard procedures and assessed by flow cytometry. The regulatory T cell content was evaluated as the percentage of Foxp3-positive cells among CD4+
T cells.

[0186] As shown in Figure 32, mice that were inoculated with Composition B were found to have significantly more regulatory T cells as compared to mice that were
inoculated with the control.
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Patentkrav

1. Sammensatning omfattende 8 oprensede bakteriestammer af
species Flavonifractor plautii, Anaerotruncus colihominis, Drancourtella
massiliensis, Clostridium symbiosum, Clostridium bolteae, Dorea longicatena,

Blautia producta og Clostridium innocuum.

2. Sammensaetning omfattende 8 oprensede bakteriestammer omfattende 16S
rDNA-sekvenser med mindst 97% sekvensidentitet med SEQ ID NO: 10, SEQ ID
NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 19, SEQ ID
NO:20 og SEQ ID NO:21.

3. Sammensaetningen ifalge et hvilket som helst af de foregdende krav, hvor en

eller flere af bakteriestammerne er i vegetativ form.

4. Sammensaetningen ifglge et hvilket som helst af de foregdende krav, hvor en

eller flere af bakteriestammerne er i sporeform.

5. Sammensaetningen ifalge et hvilket som helst af de foregaende krav, hvor

bakteriestammerne er frysetgrret.

6. Sammensaetningen ifalge et hvilket som helst af de foregaende krav, hvor

sammensaetningen yderligere omfatter en eller flere enteriske polymerer.

7. Farmaceutisk sammensaetning omfattende sammensaetningen ifglge et hvilket
som helst af kravene 1-6, yderligere omfattende en farmaceutisk acceptabel

excipiens.

8. Den farmaceutiske sammensaetning ifglge krav 7, hvor den farmaceutiske

sammensaetning er formuleret til oral levering.

9. Den farmaceutiske sammensaetning ifglge krav 7 eller 8, hvor den

farmaceutiske sammensaetning er formuleret til levering til tarmen.
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10. Fgdevareprodukt omfattende sammensatningen ifglge et hvilket som helst af

kravene 1-5 og et naeringsstof.

11. Sammenseetningen ifglge et hvilket som helst af kravene 1-9 eller
fodevareproduktet ifglge krav 10 til anvendelse i en fremgangsmade til behandling

af en Clostridium difficile infektion hos et individ.

12. Sammenseetningen eller fgdevareproduktet til anvendelse ifglge krav 11,

hvor C. difficile infektionen er en farste forekomst af C. difficile infektionen.

13. Sammenseaetningen eller fgdevareproduktet til anvendelse ifglge krav 11,

hvor C. difficile infektionen er en tilbagevendende C. difficile infektion.

14, Sammensaetningen eller fgdevareproduktet til anvendelse ifglge et hvilket
som helst af kravene 11-13, hvor individet indgives en dosis af et antibiotikum

forud for indgivelse af den farmaceutiske sammensaetning.

15. Sammensaetningen eller fgdevareproduktet til anvendelse ifglge krav 14, hvor
antibiotikummet er vancomycin, kanamycin, gentamicin, colistin, metronidazol,

clindamycin, fidaxomicin eller cefoperazon.
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Figure 29B

Figure 29A
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